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1. This standardization handbook was developed by the Department of Defense in 
accordance with the established procedures. 

2. This publication was approved on for printing and inclusion in .,. 
the military standardization handbook series. 

3. This handbook provides basic and fundamental information on adhesives and 
related bonding processes for the guidance of engineers and designers of 
military materiel. It should provide valuable information on most of the 
factors that must be considered in adhesive bonding, and should be of value in 
the preparation of specifications, including process specifications. The hand- 
book is not intended to be referenced in purchase specifications, except for 
informational purposes, nor shall it supersede any specification requirements. 

4,  Every effort has been made to reflect the latest information on adhesives 
and adhesive bonding and closely related techniques. It is the intent to 
review this handbook periodically to insure its completeness and accuracy, 
Beneficial comments (recommendations, additions, or deletions) and any 
pertinent data which may be of use in improving this document should be 
addressed to: Director, Army Materials Technology Laboratory ATTN: SLCMT-MSE, 
Watertown, MA 02172-0001, by using the self-addressed Standardization Document 
Improvement Proposal (DD Form 1426) appearing at the end of this document, or 
by letter. 
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Thia handbook is one of a group which covere meta l l ic  and.wnmetal l ic  
mater ials  used i n  the design and conetruction of mi l i ta ry  equipment. The 
purpose of these handbooks i e  t o  provide up-to-date i n foma t ion  and design 
da te  of d i r e c t  ueefulneae t o  engineers and deeignere of mi l i ta rg  equipment. 

The in t en t  of t h i a  handbook i a  t o  provide detai led information ueeful t o  
engineera and designera concerned with adhesive bonding of mil i ta ry  materiel. 
The e a r l i e r  versions of t h i e  document concentrated on fundamental guidelines,  
but i t  was f e l t  tha t  such information uas too general t o  be useful. 
Coneequently, the handbook has been completely rewri t ten and expanded. Even 
with the considerable amount of in fomat ion  given i n  t h i e  handbook and i n  
other  eourcee, it is nevertheless reconmended t h a t  deaignere and engineere 
with adhesive bonding problema seek the aeeiatance of a qual i f ied adheeives 
technologis t . 

The propert ies  and data  presented i n  t h i s  handbook come from many sources 
and ere not intended t o  be ueed f o r  purpose8 of providilrg mamafacturiag o r  
procurement 8pecifications.  Such requirements are adequately covered bg 
applicable specif icat ions.  

Comments on this handbook a r e  invited. This document was prep8red f o r  the 
U.S. Army Materials Technology Laboratory, (NTL), by the DoD P la s t i c s  
Technical Evaluation Center, (PLAsTEC) , U.S. Army Awament Reeearch, 
Development end Engineering Center (ARDEC) a t  Dover, N J  07801-15001 
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Chapter 1. IllTAODUCTION TO ADHESItlE BONDING 

1.1 Defiaition of adheaive boarling. AdbesAve bondi9g ie the process of 
un i t ing  s a t e r i e l s  with the  aid of an edheeive, a subetanee capable of holdiag 
such materiels  t o ~ e t b e r  by surface at tachaent . ( l )  There a r e  two principal  
type8 of adhesive bonding, s t ruc tu ra l  a d  non-structural. S t ruc tura l  adhesive 
b o d i n g  is bonding where elements of e etructure a r e  fastened together wi th  an 
edheeive. S t ruc tura l  adheaive bonds must ba capable of tranamittiag structuml 
a t r ees  without lees of s t ruc tu ra l  i n t e g r i t y  within deeign limits. Beeistance 
t o  the service environment ie a c o r o l l a w  property. Because th ie  handbook is  

r mili tary uaera, the emphaeis i n  it w i l l  be on s t ruc tu ra l  adheaive 

Inpo r t an t  types of non-at ructural  adhesive bonding w i l l  include 
adheaivee/aealants and conductive adheeivee, both of which w i l l  be discuaeed 
below. 

1.2 Functions of adheeives. The taaJor function of adhesives i r  t o  fas ten  
p a r t s  together. They do thie by t ransmit t ing etreeeee from one member t o  
snother  i n  a manner t h a t  d i s t r i bu te s  the etreeeee much more uniformly than can 
be achieved with conventional, mechanical faatenere. Coneequently , adhesives 
of ten  permit the fabr ica t ion  of e tructurea t h a t  are mechanicelly equivalent 
to ,  o r  s t ronger  than, conventional assemblies, at lover  coat and weight. For 
example, thin adberends can be edhesively bonded t o  th ick  eections so  tha t  the 
f u l l  strength of the t h i n  member is u t i l i zed .  In  mechanical faetening o r  
8pot -~e ld ing ,  the etrength of the s t ruc ture  is limited t o  tha t  of the areas of 
the  members i n  contact with the fas teners  o r  welds. 

Smooth surface8 e r e  en inherent advantage of adhesively joined structures 
end products. Expoeed surfaces a r e  not defaced, and contoure are not disturbed 
as with other  type8 of fastening sgatems. This fea ture  ia important, both i n  
function end i n  appearance. Aerospace s t ruc tu re s  require such external emooth- 
ness f o r  minimum drag and f o r  keeping temperatures aa low a s  poaeible. 
Helicopter ro tor  blades, f o r  example, are seeembled e n t i r e u  u i t h  adhesives. 

Close-f i t t i n g  electronic  o r  e l e c t r i c a l  compnente e l eo  benefit from the 
lack of projection6 offered by adhesive bond%%. Home appliances can have 
moo th,  uninterrupted ex te r io r  eurfaeee when adhesives ere used f o r  assembly. 
Lighterweight  msterfale can of ten be used with adhesive W i n g  ra ther  than 
with conventional fastening,  simply because the urdfonn etreee distribution i n  
the jo in t  pennite f u l l  u t i l i z a t i o n  of the streogth and r i g i d i t g  of the 
adherende. Peyloade i n  a i r c r a f t  can be increaeed, gas mileage in automobiles 
raised,  and ehipping coets  f o r  adheeively bonded items ~educed. 

D i ~ s i m i l a r  mater ials  a r e  eas i ly  joined by memy adheaivea, provided t h a t  
proper surface treatmente are ueed. Metal adherende t h a t  would ordinarily 
ccrrode beceuee of t h e i r  electromotive eerie8 relat ionship can be protected 
from t h i s  form of deetruct ion by a layer  of nonconductive adhesive t h a t  not 
only joins  but i s o l a t e s  them. (Adhesives can aleo be formulated t o  be conduc- 
t i ve ,  a s  w i l l  be ahom below). Adbeeives are also wed t o  join r e t a l a  t o  
p l a s t i c s ,  ceramics, cork, rubber, glaae, wood, o r  combinat5osm of materials. 
Where temperature var ia t ions  a r e  expected in the eervice of an itear containing 
d iss imi la r  materials,  adhesives per fom another service. A f l ex ib l e  adhesive 
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can accommodate d i f fe rences  i n  the thewal-expansion c h r a c t e r i a t i c e  among the  
adherends and thereby prevent damage tha t  might occur i f  a a t i f f  feetenlag 
system were used. Flexible  adheeives a r e  used t o  bond windows t o  ~ t a l  frames 
i n  motor vehicles a d  apacecmft ,  f o r  example, t o  allow adequate mooenteat 
between the d iss imi la r  mater ials  during the temperature extremes to which they 
are  expoaed. 

~ e a l i G  is another important function of adhesive joining.' The continuous 
bond eas i ly  aea ls  against  l i qu ids  o r  gases that do not a t tack  the adhesive 
(or ,  i n  thie case, adhesive/eealant). Some adheeivee a r e  uwd i n  place of 
so l id  o r  c e l l u l a r  geakets t o  s e a l  gearbox housinge, valve covers, and o the r  
automotive and i n d u s t r i a l  components. Other types of aealing operation8 
performed by adhesives are encapsulation and potting of c i r c u i t  boarde, 
motors, and other  e l e c t r i c a l  and e lec t ronic  assemblies. These materiale a r e  
not s t r i c t l y  adhesives, however, and a r e  often called pot t iag and 
encapsuleti* compounds. 

liechanical damping can be imparted t o  a s t ruc ture  through the use of 
adhesive8 formulated f o r  t ha t  purpose. A re la ted  charac te r i s t ic ,  fa t lgue  
resis tance,  can be improved by the a b i l i t y  of euch adhesives t o  withatand 
cyc l ic  s t r a i n s  and shock loads without cracking. I n  e properly delsigned 
jo in t ,  the adherends generally f a i l  i n  fa t igue  before the adhesive f a i l e .  
Thin o r  f r a g i l e  p a r t s  can be adhesive bonded. Adhesive jo in t s  do not usually 
impose heavy loade on the  adherends, a s  i n  r ivet ing,  o r  locsl ieed heating, as  
i n  welding, The adherends w i l l  a l so  be re la t ive ly  f r e e  from heat-induced 
d is tor t ion .  (3). 

3 Advantages and disadvantages of adhesive bonds. A number of advantages 
of adhesive bonds have been discussed above under 1.2 from a functional 
viewpoint. However, the advantages and disadvantages w i l l  be diecuased here 
i n  tbe  in t e rne t  of completeness. 

o Provide uniform d i s t r i bu t ion  of s t r e s s  and la rger  stress-bearing 
area 

o Join t h i n  o r  thick mater ia l s  of any shape 
o Join s imi la r  o r  d ies imi la r  mater ia l s  
o Ylinimiee o r  prevent e lectrochenical  (galvanic) cormeion between 

dieaimilar  materiala 
o Resis t  fa t igue  and cycl ic  loads 
o Provide jo ints v i t h  smooth contours 
o Seal Jo in ts  -&inat a var ie ty  of enviroametits 
o Insu la te  against heat t r ans fe r  and e l e c t r i c a l  conductance 
o Heat required to s e t  the jo in t  Is ueually too low t o  mduce the 

atrength of metal pa r t s  
o 'Damp vibrat ion and abaorbe ehack 
o Provide a t t r a c t i v e  streagth/weight r a t i o  
o Frequently f a s t e r  o r  cheaper than mechanical faatenine 

The most common methods of s t ruc tu ra l  faetening are shown i n  Figure 1. 
Welding or brazing, useful  i n  heaq-gage metal, i a  expanaive and requires 
gree t  beat. Raw light-weight metals such ae aluminum, magaeeium, and 
titanium are d i f f i c u l t  t o  weld and a re  weakened o r  d i s tor ted  by the beet of 
welding . 
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FIGUU 1. Common methods cf structural fastenina.(6)(7) 

High-strength, reliable joints can be made on theee metals with adhesives. 
Holes, needed for rivets o r  other mechanical faetenera, are not required f o r  
an adheaive bod,  thereby a l  owing the stretrees to be uni fomly  dietributed 
over the entire bonded area .?~)  

Tle stress-distribution characterfatice and inherent toughness of adhesives 
provide bonds ui t h  supe zior fatigue resistance. Generally, in well-designed 
jointa, the adherends f a i i  in fatigue before the adhesive. With the proper 
se l ec t ion  and w e  o dherrives, shear stren@s as high a8 7.m psi (48.3 
nPa) are available.  fd 

In the preeence of vibration, a bonded etructute usuaLly has a 1045%~ Ufe 
tban a riveted aseeobly. In addition, because adhesive8 of different moduli, 
( stif fneeses) , are available,  damagiag reeonant f requenciea can be modified or 
even eliminated by proper analysis and selection of the adhesive. In the 
~enufacture of a i rc ra f t  and notor vehiclee, adhesive bonding m y  be used to  
advantage instead of riveting and welding, since (a) riveted structures add 
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weight and drag, (b) r i v e t s  and welds a r e  unsightly and. d i f f i c u l t  t o  conceel, 
and ( c )  holee end welds mag f a c i l i t a t e  the e t a r t  of corroeion. Adhesives i n  
f i l m  form a r e  par t icu lar ly  desirable  f o r  t h i s  type of application, since they 
f e c i l ' t  t e  c lose control  of weight d ie t r ibu t ion  and t o t e 1  weight of adhesive 
used. by 

Some applications,  euch aa bonded honeycomb structures ,  rely t o t a l l y  for 
t h e i r  success on the  use of adhesfvee. One example of tbfe .type of structure, 
t h in  nometa l l i c  honeycomb core bonded t o  t h in  metal facings, could not be 
constructed without adhesives. Adhesives of ten perfom important functions a s  
sealante. Since the adhesive i n  a properly prepared jo in t  provides f u l l  
contact with the ma t iw  surfsces  of the jo in t ,  i t  forms a .  ba r r i e r  t o  the 
passage of f l u i d s  which do not a t tack  o r  sof ten the adhesive. Host adhesives 
are organic polymeric matsr ials ,  however, and therefore do not form h w e t i c  
seals .  They may perform well i n  containing l iquids,  but gases can diffuse 
through tbem. Diffusion ie generally slow, however, and adhes5uea perfom a s  
ecceptable gas seala  i n  a l l  but the moat c r i t i c a l  applications. An adhesive 
may a l s o  function as an e l e c t r i c a l  and/or t hema l  insu la tor  i n  a joint.  Its 
thermal ineulat ing e f f  icisncy can be increased, i f  neceeeely, by foaming the 
adbesive i n  place. ( 4 )  

On the other  hand, the e l e c t r i c a l  and/or thermal conductivity of an adhesive 
can be raised appreciably by adding metal l ic  f i l l e r a .  Oxide f i l l e r s ,  such as 
elumim o r  bery l l ia ,  increase only thermal coaductivi ty. ( 4 )  

The boric? does not permit visual  examination of the bond area 
Require dereful  surface prepare t ion,  of tea  with corrosive 

chemicals 
Long cure times may be needed, par t icu lar ly  where high cure tem- 

peratarea are not used 
Holding f ix tures ,  pmsses,  ovens and autoclaves, not usually 

needed for other  fastening methods, are necess i t ies  f o r  adhesive 
bonding 

There i e  a l imi ta t ion  on tne upper eervice temperature to  approxi- 
mately 3500F (1770C), but apecia1 adheeives a re  avai lable  f o r  
l imited use t o  7000F (3710C) 

Rigid proceas control,  including emphasis on cleanl iness ,  is 
requil?ed f o r  most adheeivea 

The ueeful l i f e  of the  j o in t  depends on the environment t o  which 
i t  is  exposed 

Natural o r  vegetable-origin mater ials  a re  subject t o  a t tack  
by becteria.:kold, rodents, o r  vermin 

Adhesive bonding is not a panacea f o r  aseemWing a l l  products. The very 
f a c t  that them are 80 many variat ions i n  avai lable  adhesive formulations, f o r  
example, makee se lec t ion  of the best adhesive f o r  a pa r t i cu l a r  appl icat ion 
mow d f f f i cu l t  tken choosing a mechanical fastening eyatem. These var ie t ioae  
a l s o  complicate control  procedures on incoming materials,  assesbly processiag , 
and tes t ing  of the finiahed product. Also, even though edhesive-bonding 
operations can be automa ted , they usually require higber sk i l led  personnel 
than do other  methods.(f) 
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Although adhesives a r e  capable of producing s t r u c t u r e s  which are more 
r e l i a b l e  than those  fas tened  by conventional means, adhesive-bonded s t r u c t u r e s  
must be c a r e f u l l y  designed and Used under cond i t ions  which do not exceed the 
known opera t iona l  l i m i t a t i o n s  of t h e  adhesive. ~ i m i t s t  i ons  include types and 
magnitudes of stresses and whether static or dynamic, and e n v i r o m n t a l  
f a c t o r s  such as temperature, humidity, ealt env i roment ,  or o ther  vapors o r  
l i q u i d s .  The effects of s a l t  spray,  s imulat ing a marine envfronneat, a r e  
p a r t i c u l a r l y  cor ros ive  i n  aluminuffl bonded joints. ( 4)  

Probably a l l  organic edhes i v e s  are advereely  a f f e c t e d  by silauZtaneous 
a p p l i c a t i o n  of moisture and stress. Soee adhesives  (even including thoae 
con ta in ing  components obviously water-soluble) perform p a r t i c u l a r l y  poorly 
under these  condit ions.  J o i n t s  made w i t h  such m a t e r i a l s  may s u a t a i n  constant  
loads  t h a t  produce no g r e a t e r  t h a n  10% of t h e i r  normal u l t imate  f a i l i n g  StfeSS 
f o r  only s h o r t  periods.  J o i n t s  made with o t h e r  m a t e r i a l s  nay s u s t a i n  SOQ of 
f a i l i n g  stress f o r  extended per iods  of time. %he mechanism which determine 
t h i s  behavior a r e  still not completely clear a t  t h e  p resen t  time. The recog- 
n i t i o n  t h a t  such behavior e x i e t s ,  however, should in f luence  joint: design i n  
p ropor t ion  t o  t h e  a n t i c i p a t e d  s e v e r i t y  of stress and environment i n  service .  
Pernanence of an adheaive j o i n t  is inf luenced not only  by t h e  p r o p e r t i e s  of 
t h e  adhesive,  but a l s o  by t h e  wethod of prepar ing t h e  surfaces of t h e  
adherenda- tlOre preCiS@ly, It is t h e  s u r f a c e  l a y e r s  p resen t  on the  adherends 
a t  the  tine of joininy,  and how they a r e  a f f e c t e d  by stress and environtlent 
t h a t  i a  important. I f  t h e  tiurface l a y e r s  are weak and s u s c e p t i b l e  t o  
moisture, t h e  adhesive j o i n t  w i l l  be weak and s u s c e p t i b l e  to moisture. 
S u r f a c e  cond i t ion  of adherends o f t e n  determines t h e  u t i l i t y  of a s t r u c t u r e ,  
both  i n i t i a l l y  and i n  service .  Thorough s u r f a c e  p repara t ion  is a necessary 
p a r t  of t h e  p r i c e  paid  f o r  t h e  performance and r e l i a b i l i t y  of a bonded 
j o i n t . ( 4 )  

1 .4  Theories of adhesion. The a c t u a l  mechanism of adhesive attachment is 
not y e t  f u l l y  understood. 140 s i n g l e  theory can exp la in  adhesion i n  a general ,  
all-encompassing way. A knotlledye of va r ious  adhesion t h e o r i e s  can a s s i s t  i n  
understandiny t h e  bas ic  requirements for good bonding. ( 6) 

1.4.1 f~techanical  theory. A t  one time adhesion was thought t o  occur by t h e  
adhesive  flowing and f i l l i n g  n i c r c c a v f t i e s  on t h e  s u b s t r a t e .  Uhen the  
adhesive  hardens, t h e  s u b s t r a t e s  are he ld  toge ther  mechanically. The s u r f a c e  
of a solid mater ia l  is never completely smooth, al though it may appear 80 
microscopical ly .  Rather, it c o n s i s t s  of a maze of peaks and valleys.  

, According t o  t h i s  theory, i n  order  to f u n c t i o n  proper ly ,  the adhesive mst 
p e n e t r a t e  the c a v i t i e s  on t h e  s u r f a c e  and d i e p l a c e  t h e  trapped air at t h e  
in te rgace .  

Hechanlcal anchoring of t h e  e j b e s i v e  apyears t o  be a prime Oactoz i n  bonding 
many porous s u b s t r a t e s ,  such a s  p l a s t i c  foams ( c e l l u l a r  plastics). ABhes5ves 
a l s o  f requen t ly  bond b e t t e r  t o  nonporoue abraded s u r f e c e s  than t o  na tu ra l  
su r faces .  This advantageaus effect af mechanical roughening may be due to: 

1. kiechanical in ter locking 
2. Pornat ion of a c l e a n  s u r f  ace 
3. Formation of a highly r e a c t i v e  s u r f a c e  
4. Inc reas ing  s u r f a c e  a r e a  
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\ J l l i  l e  the surface does become rougher because of abrasion, it is believed 
that a change i n  both physical and chemical properties of the surface layer 
produces an increase i n  adlaesive strength. smile some enhanced adhesive 
applications can be explained by mechanical interlocking, mechanical effects 
are not always the c a ~ s e . ( ~ l  

1.4.2 Adsorption theory. The adsorption tbeoty states tbat adhesion 
results from EIoleculer contact between two materials end the surface forces 
which develop. The process of establishing continuous contact Letween an 
adhesive and the adherend is known as .wettingw. For an adhesive to wet a 
solid surface, the adhesive ebould have a lower surface tension ( 1 than the 
cr i t ica l  surface tension of the solid. Figure 2 i l lustrates good and poor 
wetting of an adhesive spreading over a surface. Good wetting results when 
the adhesive flows into the valleys and crevices on the substrate surface. 
Poor wetting results when t h e  adhesive bridges over the valley and results i n  
a reduction i n  actual area of contact between t h e  adhesive and the adherend, 
causing a lover overall joint strength.(6) 

tlost organic adhesives easily wet netail ic eolids. However, many solid 
organic substrates have surface tensions less than those of c-on adhesives. 
The fact t h a t  good wetting requires the adhesive to  have a lower surface 
tension than the substrata explains i n  part why organic adhesives such as  
epoxies have excellent adbesion to  leetals, but  offer weak adbesion on untreated 
polymeric substrates such as polyethylene, polypropylene, and the 
fluorocarbons. 16) 

After intinate contact is achieved between adhesive and adherend through 
wetting, it i e  believed that permanent adhesion results primarily through 
forces of molecular attraction. Four general types of cheuical bonds are 
recognized as being involved i n  adhesion and cohesion, as follows: 

Pr inary bonds 

o Electrostatic bonds 
o Covalent hnds  
o Hetallic bonds 

Secondary bonds 

o Van der waales f orcee 

1.4.3 Electtoatatic theory. Tbfs theory states that electrostatic forces 
i n  the form of an eleptrical double layer are focned a t  t h e  adhesive-adherend 
interface. These forces account for resistance to  separation. Y h i s  theory 
gains support f r m  the fact that electrical discharges have been noticed when 
an adhesive is peeled from a'subattate. ( 6 )  

1.4 4 Dif f usion theory. This  theory postulates that adhesion cospea about 
through the interdiffusion o£ molecules i n  the adhesive en3 the adherend. The 
diffusion theory is pr iaarily applicable when both the adhesive and the 
adherend are polytiteric, baving long-chain nolecules capable of movement. The 
solvent cementing or heat welding of thermoplastics is considered to  be due t o  
diffusion of molecules. ( 6 )  
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1.4.5 Itecrk-boundary layer theory. Accordimj t o  t h i s  theory, f i r s t  
described by Bikerman, when bond f ailuce aeesas t o  be at the interface, usually 
a cohesive break or a weak boundary l ays t  is t h e  r ea l  event.(lo) Weak 
bundary layers can or ig inate  f ram the adhesive, t h e  adherend, t h e  environment, 
or a combination of ang of the three. Voak boundary layers can occur i n  the 
adhesive or adherend i f  an impucity concentrates near tbe bonding surface and 
f o m s  a weak attachment t o  the substrate.  Uhen f a i l u r e  occurs, it is the weak 
boundary lwer tha t  f a i l s ,  although f a i l u r e  Beems t o  occur a t  the 
adhesive-adbarend interface.  ( 6 )  

Polyethylene and metal oxides are exawples of t h i s  effect .  Soiyethyiene has 
a weak, low-nolecular-weight cocst i tuent  tha t  i s  evenly distributed throughout 
tne polpaer. Yiiie weak boundary layer  is present a t  t h e  in ter face  end 
contt ibutes t o  low f a i l i n g  stress when polyethylene is used as an adhesive or 
adfrerenci. Sane w t a i i i c  oxides are weakly attaclted to t h e i r  base netzls. 
Pailure of adhesive jo in ts  nade with these rnateria:s occurs cobssively within 
t h e  oxide. Some oxides, such as  a luoinm oxide, are very strong and do not 
s ign i f i can t ly  inpair joint strength. lteak boundary layers, such as  
polyethylene end .mtal oxides, can be reaovcd or strengthened 5y various 
surf ace treataents .  Weak boundary layers formed f ror~ t h e  bonding environment, 
generally a i r ,  a re  very cormon. lflien the adhesive does not wet the substrate,  
as shown i n  Pig. 2, a weak boundary layer of a i r  is trapped a t  the  interface, 
causing a reduction i n  jo in t  strength. ( 6 )  

PIGURE 2. Good and poor vettinq by an adhesive spreading over a surface. 

1.5 Resuirenents f o r  a qood bond. The basic requirements fo r  a g o d  
adhesive bond a re  cleanliness,  wetting, so l id i f i ca t ion ,  proper choice of 
adhesive, and good joint  design. ( 6 )  

1.5.1 Cleanliness. To obtain a good adhesive bond it is essen t i a l  t o  
s t a r t  w i t h  a clean surface. Foreign materials,  such as d i r t ,  o i l ,  moisture, 
and weak oxide layers,  nust be removed from the substrate surface, or e l se  the 
adhesive W i l l  bond t o  these weak boundary layers  rather than t h e  substrate.  
Yhere a re  vacious surface treatments tha t  remove or strengthen the weak 
boundary layer. Sorte of theee w i l l  be discussed below. These treatments 
general ly involve pkjs ica l  or chemical processes, or a conbination of 
both. ( 6 )  
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1.5.2 Uettinq. Uhile i n  the l iquid state, the adhesive must .wcit0 the 
substrate. The term mwetting* refers t o  a liquid spreadinq over and 
intiwrtely contacting a solid surface. 8xamples of good and poor wetting are 
shown i n  Piga 2. The result of good wetting is greater contact area between 
adherend and adhesive over which the forces of adhesion may act.(6) 

1.5.3  solidification^ The liquid adhesive, once applied, nust be capable 
of being converted into a solid in any one of three ways: . 

o C h e m i c a l  reaction by any combination of heat, pressure, and curing agents 
o Cooling from a molten liquid t o  a solvent 
o Urying due t o  solvent evaporation 

The metlrocl by which solidification occurs depends on the choice of 
edhes i ve. ( 6) 

1.5.4 Adhesive choice. A number oi important considerations mast be taken 
into account When determining which adhesive is to be used for a particular 
application. Ckny of tbe factors are l isted i n  Table 1. With regard t o  t h e  
controlling fectors involved, the many adhesives available can usually be 
narrowed to  a feu most pronising candidates. The general areas of concern t o  
the deaign engineer when selecting adhesives should be the sater ial  t o  be 
bonded, service requirements, production requirements, and cost. ( 

TABLE I. Pactors influencing adhesive selectiona (nodified after Ref* 11) 

1. Capability of bonding specif f c adherends l see 'Internal Chemical 
Factotsm below). 

2. Service requirements: 

stress (Pension, Shear, Iwact, Peel, Cleavage, Fatigue) 

Chemical factors: 

External (effect of chemical agents, including solvents, acids, alkalies,' 
e tc)  
internal (effect of adhecend on adhesive, e.y., exuded placiticizers on 
certain plastic8 and rubbers; effect of adbesive on the a4herend, e.g., 
crazing, staining, etc.) 

3. tsnvironwntal factors : 
. . 

rreathering 
Light ( inportant only wi th  translucent adherends) 
O r  ida t ion 
Moisture 
Salt Spray 
Temperature extremes (including temperature cycling) 
Biological factors 

Bacteria 
Fungi 
Vrrlili n 
Rodents 
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4. Specialized functional requireaents (thermally or .e3ectrically 
conductive, etc.1 

3. Production requirewents: 

Application method 
Bonding ranye 
Blocking 
Curing rate (time vs temperature) 
Storage etabili ty l i f e )  
lrorking l i f e  
Coverage 

6.  Cost 
7. Health and safety ?~aZarJs 

1.5.5 Joint Jec~iqn. The adhesive joint: should be designed to take 
advantage of the deeirable properties of adhesives and to minimize their short- 
couings. Such design considerations w i l l  be discussed i n  detail  i n  Chapter 2. 
Although adequate adhesive-bonded assemblies have been mde from joints 
designed for ~echanical fastening, the ~urxinum benefits of the adhesive can be 
obtained only i n  asseablies specially designed for adiresive bonding. ( 6 )  

1.6 I.kchanisn of bond failure. Aahesive joints may f a i l  adhesively or 
cohesively- Adhesive failure is interfacial bond failure between the adhesive 
and adherend. Cohesive failure occurs when fracture allows a layer of adhesive 
t o  remit. on both substrates. When the adhered f a i l s  before the adhesive, it 
is known as a cohesive failure of t h e  subt ra te .  The various nodes of failure 
are shown i n  Pig. 3. Cohesive failure within t h e  adhesive or one of t h e  
adhetends is the ideal type of failure, because the maximun strength' of the 
materials i n  the joint has been reached. I n  analysis of a joint t h a t  has been 
tested to  destruction, the mode of failure is expressed as a certain percentage 
cohesive or adhesive failure, The ideal fa i lure  is a lOOb cohesive 
failure.  ( 6 ) ( 1 2 )  

Failure Idode should not be used as a criterion for a useful joint, however. 
Some adhesive-adherend combinations may f a i l  i n  adhesion, but exhi b i t  greater 
strength than a similar joint bonded with  8 weaker adhesive that f a i l s  
cohesively. The ultimate strength of a joint is a more inportant criterion 
than the mode ot' joint failure. iiovever, an analysis of failure node can be 
a n  extremely useful tool to  determine i f  tie failure was due t o  a weak boundary 
layer or improper suriace preparation* 

Tbe exact cause of piemature adheeive fai lure  is very diff icul t  t o  
determine, becausp so nany factors i n  adhesive bonding are interrelated. 
nowever, there are certain cormon factors ht work when an adhesive 'bond is 
made that contribute to the weakening of a l l  bonds. If  the adhesive does not 
wet the surface of the substrate, the joint w i l l  be inferior. I t  is also 
important t o  allow the adhesive sufficient time to wet the substrate 
effectively before gelation occurs. ( 6 )  
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I n t e r n a l  s t r e s s e s  occur i n  t h e  adhesive  j o i n t  dur ing  product ion because of 
n a t u r a l  tendency & the adhesive t o  sh r ink  dur ing s e t t i n g ,  and because of a 
diffecences i n  phys ica l  p r o p e r t i e s  between adhesive  and s u b s t r a t e s .  The coef- 
f i c i e n t  of t h e m 8 1  expansion of adhesive  and adherend should ba as c l o s e  as 
p o s s i b l e  t o  3 i a i t  stresses t h a t  nay develop dur ing the-naal c y c l i n g  oz a f t e r  
coo l ing  from an elevated-temperature cure.  Polymeric adhesives g e n e r a l l y  have 
a thermal-expansion c o e f f i c i e n t  an order  of magnitude g r e a t e r  than metals. 
Fillers c a n  be ueed to f o r n u l a t e  adhesives  t o  modify t h e i r  thecsal-expansion 
c h a r a c t e r i s t i c s  and limit i n t e r n a l  stresses. A r e l a t i v e l y  e l a s t i c  adhesive 
capab le  of acconuuodating i n t e r n a l  s t r e s s  nay also &e u s e f u l  when thermal 
expansion d i f f  esonces are of concern. 6 ) 

Once an  adhesive bond is made and placed i n  s e t v i c e ,  o the r  f o r c e s  e r e  a t  
work tending tc  weaken t b e  boad. The type of stress involved, its o r f e n t a r i o n  
t o  t h e  adhesive,  and t h e  r a t e  i n  whlch tbe stress is app l ied  ate ilaportant. 
Sus ta ined  loads  can cause  premature f a i l u r e  in service,  even though s i m i l a r  
unloaded j o i n t s  my e x h i b i t  adequate a t r e n g t h  when tested a f t e r  aging. Sone 
adhes ives  show very l i t t l e  t e e i s t a m e  t o  dead load, e s p e c i a l l y  during exposure 
to hea t  o r  moisture.  The p o s s i b i l i t y  of c o n s t a n t  loads should be looked for  
i n  every a p p l i c a t i o n ,  and t h e  adhesive  should be tested accordingly. Wst 
adhes ives  have poor s t r e n g t h  when t h e  stresses a r e  a c t i n g  t o  peel or c l e a v e  
t h e  adhesive  f r o n  the s u b s t r a t e .  Hany adhesives  a r e  s e n s i t i v e  t o  t h e  r a t e  in 
which t h e  j o i n t  is s t r e s s e d .  Rigid,  b r i t t l e  adhesives sometitJes have 
e x c e l l e n t  t e n s i l e  o r  s h e a r  s t r e n g t h ,  but do very poor ly  under iQ?€i~t.(~) 

Operat ing environmental  f a c t o r s ,  s u c h  as those  shown i n  Table  I ,  a r e  capable 
of d q r a d i n g  an adhesive j o i n t  i n  va r ious  ways. I f  pore  than  one 
environmental  f a c t o r  is a c t i n g ,  t k e f  r corahined e f f e c t  would cause  a 
c a t a s t r o p h i c  d e c l i n e  i n  adhesive s t reng th .  The p o s s i b l e  cotrbinations of 
adhesive,  adherends, stresses and environments are s o  many t h a t  r e l i a b l e  
adhesive  s t r e n g t h  and d u r a b i l i t y  d a t a  are r a r e l y  a v a i l a b l e  t o  t h e  des ign 
engineer .  Where time and funds permit ,  t h e  ci lndidate adhesive  j o i n t s  should 
always be eva lua ted  under s i n u l a t e d  opera t ing  loads  i n  the in tended 
environnent . (6)  

PIWHZ 3. Cohesive and adhesive  bond f a i l u r e .  6, ( 12) 
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1.7 basic adhesive m a t e r i a l s  c l a s s i f i c a t i o n .  Adhe8ives nay be c l a s s i f i e d  
by many nethods. The most cormon methods are by function,  chemical 
conlrosition, mode of a p p l i c a t i o n  and s e t t i n g ,  physical  f o m ,  cost and and 
use. ( 6 )  

1.7.1 Function. The func t ione l  c l a s s i f i c a t i o n  defines adhesives as being 
e t r u c t u r a l  o r  nonst ructural .  S t r u c t u r a l  adhesives are  ater rials of high 
s t r e n g t h  and permanence. Their  primary f u n c t i o n  is to hold s t r u c t u r e s  
toge ther  and be capable of r e 8 i s t i n g  high loads. The emphasis i n  t h i s  
handbook, as nigh t  be expected, is on s t r u c t u r a l  adhesives. 1~onstructura;l  
edhesives are not required to  support  substantial loaria, but merely hold 
l i g h t w e i y i ~ t  m t e r i a l s  i n  place.  l ronst ructural  adhesive5 a r e  soue t ines  
r e f e r r e d  to as hblding adhesives. Sea l ing  adhesives (adhesLvcs/sealanta) 
usuall;! have a nons t ruc tu ra l  funct ion.  They a r e  pr imari ly  used to f i l l  a gap 
between adherentis t o  provide a s e a l  without having high degrees of 
s t reng th .  (6 )  

1.7.2 Hajor tmes. The major type c l a s s i f i c a t i o n  deecribes s y n t h e t i c  
adhesives a8 thermosetting, therraoplastic,  e las tomeric ,  o r  cambinations of 
these .  They are descr ibed genera l ly  i n  Table XI. 

1.7.2.1 Thermosettins adhesives. Thermosetting adhesives are m a t e r i a l s  
t h a t  cannot be heated and sof tened  repea ted ly  a f t e r  the i n i t i a l  cure .  
Adhesives of t h i s  type are cured by chemical r eac t ion  at  caom or  e levated 
telfiPeratures, depending on t h e  type of adhesive. S u b s t a n t i a l  p ressure  bray 
a l s o  be required with some thermosett ing adlresives, and o t h e r s  a r e  capable of 
providing s t rong  bonds with only con tac t  pressure-  Yhis type of adhesive is 
sometines provided i n  a so lven t  medium t o  f a c i l i t a t e  app l ica t ion .  They a r e  
a l s o  comaonly a v a i l a b l e  a s  s o l v e n t l e s s  l i q u i d s ,  pastes, and s o l i d s .  S'heruo- 
s e t t i n g  adhesives nay be suppl ied as mul t ip le  and s ingle-par t  systems. 
Generally,  t h e  s ing le -par t  adhesives r e q u i r e  elevated-temperature cure,  and 
they have a l i m i t e d  s h e l f  l i f e .  ~ u l t i p l e - p a r t  adhesives have longer s h e l f  
l i v e s ,  and sone can be cured a t  roon temperature, o r  more rap id ly  a t  e leva ted  
temperature. However, they nus t  be metered and mired before appl icat ion.  Once 
t h e  adhesive is mixed, t h e  working l i f e  is limited. Because molecules of 
thermosett ing r e s f  ns a r e  heavi l y  cross-l inked,  they have good r e s i s t a n c e  t o  
hea t  and solvents ,  end they show l i t t l e  elastic deformation under load a t  
e leva ted  temperatures. ( 6 )  

1- 7.2.2 Therruo~las t  ic adhesives. Tberntoplaatic adlresives do not cross- l ink 
dur ing cure, S O  they can be resogtened af ter  heating.  They a r e  s ing le -  
component s y s t e m  t h a t  harden upon cool ing from a ~aelt, o r  by evaporation f r a n  
a s o l v e n t  o r  water yehic le .  iiot-reelt adhesives commonly used i n  packaging 
a p p l i c a t i o n s  are enanples of a s o l i d  thermoplas t ic  t h a t  is appl ied i n  a molten 
state, ancl develops adhesive p r o p e r t i e s  as it a o l i d i f  ies on cooling.  Some 
mod glues ,  such as polyvinyl m e t a t e  enuleions, a r e  thermoplas t ic  enu l s ions  
t h a t  ere comaon household items. They harden by evaporation of Water from an 
emulsion, but are capable  of resof tening at  high t e l ~ e r a t u r e s .  TMrmo&dastic 
adhesives have a more l fmi ted  temperature range than t h e m o a e t t i n g  types. They 
should not be used a t  t eupera tu res  over 1 5 0 0 ~ .  Their  physical  p r o p e r t i e s  
va ry  over a wide range becauee mny polymers ace  used i n  a s i n g l e  adhesive 
formulation.  ( 6 )  
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1.7.2.3 E l a s l o n e t i c  adhesives. These a r e  baaed on s y n t h e t i c  o r  na tu ra l ly  
occur r ing  polymers wi th  outs tanding toughness and e longat ion.  They may be 
supp l ied  as so lven t  so lu t ions ,  l a t e x  cements, d i spers ions ,  pressure-sensi t ive  
types,  and single-or mul t ip le  p a r t  s o l v e n t l e s s  l i q u i d s  o r  paetea. Vhe cur ing  
requirements vary with the  type and form of e las tomer ic  adhesive. These 
adhesives  can be formulated f o r  a wide v a r f e t j  of app l ica t ions ,  but they a r e  
g e n e r a l l y  noted f o r  t h e i r  high degree of f l e x i b i l i t y  and good peel 
s t r e n g t h .  ( 6 )  

1.7.2.4 Adhesive a l loys .  Adhesive a l l o y s  a r e  made by combining tlrerm- 
s e t t i n g ,  thermoplastic,  and e l a s t o r ~ e r i c  adhesives. Th i s  type of adhesive 
u t i l i z e s  t h e  most use fu l  p r o p e r t i e s  of each c o n s t i t u e n t  type. lowever, t h e  
adhesive  a l l o y  is usual ly  as weak as its weakest c o n s t i t u e n t .  T h r t i w e t t i n g  
r e s i n  a d d i t i o n s  provide a very s t rong  cross-l inked s t r u c t u r e .  Inpact ,  bending, 
and p e e l  s t r e n g t h  a r e  provided by t h e  a d d i t i o n  of thernop2ast ic  o r  e l a s t o n e t i c  
mate r ia l s .  Adhesive a l l o y s  a r e  commonly a v a i l a b l e  i n  so lven t  s o l u t i o n s  and as 
supported o r  unsupported f i l n .  ( 6 )  

1.7.3 bode of a v ~ l i c a t i o n s  and setti-. Adhesives a r e  o f t e n  c l a s s i f i e d  b~ 
t h e i r  mode of app l ica t ion .  Depending on viscosity, adhesives are sprayable,  
bcushable, or trowelable. Heavily bodied adhesive pastes and n a s t i c s  a r e  
considered sxt rudable .  They a r e  app l ied  by syr inge,  caulking gun, o r  
pneumatic yulrtping equipttent. Another d i s t i n c t i o n  between adhesives is t h e  
nanner i n  which they flou o r  e o l i d i f y .  As shown i n  Table 111, some 
thermoset t ing adhesives s o l i d i f y  sir iply b : ~  los ing  so lven t ,  w h i l e  other6 harden 
as a r e s u l t  of heat a c t i v a t i o n  o r  chemical react ion.  Pressure-sensi t ive  
systems florr under p ressure  and ere stable when pressure  is absent.(6) 

1 7 4  Physical  forn.  Adhesives can a l s o  be d i s t ingu i shed  by t h e i r  physical  
for*. The physicel  s t a t e  of t h e  adhesive genera l ly  determines how it is t o  be 
appl ied.  Liquid adhesives lend themselves t o  easy handling by mechanical 
s p r e a d e r s  or syra? and brush. P a s t e  adhesives have high v i s c o s i t i e s  t o  al low 
a p p l i c a t i o n  on v e r t i c a l  s u r f a c e s  with l i t t l e  danger o r  d r ip .  These bodied 
adlmsives a l s o  se rve  a s  gap f i l l e t s  between mated s u b s t r a t e s .  Tape and f i l n  
adhesives  a r e  poor gap f i l l e r s ,  but  o f f e r  a uniforla bondline t h i c k m s s ,  no 
need Lor raetering, and easy dispensing.  Adhesive f ilras a r e  a v a i l a b l e  i n  a 
p u r e  s h e e t  of adhesive, o r  with c l o t h  o r  paper reinforcement. Another form of 
adhesive  is powder o r  granules  which m u s t  be heared o r  solvent-act ivated t o  be 
made l i q u i d  and app l iab le (6) .  A r a t h e r  unique forn of adhesive is found i n  
p l a s t i c  powder coa t ings  i n  which powder particles are thermally fused on t h e  
two metal  s u b s t r a t e  surfaces ,  which are then joined toge ther  while t h e  powder * 

p a r t i c l e s  a r e  still i n  t h e  molten s t a t e  be fore  cool ing and/or curing.  
Adhesives For labels-.and packaging a p p l i c a t i o n s  a r e  not considered here. The 
c h a r a c t e r i s t i c s  and advantages of t h e  va r ious  adhesive forms a r e  suuunarized i n  
Table  IV .  Pot-melt adhesives a& not listed i n  t h i s  table. 

1-7.5 Cost. The c o s t  of f a s t e n i n g  wi th  adhesives must include t h e  mate r ia l  
c o s t  of t h e  adhesive, t h e  cost of labor,  t h e  time required t o  c u r e  t h e  
adhesive,  and the  economic loss due t o  rejects of d e f e c t i v e  jo ints .  Adhesive 
p r i c e  is dependent on development c o s t s  and volume requirelnents. -Adhesives 
t h a t  have been s p e c i f i c a l l y  formulated t o  be r e s i s t a n t  t o  adverse requirements 
a r e  mote expensive than 'general-purpose adhesives'. Adhesive p r i c e s  range 
from pennies a pound for inorganic and animal-based systems t o  over SZO/lb for 
soue hea t - res i s t an t  tjpes. Adhesives i n  f i l m  o r  powder Eoru requ i re  more 
process ing than l i q u i d  o r  p a s t e  types  and ate more expensive. 
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Adhesive-nater ia ls  c o s t s  should be c a l c u l a t e d  on a cost-per-bonded-area 
baeis .  S ince  many adhesives a r e  s o l d  as d i l u t e  so lu t ions ,  a c o s t  y e t  u n i t  
weight o r  v o l w e  basis may l ead  to erroneous cornryar i s~ns (~) .  

1.7.6 s p e c i f  ic adherends o r  avp l ics t ions .  Adhesives may a l s o  be c l a s s i f i e d  
according t o  t h e i r  end use. Thus, metal  adheeives,  wood adhesives, and v iny l  
adhesives  r e f e r  t o  t h e  s u b s t r a t e s  t h y  bond, atad a c i d - r e s i s t a n t  adhesives, 
h e a t - r e s i s t a n t  adhesives,  and weatherable adhesives i n d i c e t e . t h e  enviroluaents 
f o r  which each is s u i t e d * f 6 )  Another common c l a s s i f i c a t o n  its aerospace 
adhesives for high-perf ormaace a p p l i c a t i o n s  on a i r c r a f t  o r  space vehic les .  
Many of these adhesives m y  a l s o  be hea t - res i s t an t .  

1.8 Adhesive c o m ~ o s i t i o n .  Modern adhesives are o f t e n  f a i r l y  conplex formu- 
l a t i o n s  of cmkonents  tha t  perform s p e c i a l i z e d  funct ions .  ( 6 )  

1.8.1 Base o r  binder. The adhesive base or  binder is t h e  p r inasy  component 
of an  adhesive t h a t  holds t h e  s u b s t r a t e s  together .  The binder  is usua l ly  the  
component f r o u  which t h e  name of t h e  adhesive is derived.  Por example, an 
epoxy adhesive  nay have many components, bu t  t he  primary m a t e r i a l  is epoxy 
r e s i n ,  ( 6 )  

1.8.2 Hardener. A hardener is a substance added t o  a n  adhesive t o  pronote 
t h e  c u r i n g  r e a c t i o n  by taking p a r t  i n  it. Two-part adhesive s y s t e m  general ly  
have one p a r t  which ic t h e  base and a second p a r t  which is t h e  hardener. Upon 
mixing, a chemical r eac t ion  takes  p lace  which causes t h e  adhesive  t o  
s o l i d i f y .  ( 6 )  

1.8.3 Ca ta lys t .  (Ac t iva to r )  A catalyst is soraetimes incorporated i n t o  an 
adhesive  formulat ion t o  speed-up the reac t ion  between t h e  base and t h e  

Bometines an a c t i v a t o r  is used t o  speed-up t h e  react ion.  The 
a c t i v a t o r  i s  not mixed i n t o  t h e  adhesive but is appl ied i n  a thin l ayer  50 one 
s u b s t r a t e ,  while a th icker  l a y e r  of t h e  b s e  system is applied to  t h e  other 
s u b s t r a t e ,  and t h e  two a r e  joined. 

l . b . 4  bolvents.  Solvents  are sonetimes needed t o  t h i n  t h e  adhesive t o  a 
spreadab le  consis tency.  Solvents  used wi th  s y n t h e t i c  r e s i n s  and e las tomers  
a r e  g e n e r a l l y  organic,  and o f t e n  a mixture of s o l v e n t s  is requ i red  to achieve 
t h e  d e s i r e d  p roper t i e s .  f 6 )  

1.8-5 Diluent.  An ingred ien t  added t o  an  adhesive t o  reduce t h e  
' c o n c e n t r a t i o n  of binder is c a l l e d  a d i luen t .  Di luents  are priraerily used t o  

reduce t h e  v i & c o s i t y  and uodify t h e  process ing cond i t ions  of some adhesives. 
Reac t ive  d i l u e n t s  reeor with t h e  binder dur ing cure, become p a r t  of t h e  
product ,  and do not evaporate,  a s  does a solvent . (6)  

1.8.6 F i l l e r s .  Fi l lers  are r e l a t i v e l y  nonadhesive substances  added t o  t h e  
adhesive  t o  improve its working p r o p e r t i e s ,  s t r eng th ,  permanence, conduct ivi t j '  
o r  o t h e r  q u a l i t i e s .  Pillers e r e  a l s o  used to reduce m a t e r i a l  cos t .  By 
s e l e c t i v e  use of t h e s e  r ~ a t e r i a l s ,  t h e  p r o p e r t i e s  of a n  adhesive can be changed 
t o  a c o n s i d e r a t e  extent .  Thermal expansion, elec t r  i c a l  and thermal coaduc- 
t i v i t y ,  shrinkage,  v i scos i ty ,  and thermal r e s i s t a n c e  a r e  only a few of the  
p r o p e r t i e s  t h a t  can be modified by use of fillers. (6 )  
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1.E.7 Carriers or reinforcefaents. A carrier or refnforcenent is usually a 
t h i n  fabric or paper urreci to support the semicured adhesive cor;lpositions, t o  
provide a tape or f i lm. The carrier also serves as a bombline spacer and 
reinforcewent for the adhesive.(6) 

1.9 Adhesive bonding process. A typical flow chart for the adbesive 
bonding process is shown In Pig. 4. The bonding process is as important as 
the adhesive i tself  for a successful end product. 

FlGUlih 4. Basic steps in the adhesive bondim urc~cas&!.(l~) 

Porw A P P ~ Y  Hold I Substrates 4 Clean --+ Dry ,, Adhesive ---+ Asaemble -4 u n t i l  s e t  +Inspect - 

Many of t h e  adhesive problems that develop are not due to  a poor choice of 
material or j o i n t  design, but  are directly related to  faulty production 
techniques. The adhesive user must  obtain the proper processiny instructions 
from the manufacturer and follow then closely and consistently to  ensure 
acceptable sesults, Adhesive production involves four basic steps: 

o Design of joint8 and selection of adhesives 
o Preparation of adherends 
o Applying and curing the adhesive 
o Znspection of bonded parts 

These steps w i l l  be discussed i n  considerable detail  in  chapter 6 . ( C )  

(IfP# ID-6598A/ULSC-O530A. POX MYL USE ONLY) 
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Chapter 2. JOIlJT DESSGU 

2 .  msic uri r .c i>les .  The f i r s t  an6 most inpor tan t  p r i n c i p l e  of j o i n t  
des ign  is t h a t  j o i n t s  for adhesive bonding must be desiqned specially for t h e  
use of adhesives.  An all-coo-connon pract ice  has been to  s t a r t  with a design 
used f o r  another  method of fas ten ing ,  a l t a r  i t  s l i g h t l y ,  and bend. T h i s  
p r a c t i c e  can lead t o  d i s a s t r o u s  r e o c l t s .  then  one well-knova c i v i l i a n  a i r c r a f t  
was f i r s t  designed, adhesive bonding rras used extensively;  - t h e  adhesive  chosen 
wes rigiri ar.d t h e  j o i n t  desisn uas e s s e n t i a l l y  t h a t  used for r i v e t i n g .  r:i:h 
r i v e t e d  j o i n t s  (as with s p e c i a l l y  designed bonded j o i n t s ) ,  enough s l ippage  can 
take p l a c e  for t he  nornal  v i o r a t i n q  s t r e s s e s  t o  be re l ieved.  bouever, t n e  
j o i n t  design used i n  tSe a i r c r a f t  Cid not a l l o v  slippage‘, a d  the v f ! x s t i n ~  
stresses acted t o  i e t i g u h  =be wstal i n  the aircraft  structure. After  a 
se la t iva2-  short tine, tuo  oE th4 airpianes J i s i n t c g r a t e d  i n  a i d  a i r . ( l )  

I n  designing joints specif i c a l l : ~  fo r  adhesive bonding, t h e  basic character- 
i s t i c s  of adhesives artst dictate design planning. An'adnesive bond a c t s  over 
a n  a r e a ,  not a t  a s i n g l e  point .  The joint should, t h e r e f o r e *  be designed t~ 
niniaize concen t ra t ion  of s t r e s s .  { 1) 

2.2 Tvues or' s t r e s s .  Figure 5 shows f i v e  types of s t r e s s  found i n  adhesive 
j o i n t s .  Anp combination of Sfiese s t r e s s e s  may be encountered i n  adhesive 
app l ica t ion .  These c o & i t i o n s  a r e  desc t i b e d  brief lg a s  fol lows : 

FIGURE 5. T m s  of stress on adhesive j o i n t s  [modified a f t e r  Ref. 4 ) .  

2.2.1 Compression. Khen loaded i n  pure  compression, a j o i n t  is l e s s  l i k e l y  - 
t o  f a i l  than when loaded i n  any o ther  fashion,  but such j o i n t s  are l imi ted  i n  
ayp l ica f  ion. 

2.2.2 Shear.  Sheer loadixq inpoges a n  even s t ress  across t h e  whole bonded 
area .  Th is  type of loading u t i l i z e s  t h e  joint area t o  the  best advantage, 
providing an econonical  j o i n t  t h a t  is n o s t  r e s i s t a n t  t o  joint f a i l u r e .  
rlhenever poss ib le ,  j o i n t s  should be formed i n  such a way t h a t  most of the load 
is t t a n s a i t t e d  through t h e  joint as a shear load . (2 )  

2.2.3 Tensi le .  The s t r e n g t h  of j o i n t s  when loaded in t ens ion  or shear  a r e  
cowparable. Tensile stress develops vhen forces  a c t i n g  perpendieufaz t o  the 
p lane  of t h e  j o i n t  a r e  d i s t r i b u t e d  uniformly over the  e n t i r e  bonded a rea .  
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Adhesive joints show good resistance to  tensile loadinge because a l l  the 
adhesive contributes to the strength of the joint. If the applied load is a t  
a l l  offset: then the benefit of an evealy distributed stress is last and the 
joint is more likely t o  fa i l .  Joints designed to load the aahesive i n  tension 
should have physical restraints to  eneure axial loading. l 2 ) t  3) 

2.2.4 m. Por t h i s  type of loading to  be present, one or both of the 
adherends aust be flexible. Yhe effect of peel is to place a very high stress 
on the boundary line of the joint, and unlese tbe joint is wide or the load 
small, failure of tbe bond w i l l  occur. This form of loadiny should be avoided 
whenever possible. t 2 )  

2.2.5 Cleavage. Th i s  type of loading is usually the  result af an offset 
tensile force or a moment. Unlike the other types of stress: cleavage stress 
is not evenly distributed, but concentrated a t  one aide of the joint. A 
sufficiently large bonded area is needed to accommo6ate t h i s  type of etress, 
i n  which case the joint w i l l  be less economical. Cleavage stress is, i n  
general, undesireble.(2] 

2.3 hethocls of improvinq joint efficiency. To realize maximum eff icieII~y 
Prom adhesives, joints should be specifically deaigned for adhesive bonding. 
P i g .  6 shows ~ar i0r ; s  types of adhesive joints for f l a t  adherends. For rnaximun 
effectiveness and confidence, adhesive bonds should be designed i n  accordance 
w i t h  thrt following general principles: ( 5 )  

o The bonded area should be as large as possible w i t h i n  allowable geometry 
and veiykt constraints. 

o A maximun percentage of the bonded area should contribute to  the 
strength of the joint. 

o Tho adhesive should be str.ssea i n  the direction of i t a  roaxixrul;, strength. 

o Stress should be minimized i n  the direction i n  which t h e  adhesive is 
weakest. 

Therlnosetting adhesive0 are relatively riyfd and exhibit high tensile and 
shear strength independent of whether the load is applied a t  a rapidly varying 
rate (dynasric loading) or is relatively constant (s ta t ic  loading). These 

, adhesives also Bemonstrate good fatigue characteristics. l i o~ver ,  rigid, 
b r i t t l e  adhesives posses6 relatively yoor bonding gualitiea when 8 t t e~sed  i n  
peel or cleavage. Rubber-based (elastometic) adhesives, however, have low 
tensile or shear strehgth, b u t  because of t h e  effects of fi&a elasticity, 
these adhesives develop higb peel or cleavage strength. Some adhesives 
demonsttate high tensile and shear strength when bonds are applied for short 
time periods, but have poor resistance to  loads applied for sustained periods: 
or to  vibrating stresses. 

Generally, good design practice requires the avoidance of loads and joints 
which concentrate stresses i n  small areas or on edges. Since adhesives 
generally possess considerable strength under shear loading, joints uhicll 
stress the adhesive i n  shear are preferable. legardless of the direction crf 
stress i n  relation to the bond line, if the load is euddenly applied, such as 
during impact, the adhesive must be sufficiently elast ic  or resilient t o  
absorb euch a shock without faf lure. ( 7 
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$ P I  Plain burr - unsatisfactory 

r--_3 Sinale l a p  (p la ln  l a p )  * - g,ood. 
pracc:cal 

t-? k v e l l e d 1 8 p - ( ( o 0 d . ~ u s # l l y ~ r a c ~ ~ e a ~ .  
difficult to rate 

Scarf butt  - very good, usually prac- 
tical, requites eactng 

Jo&&le l ap  - 8ood, practical 

P - - . ,  
Sin~le srrap - fa ir .  scmettms 

desi sable 

C Double strap - good, sometimes 
d e s i r a b l e  

j) Reeessed double strap - good. expen- 
sive machining 

Bevelfed double strap - very good. 
d i f f i c u l t  production 

LEzEE+ Double l a p  good, when appltcable 

\\ Double bucr lap  - eood. requires 
machining 

7 Tondue and aroove - excellenr. requires 
machining 

FIGURE 6.  m e s  of joints for f l a t  adhe~ends.(3)(~)( 
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FSGL'XE 7 .  T e n s i l e  force on lap j o i n t  showins: ( a )  unloaded 
'o in tr  (b) j o i n t  under stress, and ( c )  stress 

i i s f r i b u t  ion i n  

The lap j o i n t  (Figure  8 )  is typical of nost adhes ive  j o i n t s  

FIGURE 6 .  Simle lap j o i n t .  
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2.3.1 J o i n t  d e s i s n  c r i t e r i a .  The bonded a r e a  should be l a r g e  enough t o  
r e s i s t  t h e  g r e a t e s t  f o r c e  t h a t  t h e  components a r e  expected t o  witbstand i n  
s e r v i c e ,  Using t h e  p r i n c i p l e s  of good j o i n t  des ign o u t l i n e d  above, t h i s  w i l l  
nornal ly  be achieved, provided t h e  load does not have a l a r g e  nechanical  
advantage. The c a l c u l a t i o n  of stress i n  t h e  adhesive j o i n t  is not a r e l i a b l e  
metnod of determining t h e  exac t  dimensions required.  It is l?ot a simple 
mat te r  t o  decide on an  a l lowable  stress. The adhesive  s t r e n g t h  is a f f e c t e d  by 
environmental  coirdit ions,  age, temperature  of c u t e ,  m a t e r i a l  and s i z e  of 
adherends, and t h e  th ickness  of t h e  adhesive  l ayer .  ( 2 )  - .  

The stress i n  t h e  edhesive  is r a r e l y  a pure  one, but r a t h e r  a combination of 
G r i o u s  stresses. The t e l a t i v e  f l e x i b i l i t y  of t h e  adhesive t o  t h a t  of t h e  
adherends g r e a t l y  affects t h e  stress d i s t r i b u t i o n .  Pig. 7 is a typical 
e r a a p l e  of a t e t l s i l e - l ap  j o i n t  under t e n s i l e  loading.  I t  w i l l  k cbserved 
Pron t h e  stress d i s t r i b u t i o n  curve (Pig .  7-C) t h a t  most of t h e  s t r e s s  is 
concen t ra ted  a t  t h e  ends  of t h e  l ap ,  The g r e a t e r  p a r t  of the over lap,  
( ad jacen t  to t h e  c e n t e r ) ,  c a r r i e s  a comparatively l o w  stress. If t h e  over lag 
l eng th  is increased by 1009, t h e  l o ~ d - c a t t y i n ~  c a p a b i l i t y  is increased by a 
much lower percentage.  The n o s t  e f f e c t i v e  way t o  inc rease  the bond s t r e n g t h  
is t o  i n c r e a s e  t h e  j o i n t  width.(2) 

I n c r e a s l n s  the  width of t h e  j o i n t  has t h e  e f f e c t  of g iv ing  a p ropor t iona te  
i n c r e a s e  i n  s t r e n ~ t h ,  while  inc reas ing  t h e  over lap ( l e n g t h )  be ond a c e r t a i n  

t 27  l i n i t  has very l i t t l e  e f f e c t .  This  is i l l u s t r a t e d  i n  F i g  9. . 

FIGURE 9. E f f e c t  of over la^ and width on s t r e n s t h  
of a t y p i c a l  j o i n t .  ( 

I n  a d d i t i o n  t o  over lap  l e n g t h  and v id th ,  t h e  a t r e n g t h  of t h e  l a p  j o i n t  is 
dependent on t h e  y i e l d  s t r e n g t h  of t h e  adherend. The modulus and th ickness  of 
adherend determine its y i e l d  s t r e n g t h ,  which should not be g r e a t e r  than t h e  
j o i n t  s t r e n g t h .  The y i e l d  s t r e n g t h  of t h i n  metal adherends can  be exceeded 
where a n  adhesfye with a high t e n s i l e  s t r e n g t h  is employed with a r e l a t i v e l y  
smal l  j o i n t  overlap.  F igs  9 and 10 show t h e  r e l a t i o n s h i p  between shear  
s t rengt l r ,  adherend th ickness ,  and over lap  length .  ( 2)  

The f a l l - o f f  i n  t h e  e f f e c t i v e  load-carrying c a p a c i t y  of t h e  over lap j o i n t  is 
u s ~ a l l y  expressed as a c o r r e l a t i o n  between s h e a r  strength and t h e  L/t  r a t i o ,  
where L over lap l e n g t h  and t = adherend th ickness .  Many v a r i a b l e s  t h a t  
g r e a t l y  a f f e c t  t h e  s t r e n g t h  of an  adhesive  a r e  r e l a t e d  by t h e  simple L/t curve 
(somet ines  ~ t t l / 2 ) .  
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FIGURE 10. Correlat ion diagraa between shear strength 
and L/t r a t i o n . ( 2 )  

FIGURE 11. W t  curves for modified epoxy adhesive on 0.125. 
(3.2 ma1 2024-T3 aluminum alloy a d h e r e n d s . ( s T  
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FIGURE 12. a e c i f  ic  J e s i o n  curves ,  s i n s l e - l a p  s h e a r  j o i n t ,  boron/euoxv 
to  boron.'@poxl~ irf 126-2 epoxy n i t r i l e  f f  lm adhes ive .  ( 5 )  

Sone of t h e s e  are: adherend modulus, adhes ive ,  t es t  t empera tu re ,  bondl ine  
t h i c k n e s s ,  m d  j o i n t  c o n f i g u r a t i o n .  The SJt curve  is g e n e r a l l y  used for each 
and eve ry  v a r i a b l e  t h a t  may e n t e r  t h e  des ign*  and d a t a  a r e  p r e s e n t e d  t~ t h e  
d e s i g n e r  as f a m i l i e s  of t/t cu rves . (6 )  An example of me t y p e  of L / t  curve  
is shown i n  F igu re  11 where load  is p l o t t e d  a g a i n s t  L/t f a c t o r ,  f o r  a modif ied 
eyo iy  adhes ive  2500~.(121OC) cu r ing ,  suppor t ed  f i l m  on 0.125 inch 
(3 .2  t h i c k  2 0 2 4 0 ~ 3  aluminum a l l o y .  These cu rves  were p l o t t e d  f o r  v a r i o u s  
bond widths from 1 / 4  i nch  (6.3 mf t o  1 inch  (25.4 m).t9) Perhaps  a a o r e  
u s e f u l  way f a r  p r e s e n t i n g  d a t a  t o  t h e  d e s i g n  s n g i n e e r  is p l o t t i n g  s t ce , s s  
a g a i n s t  L / t ,  as shown i n  F igu re  12. 

2.4 T m i c a l  joint des igns .  The icieal adhesive-bonded j o i n t  is one i n  
which, under a l l  p r a c t i c a l  l oad ing  c o n d i t i o n s ,  t h e  adhes ive  is s t r e s s e d  i n  t h e  
d i r e c t i o n  i n  which i t  most resists f a i l u r e .  A f a v o r a b l e  stress can be app l i ed  
t o  t h e  bond by us ing  proper  j o i n t  design.  SON j o i n t  des igns  may be 
i m p t a c t i c a l ,  expens ive  t o  make, or hard  t o  a l i g n .  The d e s i g n  eng inee r  w i l l  
o f t e n  have t o  weigh t h e s e  f a c t o r s  a g a i n s t  optimum adhes ive  
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2.4.1 J o i n t s  f o r  f l a t  adherends. This  type  of j o i n t  has a l r e a d y  been 
d i s c u s s e a  above b r i e f l y ,  and a nunber of examples a r e  shown i n  Fig. 6. 

2.4.1.1 3 u t t  j o i n t s .  Uc:t j o i n t s  canlrot v i t h s t a n d  Oendirrg f o r c e s  because 
t h e  adhes ive  would undergo c leavage stress. If t h e  adherends are t o o  t h i c k  t o  
des ign  s i n y l e  overrap j o i n t s ,  t h e  butt j o i n t  c a n  be improved by redesigning a 
number of ways, as shown i n  Pig. 6. A l l  tbe modified b u t t  j o i n t s  reduce t h e  
c leavage  effect caused by s i d e  loading. Tongue-and-groove j o i n t s  a l s o  have a n  
advantage i n  that they a r e  s e l f - a l i g n i n g  end act se a r e s e r v o i r  f o r  t h e  
adhesive .  The s c a r f  b u t t  j o i n t  keeps t h e  a x i s  of l o a d i  i n  l i n e  with t h e  "S j o i n t  and does not  requ i re  a n a j o r  mjcbfning operat ion. (  

2.5.1.2 Lax? jo in t s .  Lap j o i n t s  are the  nost commonly uaed adhesive  j o i n t s  
because :hey a r e  si-le t o  ucke, a r c  a p p l i c a b l e  t o  t h i c  adherends,  and s t r e s s  
t h e  adhes ive  p r i m a r i l y  i n  its s t r o n g e s t  d i r e c t i o n .  Tensile loading of a lap 
j o i n t  c a a s e s  ;he edheaive tc  bz s t r e s s e d  i n  shear .  However, the s i n p l o  l a p  
j o i n t  is o f f s e t  and t h e  s h e a r  f o r c e s  a r e  not i n  l i n e .  (Pig. 7)  This  f a c t o r  
r e s u l t s  i n  c leavage  s t r e s s  a t  t h e  ends of t h e  j o i n t ,  which s e r i o u s l y  i n p a i r s  
its ef f ic icncy.  iiodif i c a t i o n s  of lap-  j o i n t  des ign  include: ( 3 )  

o Redesigninq t h e  j o i n t  t o  br ing t h e  load  on t h e  adherends i n  l i n e  

o haking t h e  adherends nore  r i g i d  ( t h i c k e r )  near t h e  bond a r e a  
( s e e  F igure  13) 

o riaking t h e  edges of t h e  bonded a r e a  nore  f l e x i b l e  f o r  b e t t e r  
c m f o r n a n c e ,  thus nf ninizirig peel .  

k o d i f i c a t i o n s  of l a y  joints ate shown i n  F igure  6. 
b0. un 

1 2 3 4 5 6 7  

0-06r in. t 1.6 mml ----------..- 
Om1 in. (1.3 mm) ----------- 
0.045 in. (I .1 mm) 

-...)-.)-...c---C--- 

0.032 in. (0.a mml ---- ---... --..).-..a 

Mhwmd ThiQrnrr 
IAldael 

0 1 2 3 

FIGURE 13. I n t e r r e l a t i o n  of f a i l u r e  loads ,  depth  of l ap ,  and 
adherend th ickness  for lap i n t s  with a s p e c i f i c  
adhesive and adherend.(3?(  
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P I W E  1 4 .  Desiqns that nininize 
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The joggle-lair j o i n t  d e s i g n  is t h e  easiest method of a l i g n i n g  loads. This  
j o i n t  c a n  be made by s imply  bending the adherends. I t  a l s o  p rov ides  a s u r f a c e  
t o  which it is e a s y  t o  app ly  p re s su re .  The double-l8p j o i n t  h a s  a balanced 
c o n s t r u c t i o n  whicb is s u b j e c t e d  t o  bending o n l y  if l oads  on t h e  double  side of 
t h e  l ap  a r e  not  balanced. The beveled-lap j o i n t  is a260 more e f f i c i e n t  t h a n  
t h e  p l a i n  lap j o i n t .  The beveled  edges  allow c o n f o r m m e  of t h e  adherends 
du r ing  loading ,  w i t h  a r e s u l t a n t  r e d u c t i o n  of c l eavage  stress on t h e  ends of 
t h e  jo in t . (3 )  

2.4.1.3 strai, j o i n t s .  Strap j o i n t s  keep t h e  o p e r a t i n g  load$ aXigned and 
are g e n e r a l l y  use13 wbere o v e r l a p  j o i n t s  a r e  impractical because of adherend 
th i ckness .  A s  i n  t h e  c a s e  of t h e  l a y  j o i n t ,  t h e  single strap is s u b j e c t e d  t o  
c l eavage  stress under bending forces, The double-s t rap  j o i n t  is s u p e r i o r  when 
bending stresses a r e  encountered.  The beveled  double  strap and r eces sed  double  
s t r a p  are t h e  best j o i n t  d e s i  ns t o  resist bending f o r c e s .  They bo th  r e q u i r e  
expens l v e  raachinl ng , however. 73) 

2.4.1.4 P e e l i n u  of adhes ive  j o i n t s .  lahen t h i n  i ~ e i b r s  are bonded t o  
t h i c k e r  s h e e t s ,  o p e r a t i n g  loads g e n e r a l l y  tend  to  p e e l  t h e  t h i n  member from 
its base, a s  shown i n  Fig. 1 4 t 3 ) .  ~ i u e t i n y  m y  provide  e x t r a  s t r e n g t h  a t  
t h e  ends of t h e  bond, but  r i v e t s  of  t e n  produce stress concen t r a t ions .  Beadiny 
t h e  end of t h e  j o i n t  is good, b u t  not  a l u a y s  possible. I n c r e a s i n y  t h e  v i d t h  
of t h e  end of t h e  j o i n t  w i l l  i n c r e a s e  its peel s t r e n g t h .  F i n a l l y ,  i n c r e a s i n y  
t h e  s t i f f n e s s  of t h e  adherends  is o f t e n  q u i t e  e f f e c t i v e .  The s t i ffer  t h e  
adherends ,  t h e  e a a l l e r  t h e  d e f l e c t i o n  of t h e  j o i n t  f o r  a g i v e n  f o r c e ,  and t h e  
s n a l l e r  tbe peel stresses. ( 1) 

2.4.2 S t i f f e n i n v  j o i n t s .  O f t e n  t h i n  s h e e t s  of a m a t e r i a l  a r e  raade n o r e  
r i g i d  bj bonding s t i f f e n i n g  members to  t h e  s h e e t .  llhen such  s h e e t s  are 
f l e x e d ,  t h e  bonded j o i n t s  ere s u b j e c t e d  to  c l eavage  stress. Some d e s i g n  
methods f o r  reducing  c l eavage  stress on s t i f f e n i n g  j o i n t s  are i l l u s t r a t e d  i n  
F i g u r e  15. f t e s i s t ance  of s t i f f e n i n g  members t o  bending f o r c e s  is increased by 
1) ex tend ing  t h e  bond a r e a ,  2) prov id ing  greater f l a n g e  f l e x i b i l i t y ,  and 3 )  
i n c r e a s i n g  t h e  s t i E f  nes s  of t h e  base s h e e t .  ( 3 )  

2.4.3 C ~ l i n d r i c a l  j o i n t s .  S e v e r a l  recoasnended des igns  f o r  rod and t u b e  
j o i n t s  a c e  i l l u s t r a t e d  i n  P i g u r e  16. These designs should  be used i n s t e a d  of 
t h e  simple b u t t  j o i n t  because of t h e i r  r e s i s t a n c e  t o  bending f o r c e s  and 
subsequent  c l eavage  and t h e i r  i n c r e a s e  i n  bonding area .  Lrith t u b u l a r  f o r n s ,  
u n l e s s  t h e  t u b  walls are v e r y  tb ick,  t h e  bonding area is a l s o  q u i t e  smal l .  
Unfor tunate ly ,  most of t h e s e  j o i n t  d e s i g n s  r e q u i r e  & m c h i n i n g  o;rerat ion.f3]  

2.4.4 Angle end c o r n e r  3 o i n t s .  Angle and c o r n e r  j o i n t e  f o r  f l a t  adherends 
a r e  shown i n  f i g u r e  1 7  a d  18. I n  both, t h e  b u t t  j o i n t  is a g a i n  s u s c e p t i b l e  
to  c l e a v a g e  under bending stress. Among t h e  a n g l e  j o i n t s  ( F i g u r e  131, t h e  
dado j o i n t  is probably  t h e  best, provided  t h a t  t h e  r educ t ion  i n  s e c t i o n  
r e q u i r e d  f o r  t h e  recess is accep tab le .  T h i s  d e s i g n  is l e s s  s u b j e c t  t o  
c l e a v a g e  than  t h e  r igh t - ang le  b u t t  j o i n t s  ( a l s o  c a l l e d  'L9 ang le  j o i n t s ) ,  and 
is g e n e r a l l y  e a s i e r  to  produce. The double  r ight -angle  b u t t  j o i n t  is a l s o  
c a l l e d  t h e  'T' a n g l e  j o i n t .  Corner j o i n t s  ( F i g u r e  14) f o r  f l a t  adherends are 
best des igned t o  use  f ixtufes:  For solid rods  a n d - t u b u l a r  f o r m  f i x t u r e s  a r e  
a l v a y s  requi red .  
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FIGWE 15. kiinimi;ing beel for s t i f f  eriinq sections. ( 1) 
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Tapered socket  Landed socket 

( 0 1  Designs for s o l i d  bars  

Landed taper Landed lap 

Socket 

Sleeve-reinforced butt 

(b) Designs for cylinders or tubes  

FIGUkE 16. Wecornended des igns  for rod and tube adhesive- 
bonded j o i n t s .  (1) (11) 

Downloaded from http://www.everyspec.com



FSGUHE 57.  Angle joints.(l) 

Downloaded from http://www.everyspec.com



FIGURE IE.  Corner joints. (1) 

2.4.5 Plastic and elastoner joints. Designing of joints for plastics end 
elastomers usually follows the sane practice as for netals. aoweve?, tbe 
designer shouid be aware of certain characteristics of these materials that 
require special consideration. ( 3 )  

2 . 4 . 5 . 1  Flexible plastics and elastomers. T h i n  or flexible polymeric 
substrates may be joined using a simple or modified lap joint. The 
double-strap joint (Fig. 6 )  is best, b u t  also the nost time-consuning to 
fabricate. The strap material should be made out of the sane material as the 
parts to  be joined, or a t  least ,  have approximately equivalent strength, 
f lex ib i l i ty ,  and thickness. The adhesive should have the sane degree of 
f lex ib i l i ty  as the adherends. ff  the sections to  be bonded are relativeLy 
thick, a scarf jo in t  i s  acceptable. The length of the scarf should be a t  
least  four tines the thickness; sometimes larger scarfs uay be needed.(3) 

Figure 13 shoids seviral  type6 of joLfrts E G L  r i lbkr  ilndef terrsicn. '=he 
horizontal white lines are equidistant *:hen joints are unstressed. Cleetlpr 
the scarf joint i s  least subject t o  s t ress  concentration vith materials of 
eqcal modulus, and the double scarf joint is the best for materials of unequal 
1;10dulus. These designs provide the best resistance to 

I l P " '  
, and, a l l  other . 

factors being equal, would represent t he  best choice. 

When bonding elast ic  material, forces on the elastomer during cure ohould be 
carefully controlled, since excess pressure w i l l  cause residual stresses at 
the bond interface. Stress concentrations may also be minimized in rubber-to- 
metal joints by elimination of sharp corners and by using metal thick enough 
to prevent peel stresses that may a t i se  vith thinner-gage metals. As vith a l l  
joint designs, polymeric joints should avoid peel stre-ss. Fig. 20 i l lustrates  
methods of  bonding flexible substrates so that the adhesive w i l l  be stressed 
i n  its strongest direction.(l)  

2.4.5.2 Rig id  plastics. Heinforced plastics are often anisotropic 
materials, meaning that their strength properties nay not be the same i n  a l l  
directions. Joints nade from anisotropic eubstrates should be designed to 
s t ress  both t h e  adhesive and the adherend i n  the direction of greatest 
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s t r e n g t h .  Laminates,  f o r  exanp le ,  shou ld  be s t r e s s e d  p a r a l l e l  to  t h e  l a n i n a -  
t i o n s .  S t r e s s e s  normal t o  t h e  l amina te  may cause  t h e  s u b s t r a t e  t o  d e l a n i n a t e .  
S ingle-and joggle- lap  j o i n t s  a r e  more l i k e l y  t o  c a u s e  de l amina t ion  t h a n  s c a r f  
o r  beve led  l a p  j o i n t s .  The s t r a p -  o i n t  va r i a t io r s r  are u s e f u l  when bending 
l o a d s  say be inpose& on t h e  j o i n t .  73 1 

2.4.5.3 hood j o i n t s .  Uood p r e s e n t s  special problems i n  j o i n t  des ign .  I t  
is a n i s o t r o p i c r  both  s h r i n k a g e  and s t r e n g t h  w i l l  v a ry  w i t h  g r a i n  d i r e c t i o n  and 
w i t h  a n g l e  of c u t .  For exanple ,  t a n g e n t i a l  s h r i n k a g e  i n  wood is g e n e r a l l y  
doub le  t h e  r a d i a l  sh r inkage ,  and s i l r i nkage  p e r p e n d i c u l a r  t o  the  g r a i n  is 
u s u a l l y  g r e a t e r  t h a n  s h r i n k a g e  i n  t h e  d i r e c t i o n  of t h e  g r a i n .  T t e r e f o t e ,  f o r  
maximum d u r a b i l i t y ,  wood s h o u l d  be bonded t o  similar t y p e s  and c u t s .  Two 
o t h e r  c h a r a c t o r i s t i c s  of wood place s e v e r e  limitations o .? . t i~e  t j e s  05 j o i n t s  
t h a t  may k aaed. F i r s t ,  the t e n s i l e  s t r e n g t h  of wbod p e r p e n d i c u l a r  t o  t h e  
g r a i n  is a p p r o x i ~ ~ l l t e l y  one-tenth t h a t  of wood i n  t h e  d i r e c t i o n  of t h e  s r a i n .  
Second, end-grain b u t t  joints c a n  t r a n s m i t  no t e n s i l e  stress, and can  t r a n s m i t  
compress ive  stress o n l y  af ter  c o n s i d e r a b l e  deformation.  Thus, moot of t h e  
d e s i g n s  d i s c u s s e d  above are r u l e d  out .  The s c a r f - j o i n t ,  however, remains as 
t h e  b e s t  type of j o i n t  f o r  bonding wood end-to-end. For s o l i d  wood, t h e  
s t r a i g h t  scarf j o i n t  permits v e r y  h igh  j o i n t  e f f i c i e n c i e s .  For most 

PIGUI:E 19. J o i n t s  f o r  rubber (under stress) . (1) 
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PIGURE 20. J o i n t s  f o r  f l e x i b l e  mater ia ls .  ( 1) 
0 = stress d i r e c t i o n  -- = r e s u l t a n t  f o r c e  

a p p l i c a t i o n s ,  a slope of 1 i n  12 is used. The s lope  should never be s t e e p e r  
than 1 i n  5. Such j o i n t s  r equ i re  t h e  a p p l i c a t i o n  of l a t e r a l  o r  t taMVerSe 
p ressure  during t h e  ti- t h e  adhesive hardens. 

For laminated wood, s e v e r a l  o the r  types  of sca r f  j o i n t s  have been 
developed. These j o i n t s  are shown i n  Fig. 21. i n  tension,  none of tbese  
j o i n t s  i s  aa e f f i c i e n t  as a s t r a i g h t  scarf j o i n t  with a slope-of 1 i n  8 o r  
f l a t t e r .  I n  compression, however, a l l  e x h i b i t  e f f  i c i e n c i e a  approaching 10Qk. 
For both s o l i d  and laminated wood, a number of j o i n t s  genera l ly  u s e f u l  i n  
assembly are sbown i n  Fig. 22. These j o i n t s  a r e  more comwonly used in cmbi- 
na t ion  r a t h e r  than alone. Tbe p r i n c i p l e s  of wood-joint design, and not t h e  
s p e c i f i c  des igns  i l l u s t r a t i n g  these  p r i n c i p l e s ,  should be considered f i r s t  at 
a l l  times. The j o i n t s  shown i n  both Figs. 21 and 22 are se l f -a l ign ing ,  and 
requ i re  no pressure.  (1) 
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2.4.6 HetaJ j o in t s .  Xnforwation on bonding me ta l s  is found i n  t h e  g e n e r a l  
d i s c u s s i o n s  under 2.1 - 2.4.4. Indeed, t h e  emphasis i n  t h i s  handbook w i l l  be 
on metal-to-metal bonds. 

2.4.7 J o i n t s  c o w b i n i r ~  d i f f e r e n t  adherend tmes. 

2.4.7.1 J o i n t s  wi th  adherends differing i n  r igidi ty.  Uhen adherends d i f f e r  
i n  r i g i d i t y ,  t h e i r  th ickt resses  shou ld  be a d j u s t e d  s o  t h a t  t h e y  w i l l  be e q u a l l y  
r i g i d z  t h a t  is, t h e i r  t h i cknesees  should  be i n  i n v e r s e  p r o p o r t i o n  t o  t h e i r  
moduli. The most e f f i c i e n t  t y p e  of j o i n t  f o r  such  m a t e r i a l s  is probably  t h e  
double  ecacf-lap j o i n t ,  w i th  t h e  adherends t ape red  i n  p r o p o r t i o n  t o  t h e i r  
moduli of e l a o t i c i t y  (shown for rubbs r  i n  Fig. 13). l l a t u r a l l y ,  when t h e  
d i f f e r e n c e  i n  r i g i d i t y  is ve ry  l a r g e ,  as i n  rubber- to-s tee l  bonds, t h i s  
p r a c t i c e  is not f e a s i b l e . ( l )  

2.4.7.2 J o i n t s  u i t h  adherends differiiw i n  c o e f f i c i e n t  of t h e r n a l  expansion. 
D i f f e rences  i n  t h e  c o e f f i c i e n t s  of thermal  expansion of t h e  adherends nay 
cause ,  ar~ony o t h e r  t h ings ,  waryage of t h e  f i n a l  assenbly .  s u c h  d i f f e r e n c e s  
may a l s o  c a u s e  thermal  breakage of t h e  j o i n t s .  The use  of a n  elastic adhes ive  
is o f t e n  v a l u a b l e  here.  t lwevor ,  i n  sogle i n s t a n c e s ,  such an  adhes ive  would be 
unusable  for o t h e r  reasons.  C a r e f u l  j o i n t  d e s i g n  c a n  a l s ?  p reven t  uarpage. 
The b e s t  p rocedure  is t o  ba lance  t h e  c o n s t r u c t i o n .  For most corsaon s t r a i g h t  
j o i n t s ,  t h i s  would mean t h a t  a double-lap o r  double-s t rap  j o i n t  ( F i g u r e s  6 and 
13) would be d e s i r a b l e .  \Ihen s h e e t s  are h i n g  laminated,  ba l ance  c a n  be bes t  
achieved by making a 'sanduichm, s o  t h a t  one of t h e  adherends  is bonded t o  
bo th  s i d e s  of t h e  o ther .  i l t e r n a t i v e l y ,  t h e  c o n t i n u i t y  of t h e  s h e e t  having 
t h e  lower c o e f f i c i e n t  of expans ion  m y  be broken. I n  bonding wood to meta l ,  
f o r  example, t h e  wood c o u l d  be make i n t o  s e v e r a l  smaller p a n e l s  be fo re  fabri- 
c a t i o n .  

2.5 Stress a n a l y s i s .  T h i s  is a n  ext remely  c o w l e x  s u b j e c t  and w i l l  on ly  be 
touched upon b r i e f l y  i n  t h i s  d i scuss ion .  

2.5.1 Genera l  u r i n c i ~ l e o .  Recognizing t h a t  p r e s e n t  aerospace d e s i g n  
practice has not  caught  up u i t h  newer a n a l y t i c a l  tecbniques ,  p r e s e n t  a n a l y s i s  
e f f o r t s  i n  aerospace s t r u c t u r a l  adhes ive  bonding c a n  be sej+arated i n t o  t h r e e  
categories: (1) t h e o r e t i c a l  a n a l y s i s  of stresses and s t r a i n s ,  ( 2 )  exper imenta l  
a n a l y s i s ,  ( 3 )  f a i l u r e  a n a l y s i s ,  Host of t b e  a n a l y s i s  work i n  a l l  t h r e e  
c a t e g o r i e s  has  been concen t r a t ed  on boded l a p  j o i n t s ,  and t h e  o r i g i n a l  
p i o n e e r  work of Volkersen (1938) and Goland and k e i s s n e r  (1942) has h e n  
con t inued  and expanded d u r i n g  t h e  p a s t  30 years by o t h e r  i n v e s t i g a t o r s .  The 
u l t i m a t e  o b j e c t i v e  of t h e s e  a n a l y s e s  has been t o  develop a d e s i g n  method f o r  
bonded corrstruc t ion'; baaed on t h e  p r i n c i p l e s  of mechanics anif r a t i o n a l  
e n y i n e e r i n g  des ign ,  so t h a t  j o i n t  behavior  cou ld  be p red ic t ed . (12 )  

2.5.1.1 T h e o r e t i c a l  a n a l y s e e  of stresses and s t r a i n s .  &lost t h e o r e t i c a l  
a n a l y s e s  have been on the s i n g l e  or double  l a p  type j o i n t ,  because t h e s e  a r e  
t h e  most common types occurfng  i n  adhesive-bonded assembl3es. Tbe ana lyses  
of  s c a r f e d  and s teyped- lap  joints are ve ry  d i f f e r e n t  £rw l a p  j o i n t s ,  and have 
r a r e l y  been a t tempted .  Lap j o  n t s  are a l s o  t h e  pr imary  type  of j o i n t  used f o r  
de t e rmin ing  t h e  s t r e n g t h  of ad t e s i v e  j o i n t s .  There is a good reason f o r  t h i s  
r e l i a n c e  on a lap-type c o n f i g u r a t i o n .  If t h e  j o i n t  is p t o p e r l y  des igned,  t h e  
p r imary  e t r e s s  i n  t h e  adhes ive  is a s h e a r  stress, toward which adlresives 
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PICUKE 21. Stra ight  jo in t s  for laminated 
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FXGUHE 22. Joints  for s o l i d  and laminated wood assemblv.(l) 
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oPP=e their greatest strength. Adhesive joints are notoriously weak i n  peel, 
and are also weak under tensile loads applied nowal to  the plane of the 
joint. The need for strong adhesives wi th  high peel strength is still very 
acute. 

The earliest  tbeoretical lap-joint work involved the m o s t  simplifying 
assumptions, i.e., the joint w a s  a simple overl&p type, both adherends were 
made of the same metal and had the same geometry, the adherends and ths 
adhesive behaved elastically, bending or peeling stresses were not included, 
thermal arpnsion or residual stresses were ignored, deflections were emall, 
etc. Purthermore, the streSs-stf8in distributions that e r e  derived w r e  
*closed forw* solutions of various differential equations. 

Present tbeoretical efforts have become much more sophisticated. New 
co~puter-assisted techniques have introduced the application of f inite-elenent- 
matrix theory type approaches. Parametric studies are being conducted to  
deteruine the effects of important variables. Double-la? joints, scarfed 
joints, joggled joints, and etepped-lap joints have been added to the original 
siwle-overlap joint, and nonlinear closed-f o m  solutions are available. 

New adherend materials, especially the advanced filamentary composites, are 
now being considered, and various bonded centbinations of materials w i t h  
different stiffnesses and various geometries have became comnon. The elastic, 
low-deflection, constant-temperature behavior of scarf and stopped-lap joints 
has been replaced by elastic-plastic, large-def lection behsvior combined with 
theridal expansion differences, oz curing shrinkage induced residual stresses. 
Many new considerations arise and promise to  continue to  complicate tbe 
analysis picture. bdow the theoretical expert is supposed to  handle fatigue, 
creep, inpact, varying elevated or very low service temperatures, continued 
heating, deleterious environmental effects, corrosion of the netal substrates, 
crack propagation, yielding of the  adherend, and many other variables. (I2) 

2.5.1.2 Experimental analyses. tthether a theoretical analysis ia  success- 
ful ly  cmpleted, or whether the practical corgplications outstrip tbe capabili- 
t i e s  of even the most sophisticated approach, today the only conclusive 
progress bas not been nearly as great because the labor and mterfals  costs 
associated w i t h  laboratory expeximents greatly auryase theoretical efforts, 
hence provide a very effective economic deterrent t o  significant progress i n  
relating theory, laboratory teat, and real-life performance. Typically, the 
yardstick for qualitatively measuring the iaternal resistancae of an adhesive 
bond to  an external load has been the determination of the s t ra in  distributions 
in the adhesive and the adherends. This is no suall task. Yven in the 
simplest lap joints, the actual stress-strain disirribut ions under load are 
extremely cm3plex cashbinations of shear and tensile etresses and are very 
-prone to  disturbance by nonuniform material characteristics, s t ress  concentra- 
tions or localized partial failures, creep and plastic yielding, etc. The 
fact  that the adhesive gage length (glue-line thickness) is very small and 
that the adhesive is so completely encapsulated between the adherends that it 
is practically inaccessible means that the strains are both hidden and saall, 
and, hence, extremely diff icult  to  neasure accurately. The usual techniques 
of extensometers, s t rain gages, and photoelasticity are being used w i t h  
l inited success. (121 
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2.5.1.3 F a i l u r e  analyses.  The func t ion  of a s t r u c t u r a l  adhesive j o i n t  i s  
t o  t ransmi t  an e x t e r n a l  load t o  t h e  s t r u c t u r a l  m e m b e r s .  If t h e  j o i n t  f a i l s  t o  
funct ion properly,  it w i l l  undergo damage o r  f a i l u r e .  The damage could be 
a c t u a l  f r a c t u r e  of t h e  s t r u c t u r e ,  excess ive  e l a s t i c  deformation, o r  excess ive  
i n e l a s t i c  flow. The c r i t e r i a  f o r  w h a t  c o n s t i t u t e s  s t r u c t u r a l  f a i l u r e  depend 
on the performance requirements of t h e  j o i n t .  The fundamental problem i n  t h e  
mechanics of adhesives and of j o i n t s  is t o  o b t a i n  some r e l a t i o n s h i p  between 
t h e  loads  appl ied t o  t h e  j o i n t  and a parameter t h a t  w i l l  adequately desc r ibe  
t h e  c r i t e r i a  f o r  s t r u c t u r a l  f a i l u r e .  For example, if s j o i n t  is considered t o  
have f a i l e d  when its e l a s t i c  d e f l e c t i o n  reaches  a c e r t a i n  l i m i t ,  a r e l a t i o n s h i p  
is necessary between app l ied  load and e l a s t i c  de f lec t ion .  Si ra i lar i ly ,  
r e l a t i o n s h i p s  may be necessary between j o i n t  s t r e n g t h  ana app l ied  load o r  
creep and appl ied load. The most common c r i t e r i o n  for s t r u c t u r a l  f a i l u r e  of 
lap-type j o i n t s  is a c t u a l  f r a c t u r e  of t h e  j o i n t .  For a given combination of 
adherend and adhesive, t h e  stress a n a l y s t  has  t o  make a dec i s ion  a s  t o  what 
t h e  mode o r  theory of f a i l u r e  of t h e  j o i n t  would be i f  t h e  appl ied loads 
become l a r g e  enough t o  cause f a i l u r e .  The dec i s ion  a s  t o  which theory would 
r e a l i s t i c a l l y  determine t h e  made of f a i l u r e  is  usua l ly  based on p a s t  
experience,  o r  some form of experimental  evidence. 

The s e l e c t i o n  of a f a i l u r e  theory f o r  a p a r t i c u l a r  adhesive j o i n t  then l eads  
t o  t h e  determination of a r e l a t i o n s h i p  between t h e  appl ied load, and a 
parameter (stress, s t r a i n ,  s t r a i n  energy, etc.) t h a t  w i l l  desc r ibe  t h e  f a i l u r e  
of t h e  j o i n t .  Assuming, f o r  example, t h a t  t h e  j o i n t  w i l l  f a i l  when t h e  
p r i n c i p l e  stress i n  t h e  adhesive perpendicular  t o  t h e  plane of t h e  jo in t  
( t e n s i l e  s t r e s s )  reaches a l e v e l  s u f f i c i e n t  t o  cause f r a c t u r e ,  i t  is  necessary 
t o  know +be s t r e n g t h  of t h e  adhesive under t ens ion  i n  t h i s  d i r e c t i o n  when 
constra ined by t h e  ad jacen t  adherends. P i n a l l y ,  when maximum t o l e r a b l e  
stresses have been obtained,  the al lowable  stress values o r  f a c t o r s  of s a f e t y  
a r e  decided upon t o  a l low f o r  f a c t o r s  such as long-and short-term loadjng,  
f a t i g u e  loading, s p e c i a l  environmental condi t ions ,  and o t h e r  s p e c i a l  consider-  
a t i o n s .  This  s t e p  is usua l ly  based on experience,  engineering judgement, and 
l e g a l ,  government, o r  camorercial s p e c i f i c a t i o n s . ( l 2 )  

2.5.2 Methods. 

2.5.2.1 Volkersen. Volkeroen, (19381, analyzed t h e  d i s t r i b u t i o n  of 
shear ing s t r e s s e s  on t h e  adhesive l a y e r  of a l a p  jo int .  H i s  atodel is v a l i d  
only  f o r  t h e  s p a c i a l  case of very s t i f f  adhesives,  which do no t  bend on 
loading t h e  jo in t .  A dimensionless stress concentra t ion factor is found to 
depend on t h e  geametry and on phys ica l  parameters of t h e  jo in t .  By in t roducing 
f u r t h e r  ~ i m p l i f i c a t i ~ o n s ,  c e r t a i n  reasonable geometric cond i t ions  and i d e n t i c a l  
adherends, a simple 'formula is obta ined a s  f o 2 l w s :  

b = ~2 
Etd 

where is t h e  s t r e s s  concen t ra t ion  i n  e l a s t i c  theory and is a &mensionless 
c o e f f i c i e n t ,  G is t h e  shear  arodulus of t h e  adhesive,  E is t h e  Young's modulus 
of t h e  adherend, d is t h e  th ickness  of t h e  adhesive, t is t h e  th ickness  of t h e  
adherend, and L is t h e  l eng th  of t h e  overlap.  DeBruyne has suggested t h a t ,  
when a l l  o t h e r  v a r i a b l e s  a r e  kep t -cons tan t ,  t h e  tfi, t h e  j o i n t  f ac to r"  
der ived from t h e  above equation,  is u s e f u l  i n  c o r r e l a t i n g  j o i n t  s t rength .  
(See a l s o  2.3.1) 
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Enlarged node l s  of lap j o i n t s  c a n  be gade by s e a l i n g  a plate o£ photo- 
e l a s t i c a l l y - s e n s i t i v e  r e s i n ,  t h e  'adhesive', between s t e e l  plates, t h e  
adherends.  It fo l lows f r o u  t h e  p r i n c i p l e s  of geometric  similarity t h a t  the 
stress c o n c e n t r a t i o n s  observed on load ing  t h i s  cowosite are c w a r a b l e  t o  
t h o s e  i n  an a c t u a l  lap j o i n t  of t h e  same geometry. ~ o l k e r s e n ' s  t h e o r y  
predicts t h a t  t h e  s b e a r  stresees i n  tbe adhes ive  l a y e r  reach  a marinurn a t  each 
end of t h e  o v e r l a y  when t h e  bonded p l a t e s  are i n  pure  tension.  Pho toa lao t i c  
a n a l y s i s  of t h e s e  composite  s t r u c t u r e s  r evea led  t h a t  s t r e s s e s a a t e  uniform i n  
t h e  c e n t r a l  p a r t  of t h e  node l  adhes ive ,  bu t  h igh  near  t h e  edges of t h e  steel 
p l a t e s .  Stress d i s t r i b u t i o n s  at t h e  end were found t o  be independent  of t h e  
lewt11 of t h e  o v e r l a y  when its l e n g t h  was a t  least t h r e e  times t h e  t h i c k n e s s  
of t h e  adhes ive  l a y e c . ( l 3 ) ( 1 4 )  

2.5.2.2 Goland and Heissner .  I n  t h e  theory of Volhersen, t h e  so-ca l led  
' t ea r ing '  or 'peeling' stresses were neglec ted .  Goland and Be t s sne r  took t h e  
bending deformation of t h e  adherends i n t o  account ,  as well aa t h e  t r a n s v e r s e  
s t r a i n s  i n  t h e  adhes ive  and t h e  a s s o c i a t e d  t e a r i n g  s t r e s s e s .  They cons idered  
two c a s e s ,  (1) where t h e  adhes ive  l a y e r  is ext remely  t h i n  and of s i m i l a r  
e l a s t i c  s t i f f n e s s  t o  t h e  adherends, s o  t h a t  its deformations are of l i t t l e  
importance, a s ,  f o r  example, i n  w e l l - f i t t i n g  g lued  wooden j o i n t s ,  and ( 2 )  
where t h e  adhes ive  l a y e r  is t h i n ,  bu t  its deformation makes a s i g n i f i c a n t  
c o n t r i b u t i o n  t o  t h e  stress p a t t e r n  i n  t h e  j o i n t ,  a s  i n  bonded metal-to-tjetal 
j o i n t s .  These workers po in t ed  o u t  t h a t  t h e  maximuw t e a r i n g  and s h e a r  stresses 
reach  a s y n p t o t i c  volumes for l a r g e  ove r l ap  lengths .  Yence, provided  t h e  
system remains l i n e a r l y  e l a s t i c ,  t h e  j o i n t  Bt rength  reaches a l i m i t i n g  va lue  
wi th  inc reas ing  l eng th  of over lap .  I n  p r a c t i c e ,  a l i n i t i n g  s t r e n g t h  is 
ob ta ined  f o r  a d i f f e r e n t  reason,  namely t h a t  t h e  adherends are loaded t o  t h e i r  
u l t i ~ ~ a t e  s t r e n g t h .  f 13)(141(15){16) 

2.5.2.3 Yorest  Produ~.'ts Labora tory  Review. A c r i t i c a l  review i n  t h e  f i e l d  
of t h e  des ign  of  adhesive-bonded l a p  type  j o i n t s  was prepared by PPL f o r  t h e  
Air  Force :.later i a l s  Laboratory rn 1964. Th i s  s t u d y  included a comprehensive 
su rvey  and a n a l y s i s  of t h e  l i t e r a t u r e  p e r t a i n i n g  t o  t h e  t h e o r e t i c a l  and 
exper imenta l  a n a l y s i s  of lap j o t n t e ,  m e c b a n i c ~ l  p r o p e r t i e s  of adhes ive  f i l u  i n  
j o i n t s ,  f a i l u r e  c r i t e r i a  f o r  j o i n t s ,  and empirical methods of j o i n t  design.  
Base0 on t h e  r e s u l t s  of t h i s  ourvey, recamtendations are g iven  for f u r t h e r  
researc l i  i n  t h i s  a rea .  (17 )  

FOR 14TL USE Ol4LY. 
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Chapter 3. ADHEHEidU TYPE 

3.1 General discussion. A wide variety of materials a re  currently 
available for  the construction of bonded asserablies. Some of these m t e r i a l s  
a r e  relat ively thin and f r a g i l e  and adhesive bonding i s  the only way they can 
be joined. A number of high-strength materials can be joined w i t h  adhesives 
uore econonically and can out-perforw assemblies fabricated by other joining 
techniques. Adhesive bonding is par t icular ly  desirable for joining porous 
materials and n o ~ a e t a l l i c s  a d  fo r  bonding dissimilar substances. Often 
adhesives provide the only sa t i s fac tory  nethod fo r  joining materials. Several 
general points should be kept in nind when bonding w i t h  adbesives:(l) 

o A l l  par ts  nust be neticulously clean and s t ruc tura l ly  sound 
o The adltesive should nok s igni f icant ly  degrade ei ther  substrate 

3.2 Similar substrates. Ordinarily, it is easier  to  se lec t  an adhesive and 
design e bonded joint when the adherends are identical or similar.  I t  is 
eas ier ,  fo r  example, t o  bond two pieces of wood than t o  bond wood and 
polyethylene. In a l l  cases, horrever, t h e  nature of the surface, porosity, 
cleanliness, and surface preparation nust be careful ly considered before 
a t t e ~ ~ w t i m j  to  joirt materials or cotaponents w i t h  adhesives. (1) 

3.2.1 Porous materials. Porous laaterials tha t  are frequently bonded w i t h  
adhesives t o  the sane or s i a i l a r  substrates are  wood, yaper, rubber, fabrics, 
leather ,  foamed plas t ics ,  some ceramics, and some netals.  The porosity of a 
substrate or a suctace uay vary considerably w i t 1 1  am1 type of material. riood, 
f o r  example, is a re la t ive ly  porous material, and adhesives fo r  bonding wood 
nust be foruulatel: t o  prevent excessive absorption into the adherend. inten 
select ing adhesixel -*r wood, consideration m u s t  be given t o  such variables a t  
moisture content, p . I  cent extractables, surface ef fec ts ,  density, hardness and 
strength. The oenu.~: hardwoods, such as  oak, maple, and walnut, forw somewhat 
stronger adhesive. 3~in: .. than can be obtained w i t h  ttte l e s s  dense softwoods, 
such as  cedar, prns, and f i r .  A s  porosity increases, t h e  poss ib i l i ty  of 
f orr.iing '6 tarveJm glue l ines  increases because the adhesive tends t o  be 
absorbed i n to  the pores. Bonding of porous surfaces requires special handling 
t o  prevent absorption of tile adhesive and formation of \teak joints. Sone 
preventive rjeasures tha t  a re  usually ef fec t ive  are: (1) 

o Use of high-viscosity adhesives 
a Port~ulations w i t h  high-molecular-weight resins and polymers 
o Maintenance of high-solids content 
o Donding or curing w i t h  ninimun-pressuse application 
o Incorporation of f i l l e r s  in to  the adhesive 
o Piirtial reaction of adhesives before application t o  'substrate and before 

application of pressure 

Residual solvents or vola t i les  produced during cure are  eas i ly  elininated 
w i t h  porous adherends. Frequently, paper is bonded w i t h  adhesives baaed on 
polyvinyl acetate dispersed in  water. Phe porous paper absorbs the water and 
the adhesive remains on top of the paper ready for  bonding. Adhesives based 
on phenol-forualJehyJe, resorcinol-formaldehyde, urea, or nelamine resins 
produce vola t i les  during t h e  curing reaction. These vola t i les  escape eas i ly  
through twst wood adherends, but could cause b l i s t e r s  i n  ~aetal-to-rjetal 
bonding unless s;aecial precautions a r e  taken.41) 
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3.2.2 Uoworous naterials .  In general, most metal substrates, except for  a 
few  l late rials such as  colapressed metal powders or metal Eoar~s, can be 
considered as nonporous naterials .  Other exaaplee of nonporous matetials 
woulJ include 1auinates of various types such as epoxy-glass Eabric, phenolic- 
canvas, nelamine-paper, cast ,  extruded or molded p las t ic  sheets, molded 
polyester fiberglass, and glass. Ordinarily, the designer, in bonding 
nater ia ls  of t h i s  sor t ,  s e l ec t s  an adhesive as nearly l ike  the substrate as 
possible. Iiorlified epoxy adhecives a re  frequently employed on reinforced 
thetmosetring resinous materials. klost thernoplaetic substrates require 
special adhesives and/or special surface treetnents in  order t o  produce 
catisfactory bonds. Since the elimination of volat i les  is often a problem in  
bonding nonporous m t e r i s l s ,  many fabricators  include glass fabric* chopped 
glass or other f i l l e r s  i n  the adhesive t o  provide an escape path for  the 
volat i les ,  t o  enhance bond strength and t o  control bondline thickness. ( 1) 

3.3 Dissimilar substrates. Particular at tent ion must  be given t o  the 
design of bonded joints of d i s s i a i l a r  m t e r i a l s .  Ichen different  netals  are 
involved, the surface preparation for  each metal m u s t  be carefully followed. 
Consideration rilust be given t o  the different  coefficients of the r l~a l  expansion 
of a l l  three materials involved - t h e  two substrates and the adhesive. Often, 
a single adhesive system w i l l  not bond t w o  diss in i lar  substrates, and various 
priners nay have t o  be applied t o  each adherend before bonding w i t h  adhesives. 
A duplex adhesive f i lm can also be used t o  bond two diss iu i lar  adherends.(l) 

3.3.1 Porous naterials .  Special bonding systems are frequently required t o  
join dissil.lilar porous surfaces such as rubber and porous t;retel, or rubber and 
wood. trodified rubber adhesives can a lso  be used on both substrates, depending 
upon the application. ilood nay have t o  be f i l l e d ,  sealed, or prined before 
application of the adhesive, and the rubber may require cyclizing. \rood can 
be bonded t o  ~ l e t a l  r r i t h  a neoprene adhesive. Polystyrene Eoan can be bonded 
t o  netals  . w i t h  a modified epoxy, t o  metal f o i l s  w i t h  polyvinyl acetate, or t o  
paper or plywood w i t h  vinyl or rubber-base adhesives. Iri a l l  cases, the 
formulation and application of the adhesive must be such that  i t  does not flow 
off the surface and/or in to  the yores.(l) 

3.3.2 Horworous materials. Typical examples of t h e  bonding of dissimilar 
. nonporous materials a re  the bondintj of metal t o  rubber, metal f o i l s  t o  

laminates or p las t ics ,  or different  metals. A strong bond can be formed 
betireen rubber and netals, using isocyanate and rubber-base azlbesives. I n  
some cases, w i th  vulcanized rubbers, the tubbers nust be cyclized w i t h  acids, 
or the rubber surtace prepared by chlorination. kietal f o i l s  such as copper 
are readily bonded t 6  phenolic-paper ana epoxy-51 ass fabric laminates through 
the  use of polyvinyl acetate adhesives. Wen sone rubber-base adhesives have 
performed sa t i s fac to r i ly  in  t h i s  application. Thin metal f o i l s  have been 
bonded for  nany years t o  p las t ics  using hot-melt and polyvinyl acetate-type 
adhesives. (1) 
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Chapter 4. STRUCTURAL ALUESIVE TYPES 6, SELECTLOlr GUXUELIWES 

4.1 General  d iscuss ion .  There are a number of d i f f e r e n t  c l a s s i f i c a t i o n  
systems i n  use, a l l  of  which o f f e r  c e r t a i n  advantages. k!wo of t h e s e  
c l a s s i f i c a t i o n s  w i l l  be g iven  below, a l though t h e r e  may & same over lapping  of 
3nformation on t h e  s p e c i f i c  adhesive w r t e r i a l s .  The f i rs t  c l a s s i f i c a t i o n ,  
based on en  SIiE pub l i ca t ion ,  is based pr i r ao r i ly  on p h y s i c a l  o r  chemical  f o r n  
and is l a r g e l y  concerned wi th  how t h e  adhes ive  is used. The second 
c l a s s i f i c a t i o n  is based on t h e  usua l  s e p a r a t i o n  i n t o  t h e  p h y s i c a l  form of 
thertcioplastic, thermoset t ing  and a l loyed  adhesive81 and, w i th in  each of  t h e s e  
groups,  d e t a i l s  a r e  g iven  on t h e  p a r t i c u l a r  chetaical types of adhes ives  
l i s t e d .  There fo l lows  a d i ecuss ion  of a d d i t i o n a l  c l a s s i f i c a t i o n s  coffPaonly 
encountered,  a long wi th  a d i s c u s s i o n  oL t h e  f a c t o r s  to be cons idered  i n  
adhes ive  selects on. 

4.2 C l a s s i f i c a t i o n  by ShE handbook. Cur ren t ly  t h e r e  are about  25 b a s i c  
t ypes  of s y n t h e t i c  adhes ives  u s e f u l  t o  t h e  des ign  engineer .  Uew types are 
appearing a t  t h e  rate of  about  one per jear. Each of t h e s e  nay have from 10 
t o  20 modif ica t ions .  Cfhen i t  is cons idered  t h a t  f r e q u e n t l y  two o r  more 
i n d i v i d u a l  adhes ives  are combined t o  provide  s p e c i a l  p r o p e r t i e s ,  t h i s  lends  t o  
e Vast a r r a y  of specific products  t r w  which t o  choose. One sou rce  d i v i d e s  
t h e  adhes ives  i n t o  8 i x  major t ypea : ( l )  

o c h e n i c a l l y  r e a c t i v e  types  
o Evaporat ion or d i f f u s i o n  types 
o Hot-melt t y p e s  ( coo l ing )  
o Delayed-t, ~ l r  adhes ives  
o P i l n  adhes ives  
o P r e s s u r e - s e m i  t i v e  typ@s 

The d i s c u s s i o n  below w i l l  g i v e  a d e s c r i p t i v e  e v a l u a t i o n  of each type  and 
p l a c e  it i n  i ts  proper  ca t egory  s o  that t h e  des igner  can  narrow h i s  cho ice  of 
adhes ive  f o r  a eyecf f  ic app l i ca t ion .  

4.2.1 Chemically r e a c t i v e  twes. 

4.2.1.1 C a t a l y t i c  u l u r a l  components - c h e u i c a l  cure .  Adhesives of t h i s  
t ype  a r e  normally provided i n  twin  t u b e s  or cans  and are mixed immediately 
before use. f n l a r y e  ope ra t ions ,  the components w y  be nixed i n  bulk t o  
supply a n  8-hour s h i f t  o r  s a y  be mixed directly i n  t h e  a p p l i c a t i o n  nozzle. 
Chemically r e a c t i v e  i d h e s i v e s  w i l l  harden a t  room temperature,  al though t h e  
a p p l i c a t i o n  of beet g i v e s  a b e t t e r  q u a l i t y  bond and a f a s t e r  c u r e . ( l )  

4.2.1.1.1 &axv Adhesives a r e  f a m i l i a r  t o  t h e  reader  i n  t h e  f o r m o f  
twin-tub@ household adhes ive  k i t s ,  They are r e l a t i v e l y  8iwle to use  and 
produce reliable bonds. I n d u s t r i a l  epoxy adhes ives  may be s i m i l a r  t o  t h e  
household adhesive,  or they  my be quite d i f f e r e n t .  Xpoxies a r e  v e z s a t i l e ,  
and t h e r e  a r e  a number of d i f f e r e n t  formulat ions.  They a r e  p a r t i c u l a r l y  
u s e f u l  i n  j o in ing  d i s s i m i l a r  ma te r i a l s .  Epoxies a r e  u s u a l l y  chosen f o r  
s p e c i a l i z e d  s e r v i c e  where high s t r e n g t h  is requi red  and a moderately high cost 
i e  acceptable. P e e l  s t r e n g t h  and f l e x i b i l i t y  a r e  low f o r  unmodified epoxies. 
The most common epoxy r e s i n  is t h e  d i g l y c i d y l  e t h e r  of b ispbenol  A. This  and 
o t h e r  t ypes  t r i l l  be d i scussed  below under 4.3.1.5. 
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To foru a permanent adhesive born], the eyoxy resins m u s t  be reacted w i t h  a 
hardener ( a l so  cal led catalyst ,  curiny wen t  or *Part B.1. The hardener 
cherjicalljy converts tire liquid eyoxy resin into a so l id  resin. I f  the epoxy 
is in  a so l id  forn, it must be heated t o  melt and be able t o  wet the surfaces 
beiny borrrleci. Generally, only cesfns that  are liquids a t  r o w  temperature are 
used for  adhesives. The epoxy band w i l l  s e t  or cure f e s t e r  i f  the bonded 
surfaces are  heated. The most inyottant advantage of the eyoxy c lass  of 
adhesives is tha t  they sol id i fy  without evolution of vola t i le  materials and 
wi th  niniklal shrinkage. Jiaterials of th i s  type nay serve as  .gap-filling' 
adhesives. 

The m j o r  classes of hardeners w i l l  be discussed below under 4.3.1.5. i n  
t he  ca ta ly t i c  glural-component system, resin and hardener are  packaged 
separately and, t h u s ,  a re  s table  u n t i l  mixed. The user mixes t h e  conponent 
j u s t  prior t o  application. 

The followinq list o t  uses denonstrates the versa t i l i ty  of eyoxy adl~esives 
i n  bonding a larye variety of substrates. (1) 

o lietal - Automobile repair, lamination of (o i ly)  s t e e l  sheet anrl f o i l ,  
joining of s t e e l  pipe, underwater protective coatings; 

o concrete - bonding new concrete t o  old, patching of cracks (gap f i l l i n g )  t 

o Glass - TV tube safety lamination, stained-glass window asswbly and 
f ilment-wound structures;  

0 Plas t ic  - repair of polyester-fiberglass boats, bonding of treated nylon, 
joining of p las t i c  pipe; 

o Wood - wood-to-metal bonding (rloors, architectural panels, etc.): 

o Ceramic - binder for  ceramic powders [molded, machined, then f i r ed  a t  
1725Oc (313708 3 

o composites - metal-plastic sandwich corrstruction, cement board. 

4.2.1.1.2 Phenolic adhesives. Phenol-forlaaldehyde resins were the e a r l i e s t  
synthet ic  p las t ics  t o  a t t a i n  cornsetcia1 prominence. Although they are mainly 
used to mold plastic products, they a lso  doaninate the wood-adhesives (plywood) 
f ie ld .  For t h i s  reason, they represent one of the largest  voluweo of any 
synthet ic  adhesive. -,.. They are a lso  anong t h e  lowest-cost adhesives. Phenolics 
nay be formulated a s  water di8persions, which have advantages in bonding wood, 
where penetration-into the cell s t ruc ture  is important for the  formation of 
perlaanent bonds. Since phenolics have a higlr telaperature s t a b i l i t y ,  they are 
used i n  blends with other resins (*alloys* - see 4.3.3.1.1) for  bonding t o  
metals, These bonds are exceptionally s table  t o  the i r  enviroment (Iitoi~turer 
temperature, microorganiswa, etc. ~ i ~ a i t e d  ahelf s t a b i l i t y  before usage and 
the release of vola t i les  during cure are potential  disadvantages. ( l) 
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Beyond t h e  vood end vood produc t s  a rea ,  t h e  uses  f o r  urnhiif ied pbenolic  
adhes ives  a t e  mainly as: 

o Primers, to p repa re  metal s u r f a c e s  f o r  bondinq; 

o Binders, f o r  such  v a t t e d  producte  &s glass-wool i n s u l a t i o n  wats, 
foundry sand, a b r a s i v e  wheels and brake l i n i n g  couposites. 

Phenol ics  are provided e i t h e r  as a one-component, hea t -curable  l i q u i d  
s o l u t i o n  o r  powder, o r  as a l i q u i d  s o l u t i o n  to which a c a t a l y s t  xiiust be 
added. The c u r i n g  nechanisn d i f f e r s  f o r  t h e s e  t w o  types. (11 

4.2.1.1.3 Hesorcinol-formaldehyde. T h i s  r e s i n ,  c l o s e l y  related t o  
phenol-formaldehyde, is used i n  t i e c o a t i n y  t i re  cord  f a b r i c  t o  rubber and is 
a l s o  used as a n  extremely d u r a b l e  marine-plywood adhesive.  I t  is c u r a b l e  a t  
room tempera ture  i n  8 t o  12 hours,  whi le  t h e  phenol ic  wood adflesivee r e q u i r e  
e leva ted- tempera ture  c u r e . l l )  

4-2.1.1.4 P o l ~ e s t e r o .  Po lyes t e r  r e s i n s  may be d iv ided  i n t o  two d i s t i n c t  
groups, s a t u r a t e d  and unsa tura ted .  The s a t u r a t e d  p o l y e s t e r s  are r e a c t i o n  
p roduc t s  of d i f  unc t  iol lal  a c i d s  p l u s  d i f u n c t i o n a l  a l c o h o l s  o r  g lyco l s .  The 
adhes ive  uses  of t h e  s a t u r a t e d  p o l y e s t e r s  a r e  minor. Fhe unsa tu ra t ed  poly- 
esters which r e q u i r e  a c a t a l y t i c  c u r e  have few uses  as adhesives.  They 
u s u a l l y  involve  t h e  bonding of p o l y e s t e r  s u b s t r a t e s .  Uses i n c l u d e  p o l y e s t e r  
pa t ch ing  k i t s  f o r  r e p a i r  of f i b e r g l a s s  boats ,  au tonob i l e  bodies  and conc re t e  
f l oo r ing .  Other  minor u ses  a r e  i n  bonding p o l y e s t e r  laminates  to  po lyes t e r  o r  
t o  u e t a l  and as an adhes ive  for  optical equipment. For t h e  ma jo r i ty  of o t h e r  
a p p l i c a t i o n s  where t h e  p r o p e r t i e s  of good adhesion,  low sh r inkage  and s o l v e n t  
r e s i s t a n c e  a r e  requi red ,  a d i f f e r e n t  type of adhes ive  such as epoxy should be 
used. (1) 

' .2 .1 .1.5 Polvsu l f ides .  Q o l y s u l f i d e s  are f l e x i b l e  m a t e r i a l s  t h a t  belony t o  
t h e  s y n t h e t i c  rubber family.  Although they  are p r i n c i p a l l y  used as s e a l a n t s  
f o r  s u t m o t i v e ,  c o n s t r u c t i o n  and n a r i n e  uses,  they  are used t o  sone e x t e n t  a s  
f l e x i b i l i z i n g  hardeners  for epoxy adhesives.  Thei r  s u l f u r  l i n k a g e s  combine 
good s t r e n g t h  wi th  t h e  a b i l i t y  t o  r o t a t e  f r e e l y ,  t h u s  g i v i n g  a s t rong ,  
f l e x i b l e  polyner. (See 4.3.2.5.6.1 P o l y s u l f i d e s  and epoxies  are mutual ly 
s o l u b l e  i n  all proyottions. As t h e  pe rcen tage  of p o l y a u l f i d e  inc reases ,  t h e  
c u r e d  product  changes i n  p r o p e r t i e s  from a n  adhes ive  t o  a s e a l a n t .  They a r e  
a l s o  o f t e n  used to  bond new t o  o l d  concre te .  I n  a d d i t i o n ,  s t e e l - t o - g l a s s  

' bonds us ing  t h i s  ccoQinat ion  have good properties, but t h e  c o s t  is r e l a t i v e l y  
high. For adhes ive  s e ~ l a n t s ,  c u r i n g  agen t s  such as l e a d  d iox ide  or an 
i socyana te  a r e  used. b o n g  o t h e r  techniques ,  a three-component system is 
a v a i l a b l e  t h a t  is mixed d i r e c t l y  i n  t h e  appaicator head f o r  metal-to-glass 
bonding. ( 1) 

402.1.1.6 Polyurethanes.  Urethane polymers, developed i n  Germany i n  u o r l d  
War XI, have been used f r e q u e n t l y  i n  f l e x i b l e  and r igid foams, cryogenic  
s e a l a n t s  and ab ras ion - re s i s t an t  coa t ings .  AS adhes ives ,  t h e i r  p r i n c i p a l  use 
is bonding 'Uiff lcult-to-bond' plastics, u s u a l l y  to  a dissimilar material o r  
t o  ktetals* The u s e  of ure thanes  f o r  adhes ives  is expanding but  is still q u i t e  
small. Urethane adhes ives  resemble epoxies  i n  t h r e e  respects : c o s t ,  method 
of handl ing  and a b i l i t y  t o  bond t o  w r s t  sur faces .  The d i f f e r e n c e s  frow epoxy 
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may be i l l u s t r a t e d  bf consider ing t h e  cured urethane as a very l i g h t l y  
c ross l inked  t h e m u s e t  r es in ,  almost a thermoplastic.  This g i v e s  a f l e x i b l e ,  
rubbery c h a r a c t e r i s t i c ,  i n  c o n t r a s t  t o  t h e  hard and r i g i d  epoxies. This 
f l e x i b i l i t y ,  combined with good adhesion, insures  good bonding t o  f l e x i b l e  
p l a s t i c s  where pee l  s t r e n g t h  is h p o r t a n t .  The outstandiny Eeeture of 
urethanes is e t reng th  a t  cryogenic (extremely low) temperatures, which is 
b e t t e r  than f o r  any o ther  adhesive. Table V compares s t r e n g t h  a t  - 4 0 0 0 ~  
( -2400~) .  

A p o t e n t i a l  disadvantage of urethanes 16 the r e a c t i v i t y  of t h e  uncured 
adhesive wi th  moisture, which nay r e q u i r e  some handling precautions.  This 
r e a c t i v i t y  in t roduces  t h e  concept of a oneroyyonent  moisture-curing 
adhesive. Poor lap-shear e t reng th  a t  roam o r  e leva ted  temperature and 
s e n s i t i v i t y  of t h e  cured g l u e  l i n e s  t o  moisture are o ther  l i ~ ~ ~ i t a t i o n s .  Tlre 
lap-shear s t r e n g t h  for  a t y p i c a l  urethane adhesive with aluarinum is only 1800 
psi (12.4 HPa) a t  roof.? t ecpe ta tu re ,  but t h i s  increases  t o  5000 psi (34.4 liPa) 
a t  - 1 0 0 0 ~  (-73.30~) and beiow.(l) 

S p e c i f i c  uses  f o r  urethane adhesives inc lude  t h e  following : 

o Rubber t o  metal  - Lap-shear s t r e n g t h  of 1000 p s i  (6.9 W a l t  

o Packaging f i l m  lamination - Polyeater-to-polyethylene laminates use a 
tuo-part urethane adhesive ( s o l u t i o n  adhesive);  

o Flocking adhesives - The bonding of short fibers ( s y n t h e t i c )  t o  fabric by 
an  e l e c t r o s t a t i c  technique. This  is another example of t h e  use of a 
flexible adhesive t o  bond d i s s i m i l a r  p l a s t i c s ;  

0 Laminating of f l e x i b l e  v i n y l s  t o  nylon o r  o the r  p l a s t i c s .  '+'his is a 
d i f f i c u l t  problem f o r  which urethanes  work well; 

o Tire-cord bonding - Urethanes way be used t o  promote adheeion of both 
nylon and p o l y e s t e r  f i b e r  t o  rubber. 

(See Table XLVII and f i g u r e s  24, 46, 47 and 49 f o r  a d d i t i o n a l  da ta  on 
polyurethane adhesives. ( 1) 

TABLt: V. Conparison of typical urethane adhesive v i t h  other  
adhesives on aluminum a t  -400oF (-24009.( lJ .  

Adhes i v e  Lap-shear S t reny th  Pee l  S t reng th  
(ps i )  (WPa) ( lb / in )  (tJ/n) 

Urethane 8000 55.2 26 4590 

wry-Ny lon 4600 31.7 ( b r i t t l e )  ( b r i t t l e )  

Epoxy-Polyamide 1600 12 0 f bri t t le)  (brittle) 
! 
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4 2 . 1 7  Silicones. Silicone polywrs have unusual ytoperties and are 
used both to  promote and to  prevent adhesion. Silicones have good heat 
atability, chenical inertness and surface-active properties. Adhesive uses 
f a l l  into four groups:(l) 

o Primers, or coupling agents, used to 8olve soae difficult  industrial 
bonding problem t 

o Adhesives and sealantsr 

o Meat-cu red adhesives . 
The use of silicones as adhesives is United mainly by t h e i  c high cost. 

Applications are numerous and varied, I n  general, silicones are used where 
otganic materials (based on carbon) cannot vithtand llarsh environmental 
conditions, where superior reliabili ty ie  required, or where the durability of 
Silicones gives then econonic advantages. As coupling agents, silicones are 
widely used for surface treatments of fiberglass fabric for glass-reinforced 
laminates. Epoxy or polyester bonding to glass cloth treated w i t h  a silicone 
' f in i sh ing  agentg is improved both i n  strength and i n  moisture resistance of 
the cured bond. The retention of flexibil i ty and some degree of strength at  a 
temperature range from cryogenic to  over 5000P (2600C) is unusual i n  the 
f i e l d  of polymers. In general, however, the room-temperature-strength 
properties of silicones are quite low i n  comparison to the typical 
polymer. (1) 

Joints bonded w i t h  silicones are designed to  utilize the good peel strength 
of silicones, rather than the tensile or lap-shear properties, T h i s  is 
discussed in Chapter 2. Por example, the peel strength i n  bonding rubber t o  
aluminun js i n  the range of 17-20 lb/in (2975-3500 kJ/m)r the peel strength for 
urethane sealant to aluminun is 3.5 1 W i n  (612 lJ/m) without priraer and 14 
l b i i n  (24SO LUm) w i t h  a silicone coupling agent. The lap-shear strength, 
metal-to-netal, is 250 to 500 psi (1.72 to 3.44 ma)  .(I) 

Syeciiic adhesive applicatiom of eilicones include:(l) 

o *part adhesive for bonding insulating tape to magnet wire (Class M 
perf ornance) t 

o One or two-part adhesive to prepare pressure-sensitive tape5 useful from 
-80%' (-GZ°CI 'to +50UoF C+ZGOoCI. These are used for adhering 
certain components i n  electronics or in aerospace asseablies. 

The use of silicone a8 a ycimer includes: 

o Bond promoters w i t h  phenolic binders for foundry sand or abrasive wheels. 

o Piller treatment i n  f i l led  polyearter or epoxy castitrgs (Epoxy concrete 
patching formulations. 1 

o Improved bonding of polysulfide or urethane sealants to metal substrates 
or to  glass. 
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i n  sme cases, t h e  s i l i c o n e  is as e f f e c t i v e  when blended i n t o  a n  adhes ive  
f o r m u l a t i o n  as when applieJ s e p a r a t e l y  as a p r i m e r . ( l )  

4.2.1.2 Catalytic p l u r a l  c o m o n e n t s  - n o i s t u r e  cure .  Adhesives of t h i s  
t y p e  are s u p p l i e d  as one-conponent formula t ions ,  u s u a l l y  i n  c o l l a p s i b l e  tubes ,  
t o  i n s u r e  good p r o t e c t i o n  from atnospheric moi s tu re  b e f o r e  use. The second 
r e q u i s i t e  co tqonent ,  mois ture ,  is always & v a i l a b l e ,  e i t h e r  from t h e  
su r round ing  a i r  or a s  adsorbed n o i s t u r e  on  t h e  s u r f a c e  of t h e  s u b s t r a t e s .  The 
o n l y  s i t u a t i o n  where i n s u f f i c i e n t  u o i s t u r e  uay be p r e s e n t  is i n  o v e r l a y  
bonding of nonporous s u b s t r a t e s  such  as nstals.(l) 

4.2.1.2.1 S i l i c o n e s .  Organic groups such  as a c e t y l ,  a t t a c h e d  to  a s i l i c o n  
atoll, a r e  r e a d i l y  hydrolyzed.  mkoon-temperature vulcaniz ingg (1:'r'V) s e a l a n t s  
u s e  t h e  p r i n c i p l e  i n  which t h e  adhes ive  reacts wi th  a tmospher ic  n o i s c u r e  and 
releases acetic a c i d  Vapor8 caus ing  a c r o s s l i n k i n g  of t h e  v i scous  p a s t e  i n t o  
a n  elastomer, such  as t h e  s i l i c o n e  rubber adhes ives .  For s i l i c o n e  coup l ing  
a g e n t s ,  mo i s tu re  adsorbed on t h e  s u b s t r a t e  p l a y s  an  i n p o r t a n t  role i n  
a t t a c k i n g  t h e  s i l i c o n e  molecule through h y d r o l y s i s . ( l )  

4.2.1.2.2 Urethanes.  The f r ee  i s o c y a n a t e  groups i n  a u r e t h a n e  adhes ive  
w i l l  r e a c t  wi th  water. T h i s  s e r v e s  a s  a means of conve r t ing  t h e  l i q u i d  i n t o  a 
c r o s s l i n k e d  s o l i d .  P h i s  technique  is used i n  c o a t i n g s  and s e a l a n t s .  Adhesive 
use  is minor because  of s low c u r i n g ,  foau ing  dur ing  c u r e  and v a r i a b l e  s h e l f  
l i f e .  (1) 

4.2.1.2.3 Other  adhes ives .  P o l y ~ c l f i d e s  u t i l i z e  atmospfteric woi s tu re  t o  
a c c e l e r a t e  c u r e s .  ttowever, a two-conponent s y s t e n  is u s u a l l y  used, cons i s t i nc ;  
of  f o r a u l a t e d  p o l y s u l f i d e  and formula ted  l e a d  d ioxide .  l i o i s t u r e  c o n v e r t s  e 
p o r t i o n  of t h e  l a t t e r  t o  a f a s t e r - r e a c t i n g  form. Cyanoacryla te  adhes ives  c u r e  
ve ry  r a p i d l y  through s u r f a c e  moi s tu re  and nay be used as quick-se t  c e n e n t s  t o  
bond metal t o  n o m e t a l .  Lap-shear s t r e n g t h s  of 2 0 0 ~  p s i  (13.7 NPa) have been 
r epor t ed .  However, t h e  r e s i s t a n c e  t o  tao is ture  of t.tese adhes ives  is still 
somewhat low. A one-container  epoxy h d s  been dev.??.~pe~l which u t i l i z e s  
a t laospher ic  n o i s t u t e  t o  e f f e c t  t h e  cu t  a by a n  unt .  :a1 ~acl ianisra.  The amine 
hardener  f o r  t h e  epoxy is f i r s t  adsorbed by mole; l a r  s i e v e s .  Yhe s i e v e s ,  i n  
bead form, are then  blended i n t o  t h e  epoxy formula t ion .  The s i e v e  s t r u c t u r e  
is a porous  ino rgan ic  matrix t h a t  p r e v e n t s  c o n t a c t  of t h e  trapped amine wi th  
t h e  su r round ing  epoxy. \ l a t e r  u o l e c u l e s  are p r e f e r e n t i a l l y  adsorbed by t h e  
molecular  s i e v e s  and w i l l  d i s p l a c e  t h e  amine from t h e  pores. Thus, upon 

, usage ,  exposure  of t h e  adhes ive  t o  a tmospher ic  mo i s tu re  causes  t h e  w i n e  
hardener  t o  be r e l e a s e d  i n t o  t h e  epoxy, and t h e  system w i l l  cure .  
A l t e r n a t e l y ,  hea t iny  tee g l u e  l i n e  w i l l  a l s o  release t h e  epoxy hardener,  
e n a b l i n g  t h e  sys tem t o  be used as a one-component, hea t - ac t iva t ed  epoxy 
adhes ive .  One-component u re thanes  may be f orraulated, us ing  t h e  sane 
p r i n c i p l e .  A t e r t i a r y  w i n e  is t h e  hardener. ( 3 )  

4.2-1-3 Bea t - ac t iva t ed  system (one-part  system). One-part a d h e s i v e s  a r e  
desirable because they  e l i m i n a t e  t h e  need f o r  c a r e f u l  p ropor t ion ing  and n ix ing  
of  components. They may be s u p p l i e d  as s o l i d  f i l m s  (see P i l n  adhes ives  under 
4.2.5) f o r  convenient  assembly of t h e  j o i n t  and a uniform bondl ine  th i ckness .  
These  sys tems d o  r e q u i r e  e leva ted- tempera ture  c u r e  and may have a l i m i t e d  
s h e l f  l i f  e.( l )  
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4.2.1.3 .l Tolv!aenzia;idazoles (PBI  1 aed polyirnides ( P I  1. Ben~iaidazole 
polymers were developed as a resu l t  of research speci f ica l ly  aimed a t  
producing high-tenperatare organic polyniers. P o P ~ b i d e s  are analogous 
polymers corapeting for  the same applications. Benaimidazole polymers, or  
polybenzinidazoles, are Lhermoplastics, although tbef r t h e n o p l a s t i c  nature is 
not evident below 7OOoP ( 3 7 l o C l .  They are re la t ive ly  s t ab le  i n  a i r  t o  
SOO°F (28EOC) fo: short-tern applications (see Figure 23). Polyinides a t e  
superior fo r  long-term s t r e q t h  retention. ( 3 )  

PBI and PI have only recently been developed, end further  improvements i n  
properties and workability nay be expected. The fornulations usually contain 
oxidation inhibi tors  and a:uminum powder as a f i l l e r .  Phe adhesive yrepolymer 
cures by e high-tenparatcre condensation recction involving the loss of rate: 
or other vola t i ies .  Tbese adhesives are very expensive and are liraited t o  the 
bonding of high-tehlperature metals ( ~ t a i n l e s s  s t ee l s ,  beryllium and titaniuw) 
t h a t  nust perform a t  SOCOP (26Q°C1 or higher. PBf's are of sreateot  
in te res t  t o  the aerospace engineer for  use in  the adhesive asseably of 
light-wei~h: honeyconb s t ruc tures  f o r  supersonic a i r c r a f t ,  n iss i les ,  and other 
space systems. There is some moisture sens i t iv i ty  a t  room tempeta:u:e. The 
lap-shear strencjth drops gradually on heating t o  6000F (3160C1, then nore 
rapidly above t h i s  temperature.(l) 

FiGOHt 23. Piqh-Fenparature Adhesive Perf ornance. (;j i2) 

Adhesive binder solut ions,  such as duPontao 111:-150, contain polyinide 
precursor materials which, upon the application or' heatr produce aromatic 
condensation polyimides. These are  l inear  a~orphous polymers f r e e  of 
c r y s t a l l i n i t y  and essent ia l ly  noncrosslinked. They are sc f f i c i en t ly  
thermoplastic t o  permit melt flow when pressure is applied above t h e  polyner 
softening point or g lass  t r ans i t ion  temperature (Tg). Due t o  t h i s  ytOPertY, 
voids formed duriag the condensation polymerization can be eliminated. Single 
overlap shear-strength of Mt-1SOAG adhesive-bonded t i taniun joints (unaged) 
was found to he 3516 p s i  (24.3 Ma1 a t  RT, 3599 ps i  (24.6  CIP~) a t  3SOoP 
(1770C) and 2292 ps i  (15.8 liPa) at: 5000P (2600C). The strength increases 
w i t h  aqins a t  e i ther  3500P or 5000F (177oC or 2600~).(31 
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P:s-34 is an  aluninufit-arsenic s u l f  ide-f ill& ylass-scriw-rei&orced 
condensation-type polyimide adhesi  ve supp l ied  by American Cyanamid Company's 
Bloal ingdale  Deyartraent f o r  use  a t  e x p u r e s  of 400-600°P (204-3160C) i n  
both netal-to-metal and sandwich conet tuct ions .  With t h e  a p p l i c a t i o n  of heat ,  
i ~ r i d i z a t i o n  polywcrization begins with t b i o  adhesive a t  t egpera tu res  as low a s  
250oF (121%)- An increase i n  temperature produces f u r t h e r  l i n e a r  cha in  
extension and cross l inking.  The l a t t e r  induces c r y s t a l l i n i t y  and reduced 
toughness t o  t h e  r e s u l t a n t  polymer. Because of t h e  c r y s t a l l i n e  nature  of tlre 
fully-cured polymer, t h e  g ross  void8 (up to 14% maximum) formed during t h e  
i n i t i a l  l n W l e a t i o n  reaction taust & aicrinized while t h e  polymer still r e t a i n s  
some thermoplas t ic i ty .  This is genera l ly  accomplished by pressure  a p p l i c a t i o n  
during t h e  l i n e a r  cha in  extension s t a g e s  of yolyner izat ion.  'rhe exact  
thermal-time condi t ions  required t o  accompliab t h i s ,  however, are d i f f i c u l t  t o  
a s s e s s  rfithout direct knowledge of t h e  degree of yolyuerization.  Irrproper 
assessment of t h e s e  cond i t ions  may lead  t o  extensive  poros i ty  i n  t h e  bond 
jo in t .  Lingle  overlap-sheer s t r e n g t h  of FBI-34 adhesive-bonded t i tanium j o i n t s  
was found to be 3026 p s i  (20.9 t@a) a t  1ZT and 2192 psi (15.1 NPal a t  5000F 
t2GOoC). Flr-34 is recorauended f o r  use by t h e  tutnuf a c t u r e r  wi th  t h e i r  primer 
BH-34 a olyimide s o l u t i o n  of 819 s o l i d s  vhich is f u r t h e r  d i l u t e d  i n  
use. ( 5 , ( 4 P  

4.2g1.3.2 Eooxies. itardener systems f o r  epoxies w i l l  be discussed klow 
under 4*3.1.5. If the  hardener is a mel table  s o l i d  ra the r  than a l i q u i d ,  it 
may, i n  sone cases ,  be included i n  a formulation suppl ied t o  t h e  user a s  a 
l a t e n t  8one-coaaponent8 adhesive. Dicyandiamide (DICY) is t h e  s tandard 
hardener used i n  t h i s  way and requ i res  a c u r e  temperature of 3 5 0 0 ~  (1770C) 
o r  higher. Mecently, a c c e l e r a t o r s  f o r  DICY have been found t h a t  reduce t h e  
c u r e  schedule t o  one hour a t  2500F (121%). This is nore p r a c t i c a l  f o r  
t h e  bonding of l a r g e  s u r f a c e  a r e a s  where t h e  supply of heat  is limited. The 
boron t r i f luor ide-amine complexes are second t o  DICY as hardeners i n  
one-camponent epoxies. They a r e  n e i t h e r  as l a t e n t  nor as e f f e c t i v e  i n  cur ing  
as DICY - t h e i r  f i n a l  bond s t r e n g t h s  a r e  lower - but l a y  f i t  a given cure  
schedule  t o  b e t t e r  advantage. A t y p i c a l  one-component paste-form epoxy 
adhesive supp l ied  t o  t h e  use r  w i l l  inc lude t h e  following conponents : ( I )  

o P r i n c i p a l  epoxy res in:  

o kiardener-accelerator combination: 

o Thixotroping agent. This prevents  excess ive  flow og t h e  r e s i n  when 
heated to  t h e  c u r e  temperature: 

o Yi i l e r .  Alosinurn yovJer of 150 mesh is customary i n  metal-to-metal 
adhesives,  but o the r  f i l l e r s  can a l s o  be used: 

o Spec ia l  epoxy-resin add i t ives .  These p r o w t e  s p e c i f i c  p roper t i e s ,  such 
as r e a c t i v i t y ,  high-temperature e t reng th ,  adhesion, etc.: 

o Modifier, usua l ly  a thermoplas t ic  a l l o y i n g  addi t ive .  This e l iminate5 
b r i t t l e n e s s  i n  t h e  cured polymer. 
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Physical  p r o p e r t i e s  of a cured epoxy polyner of t h i s  type a t e  given i n  Table 
V I .  &a jor  uses f o r  t h e  heat-act ivated epoxies  include: (1) 

o Replacement of lead so lder  o r  r i v e t s  i n  metal jo in t s ;  

o Sandwich pane l  adhesive bonding of s k i n s  t o  c o r e  i n  beavyduty ,  
l ightweight  panels  t 

o Lightweight boneyconb s t r u c t u r e  assembly f o r  a i r c r a f t 8  

o Replacement f o r  welding i n  pressure - t igh t  assemblies 

I n  a l l  of t h e s e  apy l ica t iohs ,  t h e  f i l l e t i n g  a c t i o n  of the  adhesive 
f o r n u l a t i o m  is important i n  producing a s t rong,  thoroughly bonded jo int .  The 
s i t u a t i o n  is analoyous t o  t h e  buildup i n  welding o r  solder ing. ( l )  

TALLE VI. P r o w r t i e e  of a cured one-component epoxy1 
polYmer.(ll(5) 

V W E  
PROPERTY EHGLISX UlJITS 61 UlJIPS 

Tens i l e  s t r e n g t h  11,000 pi 75.43 fBa 

Shear S t reng th  7,000 psi 8.3 Wa 

Flexural  s t r e n g t h  13,000 psi 89.6 tiPa 

NoJulue of E l a s t i c i t y  2.5 x lo5 psi 1720 W a  

Beat-Deflection Temperature 240°p 1 1 6 ~ ~  

l ~ e s i n  - u i g l y c i d y i  e t h e r  of Diephenol A 

Hardener - DICY 

F i l l e r  - Aluninum Powder 

Modifier - Nitrile Rubber 

Cure - 30 win d't 3600P (660°C) 

1 o n  Uylone form t h e  high-aolacular-wight reembets of t h e  
f m i l y  of polyamide t e s i  ns . Although theee polymers have e x c e l l e n t  phys i c a l  
p r o p e r t i e s ,  approaching 12,000 ysi (83 m a )  t e n s i l e  s t reng th ,  combined with 
3000 maximum elongation,  the high sof ten ing  po in te  and high melt v i s c o a i t i e e  
l i w i t  t h e i r  use a s  hot-melt adhesives. However, c e r t a i n  s p e c i a l t y  nylon 
r e s i n s  having lower melt ing temperatures are used q u i t e  s u c c m e f u l l y  by 
ex t rus ion  techniques. Both nylon 11 and biglr-molecular-weight yolyaraide 
r e s i n s  chemically r e l a t e d  t o  d iner  acid-based polyamides a r e  uaed as 
high-strength netal-to-metal adhesives and are appl ied by extrusion.  
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' 2 e r p o l ~ n e r s  and w e t l ~ y l  nethoxy-nodif ied nylons  a r e  s o l u b l e  i n  c e r t a i n  o rgan ic  
s o l v e n t s  and c a n  be combined wi th  epoxy r e s i n s  t o  form excep t iona l  
m e t a l - t e b l e t a l  adl iesives . ( 1) Lap-shear s t r e n g t h s  of  a l l oyed  nylon adhes ives  
(Epoxy-nylon1 a r e  high, a s  shown i n  Tab le  I X  below. 

A l a t e n t  hardener f o r  t h e  epoxy (dicyandiotr ide)  is inc luded i n  t h e  
epoxy-nylon blend,  a l t hough  r e a c t i o n  of t h e  epoxy wi th  t h e  nylon is a l s o  
i n d i c a t e d  a t  t h e  c u r e  tempera tures  used. hpoxies  and nylon are not  t r u l y  
c o r ~ p a t i b l e  a t  r o w  tempera ture  and must be ' forced t o g e t h e r m  i n  fo rmula t ing  
tire adhesive.  For t h i s  reason,  t l ~ e  p roduc t s  are s u p p l i e d  y r i n a r i l y  as 
f l e x i b l e  filmc.(l) 

As a n  a l t e r n a t i v e  t o  epoxy-nylon b lenbs ,  a nylon may be used as a powdered 
f i l l e r  i n  a n  adhesive.  A s  t h e  g l u e  l i n e  is cu red  a t  high t eb~pe ra tu re ,  t h e  
f i l l e r  f u s e s  and c o t ~ t r i b u t e s  its s p e c i a l  s t r e n g t h  properties t o  t h e  f i n i s h e d  
bond. P e e l  s t r e n g t h  i n  a n  epoxy/polyamide adhes ive  may be inc reased  from 1 2  
l b / i n  (2100 lJ/m) t o  40 l b / i n  (7000 U/m) bj addilig 20 p a r t s  of rrllon powder per  
hundred p a r t s  of r e s i n . ( l )  

4.2.1.3.4 Phenol ics .  Phenol ic  adk~es ives  have been d e s c r i b e d  i n  4.2.1.1.2 
above. Phenol ice a v a i l a b l e  as one-component hea t -ac t  i v a t e d  systems 
inc lude :  (1) 

o h e l t a b l e  pottders of t h e  r e s o l e  type ,  used as b inde r s  for p a r t i c l e  board, 
etc.; 

o Al loys ,  such as epoxy-phenolic o r  n i t r i l e - p h e n o l i c ,  used i n  s t r u c t u r a l  
bonding of metals .  

4.2.1.3.5 Po lvv iny l  a c e t a l s .  These r e s i n s  are d e r i v e d   fro?^ po lyv iny l  
a c e t a t e .  The acetate is hydrolyzed t o  po lyv iny l  a l c o h o l  (which is also a n  
adhes ive )  and then  r e a c t e d  w i t h  a n  a ldehyde  to  form t h e  a c e t a l .  khen r e a c t e d  
w i t h  formaldehyde, po lyv iny l  f o r m 1  is formed8 when r e a c t e d  wi th  ace ta ldehyde ,  
p o l y v i n y l  a c e t a l  is t h e  r e s u l t a n t  product .  Both of  tlrese m a t e r i a l s  a r e  
blended w i t h  phenol ic6  t o  form s t r u c t u r a l  adhesives.  'Llhen r e a c t e d  wi th  
bu ty ra ldeh jde ,  po lyv iny l  b u t y r a l  is formed. T h i s  m a t e r i a l  is connonly used i n  
s a f  e ty -g l a s s  laminates.  Po lyv iny l  acetals a r e  u s e f u l  i n  f l e x i b i l i z i  ng 
thermoset  r e s i n s  t o  o b t a i n  s t r u c t u r a l  adhes ives  f o r  tletals. The vim11 
p l ,enol ics  and vinyl-epoxy alloys are e x m p l e s . ( l )  

4.2.1.3.6 Urethanes. One-component, hea t -curable  u re thane  f ormula t ions  are 
used c h i e f l y  i n  s e a l a n t s .  tlere t h e  'blocked isocyanate '  p r i n c i p l e  is 
u t i l i z e d .  The free i i o c y a n a t e  groups are a l l  r e a c t e d  wi th  a t enpora ry  
b lock ing  agen t  such  a s  phenol .  T h i s  a l lows  t h e  i socyana te  y r e p o l g ~ e r  t o  be 
blended w i t h  t h e  po lgg lyco l  c u r i n g  a g e n t  and packaged as a mixture  t h a t  is 
stable u n t i l  hea ted  t o  280-300oP (138-1490~) .  I n  t h i s  r e a c t i o n ,  ptaenol is 
r e l e a s e d  and t h e  i socyana te  g r o u p  are regenera ted .  A t  t h i s  temperature,  t h e  
r e a c t i o n  wi th  yo lyg lyco l  is ve ry  reyf d t o  form t h e  cu red  u re thane  wlyluer.(l) 

4.2.2 Evapora t ion  o r  d i f f u s i o n  adhes ives .  

4.2.2.1 Lolvent-based systems.  Solvent-based adhes ives  are supp l i ed  by 
c o a t i n g  t h e  r e s i n  s o l u t i o n  on a s u b s t r a t e  or s u b e t r a t e s ,  fo l lowed by some 
combination of s o l v e n t  e v a p o r a t i o n  and c o n t a c t  wi th  t h e  second adherend, uhich 
may or may not be coated .  With porous  materials, such  as wood o r  paper, t h e  
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contact usuelly precedes the f inal  drying step; and the last  traces of solvent 
are absorbed by the substrate. On the other hand, metals and nonporous 
plastics require essentially complete removal of solvent, so that good contact 
w i l l  be maintained during the bonding process. In the la t ter  case, heat and 
pressure are used to  activate the adhesive coating during bonding. The 
advantages of solvent system are g o d  water resistance, high heat strength, 
and ease of wetting of sorae substrates. The disadvantages of solvents are 
their f i r e  hazard and toxicity.(l) 

4 2 . 2 1 1  Hatural rubber. llatural rubber is one of the earlieet  raw 
materials used i n  the preparation of adhesives. Its most important property 
f r m  an adhesive vieupoint is its tack or stickiness. Uatural rubber is also 
soft  and flexible, w i t h  relatively low strength values, unless vulcanized 
(chemically crosslinked). These properties uake natural rubber suitable for 
use i n  pressure-sensitive ap licationa and in bonding nonmetallics such as 
leather, textiles and paper. f'1 1 

Solutions of natural crepe rubber i n  solvents comprise the standard 
household .rubber cement.' Again, advantage is taken of the i n i t i a l  tack of 
the rubber. tiowever, natural rubber loses most of t h i s  tack on aging. 
Natural rubber has good water resistance but is susceptible to  attack by 
solvents, oi ls  and chenicals. Ozone and other oxidizers w i l l  gradually reduce 
f lexibi l i ty  and adhesion, so antioxidants are generally added t o  
fornulations. A variety of natural and synthetic resins can be blended w i t h  
natural rubber i n  solvent-based adhesives. The chemical structure of natural 
rubber is best described as a cis-polyisoprene. Important uses of natural 
rubber ~olvent-based adhesives are i n  the building, automotive and shoe 
industries. Hubhr cements are used for adhering nometallic trim to metal 
automobile parts. A n  example of a major use i n  construction is i n  the 
preparation of mastics for floor t i l e .  In shoes, natural rubber cements 
provide water-resistant, flexible bonds to leather, rubber and canvas.(l) 

4.2.2.1.2 Reclaimed rubber. Solvent adhesives based on reclaimed rubber 
have a number of applications whicli are similar to the natural rubber 
systems. Reclaimed rubber is usually obtained fron used t i res  and thus 
contains snirll amounts of fibers, sulfur and other additives. The reclaiming 
process must ,  however, meet certain standatds of the rubber industry.. 
Elixtures of natural and synthetic rubber w i t h  reclaimed rubber are used i n  
adhesive formulations when a more econmical system is required. Although the 

, reclaimed uaterial has a relatively low elongation and tensile strength, the 
econouic advantage w i l l  sometimes dominate the choice of an adhesive.(l) 

4.2.2.1.3 Synthetic rubbers. A number of synthetic rubber-like materials 
have become available during the las t  several decades w i t h  pt0p@~tie8 that are 
usef u l  i n  adhesive applications. ~ o s t  important are n i t r i le  rubber, neoyren*, 
butyl rubber and styrene-butadiene rubber.(l) 

4.2.2.1.3-1 Hitri le rubber. Nitrile rubber is a copolymer of butadiene and 
acrylonitrile. Usually the copolywer contain8 enough acrylonitrile (over 250) 
so  that good resistance to  o i l  and grease is obtained. The adheoive 
prow!rties also increase w i t h  increasing n i t r i le  content. b i t r i l e  rubbers are 
used to bond vinyls, other elastomers and fabrics where good wear, o i l  and 
water resistance are important. Conpatability w i t h  additives, f i l l e r s  and 
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o t h e r  r e s i n s  is ano the r  advantage of n i t r i l e - r u b b e r  adlresiveo. Phenol ic - res in  
blends v i t h  n i t r i l e  rubber have many important  a p p l i c a t i o n s  as s t r u c t u r a l  
adhes ives .  I n  t h e  a i r c r a f t  indus t ry ,  aluminum honeycoub c o n s t r u c t i o n  is 
f a b r i c a t e d  v i t h  n i t r i l e - p h e n o l i c  adhesives.  Other  u ses  include bonding of 
a b r a s i v e s  t o  metal, brake l i n i n g s  t o  brake shoes  and l amina t ion  of aluuinuti and 
s t a i n l e s s  steel. These adhes ives  are used i n  t h e  form of suppor ted  o r  
unsupported f i lm  and then  heat-cured i n  t h e  bonding o p e r a t i o n  t o  g i v e  op t iuua  
bond s t r e n g t h  t o  t h e  s u b s t r a t e .  I n  bonding meta ls ,  t ens i l e - shea r  s t r e n g t h s  up 
to 4000 psi (26  I a a )  a t  70°F (2loC) and 1000 ps i  ( 7  kiYa) a t  3200P (IGOOC) 
a r e  achieved.  (1) 

. 4.2.2.1.3.2 1:eoprene or pol.ychloroprene. This  type of rubber adhes ive  is 
used e x t e n s i v e l y  t o  bond aluminum and is used i n  o rgan ic  s o l v e n t s  f o r  conven- 
i e n t  a p p l i c a t i o n .  Although neoprene is similar i n  properties t o  n a t u r a l  rubber, 
it g e n e r a l l y  p rov ides  higlrer s t r e n g t h ,  better aging  and higher  tenpera- 
t u r e  r e s i s t a n c e .  LJeoyrene solvent-based c e n e n t s  a r e  a l s o  used e x t e n s i v e l y  as 
shoe  adhesives.  For s t r u c t u r a l  a p p l i c a t i o n s ,  neoprene is u s u a l l y  combined wi th  
a pheno l i c  r e s i n ,  p l u s  a number of o t h e r  a d d i t i v e s  f o r  c u r i n g  and s t a b i l i z i n g  
t h e  mixture  (neoprene-phenolic) .  Both co ld - se t t i ng  and heat ing-curiny 
fo rmula t ions  c a n  be prepared.  ( 11 

4.2.2.1.3.3 t lu tv l  rubber. Buty l  rubber is a copolymer of i sobu ty l ene  w i t h  
small m o u n t s  of isoprene.  Charac ter ized  by r e l a t i v e l y  low s t r e n g t h  l e v e l s  and 
a tendency t o  creep under load, b u t y l  rubber cements a r e  u s e f u l  i n  packaging 
a p p l i c a t i o n s  w h e r e  advantage can be taken of t h e  water  r e s i s t a n c e  and low gas  
p e r m e a b i l i t y  of t h e  rubber. Butyl  rubber is a l s o  used as an  adhes ive  
s e a l a n t .  ( 1) 

4.2.2.1.3.4 ' Styrene-butadiene rubber.   his rubher, vhen p r o p e r l y  formulated 
wi th  r e i n f o r c i n g  agen t s  and r e s i n s ,  c a n  provide  bond s t r e n g t h s  comparable t o  
n a t u r a l  rubber. Comonly a v a i l a b l e  as a copolymer c o ~ a p o s i t i o n  of 73% butadiene 
and 25% s t y r e n e ,  s tyrene-butadiene  ( S B R ) ,  fo rwer ly  c a l l e d  GRS, was t h e  f i rs t  
s y n t h e t i c  rubber manufactured i n  t h e  U.S. t i ~ s t  of t h e  p roduc t ion  is used f o r  
p roduc t s  o t h e r  t h a n  adhes ives ,  but  when a low-cost, s y n t h e t i c ,  elastomric 
a d h e s i v e  is reqwired, SLtl: must be cons idered .  General ly,  SLU( is not  wed t o  
bond a e t a l  parts because of its inferior t a c k  and f i l m  s t r e n g t h  compared t o  
n a t u r a l  rubber. tiowever, solvent-based adhes ives  a r e  used to  h n d  p l a s t i c s ,  
rubber ,  wood and f a b r i c s . ( l ]  

4.2.2.1.4 Phenolics .  As prev ious ly  d i scussed  under che la ica l ly  r e a c t i v e  
' adhes ives  (1.2.1.1.21, phenol ic  r e s i n s  r e p r e s e n t  t h e  largest-volume c o m ~ o d i t y  

arnong the s y n t h e t i c  adhesives.  For many a i ~ y l i c a t  ions,  phenolic-based g l u e s  are 
d e p o s i t e d  on  a substrate from aqueous, a l k a l i n e  e o l u t i o n  or t h e  r e s i n  is handled 
on a 100Y-solids b a s i s  as an uncured syrup. Mowever, for wood bonding 
(p lyueod) ,  d i l u t i o n  of t h e  phenol o r  resorc inol -der ived  a d h e s i v e  w i t h  a n  organic  
s o l v e n t  is advantageoua f o r  handling,  mixing and coat iny .  I n  a d d i t i o n  t o  
plywood manufacture, o the r  uses  o t  s o l v e n t  s o l u t i o n s  of pheno l i c  r e s i n s  a r e  i n  
t h e  p r e p a r a t i o n  of wood p a r t i c l e  boards,  t h e  bonding of g l a s s - f i b e r  mats and i n  
afrcraf t  honeycarob cons t ruc t ion .  Blends v i t h  s y n t h e t i c  rubber have a l r eady  been 
described. Nigh-strength c o ~ ~ o s i t i o n s  c a n  be prepared  by u o d i t i c a t i o n  v i t h  
t h e r m o p l a s t i c  r e s i n s . ( l )  
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4.2.2.1.5 Uretllanes. Uhi l e  urethane adhesives are normally f o m u l a t e d  s o  
t h a t  a cured o r  thermoset product can be o b t a i m d ,  a s  a l ready described under 
plura l -cmponent  r e a c t i v e  s y s t e m  (4.2.1.1.6), t h e  polyisocyanates a r e  usual ly  
d i l u t e d  w i t h  dry  so lven t s  such ea mtbylene c h l o r i d e  o r  chlorobenzene f o r  easy 
app l ica t ions .  k ix tu res  with rubber modifiers are a l s o  prepared i n  t h i s  
manner. The r e a c t i v e  isocyanate can be coated on t h e  s u b s t r a t e  and t h e  
s o l v e n t  allowed t o  evaporate. The c u r e  process  begins a f t e r  exposure t o  
atmospheric moisture. This  technique has been used wftb success f o r  bonding 
rubber t o  f i b e r s ,  rubber t o  wetals  an3 f o r  wood asset3Llies. For these 
app l ica t ions ,  so lu t ions  of triphenyhaethane t r i i s o c y a n a t e  (Vr'I) or 
diyhenylwethane diisocyarwrte (EIDI) are genecal ly  used. -0-part urethane 
formulat ions  i n  ao lu t ion  a r e  used to laminate packaging film. Polyester  can 
be bonded t o  polyethylene f i l m  with t h i s  ~ y s t e m .  Yherwoplastic urethanes a r e  
a l s o  a v a i l a b l e  f o r  use i n  solvent-based adhesives.( l)  

4.2.2.1.6 Vinyl resins.  Several  v iny l  monomers are used t o  prepare 
t h e r ~ o y l a s t i c s  which a r e  use fu l  i n  c e r t a i n  adhesive appl icat ions .  
Thermoplastic r e s i n s  do not 'cure* when heated but  develop j o i n t  s t reng th  by 
so lven t  evaporation, d i f fus ion  o r  by fusion.  The most important v inyl  r es ins  
f o r  adhesives a r e  polyvinyl ace ta te ,  t h e  yolyvi  nyl a c e t a l s  ( b u t y r a l  and 
forlaal) and polyvinyl a l k y l  e the rs .  Polyvinyl c h l o r i d e  and copolymers of both 
v iny l  ch lo r ide  and v iny l  a c e t a t e  with o ther  monomers such as maleic a c i d  
esters, a l k p l  ac ry la tes ,  maleic anhydride and e thylene a r e  a l s o  used f o r  
solvent-based adhesives. Polyvinyl a c e t a t e  resins can be dissolved i n  
a l c o l ~ o l s ,  ketones and e s t e r s  f o r  coat iny on s u b s t r a t e s .  Clear f i lm deposited 
from s o l v e n t s  can be heat-sealed t o  s u b s t r a t e s  f o r  s a t i s f a c t o r y  adhesion. 
Hetal F o i l  t o  p l a s t i c  f i l m  o r  paper laninates c a n  be manufactured i n  t h i s  
manner. Polyvinyl acetate and its copolymers, a r e  a l s o  used ex tens ive ly  i n  
hot-melt adhesive compositions. Copolywrs with v iny l  ch lo r ide  a r e  used f o r  
bonding vinyl  p l a s t i c  f i lm t o  metals. The polyvinyl a c e t a l  r e s i n s  represent  
an important p a r t  of t h e  solvent-based v iny l  adhesive category. Polyvinyl 
b u t y r a l  is employed a s  the  bas ic  r e s i n  component f o r  t h e  laminating adhesives 
i n  t h e  manufacture of s a f e t y  glass .  Acetal-phenol r e s i n  n i x t u r e s  (more 
connonly c a l l e d  v iny l  phenolics)  a r e  used e x t e n s i  vely  a s  S t r u c t u c a l  adhesives 
f o r  metal  honeyconb systems and metal-to-wood laminates. Other  v inxl  res'ins 
which a r e  occasional ly  used as solvent-baaed adhesives a r e  polyvinyl a l k y l  
e t h e r s  and polystyrene. So lu t ions  of t h e  v iny l  e t h e r s  a r e  used where a high 
degree of teck is needed; and polystyrene ic need f o r  bondiw.polystyrene t o  
i t s e l f  and t o  porous raaterials such as wood and y l a s t e r . ( l )  

4.2.2.1.7 Acrylics. A number of a c r y l i c  resins a r e  used f o r  bonding c l o t h ,  
p l a s t i c s t  l e a t h e r  and, ..in srofire cases ,  w t a l  f o i l s .  The a c r y l i c  monowere most 
commonly used i n  adhesives a r e  e t h y l  ac ry la te ,  methyl ac ry la te ,  m t h a c r y l i c  
ac id ,  a c r y l i c  act d, acry la r~ ide  and a c r y l o n i t r  ile. The polymers or copolymers 
are solubl-e i n  comon organic so lven t s  such as c h l o r o f o m  o r  So luene  and can 
be app l ied  i n  t h e  sme uanner as o ther  solvent-based adhesives. Xn addi t ion,  
t h e  polymers a r e  so lub le  i n  the monomers; and, when a catalyst is added, t h e  
s o l v e n t  monomer w i l l  polymerize t o  g ive  good adhesive s t r e n g t h  t o  g l a s s  and t o  
p l a s t i c  su r f  aces of s i m i l a r  composition (e.g., yolynethyl methacrylate). ( 
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Tlre advantages of the acryl ics  over the vinyls for  adhesive use are : ( l )  

o They are  s table  in  sunlight; 
o Some are  f lexible a t  l o w  temperature; 
o 30w of the acryl ic  copolymers are  oi l-resistant ;  
o They a re  readily modified with croselinkable nonwers so t ha t  heat-cured 

adhesives wi th  improved solvent resistance can be obtained. 

Such sys tem are useful in  textile-laminating applications where resistance 
t o  dry-c&ea(ling f lu ids  is inportant. The acryl ic  resins are generally more 
expensive than vinyl resins. Cine c la s s  of acrylic  adlrecives d i f fe r s  f rmi 
t h o s e  already discussed i n  that  solvents are usually not employed in  handling; 
these are t h e  cyanoacrylates (mentioned in  4.2.1.2.3). 'r'lreoe r.mterials are 
activated by pressing in to  t h i n  films between the substrates. Vety rapid 
curiny (10-30 oecomfs) occurs; and good bonds develop w i t t i  glass, netal ,  
rubber am3 wood. The chief disadvantage of t h i s  na ter ia l  is its high cost. 
The r'lajor use is i n  bonding sslall parts where a quick set is required. The 
electronics and jewelry industries u t i l i z e  cyanoacrylates uhere it  is 
d i f f i c u l t  t o  clan2 or hold the assewbly. Zthylene glycol dimethacrylate is 
a l so  used for  t h i s  kind of quick applicat ion.( l)  

4.2.2.1.6 t.iiscellaneous resins. A few materials are used i n  a nore limited 
W h y  as solvent e9lesives. Two natural product-derived uater ia ls  are the 
cel lulose e s t e r s  and asphalt. Cellulose ea ters  are used For bonding leather,  
paper and wood. lrhile not generally used w i t h  netals ,  speci f ic  nonporous 
substrates such as cellophane and g lass  a t e  occasionally bonded w i t h  cel lulose 
n i t r a t e  or other cel lulose ester8 applied frog solution. Aspitaltic materials 
from petroleum fract ionation are  inexpensive products which a re  used for  some 
special  adhesive applications. Phe nost important property of asphalt i n  
adhesives is r a t e r  resistance. I t  is used in  laminating paper and other 
packing materials uhere a water-barrier layer is needed. The other inportant 
use of asphalt is i n  roofing and flooring adhesives.(l) 

Another c l a s s  of resins used i n  solvent adhesives is the polyamides. Ohese 
high-molecular-weight products a t e  generally referred t o  as modified nylons. 
Low-and-intermdiate-~lolecular-weight nater ia ls  are a lso  available. 3he 
l a t t e r  two a re  more comaonly used i n  hot-uelt fortuulations; and the rxdified 
nylons, are often blended w i t h  ern11 mounts of a phenollc r e s in  t o  inprove 
surface wbtting. Solution systems of lot?-and intermediate-mleeulat-wight 
resins can be coated in  paper, metal f o i l  or p las t ics  and, when 
heat-activated, w i l l  ac t  a s  adhesives for  these substrates. Tlte 
modified-nylon polyamides have f a i r  adhesion t o  metals and have good 
low-and-bigh-teaperature properties, good resistance t o  o i l s  and g lass  but 
poor resistance t o  solvents. 

Several recently developed therwoplastics are beginning t o  be used as 
solution-applied adhesives for selected eyplications. Examples are phenoxy 
resin, bisphenol A yolycarbonate and yolysulfone. These materials a re  
temperature-resistant p las t ics  which require f a i r l y  high temperatures for  heat 
act ivat ion a f t e r  solvents have been removed. Pbenoxy has been used quite  
extensively as an adhesive and w i l l  develop shear values of 3500 to  4000 psi  
( 2 4  t o  28 CIPa) i n  a few seconds a t  600OF (316OC)  surface tenwratures and 
i n  2 t o  3 minutes a t  5 0 0 0 ~  (260°c1. Good adhesion is observed w i t h  
substrates such as  copper, brass, s t e e l ,  aluminun, wood and many other 
nometa l l ic  eubstances.(l) 
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4.2.2.2 water-based system. Water solutions, dispersions or emulsions are 
widely used for  application and bonding of various substrates. Water sys tem 
are  wost frequently used wlen a t  l eas t  one surface t o  be bonded is porous so  
tha t  the water nay escape by permeation. The najor advantage oC water as a 
vehicle fo r  adhesives is the lover cost compared t o  organic solvents. Otlaer 
advantages of water-ba8ed adhesives a re  n~nf la r saab i l i ty~  law toxic i ty  and the 
wide range of viscosi ty and sol ids  contents which can be obtained. Disadvan- 
tages a re  generally poor water resistance, slow drying, a tendency t o  freeze 
and a shrinkage of f ab r i c  substrates.( l )  

4.2.2-2.1 Natural rubber. As mentioned under solvent systems, natural  
rubber is isolated as a water dispersion known as latex. Thus, the material 
can be used d i rec t ly  a s  a water-based adhesive. Usually the la tex  is treated 
with preservatives, such a s  am~onia, and fornulated fo r  speci f ic  end we.  
Natural. rubber la tex  dr ies  t o  an almost tack-free f i lm which w i l l ,  however, 
s t i c k  t o  i t s e l f .  Generally, however, natural rubber latex is blended w i t h  
other adhesive raw materials such a s  phenolics, casein or natural t ack i f i e r s  
such as Kayara gun t o  obtain be t ter  bonding. Portlandsanent blends can be 
used t o  provide adhesion t o  metals, glass, and cenentitious waterials. ( l) 

4.2.2.2.2 Reclaimed rubber. Reclaimed rubber is used i n  a water-dispersed 
fornulation for  a nuaber of adhesive applications. tlixed w i t h  natural or 
synthetic rubber latexes, reclaimed rubber provides a lower-cost adhesive 
systen. Asphalt blends have excellent tack and are used t o  join t e x t i l e s  t o  
metals, f e l t  t o  metal and similar applications where an inexpensive adhesive 
i n  a nonf lamable  solvent i s  required. ( 1) 

4.2.2.2.3 Synthetic rubbers. A l l  of the synthetic rubbers discussed under 
solvent adhesives (4.2.2.1.3) are  available as  emulsions i n  water. Generally, 
butyl rubber is used i n  eolvent solution, but n i t r i l e ,  neoprene and styrene- 
butadiene latexes represent an important out le t  for  synthetic rubber 
adhesives. Styrene-butadiene rubber latex is used for  carpet backing, paper 
coating and t i r e  corG bonding. Heoyrtne latex is used i n  paper treatment t o  
give leather-like properties,  i n  casein blends t o  laminate metal f o i l  to paper 
and i n  shoe adhesives. Laitrile-rubber latex is used as a b i d e r  For nonvoven 
fabrics and i n  paper treatments.(l) 

4.2.2.2.4 Vinyl resins. By f a r  the nost widely used vinyl res in  i n  water 
dispersion form is polyvinyl acetate, both as honopolyner and copolytaet. 
Prepared by an emulsion-polymerization technique, polyvirayl ace ta te  latex is 
the  basis for  t h e  common household 'whi te  glue.' Products of t h i s  type are  
good adhesives for  paper, wood, leather  and cloth. The najor end use is as a 
packaging adhesive for such f lexib le  substrates. Polyvinyl ace ta te  water 
dispersion is a l s o  used as a lagging adhesive t o  bond iasulatittg fabr ic  t o  
pipe and duct work i n  steam plants  and s h i p s .  llhen sa t i s fac to r i ly  formulated, 
sa t i s fac tory  adhesion can be developed t o  p l a s t i c  surfaces and t o  metal f o i l .  
Among the other vinyl resins, polyvinyl alcohol and polyvinyl methpl ether are 
the nost useful fo r  water-based adhesives.( 1). 

4.2.2.2.5 Acrylics. A variety of acryl ic  copolymers are prepared 
co~mercia l ly  bj emulsion polymerization. rhe most common monomers are  those 
l i s t e d  under 4.2.2.1.5. Advantages and disadvantages of the acryl ic  latex 
products are  s imilar  t o  the solvent adhesive properties outlined e a r l i e r . ( l l  

Downloaded from http://www.everyspec.com



4.2.2.2.6 iriscellaneous resins. Saae other polymeric materials used in  
water solution or dispersion form as adbesives should be mentioned. Water- 
sens i t ive  iaaterials derived forla natural products include animal glue, starch, 
soya and blood glue, casein and certain cellulose derivatives. Klhen carboxyl 
groups are  present a t  suf f ic ient  concentrations i n  syntlietic polymers, the 
resins become soluble i n  aqueous alkal i .  8xarpples are ethylene-acrylic acid 
and ethylene-netltacrylic acid copolymers, vinyl acetate copoly~sers containing 
maleic acid or crotonic acid and acrylates mdi f  ied wi th  unsaturated carboxylic 
acids. These carboxylic-containing copolymers exlribit enhanced w t a l  adhesion 
and grease resistance in conparison w i t h  t h e  sacre systems without the  acid 
groups.f 1) 

4.2.3 Hot-nelt tyues. Several na jor industries have recently converted to 
the new hot-melt method of applying adhesives. T h i s  method offers  t h e  
advantage over older teclrniques of high-speed production rates and siraplicity 
i n  handling t h e  adhesive i t se l f .  The packaging, bookbinding and shoe 
industries are  m a t  involved i n  hot t d e l t s .  A hot melt nay be defined as a 
100%-solids thermoplastic adhesive polyner. The defini t ion appears to  include 
a l l  thermoplastice, which is potentially true. Usually, however, there are 
roughly ten tme8. Tllese w t e r i a l s  a re  ideally sol id up t o  1 7 5 0 ~  ( 7 9 0 ~ )  
or higher, then melt sharply t o  give a low-viscosity f lu id  that is eas i ly  
applied and capable of wetting the adhesive t o  be bonded, followed by rapid 
se t t ing  upon cooling. Uhen hot melts a re  used, a new set of polymer 
properties such 4s SO£ tening point, melt viscosity, raelt index, c rys ta l l in i ty ,  
tack, heat capacity and heat s t a b i l i t y  must be understood and used in  addition 
t o  the usual physical and strength properties. The adhesives thenselves are 
not necessarily newly developed naterials .  I t  is the combination of properly 
foznulated resins and of application equipment t o  handle these r e s i r s  that has 
made the hot-nelt techniyue successful. ( 1) 

Ayplication tewperatures of hot welts range fron about 300 t o  S5OoF (149 
t o  2E(0°C). A 1 1  hot-nelt adhesives are based o n  thermoplastic polyrmrs. 
Other ingredients a r e  added t o  improve processing characteris t ics ,  bonding 
characteris t ics  or service properties. For example, s t ab i l i ze r s  are used t o  
retard oxidation, tacki f iers  t o  improve bond strength, wax t o  reduce viscosity 
and t o  a l t e r  surface characteris t ics  and various f i l l e t s  t o  increase 
viscosity, melting point and bond strength. Some hot melts used i n  potting 
applications contain asbestos fibers Sox improved strength and dimensional 
s t ab i l i ty .  Despite the fac t  that  a l l  hot melts are baeed on only a few 
polymers, available commercial kroducts nunber in  the hundreds. P h i s  is 
because individual producers s e l l  s large nu-r of fornulations which may 
have been developed .originally for  a specif ic  market. hleo, a mblack-artw 
atmosphere seems t o  'prevail - producers s e l l  hot melts only bf the i r  own 
nunber or name, wi th  no generic identif icat ion attached. Thus, wakins 
comparisons among conpeting brands of s imilar  hot-nelt adhesives is .not 
easy, ( 6 )  

Fron the design standpoint, one of the most important charucteriat ics  of 
hot-melt adhesives is service temperature. Because the hot melts, beiw 
thernoplastics,  have relat ively low nefting terperatures, service temperatures 
a r e  a lso  low. This hat? been a limitation for product-assembly applications. 
Another l i u i t a t i o n  of the hot ~ .wl ts ,  also based on their  thernoplastic nature, 
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is that they creep under load and w i t h  time. T h e ~ ~ p l a s t i c s  have eone 
charac ter is t ics  of V ~ ~ C O U S  l i q u i d s  and, wi th  few exceptions, are not 
dimensionally stable under load. Thus, the hot melts are recmraended for 
hold-in-place -rations having negligible load requirenents.(6) 

The main disadvantage8 af hot mlts are 1imfted strength and heat 
resistance. Unlike other adhesives, the set-up procees of hot uelts ie  
reversible and, a t  about lfOoP (77OC), most hot malts begin to lose their 
strength. Haximum shear-load capacity is usually about 500 psi (3.4 ma).  
Currently, t h e  =in goal i n  hot i~e3ts is t o  produce an adhesive that w i l l  
eurvive a 1600P (820C) continuous-service temperature. This  is the 
temperature requirement for a material to  be used in or near the engine 
cmpartmnt of an autwobi le. f 

Lay-shear strengths up to  630 psi  (4.3 ma)  have very recently been reached 
w i t h  hot-nelt adhesives in bondittg untreated UDPE to M)PE.(e) 

4.2.3.1 Ethylene-vinyl acetate (EVA) and ~olyolef  i n  resins. Hot rmelts 
based on these resins are the lowest-cost materials. The primary polyolefin 
type is polyethylene. These ate general-purpose, low molecular-weight 
adhesives for bonding substrates of payer, cardboard, wood, fabric and similar 
materials. For such uses, their strength is adequate a t  temperatures frou 
a b u t  -30 to +120°F (-34 to +49oC). They are not limited to service at 
thcae temperatures, howevec. Compounded versions are available that are 
suitable for nonloadbearing applications to  about 1600F (7loC). The EVA'S 
and polyethylenes represent the highest volume of hot-melt adhesives used 
today, principally i n  packaging and wood-aaseably 

4.2.3.2 Polvamide (nylon) and ~olyes ter  resins. These compounds represent 
the next step up i n  strength and general service. They are currently the 
f astest-growing materials i n  product-assembly applications. Conpounds of 
these naterials, which are generally referred to  aa Dhigh-perfcrmancem hot 
melts, are being used to  asset;lble products made f com plastics, glass, 
hardboard, wood, fabric, foaw naterials, leather, hard ruaber and sowe' 
metals. Successful bonding of plastic fosm and oily aluminum panels has also 
been claimed. Various coqounds made from these resins maintain adequate 
bonding cl~aracteristics i n  the teuperature range f ron -400F (-400C) to 
about 180°F (620C). A number of formulations are available that can be 
used a t  over ZOO0F (93OC)t  some can serve i n  no-load applications a t  
teayeratures above 300°E' (149%). ( 6 )  

Polyester-based hot-.melts are generally stronger and mre  rigid than the 
nylon compounds. Polyesters bave high crystallinity, which gives them sharp 
melting points, a decided advantage i n  high-speed bonding and often have a 
combination of high tensile strength plus elongation. However, 80 much 
overlap of properties can\be achieved w i t h  coapounding that selection can only 
be based on examining specific service recommendations of available hot-melt 
fortlulations. both nylon and yolyeeter hot se l te  are sensitive t o  moisture 
during application, bu t  each i n  a different manner. Nylon compounds have the 
advantage of contining good strength w i t h  flexibility. If nylon coapounds are 
not stored i n  a dry area, they may pick up moisture. Then, during 
application, the absorbed moisture causes foaming i n  the heated adhesive 
which, i n  turn, produces voids i n  the applied layer, reducing bond strength. 
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A correct ive measure is t o  f lash  off the aois ture  by holding tbe adhesive i n  
the f lu id  s t a t e  for  several minutes i n  a reservoir-type applicator system. 
Koisture af fec ts  polyester hot melts i n  a more cmplex and permanent way. 
lioisture enters  into the molecular s t ruc ture  of these  raateriels; and, the 
longer the adl~esive is heated, the more the uolecular w i g h t  is reduced and 
the lower the viscosity becorns. U i t h  polyestere, moisture and long-term 
heat-resistance time are detrimental t o  bond strenyth. For t h i s  reason, 
polyesters should not be used i n  a reservoir-type application syster;r.(6) 

Hot-melt adhesives a re  used fo r  c r i t i c a l  applications i n  m i l i t a r i  electronic 
assemblies. Extensive test ing on Henkel Corporation's Versalon 1140 polyanide 
hot-melt adhesive indicate3 that  strong bonds t o  aluwinua can be obtained w i t h  
mininal deyradation resulting from exposure t o  severe environiaents. Versalon 
1 1 4 0  has a melting point of 2a50P (14loC). The bond strength t o  unprimed 
surf aces exhibi ts  sonre degree of moisture sens i t iv i ty  which is strongly 
temperature-dependent. l telatively low-temperature eyi~licat ione seen t o  
present no problems. Sa l t  environments ( s a l t  spray1 appear t o  accelerate the 
e f f e c t s  of moisture on the bond strengths. The adhesive becows reversibly 
softened on exposure t o  moist environments. I n  addition, i t  has a tendency t o  
oxidize and become b r i t t l e  on exposure t o  heat and l i g h t .  %'his ef fec t  would 
generally not af fec t  its use as  an adIresive.(g) 

4.2.3 3 Other hot-melt materials. Other materials, not yet  widely used, 
a r e  t h e  polyester-anideo and those formulated from thermoplastic elaotoners. 

Polyester-amide compounds are s t i l 2  considered developctental, but are  said 
t o  have t h e  desirabie properties of polyesters, but with improved application 
characteris t ics .  Fhermol?laatic elastomer hot melts are another new c lass  of 
materials. The principal base polyners i n  these forvuletions a re  
polyurethanes and styrene-butadiene-styrene and styrene-isoprene-styrene 
polymers. These therooplastic elastomers a re  currently being used nostly in  
pressure-sensitive applications, replacing other adhesives, s u c h  as contact 
cements, t o  eliminate t h e  solvent-pollution ?robleu. These are  *softD 
applications such as for  tape products and labels,  which require relat ively 
loti strength.t6) One part icular  thermoplastic rubber fortnulation provides 
paper tear  i n  the range -10 t o  t1400F (-23 t o  +GOOC). Yhe adhesive nay 
a l so  be applied b guns for  attaching: for  example, p la s t i c  molding t o  wooden 
cabinet doors. (10 7 

, A s  a class,  thernoplastic-elastarer hot melts a re  not as strong as the 
polyesters but a re  stronger than conventional thermosetting rubbers. They 
of f e r  good f l e x i b i l i t y  end toughness f o r  applications requiring dymkiic 
endurance, vibration endurance and vibration resistance8 and they have good 
wetting characteris t ics .  rhese compounde are  very viscous, even a t  4 5 0 0 ~  
(232OC3, because of the i r  high molecular weights. This makes them nore 
d i f f i c u l t  t o  apply than the non-elastomeric materials unless they are  
formulated with other ingredients. 

An exanple of a 100C-sofids, nonflii~mnble, heat-reactivatable hot-melt 
adhesive recommended for s t ruc tura l  bonding of aluminum, s t ee l ,  copper, brass, 
titaniula, fabrics and some plas t ics  is 3k Co.'s SCUTCH-MELD Fhermplastic 
Adhesive F i l m  4060. Strength data on t h i s  material is given in  Table 
\r11.(11) 
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Bonding with t h i s  c l e a r  amber unsupported f i l m  adhesive t a k e 8  p lace  very 
rapidly.  The speed of bonding is l imi ted  only by t h e  t h e  required t o  reach 
t h e  o p t i m u m  bonding t eapera tu re  of 3 0 0 0 ~  (149oC) a t  a preesure s u f f i c i e n t  
t o  maintain con tac t  between the  su r faces  t o  be bonded. The adhesive can a l s o  
be y teayp l ied  t o  part6 days o r  months i n  advance of the  a c t u a l  bonding 
operation.  When p a r t s  a r e  ready f o r  bonding, the  app l ica t ion  of heat  t o  t h e  
previously  appl ied adhesive quickly  r e a c t i v a t e s  the  mate r ia l  for Mndinq. The 
adhesive is a v a i l a b l e  i n  r o l l  Form i n  thickneeses of 3 and 5 m i l s .  Typical  
a p p l i c a t i o n s  include non-load-bearing honeycotlb panels,  app l ica t ion  of 
decora t ive  t r i w  and i n s t a l l a t i o n  of e l e c t r o n i c  pa r t s .  ( 11) (12) 

TABLE VIX . S trenqth  c h a r a c t e r i s t i c s  of SOOTCB-UELD tbermoplaatic adhesive f i l u  
used t o  bond 2024 T3 c l a d  aluminum, PPL-etched.1 (11) 

Teuperature Overlap Shear S t reng th  T-Peel St rength  
( O F )  t*) ( p s i )  (&Pa) ( lb / in )  (13/nl 

-67 -55 4100 28.2 4 70 0 
0 -18 -- -- 5 875 

75 24 2200 15.2 30 5250 
180 02 400 2.8 20 3500 

* 

k30ncling c y c l e  5 a i n  a t  300°F (1490C) i n  a p l a t e n  p r e s s  a t  100 p s i  (0.69 
HPa). For a d d i t i o n a l  condi t ions ,  consu l t  3H Company Technical B u l l e t i n  on 
tl~is f i l n ,  R e f .  12. 

Foanable hot-melt adhesives have been a v a i l a b l e  cor.mercially s i n c e  September 
1981. The process involves introducing a gas, normally or C02, i n t o  
t h e  hot-melt adhesive i n  a volumetr ical ly  netered fashion.  The process 
u t i l i z e s  a patented two-stage gear pump. Usually an increase  i n  adhesive 
volume of 20-70b is obtained. Although a l l  adhesives foam, t h e  q u a l i t y  of t h e  
foan  var ies  with t h e  individual  adhesive. Poatred hot-melt adhesives can b e .  
used on t h e  same s u b s t r a t e s  on which s tandard hot melts a r e  used. Often a 
s u p e r i o r  bond can be formed on m t a l ,  p l a s t i c  and paper products, as well a s  
heat -sensi t ive  and porous subs t ra tes .  This  fe due t o  t h e  foaming 
c h a r a c t e r i s t i c s  of increased spreading a b i l i t y ,  longer open tine, shor te r  set 
t i n e ,  increased pene t ra t ion  and reduced thermal d f s t o t t i o n  over t r a d i t i o n a l  
hot  me1 ts. Polyethylene, i n  p a r t i c u l a r ,  g ives  exce l l en t  r esu l t s .  Two 
erawples of t h i s  app l ica t ion  a r e  i n  gasketing and s e a l a n t  a p p l i c a t i o n ~  .t13) 

4.2-4 Delayed-tack adheeives. A delayed-tack adhesive d i f f e r s  from both a 
hot-melt adhesive and a heat-seal  adhesive. A hot melt w i l l  be nontacky when 
cooled, while a heat-seal  adhesive w i l l  seal under heat  and pressure ,  but does 
not remain tacky f o r  any per iod of t i m e  a f t e r  cooling. On t h e  o ther  band, 
a f t e r  a delayed-tack system is heat-activated and cooled, it w i l l  remain tacky 
f o r  anywilere from s e v e r a l  minutes t o  eevera l  daye over a wide tenperature  
range. Pot example, a rubber-based delayed-tack adhesive p l a s t i c i z e d  with 
diyhenyl yh tha la te  can becone beat-activated a t  lSOoP (660C). The 
formulation remains adhesive and tacky even a s  t h e  temperature cools  t o  50°P 
(1OoC). rielow 500P, t h e  adhesive w i l l  s e t .  This type of adhesive is 
coated on paper f o r  l a b e l s  such a s  bread packages and cans. To ob ta in  the 
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delayed-tack characteristics of the adhesive systw, a solid plasticizer nust 
be used. A solid plasticizer also contributes to  nontackimss before heat 
activation. The most common such ylasticirers are dicyclohetyl phthalate, 
diphenyl phthalate, t~-cyclohexyl-p-toluene-eu1fonami6e and o/p-tolueaeaul- 
£ o w i d e m  kdilesives w i t h  different heat-activation teqperatures are possible 
because of the range of melting points. The most comnonly used resins are 
styrene-butadiene copolymers, polyvinyl acetate, polystyrene and 
polyawides. ( 1) 

4.2.5 J i ln  and taw adhesives. Bonds produced by a given adhesive w i l l  
usually have similar properties, whether the adhesive is applied as a 
one-compoaent paste  or as a solid film. Tbe advantages of u6ing the adhesive 
i n  f i l m  form are: 

(01 Unif oru, controlled glue-line thickness; 

(01 Speed and ease of application ( a  clean, solveht-free operation i s  
permitted) ; 

(01 Two-sided f i l m  can be prepared. These are used i n  lightweight 
sandwich construction. The honeycomb side of the adhesive w i l l  provide 
good filleting8 the s k i n  side w i l l  provide high peel strength. If one 
side of t h e  film is tacky, it is easier to  align the assembly to  be 
bonded. 

I n  some filw adlresives, a woven or knitted fabric that May be used to  
support the polymer film w i l l  also carry part of the load and w i l l  give 
improved bond strength by better distribution of the applied forces. Piln 
adhesives are provided i n  two forms: unsupported or alternately supported on 
a tlexible carrier such as glass cloth, nylon or paper. The carrier w i l l  
usually have l i t t l e  effect on adhesive properties.(lj 

Sometimes the term f i l m  adhesive is applied to  the high molecular-weight 
polymers, nornally elastomcs, blended w i t h  curing agents, f i l l e r s  and other 
ingredients that are extruded, calendered or cast into 5 to 15 m i l  unsupported 
thick f i l m .  When the aixture is cast or calendered onto a mesh support, such 
as woven or nonwoven mesh of glass or other fibers, the result is a tape 
adhesive. Films and tapes may be either soft  and tacky or s t i f f  and dry, nay 
be room-temperature storable or nay require refrigeration between mnuf acture 
and time of usage. Although eome f i l n  and t a p  adhesives are desiyned to cure 
a t  room temperature after removal from dry-ice storage, most are cured a t  
elevated temperatures'and pressures. P i lm  and tape adhesives differ from 
paste and liquid adhesives i n  that the former contain a h igh  propottion of a 
hiyh-molecular-weight yolywer. The .lQO% eolids. paste and liquid adhesives 
contain only lov-molecular-weight reeins because this is the only way they can 
remain fluid and usable. On the other hand, the tape and f i l m  adliesives often 
contain linear polymers wi th  molecular weights of a t  least 20,000 and w i t h  a 
degree of polymerization (DP) of 600 or more. Such polymers can be very mch 
tougher and more resilient and can provide more recoverable elongation than 
the more highly branched networks formed by curing the low-molecular-weight 
resins used i n  paste adhesives. Figures 24 and 25 compare typical tensile 
shear data for a variety of adhesive types. Pbe best of the tape and f i l m  
types have higher peak values and broader service temperature ranges than t h e  
beat of the g l O O t  solidsg t y p e s .  ( 1 4 )  
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Tape and t i l n  adhesives  now dominate t h e  aitfrane n a r k e t  f o r  s t r u c t u r a l  
adhesives.  s e v e r a l  thousand pounds of such adhesives a r e  usred per  p lane on 
jumbo jet a i r c r a f t  such as t h e  Boeing 747. Yigh-performance mAlitary a i r c r a f t  
such as t h e  8-58 mHustler '  boElber or: t h e  swing-ving P-111 f i g h t e r  use 
cons iderab le  q u a n t i t i e s  of t a p e  and f i l m  adhesives i n  t h e  v i m ,  t a i l  and 
f u s e l a g e  s t r u c t u r e s .  Tape adhesives,  f o r  example, g e n e r a l l y  of t h e  
nylon-epory t y ~ ,  are used f o r  aseenbly of h e l i c o p t e r  blades and f o r  bonding 
rotor-blade segments t o  support  spars. Adhesive bonding with t ape  and f i l n  
adhesives  is o f t e n  conbined with mechanical f as ten ing .  Pot example, t h e  
combined r i v e t i n g  and bonding of t h e  W i n g  727 fueelage s p l i c e s  and 
reinforctrrrents provfdes better f a t i g u e  s t r e n g t h ,  pot? unifons load 
d i s t r i b u t i o n ,  higher strength-to-weight ratios and smoother: skins than t h e  
p rev ious  a l l - r i v e t e d  const ruct ion.  The fact a a t  fib adhesives  seal as well  
as f a s t e n  m k e s  p o s s i b l e  a i r - t i g h t  and l i q u i d - t i g h t  p ressure  c a b i ~ ,  f u e l  and 
hydrau l ic  s y s t e m .  ( 1 4  1 

Tape and f i l m  adhesives  have been widely accepted by the  a i r f rame  indus t ry  
because they have handling and r e l i a b i l i t y  advantages and a r e  tougher than 
pastes o r  o the r  adhesives  types. The handling and r e l i a b i l i t y  advantages s t e n  
from t h e  f a c t  t h a t  they come ready t o  use, with no need f o r  mixing, no 
degassing and no possibil i t ies for  e r r o r  i n  adding c a t a l y s t .  Both the 
s u p p l i e r  and t h e  use r  can t e s t  t h e  tapes. Tapes permit  a v a r i e t y  of lay-up 
techniques  which f a c i l i t a t e  t h e  product ion of a v i r t u a l l y  defect - f ree  
s t r u c t u r e .  The use of a suppor t  mesh a l s o  s e r v e s  t o  c o n t r o l  t h e  bond-line 
th ickness  with t ape  adhesives ,  avoiding t h i n ,  adhesive-starved a r e a s  where 
c u r v a t u r e  o r  e x t e r n a l  a r e s s u r e  is l a r g e s t .  ( 1 4 )  

4 fi . t J 
-100 o roo ' 200 so0 400 ~ 0 0  

TEST TEhPERATURE, OF 

FIGURE 24. Tmical t e n s i l e  shear  s t r e n g t h  d a t a  for p a s t e  and l i s u i d  
(100% s o l i d s )  adhesives. ( 1 4 )  
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FIGURE 25. Tv/r)ical t ens i l e  shear s trength data for  tape-, filn- 
and solvent-based adhesives. ( 1 4 )  

In general, tape and f i b  adhesives a re  composed of t h e  following three 
cwponents : 

( 0 1  A high-molecular-weight 'backbone' polymer, providing the elongation, 
toughness and peel properties required; 

(0)  A low-aolecular-weight crosslinking resin,  invariably e i the r  an e?oxy 
or phenolic type; 

(01  A curing agent fo r  the crosslinking resin. 

These adhesives are named according t o  the ident i ty  of components 1 and 2 
( ~ - 5 . ~  r i i tz i le -pben~l ic ,  nylon-epoxy, t tc . ;  and 4re s l s o  frequtfitly srferred 
t o  a s  ' two-polymere or .alloyedm adhesives. l i i t h  very few exceptions, a l l  
successful tape and f i l n  adhesives are,  or have been, one of the f ive  types 
shown i n  Table V I I T .  It should be noted tha t  t h e  adhesives types based on 
phenolic crosslinking resins l ibe ra te  volatiles during cure and require 
high-pressure cures, while the types based on epoxy curing agents need only 
enough pressure t o  aa in ta in  alignment sad compensate fo r  cure shrinkage. ( l4 ) 

TABWE VIIf. ESost i roor tant  taw and f i lm adhesives.(14) 

I -. Crosslinking tiigh-pressure . 
TYPe Backbone polymer res in  Catalyst cure 

Nylon-epoxy Soluble nylon Liquid epoxy D I C Y - ~ ~ P ~  14 o 

I Elastomer-epoxy N i t r i l e  rubber Liquid epoxy DiCP- type iJ0 
Nitrile-phenolic Ni t r i l e  rubber Phenolic novolac Eex6, sulfur  Yes 
Vinyl-phenolic P W  or  P W  Hasol phenolic Acid Yes 
Epoxy-phenolic Solid epoxy Resol phenolic Acid Yes 

i 
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T a b l e  I X  summarizes t h e  bond s t r e n g t h s  of t h e s e  t a p e  and f i l m  a d l ~ e s i v e s .  

TABLE I X .  Range of bond strengths af tape and f i l n  
a d h e s i v e s  a t  roan teamera t u r e .  ( 1 4 )  

Adhes ive  T e n s i l e  S h e a r  S t r e n g t h  +Peel  S treny t h  
T m e  ( p s i )  ( W a )  ( l b / i n )  N/ml 

Fol lowing  is a b r i e f  d i s c u s s i o n  at t h e  - jot  f i l m  and tape a d h e s i v e s ,  l iore 
d e t a i l e d  inPormation,  p a r t i c u l a r l y  on tbeir c h e m i s t r y ,  w i l l  be found  i n  
4.3.1.12 ( o n  PI  and PGI) and 4.3.3.3. 

4.2.5.1 Vinyl-phenol ics .  The ' v i n y l m  i n  v i n y l - p h e n o l i c  a d h e s i v e s  is a 
somewhat m i s l e a d i n g  term r e f e r r i n g  either to  a p o l y v i n y l  f o r m a l  (PVP) o r  
p o l y v i n y l  b u t y r a l  (PW) (see 4. 2.1.3.5). Viny l -phenol ics  have  yenerall-j 
e x c e l l e n t  d u r a b i l i t y ,  bo th  i n  water and i n  other a d v e r s e  environments .  Cures  
a te  a t  3500F (177°C). Despite t h e i r  g e n e r a l l y  e x c e l l e n t  p e r f o r ~ a a n c e  
p r o p e r t i e s ,  however, t h e  modern t r e n d  is t o  move away f r a n  v i n y l - p h e n o l i c  
a d h e s i v e s  toward one of t h e  newer types which have been deve loped  t o  provide 
c u r e s  st lower  tel;tperaturea and p r e s s u r e s  end w i t h  h i g h e r  h o t  s t r e n g t i r ,  h i g h e r  
peel s t r e n g t h  and o t h e r  p e r f  o r n a n c e  a d v a n t a g e s . ( l 4 )  

4.2.5.2 EPOXY-phenolics. Al though  epoxy-phenol ic  a d h e s i v e s  account  f o r  
o n l y  a s w e l l  f r e c t i o n  of t h e  p r e s e n t  ueage  of s t r u c t u r a l  a d h e s i v e s ,  t h e y  
c o n t i n u e  t o  be i a g o r t a n t  i n  t h e  l a r g e l y  m i l i t a r y  market  f o r  a d h e s i v e s  des igned  
€or s e r v i c e  between 300 and 5000F (149  and 2600Cl. D e s p i t e  t i le  f a c t  t h a t  
t h e s e  adheeives were f i r s t  deve loped  a l w o s t  25 y e a r s  a g o  by F o r e s t  P r o d u c t s  
L a b o r a t o r y  and d e s p i t e  t h e  enormous e f f o r t  which h a s  gone i n t o  t h e  d e v e l o s a e n t  
of new po lymer ic  systems d e s i g n e d  for h igh- tempera ture  uee, epoxy-phenol ics  
ace still c o n s i d e r e d  t o  be among t h e  best a d h e s i v e s  for long-term use i n  t h e  
r a n g e  from 300 to  500°F 1149 t o  2600C), but epoxy-phenol ics  have less 
t e s i a t a n c e  t o  35007 (177oC) exposure  than n i t r i l e - p h e n o l i c s  . Cure i s  
~ 8 U a l l y  a t  3 0 0 ° ~  (1490C1. Cures  a t  3500~' (177oC) tend to  c a u s e  out- 
g a s s i n g  and foarainy. Cures  as low as 2 0 0 0 ~  (930c) for 24 h o u r s  w i l l  
n i n i t a i z e  t h i s  c o n d i t i o n .  (14)  (15) 

4.2.5.3 U i t r i l e - v h e n o l i c s .  I t i t t i l e - p h e n o l i c  a d h e s i v e s  are mrte by b lend ing  
a n i t r i l e  rubber  w i t h  a phewlic n o v a l a c  r e s i n ,  p l u s  many o t h e r  compounding 
i n y r e d i e n t s .  These a d h e s i v e s  a c c o u n t  for t h e  l a r g e s t  poundage volumes of any 
type of tape, f i l m  o r  s o l u t i o n  a d h e s i v e  type .  T h e i r  major u s e s  are i n  t h e  
a u t o u o t i v e  Sndus t ry ,  i n  bonding b r a k e  shoes and c l u t c h  d i s k s .  Yhey are also 
u s e d  i n  aircraft assembly and i n  many o t h e r  amaller a p p l i c a t i o n s  because of  
t h e i r  low c o s t ,  h i g h  bond s t r e n g t h 6  at t e w e r a t u r e s  up t o  250% (121°C1 
and e x c e p t i o n a l  bond d u r a b i l i t y  o n  steel and aluminurn. H i t r i t e - p h e n o l i c s  are 
kno\ar t o  have e x c e p t i o n a l  d u r a b i l i t y  after ex tended  s a l t - s p r a y ,  wa te l -  
f m r 3 i o n  and o t h e r  c o r r o s i v e  env i ronments .  They a r e  p a r t i c u l a r l y  good a: 
p r e v e n t i n g  u n d e r c u t t i ~  bj n e a n s  of c o r r o s i o n  oE metal substrctes. 
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l t i t r  ile-phenolic tape adhesives w i l l  probably occupy the i r  oworkhorseo 
position for  a long t i m e  t o  come. The major disadvantages of the  
nitrile-phenolic adhesives are  the  need fo r  high-pressure cure (up t o  200 psi 
or 1.38 NPa) when t h e  trend is toward cure a t  lower yressures and the need for  
high-ter~perrrtore (300O~ - 1490C), long-term cures vhen the  tread is toward 
adhesives which cure rapidly a t  or  below 250°P (12loC). No? of these 
objectives are serious enough t o  threaten the u s e  of t h i s  adhesive type for  
brake shoes, clutch disks or most of it8 other t radi t ional  uses. 

Uy the  l a t e  1950's. it was determined t ha t  nitrile-phenolics had gone about 
as f a r  as  they could frofa the point of view of improvement of strength 
properties. Soon other elaeto~iler-modif ied adhesive types began t o  bid for the 
mil i tary an3 comrnerical airframe markets. The newer wlon-epoxy and 
rubber-epoxy adhesives, crosslinked w i t h  epoxy rather than with phenolic 
resins, were developed in  the earpi  1960's. They were more expensive but 
offered advantages i n  cure rate, low-cure pressure and high peel values - ell 
of which a re  important i n  the airframe adhesives industry.(14) 

4.2.5.4 lwlon-epoxies. These adhesives, which f i r s t  becanre prominent i n  
the early 1960's. were uelcmed when developed becauee of the i r  excellent 
advantages. lihere adhesive8 technologists had atte-ted for a n y  years t o  
provide uore than about 50 lb/ in i n  climbing-drum peel strength (8,750 14/~1), 
these nylon-epoxy adhesives provided a quantum junp  in  toughness, yielding 
peel strengths above 150 1Win (26,250 H/ia), tensile-shear strengths above 
7000 ps i  148 HPa) and exceptional fat igue and impact properties. (Ilote: Peel- 
strength values i n  Table I X  a re  t-peel, which is not the same as cliwliny-drum 
peel2 but T-peel values In Table f a  a t e  a l s o  very high.) Although the i r  
desirable properties have won for  t h e  nylon-epoxies eone important 
applications, notably i n  the lamination and assembly of helicopter rotor 
blades, the f a c t  is tha t  t h i s  c l a s s  has never overcone several serious 
drawbacks which have limited i t8  use t o  date. These problem are: 

o loss i n  peel strength a t  low temperatures (see Table V); 

o poor creep resistancei 

o extreme sens i t iv i ty  t o  moisture. 

Nylon-epoxy films not only have the  unfortunate tendency t o  pick up substan- 
t i a l  amounts of water before cure, but a lso  tend t o  lose bond strengths 
rapidly a f t e r  cure upon exposure t o  water or mist air .  It has been shown 
that ,  a f t e r  18 month exposure t o  950 re la t ive  hlmidity, a conventional 
nitrile-phenolic adheeive loses only a f rac t ion  of its i n i t i a l  strenyth, going 
from 3000 Lo 2500 ps i  (21 to  18 Ma) t ens i l e  ahear(l5). In contrast,  one of 
t h e  best nylon-epoxy adherrives degrades from about SO00 t o  1000 p s i  (34  t o  6.8 
ma) i n  us t  two months under t h e  sane test conditions. I t  has a lso  been 1 shownflG tha t  nylon-epoxy tapes which show i n i t i a l  strengths above 6000 psi 
( 4 2  HYal w i l l  f racture within a few days vhen exposed t o  humid a i r  a t  loadings 
only a amell f rac t ion  of t h e  i n i t i a l  dry f a i l u r e  load. Considerable e f fo r t  
has been made t o  solve t h i s  moisture problem. Many of these e f fo r t s  involve 
priners, often resol-phenolic-resin based, applied t o  t h e  metal surfaces 
before laying up with the nylon-epoxy f i l m .  Tbe results are  not a l l  that  
might be hoped for ,  however; and nitrile-rubber epoxy or  acetal-toughened 
epoxy film adhesives a re  still superior frosn t h e  point of view of bond 
durability. ( 1 4 )  
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4.2.5.5 Blastomr-epoxies. The modern trend i n  aircraft adbesives is 
toward epoxy-based tape or film adhesives where the epoxy is toughened with an 
elaatou~er, usually a n i t r i le  tubht ,  and where the epoxy is cured w i t h  
catalysts which permit cure a t  low pieasurea i n  the shortest possible time and 
a t  the lowest-poesible cure temperature. The use of adhesives to assemble 
progressively larger wing, t a i l  aml fuselage seetiom bas placed an increasing 
premiun on cure temperatures i n  the 180 to 25OoP (82  to 321%) range 
(permitting the use of lower eteaen preasute and thinner-walled autoclaves) and 
on shorter cure cycles, permitting -re units t o  be assembled per autoclave 
per day. A s  indicated i n  Table I%, the maximupl bond strengths for elastoxner- 
epoxies are generally still below the wrxina attainable w i t h  the nylon-epoxies 
a t  roon temperature. A major advantage of the nitrile-epoxy adhesives, 
however, is that the peel strengttr Joe8 not decrease as abruptly a t  subzero 
temperatures as do tbe peel values of the nylon-epoxies. The bond durability 
of these nev high-peel elastoraer-epoxies is eatisf ac tory, as measured by raos t 
long-term moisture tests, but it does not match the durability of the  older 
vinyl-phenolic or nitrile-phenolic types.(14) kitrile-epoxies should not be 
used for exposure to  uterine environments or under continuous imrneraion i n  
water. (15) 

4-2-5.6 &ronatic ~01n;lere. Aromatic polymers, such as yolyimide (PI) and 
polybenzilaidazole (PBI), are available in film and tape adhesives recommended 
for soue high-temperature applications. These adhesive types, discussed 
briefly above i n  4.2-1.3.1, show better bond strengths above 5000F (2600C) 
i n  a i r  then epoxy-phenolic, although the la t te r  gives better strength 
retention af ter  exposure to  water or other polar liquids a t  ;Lower 
temperatures. The major disadvantage of these aromatic polymers, uhich have 
limited their use as adhesive systems to  date, ale theit high cost (generally 
10  or nore times that of epoxy-based adhesives), the difficulties i n  handling 
or curing, and the problems involved i n  the elimination of volatiles during 
cure in order to  obtain a void-free bond. A long and careful series of cure 
and post-cure steps a t  prqressively incre~sing temperatures up t o  the 
600-700%' (316-371°C) level, coupled wi th  intermittent application and 
release of high clamping pressures, is required to obtain optimum results w i t h  
these adhesives. These facts, together wi th  the recent de-emphasis by 
military and colnmercial aircraft  deeignere on adhebives which operate a t  
temperatures higher than those which can be provided by the beet epoxy-based 
adhesives, have reduced the  eatimates of tbe future potential for the 
heterocyclic aronatic adhesives. Of a l l  the many aromatic polymer61 once 

e considered as candidates k!or the high-temperature adhesives of the future, 
only the yolyimides now remain in serious contention for the 500-8000F 
(260-4270~) service-teqperature taarket. ( l4 

4.2.6 Pressure-sensitive adhesives (PSA'e). A pressure-aeneitive adhesive 
is a substance capable of holding thing6 together when the surfaces arc 
brought i n t o  contact under briefly applied pressure a t  room temperature. 
Generally, pressure-sensitive adhesives are composed of a rubbery tm ~~~~r 
which is modified wi th  sevetal additives such a8 plasticizers, tackifiers, 
f i l l e r s ,  solvents and stabilizers. Xn order of decreasing voluw and, 
generally, increasing price, the following are uaed a8 basic polyeoetic caw 
materials: natural rubber, styrene-butadiene rubber, reclaimed rubber, butyl 
rubber and butadiene-acrylonitrile rubber, polyacrylates and polyvinyl alkyl 
ethers. The tubbers as a whole are used i n  pressure-sensitive adhesives 
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because of the i r  good f l e x i b i l i t y ,  ease of tackif icat ion and probably mast 
important, econoraics. A major disadvantage of the rubber is poor aging, which 
r e su l t s  i n  a loss of e l a s t i c i t y  and tack and a yellowing of the adhesive 
layer. The acrylates end polyvinyl alkyl 'e thers  ere more expensive but 
exhibi t  be t ter  aging characteris t ics .  Thus, when rigid, high-perf ormame 
standards a re  requited for  a pressure-sensitive adhesive, polyvinyl alkyl  
e thers  or poljacrylates becowe the yolyraers of choice. (1) .. 

Paper, cellophane, p las t i c  f i l m s  such as polyethylene, polyester , polyvinyl 
chloride, c lo th  and metal f o i l s  nay be used as  backiny for such  tapes. 
Generally, the adhesive coat is applied by calendering o t  solvent spreading. 
Tapes are  made both w i t h  adhesive on one face and w i t h  adhesive on both sides 
(double-faced). The one-face tape is used fo r  sealing, aasking, holding and 
reinforcing operations. The double-faced tapes are  used primarily for  joininy 
operations where there is a need t o  control  the amount of adhesive and where 
pressure sens i t iv i ty  is needed. (1) 

4.3  Clcssif icat ion by Xayner. T h i s  sect ion is based on a discussion of 
synthet ic  organic adhesives and is included here because it provides a rather 
useful insight  into t h e  chemistry of a nunber of the adhesives of interest  t o  
the  users of t h i s  handbook. Unfortunately, some of the discussion w i l l  
overlap tha t  given i n  4.2 above. ( 1 7 )  

4 . 3 . 1  Therraosettin~ res in  adhesives. A thermosetting synthetic resin is 
one tha t ,  on curing, undergoes an irreversible chemical and physical change t o  
becone substantial lk infusible and insoluble. The te rn  tliermosetting is 
applied t o  the  resin loth before and a f t e r  curing. Some thermosetting adhe- 
s ives  are  condensation polymers and sokw are  addition polywers. Yhe important 
examples are urea -, melamine -, phenol - and resorcinol-formaldehyde 
adhesives and epoxy, yofyisocyanate and polyester adijesives. They w i l l  be 
considered i n  tha t  order. 

4.3.1.1 Urea-forwaldelirde adhesives. A urea-formaldehyde resin or glue, 
commonly cal led a urea glue8 is the condensation product of unsubstituted urea 
and foriaaldehyde. These materials a re  usually supplied as t w o - - - r t  system, 
including res in  and hardening agent. Extenders and f i l l e r s  a r e  used i n  the 
f orwulations. Curing is accomplished under pressure without teat .  The nost 
common application is in  plywood. Urea glues are  not a s  durable a s  other 
types b u t  a re  su i table  for  a f a i r  range of service applications. They are 

, generally lov-cost and a re  easy t o  apply and cure. Their pot f i f e  is limited 
t o  1 t o  24 hours. [17)(16) 

4.3.1.2 helamine-f 6imaldehyde adhesives. A malanine-f ormaldehyde adhesive, 
a l s o  ca l led  a melamine glue, is a condensation product of unsubstituted 
melamine and formaldehyde, These adhesives have much i n  comnon with 
urea-formaldehyde resins, but they are  much newer and have not at tained great 
importance a s  adhesives. They are, houttver, widely used as t e x t j l e  f fnishes 
and i n  the manufacture of decorative laminates and p las t i c  moldings, a s  well 
a s  on plywood. lielamine adhesives are supplied as  powders t o  be mixed w i t h  
hardening agents. A minimulti temperature of about 1490P (650C) i s  required 
for curing, along w i t h  pressure. Melamine-formaldehyde glues are  equivalent 
i n  durabi l i ty  and water resietance t o  phenolics and resorcinols, They are 
often combined w i t h  ureas t o  lower costs. Service temperatures are  higher 
than f o r  ureas. ( 1 7 )  (16) 
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. 
4.3.1.3 Phenol-Eortlaldelrrda adhesives. Ln the adhesives f ie ld ,  a 

phenol-formaldehyde resin, commonly cal led a phenolic glue, meam a 
condensation product of tornaldehyde and ~~onohyitric phenol. (See a l so  
4.2.1.1.2 above.)(lf) 

4.3.1.4 kesorcinol-formaldeh~a adhesives. These adhesives cute on 
addition of formaldehyde, conpared t o  phenolics, which cure on addition of 
strong acids. They are usually supplied i n  alcohol-water solutions t o  which 
formaldehyde mus t  be added. Curing is a t  roam temperature or higher, w i t h  
moderate pressure. These adhesives a re  euitable fo r  exterior  use and a re  
unaffected by boiliug water, mold, fungus, greaee, o i l  and.moet solvents. 
They are use6 primarily on wood aad plywood, plast ics ,  paper and fiberboard. 
(See a lso  4.2.1.1.3 above. ) (48)  

4.3.1.5 bwoxu-resin adhesives. I n  the unhardened s t a t e ,  the chenical 
s tructure of an epoxy resin is characterized by the epoxide group. There a r e  
two broad ~>ethods of adding such a group. The f i r s t  and nost important 
method, froa the point of v i ew of adhesives, involves reacting a substance 
already containing an epoxide group, such as epichlorohydrin, with a substance 
having replaceable hydrogen atoms. The resultant product is a glycidyl 
compound which, in  the most important cases, is a glycidyl ether, mine  or 
ester .  The glycidyl ethers include the bisphenol A epoxy resins, the type 
usually referred t o  in  the general meaning of epoxy resins. I n  the second 
method of forming epoxy resins, peracetic acid or any other appropriate 
oxygerr-donating conpound, is used t o  ef fec t  epoxidation of an olef in ic  
co~x~ound. ( 17)  

Epoxy adi~esives conprise k l iquid or a fusible sol id containing epoxide 
groups and a curing agent. containing functional groups w i t h  which t h e  epoxiae 
g r o u p  conbine t o  form a crosslinked polyuer. Uhen the react ion between resin 
and hardener i s  capable of taking place a t  room temperature, the two 
components are  nixed iwaediatety before use; but, if the m i x t u r e  is re'.atively 
inactive under ordinary storage conditions, khe components may be mixed 
togetller and mrketed as a single-package adhesive. The oU-stageo adhesive . 
systems a l so  canprise a single coaponentr but, in t h i s  case, the  resin and 
hardener have been reacted t o  an intermediate but stiZl fus ib le  stage. Tbe 
curing that  takes place when the resin and hardener are  brought in to  intimate 
contact, foe exawle,  by melting t h e  so l id  under appropriate conditions, is an 
irreversible reaction that  results  i n  8 thermoset resin. T h i s  reaction does 

, n o t  involve condensation polymerization, and therefore, no low-mlecular-weight 
substance, s u c h  a s  water, is e y l i t  off. For t h i s  reason, the shrinkage tha t  
takes place during cur.e i s  s l ight ,  and t h i s  is one of the properties that  
makes epoxy resins especially valuable a8 sdhesivee. Furthermere, a u i  de 
range Of end products having a correepondingly wide rsnge of properties can be 
obtained by use of different  resinfhardener adhesive systems. Epoxy adhesives 
are the nost veraatf le  adhesives available. They have excellent tensile-shear 
strength, poor peel strength and excellent resietance t o  moieture and 
solvents. Epoxy adhesives are used on metals, plast ics ,  glass, vood, rubber 
and ceramics. 
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Types of hardeners used i n  cur ing  bisyhenol A epoxy r e s i n s  include the 
f ollouing: (17) 

o Al ipha t i c  ur~lvawine hardeners. Used i n  adhesive systems capable of 
cur ing  a t  normal or s l i g h t l y  e leva ted  tenperatures .  Host important a r e  
d ie thy lene t r ikn i tm (Dt'TA), t r i e thy leae te t raa t ine  .jYETA) and 
diethylaminopropyl~mine (DEAPA), . .. 

o Pat t v  volvaraides. ~ e r s a m i d e s l )  Condensation products  of polyamines . 
and unsaturated f a t t y  acids .  These a r e  high-meltinS l i n e a r  yolyanides of 
t h e  ny3on type, conta ining carboxyl  and amino end groups and a i d e  groups 
along t h e  chain. The mount required f o r  c u r i n g  is large and the 
propor t ion  not very c r i t i c a l .  They a r e  used t o  impart f l e x i b i l i t y  a s  
w e l l  a s  f o r  cur ing  and are probably t h e  most widely-used epoxy cur ing 
agents.  

=heg. t r a d e  nane of nenkel Corp . 
o Aromatic ~ o l y a a i n e  hardeners. Mostly s o l i d .  Include 

metaphenylenediamine (HPD), diaminodiyhenylnethane (IDA) and 
diaminodiphenyl sulphone DDS I .  I n  general ,  these  hardeners provide 
poorer bond s t r e n g t h s  a t  high t e ~ l y e r e t u r e s  and a r e  nore s e n s i t i v e  t o  
temperature cyc l ing  than t h e  a l i p h a t i c  amines. Shrinkage is a l s o  high. 

0 ARh'ldride hardenero. Oryanic polycarboxylic anhydrides. h o s t  require  
severe  cur ing  cycles .  Provide improved thermal s t a b i l i t y  over the 
m i n e s .  Anhydride-cured epoxies are o f t e n  b r i t t l e  and requ i re  a 
f l e x i b i l i z e r ,  which w i l l  r e s u l t  i n  reducing t h e  heat  and chemical 
r es i s t ance .  

o Boron t r i f l u o r i d e  hardeners. Boron t r i f l u o r i d e  sonoethylatline 
(UP3-llrEA) melts a t  95OC and is used i n  one-package adhesives. 

0 Phenolic r e s i n s  a s  hardeners. The phenolic may be e i t h e r  a novolak o r  a 
resite sntl may be used with o r  without some other  cur ing  agent o r  
ce ta lye t .  I n  epoxy-phenolic a l l o y s  (see 4.2, 5.2 and 4.3.31, the  
phenol ic  is i n  considerable  excess  of t h e  epoxy and func t ions  only i n  
p a r t  a s  a hardener. 

o kiscel laneous  cur ing  aaents. H o s t  important is d icyand imide  (Df CY 1, 
used much i n  metal bonding. It melts a t  about 2OOoC ( 3 9 2 * ~ )  and is 
nonreactive a t  room temperature, s o  i t  is convenient f o r  use i n  a 
one-package adhesive i n  t h e  form of a powder or  rod. 

Por a d d i t i o n a l  d i scuss ion  of epoxy adhesives,  see 4.2.1.1.1 above. 

4.3.1.6 P o l ~ f s o c ~ a n a t e  ( ~ o l ~ u r e t h a n e l  adhesives. YIle term polyisocyanate 
as used here  is intended t o  mean an a lLpha t ic  o r  aromatic isocyanate 
con ta in ing  two o r  more isocyanate groups, Resins der ived f r o n  p ~ l y i s ~ c y a n a t e s  
have a chemical s i m i l a r i t y  to  epoxy r e s i n s  i n  t h a t  both form add i t ion  polymers 
w i t h  compounds conta ining a c t i v e  hydrogen groups. Their  importance as 
adhesives ,  however, is much less than t h a t  of epoxy adhesives. Adheeives 
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interest has been nainly i n  aronratic polyieocyanates. The m ~ ~ t  coaaronly used 
isocyanates in  adhesives are tolylene d i i e ~ ~ y a ~ t e  (TDI), used primarily i n  
gluing metal, wood and certain plastics, and triphenylmethaae-y,p*y8-triieo- 
cyanate, used mostly where one adhetend i e  rabbet. UDY ie aleo used to saare 
ertent.tlf) (See aleo 0.2.1.1.6.) 

4 . 3 .  Poljrester resin adheeivea, I n  the field oE adhesives, polyester 
resins have not so far found wide application, unless the laminating use of 
the unsaturated polyesters as adhestve bonding is included. For a previous 
dfscusaion, eee 4.2.1.1.3 above. 

4.3.1.6 silicone Adhesives. Certain silicone adhesives are tberaosett i ng  . 
They are used malnly for bonding of silicone rubber, an application i n  which 
crosslinking must be infrequent i£ the adbeeive is to have a rubbery nature 
after curing. The eilicone is usually dimethyl p03ysiloxane~ which is 
norcaally cured by heating w i t h  a s i l i c i c  ac id  ester and a catalyst. 

Certain forms of the adhesive are capable of being cured a t  room temperature 
and of giving good resistance to  heat. Although the bond strength of 
organo-silicon resins is normally not high, it can be inproved by . 
incorporating an epoxide, polyester or phenolic reein, additions which can 
reduce hot strength and thermal stability.(17) (See also 4.2.1.1.7 above.) 

4.3.1.9 Purane adhesives. These materials contain the chemical group known 
as the furane ring. They include the condensation polymers of furfuraldehyde 
( f urf utal) and f urf uryl alcohol. These furane compounds polymerize on 
addition of an acid, passing through a liquid resinoue s tate  and have adhesive 
properties. Puran resin adhesives are claimed to effectively bond 
therimplastic materials and rubbers and also phenolic laminates where adhesion 
to  snootlt surfaces is better than to sanded suzfaces.(lf 1 

4 3 1 Acrylic adhe~ivea. (The discussion here is on thercpseetthg 
acrylic adhesives. For other types, including cyanoacryistes, see 4.3.2.3.) 
U l t h i n  the past few years, various acrylic adhesives called 'reactive 
adhesives,' 'modified acrylics,* 'second-generation acrylics' or 
'teactive-fluid adhesives' have become available. These are formulations of 
monomeric materials that polymerize in tbe glueline to  become an integral part 
of an adhesive assembly. The term mfiret-generation acrylic adhesives' refers 
to adhesives i n  eristence for over twenty-five years. This  older: technology 
utilizes solutions of polyneersr. usually rubber, i n  methacrylate monomers and 
involves polymerization oP these monomers in the presence of reinforcing 
resin. Currently several companies are marketing the newer 'second-generation 
acrylic adhesives.. Lhese adhesives are heed on a cambination of different 
modifying polymers for acrylics and a surface activator. %he modifying 
polyl~er reinforces and toughens the bond and provides a reactive ~ b m i c a l  s i t e  
which acts as a catalyst i n  the presence of special activators. Adhesion 
takes place when the monomers and activator graft-yolymerize i n  the modifying 
polymer i n  the joint line. 

I n  caametcial forn, the geecond-generation8 acrylic adhesive eyetern consists 
of two components, each being a 1009-solids campoaition in fluid form and each 
reactihg t o  form the adhesive f i b .  The 'second-generation' acrylic adhesives 
resenble the epoxy and polyurethane adhesives functionally; but t h e  new 
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a c r y l i c s  c u r e  by a Cree-radical r eac t ion ,  r a t h e r  than by i o n i c  polywerization. 
Because of t h i s  f tee-radical  react ion,  second-generat ion a c r y l i c s  do not 
requ i re  c a r e f u l  wetering and accura te  mixing f o r  f u l l  performance. Other 
advantages of t h e  new modified a c r y l i c s  include: 

o Tolerance f o r  o i l y  and otherwise poor ly  prepared S u r i a c e ~ t  

o Rapid bonding a t  room tef@eratuce, which can be speeded f u r t h e r  with mild 
heat  or  t h e  use of acce le ra to r s ;  

o Low shr inkage during curing; 

o High pee l  and impact s t reng th ,  cowbined with exce l l en t  shear  s t reng th ;  

o Good envi tonnenta l  r e s i s t a n c e  and elevated-temperature proper t ies .  

Excel lent  bonds can  be obtained with a wide v a r i e t y  of s u b s t r a t e s .  
Aluminum, brass,  copper, s t a i n l e e s  s t e e l  and carbon s t e e l  a r e  e a s i l y  bonded t o  
s i n i l a r  or  d i s s i m i l a r  metals. &#oat p l a s t i c s ,  including glass-re inforced 
grades,  can a l s o  be bonded, along with wood, g l a s s ,  cement-asbestos board and 
hardboard. Some types w i l l  b o d  cured e l a s t w e r s .  I n  a t y p i c a l  appl icat ion,  
a t h i n  l ayer  (0.0001 inch or  0.002 nun) of t h e  a c t i v a t o r  is app l ied  t o  one of 
t h e  adherends, and a l ayer  of t h e  adhesive anywhere from 0.001 t o  0.01 inch 
(0.025 t o  0.25 nm) is placed on t h e  o the r  adherend. The two substrates are 
then pressed together  and secured u n t i l  adequate handling s t reng th  develops. 
Host second-generation a c r y l i c  adhesives c u r e  t o  t h e  p o i n t  of handling 
s t r e n g t h  i n  2 t o  20 minutes, but some c u r e  i n  as l i t t l e  a s  10 seconds. I n  a l l  
cases, f u l l  c u t e  is obtained i n  24 hours o r  less. The second-generation 
a c r y l i c  adhesives y;ve e x c e l l e n t  shear,  p e e l  and impact s t r e n g t h s  a t  
temperatures frn.. -sen t o  2 5 0 0 ~  (-107 t o  121oC). Shor t  exposures up t o  
3500F (17'loC) a r  y -.sible. Peel  and irqpact strengtl la a r e  considerably 
higher than for 911 ;tf?r rapid-sett ing adhesives, as shown i n  Table X. 

Uonds made with t h e  second-generation a c r y l i c s  hold up wel l  under a wide 
range of env i roments ,  including temperatures up t o  3500P (177QCl. 
Properly-cured bonds w i l l  resist immersion i n  such chemicals as isooctane,  
motor o i l ,  a i r c r a f t  hydraulic f l u i d ,  10b sodium c h l o r i d e  so lu t ion ,  d i s t i l l e d  
v a t e r ,  e t h y l  alcohol,  d i l u t e  mineral  acids and a l k a l i e s .  However, t h e  
adhesives a r e  not r e s i s t a n t  t o  concentra ted ac ids ,  a l k a l i e s  and acetones. 
Resistance t o  weathering, includiny sa l t - sp ray  enviconments, is a l s o  exce l l en t .  

The second-generation a c r y l i c  adhesives w i l l  probably s e e  increas ing use i n  
applicatdorrs where eexy end contact adhesives can be used t o  replace  spo t  
welding i n  c e r t a i n  a p p l i c a t i o m  where immediate handling of jo i tpd  metal p a r t s  
Is required.  Another broad a r e a  of a n t i c i p a t e d  a p p l i c a t i o n  is i n  t h e  bonding 
of d i s s i m i l a r  s u b s t r a t e s ,  including metals  and o ther  m a t e r i a l s  with d i f f e r e n t  
c o e f f i c i e n t s  of expansion. (19) (20) 

4.3.1.11 Soluble  nylon adhesives. Adhesives u t i l i z i n g  alcohol-soluble 
nylons a r e  re fe r red  t o  i n  s e v e r a l  s e c t i o n s  of t h i s  handbook. Cer ta in  so lub le  
nylons, euch as 14-methyl raethoxy-nylon, can be made s u b s t a n t i a l l y  i n f u s i b l e  
and inso lub le  by heating i n  t h e  presence of an ac id  c a t a l y s t  and a r e  reported 
t o  g ive  high adhesion to  wood, even i n  bo i l ing  water. A valuable  f e a t u r e  of 
t h e  s o l u b l e  nylons is t h a t  they a r e  incompatible w i t h  many other resins, 
permi t t ing  the  f a r n u l a t i o n  of adhesive mixtures,  such as nylon-epoxy.(17) 
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4.3.1.12 Polyaroraat ic  adhesives.  These adhes ives ,  poly imide  and 
po lyben t in idazo le ,  are f r e q u e n t l y  grouped w i t h  t h e  therlaosets ,  because- of 
t h e i r  h igh  mel t ing  points. They are strfcfly t he rmop las t i c s ,  however, and a r e  
d i s c u s s e d  under 4.2.1.3.1. 

4.3.2 Yhermwlas t i c - r e s in  adhesives.  A t he rmop las t i c - r e s in  adhes ive  is one 
which melts or s o f t e n s  on hea t ing  and r eha rdens  on c o o l i n g  wi thou t  ( w i t h i n  
c e r t a i n  tempera ture  l i m i t s )  undergoing aay  chemica l  change. A t  t empera tures  
above t h e  me l t ing  p o i n t  a n  i r r e v e r s i b l e  chemical  change such  as 
d e y o l w e r i z a t i o n  or o x i d a t i v e  deg rada t ion  may t a k e  place. When used as 
adhes ives ,  t he rmop las t i c  r e s i n s  are used i n  t h e  form of 8 0 l u t i o W r  d i s p e r s i o n s  
i n  water  o r  s o l i d s .  They are u s u a l l y  'set' by p u r e l y  p h y s i c a l  means. rlhen 
a p p l i e d  as s o l u t i o n e  or d i s p e r s i o n s ,  adhes ion  follows e v a p o r a t i o n  or 
a b s o r p t i o n  of t h e  l i q u i d  phase  (as i n  ' so lvent  a c t i v a t i o n ' ) .  Uhen a p p l i e d  by 
g e l t i n 9  and c o o l i a g  tbe solid, t h e  terms 'hot-meltm o r  'melt-freezem a r e  used 
t o  d e s c r i b e  t h e  method of use. (See 4.2.3.) 

Although t h e  terms ' s e t t i ng '  and 'curing' are g e n e r a l l y  used synonynously i n  
connec t ion  w i t h  both the rmop las t i c  and the rmose t t i ng  adhes ives ,  the t e r u  
. s e t t i n g m  is aore common wi th  t h e r n o p l a s t i c  adhes ives ,  u n l e s s  a chemical  
p r o c e s s  such  as y o l y n e r i z a t i o n  is involved ,  when t h e  term 'cur inym is more 
a p p r o p r i a t e .  Thermoplas t ic  adhes ives  f a l l  i n t o  many d i f f e r e n t  chemical  
classes, but  t hey  a l l  comprise p r e d m i n a n t l y  l i n e a r  macror~olecules.  Because 
of t h i s  common f e a t u r e ,  t h e i r  properties are, i n  many c a s e s ,  r i fmi lar ly  
i f i f l ~ e n c e d  by factors such  as molecular  weight and d i s t r i b u t i o n ,  c o n c e n t r a t i o n  
of p l a s t i c i z e r s  and o t h e r  a d d i t i v e a  and, i n  ~ ~ 0 1 y I I t e t S r  t h e  monomer r a t i o .  
I-lost t h e c a o p l a s t i c  a d h e s i v s s  a c e  capable of bonding a wide v a r i e t y  of 
materials such as paper,  wood and l e a t h e r .  A smaller number are capable a l s o  
of bonding rubbers ,  metals and some p l a s t i c s ,  t h e  most no tab le  excep t ion  being 
t h e  s i l i c o n e  and f luo roca rbon  p l a s t i c s  (w i thou t  s p e c i a l  s u r f a c e  t r ea tmen t ) .  
( 1 7 )  

4.3.2.1 Celluloseadhesives This  group i n c l u d e s  c e l l u l o s e  
acetate, c e l l u l o s e  a c e t a t e  b u t y r a t e  and c e l l u l o s e  n i t r a t e  as c e l l u l o s e  e s t e r s ,  
and c e l l u l o s e  e t h e r s  euch as methyl, sodiun-carboxyl-wet hyl ,  e t h y l ,  
hydroxyethyl  end benzyl  c e l l u l o s e .  The esters are used i n  s o l v e n t  s o l u t i o n s .  
C e l l u l o s e  acetate and c e l l u l o s e  a c e t a t e  b u t y r a t e  a r e  water-clear and more 
h e a t - r e s i s t a n t  but  l e a s  w a t e r - r e s i s t a n t  t h a n  c e l l u l o s e  n i t r a t e .  C e l l u l o s e  
a c e t a t e  b u t y r a t e  has  b e t t e r  h e a t  and water r e s i s t a n c e  t h a n  c e l l u l o s e  a c e t a t e  

, and is compat ib le  wi th  a v i d e  range of p l a s t i c i z e r s .  C e l l u l o s e  n i t r a t e  is 
tough, develops  s t r e n g t h  r ap id ly ,  is w a t e r - r e s i s t a n t ,  bonds to many s u r f a c e s  
and d i e c o l o r s  i n  oun l igh t .  The dried adheeive  ( n i t r o c e l l u l o s e )  is f lamiable.  
A s  for t h e  e t h e r s ,  e t h y l  and benzyl  c e l l u l o s e  c a n  be used as hotasPelt 
adhes ives .  Methyl c e l l u l o s e  a tough m a t e r i a l ,  comple te ly  nontoxic,  
tasteleas and odor l e s s ,  which lnakes it a v a l u a b l e  adhes ive  f o r  food packages-  
I t  is c a p a b l e  of forming b igh -v i scos i ty  s o l u t i o n s  a t  very  low concen t r a t ions ,  
s o  it i8 ve ry  u s e f u l  as a th i cken ing  agen t  i n  water-soluble adhesives.  
Bydroxyethyl  c e l l u l o s e  and sodium carboxymethyl c e l l u l o s e  can a l s o  be used as 
t h i ckene r s .  ?he c e l l u l o s e  e t h e r s  have f a i r  to  good r e s i s t a n c e  t o  dry hea t ;  
water r e s i s t a n c e  v a r i e s  from e x c e l l e n t  for benzyl  t o  poor f o r  methyl 
cellulose. ( 1 7  f (38)  

Downloaded from http://www.everyspec.com



4.3.2.2 Polwimrl adhesives. The vinyl group comprises the reactive part 
of a large number of compounds that  produce the r~op lae t i c  polymers, wt of 
which are extremely useful as  adhesives. They include the following types. 

4.3.2.2.1 Polwinvl  ester  adhesives. The most important adbesive of: t h i s  
type is polyvinyl acetate (PVAJ. ks en adhesive, f t is used i n  solution, in  
aqueous dispersion and by hot-nelt technique. f n one form or another, it is 
probably the nost widely-wed themoplastic adhesive. [see 4.2.2.1.4.1 The 
well-knoun PYA emulsion glue, with a polymer content of about SO$, Fs a 
versa t i le  iadustr ial  adhesive. M t e r  application t o  an adberend, water i s  
elininated from t h e  emulsion through evapocation and absorption by an 
absorbent adherent, resulting i n  swollen par t ic les  coalescing t o  form a 
coherent adhesive film. Plaet icizers  are usually required, and tbese cause 
the nost important 8hortcomings of PVA's, creep under s t r e s s  a t  high 
temperatures. Bond strengths of up t o  several thousand ps i  a re  obtainable, 
but not under cont inuoua loading. ( 10) 

4.3.2.2.2 Polvvinvl acetal  adhesives. Polyvinyl acetal  is the generic name 
of a group of polymers that are products of reaction between polyvinyl alcohol 
and an aldehyde. In the preparation of tbeee scetals,  polyvinyl acetate is 
used, which is then par t ia l ly  hydrolyzed t o  the alcohol. (See 4.2.1.3.5.) As 
adhesives, tbe most inpostant polyvinyl acetals  are those from formaldehyde, 
namely the formal, and from butyraldehyde, the butyral. The properties of 
these polyraers are largely dependent upon t h e i r  molecular w i g h t s  and on the 
degree of hydrolysis of the acetate. Considered as an adhesive by i t s e l f ,  
tha t  is t o  say not as  one of the  cmponents oP a two-polymer systetl, t h e  
butyral i s  much more important than the formal. T h i s  is because it i s  more 
readily solub;le, has a lower melt-viscosity and is a sof ter  and more Plevible 
polymer, giving better peel strength and, therefore, higher apparent adhesion 
w i t h  thin adherendls. I n  the two-polymer adhesive system (see 4.3.3.2.11, the 
formal is a t  l eas t  as ir~portant as  t h e  butyral. 

The polyvinyl acetals  give hSgh strengths a s  hot-melt adhesives and, used i n  
t h i s  way, can be considered as marginal s t ruc tura l  adhesives, especially i n  . 
adhering wood and metal. The nost inportant bot-melt: application of po ly~ iny l  
butyral is in  making laninated safety glass. Although t h e  polyvinyl acetals  
are normally considered t o  be thetmoplaatic po;Lpers, they can be crosslfnked 
by heat, especially in the presence of a t race of mineral acid., and thus made 
thernosetting. They can also be crosslinked chemically. Although elpall 
percentages of a number of chemical substances a re  suff ic ient  t o  bring about 
crosslinkiny, the observed ef fec t  is small c-ared t o  that  obtained w i t h  the 
much l a ~ g e r  additionq of thermosetting resfna such as are used i n  t h e  
two-polyner systems, 'or by prolonged heating of the acetal. (I7) 

4.3-2.2.3 Polvvinyl alcohol adhesives. 2he polyner of polyvf nyl alcohol i s  
made coramercialiy by acid hydrolysis of polyUiny1 acetate. The won0me-r has 
not been isolated. According t o  the degree of polymerization and degree o f  
hydrolysis, a wide range of polyuers wi th  nolecular weights up t o  200,000 may 
be prepared, having different  so lubi l i t iee  i n  water. The so lub i l i ty  is 
dependent upon the percentage of acetate group.  PolyvinyT alcohols w i t h  
higher acetate groups are less  soluble i n  water. The limited ~ e a i s t a n c e  t o  
water r e s t r i c t s  the usefulness of polyvinyl alcohol as an adhesive. On the 
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other hand, polylaer~ with a low acetate content are res is tant  t o  nearly a l l  
organic liquids and, consequently, have an iffiportant place as adhesives in  
contact w i t 1 1  grease8 and oi ls .  It is possible t o  crosslink polflinyl alcohol 
by heating w i t h  a small mount of a dicarboxylic acid. Such croaslinking 
resul t s  in  increased water resistance. Polyvinyl alcohol is probably the most 
widely used water-soluble synthetic resin, and its chief use i8 i n  gluing 
porous ns te r i a l s  such  as leather, cloth and paper. Ueiny nontoxic and 
odorless, i t  is especially u s e f u l  i n  contact w i t h  food. I t  can a lso  be used 
a s  a renoistenable adhesive. (37) 

4.3.2.2.4 Polyvinyl alkyl ether adhesives. Polyvinyl alkyl ethers, sane of 
which are elastomers, although not generally c lass i f ied  as synthetic rubbers, 
a re  vinyl polymers w i t h  valuable adhesive properties. The monmers are 
prepared £rota acetylene and an alcohol i n  the presence of an a l k a l i  
alcoholate. Polyvinyl ethyl ether, polyvinyl n-butyl ether and polyvinyl 
isobutyl ether a11 range from extremely tacky semisolid5 t o  elaSt0meric 
sol ids;  and, therefore, polyaer blends can be zlade having properties 
appropriate t o  e wide range of adhesive applications. Polyvinyl methyl ether 
i s  a highly viscous l i q u i d  or semisolid. The largest  use of the polyvinyl 
ethers  is in  pressure-sensitive adhesives. Polyvinyl s tearyl  ether is a waxy 
sol id  that is sometimes used as a modifier i n  adhesive compositions. The 
rubbery types of polyner are soluble in  a vide range of organic solvents. I n  
solut ion form they are  used for  s t icking shoe soles and othec high-tack 
applications. Copolymers of vinyl ethers have a lso  been prepared, s u c h  as 
emulsion copolymers w i t h  acryl ic  ea ters  or vinyl chloride and copolymers of 
lower alkyl vinyl ethers  w i t h  acryl ic  esters.(171 

4.3.2.2.5 Polystyrene adhesives. Polystyrene is a vinyl monomer which 
polymerizes readily. Polystyrene as  an adhesive is used i n  solut ion or as an 
aqueous dispersion. In  both fo rm,  it is necessary t o  l i m i t  applications t o  
those where a t  leas t  one of the adherends i e  porous, end one iaportant example 
is the adhering of polystyrene t i l e s  t o  a plaster  wall. Polystyrene adheres 
very well t o  wood but not very w e l l  t o  ne ta l  not t o  p las t ics ,  except 
polystyrene i t s e l f .  Por bonding t h e  l a t t e r ,  a low-noiecular-weight styrene 
polymer plus a peroxide catalyst  is an excellent adhesive capable of 
polymeriri ng i n  the  glueline. More valuable as an adhesive than polystyrene 
ace the copolymers of styrene and butadiene, wbich resul t  i n  adhesives ~auch 
l e s s  b r i t t l e  than polystyrene. These materials ere commonly used in  footwear 
for  bondiny leather and rubber soles. Styrene and -methyl styrene readily form 
copolymers with a large number oS other nohoo~srs. itb~luding methyl v iny l  
ketone and methylane dimethacrylate. [l7) 

6.3.2.3 Acrylic resin adhesives. 

4.3.2.3.1 Acrylic esters.  

4.3.2.3.1.1 Acrvlate w i d  Jiesters.  An unusual tyke of chemically-blocked 
adhesive has bet- available i n  recent years and is used as  an anaerobic 
sealant.  T h i s  group of acrylate acid d ies tere  is made up of essential ly 
monoQeric, th in  liquids which polymerize t o  form tough p las t i c  bands when 
confined between closely-.F i t t i n g  metal parts.  Tim se l f  -hardening property of 
these adhesives which makes them unique is based on two factors: (1) contact 
with a i r  keeps the fi~onomeric adhesive l iquid; and ( 2 )  metal surfaces 
accelerate the anaerobic polymerization out of contact w i t h  a i r .  Yhe acrylate 
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acid d i e s t e r s  bond a l l  common metals, glase,  p l a s t i c  pa r t s  and some plated- 
metal par t s  t o  themselves and t o  each other. Pheaolic p las t ic  pa r t s  and some 
plated-metal p r t a ,  such as cadmium and zinc, require a primer, which is 
essent ia l ly  a heavy metal compound, such a s  f e r r i c  chloride. Polylperisation 
o r  curing of the d ies te ra  is eeeentfally a free-radical type addition 
polymerization. The most important use of anaerobic adhesives i e  ae a l iquid 
lock washer f o r  screws and bolts. The cure can be accelerated by the use of 
ac t ive tors  o r  heat.(21) (See 4.4.5 f o r  more de ta i l . )  

4.3.2.3.1.2 Cyanoaczylate adhesives. Cyanoacrylate adhesives a r e  
marginally thermosetting adhesives which form stroag rapid-setting bonds 
between many materials without the need f o r  heat or  an added catalyst .  The 
alkyl  cyanoacrylete adhesives a r e  now used t o  assemble electronic  instruments, 
t o  bond gasket materials,  apply s t r a i n  gages, repair  denturesg antiques and 
musical instruments, eea l  nuts and bolt*, conatruct digs, f ix tures ,  displays 
and scale  models. The simplest e l e l  cyanoacrylate adhesive and the f i r s t  t o  
be offered commercially (in 1958) is based on a vinyl monomer ident i f ied a s  
methyl 2-cyanoacrylate. Thie adhesive has been widely dis t r ibuted i n  the 
United S ta tes  and most other countries. In recent years, adhesives based on 
higher cyanoacrylic acid homologues, such a s  ethyl ,  propyl and butyl e s t e r s  
have been offered. Most of the cyanoacrylete adhesives a r e  made by 
compounding the monomers with thickening agents, plea t i c l e e r s  and other 
additives.  Moisture resistance of the methyl. 2-cyanoacrglete is only f a i r .  
Some suppliers heve claimed superior moisture resistance f o r  the higher 
homologues of cyanoacrylate es te rs ,  but def in i t ive  data t o  substant iate  t h i s  
advantage is lacking. Ethyl cyanoacrylate.has been shown t o  form stronger 
bonds than methyl cyanoacrylate between several d i f fe ren t  types of p l a s t i c s  
substrates.  The higher homologues, however, generally do not form bonda with 
a s  high strength as the  methyl form. l o s t  indus t r ia l  uees f o r  cyanoacrylate 
adhesives can be a t t r ibu ted  t 5  ~ e v e r a l  bondim character is t ice  t ha t  s e t  them 
apar t  from epoxies, cellulosicfi :8sd other adhesives. The outstanding features 
of the cyanoacryla t e s  a r e  : ( ~ 2 )  

o Very fast bond formation idovn t o  30 secs o r  lesa)  can be achieved on a . 
variety of metals, p las t ics ,  woods, elaetomers and glass .  

o Very high bond strengths a re  poeeible (the thinner the bonding f i l m ,  the 
stronger the bond). The bonds are eleo colorless.  

o No added catalyet  o r  mixing is  necsesary; the one-component eyetents are 
simple t o  uee. 

o Beither heat nor high pressurea a r e  needed, atd no solvent must e v a p r a t e  
during bond formation. Contact preeaure i a  usually eufMcient,  making 
clamps and weight8 unnecessary. 

0 Very low shrinkage occurs i n  the bond, since neither heat nor eolvent is 
used. 

o Cyanoecrylates a r e  economical to  use becauee of the low coverage needed. 
The volume price is high, but only a few milligrams (a  very emall drop) 
a r e  needed f o r  most bonda. 
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When an alkyl cyanoacrylate is ueed as an adhesive, t h e  formation of a bond 
takes place when the l iquid aonaeaer is converted t o  a so l id  polymer. 
Electronegatively dfsubetituted ethyleaee, such as methyl 2-cyanoacrylate, 
polytleri re by a base-catalyeetl anionic mechanism. This polymerization is 
exotheruic and can be in i t i a t ed  a t  l o w  temperatures by very weak bases such as 
water and alcohols. Nearly a l l  so l id  materials have sufficient traces of 
moisture adsorbed on tbe i r  surfaces t o  t r igger t h i s  polyInerization. The key 
s tep  i n  the successful application of a cyanoacrylate adhesive is t h e  
forlaation of a th in  adhesive film Letween two well-mated sutfatces. The 
thinner the film, the f a s t e r  the rate of bond formation and t h e  higher the 
bond strength. Table X I  shove the bond strengths developed by rrethyl 
cyanoacrylate adhesive in  a variety of substrates and combinations of 
substrates. ?he results ,  of course, depend on proper surface preparations. 
( 2 2 )  

Generally, extensive testing of the cyanoacrylate bonds under varying 
conditions has demonetrated good bond aging properties. Por exanple, 
rubber-to-rubber and rubber-to-netail bonds have weathered outdoors 
sa t i s fac to r i ly  for  more than aeven years. T e s t  bonds have a l s o  passed 
str ingent  water-ilaolereion and salt-spray tests. Plastic-to-plastic and 
plastic-to-rubber bonds have aged satisfactorily for three t o  f i v e  years. 
Netal-to-metal bonds generally age rather poorly; butr under optiouo bonding 
conditions where l i t t l e  of the glue l ine  is exposed t o  moisture, the 
performance baa been satisfactory. Generally, the cyanoacrylate adhesives 
have good resistance t o  various solvents. Immersion i n  alcohol, benzene, 
petroleum o i l s  or yasoline for  up t o  30 days does not great ly ef fec t  the 
bond. Bonded rubber par ts  have goad resistance to  petroleum oils, gasolines, 
nineral-oil-type hydraulic f luids,  diester-type lubricants and ethylene 
glycol-based f luids.  Dilute alkaline solutions weaken the bond considerably; 
exposure t o  d i lu te  acids weaken it t o  a lesser  extent. 
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TABLE XI. shear s t r ewthe  of various substrates bonded w i t h  
metb#l 2-cvanoacrv l a t e  adhesive. (22) 

Shear St remth  - 
Substrate ~ 6 1 1  ~ a l  

I .  Aluminun-aluminum ( 2024-S 1 
S teal-ateel  (cold rol led)  
A l u a i n u r s t e e l  

Acrylic-acrylic 
ELgid vinyl-rigid vinyl 
Polyester glass-polyester glass 
Phenol ic-phenolic 

' Nylon 6,6-n~10n G,6 i llylon 6 . 6 - a h i n u  
! Phenolic-alclninur~ 
f Uutyl rubber-butyl rubber 
I Slat rubber-SMt rubber 
i Ueoprene-neoprene 
I Hatural rubber-natural rubber 
! 14eoprene-phenolic 
! butyl rubber-acrylic 

Butyl rubber-polyester glass 
' SUt-polyes t e r  

i Butyl rubber-steel 
B u t y l  rubber-aluminum 

1 Average lap-ahear rtrength of 5 specisens aged for 24 hrs.  a t  73OP ( 2 3 0 ~ )  
f ollocring bond f oraation. 

2 U i t h  aurface activatotz 10 min. cure. 
3 Without surface activator: 10 min. cure. 
4 substrate Failure. 

Conpared with other s t ruc tura l  adhesives, t h e  cyanoacrylates have relat ively 
poor $=act resistance. Phi8 is at tr ibuted principally t o  the thin, 
inflexible bond that  is formed. 'It i a  especially noticeable men the adhesive 
is used between two r ig id  substrates, such as metale. 

The methyl cyamacrylate bond w l t s  a t  approximately 3300~ (1650C). 
Prolonged exposure df the bond t o  temperatures i n  this: range resul t s  i n  
gradual but permanent breakdown of the bond. Generally, the upper temperature 
for  continuous bond exposure is about l7Wp (770C). A t  lou-tewerature 
extreues, bonds remain in tac t  a t  l eas t  down t o  -6S0P ( -5a0~) .  Grades of 
cyanoacrylates with specialized hproved properties a r e  n w  available, One 
has improved heat resistance t t o  4750~  or 2460C), high viscosity and very 
fast se t t ing  abil i ty.  12*) 
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4.3.2.3.2 Acrylic co&tolytaer adhesives.  'rhe ljost impor tant  a c r y l i c  
coyol jmers  are those  f r o n  a c r y l o n i t r i l e .  The a c r y l o n i t r i l e / b u t a d i e n e  
cwolper has  its u i d e s t  u s e  i n  t h e  form of tbe l a t e x  and is used fo r  adhering 
a v a r i e t y  of  absorbent  m a t e r i a l s ,  i nc lud ing  ceramic w a l l  tiles. Another use 
is i n  raaking bonded (nonwoven) f a b r i c s .  P l a s t i c i z e d  a c r y l o n i t r i l e / b u t a d i e n e  
copolymer adhes ives  are used i n  p r e s s u r e - s e n s i t i v e  tapes. This type o f  
adhes ive  has r a t h e r  low r e s i s t a n c e  t o  heat.  Another a c r y l i c  .copolymer of 
i n t e r e s t  is t h a t  of b u t a d i e m  and a c r y l i c  or m t h a c r y l i c  ac id .  T h i s  has been 
used a s  a rubber-s tee l  adhes ive . ( l? )  

4.3.2.4 Polyatride r e s i n  and nylon adhesives. A yolyanide  is a yolyner 
ob ta ined  b( r e a c t i n g  a d i -  o r  poly-carboxylic  a c i d  wi th  a d i -  or poly-amine. 
Two types  of yolyaraide a r e  of i n t e r e s t  as adhesives:  one is t h e  Versamid type 
of po lyan ide  r e s i n ,  and t h e  o t h e r  ie  t h e  nylon type of polyamide y l a s t i c . ( l 7 )  

4.3.2.4.1 Polyanide r e s i n  adhes ives  (Versanids) .  These a r e  r e l a t i v e l y  
lou-molecular-weight * a t e r i a l s  p repa red  by t h e  condensa t ion  of dimet ized  
vege tab le  f a t t y  a c i d s  and polyarnines. The r e s i n s  vary £rot\ medium-viscosity 
l i q u i d s  t o  ha rd  the rmop las t i c  s o l i d s .  The l i q u i d s  a r e  well-knotm as hacderrers 
f o r  epoxy r e s i n s .  The s o l i d  forws,  c o n t a i n i n g  few o r  no r e a c t i v e  m i n e  
groups,  have adhes ive  p r o p e r t i e s  by themselves. They have molecular  i teights  
from about  3000-3000 and f e l t i n g  p o i n t s  between 950 and 1900C (203 and 
3 7 4 0 ~ ) .  These m a t e r i a l s  a r e  u s e f u l  a s  I~ot-nelt adhes ives ,  e i t h e r  by 
themselves o r  i n  admixture with o t h e r  components. (17 )  

4.3.2.4.2 Nylon adhesives.  Used by themselves a s  hot-melt adhes ives ,  t h e  
nylons a r e  capab le  of g iv ing  f a i r  adiresion t o  t ;~e ta l  and a v a r i e t y  of o t h e r  
i . ra te r ia l s ,  i nc lud ing  wood. ( 1 7 )  

4.3.2.4.3 lilllon adhes ives  with traces of phenolics-. The adhes ion  of nylon, 
e s p e c i a l l y  t o  metal ,  when used by t h e  not-melt tech:.ique, can  be s u b s t a n t i a l l y  
inproved by us ing  a tlrermoset t i n y  phenol-f ormaldehy. he r e s i n  i n  a s s o c i a t i o n  
wi th  it. Th i s  conb ina t ion  of nylon a. I a phenol! res:n ia not  included i n  
t h e  s e c t i o n s  d e a l i n g  wi th  two-polymer adhes ives  . -3.3.3.31, because very 
l i t t l e  pheno l i c  r e s i n  is used ( i t  may be a s  low , one p e r c e n t ) ,  and t h e  
cohes ive  p r o p e r t i e s  of the m a t e r i a l  a r e  almost e n t i r e l y  those  of t h e  nylon. 
The q u a n t i t y  of phenol ic  r e s i n  is t o o  enall t o  modify t h e  p h y s i c a l  p r o p e r t i e s  
of t h e  nylon, except  a t  t h e  adherend i n t e r f a c e ,  where it i n c r e a s e s  ad l~es ion  by 
f a c i l i t a t i n g  wett ing.  The raost e f f i c i e n t  way of using a nylodpheraol ic  

, adhes ive  s y s t e n  is t o  .yrizuem t h e  face of each  adherend wi th  a t h i n  coa t ing  of 
pheno l i c  r e s i n ,  evapora te  t h e  s o l v e n t  and i n t e r p o s e  a t h i n  film of t h e  nylon. 
The joint is t h e n  p re s sed  under c o n t a c t  p r e s s u r e  a t  a tewerature s u f f i c i e n t  
t o  ijelt t h e  nylon and l o r  a s u f f i c i e n t  t ime  to c u r e  t h e  pheno l i c  res in . (17)  

4.3.2.5 Hisce l laneous  t h e r n o p l a s t i c  adhes ives .  Nost t he rmop las t i c  polymers 
c a n  be used as hot-melt adhes ives  f o r  bonding one xaaterial o r  another. (See 
4.2.3 for a d d i t i o n a l  more-detai led d i s c u a ~ i o n . )  The yolycarbonates  (which a c e  
r e a l l y  unconventional  p o l y e s t e r s )  and t h e  formaldehyde l i n e a r  yolyxters known 
as t h e  p o l y a c e t a l s  a r e  examples of ttro t h a t  have been examined as adhesives,  
a l t hough  better known as molding r e s i n s ,  Tile e f f e c t  of p r i n i n y  t h e  s u r f a c e s  
of t h e  adherends wi th  a phenol ic  r e s i n  fo l lows  t h e  nylon p a t t e r n  of behavior 
(see 4.3.2.4.3) i n  t h e  case of t h e  polycarbonates  and b r i n g s  about  an  inc rease  
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i n  adhes ive  strength. L i t h  yo fyace ta l ,  t h e r e  is b corrsidereb3e reductior ,  i n  
s t r e n g t h  when t h e  phenol ic  primer is used, i n d i c a t i n g  an extrewe inconpat i -  
b i l i t y .  Polye thylene  c a n  be app l i ed  a s  a c o a t i n g  on c l o t h ,  ce l lophane  o r  even 
c e r t a i n  metal f o i l s  and t h e  polye thylene  s u r f a c e s  hot-welded. This  n a t u r a l l y  
r e q u i r e s  some degree  of adhesion between t h e  adherend end t h e  polyethylene.  
The degree  of adhes ion  shown by polyethylene to  nast adhereads carr be grea t ly  
increased  bjr ox id iz ing  t h e  polyethylene,  such  as with a f lame s y r a y . ( i 7 )  
Po lysu l f  i d e s  a r e  sometimes cons idered  as t he rmop las t i c  adhesi'ves, s u p p l i e d  as 
Thiokols ,  but they a r e  r e a l l y  tubbers  and are cons idered  b r i e f l y  under 
Adbesive/Sealants  l4.4.1.1.1) and Elastmeric Adhesives (4.4.71, e s p e c i a l l y  
' table xIrI. 

Other t he r r~mplas t i c  resins used as hot-melt adhesives i r ~ z l u d e  t h e  
fol lowing:  e t h y l  c e l l u l o s e ,  po lyv iny l  a c e t a t e  and d e r i v a t i v e s ,  ethylene-vinyl.  
a c e t a t e  copolytilers (EVA), e thylene-e thyl  a c r y l a t e  copolymers tkU), butjr3 
e e t h a c r y l a t e s ,  po lys ty rene  and copolymers, po ly  i sobuty lene ,  hydrocarbon 
r e s i n s ,  polypropylene, polyapides,  p o l y e s t e r s ,  and phenoxiec. Yile l t t t e r  
compounds a r e  i n t e r e s t i n g  i n  t h a t ,  because of t h e i r  high molecular uei?l;: 
(30,0001, yhenoxies cannot  be maintained molten i n  a heated p o t  a t  r eaaona t l e  
tempera tures  f o r  convent ional  hot-melt a p p l i c a t i o n s .  A screw ex t rude r  which 
can  apkljr both s h e a r  and hea t  t o  phenoxy r e s i n  is requi red  t o  P o n ~  a raoltr~: 
bead s u i t a b l e  f o r  a p p l i c a t i o n .  Phenoxy r e s i n s  can  be p l a s t i c i z e d  witl, 
d i2henyl  p h t h a l a t e  IIIPP), t r i c t e s 2 1  phosphate (TCP) or J icyc lohexyl  phtiaalk=i: 
(3CHP) t o  g i v e  composit ions s u i t a b l e  for formula t ion  i n  hot-melt adhesives.  
Un;l last icized yhenoxy g ives  p e e l  s t r e n s t l i s  of 16-26 lb / ln .  (3152-5253 !dm1 i r .  
bonding 1Jeol i te  t o  Ueol ite. Formulations wich 60% irC2iP r a i s e  t h e  pee3 
s t r e n g t h  t o  36-41 i s i n .  (5076-5213 ~~/ , ) . (21)(231(24)  

4 3 T ~ J O - P O ~ Y ~ ~ ~  adhes ives  ( a l l o y s  1. The s t r u c t u r a l  adhesives thac I:B\'E 
assbned i nc reas ing  importance i n  r ecen t  y e a r s ,  c h i e f l y  i n  metal boadi=,  azt. 
the  'rwo-polymerg adhes ives  t h a t  comprise a therwoset t ing  and a thermoplas t ic  
polynet ,  includinc; c e r t a i n  e las tomers  (see Table  1x1. Although each conponer.r. 
has adhesive p r o p e r t i e s  by i t s e l f ,  cons idered  o v e r a l l ,  t h e  c o n j o i n t  s y e t e a  
fOrllt  a stronger and wore v e r s a t i l e  adhesive.  The two-polywer s y s t e a s  have . 
been p a r t  i c u i a r l y  successf  c l  as f i l m  adhes ives ,  which have been d i scussed  i n  
c o n s i d e r a b l e  d e t a i l  i n  4.2.5. The phys ica l  p r o p e r t i e s  of each component 
polymer a r e  modified by t h e  a d d i t i o n  of t h e  o the r ,  and s o  the hea t  resistan:+ 
of o m  may be increased,  wtrile t h a t  of t h e  o t h e r  is reduced. b i ~ i l a r l y ,  t h e  
toughness 02 one may be increased  by s a c r i f i c i n g  t h e  f l e x i b i l i t y  of t h e  
o the r .  I t  is, t h e r e f o r e ,  possible t o  fo rmula t e  a v a r i e t y  of adhes ives  v i t h  a 

, wide range of c h a r a c t e r i s t i c s  by s i a p l y  vary ing  t h e  r a t i o  of one polymer t o  
the o the r .  Dy taking* account of t h i s  r a t i o ,  some p r o p e r t i e s  nay be 
pred ic t ed .  The L i r s t ' s t r u c t ~ r a l  adhes ives  f o r  ijekal t o  e s t a b l i s h  t h r n s e l v e r  
t ec f ln i ca l ly  and coamerc ia l ly  were two-polymer adhesives.  These were based on 
a po lyv iny l  acetal or a n i t r i l e  rubber, used i n  con junc t ion  with a phenol- 
for r .~ lde i iyde  r e s i n  (vinyl-phenolic  and n i t r i l e  rubber-phenoli c ). -%'heir f irsc 
impor tant  use was i n  adher ing  l i g h t  a l l o y s  i n  a i r c r a f t  cons t ruc t ion .  I n  t h e  
mos t vi dely-used tvo-polymer adhesive,  t h e  the tmose t t  in9 C O ~ Q ~ ~ ~  is a 
phenol ic .  Phenolic  resins a r e  g e n e r a l l y  compatible,  al though not e a s i l y  
r .~ isc ib le ,  wi t11  a number of ther lpbylas t ic  yolylilers. P a r t i c u l a r l y  good 
c o m s a t i b i l i t y  is shown between convent ional  a lcohol -so luble  phenol ic  r e s i n s  
and polyvinyl  esters and a c e t a l s .  bpoxies are of growing i ra te res t  i n  
two-polymer adhes ive  systems,  and g l y c i d y l  e t h e r s  of bisphenol  A and 
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resorcinol are  of special  importance. '2le most important thermoplastic 
components are t h e  polyvinyl ace ta ls  lpolyvinyl formal and butyral) and 
syn t l~e t i c  rubkr ,  in  p e r t i c u l a ~ ,  n i t t i l e  rubbr .  41so of use as thettaoylastic 
catponents and of increasing irwortance are the soluble nylons.(17) 

Five of t h e  mst important two-polymer adhesives are discussed in  de ta i l  
above under 4.2.5.1 - 4.2,5.5. These adhesives, used in  f i l m  and tapes, a re  
( 1 1  vinyl-yhemlica, ( 2 1  epoxy-phenolics, (31 nittile-phenolics, (41 
nylon-epoxies and ( 5 )  elastomer-epoxies. T h i s  discussion w i l l  consider only 
alloys not mentioned previously. ?h i s  includes neoprene-phenolic and 
epoxy-yolysulfide. Neoprene-2henolic is available in  solvent solutions and 
supported and unsupported film. Neoprene-phenolic adhesives a r e  used t o  bond 
a var ie ty  of substrates. Curing is under beat and pressure. trortlal service 
temperatures a re  Lron -70 t o  2000P 4-57 t o  930C).  Because of the i r  high 
resistance t o  creep and most service environments, neoprene-phenolic joints  
can withstand prolonged s t ress .  Fatigue and impact strengths are excellent. 
Shear strength, however, is lower than tha t  of other modified phenolic 
adhesives. Epoxy-polysulfides are available as  two-part l iquids or pastes 
that  cure a t  toon tenperature or higher t o  rubbery sol ids that  provide bonds 
w i t h  excellent f l e x i b i l i t y  and chemical resistance. These adhesives bond s ~ e l l  
t o  many different  substrates. Shear strength and elevated-temperature 
properties are  low, but resistance t o  peel forces and low temperatures is 
good. Of t h e  f ive  alloy-type adhesives discussed above, vinyl-phenolic is 
a lso  available i n  solvent solutions and enulsions, l iquid and coreacting 
powder; epoxy-phenolic is a lso  available as a two-part paste; nitrile-phenolic 
and nylon-epoxy are a l so  available i n  solvent solutions. (18) 

4.4 Additional classif icat ions.  Sone of t h e  adhesive types discussed i n  
t h i s  section have already k e n  discussed above. 

4.4.1 Adhedives/sealants. Sealants a re  materials used t o  exclude d i r t ,  
moisture and chemicals or t o  contain a l iquid or gas. They are  also used as 
surface coating6 t o  protect against mechanical or chemical attack, t o  exclude 
noise, to  improve appearance and t o  perform a joining function. Adhesives and 
sealants  are often considered together because many formulations perform the 
same function. The d i s t inc t io r~  is that  a .sealantm excludes and/or contains, 
w h i l e  an adhesive is used for its adhesive or holding power. lIodern sealants 
are formulated from synthetic elaotomecic polymers, which, i n  uncured form, 
can be pourable or eas i ly  extrudable. Hany of these modern sealants  vere 
comnercially nonexistent i n  the ea t ly  1960's. S o m  of the polyraers tha t  have 
been used t o  f o t w l a t e  cutrenk sealants  include butyl and polyisobutylene, 
cblorosulfonated polyethylene, chloroprene rubber, polyacrylste, s i l icone,  
polyurethane and polysulf ide. ( 25 )  

4.4.1.1 'r'yues of sealants. Zbe large variety of formulations available 
make c lass i f ica t ion  of sealant types dif f icul t .  For purposes of t h i s  
Jiscuasion, they w i l l  be divided in to  (11 hardening type and ( 2 )  nonhardening 
types. ( 25 ) 

4.4.1.1.1 Llardening tapes. Theate sealants  can be divided in to  t w o  
c lass i f ica t ions  - r ig id  types, which cure or set up firm and have l i t t l e  or no 
resiliency, and f lexib le  types, which remain f lexible a f t e r  cure. Colmon 
r igid sealants  that  a re  representative of t h i s  group are  those based on 
compounds of epoxies, polyesters, acryl ics8 polyamides and polyvinyl acetates. 
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Oleoresinous sealants have bases of linseed oil ,  tuny oil ,  f i sh  o i l ,  etc., and 
f i l l e r e  of clay and fiber. They can be focnulated to  dry 'bard' or to  remain 
pliable. Exa&aples are calks and glazing compounds. Flexible sealants temain 
flexible af ter  curing and generally are a l l  elastogerirbased- Their range of 
f lexibi l i ty  varies considerably, a8 does their bardneaa - fron 10A t o  85D 
Shore durometer. Some of these sealants are true rubbere, many have good 
adhesive qualities, and a11 can be coapounded t o  resiet a variety of 
environmental conditions. The flexible sealants are either true elaatomera - 
that is ,  they return to  their original shape after being deflected - or are 
characterized b-j an abil i ty t o  deform or stretch without tearing but do not 
return to  their original shape. They nay be either nonsolvent-releaee 
(two-part chemical reactLon systems, catalyst-cured) or solvent-release. 
Typical nonsolvent-release systews include the f ol2owing: ( z 5 )  

o polysultide 
o polyurethane 
o silicone 
o nodif ied epoxy 
o neoprene 
o acrylic (tllernoplastic) 

'r'ypicel solvent-release systena include the following theraoplastic 
elastomers: 

o polycfiloroprene ( IJeoprene) 
o chlorosulf onated yolye thylene (lypalan) 
o butyl 

4.4.1.1.2 Ilonhardening tvues. These sof t-setting sealants stay 'Wet' af ter  
application, since plasticizers in them continuously come to  the eurface, and 
they never truly dry. They genera2ly cannot be depended upon to+rforw a 
joining function, although some fornulatiolls are used as adheelves in very 
low-stress joints. These sealants are characterized by tl~e *masticm type of 
paete usually applied to  sea- with a trowel, spatula, brush or gun. UanY 
consistencies are available. Some nonhardening sealants are formulated to 
such a consistency that they can be packaged in 'tape' form. These are not 
adhesive-backed and can easily be thumbed into place. Examples have butyl, 
acrylic, wlybu tene, asphalt and bitminous sealant bases. (z5) 

4.4.1.2 Primers. Primers are sosnetir~ers applied t o  metals before 
application of sealants t o  prevent corrosion (chromate primers are often used 
for t h i s  purpose) and to  enhance adhesion, pstnarily through the use of 
yolychloroprene. (26) 

4.4.2 1.licroencs~sulated adhesives. llictoencepsulation i s  a method for 
separating a reactivating solvent or reacttoe catalyst from the  adhesive 
base. The materials, wlmther liquids or solide, are packaged in very m a l l  
*mi~r~SCopic* capsules. when adhesion ie desired, the encapsulatcsd solvent is 
released by breakiny the capsules through heat or pressure, and a tacky 
adhesive w i t h  instant grab is produced. Capeule solvent content varies with 
application, but, in most solvent-activated adhesives, 85-94% solvent by 
weight fa contained w i t h i n  the capsule. The ratio of capsule t o  adhesive 
contained in  a dry f i l m  is usually 1 to  3. In addition to  solvents, small 
quantities of plasticizers or tackif iers may also be contained i n  the 
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capsu le .  Tire s o l v e n t s  used are nonreac t ive  t o  g e l a t i n  ( t h e  c a p s u l e  ~ a a t e r i t l )  
and i n s o l u b l e  i n  water. 

Heat -ac t iva ted  adhes ives  u s e  a second p r i n c i p l e  t o  produce adhesion. A 
blowing agen t  is mixed w i t h  t h e  s o l v e n t  w i t h i n  each  capsule .  When h e a t  is 
a p p l i e d ,  t h e  v a p o r i z a t i o n  of t h e  blowing agen t  r u p t u r e s  t h e  c a p s u l e ,  t h u s  
r e l e a s i n g  e i t h e r  t h e  e n t i r e  adhes ive  o r  t h e  s o l v e n t  needed to make t h e  
adhes ive  tacky. A t h i r d  major a p p l i c a t i o n  of e n c a p s u l a t i o n  i n  adhes ives  is 
t h e  two-part system, such  a s  i n  epoxy or polyure thane  adhes ives .  The 
advantage  of mic roencapsu la t ion  is t h e  a b i l i t y  t o  s t o r e  both t h e  base r e s i n  
and c a t a l y s t  i n  t h e  sane  con ta ine r .  The c a t a l y s t  can  be r e l e a s e d  by p r e s s u r e  
o r  o t h e r  r;leans utian it is d e s i r e d  t o  cure t h e  adhesive. T h i s  systrr ;  is Les t  
adap ted  t o  t h e  the rmose t t i ng  t y p e s  of r e s i n s  o r  e las tomers .  One problem h a s  
been t h e  tendency of very  a c t i v e  hardeners  o r  c a t a l y s t s  t o  a t t a c k  and d i s s o l v e  
o r  react wi th  t h e  c a p s u l e  wal l . (21)  

Phis concept  of n i c r o e n c a p s u l a t i o n  of adhes ives  has  not  been used  very nuch 
i n  r e c e n t  yea r s ,  acco rd ing  t o  a spokesnan of t h e  company developing  it ,  
because of y r o b l e r ~ s  a s s o c i a t e d  wi th  i ts  use.127) A r e p o r t  on t h i s  concept  
has  been p repa red  under P i c a t i n n y  Arsenal  sponsorship  and i s sued  i n  1971.(261 

4 . 4 . 3  E l e c t r i c a l l y -  and thermally-conductive adhes ives .  Appropr i a t e  
f i l l e r s  have been used t o  produce adhes ives  wi th  h igh  tllerrnal or e l e c t r i c a l  
c o n d u c t i v i t y  f o r  s p e c i a l i z e d  a p p l i c a t i o n s .  Base r e s i n s  i n c l u d e  epox ie s ,  
u re thanos ,  s i l i c o n e s  and po lysu l f  ones. i>oxies a r e  t h e  laost widely  used,  
however. ( 29 1 

4.4.3.1 E l e c t r i c a l l y - c o n d u c t i v e  adhes ives .  h o s t  adhes ives  of t h i s  t ype  
w i l l  have e l e c t r i c a l  c o n d u c t i v i t i e s  ( v o l u m  r e s i s t i v i t i e s )  i n  t h e  range  of 
0.0005 - 0.01 ohm-cm. Some semiconductive adhes ives  have va lues  of t h e  order 
of 1 ohm-cn o r a i g h e r .  The r e p o r t e d  va lues  depend very  much on t h e  test 
weti~od and type  of test adherends used. Gene ra l ly  bull. r e s i s t i v i t y  t-echnigues 
g i v e  1.1uch lower v a l u e s  t h a n  t h e  methods invo lv ing  t h i n  g l u e l i n e s ,  s u c l ~  a s  t h e  
ASUr t echnique  (M'r'l~ 0-2739-72), where i n t e r £  a c i a l  r e s i s t a n c e  p l a y s  a n  
impor tant  r o l e .  S i l v e r  is p r e f e r a b l e  t o  go ld  as a f i l l e r  because it is less 
c o s t l y  and h a s  lower r e s i s t i v i t y .  Untler c o n d i t i o n s  of h igh  h u t ~ i d i t y  and DC 
p o t e n t i a l ,  s M v e r  is r e p o r t e d  to  undergo e l e c t r o l y t f c  m i g r a t i o n  to  t h e  s u r f o c e  
of t h e  adhesive.  S i lve r - coa ted  copper microspheres d o  not  migra te ,  nor does 
gold .  The h i g h e s t  s i l v e r  l oad ing  p o s s i b l e  is somewhere i n  t h e  v i c i n i t y  of 85% 
by weight. Lower s i l v e r  l o a d i n g s  cause  c o n d u c t i v i t i e s  t o  droi, sha rp ly ,  bu t  
may o f f e r  t h s  advantage of h igher  adhes ive  s t r e n g t h s .  Carbon ( g r a p h i t e )  can 
a l s o  be used as a £ i l . l e r  t o  g i v e  f a i r l y  l o u  c o n d u c t i v i t i e s .  Aside from s i lve r  
and gold ,  o t h e r  mtallic t i l lers  used i n  e l e c t r i c a l l y  conduc t ive  adhes ives  are 
n i c k e l ,  alurainuu and-copper, Each of t b c a e  fa@-tals p r e s e n t s  p a r t i c u l a r  
compounding problems. S i l v e r  is of t e n  used i n  f l a k e  form; and it is, 
t h e r e f  o r e ,  d i f f i c u l t  t o  ach ieve  p a r t i c l e - t o - p a r t i c l e  c o n t a c t ,  a s  w i th  
s p h e r i c a l  meta l  p a r t i c l e s .  U n f o r t u m t e l y ,  t b ~  s t e a r a t e  c o a t i n g  o n  si lver 
f l a k e  t e n d s  t o  o u t g a s  et e l e v a t e d  temperatures and cou ld  con ta f ,~ ina t e  c r i t i c a l  
p a r t s ,  s u c h  a s  i n  m i c r o e l e c t r o n i c  a p p l i c a t i o n s .  Some s i l v e r  p roduc t s  are 
uncoated and, t h e r e f o r e ,  i r i l l  no t  evolve  outgassed  products .  While s i l v e r  has 
a tendency t o  mig ra t e  under c e r t a i n  c o n d i t i o n s ,  copper and alcminum r e a d i l y  
f o r u  oxide  fills which reduce e l e c t r i c a l  cond t i c t iv i ty  b~ hagapering 
y a r t i c i e - t o - p a r t i c l e  c o n t a c t .  t 2 9 )  
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4.4.3.2 Thermally conductive adhesives. A typical thermally conductive 
epoxy system used aa an adhesive, aa w e l l  a s  for  other purposes, has a thermal 
conductivity of 7.55 BTU intf t2 hr OF (0.0026 caVcu sec oC) and a 

. voluwe res i s t iv i ty  of 1.5 x lorS ohracm. F i l l e r s  used include aluuina 
(aluminum oxidel. beryl l ia  (beryllium oxide), other unspecified inorganic 
oxides, boron n i t r ide  and s i l i ca .  Theoretically, boron n i t r ide  should be an 
excellent thermally conductive f i l l e r ,  but w i g h t  loadings wi th  t h i s  f i l l e r  
cannot go wuch over 409 i n  epoxy resins, and t h e  products are  always 

. thixotropic pastes. Beryllia powder has an excellent conductivity by i t s e l f ,  
but when nixed w i t h  a resin binder, its conductivity drops drastically. 
Beryllia is a lso  high in cost  and i6 toxic. Alumina is quite  commonly 
used. (29 1 

4.4.4 Premixed frozen adhesives. In  recent years reactive adhesives such 
as  epoxies have been premixed, degassed and then quick-frozen i n  emall squeeze 
t u b e s  and syringes, ready t o  use, ranging i n  s i ze  upward fro11 1 cc. These 
adhesives are  shipped packed in  dry ice, along w i t h  a nelting safe ty  indicator. 
Storaye upon receipt should k a t  - 4 0 0 ~  (-400C) or lover. T h i s  type of 
adhesive offers  advantages i n  iuproved quality control and elimination of 
messy two-part mix iny ,  w i th  its resultant dermatitis possibi l i ty.  ( 30) 

4.4.5 Anaerobic adhesives. 431) ( 32) ( 33) A, unusual t p e  of chenicallp 
blocked adhesive has  become available i n  recent years and has been promoted 
for  use as a sealant.  T h i s  group of adhesives is known a s  acrylate acid 
dies ters  (polyester-acrylic). Thew adhesives are essentially monomeric, thin 
l iquids which polymerize t o  forn a tough, p las t ic  bond when confined between 
closely-£ i t t i n g  metal parts. The self-hardening property of the adhesives 
which make them unique is based on two factors: (1) contact w i t h  a i r  before 
use keeps t h e  monomeric adhesive l iquid and ( 2 )  metal surfaces accelerate the 
anaerobic (ueaniny i n  the abence  of a i r )  yolywerization out of.contact w i t h  
a i r .  These materials bond a'.l common metals, glass, ceramics and thermoset 
p las t ics  t o  each other (see 4.3.2.3.1.1). 

According t o  the Loctite patents, the preferred composition is tetraethylem. 
glycol diwethacrylate nononer, cunene hydroperoxide as  a ca ta lys t  (2%) and 
benzoic sulfimide (0.3'rl as an accelerator. Becauee of the  var iabi l i ty  i n  the 
ac t iv i ty  of t he  nonomer and also t o  prevent premature gel l ing of the anaerobic 
nonmer , knzoyuinones may be added aa stabi l izers .  Properly s tabi l ized  and 
containing the hydroperoxide catalyst  and accelerator, t h e  anaerobic adhesive 
w i l l  be stable for a year or longer i n  t h e  pteaenee of oxygen or a i r .  T h i s  is 
generally accoaplished by packaging i n  small polyethylene (oxygen-permeable) 

, bottles,  w i t h  an adequate a i r  space. Polymerization or curing of the  acrylate 
and diestera is essential ly a free-radical-type addition yolyaerization. The 
presence of tetrafunctioriality in  the monomer can lead t o  crosslinking and a 
thermoset structure. 

The f i r s t  and probably still the most important use of the anaerobic 
adhesives is a s  a l iquid lock washer for screws and bolts. Because of the i r  
excellent penetrating abi l i ty ,  they can be applied e i ther  before or Bfter 
assenbly. The prevailing torque for  the strongest grades is many t ines 
greater than that of locknuts and lockactews. !+?he speed of cure of anaerobic 
adhesives is a relat ive property largely contingent upon the character of the 
pa r t s  being joined. Generally, tlte speed of cure of anaerobic products can be 
c l a s s i f i ed  a s  f88t ( 5  min - 2 jars), medium ( 2  - 6 h r s )  and slow ( 6  - 24 hrs) ,  
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a l l  a t  r o a ~  tenperature without primer use. Anaerobic adhesives can be 
speeded to  fas ter  cures with the application of beat. As a rule, tbe adhesive 
w i l l  cure outside the conrrection i f  temperatures exceed 2OOoF (930C1, 
despite the idtibit ing effect  of air .  Meat cures up t o  3000~ (1490C) are 
practical. Anaerobic adhesives can be cured faster w i t h  accelerators or 
primers, especially on inactive surfaces. The recaiuaended primers are 
degreasing solvents which, on evaporation, leave a l i g h t  deposit of a catalyst 
whiell speeds curing. 

These anaerobic adhesives f i l l  a l l  sureace irregulari t ies and tolerance yaps 
and ef fec t ive l j  sea2 clearances up to  4.030 inches (0.76 mnr) . These compounds 
can be aliplied by high-speed applicators on moving production lines. The 
cured polyester f i l n  provides excellent chemical resistance t o  most liquids 
and gases within an operating-temperature range of -650 to  4500F (-SSO 
to  2320~).  

Anaerobic st tuctural  adhesives combining urethane-nodif ied acrylic teclrnoloyy 
have been developed for more denanding applications. Such adhesives can be 
formulated t o  neet t h e  requirements of &ill-A-132. 

These adhesives are differentiated from the anaerobic sealants and 
thread-locking products i n  that t h e  former products are designed t o  take 
normal ( tensi le)  and shear loading, while the la t te r  products find primary 
application in shear loading. I n  tetms of adhesion theory, the anaerobic 
8tructural adhesive has both mechanical and chemical adhesives working for it, 
while the thread-locking and sealant-type products rely more heavily on 
mechanical adhesion. Tabla X I 1  shows the imyrovewnt over the older resin 
systems. Because of brittleness, earl ier  anaerobic adhesives showed poor 
performance on gaps much larger than 0.020 inches (0.51  ma). fihile the 
greatest increases are i n  t h e  areas of peel and impac t ,  improvments are also 
apparent in  the' areas of elongation, tensile strength and fatigue resistance. 
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TAULrt X I Z .  P r o ~ e t t i e ~  of new and old  anaerobic etruetural 
adhesives (modified a f t e r  ~ u r r a v ) .  f- 

Previous  anaerobic adhesives were l imi ted to i n t e r m i t t e n t  4OOoP 
(204O~).  Continuous aging a t  4500P (2320C) is nou poss ible .  Tensi le-  
lap-shear tests up to 3000 hours ( 4  months) with steel gade drop-offs from t h e  
o r i g i n a l  3000 psi  (20.7 hPa) down t o  1900 y a i  (13.1 ma), a reduct ion of only 
372. Fur ther  ind ica t ions  of envi  ronnental  r es i s t ance  are evidenced by 
sa l t - sp ray  r e s i s t a n c e  tests. Mter 1540 hours over 509 of t h e  o r i g i n a l  
a t r e n g t h  is still retained.  

r 
P r m e r t r  Old I ~ ~ o V e d  

Tens i l e  shear  s t r e n g t h  1800-4000 psi 2000-4500 p s i  
(12.4-27.4 &Pa) (13.8-30.8 m a )  

i 
Tens i l e  s t r e n g t h  3000-8000 psi 3000-10000 p s i  

I (20.7-55.211YaI . (20.7-69.0 1LPaI 
i 
I Inpact  s t r e n g t h  4-15 f t .  lb/ in2 8-25 it. lb/ in2 

I t8dO0-31530 J / u ~ )  (16816-52550 ~ / n ~ )  

1 Pat igue s t r e n g t h  800-1200 psi 800-1500 p s i  
: (5.5-6.28 &Pal (5.5-10.3 I@&) 

1 T-peel s t r e n g t h  3-15 p l i  5-25 p l i  ! 
I 

(525-2627 X/n) (876-4378 Waf 

' Temperature range i -GSoP t o  4 0 0 0 ~  -800P t o  45OoF 
(-48% t o  204oC) 4-620C t o  2320C) 

1 Gap cur ing  and bonding t o  .02OS to  .06OS 
! ( t o  0.51 ~ P I I  ( t o  1.5 m r ~ )  

i 
Elongation 29 5 09 

i I - 

H i l i t a t y  usaye of anaerobic edheaive/sealants includes t h e  following 
ordnance app l ica t ions  : (32) 

A 

o Locking and s e a l i n g  fuzes t o  ammunition rounds v i t a  automatic fuze 
aesembly machihe; 

o \ticking of s e a l a n t  i n t o  assembled fuze  p a r t s  t o  provide a lock between 
s l i p - f i t  p a r t s ;  

o Application t o  t h e  base threads  of the H-117 bomb. Adhesive acts as an 
anti-withdrawal device. 

0 Autotlatic app l ica t ion  t o  t h e  windshields, fuze  cap  and cover and t r a c e r  
p o r t  on  the ti-409 Sheridan round# 

0 Autowatic a p p l i c a t i o n  to the fuze neck of t l re  40-~mr, ti-400 round; 
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o Use on the N-60 tank stud assembly; 

o Use vith autowetic indexing tables to  simplify aaserably of antaunition 
fuzes . 

4.4.6 Fast-settins adhesives. 'I'bese are t h e  cyanocrylage adhesives, which 
s e t  in period8 ranging from a few eeconds up. They are not' high-strength 
structural  adhesives and are used for specialized applications. (see 
4.3.2.3.1.2 for detailed discussion.) 

4.4.7 Elastoneric adhesives. host of the these are natural ot synthetic 
rubber-based makerialo, usually wi th  excellent peel strength but low shear 
strength. Their resiliency provides good fatigue and inpact properties. 
Except for silicones temperature resistance is generally limited to  150 t o  
2000~ ( 6 6  t o  93*C), and creep under load occurs a t  roow temperature. The 
basic types of elastomer ic adhesives used for nonstructural applications are 
shown i n  Table XXIf. These systelas are generally supplied as solvent 
solutions, latex cements and pressure-sensitive tapes. Solvent solutions and 
latex cements require removal of the liquid vehicle fron the adhesive before 
bonding can be carried out. T h i s  is accomplished by simple evaporation or 
forced heating. Some of the stronger and nore environmentally resistant 
rubber-based adhesives require an elevated-temperature cure. Usually only 
s l igh t  pressure is needed w i t h  pressure-sensitive adhesives t o  achieve a 
suitable bond. Such adhesives are permanently tacky and flow unrler pressure 
t o  provide intiuate contact w i t h  the adherend surface. 

Pressure-sensitive.tapes are made by placing these adhesives on a backing 
material, such as rubber; vinyl, canvas or cotton cloth. Upon application of 
pressure, the adhesive tightly grips the part  being aount@d as well as the 
surf ace to  which it is aff ired. 

I n  addition to  pressure-sensitive adhesives, elastomers are used in the 
construction industry for mastic compounds. Neoprene and reclaimed-rubber 
mastics are used to  Lond gypsun board and plywood flooring t o  wood framiny 
members. These mastic systems cute bj evaporation of solvent through the 
porous substrates. 

Elastomer-adhesive formulation is more complex than that of otlmr adhesives 
because of the need for antioxidant and tackif iers. ( I t )  
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4.4.6 Natural glues. 14atural glues include vegetable- and anir;lQl-based 
materiala and ate qenecally limited to use w i t h  paper, paperboard, wood and 
m t a l  foil .  While offering shear strengths ranging from 5-1000 psi 
(0.034-6.89 UP&), few of these adhesives retain their atrength a t  temperatures 
over 2 1 2 0 ~  (100oC). tlost natural glues poeseas poor resistance to  
moisture, vermin and fungus, but have good resistance to  organic solvents. 
Typical adhesive6 w i t h i n  t h i s  group are diecussed briefly below. 

4.4.8.1 Vesatable glues. These adhesives are those which are soluble or 
dispersible in vater and are produced or extracted from natural sources by 
relatively simple processes. Other adhesives, eucb as rubber cements, 
nitrocel~ulose and ethyl cellulose lacquer cements, are produced or extracted 
from plant sources, but are not water-soluble or vater-dispersible and are not 
commonly conside zed as vegetable adhesives by the industry. ( 34 f 

4 4 . 1 1  Starch. Starch adhesives are &rived primarily from the cassava 
plant, although corn, potatoes and other starches can be used. They are 
commonly prepared for use by dispersion i n  alkaline solutions, such a8 NaoX, 
w i t h  heating, and are then cooled to  row temperature and gpl ied  as cold-press 
adhesives. They develop their strength by loss of water into the wood 
substrate. Yack is developed rapidly and normal wood ytocessing irr for 1-2 
days a t  room temperature and 72-105 ps i  (0.5-0.7 &Pal. Starch adhesives are 
also used for paper cartons and bottle labelling and stationery applicatfoas. 
Joint strengths are low compared to  other vegetable-adhesive types, but are 
usually adequate for the normal applications. Starch adhesives have poor 
resistance to  water and biodeterioration, but their resistance is imytoved by 
the addition of prt?servetivea,(35)(36) 

Nilitary Specification 1-iIL-A-17662E, 'Adhesive, Starch', covers the 
requirements for an adhesive to be used for mounting paper taryets to  target 
cloth. The starch adhesives nust be made from wheat, must  be i n  fine-powder 
forn, and nust contain preservative8 to  prevent decouyosition, weevil and mold 
growth i n  the package, and fermentation after mixing w i t h  water. 

4.4.8.1.2 Lwxtrins. Uextrins are degradation products of starch produced 
by heating i n  the presence or absence of hydrolytic agents. M 0 8 t  cotlllaonly, 
acids or acid-producing substances are added to aid i n  decoaposition. Other 
catalytic agents used include certain enzymes, alkali. and oxidizing agents. 
Dextrins can be used i n  foraulations using mny different substancee end are 
used principally for adhesives, particularly for paper end paperboard. 
Laminating adheeives are ueually made from highly soluble white dextrins and 
contain f i l l e r s  such as clay, as well as alkalies or borax. Blends of white 
dextrins and gum6 are coxamon. Where water resistance is desired, a 
urea-Eorualdehyde resin is added. (34) 

Of particular interest for arilitaty applications is the Hilitary 
syecif ication. MIL-~-13374b, .Adhesive, bextrin, for Use i n  ?atnunition 
Containers,' which covers four classes of vegetable dextrin adhesives used i n  
making syicslly wound containers and chipboard spacers. Yhe classes include: 

o a l i q u i d  adhesive i n  prepared form, 
o a cold-water-soluble type which m u s t  be mixed w i t h  vater before use, 
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o e prepared dry adhesive which must &e cooked v i tb  water before use, 
o a dextr in base i n  dry form to  which additional optional ingredients may 

be added during preparation u i th  water before use. The options1 
ingredients a re  alkal ine chenicals, f i l l e r s ,  preservatives an3 defoamers. 

4.4.U.1.3 Lioirabean slue. Hitrogen~us protein soyabean is the coamonest and 
nost representative of plant-protein adbeeives derived f ron seeds and nuts, 
hemp and zein. T h i s  cheap glue is sat isfactory for making aemi-water- 
res is tant  plywood and fo r  coating some types of paper. The protein iron the 
soyabean is separated *achanically and used much l ike  casein protein, w i t h  t h e  
addition of calcium s a l t  t o  improve wafer resistance. Soyabean glues are  used 
as room-temperature-sett ins y lues t o  produce in ter  ior-type softwood plpood,  
where only limited moisture resistance is required. I n  recent years they have 
been largely replaced bi protein-blend glues, such as corabinations of soyabean 
and blood proteins, and by the never versions of the phenolic-resin adhesive 
systehts for  such plywood. Cold-press bonding of plywood with the adhesive 
requires 4-12 hours a t  102-145 ps i  (O.fQO1.0 Wa). Hot-press bonding requites 
3-10 nin a t  212-2140). (100-140oC) and 145-218 ps i  (1.0-1.5 frYa1 pressure. 
The water resistance of soyabean glues is limited, but l i k e  casein glues, they 
recover the i r  s trength on drying. Soyabean glues a re  susceptible t o  
biodeterioration under humid conditions unless inhibitors a re  added. Heat 
resistance is poor. Their poor durabil i ty r e s t r i c t s  the i r  use t o  in ter ior  
applications. They are 6ometir;le.s extended w i t h  f i l l e r s  for  paper and 
paperboard laminating, cardboard-box fabrication, and pa r t i c l e  binders. 
(35)(36) 

4.4.8.1.4 h ~ s i n *  The nost comnon form of rosin adhesive is colo.phony, a 
hard amorphous substance derived from the oleoresin cf the pine. T h i s  
material is used i n  solvent soiutiofi as  a hot-melt mastic. It has poor 
resistance t o  water. Common rosin is subject t o  oxidation and has poor aging 
properties. It is b r i t t l e  and is usually wodified w i t h  p las t ic izers .  Bond 
strengths are  moderate and develop f a i r l y  rapidly. Applications a re  as 3 
temporary adhesive i n  bonding paper and as a label  varnish. Rosins are a lso  
used as components of pressure-sensitive adhesives based on styrene-butadiene 
copolymers and on hot-melt adhesives as tackif iers .  Synthetic raaterierls have 
replaced many of tile rosin adhesives where the base material is scarce.(35) 

A epecialized £om of rosin adhesive is Canada Balsam, covered by the 
recently cancelled fr i l i tary Specification ir1L-C-346YC, 'Canada Balrram.g T h i s  
specif icat ion w a s  for: material prepared from oleoresin exuded frofa the Balsa~i 

, f i r  tree,  reasonably f ree  from adulterants such as Oregon balsau, turpentine, 
coloptony, spruce pitch, or s imilar  substances and was designed for  cementing 
opt ica l  eler&ents. P. .cornon use is in  permanently nountiri  g lass  covet s l i p s  
t o  nicrsscope s l ides .  Canada Balsam ib; supplied in  so l id  s t i c k  forta and is 
dissolved i n  xylene i n  use. The specif icat ion for Canada Ualsan has been 
superseded by e specif icat ion (11IL-A-3920C) ca l l ing  for a thermosetting resin. 

4.4.8.2 Glues of animal oziqin. These glues include glues derived direct ly 
and indi rec t ly  f ran animals, including insects and f i sh ,  and rn i fk  products. 
The general category should not be cal led 'Anirilal (;lues,' 8ince t h i s  terla i s  a 
specialized form. 
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4.4.8.2.1 Casein qlue. Casein glues were developed about the time of World 
irar I t o  m e t  the need for greater moisture resistance than could be obtained 
u i th  the older aniaal and vegetable glues, although there are indications tha t  
t h i s  type of adhesive was used 8s early as 1365 BC. Casein is t h e  protein of 
m i l k ,  from which it is obtained by precipitation. Irry-?dx casein glues are 
t h e  moat c-n form, requiring only the addition of water. Casein glues are 
used a t  room temperature and s e t  or harden by lose of water. t o  the wood 
substrate and by a certain degree of chemical conversion of the protein t o  the 
nore insoluble calciuv derivative. i n  packaging, casein adhesive6 are used i n  
applying payer labels t o  glass bottles. I n  woodworking, these glues are used 
yr inar i ly  in  laminating larye stzuctural t-rs for  protected interior  
applications, but are also used for  general interior  woodworking applications, 
including furniture. Casein glues are unsuitable for  outdoot use, althougt, 
they are aore resistant t o  temperature changes and moisture than other 
water-based adhesives. l iesistame t o  dry heat up t o  1S8oP (7OoC) is good, 
but under daap conditions the adhesives lo8e strength and a re  prone to  
biodetetioration (which can be inhibited by chlorinated phenols]. Casein 
glues are often compounded w i t h  na ter ia ls  such  a s  latex and dialdehyde starch 
t o  improve durability. Resistance t o  organic solvents is generally 
good. 135)(36) 

4.4.8.2.2 Blood albumen (blood glues). The use of animal blood as an 
adhesive reaches backward in to  antiquity. Currently blood glues are used i n  a 
manner sonewhat a iu i lar  to  casein glue.  4he proteins from animal blood 
obtained €ton slaughtering are precipitated Outr dried* and made available as 
powders, which are then nixed r r i th  water, hydrated lime, or sodiun hydroxide. 
The blood proteins undergo some heat coegrrlation so that  they can be hardened 
by hot-pressing, as well as by loss of water. Typical processing conditions 
a re  10-30 minutes a t  150-2480~ (70-1200C) and 72-102 psi  (0.5-0.7 HPa) 
bonding pressure for plywood. These glues can a lso  be used i n  cold-press 
applications. Blood glues were the f i r s t  water-resistant plywood adhesives 
used during World \jar I. They were used i n  a i r c ra f t  plywood before synthetic- 
resin adllesives became available. 2hey are  still used t o  a limited degree i n  
making softwood plywood, sometimes i n  combination wi th  casein or soybean 
proteins. Dlood glues have also been used as extenders for  phenolic-resin ' 

glues Lor interior-type softwood plywood. They are a lso  used for  porous 
materials such  as  cork, leather, t ex t i l e s  and paper and for  such packaging 
applications as bonding cork t o  metal i n  bottle caps. (35)  (36)  

4.4.8.2.3 Animal slues. (Done and hide glues). The term animal glue is 
notlaally confined t o  glues prepated from nammalisn collagen, the principal 
constituents oi skip, bone and sinew. Other typeo of glues obtained itom 
anindl sources are usually referred t o  according to the traterial they are 
derived tram 4ursein, blood, f $sh, shellac).  Bone glues are made from animal 
bones, while hide glues are made f r m  tannery uaete. These glues are 
available a s  liquid, je l l ies  or sol ids i n  the  form of flakes, cubes, granules, 
powder, cakeo, slabs, etc., for  reconstruction u i th  water. They are  used 
primarily f e r  furniture r~oodworking, but are a lso  used wi th  leather, paper and 
t ex t i l e s ,  and as  adhesive bisdere for  abrasive paper and wheels. Liquid hide 
glues a r e  normally supplied w i t h  a gel  depressant added t o  the molten glue 
mixture so  that  the dispersion remains l i qu id  when cooled t o  toom temperature 
for  bottling. Such liquid glues harden only by loss of water t o  the adherend. 
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Processing cond i t ions  of animal g lues  ate dependent on t h e  type glue. 
Animal g luea  set a t  temperatures i n  t h e  range of 176-194OP (80-900C), o r  
a t  roola temperature. Bonding p tessures  range Eron con tac t  p ressure  t o  145-203 
psi  (1-1.4hYal f o r  hardvoods and 51-102 p s i  (0.35-0.70 CiPa) f o r  softwoods and 
are appl ied f o r  periods from 5 minutes t o  s e v e r a l  hours. Hide! g l u e s  provide 
s t r o n g e r  j o i n t s  than bone glues. Bond s t r e n g t h s  usua l ly  exceed t h e  s t r e n g t h  
of t h e  wood and f ib rous  adherends. High-strength j o i n t s  r e s u l t  where bonds 
a r e  r ~ a i n t a i n e d  under dry  condi t ions ,  but s t r u c t u r a l  a p p l i c a t i o n s  a r e  l imi ted  
t o  i n t e r i o r  s e r v i c e  condi t ions .  Gap-fi l l ing p r o p e r t i e s  are ueefu l  where 
c l o s e - f i t  j o i n t s  are not f e a s i b l e ,  and i n  these  s i t u a t i o n s  f i l l e r  pouilers a r e  
not  required.  (35  34371 

4.4.8.2.4 Pish  glues. Pish glues  a r e  a byproduct of desa l t ed  f i s h  skins ,  
u s u a l l y  cod, and have p r o p e r t i e s  s i m i l a r  t o  the  animal s k i n  and hide  glues ,  
which have l a r g e l y  replaced t h e m  i n  woodworking adhesives. Fish  glue5 a r e  
a v a i l a b l e  i n  cold-set t ing l i q u i d  fona which does not gel a t  tom temperature. ' 

Solven t s  such as ethanol ,  acetone o r  dimethylformaraide uaf be added t o  a s s i s t  
t h e  pene t ra t ion  of t h e  g lue  i n t o  s u b s t r a t e s  which nay a l ready be coated or  
f i n i s h e d  (e.g., c e r t a i n  paper, l e a t h e r  and f a b r i c s ) .  Pish g lue  t o l e r a t e s  
repeated f reez ing  and thawing without adverse e f f e c t s  i n  adhesion performance. 
I n s t a n t  tack with good adhesion develol?s read i ly  on renois tenf  ng dry glue  
f i l m  with c o l d  water. rlater r e s i s t a n c e  is conferred on d r i e d  glue f i l m  by 
exposure t o  fornaldehyde vapors, which i n s o l u b i l i z e  t h e  f i s h  g e l a t i n  coclponent. 
The main uses  of f i s h  glue  a r e  i n  t h e  p repara t ion  of gummed tapes  with 
a n i n a l / f i s h  g lue  c m p o s i t i o n s  and t h e  bonding of s t a t i o n e r y  mater ia ls .  Latex, 
animal g lues ,  d e x t r i n s  and polyvinyl a c e t a t e  adhesives a r e  eometimes modified 
wi th  f i s h  g l u e s  t o  inprove wet-tack p roper t i e s .  High-purity f i s h  g lues  a r e  
important photoengraving reagents.(35) 

4.4.8.2.5 Shellac.  She l l acs  a r e  thermoplas t ic  res ins ,  der ived from 
i n s e c t s ,  used i n  a lcoho l ic  so lven t  s o l u t i o n  o r  as hot-melt mastics. They have 
good e l e c t r i c a l  i n s u l a t i n g  p roper t i e s ,  but  lack f l e x i b i l i t y  un less  conpounded 
wi th  o ther  m t e r i a l s .  They a r e  r e s i s t a n t  t o  water, grease  and o i l .  Bond 
s t r e n g t h 8  ate moderate. She l l acs  a r e  used t o  bond porous mate r ia l s ,  metals,  
ce rao ics ,  cork and mica. Phey a r e  a l s o  used as adhesive primers f o r  metal and 
mica, f o r  i n s u l a t i n g  s e a l i n g  waxes, and as components of hot-nelt  adhesives. 
S h e l l a c s  a r e  t h e  basic m a t e r i a l  i n  de Chatinsky cement. Their  u6e has 
decl ined because of t h e i r  high cost.435) 

4.4.9 Inorganic  eluee. X norganic adhesives and cements have wide 
i n d u a t r i a l  a p p l i c a t i o n  be~aU8e they a r e  durable,  f i r e - r e s i s t a n t ,  and 
inexpensive when cmp3red with organic  mate r ia l s .  A d i s t i n c t i o n  between 
adhesives  ahd cements' is not inpor tant .  'r'hey a r e  d i f f e r e n t i a t e d  from enamels 
and ceramics by the presence of a c l e a r l y  separated bonding agent,  forming a 
t h i n  f i l m  un i t ing  sur faces  near ly  i n  contact .  fnoryanic cements m y  be 
thought of as r i g i d ,  nonstoichionnetric, three-diraemional compositions forming 
a continuous ske le ton  between t h e  adhecends. These mterials t o r n  s t rong  
r e s i e t a n t  bonds f o r  s p e c i a l  a p p l i c a t i o n s  and a r e  still widely used. The 
c h a r a c t e r i s t i c s  of some of t h e  more i u p o r t a n t  comtaercial m a t e r i a l s  a r e  
sutuaar izecl below. ( 38) 
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4.4.9.1 Soluble silicates. The soluble eilicatee available commercially 
are the putassim and 80dit1m sil icates,  particularly the latter. Sodium 
s i l ica te  is frequently called 'water glass,. and is ordinarily supplied as a 
colorless, viscous water solution. These adhes Sves display l i t t l e  tack, and 
positioning pressure must be applied t o  bold subetrates together u n t i l  the 
bond is sufficiently dry. The dry adhesive is br i t t le  and water-sensitive, 
and until atmospheric carbon dioxide forma an insoluble naterial, the glue-line 
may be dissolved out by water. Water resistance can k! improved by applying 
suitable aluminum sal ts  t o  siubstrates sucb as paper prior t o  bonding. Sodiun 
si l icate  is very resistant to h igh  temperature ( to  20120~ or 1100oc) and, 
being inorganic, is naturally resistant t o  nold growth and bacterial attack. 

Phe wain use of soluble s i l icate  adhesives is for bonding paper and i n  the 
manufacture of corrugated boxboard, boxes and cartons. Where rapia absorption 
of water into the paper permits the use of high-speed nachine ope ratio^, 
kaolin clay (8-101) is frequently added to  taiee tbe viscoeity and prevent 
excessive penetration of the adhesive into the cardboard. Other applications 
for s i l icates  are: 

o Liood bonding (shear strengths up to  2900 pi or 20 I&a are possible) and 
manufacture of low-grade plywood. 

o Sonding metal. sheets to  various substrates (copper t o  walls, plywood t o  
steel, aluminum fo i l  to paper, aluminum to asbestos i n  oven doors, and 
metals to ylass. 

o Bonding glass to glass, porcelain, leatherr textiles, stoneware, etc. 

o Donding glass-f iber assemblies1 optical glass applications t manufacture 
of shatter-proof glass; binding solutions (potassium s i l ica te)  for 
phosphor coatings ; pigments on glass substrates. 

Q tionding insulation materials based on wood, metals, cermfcs, askstos,  
fiberglassr mica, kieselguhr, etc, where f ire-resistant properties of . 
si l icates  are useful. 

o ltefractory cements for tanks, boilers, ovens, furnaces; acid-proof 
cements. 

o Pabrication of foundry ritoldsr briquettes and abrasive polishing wheel 
cements. 

I n  addition to  the62 applications, the soluble s i l icates  nay be reacted w i t h  
si l icof luorides or s i l ica ,  to  produce acid-resistant cements. Theae producte 
have low shrinkage properties and a fbetmal expansion approaching that of 
steel. Compressive strengths approach 7252 psi (U) &¶Pa), b u t  the strength is 
loat a t  752%' 4000C). The cements have poor resietance to  strong alkaline I solutions.(35) 38) 

4.4.9.2 Pilosphate cements. These cements are based on the reaction product 
of phosphoric acid w i t h  other materials, such as sodium sil icate,  metal oxides 
and hydroxides, and the sal ts  of basic elements. Zinc phosphate is the m o s t  
important metal phosphate cement, and is widely used as a dental cement. This 
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n a t e r i a l  is a l s o  nod i f ed  w i t h  silicates t o  produce t h e  so -ca l l ed  'permanent 
m a t e r i a l s '  used for f i l l i n g s .  Compressive s t r e n g t h s  up t o  29,000 psi  (200 
WPa) are typical of  t h e s e  cements  which are fo rmula t ed  t o  have g o d  r e s i s t a n c e  
t o  water  [ s a l i v a ) .  Copper phosphates  are s i m i l i a r l y  elllployed, but  have a 
sliorter u s e - l i f e  and are used p r i m a r i l y  es d e n t a l  f i l l e r s  f o r  t h e i r  a n t i s e p t i c  
q u a l i t i e s .  O t h e r  me ta l  phosphates  a r e  aluminum, magnesiumr chromtun and 
zirconium. (35) 

4.4.9.3 Basic sa l t s  (Sorel cements) .  A S o r e l  cement is a basic s a l t  of  a 
heavy meta l ,  u s u a l l y  magrces ite or magnesia cement o r  magnesium oxychlor  i d e  
cement. X t  is s u i t a b l e  for d r y  l o c a t i o n s  wbere 2-11 hours hardening w i l l  
permit immediate use  f o r  bonding many r e f r a c t o r y  materials, ceramics  and 
g l a s s .  The f i n a l  s t r e n g t h  w i l l  be i n  t h e  range of 7000-10000 p s i  (48.3-66.9 
HPa). Nagneeiut~ oxych lo r ide  is a n  ino rgan ic  adhes ive  no tab le  f o r  its h e a t  and 
chemica l  r e s i s t a n c e .  It is u s u a l l y  s u p p l i e d  as a two-part product  (uagnes iun  
ox ide  and magnesium c h l o r i d e )  which is mixed a t  t h e  time of use. Copper is 
added to  overcone t h e  tendency t o  d i s s o l v e  i n  water. Fllese cements resist 
damage by cooking f a t s  and g r e a s e s ,  r e p e l  verminr and p reven t  t h e  g rov th  of 
molds and b a c t e r i a .  ?hey conduct  s t a t i c  e l e c t r i c i t y  f r o ~ i  f l o o r i n g  and s i w i l a r  
materials. (35 )  (39 )  

4.4.9.4 L i t h a r s e  cements. Mixtures of  g l y c e r i n e  and l i t h a r y e  (PbO) a r e  
used  as adhes ives  i n  t h e  r e p a i r  of t u b s  and s i n k s ,  p i p e  va lves ,  g l a s s ,  
s toneware  and ammonia g a s  c o n d u i t s .  A mix tu re  of  1 p a r t  s l i g h t l y  d i l u t e d  
g l y c e r i n e  wi th  2-3 parts of lead oxide  r e q u i r e s  approximately 1 day to  form 
what is cons ide red  e c r y s t a l l i n e  coatpounc?. This cement resists weak acid and 
n i t r i c  ac id ,  but  r e a c t s  w i t h  s u l f u r i c  a c i d .  L i t h a r g e  c e n e n t s  have also been 
used  a s  cera~ric seals i n  t h e  p o t t i n g  of e l e c t r o n i c  e q ~ i p r t * n t . ( ~ ~ ) ( ~ ~ )  

4.4.9.5 S u l f u r  cenen t s .  L iqu id  s u l f u r  ( tae l t inq  p o i n t  2 3 0 0 ~  o r  llOoC) 
may be regarded a s  a n  i n o r g a n i c  adhes ive  of t h e  hot-melt type. S e r v i c e  
t e w e r a t u r e  should  no t  exceed 1 9 9 0 ~  (93%) because of a narked change i n  
t h e  expans ion  c o e f f i c i e n t  a t  2 0 5 0 ~  ( 9 6 0 ~ )  as a r e s u l t  of a phase change. 
P h y s i c a l  p r o p e r t i e s  are improved by t h e  a d d i t i o n  of ca rbon  black and 
y o l y s u l f i d e s .  T e n s i l e  s t r e n g t h s  of about  580 ps i  (4.0 liua), f a l l i n g  t o  435 
ps i  (3.0 biPa) have been r e p o r t e d  after 2 y e a r s  exposure  i n  water a t  I580P 
( 7 0 0 ~ ) .  Tile p r i n c i p a l  u se  of s u l f u r  cements i s  f o r  a c i d  t a n k  c o n s t r u c t i o n ,  
where h igh  r e s i s t a n c e  to  o x i d i z i n g  a c i d s ,  such  a s  n i t r i c  and h y d r o f l u o r i c  acid 
m i x t u r e s  a t  15809 ( 7 0 0 ~ )  is requi red .  Resistance t o  o l e i c  a c i d ,  o x i d i z i n g  
a g e n t s  and stro bases or lime is poor. Adhesion t o  meta ls ,  p a r t i c u l a r l y  
copper ,  is 

2.4.9.6 ~ d r a u l i c  cements. The p r i n c i p a l  types of c e n e n t s  which set by 
h y d r a t l o n  are calcium silicate o r  P o r t l a n d  Cement, ca l c ium a lumina te  c e n e n t s ,  
pozzuo lan ic  cements, s l a g  cements, n a t u r a l  l i m e a i l i c a  cements, ba r iun  sf licate 
and bariuw a lumina te  cements, ferrites and f e r r a t e s ,  and l ime and gypsum 
CeWntS. ( P l a e t e r  of P a r i s  and Keene.8 cement).  T l ~ e  h y d r a u l i c  cements a r e  
impor tant  bu i ld ing  m a t e r i a l s  fo r  bu i ld ings ,  roads ,  b r idges  and o t h e r  outdoor 
c o n s t r u c t i o n  work, r a t h e r  t h a n  adhes ives ,  as t h e  t e r n  is ~ 0 n v e n t i o n a l l Y  
understood.  P l a s t e r  of P a r i s  is used  for both  outdoor  and indoor  
a p p l i c a t i o n .  (35 ) (39 )  
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4.5 Pactors to  be considered i n  adhesive select ioe There is no 
all-purpose adharive. The best adhesive for a particular application w i l l  
depend on tbe follouiag:(lel 

o The materials to be bonded (adhereads) 
o The service an8 assembly requfremente 
o The econoiatcs of the bonding operation 

Dy using thesr factors as cri ter ia  for eelectioh, the' large nunbcr of 
comercially available adhesivee can be aarrawed down to a few possible 
candirfates. A l l  tbe properties desired are often not available i n  a single 
adhesive system. Xn these cases, a conpromise adhesive ctin usually be 
selected by deciding vhich properties axe of primaxy importance. (18 1 

4.5.1 Adhesive subetratee (adherend&). The materials t o  be bonded are a 
prime Factor in deteruining which adhesive is to  be selected. Sane adherends, 
such as etainlesa steel or wood, can be succes8Eully bonded wi th  a great many 
sdkesive types; others, eucb as nylon, can be bonded wi th  only a few. Typical 
adhesive-ailherend conbinatiorrs are listed i n  a number of table8 published i n  
various sources. These listings are intended, only as guidelines to  ahow 
common adhesives which have been successfully used in various applications. 
The selections are li6ted without regard to  strength or service reqrfrements. 
The lack of a suggested adhesive for a particular substrate does not 
n=cessarfly signify that the resultant bond w i l l  be poor, only that 
information is. not readily available on that yartisular combination. (l6J 

blhen these tables are used to show recommended adhesives for two different 
edherends, the adhives selected taay &nd well, but the resultant joints may 
be inferior because of a misraatch i n  the thermal-erpansion coefficients. I n  
such cases, a resilient adheeive should be carefully chosen to coGlyemirte for 
the stress resulting from such a miamatch.(la) 

4.5.2 Service requirements. Adhesives oust also be selected wi th  regard t o  
the type of stress and environmental conditions to which they w i l l  be 
exposed. These factor8 w i l l  further lireit the number d candidate adhesives ' 

to  be considered. Information on the environmental resistance of vatious 
adhesive c lass i f ice t io~s  will appear i n  Chapter 15. The chosen adhesive 
should have strength enough to resist the uazfmru;r stcess during any ti* i n  
service w f t h  reasonable safety factors. Overspecifying ray result i n  certain 
adhesives being overlooked vhich tail do the job a t  lower cost and with less 
demanding curing conditions. 

4.5.3 Assemblv rebuirements. Adhesives require time, pressure, ahd heat, 
singly or i n  combination, to achieve hardening. Curing conditfons are often a 
severe restrictiny factor in the sehct lon of an adhesive. Wpical production 
factors involved i n  swenbly ate tbe equipment available, allowable cure time. 
pressure required, necessary bonding temperature, degree of substrate 
preparation required, and physical form of the adhesive. Table X I V  lists the 
available f o t ~ s  and proceasing requiteraente of adhesives i n  gemral. See 
Chapters 5-7 for more details. 
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?ABLE XIV. Avai l ab le  forms and p r o c e s s i n s  requirements  
f o r  adhes ives . l l81  

common f o r m  a v a i l a b l e  

o S o l i d  
0 P i l u  
o P a s t e  
o L iqu id  
o So lven t  s o l u t i o n  
o fsnrulsion 

1.ie t h d  of c u r e  

o So lven t  release 
o Fus ion  on hea t ing  
o P r e s s u r e - s e n s i t i v e  
o Chemical r e a c t i o n  

Process ing  c o n d i t i o n s  

0 ItOOn t e n p e r a t u r e  
o E leva ted  tempera ture  
o Bonding p r e s s u r e  r equ i r ed  
o Bonding p r e s s u r e  not  r e q u i r e d  

4.5.4 Cost reeuirements .  Econotaic a n a l y s i s  of t h e  bonding o p e r a t i o n  n u s t  
cons ide r  not  on ly  t h e  raw m a t e r i a l s  c o s t ,  bu t  a l s o  the  p rocess ing  equipment 
necessary,  t i n e  and labor requ i r ed ,  and c o s t  i ncu r red  by wasted adhes ive  and 
r e j e c t e d  p a r t s .  Raw materials c o a t  f o r  t h e  adhes ive  should  k based on the 
more r e a l i s t i c  cost per bonded p a r t ,  r a t h e r  t h a n  price per weight  or volume, 
because of v a r i a t i o n s  i n  s o l i d s  and d e n s i t y  of adbesives.(18) 

4 .S.S Time-related requirements .  The fo l lowing f a c t o r s  should  a l s o  be 
cons idered  i n  s e l e c t i n g  a n  adhes ive  : 

4.5.5.1 S t o r a g e  l i f e  ( s h e l f  l i f e ) .  Th i s  is t h e  p e r i o d  of t ime dur ing  which 
a packaged adhes ive  c a n  be s t o r e d  under e p e c i f i e d  tempera ture  c o n d i t i o n s  and 
remain s u i t a b l e  f o r  use. (40)  

4.5.5.2 Uorkinq l i f e  ( p o t  l i fe) .  T h i s  is t h e  p e r i o d  of t i m e  J u r i n q  which 
a n  adhesive,  a f t e r  mixing with  c a t a l y s t ,  s o l v e n t ,  o r  o t h e r  compounding 
ing red ien t s ,  remaim suf t a b l e  for use. (40)  

4.5.5.3 Tack range (own  t ime)  (open-tack t-ime) ( t a c k  time) ( t ack - f r ee  
t ime) .  T h i s  is t h e  period of t ime i n  which a n  adhes ive  w i l l  remain i n  t h e  
tacky-dry c o n d i t i o n  a f t e r  a p p l i c a t i o n  t o  a n  adherend, under s p e c i f i e d  
c o n d i t i o n s  of tempera ture  end hulaidity. In t h e  tacky-dry cond i t ion ,  t h e  
v o l a t i l e  c o n s t i t u e n t s  have evapora ted  o r  have been abaorbed auf f i c i e n t l y  t o  
l e a v e  t h e  adhes ive  i n  a t acky  state. Fuo fi lm of adhes ive  w i l l  bond t o  each  
other dur ing  t h i s  period of time wi thou t  t h e  w e d  f o r  r e a c t i v a t i o n  of t h e  
s u r f a c e s  wi th  e i t h e r  h e a t  o r  s ~ l v s n t . ( ~ ~ ) ( ~ l )  
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4.5.5.4 Assemblv time. This  is t h e  time i n t e r v a l  betueen tk spreadiny of 
t h e  adhesive on t h e  adherend and the app l ica t ion  of pressure  o r  heat ,  o r  both, 
t o  t h e  aesembly. For assemblies involving mul t ip le  l ayers  or parts, tbe 
assenbly  tine begins with the spreading of the adhesive on t h e  f i r s t  adhere@. 
Own asserirblv t i n e  is t h e  ti- i n t e r v a l  between t h e  spreading of t h e  adhesf ve 
on the adherend and the conryletfon of assembly of t h e  p a t t e  f o r  bonding. 
Closed arraembly tiare is t h e  time i n t e r v a l  between coaple t ion of assembly of 
the  p a r t s  f o r  bonding and t h e  app l ica t ion  of pressure  or  heat ,  o r  both, t o  t h e  
assembly. ( 40) 

4.5.5.5 C u r i m  ti&1ee T11is is t h e  period of time during which an  assembly 
is eubjected t o  heat  or  pressure,  o r  both, t o  cure  t h e  adhesive. Fur ther  c u r e  
maf take p lace  a f t e r  removal Eron t h e  condi t ions  of heat, 02 preesure,  or 
both. ( 4 0 )  

4.5.5.6 Dryins time. Thie is t h e  per iod of time during which a n  adhesive 
on an adherend or a n  aesembly is allowed t o  d ry  with o r  without t h e  
a p p l i c a t i o n  of heat  o r  pressute ,  o r  both. ( 4 0 )  

4.5.5.7 Joint condi t ioning tirare ( jo in t -as ins  tiael. This  i e  the time 
i n t e r v a l  between the  removal of t h e  j o i n t  from the  condi t ions  of heat  or 
pressure,  or  both, used to accomplish bonding, and the  at tainment of 
approxf~ta te ly  rimximum bond strength.(40) 

4-5.5-8 sett im time. Thia is the  e a r l i e s t  t i m e  f o r  which an  adhesive 
j o i n t  may be handled without endangering t h e  e t r u c t u r a l  f n t e g r i t y  of t h e  
jo ints .  For a cured adhesive, cure  is only p a r t i a l l y  complete a t  t h i s  

( 4 0 )  

4.5.5.9 Ear l i e s t -hand l iw time. Thia is t h e  e a r l i e s t  t i n e  f o r  which an 
adhesive jo in t  may be bandled without clamps without endangering t h e  
s t r u c t u r a l  i n t e g r i t y  of t h e  jo int .  For a cured adhesive, c u r e  is only 
p a r t i a l l y  complete a t  t h i e  point .  

4.6. Adhesives f o r  metals. The chemical types of e t r u c t u t a l  adhesives f o r  
metal bonding have been described e a r l i e r  i n  t h i s  handbook. Since organic 
adhesives r e a d i l y  wet most m t a l l f c  surfaces ,  the  adhesive s e l e c t i o n  does not 
depend as much on the type of metal s u b a t r a t e  ss on o ther  bonding 
~ e q ~ i r e l a e n t 6 .  Se lec t ing  a lepecific adhesive from a t a b l e  of general  
p roper t i e s  is d i f f i c u l t  because formulations within one c l a s s  of adhesives may 
vary widely i n  physical  properties, General physical  data f o r  skructural 

' metal adhesives a r e  glven i n  Table XV. This t a b l e  may prove use fu l  i n  making 
prel iminary s e l e c t i o n s  o r  e l i t j ina t ing  obviously unsui table  adhesivese Once 
t h e  candidate  adhesives a r e  l imi ted  t o  only a few types, the designer  can 
sea rch  Elore e f P i c i e a t l y  f o r  t h e  best boading system. Nonstructuta l  adhesives 
f o r  metals include ~1astouer;tc and thermaplss t ic  resins. These a t e  genera l ly  
used as pressure-sensi t ive  o r  hot-melt adhesives. They are notea f o r  fast 
production, l o u  c o s t ,  and low-to-medium s t rength .  W y i c a l  adheelves f o r  
nonstructural-bonding app l ica t ions  have been described above. klost 
pressure - sens i t ive  and hot-melt cements can be used on any clean aretal eurface  
and on many p l a s t i c s  and e las touers .  (18) TO achieve u p t i m u m  j o i n t  s t rength ,  
metals r equ i re  s u r f a c e  treatment p r i o r  t o  bonding. Chapter 5 offers 
gu ide l ines  f o r  such treatments.  Recomaended adhesive s e l e c t i o n s  f o r  p l a s t i c s  
a r e  l i s t e d  i n  Chapter 8. 
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4.7 Adhesives for v l a s t f c s .  Bonding of p l a s t i c s  is g e n e r a l l y  nore  
d i f f i c u l t  t han  metal bonding because of the lower surfctce energy  of polymeric 
s u b s t r a t e s .  B u t  most t he rmoy las t i ce  c a n  be jo ined  by 801wnt-  or heat- 
welding, as well as wi th  adhesives.  Common assembly methods tor p l a s t i c s  
inc lude:  (18) 

o Mechanical f a s t e n i n g  
o Adhesive bonding 
o Induc t ion  bonding 
o S o l v e n t  cementing 
o S p i n  welding 
o Thermal welding 
o Ultrasonic ueld iny  

4.7.1 So lven t  cementing. T h i s  technique,  used p r i m a r i l y  on  r e l a t i v e l y  
amorphous the rmop las t i c  r e s i n s ,  w i l l  be discussed i n  detail  i n  Chapter 7. 

4.7.2 Adhesive b n d i n q .  Adhesive bonding is t h e  easiest and usua l ly  the  
b e s t  method o£ f a s t e n i n g  one type  of plastic to another  type,  or to  a 
d i f f e r e n t  s u b s t r a t e  when s o l v e n t  cementing cannot  o r d i n a r i l y  be used. 
' rhermoplast ic  and rubber-based c o n t a c t  adhes ives  are o f t e n  used t o  bond 
plastics when t h e  a p p l i c a t i o n  is nons t ruc tu ra l .  These adhes ives  are g e m r a l l y  
less s e n s i t i v e  t o  heat and s o l v e n t s  than  the p a r e n t  plastic. Thermosetting 
adhes ives  such  as epoxies  o r  polyurethanes are corPnwnly used f o r  s t r u c t u r a l  
a p p l i c a t i o n s .  lihen bonding plastics t o  almst any o t h e r  t ype  of material, t h e  
mistoatch i n  therwal-expansion c o e f f i c i e n t s  c a n  impose great stress on t h e  bond 
du r ing  thermal cyc l ing .  Thus, adhes ives  f o r  plast ics are g e n e r a l l y  r e s i l i e n t  
m a t e r i a l s  t o  a l low d i s t r i b u t i o n  of stress a t  tempera ture  extremes. To achieve  
optimum j o i n t  s t r e n g t h ,  plastics r e q u i r e  s u r f a c e  t rea tment8  p r i o r  t o  bonding. 
Chapter  5 o f f e r s  g u i d e l i n e s  for such  t rea tments .  Recommended adhesive 
s e l e c t i o n s  for p las t i c t s  a r e  l i s t e d  i n  Chapter 8.(18) 

4.7.3 Thermal-weldim t e c h n i  -. (42)  143) p limited amount of d i scuss ion  
w i l l  be g iven  i n  t h i s  handbook to  thermal-welding methode. I n  thermal  
welding, l o r  s imply ue ld ing ,  as it is o f t e n  called), t h e r e  i e  always a . 
molten- l iquid  phase of t h e  plastic a t  soam s t a g e  of t h e  bonding ptocese.  
S t r i c t l y  speaking,  t h i s  is no t  a form of adheeive  bonding, u n l e s s  one regards  
t h e  molten p l a s t i c  as e form of adhesive.  The v a r i o u s  techniques  used w i l l  be 
o u t l i n e d  he re  b r i e f l y .  Thermal-welding t echn iques  wj be roughly d iv ided  i n t o  
t h o s e  methods i n  which hea t  is applied directly t o  t h e  plastic, and those  i n  

' which some form of energy is app l i ed  which acts on t h e  plastic i n  such  a way 
as t o  cause  hea t ing  a t  t h e  i n t e r f a c e  or i n  t h e  plastic as a whole. The 
r e q u i r e d  energy c a n  be app l i ed  i n  many form. 

4.3.3.1 Direct-hestins methods. Welding by direct a p p l i c a t i o n  of h e a t  
p rov ides  an  advantageous nethod of jo in ing  many the rmop las t f c s  t h a t  do not 
degrade r a p i d l y  a t  t h e i r  mel t  temperatures.  The methods used are as follows: 
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4.7.3.1.1 iiot-plate welding. I n  t h i s  method the  p l a s t i c  t o  be bonded is 
heated by press ing the  bonding sur faces  i n t o  a f l a t  hot p l a t e ,  usua l ly  
aluvinum, with a mn-s t i ck  coa t ing  of PTPE. The tuo-nSolten s u r f a c e s  a r e  then 
pressed together  and held under pressure  u n t i l  t h e  bond b a s  cooled. This 
nethod is normally uaed t o  jo in  two p a r t s  c?f t h e  ssroe p l a s t i c ,  but  it can be 
used t o  jo in  d i f f e r e n t  p l a s t i c s ,  o r  even p l a s t i c s  t o  metal, by %eating the  
su r face  when t h e  molten p l a s t i c  acts as a h o t - m l t  adhesive'on t h e  o ther  
subs t ra te .  Careful  controf of tempratUte i s  necessary, and a list of some of 
t h e  recomaended temperatures is as follows: 

For : Use: For : U s e  : 

I b W  450°P (2320C) PPO, modified 525%' (277OC) 
Acetal  500OF ( 2 6 0 0 ~ )  polypropylene 400°Y 4 204OC) 
tu, polyethylene 3 9 0 0 ~  (1990C) Polystyrene 420°P (216%) 
Lu polyethylene 3600P 4 1820C) Nylon 6,6 475OP (246OC) 
Phenoxy 550°p (288OC) YVC 65OOP (232OC) 
Polycarbonate 6500P (343Oc) SAN 4 5 0 0 ~  (2320C) 
Ppo 650OP ( 3 4 3 0 ~ )  

4 7.3.1- 2 i lo t -~las  weldinq. This is a technique used mainly f o r  joining 
p l a s t i c  shee t  (although o ther  shapes can  a l s o  be handled) using gum of about 
400-600 W a t t  input  e l e c t r i c i t y  ( o r  burning butane or  propane i f  g a s  heating is 
used). The electric guns a r e  usua l ly  more por tab le  and easier to use. For 
e a s i l y  oxidized p l a s t i c s  such as polyethylene and polypropylene, e i t h e r  
n i t rogen or another ine r t  gas must be used, but f o r  PVC dry a i r  is acceptable.  
A welding rod of t h e  same mater ia l  8s t h e  p l a s t i c  t o  be bonded is used t o  
produce a f i l l e t 8  t h e  des ign of which is of considerable  importance. A l a r g e  
d i f f e r e n c e  between melting and decomposition temperature is necessary i f  t h i s  
technique is t o  be used. The most commonly used p l a s t i c s  are: low- and 
high-density polyethylene,  polypropylene, and PVC. Acrylics and polyaraide 
have a l s o  been joined by t h i s  method.. .. 

4.7.3.1.3 Heated-tool weldinq. This is e s s e n t i a l l y  t h e  sane as hot-plate 
welding, except t h a t  it is broader i n  scope. Meat is appl ied t o  t h e  su r faces  
of the  p l a s t i c s  t o  be joined by bringing them i n t o  con tac t  with a heated-mtal 
p l a t e  o r  o the r  t o o l  and h e a t i q  them u n t i l  the re  ie a build-up of molten 
mater ia l .  The aur faces  a r e  then joined together ,  reGI0Ved f ran t h e  heat, and 
cooled. Th is  method is used p r imar i ly  with a c r y l i c s  and p l a e t i c i z e d  PVC, 

, although it is beginning t o  be used more and more with polyethylene and 
polyprwylene.  The method is widely used i n  welding p ipe  and l a r g e  tubing. 

4.7.3.1.4 ~ a d i a n t - h e a t  ueldinq. I n  t h i s  method the  conponents a r e  passed 
one on each side of rad ian t  heaters .  Th i s  oethod can be appl ied t o  su r faces  
which a r e  not f l a t ,  providing good mating sur faces  a r e  used. I n  sowe cases  
heat  s h i e l d s  a r e  used t o  p r o t e c t  a r e a s  which should not be heated. 
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4. f .3.l.5 I t ( e s i s t~e -wf  re welding. In t h i ~  technique, a resilstance wire is 
placed i n  the  part, and uhi le  the faces a r e  preeeed together; a current is 
paseed thruugh whtch heats the  wlre and mlts the  plastic surfaces. N o ~ m ~ ~ l l y  
this method would be used where t h e  p l a a i c  is joined to itself . 

4.7.3.1.6 Molten-polymer (ewtruQed-bead) e e a k l w  In th ie  -hnipue, two 
sect ions of a thermoplastic a r e  joined by extrudtnq a bead of the  eaaae 
fnaterial between them. The ext&dea bead containe-sufficient heat to cause 
the  surfaces adjacent t o  the  bead t o  fuse. A bmgenecrua s t ruc ture  r e su l t s  a s  
t he  thermoplastic coole, 

4.7.3.2 Indirect-heating methods. Zndi rect hatt ing occurs when sane form 
of energy is applied to the  jo in t  which a c t s  on the p l ae t i c  t o  cause heating 
a t  the interface or i n  the p l a s t i c  a6 a wha l e .  The methods used a r e  as 
f ollous: 

4.7.3.2.1 Dielectric bondinq (high-frequency bonding). T h i s  technique is 
most widely used f o r  bonding PVC t o  i t s e l f  or to other conrpatible surfaces. 
However, any material  with a Pufficiently high d i e l e c t r i c l o s s  factor can be 
wel8ed i n  this way. As the name i-lSe~8 the thermoplastic to be eealed is 
placed i n  the poetition of a d i e l ec t r i c  between the two electrodes. Theae 
transmit a high-frequency current t o  the  thermoplastic and a t  the Sam6 tLme, 
exer t  the necessary pressure on jt. When polar  p l a s t i c  nmterials a r e  exposed 
t o  t h i s  high-frequency current,  heat is generated throughout t he  material  
because of the f r i c t i o n  between the molecules sh i f t i ng  back and forth i n  
response t o  the electromagnetic f ie ld .  With the  combination of heat and 
pressure, a s e a l  i s  effected. 

4.7.3.2.2 Induction heating (electruaagnetic bonding). In  t h i s  method, an 
induction c o i l  of the type used i n  rrretal heatinq ia used i n  combination with 
l ron  o r  nickel, where heit is produced by eddy currents  and hysteresis. The 
metal can be i n  :he form of a gr id  o r  as a metal powUer mixed i n t o  the  
p l a s t i c ,  which m y  be pre-molded i n t o  gasket form. Thia method is useful 
where satall complex shape8 a r e  involved, but should not be used where strong. 
corrosSve agents could come i n t o  contact with the material. 

4.7.3.2.3 Ultrasonic weldin%. In this method, a transducer, acting through 
a resonating horn, haamers the p l ae t i c  surfaces together and this, Mabfned 
with transverse slipping, causes wry rapid heat build-up and diffusion of the 
surface. Ultrasonic welding i e  very f a s t  and the surface need not be very 

, clean. Rigid p l a s t i c s  w i t h  high moduli of e l a s t i c i t y  a r e  best. The horn 
should be placed perpendicular t o  the  center  of the part 8urfaces. P las t ics  
can acturl ly  be welded through a vecuum-tnetellieed layer. Metal i nee r t s  can 
be forced i n t o  place i n  this p l a s t i c  by this technique. Rccept f o r  this 
spec ia l  t%chnique, it can only be used for bonding p l a s t i c s  to plaet ics .  

4.7.3.2.4 Ultrasonic aahesive baadirq. This is a epecialized technique 
usable on thenaoplastics o r  thermosets, i n  which the ul t rasonic action is i n  a 
thermoplastic o r  a thermosetting adhesive . (See 6.5.3.1.9) 

4.7.3.2.5 spin o r  f rac t ion  weldin* This technique u t i l i z e s  the f r i c t i ona l  
heat produced when the surfaces of t he  same p l a s t i c  a r e  rotated together. One 
section is powerrotated against abother p e r t  held stationery. Rubbing 
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contact  is maintained a t  a speed and p ressure  which generate f r i c t i o n a l  heat 
and m e l t  the component surfaces.  When s u f f i c i e n t  m e l t  is obtained, pressure  
16 increased to squeeze out a l l  bubblee, The stationary part is then re leased 
and t h e  powered sp ind le  stopped, h a l t i n g  t h e  rubbing a c t i o n  and allowing the 
weld t o  cool  under pressure.  The f r i c t i o n a l  hea t  generated by spin-welding 
produces su r face  melting, w N l e  the temperature of t h e  mater ia l  immediately 
beneath the s u r f a c e  rewains re la t iveLy unchanged. For many a p p l i c a t 5 0 n s ~  no 
sur face  preparat ion is necessary. The average l i n e a l  ve loc i ty  of the j o i n t  i s  
normally about 20 f t / e e c  (6.1 m/sec) and t h e  average p ressure  about 200 p s i  
(1.38 NPa) 

4.8 Adhesives f o r  elastonrers. The s e l e c t i o n  and use of adhesives f o r  
e las tomeric  mate r ia l s  can be guided by genera l i za t ions  h e e d  on past 
experience. However, adhesive bonding of elas tamers  i s ,  and probably w i l l  
remain, an empir ical  a r t .  This is due t o . t h e  almost limitless scope of 
elastomers,  adhesives, primers, s u b s t r a t e s  and intended usages avai lable .  
Thus, t h e  bes t  r u l e  t o  fol low i n  t h e  major i ty  of adhesive appl icat ion8 is t h e  
a c t u a l  t e s t i n g  of t h e  s t reng th  of t h e  bond obtained, This  must be done o r  
siinulated, using t h e  a c t u a l  exac t  mate r ia l s  and processes  of const ruct ion t o  
be used i n  t h e  r e s u l t i  ng end item. ( 44 1 

4-8-1 Vulcanized @laStoiwr~. Bonding of vulcanized e l a s t a n e r s  t o  
themselves and to  o t h e r  mate r ia l s  is general ly  canplated by using a 
pressure-sensi t ive  adhesive derjved from an elastamer s i m i l a r  t o  t h e  one being 
bonded. F lex ib le  thermosett ing adhesives such a s  epoxy-polyamide o r  
polyurethane also offer e x c e l l e n t  adhesive s t r e n g t h  t o  most elastomers. 
Surface t reatments  a r e  discussed i n  5.3.5.3. Elastomers vary g r e a t l y  i n  
formulation fram one manufacturer t o  another. F i l l e r s ,  p l a s t i c i z e r s ,  
ant ioxidants ,  a tc  , may a f f e c t  t h e  adhesive bond.(la) (See 8.3 f o r  a 
general  ~ ~ s c u s ~ ~ ~ L : * L  .,: adhesive bonding of elastomers. 1 

4.8.2 L w g -  astomers. Unvulcanized elastomers may be bonded t o  
metals and other  r i q i d  erdherends by priming the adherend with a s u i t a b l e  a i r -  
o r  heat-drying adhesive before t h e  elastolaer is molded aga ins t  the adherend. 
The most cacaman elastomers to  be bonded i n  t h i s  way { a l s o  c a l l e d  vulcanized 
bonding) include nitrile, neoprene, urethane, na tu ra l  rubber, SBR, and butyl  
rubber. Less comPPon unvulcanized elaatamers such a s  the s i l i cones ,  f luoro- 
C ~ X ~ O ~ S ,  chlorosulfonated polyethylene, and palyaczylate are atate d i f f i c u l t  t o  
bond. However, r ecen t ly  developed adhesive primers improve t h e  bond of these 

' elastomers t o  metal. Surface treatment of t h e  adherend before priming should 
be according t o  good 6tandards (usual ly  by sandblas t ingr  g r i t  b las t ing ,  
chemical cleaning,  etc'. of the subs t ra te )  t o  provide a c lean  sur face  f r e e  from 
o i l s ,  gzeases, oxides, release agents,  etc. I n  this  type of bonding, adhesion 
i o  obtained from a vulcanized bond accomplished simultaneously with the cure  
of the elastcmer i t s e l f .  Th i s  type of bond is general ly  super ior  t o  t h e  type 
of adhesive bond described under 4.6.1.(1e)(44) 

4.9 Adhesives f o r  wood. Unt i l  nea r ly  t h e  middle of t h e  20th century,  g l u e s  
based on naturally-occurring mate r ia l s  were t h e  p r i n c i p a l  adhesive-banding 
agen t s  f o r  wood. The basic  ingred ien t s  f o r  these  were general ly  by-products 
of meat processing ( f o r  animal and blood glues), o r  casein ,  soybean and 
starch, I n  t h e  e a r l y  1930's. syn the t i c  r e s i n  adhesives began to appear on t h e  
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woodworking scene, and because of the1 r v e r s a t i l i t y  and o ther  advantogas, they 
found wieeepread use i n  t h e  woodworking industry.  Some syn the t i c  r e s i n  
adhesives, when properly wed, w i l l  produce j o i n t s  that remain as s t rong a s  
t h e  wood, even i n  unprotected exposure to t h e  weather. Pbat of them, and most 
of t h e  "natural* glues, w i l l  produce adequate j o i n t s  f o r  normally dry interior 
use. Synthetic adhesives use8 for uooi\ include, Phenolic resins 
(high-temperature-setting, intermediafa-temperature-setting, resorcirrols, and 
phenol-resorcinols) ,  urea r e s i n s  (*uea-formaldehydes) as hot-press urea$# and 
roonrtemperature-aetting ureas, melamine res ins ,  relamine-urea reeins, 
polyvinyl r e s i n s  ( a s  polyvinyl ace ta te ) ,  thammaet t ing polyvinyl ~ ~ l s i o n s ,  
hot melts, spcrxy res ins ,  con tac t  adhesives, and mastic adhesives. "Natural" 
adhesives used f o r  wood include: A n i m a l  g lue* case in  glue, soybean glue and 
b l o d  glue. (See 4,4.8 on Natural  glues). See Chapters 5 and B fox surface  
p repara t ion  and recamenbad adhesive discuss ion (more detailed than 
here.) (45) 

4.10 Adhesives for glass ,  Glass adhesi  ves are general ly  t r ansparen t  r e s i n s  
that a r e  water r e s i s t a n t  to meet t h e  requirements of outdoor appl icat ions .  
They inclgde such mate r ia l s  a s :  polyvinyl butyral ,  phenolic-butyral, 
pheno l ic -n i t r i l e ,  vinyl-nitrile, neaprane. polygulfide,  ntbbe~base, s i l i cone ,  
v iny l  a c e t a t e ,  epoxy, and cyanoacrylate (not p a r t i c u l a r l y  water- res is tant) .  
See Chapter S for discuss ion of surface preparat ion techniques. (18)  

4.11 Checkl is t  f o r  adhesive select ion.  Adhesive manufacturers f repuant l y  
provide c h e c k l i s t s  t o  p o t e n t i a l  e e r s  of adhesives so that the)- may be sure  
they  have completely described their boziblng requirements. An example of such 
a c h e c k l i s t  is shown i n  Fig. 26. This  p a r t i c u l a r  list is shown so t h a t  those 
wi th  bonding problems w i l l  have some idea of the type of information t h e  
adhesive supp l ie r  or adhesive technologis t  will need to knw to be of 
a s s i s t a n c e  with the problem. (46)  

( W P I  ID-0706h/DISC-OO33A. FOR MTL USE ONLY) 
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CHECKtIST FOR ADHESIVE SELECTION 

2. User 2. Application: - Produe t i on  - Bonding Approximate area t o  be - Prototype - Eealing joined - Development - Joint aeechan- Appraimcrte quantity - Field r epa i r  i c a l l y  re inf  orccd? of ' asambi les 

3. Surfaces: 4. J o i n t  Type: 
t o  - u p  

Tradename ( i f  any) F i l l e t  - 
Finished metal: - Edge 

Base metal (Attack sketch on 
Finish separate sheet 

Cheaica 1 descript ion 

5. Bonding Process L i d t a t i o n e :  - Temperature. Wax allowable F. - Pressure on glueline. Max allowable psi. 
-L 

Organic vapo~s .  - nais tu te .  - Corrosion. - Mher (tlescribe) 
Mater ials  o r  corrmonents 

6. Service ConUitions; 
Temperature: Max - F, Min - F. 
Pressure: Hax - ps i ,  Min poi. - 
Water r Freah - s a l t  -8 Humidity , Condensation . 

Spray -8 flMu?rsi= - 
Lubrf catf ng of 1 Degreasinq solvent  
Hydraulic f l u i d  
Design l i f e  

Outdoor: Sheltered , Direct exposure Sunlight only 
Indoor: Room condition , Controlled -. Other 

7. Storage Conditions: 
Design l i f e  ( i f  d i f f e ren t  Prom service design l i f e )  

7. Storage Conditions: 
Design l i f e  ( i f  d i f f e ren t  Prom service design l i f e )  
Seal&-, Sealed but opened for tee+ 

Outdoor: Sheltered Direct exposure 
Indoort Warehouse -, Room-, Controlled atmosphere 

8. Mechanical Requf tentents : - Temporary bond Nature of loa% on glueline: - L o w  s t rength  Peel - lb/in. of width. - Moderate s t rength Tension - ps i .  - St ruc tu ra l  Shear - psi .  
Cleavage - lb/in. of 

width. 

9. Mher Considerations: 
Color 8 Odor 
Plammbil i ty  , Other 

FIGURE 26. Example of checkl i s t  f o r  adhesive ~ e c t i o n . ( 4 ~ )  

110 
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Chapter 5. ADHmBD SURPACE PRIPARATIOIJ 

5.1 General discussion. Adhesive bonding is a surface pbenormenoe. By 
definition, an adhesive is a substance capable of holding materials together 
by surface attachnent;. Thue, surface preparation prior to  adhesive bonding is 
the keystone of successful bonding. The sole putpose of a' eurface preparation 
is to  provide adhered surfaces receptive to  the  development of strong, durable 
adhesive joints. ~t is desirable, although not always practical, t o  have the 
basic adherend material eryosed directly to  the adhesive, wi th  no intervening 
layer of oxide f i ln ,  paint, chromate coatiag, phosphate coating, nor silicone 
release agent. such layma are teferrenl to  as 'weak boundary layere.' Trying 
to  bond such layers is eiailar to applying a pressure-sensitive tape to  a 
powdered surface. Under such conditions, the adhesive never comes into 
Contact wi th  the adberend surface. 

Quality control of a l l  steps involved i n  surface preparation is iuportant. 
Incoming production materials should be tested and deterai ned to  be suitable 
for use i n  the bonding process. Simple lap-shear tes ts  (ASTll D 10021, peel 
tes ts  (Am1 D 903, D 1781 and D 18761, or otber tests established as appro- 
priate, should be used to  determine the quality of surface preparation. 
Results of quality-control tests sbould be recorded i n  official  logs i n  order 
to  provide traceable evidence of quality. Histograms - plots of frequency 
(occurrence of a value) vs. sample joint strength - are useful i n  establishing 
knowleclgealle process control. The bonding-process specification should 
require this data. 

Selecting a surface preparation for adhesive bonding requires a systems 
approach. Hany factors, both obvious and less apparent, influence their 
selection. The size of component parts and the  availability of equiprrent and 
fac i l i t ies  are i n  the obvious category. The rapid depletion of active 
chemicals i n  a bath, or the accunulstion of foreign nateriala i n  tbe bath 
which give rise to  weak boundary layers, resulting i n  poor udheaive joint 
strength, are examples of the less obvious factors. 

Rigid process control is essential to avoid the production of 8crap. The 
best surface preparation for metals for in i t i a l  joint strength, durability and 
uniformity of quality is generally a cbezaical-i~looersion or spray process. 
Choosing such a process is desirable only i f  the proJuction schewe or the 
entire system w i l l  tolerate it. Coet is another factor that must be 
conaidered and must  be balanced against the need for reliability, naintain- 

, abili ty and crit icali ty of joint. In tbe entire system, from manufacture of 
individual parts todnspection of the final assembly, many cowpromises aust be 
made. It is only by preparing a coqplete process specification, including 
detailed surface yreparation -requirements, that good process control can be 
obtained. 1 

5.2 Priraere (for  metals). primers for pretreatment of adherends are 
groving i n  importance. The function of a primer i n  a bonding Sy8tem can be 
one or nore of the fofloufng: 

o Protecting the adherend surface (after cleaning) 
o Adjusting the free surface energy of the adherend 
o Adjusting the theological properties of the interface 
o Inproving surface interaction (eolubility) &tween adhesive and 

adherend 
o Promoting chemical reaction between adhesive and adherend 
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In certain applications, the use of a primer as a protectant uay be j u s t  a 
convenience which, however, increases ptoduction costs. xn other cases, 
however, correct priming w i l l  be crucia l  i n  producing a necessary cheaical 
reaction. ( 2 )  

An adhesive pt imr i s  usualkf a dilute solut ion of an adhesive i n  an organic 
solvent that  is applied t o  a dried film thickness of 0.00006 t o  0.002 inch 
(0.0015 t o  0.051 nun). I i i t h  many s t ruc tura l  adhesives, primers a re  used t o  
increase peel strength and help prevent corrosion. However, o primary use is 
in preventing the prepared metal surface f roa  decreasing in  ac t iv i ty  by 
oxidation on exposure t o  a i r .  The priaer  extends the time tha t  nay elapse 
between surf ace preparation and adhesive application (See 5.3.4). \ l i t h  
aluninun, fo r  example, the naxinucl safe  t ine  interval  between surf ace 
preparation and bondiny La 12 hours, ~y ut i l iz ing  an adilesive primer, the 
lapse time nay be extended t o  30 days os even 6 mnths, depending on the 
par t icular  primer/adhesive system used, T h i s  process allows a shop t o  prepare 
the surface of a larye nuder  of parts ,  prime them, and s tore  them for  
relat ively long periods pr ior  t o  bonding. Planning and scheduling are not as 
dependent on the surface: preparation operation. There is anather atrjnificant 
advantage t o  t h i s  process, In the fabricat ion sequence of a bonded asseml l~  
i t  is not always possible t o  integrate t h e  bonding operation a t  a point in 
time that  allows complete ihuaetsion of t h e  bonding surfaces i n  the preparation 
solutions. A t  the scheduled t i m e  t o r  bonding, the subassembly t o  be bonded 
may have progressed i n  i ts  fabricatiot: t o  a stage that  it cannot be iunersed 
i n  a chenical solution without danage t o  one oE its components. In such 
instances, the surface should be prepared and primed prior  t o  the ins ta l la t ion  
of tile l i a i t i n g  conponent.13) 

Utilizing an adhesive primer t o  perni t  optimum surface preparation and 
extended storage and handling of prepared d e t a i l s  is an established ~ouncl 

. pract ice used througllout the bonding industry. ~ d h a s i v e  yrifaers are usually 
not fu l ly  cured during the i r  i n i t i a l  application. Th+y are dried a t  room 
temperature and some are force-dried !or 30 t o  E uinl t e s  a t  1 5 0 0 ~  (G6oc). 
T h i s  provides a dry nontacky surface dhich'can t-. protected frow contamination 
and physical danage by wrapping w i t h  clean papec, sealed i n  pblyethyfene bags, 
or covering w i t h  a nontransferring adhesive-backed yaper,(3) 

Suggestions fo r  speci f ic  primers t o  be used fo r  part icular  adhesive systems 
can usualkg be found i n  the adhesive manufacturer's l i te ra ture .  Tile forced 
drying of the primer is often called mflashingu. A recommended f lash  period 
f o r  a part icular  primer (HYSOL Adhesive DA 952 primer) is GO minutes a t  7 5 0 ~  
(23O~)  or 15 minutes 6 t  7S°F ( 2 4 0 C )  followed by 15 minutes a t  1 5 0 0 ~  
(66Oc). (3 )  

'Pricaers* are also advertised for  aow p las t i c s  end rubbers. sn sorae cases 
these are not really primers, but etching agents. 

5.3 Surface ureparation. 

5.3.1 Importance of surface preparation. Surface preparation of adherends 
pr ior  t o  bonding is one of the most important fac tors  i n  the adhesive-bonding 
process. The strength of the i n i t i a l  bond and its permanence are  very nuch 
dependent on t h e  type of surface tha t  i s  i n  contact with the adheoive. The 
degree t o  which adherends nust be prelpared ~s [slated t o  the servic? 
environment and the. ultimate joint strength required. Surface preparations of 
metals can range from airaple solvent wiping to a conbination of mechanical 
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abrailtng, c h e n i c a l  c l ean ing ,  and a c i d  e tching .  I n  a n y  low-strenc;tlr t o  
m ~ i u r s t r e n g t h  a p p l i c a t i o n s ,  e x t e n f i v e  s u r f a c e  p repa ra t ion  way be 
unnecessary. But, where aax imm bond s t r e n g t h ,  permanence, and r e l i a b i l i t y  
are called f o r ,  c a t e f  P l l y  c o n t r o l l e d  s u r f  ace-preparat ion processes are 
necessary.  The fo l lowing  f a c t o r s  should be cons idered  i n  t h e  o e l e c t i o n  of a 
s u r f  ace p repa ra t ion :  

o Fhc u l t i m a t e  i n i t i a l  bond s t t e n g t h .  requi red  
o The degree  of permanence necessary  and the s e r v i c e  environment 
o The amount and kind of c o n t m i m t i o n  i n i t i a l l y  on t h e  iidllerend 
o The type of adherend 

Yhe s t r e n g t h  of an  adhes ive  j o i n t  is cons iderably  inc reased  whe~. l o o s e  
d e p o s i t s  such  ae r u s t ,  scale, f l ak i e  p a i n t ,  and o rgan ic  con tan inan t s  a r e  
renoved from t h e  s u r f a c e  80 t h a t  t h e  adhes ive  can  more e a s i l y  wet t h e  
s u b s t r a t e .  Tab le  X V I  shows t h e  effect of me ta l l i c - su r f ace  p r e p a r a t i o n s  on 
adhesive-bond s t r e n g t h  f o r  a number of rae ta ls . ( l )  

TABLE XVX. W f e c t  of metal s u b s t r a t e  s u r f a c e  t r ea tmen t  on 
adhesiv'o-bonded j o i n t s .  ( 4) 

I 
- 

Shear S t r eng th  
1 Adherend Treatment - Adhes i v e  p s i  t.l?a I 

t 
Aluninun As rece ived  hP0XY 444 3. fit? 

I Vapor degreased 837 5.77 . 
~ r i t  b l a s t  1751 12.1 , 

1 Acid e t c h  2756 19.0  ! 
I 

. Aluninun As rece ived  Vinyl-phenolic 2442 16.8 i 
Deg reased 2741 18.9 
Acid e t c h  5173 35.7 

S t a i n l e s s  Steel A s  rece ived  Vinyl-phenolic 5215 
i 

36.0 1 
Deg teased  63 06 42.5 1 
Acid e t c h  7056 48.7 i 

i 

Cold-rol led As rece ived  QoXY 
S t e e l  .Vapor deyreased 

~ r i t  blast 
I Acid e t c h  

; copper Vapor degreased t9OXY 
Acid e t c h  

1 

i T i t a n i u n  A s  rece ived  Vinyl-phenolic - 1356 
I 

Degreased 3160 
! Acid e t c h  6743 

2::' 
46.5 

i 1 
'L'itonium Acid e t c h  -0xY 3183 21.6 f 

Liquid pickle  3317 22.9 1 
, Liquid hone 3900 26.9 
! 
I 

nydrof l u o r o s i l i c i c  4005 27.6 
acid e t c h  

I 
I 
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Sur face  p repara t ions  enhance t h e  q u a l i t y  of a bonded j o i n t  by performing one 
o r  wore of t h e  followiny func t ions : (4 ) ,  

o Remove contaminants 
o c o n t r o l  adsorbed water . 
o Control  oxide t o r n a t i o n  
o Poison s u r f a c e  atoms which ca ta lyze  polymer breakdown * 

o Pro tec t  t h e  adhesive and t h e  adberend from each o ther  
o Natch t h e  adberend c r y s t a l  s t r u c t u r e  t o  t h e  adhesive molecular s t r u c t u r e  
o Control  s u r f a c e  roughneaa 

P l a s t i c s  and elastomers a r e  even wore dependent than aetals on surface  
p repara t ion  t o  provide good bonds. tlost of these  mate r ia l s  a r e  contaminated 
with nold-release agents o r  a r e  waxed to  improve appearances. Such 
contaminants must be removed before  bonding. Yolytetrafluoroethylene, poly- 
ethylene,  and c e r t a i n  o ther  polymeric materials a r e  conplete ly  unsui table  f o r  
adhesive bonding i n  t h e i r  na tu ra l  s t a t e .  The sur faces  of t h e s e  a a t e t a l s  must 
be chemically a l t e r e d  p r i o r  t o  Lo&ing.(4) 

5.3.2 General  c leaning methods. The aethods following a r e  l i s t e d  i n  
approximate order  of increas ing effect iveness .  The w t h d  u l t i a a t e l y  chosen 
w i l l  be t h e  one which provides the necessary s t r e n g t h  and permanence with the 
l e a s t  t iner and labor.  ( 4 J 

5.3.201 so lven t  wiping. Where loosely  bald d i r t ,  grease,  and o i l  a r e  t h e  
only contaminants, simple solvent  wiping w i l l  provide sur faces  t h a t  w i l l  prove 
8atiSfactor:f .for weak-to nediua-strength bonds. This  technique, although 
widely usecl, is .the leas t -ef  f e c t i v e  treatment. With plastics and rubbers, 
cons idera t ion  n u s t  be given t o  chemical c o n p a t i b i l i t y  with t h e  adherend. 
V o l a t i l e  so lven te  such as toluene, acetone, methyl e t h y l  ketone ( W E R ) ,  and 
t r i c h l o r o  e tbyiene (TCI) a r e  acceptable. TCE is often favoted because of its 
nonflamraability. A c lean  c l o t h  sa tu ra ted  with t h e  so lven t  should be wiped 
a c r o s s  t h e  area t o  be bonded u n t i l  no s i g n s  of res idue e r e  evident  on t h e  
c l o t h  o r  t h e  subetra te .  Spec ia l  precautions sbould be taken t o  prevent t h e  
so lven t  from becoming contaninatad. Por exanplle, t h e  wiping c l o t h  should 
never touch t h e  so lven t  conta iner ,  and neu wiping c l o t h s  n u s t  be used when 
needed. Af te r  cleaning,  t h e  parts should be a i r - d r i e d  i n  a clean,  d ry  
environment before being bonded. ( 4) 

5.3.2.2 Vapor dwreas iny .  This  i e  a forw of so lven t  c leaning t h a t  is 
p a r t i c u l a r l y  desirable when a number of p a r t s  must be prepared. I t  is more 
reproducible than so lven t  wiping. The method c o n s i s t s  of suspending t h e  
adherends i n  a con ta iner  of ch lo r ina ted  so lven t  vapor such as t r i ch lo roe thy lene  
(8. P t -  2 5 0 ~ 2 ,  1 2 1 0 ~ ) .  When &he hot vapors come i n  contact  with t h e  
r e l a t i v e l y  cool  subs t ra te ,  so lven t  condensation o c c u ~ s ,  d i s so lv ing  t h e  organic  
c ~ n t i u ~ i n a n t s  from t h e  surface.  Vapor degreasing is super io r  t o  solvent: wiping 
i n  t h a t  t h e  adherend sur faces  a r e  continuously being washed i n  d i e t i l l e d  
unconteminated solvent .  ithen t h e  bo i l ing  p i n t  of t h e  so lven t  is lowered 
e i g n i f i c a n t l y  by dissolved contaminants, the vapor deyreaser  should be cleaned 
and t h e  so lven t  replaced. P l a e t i c s  and elastoners may be adversely afkected 
by t h e  hot eolvent,  s o  t h i s  process  should not be ~ 8 e d .  Por t h e s e  n a t e r i a l s ,  
c a r e f u l l y  s e l e c t e d  so lven t s  o r  detergent  s o l u t i o n s  a r e  acceptable  c leaning 
l iqu ids .  ( 41 
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5.3.2.3 Abrasive cleaninq. Sandblasting, wire brushing, abrasion w i t h  
sandpaper, emery cloth, and metal wool are mechanical methods effective for 
removing heavy, Soose particles such as d i r t ,  scale, tarnish, and oxide 
layers. Oegreasing should be carried out before abrasive treatment to  prevent 
contaninants frola being rubbed into the surface. Blasting with clean, dry aic 
or solvent wipiny w i l l  tearove solid particles l e f t  on the surfaces after 
abradiny, or wet-abrasive blasting, followed by a spray rinse, my be 
used. ( 4 

Eacb uetal and alloy bas an optimum range of abrasive sizes. Joint strength 
generally increases wi th  tbe degree of surface roughness.- -Excessively 
rough surf aces, houever, are more likely to result in vofds being l e f t  et  t h e  
adhesive/adherend interface, causing atrese rieers which may be dettimental t o  
tbe adhesive joint. Recomaended abraaive sizes for several netals are as 
follovs:(4) 

Steel ~ry-b las t  80-100 g r i t  
stainless s tee l  Uet-blast 140-325 g r i t  
Aluminum Ilet-blast 140-325 g r i t  
brass D ry-blast 80-100 g t i t  
Brass Iret-blast 140-325 g r i t  

Hand-sandi ng, wire-brushing, and other methods that are highly related t o  
the operator's s k i l l  and patience are less reproducible and should be wed 
only when no other method is possible.(l) 

Fiberglass-reinforced plastics can be cleaned by grit-blasting, or they can 
be cleaned w i t h  a solvent (trichloroethylene) followed by sanding w i t b  80-20 
gr i t ,  again followed by solvent-cleaning wi th  trichloroethylene. Idon- 
reinforced plastics are generally eolvent-cleaned, followed by sanding w i t h  
180-320 gr i t  sandpaper, depending on the gage of the adherend. A 'soft' 
plastic w i l l  be more susceptible to  dawage or erosibn of material by coarse 
abrasives, so a finer g t i t ,  such as Ito. 320, should be wed. Again, solvent- 
wiping should follow t h e  abraeive procese.(s) 

For a more detailed discussion of tbe abrasive process, see the diecussion 
i n  Reference 5. 

5.3.2.4 Chemical cleaning (alkaline cleaninq) . Strong detergent solutions, 
usually heated, are used to  emuleify surface contaninants on both oletallic and 

' nometallic substrates. Parts for cleaning are innnmersed in a well-agitated 
Solution naintained a t  150-2100~ ( 6 6 - 9 9 ~ )  for approximately 10 minutes. 
The surfaces are then rinsed immediately wi th  deionized water and dried. 
chemical cleaning is generally ueed i n  combination wi th  other surface 
treatments. Chemical cleaning w i l l  not, by i teelf ,  remove -heavy or strongly 
attached contaminants such as ruet or ecale. ~ l k a l i n e  detergent6 recornended 
for cleaning are conbinations of alkaline ea l t s  such as sodium metasilicate 
and tetrasodium pyrophoephata, wi th  surfactante included. Wany colnaercial 
detergents are available. m i c a 1  ones are OAKITE and SPHEX.(~)  

5.3.2.4.1 ilater purity. The common factor in a l l  chemical processing 
methods is water, and t h e  purity of tbe water used nay determine the Success 
or fai lure  of the process. There are very feu areas of the country where tap 
water can be used for the overall treatment of mta l s  for adhesive bonding. 
Table X V I I  indicates the general requirements for acceptable water.(6) 
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T A B L ~  xVXI. General requirements f o r  water used 
i n  cleanins solutions and rinsiw. ( 4 )  

property Value Itequi red 

Specific resistance 50,000 ohn/cw2 a t  30Oc 

Potal  a lka l in i ty  10 pprc ma%. a6 cacti3 
Pticnolphthalein a lka l in i ty  1 ppo ma%. as Caw 

3 
Chloride content 15 ppm max. 

5.3.2.5 Other cleaning methods. Vapor-honing and ultrasonic cleaning ars 
e f f i c i e n t  t reat ing uethoJs fo r  small, de l ica te  parts. Vapor-tioniny is s iwi la t  
t o  grit-blasting, except t ha t  very f i n e  abrasive pa r t i c l e s  are  suspended i n  a 
high-velocity uatet  or steam spray. Ultrasonic cleaning employs a bath of 
cleaning liquid or solvent tha t  $8 ultraeonically activated by a high-frequencg 
transducer. The par t  t o  be cleaned is fmaersed i n  the l iquid,  which carr ies  
the sonic waves t o  the surface of the part.  High-f requency vibrations tlren 
dislodge the contaninants. Commercial ultrasonic-cleaniny units  a re  available 
f ro1.1 a number of manufacturers. ( 4 )  

5.3.2.6 Chenical etch. CI19nical treatment of substrate surfaces is the 
nost effect ive method of surface preparation. T h i s  type of treatment changes 
the physical aid chenical propert ies  of the surface t o  produce greater wet- 
t a b i l i t y  and a stronger surface. Specific chemical treatments are  rayuired 
for  each substrate waterial and w i l l  be discussed i n  5.3.5. Tbe par t  or area 
t o  Le bonded is usually inunetsed in  an acid ~ o l u t i o n ,  such as  the FPL etch, 
fo r  a matter of minutes. The pa r t s  a re  then immediately rinsed with deionized 
water and dried. Chemical solut ions must be changed regularly t o  prevent 
contar~inotion and assure r e y e ~ t a b l e  concentration. Tank teiaperature and 
agitat ion m u s t  a l so  be controlled. Pa rsonnel using acf d-etch solutions should 
be trained in  the  hand1 ing, use and disposal of such solutions and uust wear 
su i table  clothing. Paste-type etching products ere available tha t  
sim?rltaneously clean and chemically t r e a t  surfaces. They react a t  roola 
temperature and need only be applied t o  the speci f ic  area t o  be bonded. 
kiouever, these paoto etchaats  generally require wuch longer treatment time 
than acid-lath processes. ( 4 )  

5.3.2.7 Combined cleaning nethods. llore than one cleaning method is 
usually required for  dptimus adhesive properties. A three-step process tha t  
is recomaended fo r  mast substrates consists  of (1) degreasing, ( 2 )  mechanical 
abrasion, and (31 chemical treatment. Table XVIII ehows t h e  e f fec t  of various 
combinations of aluminum-surface yrepa.ratfons on lap-shear strength. Cytinun 
bond strength on aluninua occurs when a treatment consisting of vapor degreas- 
ing ,  abrading, alkal ine cleaning, cne acid etching is used.(41 
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The reader w i l l  do well to  analyze the data i n  Table XVXIf carefully. k'he 
workers who prepared this  table have discuseed the results briefly, but the 
conclusions are reasonably obvious. Again, elm reader should be reninded that 
these figures ref e t  to  a particular set  of  conditions. T a p  water f ram other 
sourcas night give different results, for ermple. Also nany of the aethcnis 
used involve subjective treatments (hand sanding etc). Different workers 
might obtain different results. The general pattern of reeults, however, is 
apparent. 

5-3.2.8 Activated-gas surface treatment of polymer. Recently f t  has been 
ehown that the treatment of certain polymeric surfaces with excited inert gases 
greatly improved tho  bod strength of adhesive joints prepared fron these 
materials. U i t b  t h i s  technique called .plasma t reatraent* , a low-pressure 
inert  gas is activated by nn electrodeless radio-frequency discharge or 
microvave excitation to  produce netastable excited species which ~ e a c t  wi th  
the polyuer surface. The type of plasma gas (02,  tie, 112) can be selected 
to  in i t ia te  a wide assortment of chemical reactions. Atoms are expelled from 
the polymer surface t o  produce a strong, wettable crosslinked s k i n .  Comercia1 
instrunents are currently available to  treat polymer materials i n  t h i 8  manner. 
Branson International PlaSma Corporation, 31172 Huntwood St., P.o. Box 4136, 
Clayward, CA 94544 Ps the only source known a t  present. 'i'able X I X  shows the 
bond strengths of various plastic-aluminum composites pretreated w i t h  activated 
gas a& bonded wi th  an epoxy adhesive. 
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Plasua-treated polyuers generally fona adhesive bonds that a te  2 t o  1 0  tims 
stronger than the bonds formed af ter  traditional chemical or mechanical 
preparation. 'r'abJe XX shows t h e  r e ~ u l f s  of teats  recently carried out to  show 
the relative advantages of plasma treatment compared t o  other methods of 
surf ace preyaratio~;. 

L . Results of lap shear t e s t s  in  various yolymers showing the 
advantage of plasara ~rocessing ( sawles  prepared and bonded by 
the International Plasma Corporation.* Yests perfortaed by 
Hales r e s t i m  Laboratories, Oakland, CA. ( 9) 

i 3, 
I Polymer Control Plasma Abrasion corona Chemical 

I 
I 

! High-density polyethylene 1.0 12.1 -- - 4.5 5.1 

j Polyester 1G& valor 310) 1.0 18.3 2.9 --- 1.0 

I 
1 Silicone rubber 1.0 > 20 4.7 -..- --- 

*lrow Branson International P l a s ~ a  Corporation 
**Result8 nornalizad to  the controls for each polymer 

5.3.3 Evaluation of cleaned warts before and after bondiny. Znere are 
several methods available for determining the thoroughness of surface 
preparation. Before bonding, t h e  subjective *water-breakm tes t  can be used, 
or else the quantitative and objective contact-angle tes t  nay be carried out. 
After bonding it is possible t o  evaluate the effectiveness of surface prepara- 
tion by determining the W e  of failure of the adhesive joint, 

5.3.3.1 Uater-bteak _test. The water-break tes t  depends on the observation 
that a clean surface (one that i s  chemically active or polar) will hold a 
continuous film of water. This is known as a water-break-free condition. A 
break fn the water film indicates a soiled or contaminated area. since water 
(dist i l led1 may temporarily bridge sl ightly soiled areas, a drainage time of 
about 30 seconds should be alloued. The possibility a180 exists that a 
continuous film of water w i l l  form as residual cleaning solution remains on 
the surface. Care Gust be taken t o  ensure that the surface is thoroughly 
rinsed before testing. If a water-break-free condition is not observed i n  the 
treated surface, it ehould not be -used tor bonding or adhesion. Such surfaces 
should be reprocessed through the cleaning cycle. If  repeated failures t o  
pass the water-break teat  occur, the treating process should be thoroughly 
analyzed t o  determine the cause of the problem(3). 

5.3.3.2 Contact-anqle test.' Uet tabi l i t j  can be determined by measuring t h e  
contact angle between the polymer surface and a drop of a reference liquid. 
A 8nall contact angle Indicates that  the l i q u i d  is wetting the polymer 
effectively. Larye angles show that wetting is poor. Every surface exhibits 
a c r i t i ca l  surface tension, vc of  wetting. Liquids w i t h  surface-free 
energies 
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below w i l l  have zero con tac t  angles, and w i l l  wet t b e  aurface  coljp!etely, 
while l i q u i d s  with surf  ace-f ree energies  above w i l l  have f i n i t e  con tac t  
angles. Sona exaaplea a r e  shown i n  Table n1, Showing t h e  affect of various 
surface-preparation techniques i n  a l t e r i n g  ths con tac t  aagle betweten d f f f e r e n t  
polymers and d i s t i l l e d  water, 

TABLE %XI. Wet tab i l i ty  of var ious  p l a s t i c s  aftec:dif  f e r e n t  
su r face -~reeera t ion  techniques. baaed on d i s t i l l e d  
water contact  angle. ( 9 )  

Polymer Control  Plasma Flame Cozoaa Cheseical a 

1 I 

I Polypropylene 870 22O 8'lo 350 600 

I Polyeatex 710 la0 -- - 750 

PVC 900 3S0 -- - 79" 

P o l y c a r h n a t e  750 33O -- - 7b0 

S i l i c o n e  rubber 93O 170 -- -- - 
nigh-density p o l ~ e t h v l e n e  8 70 4Z0 300 4Z0 51O 

5.3.3.3 Nde of f a i l u r e  of adhesive jo int .  The o b j e c t i v e  of t r e a t i n g  an 
adherend p r i o r  t o  bonding is t o  ob ta in  a j o i n t  where t h e  weakest l i n k  is t h e  
adhesive l a y e r  and not the in terface .  Thus, d e s t r u c t i v e l y  tested j o i n t s  should 
be examined f o r  mode of f a i l u r e .  (see 1.6 HecbanisIns of Bond Fai lu re ,  f o r  
d i scuss ion  of t h e  s ign i f i cance  of mode f a i l u r e ) .  If f a i l u r e  is cohesive wi thin  
the adhesive layer or adherend, the surface tteatment i s  optimum for that 
p a r t i c u l a r  combination of adherend, adhesive and t e s t i n g  condit ion.  But it must 
bc rea l i zed  t h a t  specimens nay e x h i b i t  cohesive f a i l u r e  i n i t i a l l y  onb 
i n t e r f a c i a l  {adhesive) f a i l u r e  a f t e r  aging. Both adhesive and s u r f a c e  
p repara t ions  nust be t e s t e d  with respect t o  tbe intended s e r v i c e  environ- 
ment.()) 

5.3.4 Surface exposure tiole. Surface exposure t i n e  (SC2) i s  t h e  time ellpired 
between t h e  s u r f a c e  preparat ion and a c t u a l  bonding. M t e r  t h e  p a r t 6  t o  be 
bonded are cleaned they must be protected from contamination during 
t r a n s p o r t a t i o n  end storage.  Under tm condition should the c l ~ a n  s u r f a c e  be 

' touched with bare lrands or s o i l e d  gloves. I f  t h e  l i n e  is t o  be continuous, t h e  
p a r t s  w i l l  i d e a l l y  go'from t h e  l a s t  s t a g e  of t h e  c leaning l i n e t  general ly  a 
drying oven, t o  t h e  p r in ing  booth (if a primer is t o  be o r  by t h e  
s h o r t e s t  p o s s i b l e  route, o r  d i r e c t l y  t o  t h e  lay-up room. 

I f ,  however, t he  parts a r e  t o  be routed t o  t h e  p r in ing  booth, but more than a 
f e w  hours ace zequired between cleaning and priming, it is genera l ly  recoarmended 
t h a t  they be covered, or, f o r  still longer periods,  wrapped i n  c lean ' .kraf t  payer 
u n t i l  t h e  priming can be c a r r i e d  out. The primed p a r t s  should be d r i e d  i n  
accordance with t h e  oanufacturer 's  i n a t r u c t i o n s  a s  soon a s  possible.  The d r i e d  
primed surfaces, if: they a r e  not t o  be bonded immediately, 
should again be protected from ai rborne contaminants and unauthorized handliny 
by wrapping i n  k r a f t  paper. If t h e  p a r t s  a r e  t o  be bonded without t h e  use of 
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a &rimer, they must ,  of course, also be protected i n  the above manner. The 
period of t iwe  for vhich the parts can be safely stored w i l l  vary, dependim 
on the nature of the adherends, the adhesive, and the u l t iw te  bond strengths 
cequ i red. 

U i t h  a yolyamide epoxy adhesive, the tine allowable <iepeda on tbe adberend 
and the type of treatment. llarry aircraf t  corqpaniee specify -time limitations 
between cleaning and bonding. One, for example, requires that when aluminum . 
has been treated wi th  the sulfuric-sodium Jichroarate etch, the part sbould be 
bonded w i t h i n  6 days for a l l  adhesives, except modified epoxies, for wbich up 
to  1 4  days are allowed. If the cleaning aethod has  been a wet abrasive blast, 
the parts nust ba bonded w i t h i n  4 dwjs, and even t h i s  nethod uay be used only 
for nonstructural applications. 

Picatinny Ar6enal (nor: U.S. Army ARDEC) has published a larye nunber of 
reports and papets in t h i s  area for a number of adhetencl types, Both shear 
t e s t s  and peel tes t s  have been used i n  t h i s  evaluation. There is occasionally 
a question as to  which t e s t  is more sensitive t o  the quality of surface 
preparation or other changes connected with the  bonding process. The peel 
tests,  i n  particular, the roller peel tes t ,  has been found to be more 
sensitive to  variation i n  surface preparation than shear tests. Prom the peel 
tes t s  it is appatent that, in general, increasing S r 2  does tend to reduce the 
c r i t i ca l  joint strength. I n  general, it has been found that up to  30 days may 
elapse between completion of surface preparation and actual bonding when the 
fay i n y  surf aces are protected f ron physically becoming dirty and the relative 
humidity is kept a t  a b u t  909, without serious loss i n  joining strength. 
Tes.lperatures above nomal roon teapreratures and/or high humidities w i l l  cause 
deterioration i n  shorter periods of tine. (10) (11) See also W I P E  Journal 
fo r  a number of ar t ic les  based on Picatinny Arsenal Technical Reports, issued 
over a number of years. 

5.3.5 Specific surf ace treatments. 

5.3.5.1.1 General discussion. The following sections list c o ~ ~ n l y  recon- 
mended surf ace-preparation procedures, usually only one or two, for specific 
metallic adherends. The general methods previously described i n  5.3 are a l l  
applicable, but the processes l ieted below have been epecifically found to 

, provide reproducible etructural bode  and fit easily into the bonding 
operation. (1) ( 3 )  ( 1 2 )  

5.3.5.1.2 ~ l ~ i h u $ ; .  and alloys. Chemical treatments have been found to be 
Dost effective i n  preparation of aluminum surface8 Lor adhesion, particularly 
where long-term enviromaental exposure 16 required. The sulfuric acid-dichro- 
mate etch yrocesa developed by uickner a t  the Potest Products Laboratorj 
(camonly referred to  as the FPL etch) has been proven over the years to  be an 
effective, controllsble end reliable surface preparation nethod for aluninun 
prior to structural adhesive bonding.   he airframe and aerospace industries 
use this  process almost exclusively. Chromate conversion coating and 
anodizing, which ate  nethods designed for organic coatings, are also used 
prior t o  bonding. Corrosion protection is a major consideration i n  the 
selection of aluminum surface treatments for adhesion, especially when 
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a p p l i c a t i o n  requirea  severe  e n v i r o m e n t a l  exposures such es high b W d i t y .  The 
presence of corroeion a t  tbe  adhesive-metal i n t e r f a c e  of bonded alumilurtl 
lap-shear eyecineas bas been observed when such specinrene f a i l  or develop low 
bond s t r e n g t h  dur ing humidity expoeures. cot roeion-res ie tant  adbesive primers, 
as w e l l  a8 anodic and chromate conversion coatings,  help t o  prevent  cor ros ive  
f a i l u r e  of adhesion. Solvent cleaning,  a l k a l i n e  cleaniag. and mechanical 
t r e a t n e n t s  such a8 blasting, sanding or scourtng a r e  suitabla for the  develop- 
ment of high i n i t i a l  adhesion, but  due t o  t h e i r  lack of cosrosion protect ion,  
ate of no value where environaenta l  r es i s t ance  is needed. ( 3 )  

Blas t ing  provides an e ~ c e l l e n t  e u t f w e  f o r  at  l e a s t  high i n i t i a l  adhesion, 
but ,  under c e r t a i n  condit ions,  t h e r e  may be a danger of eur face  oxidat ion 
between blasting and processing. Pot bonding s i l i c o n e  rubbers, f l u o r e  
elastomers '  and o ther  high-temyerature-reeistant poly~le r8  t o  alupinum, b l a s t i n g  
should be accomplished with sand o r  a l m i n m  oxide. Steel gr i t -b las t ing  is 
believed t o  leave a f e r r o u s  deposit i n  t h e  aluminum which may act as a s t a r t i n g  
po in t  f o r  corros ion,  and w i l l  not withetack] high-tempe!cature ~ e r v i c e ( l 8 ) .  

PPL Inmersion Etch.  Fbe nos t  succeseful  and accepted method of preparing . 
aluninun a l l o y s  f o r  laboratory  or production b o d i n g  where cor ros ion  r e s i s t a n c e  
is not required is the PPL etch.  Thia aethod has recen t ly  been improved { s e e  
below). 

The o r i g i n a l  raethod is given here, for comparison. Huch of t h e  d a t a  
reported i n  t h e  l i t e r a t u r e  is based on t h i s  method. 

a. ktash with acetone t o  remove g r o s s  contaminant8 
b. Degrease with perchloroethylene vapor 
c. Imnerse f o r  10 minutes a t  140-150op (60-660~)  i n  t h e  following 

so lu t ion :  

Deionize; water 
S u l f u r i c  a c i d  i s p .  gr. 1.64) 
sodium dichroaa te  (Lla2cr207.2ti20) 

* p a r t s  by weight 

I n  making up t h e  solut ion,  add t h e  acid t o  6M of t h e  water, e t i r  i n  
t h e  dichrosurte, and then add t h e  rest of the water. NEVHC add t h e  
water t o  t h e  concent sa ted acid: 

d. Rinse 1-2 min. Ln running tap water a t  101°~ ( 4 0 0 ~ 1  
e. Rinse with deionized water at  room teapera tu re  
E. ~ r y  i n  an a i r - c i r c u l a t i n g  oven a t  1 0 4 0 ~  ( 6 0 0 ~ )  
g. Cover o r  w r a p  p a r t s  i n  kraft paper t o  p r o t e c t  them from duet o r  d i r t .  

S t o r e  a t  730p (230~) for t h e  desf red SET. o r d i n a r i l y  parts are 
bonded within  48 hours. 
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ALPIi U2651-79, Hethod A, (13) (PPL S~imersion E t c h  - Improved 6~ethod). T h i s  
nethod is currently the aost  successful method of pxeparing alurainum alloys 
f o r  laboratory o r  production use. The procedure is as follous: 

a. Degrease, solvent wipe, o r  both 
b. Immerse f o r  10 winutes a t  1 5 S o ~  (680C) i n  the  following solution: 

Water . 30 p W  
su l fu r i c  acid (sy.gr. 1.84) 10 ybu 
Sodium dichromate 1 

*parts by weight 

c. Rinse w i t h  water not over 1 5 0 0 ~  (65.SOc) 
d. Air-dry, dry in  an oven, o r  use infrared lamps a t  not more than 

150°F (65.50C) 

AS'iW D2651-79, Method 8. (13) In t h i s  n t e t h 4  a mild acid surfactant 
solut ion may be used instead of t h e  strong sul fur ic  acid-sodiw dichromate 
solut ion described f o r  llethod A. 

a. Immerse the par ts  for 15 minutes a t  1 1 5 0 ~  ( 4 6 0 ~ )  i n  the following 
solution: 

\later 92.9 pbw* 
Sulfuric  acid (8p.g~. 1.84) 1.0 pbw 
Sodiukl dichronate 6.0 pbw 
Pluronic F 68 (or  equivalent) 1.0 pbw 

*parts by weight  

The t i n e  of immersion nay be increased, depending on the l i n i t s  allowable 
for  t h e  mount of uetal  removed. 

9. Hime w i t h  water not over 1 5 0 0 ~  ( 6 5 . 5 0 ~ )  
c. Air-dry, dry in an oven, or use infrared lamps a t  not mote than 

1 5 0 0 ~  ( 6 5 .  ~ O C )  

AST1.i 02653-79, Wethod ~ ~ ( 1 3 )  Some modifications of Method A have been 
used successfully. It is known that  improved bond8 are obtained w i t h  certain 

, adhesives by increasing t h e  concentration of the sodium Bichromate-sulfuric 
acid solut ion t o  a s  high as the following formulation by weight: 17 pacts 
water, 7 parts sulfuri'e acid (sy. gr. 1.84) t o  2 2 a r t s  sodiuln dichroaate. 
Alkaline degreasing solut ions may ale0 be used instead of, or i n  addition t o  
vapor degreasing and pr ior  t o  the sodium dichrowate-sulfuric acid solution 
treatment. Soae conmercially available proprietary solution8 may be used. 
Otherwise a colmon process fo r  t h i s  par t  of the  surface prepatation is t o  
imIkerSe f o r  10  minutes a t  60-1800~ (70-800~1 i n  the following solution b's 
weight: 3.0 pa r t s  sodium metasilicate, 1.5 p a t t s  trisodium pyrophosphate, 1.5 
p a r t s  sodium hydroxide, 0.5 par t  UAcw~roL LIH or equivalent a d  133.0 par ts  
water. 

ASTtl U2651-79, Wethd ~ ~ ( ~ 3 )  ~ h s  wethod covers proprietary, co~unercially 
available ne ta l  surface preparations. 
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&*~.1 Q2651-79, Wethod Fm (13)t PP& ~dste CtchL. This technique is used f o r  
secondary bonding of parts t h a t  con ta in  previously bonded areas,  f o r  r e p a i r  of 
a bonded assenbly, o r  when t h e  s i z e  of e part asakee i t  ia lpraet ica l  to  imr;rerse. 
The p a r t s  should be bowed f n the temperature range of 70-900F (21-32°~). 
A pas te  is made up using t h e  s u l f u r i c  acid-sodium dichrmuite so lu t ioa ,  Wethods 
A and C above, i n  f i n e l y  divided silica o r  P u l l e r g s  ear th ,  and appl ied t o  t h e  
su r face  ( Cabat Chemical Cou@8ny*e CAE+O-Sf L ti5 fused silica i s  of ten used) . 
The p a s t e  should not be allwed t o  dry after app l ica t ion  by.-bruah (polypro- 
pylene). The pae te  should remain i n  p lace  f o r  20-25 minutes. Addit ional 
coat6  may be applied to prevent the paste frum drying out o r  turning green. 
A l l  traces of t b e p a s t e  sbould then be r-ved v i t h  a c lean  cheesecloth. Water 
may te sprayed on i f  des i red.  ~ r y  at a mariarum of 15- 't 66%). Wnd 
s t reng tba  obeained from t h i s  type of s u r f a c e  preparat ion a r e  somewbat lower 
than  those  obtafned by iwaersion. 

AsTlr  D2651-79. Method G.(l3) A succerrseul sad widely used m t b o d  ef 
sur face  preparat ion f o r  s t r u c t u r a l  adbesive bonding of 2021, 7075 and 6061 
aluminum a l l a y s  is a s  follows: 

a. Vapor-degrease, emulsion-degreaae, o r  solvent-wipe, as required by t h e  
condi t ion of t h e  metal. This s t e p  may be omitted when t h e  metal is not 

.obviously o i l y  or ink-ari trked.  

b. Iwnerse i n  a nonsi l ica ted,  mnetchinq,  f ree-r ins ing a l k a l i n e  c leaner  i n  
eccordance with t h e  c leaner  oanufacturer ' s  recommendations. Spray o r  
inneraion-rinse thorouytlly without delay with demi neralioed water (minimum 
7Qop (ZloC).   he c leaner  must: not be allowed t o  dry on t h e  s u t f a c e  y r i o t  
t o  r insing.  The pazts should e x b i b i t  a water break-free surface.  

c. Imerse i n  sodium dichronate  ( s u l f u r i c  acid  e t c h  s o l u t i o n  For 12-15 
minutes at 150-160°t' (G6-71°c). The p a r t 8  sbould not be allowed t o  dry 
between e tch  and r i n s e  cycles.  The s o l u t i o n  i s  mads up aa follows: 

Sulfuric acid,  6 6 ~ s O  39.5-41. S oz jga l  t 287.9-310.0 g/t)  
Sodium dichromste 4.1-9.0 oz/gal (28-67.3 g/&) 
~lutjinum a l l o y  -2024 0.2 oz/gal  (1.5 g/L mid 

bare ( f o r  seeding) 
Temperature 150-1600Y 166-710~1 

d. Rinse thorouglrly i n  demi ne ta l iked  water a t  70-130°P (21-54Qc). 

e. Allow p a r t 6  t o  dry thocoughly at temperatures up t o  1 4 0 0 ~  (6O0c). 

f. Handle a l l  d e t a i l  p a r t s  t h a t  have been proceased f o r  adhesive bonding 
with c l e a n  white co t ton  gloves  only. 

IWI'E: M;'i'ti 026'14-72 (19791e2(14) is tacoarPended f o r  c o n t r o l l i n y  t h e  
e f fec t iveness  of t h e  sulfochromate e tchan t  eolut ione described above. There 
a r e  t h r e e  methods i n  t h i s  standard,  A, B, and C, each v i t h  a d i f f e r e n t  
object ive .  
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Chromate-Free Etoh Process. 

The use of carcinogenic and polluting acid chromate etchant can be avoided 
by employing a Peretch process developed and patented by Picatinny Arsenal 
workers. This relatively new process yields bonds a s  strong as, and more 
durable than chromic a d d  etch. 

Degreasing;, solvent cleaning, or alkaline cleaning should be carried out 
pr ior  to  using the P2 etch, which has the following composition: 

SulPurio Acid, cone (sp. gr. 1.84) 370 g 
Berric Sulfate, 75% 150 g 

Dilute with deionized water to  make 1 l i t e r  

After immersion in the P2 etch solution a t  a temperature of 1500P * 502' 
(66 * 2.800) fo r  12 minutes the aluminum is rinsed i n  deionieed nate: for  2 
minuTes, then dried for  35 minutes a t  14002' (600~).  

The P2 etch yields bonde at  leas t  equal t o  those laade with the sulfuric acid - dichromate (FPL) etch and has also proven to  be an acceptable deoxidieer 
pr ior  to  phosphoric acid anodiziing (PM) described below, 

Pnodization is sometimes used fo r  bare aluminum (nonclad machined or  
ohem-milled parts whicb must be corrosion-protected. Anodic coatings used 
include chromic acid, sulfuric acid, and phosphoric acid types. Anodiaing is 
the c o r n  oomnteroial term used to  designate the electrolyt ic  treatment of 
uetals  where stable f i l m s  o r  ooatin$s are  formed on the aurface. Anodic 
coa t iws  can be forraed on aluminum alloys in  a wide varie-ty of electrolytes, 
u t i l iz ing  eiUlar alternafdng or  direct  current, o r  combinations of both. Both 
aulfurio acid and chromic acid are  used i n  anodic oxidation. Anodization on 
aluminum is rather oomplex, and some aspects of the process are still unknown. 
In general, the anodio coating is considered to  be essentially aluminum oxide, 
and it i e  formed by reaction of the aluminum with the oxygen o r  hydroxyl ion 
of the water i n  the electrolyte when the aluminum is made the anode. 

_Phosphorio Acid Anodi~ing (PAA). This method is currently considered one of 
the bet ter  methods fo r  assuring long-term durabilt iy under adverse conditions. 
The procedure isegiven i n  ASTM D 3933, which was published i n  the f a l l  of 
1980. ( 15 ) 

Sealed chromi-c-acid anodize. (16 ) 

a. Deerease. Wash i n  three succesive baths of acetone to  remove grease, 
o i l ,  narkingrr, and solvent-removable soils. 

b. Plkaline clean. Irmnerrse 5 minutes i n  a deionised water solution con- 
taining 1.5 oz/gal. (11.2 %/l i ter)  a t  14O0P (6o0C), - 

c. Rinse. Rinse i n  running tap water for  2 minutes. 
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d. _etch or deoxidize. fmmerse parts 2-3 ninutes i n  b a t h  at  14Oop (600~)  
conaieting of: 

sodf urn dichra~late (#a2Cr20~.2ti20) 
sulfuric acid Iep.gr. 1.84) 
Deionized wate c 

1 p b '  , , l p k  
10 pbw 10 pbw 
30 pbw 30 pbu 

e. Rinse. ~ i n s e  2 minutes in running tap water at  room teqpetature. 

f .  anodize. Make the parts tbe anode and the etai  nlese ate& tank the 
cathode. To make up the aaodiaing solutton use 109 by ut'of chromic acid 
€lake i n  deionized uatet. Maintain t h i s  eolution a t  92-9BaP (33-360~). 
Apply DC voltage i n  incremetnts of 5-10 volts, as shown graphically i n  Figure 
27. Observe a 2 t o  2-U2 minutes delay between tbe in i t i a l  voltage and the 
second increase. Make each additional increase a t  approximately 1 minute 
intervals u n t i l  a voltage of 40 2 2 volts io  obtained. Not less than 5 
minutes nor nore tban 10 minutes should be required t o  reach 40 2 2 volts. 
Process the part6 at  the 4 0 2  2 volts reading for 30-35 minutes. Do not allow 
the parts t o  testain in anodiee eolutfon for amre then 5 minutes after the 
current is turned off . 

g o  Rinse. ~ i m e  2 minutes i n  running tap vater a t  room temperature. 

h. m. zhuaerse for 9 minutes in a batb a t  l8OoP 182Oc) consisting of 
100 pprn chromic acid in  deioniaed vater. 

i. Dry. Dry i n  an air-circulating oven at 14OoP (60OC) for 30 Elinuteri. 

_Chemical conversion coatings. These are chemical f i l m  fomed 110-electro- 
lytically on aluminum (and other metals) by chemical reaction between the 
coating solution and the aluminum. They f o m  adherent cotroeion-resistant 
surface layers of .low-solubility oxide, phosphate or chromate corqpounds. The 
majority of coovetsion coatings now I n  use are proprietary formulations. They 
ukqj be applied, depending on the formulation, by spraying, dipping or brushing. 
Three of the coatings utilized i n  the preparation of aluminum aurfacc for 
adhesive bonding are AmDIME, Parker and IRIDITE. The process cure for 
applying conversion coatings varies slightly, depending on the particular 
formulation being used. lowever, generally, the procedure involves the 
following steps : 

Solvent degrease 
Alkaline clean 
Rinse 
Deoxidize 
Rinse 
Conversion Coat 
Rinse 
D CY 

5.3.5.1.3 ~erullium. (1)(3) Beryllium and its elloya constitute a health 
hazard when handling or processing. It produces dust, chips, scale, slivers, 
m i s t s  or tunes. Zn general, there should be no problem in  eutface ptepacation 
or bonding i f  its characteriatice are recognized. Beryllium is a Btrong, 
lightweight metal receiving attentian as a material of construction in 
apeclalized fields. A n  impediment t o  its. use is the tendency of the w t a l  to 
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c o r c d e  or become pi t ted  when aubjocted t o  a mist aervosphere for  long periods 
of time. Corrosion appears on the surface as irregular: spots or snow-white 
hydrolysis product. By t reat ing beryllium metal with a c b r o r a f ~ c o a t a i n i n ~  
solution, a thin, transparent coating less than 100 Angstrom units thick is 
tor& which effectively retards oxidation or erosion of the metal. The 
fol3owing procedure has been recarJr;lended. 

BERYLCOAT 'D* Process Procedure. 

A. SCOPE: 

A recomuended procedure is described for  surface treat ing berylliun 
parts t o  provide a corrosion-resistant barrief u s ing  BERYLCOAT *Dm, a 
proyzietary solution available from  rush ilellman, Inc., 17876 st. c l a i r  
Avenue, Cleveland, OH 44110 

8.1 Materials required: 

1 ~ecbnnended Solvents a re  Freon TP, Genesolv *Dm or 1,1,1, - 
Ttichlorethane (Chlorothene tw, etc. ) 

8.1.2 beionized or distilled water 

8.1.3 1 0 k  Oxalic Acid Solution 

0.1.4 BiXllYLWAT 'Dm Concentrate 

C.1 Use of BERYLCOAT *Dm Concentrate 

C.1.1 flake up BERYLCOAT .Dm yassivatfon solution by nixing BERYLCQAT *Dm . 
Concentrate w i t h  an equal volume of d i s t i l l e d  or deionized water. Thoroughly 
agi ta te  t h e  concentrate prior t o  mixing. Undiluted BERYLCOAT *Dm Concentrate 
should 1W. be used for  surface treat ing beryllium parts. 

C.1.2 Once opened, BERYLcOA2 OD. concentrate has an approximate shelf l i f e  
of 120  days. 

C.1.3 BERYLCOAL' *Fm yassivation oolution has an approximate shelf l i f e  of 
90 days. Yo insure the application of an adequate corrosion barrier, the 
UL;HYLCY,A'2 'Dm Passivation solution should be replaced af ter  70-90 days. 

C.1.4 The actibn of BERYLCOAT ODg passivetion solution w i l l  deterdorate 
With uae and t h e  solut  Lon should be discarded a£ t e r  processing approximatel~ 
IfOD square incbes (1 square meter) of surface area of par ts  per gallon lO.004 
cubic meter) of solution. 

C.1.5 BZRYLCOAT .Dm passivation solution should be thoroughly ayitateil 
immediately prior  t o  t h e  innereion of parts.  
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c.2.1 A 109 oxalic solut ion i s  I;rade up by dissolving 10 yraas (0.01 kg) of 
oxalic  acid cry8tale i n  100 nl (0,0001 cubic meter) of d i s t i l l e d  o t  deionized 
water. 

C.2.2 The oxalic acid solut ion sllould not be stoced, but laeile f t e sh  for  
each batch of parts. 

C.2.3 The action of the  solution w i l l  deteriorate w i t h  u s e  and the solut ion 
should be discarded af thr processing approximately 200 square inches ( 1/8 
square meter) of surface area of yar ts  per l i t e r  (0.00001 cubic meter) of 
solution. 

0.1 Do 1~~ use tap water. 

D - 2  Parts  should IJW. be handled wi th  bare hands while carryiny out any par t  
of t h e  procedure. The use of clean white l in t - f ree  gloves, clean polyetltylene 
or rubber gloves a s  well a s  non-netallic or plastic-coated cleaniny f ix tures ,  
racks, containers o r  tongs is recommended. Avoid the use of uncoated netallic 
processing equipment, especially those nade of aluninum. 

0.3 Agitation of the par ts  or solution is required during a l l  innaersion 
operations. 

0.4 A l l  solutions should be maintained a t  roon temperature. Parts tlU54 be 
a t  room temperature pr ior  t o  innetsion i n  any of the working solutions. 

E.1.1 Par ts  beavily contaminated with cutting Fluids, o i l ,  grease, d i r t ,  
etc. ahould be vapor-degreased prior  t o  proceeding w i t h  the following cleaning 
procedure. 

E.1.2  Inmerse l igh t ly  soi led o r  vapor-degreased pa r t s  i n  clean solvent fo r  
15 minutes with agitat ion of the part  or the solvent. If available, ul tra-  

, sonic cleaning is preferzed. Renove ya r t s  f roa  the solvent and allou t o  drain 
for several minutes. ,. 

E.1.3 Itmmerse yarts i n  fresh, clean solvent w i t h  agi ta t ion  f o r  5 ninutes. 

E.l.4 Dry pa r t s  with a flow of clean dry a i r  or nitrogen. Drying may also  
be accompliehed by placing the par t s  i n  an air-circblat ing oven operated a t  a 
temperature between 200° and 250°P (900 and 120°c). 

1JOTE: Care muat be exercised t o  insure adequate cleaning and drying of 
recessed area6 and holes. 

E.1.5 Mash pa r t s  thoroughly i n  deionized or  d i s t i l l e d  water using agitat ion 
or  flooding. Check to r  'water-break-free* rurfece. If contmaination is still  
evident, gently acrub the affected areas w i t h  so f t ,  l int-free cloth or tissue 
saturated w i t h  solvent, and repeat s teps E.1.2 t o  E.1.5. 

134 
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E.2 Surface Activation Treatment 

E .  2 1 Im~leree par ts  i n  a 109 o ra l i c  acid solution f o r  20 cpinutea with 
periodic agitation. Parts and solutfoaa MUST be a t  room terpeerature. 

E.2.2 Uash pa r t s  thorougbly i n  clean deionized or  d i s t i l l e d  water using 
agitat ion or flooding. PASSIVATE XkUiBDIATELY. 

E. 3 Paosivation 

E . 3 . f  S ~ X S t l  patt6 i n  BmYLCQAT *Dg paasivation solution prepared as  above 
for 30 JainUtes. The BERYLWAT *Dm passivation solution must  he thoroughly 
agitated iQR@diately prior t o  irmersion of parte. Gently agi ta te  par ts  or 
solution periodically during t h e  passivation treatment i n  order t o  expose t h e  
surface to  f resh  solution and t o  dielodge any bubbles that  may form on the 
parts. 

E.3.2 Hash pa r t s  thoroughly in  deionized or d i s t i l l e d  water, using agitation 
of flooding fo r  3 minutes. 

E.3.3 fmeree  par ts  in a t  leas t  three separate baths of f resh  deionized or 
d i s t i l l e d  water for 10 minutes a t  a t i m e  t o  re?l;rove a l l  t races of BXliXLCQAT *DD 
yassivation solution. 

E.3.4 D r y  pa r t s  i n  a flow of clean dry a f t  or nitrogen. Drying nay also be 
accomplished by placing the parts  i n  an air-circulating oven operated a t  a 
temperature between 200° and ZSOOP (900 and 1200C). 

Bonding should be carried out within 24 hours a f t e r  paseivating. For Jet 
Propulsion Laboratory (JPL) re2orts, specifications and procdures using t h i s  
basic procedure see Refs. 8,  9, 10 in Ref. 1. 

5.3.5.1.4 Brass. Bzaes is an alloy of coppet containing zinc. Sand- 
blasting or other mechanical methods nay be used, or  the following procedure, 
which c o d i n e s  mechanical and cheufcal tteatamnt: 

a. .Abrasive blasting. Uee either  dry o r  wet methods. The abrasive 
pa r t i c l e  sire is not part icularly c r i t i c a l .  

b. Rinse w i t h  deionized water. 

c. Treat w i t h  a 5%:solution of sodium dichroaate i n  deionized water. 

d. R i n S e  i n  deionized water. 

This procedure causes some ataininy of the surface, b u t  t h e  Stains do not 
materially affect the bond quality. ( 6 )  

5.3.5.1.5 Bronze. Bronze is an alloy of copper containing tin. Treat as 
with brass. 

5.3.5.1.6 Cadmium ( C s d m i w  plate).  T h i s  metal, ordinarily used as a 
plating on e tee l ,  can normally be nade bondable t o  e maximurn extent bf 
electroplat ing w i t h  s i lve r  or  nickel. Aaotber procedure is a8 follows(l7): 
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a. Degrease or solvent-clean w i t h  trichloroethane. 

b. scour w i t h  conaercial, nonchlocinated abrasive cleanser such as MU0 or 
AJXA. 

c. ~ i n s e  with d i s t i l l ed  water. 

d. Dry w i t h  clean, f i l t e red  a i r  a t  room temperature. 

5.3.5.1.7 Copper and alloys. Copper is used i n  three basic forms: pure, 
alloyed with zinc (Btass), and alloyed w i t h  t i n  (Bronze). 'See 5.3.5.1.4 for 
Brass and 5.3.5.1.5 for Bronze. Ylw dif f icul ty  i n  bonding copper is not due 
t o  the continuous oxide layer present, as w i t h  the s tee ls ,  but t o  its tendency 
t o  form b r i t t l e  amfne compounds w i t h  curing agents from some adhesive system. 
The most successful surface treatments, for  a wide variety of adhesives, are 
those tha t  form a barrier  that adheres well t o  the copper and is receptive t o  
good adhesion w i t h  the adhesive material. Such treatments are black-oxide or 
Ebonol-C, given below, and chromate conversion coatings, which are particularly 
sui table  when the adhesive to  be used is s l ight ly  corrosive t o  copper. Other 
etch treatments, such as fe r r i c  sulfate, followed by a dichronate rinse, may 
8160 produce barrier films. T h i s  method is also described below.(3) 

One major adhesive manufacturer suggests that  good bonds t o  copper are nore 
dependent on the adhesive system used than on the nethod of surf ace- 
preparation, provided that clean surfaces are used. T h i s  company a ta tes  that 
an adhesive that  bonds well t o  copper w i l l  do so i f  awl good surface-yrepara- 
t ion method is used, while an adhesive that does not bond t o  copper cannot be 
made to  do so by changing the surface preparation method. Mechanical prepara- 
t ion nethods are generally suggested as being preferable t o  chemical 
methods. (181 

'i'uo of the chemical nethods frequently recomwnded for  copper are l i s ted  as 
follows : 

Black Oxide coatin9. T h i s  method is l i s t ed  as liethod E in ASnl 02651-79. 
(13)  It is intended fo r  copper alloys w i t h  over 959 copper (not brasses or 
bronzes). It should be used when thermally bonding wi tb  polyethylene and when 
the adhesive to  be uaed contains chlorides. 

a. Degrease 

b. Imerse  for  30 seconds a t  roon temperature i n  the following solution: 

Nitric Acid (70% technial) 10 pbv 
ltater 30 pbv 

c. Rinse i n  running water and transfer  t o  the next solution. Im not allow 
t o  dry. 

d. Imnerse for  1-2 minutes a t  90% (2080P) in the following solution: 

EBOlDL C or equivalent - 24 02. t o  sake 3.6 l i t e r s  or one gallon of 
aqueous solution. 

tlwt: - D o  not boil the above solution. 
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e. Rinse In running cold  tap water. 

g. ~ond  a s  soon as possible within  t h e  working day. 

The th ickness  of t h e  oxide produced by t h i s  treatment is 3500 A i n  3 
minutes and increases  t o  11,000 A i n  20 minutes, such th ickness  v a r y i q  
with d i f f e r e n t  a l l o y s  of copper. Becauee of t h e  high s u r f a c e  a r e a  and porous 
s t r u c t u r e  of the sur face  layer,  f a i r l y  bigb j o i n t  s t r e n g t h s  are obtained under 
p e e l  st tess, but not under shear  stress, p a r t i c u l a r l y  vf tk- e t r u c t u r a l  
adhesives. Other l i m i t a t i o n s  of t h i s  method a r e  t h a t  it should not: be used 
f o r  t r e a t i n g  t h i n  f i lms  of copper because of high r e l a t i v e  dimensional change 
due t o  etching,  and it should not be used on low-copper alloys (i.e., brass 
and bronze), because it is not a s  e f f e c t i v e  with t h e s e  a l loys .  

Sodiuu Dichronate-sulfuric Acid Process. This method is l i s t e d  as Method C 
i n  A5LDki b2651.tL3) I n  s t u d i e s  c a r r i e d  out  by Picatinny Arsenal it proved 
super io r  t o  t h e  F e r r i c  Chloride Method. 

a. Wash w i t h  acetone. 

b. Xmersc f o r  10  minutes a t  1500F (66oC) i n  a s o l u t i o n  containing: 

F e r r i c  sulfate t c o m e r c i a l )  1 pbu (1 1b. (45 .4  g )  
S u l f u r i c  acid  19583 0.75 pbw (0.75 lb. 1 (340 g 1 
Ueionited water 0 pbw (1 ga l lon)  (3.784 liters) 

c. l:inae i n  deionizc.3 water a t  toon tenperature.  

d. Xnmerse i n  a s o l u t i o n  ccricaining: 

Sodiun dichronate  
S u l f u r i c  acid  (95%) 

Deionized water 

f pbw 
2 PW 

17 pbv 

u n t i l  a bright clean surface  is obtained. 

e. R i n s e  with deionized water. 

Optional s teps:  

f. Dip i n  concentrated omaoniun hydroxide (sy. gr. 0.881. 

g. Wash i n  t a p  water. 

h. Rinse i n  deionized water. 

i. Air-dry a t  toon temperature (Max 1 0 4 0 ~ )  (400C). 

Oxidation with AZhaline Pernangsnate. I n  t h i s  immersion nethod, which is 
claimed t o  be super ior  t o  e x i s t i n g  oethods, su r face  oxidea a r e  removed by 1/2 
min. inmarsion i n  water s o l u t i o n  of concentrated phosphoric end n i t r i c  ac ids  
a t  room temperature. I n  t h e  case of low-coppel a l l o y s  (such a s  brass  and 
bronze),  t h e  adherend is then immersed i n  hot &odium hydroxide t o  s e l e c t i v e l y  
e t c h  out  zinc. The adherend is f u l l y  ilpnezr.ed. i n  hot a l k a l i n e  potassium 
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yernanganate an3 then rinsed. The treatment does not corrode copper t o  any 
appreciable extent, and generates e thin, continuous, mechnically strong f T l m  
of oxide8 500 - 1000 A t h i ck .  The treatment is a8 ~ o l l o v s ( l 9 ) :  

a. . Vapor-degrease i f  grossly oily. 

Etch 1/2 nin. .in: 

Phosphoric acid, conc 75 pbv 
rr i t r ic  acid, cone 10 ybv 
\later 15 pbv 

c. Rinse w i t h  water. 

do Inmerse i n  20G M a O M  a t  200°17 ( 9 3 0 ~ )  f o r  5 nin. ( i n  case of low- 
copper alloys such  as brass o r  bronze). 

e. Rinse w i t h  water. 

f w ImUer~e i n  the following solut ion a t  2000~ (930~) f o r  5 mfn. : 

Potassium permanganate 1 pbw 
Sodium hydroxide 1 pbv 
water 98 pbw 

g. Rinse i n  water. 

5.3.5.1.8 Maqnesiurr and alloys. The preparation of maynesium surfaces f o r  
adhesion involves consideration f o r  corrosion resistance, pa r t i cu la r l j  vhete 
long-tern environmental exposure is concerned. i.~agnesiurn, because of its h i g h  
position in  the EHP ser ies ,  is more susceptible than other colnmon metals t o  
galvanic corrosion. The greatest  eneny of nagnesim i n  causing corrosion is 
the chloride ion in  an aqueous solution. other electrolytes,  such as  the 
Sttong and break acids, a re  a lso  t o  be avoided, with two exceptions, chronic 
acid and hydrofluoric acid, which essent ia l ly  do not attack magnesium. 
Accordingly, these two acids are used i n  preparing surf aces f o r  adhesive 
bonding. Hagnesium is qui te  res is tant  t o  alkal ine conditions, and t h i s  
resistance is used, under controlled conditions, i n  surface preparations f o r  
adhesive bonding. Minor constituents used i n  magnesium al loys play a 
s igni f icant  part  in  adhesive bonding. There appears t o  be an interplay or 
compatibility c r i t e r ion  between adhesive select ion,  the surface-preparation 
method, anrl the speci f ic  alloy i n  influencing bond strength.(l){3) w i t h  an 
adhesive system using an exceptionally good metal. adherend, or ig inal  adhesion 
may be excellent whether the metal is degreased only, roughened, or chesnically 
treated. With less e f f i c i en t -ne ta l  adhesives, chemical treatment w i l l  
probably be requited fo r  optimum results.  I n  any case, maximum environmental 
resistance is obtained by a good chemical method.(lD) 

Suggest& methods are as follow~s: 

Chromic Acld  lot).   his method is very similar  t o  I~ethod A/B (Conbination 
of A and B l  described i n  ASTI1 U 2651-79.(~3) I t  generally gives excellent 
result6 over a wide range of alloys, resulting i n  negligible metal remval. 

a. Solvent-degrease, using acetone or other su i table  solvent. Exercise 
caution during vapor 'degreasing of magnesium alloys. Contaminants, such as 
metal par t ic les ,  o i l s ,  etc., say resul t  i n  a f i r e  or  explosion hazard. 
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b. Ituneree fo r  1 0  minutes a t  160-1900~ (71-780~) i n  t h e  followiny 
alkaline pretreatment solution: 

Sorliurj metasilicate 3.0 oz/gal. 122,4 g / l i t e r )  
Te t  rasodium py ropbosphate 1.5 oz/gal. (11.2 g / f i te r )  
sodium hydroxide 1.5 ozlgal. (l1,2 g/liter) 
Detergent (or NACWAL Mt,) 

( a  ~wlium alkylaryl sulf onate) 0.5 oz/gal 13.7 3 g/&iter)  
Uater, demineralized 1 gal. (3.785 l i t e r s )  

c. Rinse in  deaineralfzed water a t  room temperature. % 

d. ;tametee f o r  1 0  minutes a t  150-1600~ (66-710~) i n  an aqueoue 
solution of 20 vt  O chroniun trioxide (crO3). 

e. Rinse i n  demineralized water a t  room temperature. 

f .  ~ i r - d r y  a t  tenperatures not over 1 4 0 0 ~  (600Cj. 

Chromic Acid (Room TemperatureJ . Identical to  t h e  Hot method above except 
f o r  J,  e and f r  a s  follows: 

d. Imerrre for 2 minutes a t  RT i n  the following solution: 

Chromium t r  ioxide 24 odgal. (179.2 g / l i t e r )  
Uater, denineralized 1 gal. (3.785 l i t e r s )  

e. Rinse i n  demineralized water a t  RT. 

f. A i  r-dry a t  tenperatures not over l4WP (600C). 

Caustic (Alkaline) Treatment. T h i s  procedure is the same as C:lromic Acid 
(noon 'r*emyerature), but followed by fmersion in  a sodium hydroxide solution. 
To  avoid confusion, a l l  s teps are given here: 

a. Solvent-degrease, using acetone or  other suitable solvent. Exercise 
caution during vapor degreasing of magraeeim alloys. Contaninents s u c h  as  
metal part icles ,  o i l s ,  etc., may result in  a f i r e  or  explosive hazard. 

b. ImrPerse for  10 minutes a t  180-1900~ ( 7  1-8S°C) in  t h e  following 
alkaline pretreatment solution: 

Sodim netas i l ica te  3.0 oz/gal (22.4 g / l i t e r )  
Tet rasodiun py cophosphate 1.5 oz/gai (11.2 q / l f te r )  
Sodium hydroxide 1.5 oz/gal (11.2 q/liter) 
Detergent ( as ~UCCQIJAL NR , 

( a  sodium alkylaryl eulf onatef 0.5 az/gal (3.73 g l l i t e r )  
Water, demineralized 1 gal. (3.785 2lters) 

c. Rinse i n  demineralized water a t  roon temperature. 

d. Imraetr~e fo r  10 minutes a t  room ten~perature i n  the following eolution: 

Chroaium t r io r ide  24 odgal .  (179.2 g / l i te r )  
Water, denineralized 1 gal. 13.705 l i t e r s )  
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e. Rinse in  delaineralized water a t  room tenperature. 

f .  Immerse in the following solution for 1-3 minutes a t  1800~ (800C) : 

sodim hydroxide 12-16 oz/gal. (89.6-119.5 g/ l i ter)  
Water, d e ~ h e r a l i ~ e d  1 gal. (3.785 l i t e r s )  . 

g. Rinse i n  demineralized water a t  room temperature. 

h. Air-dry a t  temperatures not over 1 4 0 0 ~  ( 6 0 0 ~ ) .  

5.3.5.1.9 Nickel anJ alloys. Uickel is frequently used as a plating metal 
(see 5.3-5.1.16). PhSn nickel-plated parts should not be etched or sanded. k 
recommended practice is l i g h t  scouring w i t h  a non-chlorinated comercia1 
cleanser (AJAX, BABO, etc.), rinsing w i t h  dis t i l led water, drying under 
120°P (490~1, and then priming as soon as possible. Becornended methods 
for nickel and alloys are( 1) : 

iJit r ic  Acid Process 

a. Vapor-degreose i n  trichlorethane 

b. Etch for 4-6 seconda at room temperatute ( 6803, 2UOc) in conc 
ni t r ic  acid (sp. gr. 1.411. 

c. \laSlr i n  cold and hot water, followed by a disti l led water rinse. 

Chromic ~ c i d  - ::z.~:yhloric Acid Process 

a. Vayor-degre9s.2 or solvent-clean 

b. Imnerse i n  the foilowing solution a t  roow temperature for  60-60 seconds: 

chromic acid (era3) 
tlydrochlortc acid 

15 pbw 
20 pw 

c. Spray-rinse wi th  deionized water. 

d. Oven-dty at  1 3 0 0 ~  (540~)  u n t i l  dry, 

IJOTE: If iuunersion is inpossible, the above solution may be applied wi th  a 
cheesecloth (after solvent cleaning). ~ l l g w  Lo remain on the part for 
approximately one minute. Apply to  approximately one equare foot 4 0.093 
square w t e r )  a t  a tine. 

5.3.5.1,10 Steel ( ~ i l d ,  carbon). iron. Relatively l i t t l e  research has been 
carried out i n  t h e  area of surface treatments of eteel preparatory to  adhesive 
bonding, compared to  aluminum. T h i s  is due primarily to  the fact tbat the 
aircraft-related i n d u s t r i e s  have provided the impetus for much of the 
structural bonding research accomplished t o  date, and aluminum, because of its 
favorable strength-to-weight ratio, fa a preferred construction anaterial for 
aircraft .  F3r Army munition6 applications, however, Steel alloys are a t  least 
a s  important as aluainuw alloys, and eteel aeaemblies are increasingly being 
joined by adhesive bondiw.(20] 
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Hany problems exis t  in  bonding 8teels.  The e tee l  alloys are nornally used 
where high 'in-service' temperatures and other rigid reqirements are  expected, 
and t h i s  poses problen areas, i.e., corrosion, r u s t ,  therraal degradation of 
adhesives and primers, and loss of adbesion a t  faying interfaces due t o  
moisture. Surface preparatian is even more c r i t i c a l  in bonding s t e a l  than in  
many other metals. I n i t i a l  adhesion t o  s t e e l  is ueually good, b u t  the bond 
deteriorates rapidly under rigid environmental conditions. For t h i s  reason, 
priners are usually recommended. Many s t e e l  alloys w i l l  f o m  surface oxides 
in  a very short period of time, and drying cycles a f t e r  cleaning w i l l  be 
c r i t i ca l .  Alcohol rinses a f t e r  water rinses tend t o  accelatate drying and 
reduce undesirable surface layers. Mild s t e e l  may require no more extensive 
treatment than degreasing and abrasion t o  give excellent resul t s  i n  adhesive 
bonding. Tests shou3d be carried out w i t h  the adhesive t o  be used to  
deter~iine whether a chemical etch or  other treatment is necessary.(l)(21) 

klechanical sethods. ASTI; D2651-79, Method A for  Carbon s tee l .  113) 
Nechanical methods, such as  vire brushing, rubbing w i t h  metal wool, hand- 
sanding, dry-sand blast,  grit-blast,  or  vapor honing, may be user] on degreased 
surfaces of the metal. A 1 1  abrasive nater ia ls  should be t r ee  from contam- 
ination that may be spread or  rubbed onto t h e  eteel.  Dry-grit or sandblasting 
tends t o  warp thin sheet metals. These nethods are sui table only for  thick- 
section parts.  Vapor-blasting by water or steam and an abrasive is the most 
effect ive method and does not warp parts  if done carefully. Hand sanding, 
rubbins with netal  wool, and wire brushiny, are t h e  leas t  e f fec t ive  methods. 
Care should be exercised i n  using any mechanical method t o  prevent deep gouges 
or rough surfaces which are not conducive t o  good bonding. surfaces should be 
washed, vapor-deqreased, brushed or air-blasted w i t h  oi l -f tee a i r  t o  remove 
a l l  traces of the abrasions. The adhesive tnauld be applied innediately af ter  
the treatsent.  

Solvent wiping should be used only as a last resort. Solvents eucb as 
methyl ethyl ketone ( W E K ) ,  acetone and isopropyl alcohol usually contain s u f f  i- 
cient  water t o  cause s t e e l  to  rust. hyiene or  toluene are  preferable 
solvents. rlhen volat i le  solvents evaporate from a metal surface they may . 
c h i l l  the aurface. I n  a humid environrmnt t h i s  nay result  i n  condensation of 
water, which nulltf i e s  the cleaning effort .  (1) 

Acid Treatment. Yhis  treatment is fo r  use when abrasive equipment is not 
avai lsble. l lJ  

a. Prepare a solution of: 

Orthophosphoric acid, conc (sp. gr. 1.73) l pbw 
Ethyl alcohol, denatured 1 or 2 pbw 

or 
Hydrochloric acid, conc 1 pbv 
Disti l led water 1 pbw 

(UOYE: Add the acid t o  the water) 

b. Pegreese i n  a vapor bath of trichloroethane 

ca  Lmer6e LO minutes fn the phosphoric acid solution a t  1 4 0 0 ~  (60QC). 

OR 

1 4 1  
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I rmerse  5-10 minutes  a t  6 8 O ~  (200C) i n  t h e  h : -drochlor ic  a c i d  
s o l u t i o n .  

d. Renove t h e  b lack  r e s i d u e  on t h e  m e t a l  w i t h  a c l ean ,  s t i f f  brush  while 
holding t h e  metal under co ld ,  running, d i s t i l l e d  o r  de ion ized  water.  

e. Dry t h e  meta l  by h e a t i n g  a t  2 5 0 0 ~  (1200CI f o r  one hour. Preahly-  
e tched  or sandb la s t ed  s t e e l  r u s t s  qu ick ly  when t h e  r e l a t i v e  humidity i s  
note than 30%. If  t h e  steel cannot  be s t o r e d  immediately i n  a r e a s  of 
low humidity, t h e n  t h e  adhes ive  should  be a p p l i e d  s h o r t l y  af ter  t h e  
s u r f  a c e  has  been c leaned,  

f octo~hoaphate  Treatment. Th i s  is a r e l a t i v e l y  new s u r f  ace t r ea tmen t  based 
on an o x i d a t i o n  of t h e  steel t o  provide  a cont inuous  f i l m  of eps i lon -  
(Fe203). I t  is repor t ed  t o  g i v e  s t r o n g  and d u r a b l e  adhes ive  j o i n t s  and t o  
inp rove  t h e  salt sp ray  end humidity r e s i s t a n c e  of polymer-coated steel. The 
steps are as fo l lows: (22]  

b. Alkal ine-c lean  i n  a s o l u t i o n  of 39 eodium phosphate and 3% sodium 
c a r b o n a t e  f o r  5 min. a t  1 8 0 0 ~  (820C). 

c. Rinse i n  de ion ized  water .  

d.  Imiert3e in a s o l u t i o n  of 50 y. potassiura iod ide  (KI) p e r  l i t e r  of 1:l:: 
conc. phosphor ic  acid:water  f o r  2-10 n in .  a t  200 ~f: 2 0 0 ~  ( 9 3  2 
110~). 

e. Rinse  i n  de ion ized  water  and d r y  a t  60-1600~ (16 -710~) .  T h i s  
method can  be adapted to s p r a y i n g  techniques  for commercial ope ra t ion .  
Uote t h a t  no c o r r o s i v e  c h l o r i d e  i o n  is used. 

A very r ecen t  Army ~ t u d y ( 2 0 )  determined t h e  r e l a t i v e  d u r a b i l i t y  i n  a 
harsh, warm, mist environment, of bonds made to  high-st  r eng th  carbon steel 
a f t e r  s u r f a c e  t r e a t m e n t s  by f o u r  d i f f e r e n t  methods. The two b e s t  ne thods  were 
found t o  be t h e  phosphor ic  acid/alcohoL method and the iodopbosphate method, 
bo th  d e s c r i b e d  above. por  a summary of r e s u l t s  on t h e e e  t w o  methods, usiny a 
second-generat ion a c r y l i c  adbes ive  and a n  epoxy adhesive,  see Tab le  X X X I V  
below. ( 2 0 )  

5.3.5.1.11 Steel, s t a i n l e s s .  s t a i n l e s s  o r  c o r r o s i o n - r e s i s t a n t  [CHBS) 
steels are c h a r a c t e f i t e d  by a h igh  chromium c o n t e n t  (11% o r  h i g h e r )  a s  t h e  
pr ime a l l o y i n y  element. There have been a g r e a t  many s u r f a c e  p r e p a r a t i o n  
methods r epor t ed  i n  t h e  l i t e r a t u r e .  I n  a d d i t i o n  t o  mechanfcal methods, s t r o n g  
acids and s t r o n g  alkalies are used. A wet-abrasive b l a s t  w i t h  a 200-gri t  
ab ra s ive ,  fo l lowed by thorough r i n s i n g  t o  remove t h e  r e s idue ,  is a n  accep tab le  
process f o r  some uses, b u t  does  not  produce ext remely  h igh  bond s t r e n g t h s .  
S t rong  a c i d  t r e a t m e n t s  a r e  u s u a l l y  used f o r  -general  bonding, producing s t r o n g  
bonds with  mst adhes ives .  P a e s i v a t i o n  i n  n i t r i c  a c i d  s o l u t i o n  and 
concent  r a t e d  s u l f  u t  ic acid-eatucated eodiuar dichromate solcrtSon both ptoduce 
h igh- s t r eng th  bonds, bu t  w i t h  low o r  saarginal  p e e l  s t r e n g t h s .  J o i n t s  prepared  
by t h e  p a s s i v a t i o n  p r o c e s s  may f a i l  under v i b r a t i o n  e t r e s e ,  p a r t i c u l a r l y  when 
a t h i n  s t a k n l e a e  steel e h e e t  i a  bonded w i t h  low-peel-strength adhes ives .  

Types 301 and 302 e t a i n l e s a  steels can  be treated by t h e  ac id -e t ch  p rocess  
o u t l i n e d  below. T h i s  p r o c e s s  r e s u l t s  i n  a heavy b l ack  smut fo rma t ion  on t h e  
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Surface that must be removed for maxirjum adhesion. The acid-etch process is 
clatmed to  produce bond8 w i t h  high peel and shear strengths. 

The 400 aeries of straight-chromium etainless s t ee l s  should be handled in 
the same manner as the plain carbon steels. The precipitation-hardening (PHI 
atainlese s tea ls  each present an individual problem and processes m u s t  be 
adopted or developed fo r  each. ( 3) ( 6) 

Mechanical Methods - as i n  5.3.5.1.10 for  carbon s tee l ,  

Acid dtch - (for  Types 301 and 302 Stainless steel1 (23). 

a. Deqrease. trash w i t h  acetone t o  remove grease, o i ls ,  markings and 
Solvent-removable soils .  (Vapor deqreaaing can follow wi th  a suitable safety 
eolvent I .  

b. e4 Etch, Inmrerae the parts  for 4 minutes a t  1 4 0 0 ~  ( 60°c) 
rn a solution of 25-358 by volume of sulfuric acid (sp. gr. 1.48) i n  
deionized water. Timing should not s t a f t  unti l  gassing is evident. A 
piece of 1020 s t ee l  may be rubbed across the parts t o  s t a r t  the 
etching process. 

c. - Rinse. Rinse i n  running tap water a t  service-water teuperature for  2 
minutes. 

d. Smut  removal. Imnerse parts  f o t  5 minutea a t  15003 (66%) i n  a 
solution of 22-28 psrte by veight sulfuric acid (ep.  gr. 1.84) and 2-3 
parts by weight sodium dichramate i n  deionized water. 

e. Rinse. Rinse i n  running tap water a t  service-water temperature for 2 
ninutes. 

f. Dry the parts a t  1 4 0 0 ~  (COOC) for  30 ninutes i n  a preheated a i r -  
circulating oven. 

g. Packaqinq. Wrap the parts  i n  clean kraft paper u n t i l  ready to bond. 
T h i s  surface-preparation procedure has been ueed successfuLly w i t h  
both 31.1 Co. AP-326-2 film adhesive and 3M Co SLW3CDIEi.D EC 2414R paste 
adhesive. T h e  Ciln adhesive vaa cured a t  50 psi (345 kPa) and 2500~ 
( 1 2 1 ° ~ )  for  1 hour and fo r  paste adhesive was cured a t  8 ps i  (55 
kPa) and 2500~ t l 2 1 O C )  for  40 minutes. Stressed durability 
studies (~S214 D 2919) gave excellent results fo r  exposures at  1 4 0 0 ~  
( 60°c) and 959 Ru. 

Brono~hosphate Yreatment . T h i s  treatment is a mod i f  ication of the 
Iodophosphate Treatment given above under carbon eteel. KBr is used instead 
of K X ,  and 1-59 by volume of conc Hz604 is suggested t o  be added to the 
treating solution i n  the case of difficult-to-etch CRES s tee ls  t o  ensure t h e  
renova1 of t h e  existing surface layers122). 

b. Alkaline-clean i n  a solution of 39 sodium phosphate and 3% sodium 
carbonate for  5 min. a t  l80op (820~) .  

c. Rinse i n  deionized water. 
143 

Downloaded from http://www.everyspec.com



d. Ianerse  i n  a s o l u t i o n  of 50g potassiura bromide (KBr) per  l i t e r  of 
1:9:1U conc H2sO4:: conc phosphoric acid:  n20 f o r  2-10 min a t  
200 2 2 0 0 ~  (93  2 110C) 

e. Rinse i n  deionized water and dry a t  60-160°~ (16-7loc), spray 
r ins ing  may be used. 

Note t h a t  no ch lo r ide  ion is  used i n  t h i s  method. 

5.3.9.1.12 a. T h i s  i s  one of t h e  few metals f o r  which abras ive  cleaning 
may be ueed without beinrj followed by an a c i d  e tch  of some'type. T h e  oxide 
coat ing must be removed, but a f t e r  t h e  abras ive  operation,  t h e  faying sur face  
should be scrubbed thoroughly. (17)  

a. Solvent-clean with t r ichloroethane.  

b. Use abras ive  cleaning only t o  remove foreign n a t t e r  t h a t  t h e  solvent  
does not renove. Scraping, f Lne sanding, or  scouring a r e  s u i t a b l e  
methods. 

c. Solvent-clean t o  remove abras ive  p a r t i c l e s ( 3 ) .  

5-3.5.1.13 Titanium and a l loys .  Since  t i tanium is intended f o r  app l ica t ion  
at t e w e r a t u r e s  up t o  6 0 0 0 ~  (316%) t h e  su r face  preparat ion nethods are  
d i r e c t e d  towards d u r a b i l i t y  a t  the  higher temperatures. The p repara t ion  of 
t i tanium s u r f a c e s  is pr imar i ly  d i r e c t e d  towards t h e  development of a s t rong 
adherent su r f  ace fi lm. The development of su r f  ace-preparat ion techniques f o r  
t i t a n i u n  has been based pr imari ly  on e n p i r i c a l  use of es tab l i shed  processes 
t h a t  were found successful  i n  s t a i n l e s s  steel and aluminum, ra the r  than 
custom-tailored processes based on analyses  of t h e  requirements. Chemical 
t rea tments  such as t h e  n i t  tic-hydrof l u o r i c  acid pickle ,  followed by t h e  
p h o s ~ h a t e - f l u o r i d e  conversion coating,  have found widespread use, a s  w e l l  as  
p ropr ie ta ry  acid  e tchan t s  and s t rong  a l k a l i n e  e tchants .  One of t h e  problems 
leyu i r ing  c l o s e  con t ro l  with t i t a n i u n  processing is hydtogen e n b r i t t l e n e n t  . 
Extreme cau t ion  must be exercised when t r e a t i n g  t i tanium with acid  e tchan t s  
t h a t  evolve hydrogen. I m e r s i o n  times must be c lose ly  con t ro l l ed  and 
optinized.(24) 

S t a b i l i z e d  Phosphate-Fluoride Hethod ( P i c a t i  nnv Arsenal Etch) (1). Ybis 
method, developed by rtegraan a t  Picatinny Arsenal, is an inprovement over t h e  
b a s i c  phosphate-fluoride treatment described i n  MIL-A-9067. The improvement 
is obtained by t h e  add i t ion  of t h e  sodium s u l f a t e  i n  t h e  pickle .  The nethod 
is reported t o  g ive  good i n i t i a l  bond s t r e n g t h  and e x c e l l e n t  d u r a b i l i t y  ~ n d e r  
adverse condi t ions ,  including high temperature/high humidity 140°p ( 6 0 0 ~ )  - 959 R1I under load The proper c r y s t a l l i n e  s t r u c t u r e  is ea tab l i shed  by t h e  
phosphate-fluoride process,  which is then s t a b i l i z e d  w i t h  incofporat ion of 
sodfum w i t h i n  t h e  c r y s t a l l i n e  s t ruc tu re .  

a. vapor-degreaoe or clean with  acetone. 

b. Alkaline-clean: Immerse p a r t s  i n  non-sfl icated alkaline c l e a n e r  for 
5 minutes a t  1 5 0 0 ~  (660C). A s u i t a b l e  formulation is 1.5 oz/gal 
(11.2 $$/liter) OAKfTE HD 246 i n  deionized water. 

c. Rinse i n  tunning t a p  water a t  1050P ( 4 0 0 ~ 1  f o r  2 ain. 
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d. f todi f ied  U' Pickle :  Imwerse f o r  2 minutes at: room temperature i n  a 
s o l u t i o n  conta in ing:  

aydrof l u o r i c  ac id ,  709 2-3 f l  az/gal  (16-23 n l  l i t e r )  
Sodi  ura s u l f a t e ,  anhydrous 3 oz/gal ( 2 3  g / l i t e r )  
M t t r i c  ac id ,  10% 40-50 f l  oz /ga l  (312-391 m l / l i t e c )  
Uater, de ionized  t o  make 1 g a l  (3.785 l i te rs )  

e. R i n s e  i n  running tap water at  s e r v i c e  temperature for 2 minutes. 

f . Phosphate-f l u o r i d e  e t ch :  Goak p a r t s  f o r  2 minutea it room temperature 
i n  a s o l u t i o n  conta in ing:  

Frisodium phosphate 6.5-7.0 oz/gal (48.7-52.4 g / l i t e r  
Poteasium f l u o r i d e  2.3-3.0 oz /ge l  ( 18.7-22.5 g / l i t e r )  
kiydrofluoric ac id ,  70% 2.2-2.5 oz/gal (16.5-18.7 g / l i t e r )  
\ la te r ,  de ionized  t o  make 1 g a l  (3.785 l i ters)  

g. Rinee i n  running tap water  a t  s e r v i c e  tempera ture  f o r  2 minutes. 

h. not-water Soak: Iramecse i n  de ionized  water  a t  1 5 0 0 ~  166Oc) f o r  15 
n inutes .  

i. F i n a l  Rinse:  Rinse  i n  water  a t  room temperature t o  1 6 0 ° ~  (71%) 
f o r  1 5  n inu te s .  

j. Dry a t  1 4 0 ~ ~  (GO°C) f o r  30 n i n u t e s  i n  a preheated a i r - c i r c u l a t i n g  
oven. 

k. map t h e  p a r t s  i n  c l e a n  k r a f t  paper  u n t i l  ready t o  b o d .  T h i s  nethod 
haa been sh0s.1 t o  g i v e  e n d e l l e n t  d u r a b i l i t y  f o r  both 6.4 t i t a n i u m  and 
chemical ly-pure (CY) t i tan ium.  The 6,4 t i tan ium,  however, shows a l o s s  
of lap-shear  s t r e n g t h  a f t e r  5-years outdoor exposure, wh i l e  t h e  CP 
m a t e r i a l  does not. 

Alka l ine  Cleaning. (23)  Use s t e p e  a, b, c ,  j, and k only  under above 
procedure f o r  S t a b i l i z e d  Phosphate-Fluoride &lethod. The r e s u l t s  gf ve poorer  
durabi l i ty  than t h e  Btabil ised-Phosphate F luo r ide  Method. 

A lka l ine  ~tch. f 3)  

a. Vapor-degrease o r  c l e a n  wi th  acetone.  

b. Alka l ine  Clean: Immerse p a r t s  i n  non- s i l i ca t e8  a l k a l i n e  c l e a n e r  f o r  
5 minutes at lSOoP 666Oc). A s u i t a b l e  formula t ion  is 1.5 oz /ga l  
(11.2 g / l i t e r )  OAXIPE M) 246 i n  de ionized  water. 

c. Rinse  i n  running t a p  water a t  1 0 5 0 ~  ( 4 0 0 ~ )  f o r  2 min. 

d =  Rinse i n  running de ionized  water  For 1 minute a t  s e r v i c e  temperature.  

e. Alka l ine  ktch: Zmeree for 5-10 minutes a t  180-2000~ (82-93Oc) i n  a 
e o l u t i o n  of 4 l be /ga l  (479  g / l i t e r )  TURCO 5578. 
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E. Rinoe under t a p  water a t  s e r v i c e  temperature f o r  2 minutes. 

g. Hlnse under deionized water a t  s e r v i c e  temperature f o r  1 minute. 

h. Dry a t  1 4 0 0 ~  /600C) f o r  30 minutes i n  preheated a i r - c i r c u l a t i n g  oven. 

i itrap t h e  p a r t e  i n  c l e a n  kraSt paper u n t i l  ready t o  bo'nd. 

V S 1  Ivousht Abrasive Gurfece Treatment) The VAST treatment given under 
5.3.5.1.17.2 may a l s o  be used. 

5.3.5.1.14 Tungsten and a l l o y s  ( inc lud ing  tungsten carbide) .  

Uydrof ~ u o ~ ~ c - N ~ ~ K ~ c - S U ~ E U ~ ~ C  Acid Hethod. (25)  126) 

a. Degrease i n  a vapot bath  of t r i ch lo roe thene  

b. Abrade t h e  eurface  ueing medium-grit emery paper. 

c. Degrease again i n  t r ichloroethane.  

d. using equipment const ructed of f luorocarbon res in ,  polyethylene o r  
polypropylene, prepare t h e  following eolut ion:  

irydrofluoric acid ,  609, sy. gr.  1.18 5 pbw 
w i t r i c  ac id ,  conc, sp. gr.  1.41 30 pbw 
S u l f u r i c  acid, conc, sp. gr. 1.84 50 pbw 
Water, d i s t i l l e d  15 pbu 

Blend the  hydrof luor ic  acid  and t h e  n i t r i c  ac id  with water and then slowly 
add t h e  e u l f u r i c  acid,  s t i r r i n g  cons tan t ly  with a TEPLO14 o r  polyethylene cod. 
Add a few drops of 200 hydrogen peroxide. 

e. ImerBe  f o r  1-5 minutes i n  t h e  above s o l u t i o n  a t  room temperature. 

f .  Rinse under t a p  water. 

g. Pin i sh  r ins ing  i n  d i s t i l l e d  water. 

b. Dry i n  an oven a t  160-1800~ (71-820~)  f o r  10-15 minutes. 

5.3.5.1.15 Zinc and a l loys .  The most common uee of z inc  ifa i n  galvanized 
metale. Zinc surf  aces  a r e  almost always prepared mechanically. (1) 

Abraelon ( f o r  general-purpose bonrling) 

a. Gri t -  o t  vapor-blest with 100-grit  emery c loth .  

b. Vapor-degrease i n  t r ichloroethane.  

c. Dry a t  least 2 hours a t  room temperature,  o r  15 minutes at  200°F 
( 930C) t o  remove a l l  traces oE t r ichloroethane.  
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Sulfuric Acid/Dichroaate Etch (sui table for  freshly galvanized metal. (1) 

a. Vapor-degreaee i n  trichloroethane. 

b. Etch fo r  3-6 minutes a t  1 0 0 0 ~  ( 3 8 0 ~ )  in: 

suleuric acid, conc, sp. qr. 1.64 2 P ~ W  
Sodium dichromate, c rys ta l l ine  1 pbw 
Water, d i e t i l l ed  8 pbv 

c. Rime in  running tap water, 

d.  Rinse in  d i s t i l l e d  water. 

e. Dry i n  a i r  a t  1 0 4 0 ~  ( 4 0 0 ~ ) .  

5.3.5.1.16 Plated metale f includes cadmium, chroniun, gold, nickel, solder, 
platinuar, rhodium, and zinc). Wetals are  usually plated aa a corrosion- 
preventive wasure, or  t o  retain surface conductivity for  metals, such as 
aluminum, which otherwise develops a d ie lec t r i c  f i lm of aluminum oxide. 
Cleaning procedures involving acid-etch or abraeion nust be used w i t h  
care, since they tend t o  remove the  plating. If  the sucfaces are protected 
Iron contamination a f t e r  the plat ing and cleaning process, they are u s u a l l y  
clean enough for  bonding. One nethod of obtaining improved bondability is t o  
vapor-hone or sandblast the surf ace before plating. T h i s  provides an increase 
in surface area as w e l l  as some mechanical benefits in increased shear 
strength. ( 27 )  

In  nany cases, the freshly plated surf aces may not require any additional 
preparation because the plating process i t se l f  produces a clean, bondable 
surf ace. The conditions under which the plating process is cart ied out have a 
marked ef fec t  in  the surface cond1':ion of the plated nefal. Plating 
conditions determine the adhesion, porosity and surface s t r e s s  of the metal 
deposit. Current density, composition and temperature of the plating bath, 
fo r  example, a l l  have an ef fec t  on the bondability of the pZated surface. 
Iihere mechanical treatment is Indicated, care mus t  be taken to.abrade the 
surface lightly. Fine grains of sand, abrasive paper, or a t ee l  wool w i l l  have 
DiniIQUfo penetrating effect.  Chemical treatments f o r  plated metal8 are  of 
epecialized u t i l i t y ,  depending on the a e t a l  deposited i n  the plating process. 
Degreasing and solvent wiping a re  often satiefactory for  plated-metal 
preparation. If the plating does not adhere t i g h t l y  to the base ae ta l ,  the 
plating process i t sp l f  should be investigated.fl8) 

a. Vapor-degrease or solvent-clean, 

b. Scour surfaces w i t h  tap water and scouring powder. 

Scouring may be f ac i l i t a t ed  with clean cloths or non-metallic brushes. 
Surf aces should be thoroughly rinsed i n  clean running tap water, followed by a 
f i n a l  rinse w i t h  d i s t i l l e d  water. They ahould be water-break-free (see 
5.3.3.1) and thoroughly dried a t  teaperaturea up t o  150°p (66OC). 
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Dry-Abrasive 4rea tment(  29) .  

a.  Ifipe, s p r a y  o r  imnerse i n  1,1,1 t t i c h l o r o e t h a n e ,  o r  PREOIJ TMC o r  H-17 ,  
acetone,  UEK or to luene .  

b. ~ i g h t l y  and unif  orlnly abrade s u r f  ace wi th  180-230 y r i t  . . abras ive  paper. 

c. So lven t - c l ean  a s  i n  (a) .  

5.3.5.1.17 bleldbondinp ( s e e  a l s o  Chapter  121. The chemical  e t c h i n g  of 
meta l  s u r f a c e s  f o r  welding and adhes ive  bonding is necessary  t o  a s s u r e  
h igh - s t r eng th  j o i n t s .  There  a r e  d i f f e r e n c e s  i n  t h e  s u r f a c e  requirentents  a f t e r  
c l e a n i n g  for weldiny and bonding. To produce class A r e s i s t a n c e  welds i t  is  
necessa ry  t o  have a chemica l ly  a c t i v e  s u r f a c e  which may have a h igh  s u r f a c e  
r e s i s t a n c e .  F i n a l  s e l e c t i o n  of t h e  c l e a n i n g  p rocess  should  be based on t h e  
end use  of t h e  hardware and c o n s i d e r a t i o n  of t h e  r e l a t i v e  importance of weld 
q u a l i t y  and adhes ive  j o i n t  s t r e n g t h . ( 2 9 )  

Hinford  et a l .  of ALCOA have shown t h a t ,  f o r  c e r t a i n  aluminum and steel 
a l l o y s  used For n o n - c r i t i c a l  automotive a p p l i c a t i o n s ,  no c l e a n i n g  or s p e c i a l  
s u r f a c e  p r e p a r a t i o n  was necessary.  Procedures f o r  aluminum and t i t a n i w d  a r e  
g iven  as fo l lows:  

5.3.5.1.17.1 Aluminum. 

Low-Voltage Phosphor ic  Acid/Sodit?s Dichromate Anodize ( f o r  a l l o y s  2024-73 
and 70754'6 bare)  ( 3 0 )  (31).   his ffiethod wes developed by t h e  14orthrop 
Corpora t ion  Lor t h e  Air Force 1 - l a t e r i a l s  Laboratory. It has  been found t o  be 
s u p e r i o r  t o  t h e  p r e v i o u s l y  recormended method (YPL ~ t c h  + 6 0 - ~ i n u t e  Dichromate 
S e a l ) .  

a. Vapor-deyrease i n  t r i c h l o r o e t h a c e  vapor f o r  G O  seconds,  fo l lowed by 
sp ray - r in se  of condensed t r i ch1  ? coethane f :' :lid f >r a n  a d d i t i o n a l  60 
seconds. A31 p a r t s  wust be free of water y r . o r  t o  vapor degreasing. 

b. ~ l k a l i n e - c l e a n  10-15 minutes a t  155 + LOOF (68.5 f. 5 .50~1  i n  
PURCO 4215-5 s o l u t i o n  (6-8 oz /ga l  o r  44.9-59.9 kg/m3 o r  9/11, 

c. Immediately ep ray - r in se  w i t h  co ld  de ionized  water f o r  a t  least 5 minutes 
and i n s p e c t  f o r  water-break-free c o n d i t i o n  (see 5.3.3.11. Should Water 
breaks occur,  r e p e a t  above s t e p s .  

d.  ImnIerBe a lka l ine -c l eaned  parts i n  a deox id i ze r  s o l u t i o n  c o n s i e t i n g  of 
8-169 by volume n i t r i c  a c i d  and 2.7-3.3 oz p e r  g a l l o n  Amchen 7 
(20.2-24.7 kg/m3 or g / ~ )  for 7-10 minutes  a t  roon temperature. 
(NOTE: When chemical  a d d i t i o n  is requ i r ed  t o  ma in ta in  s o l u t i o n  
s t r e n g t h ,  Arachen 1 7  should  be used i n s t e a d  of Amchem 71. 

e. I m e d i a t e l y  s p r a y - r i n s e  i n  c o l d  de ion ized  water  f o r  a t  l e a s t  5 minutes.  

f. Anodize a t  1.5 2 0.2 v o l t s  for 20-25 u i n u t e s  i n  a s o l u t i o n  o f  1.35 f. 
0.15 oz  of phosphor ic  a c i d  and 1.35 2 0.15 02 of sodium dichromate  p e r  
g a l l o n  of s o l u t i o n  ( each  10.1 2 1.12 g / ~ ) .  Anodizing should be 
conducted i n  a room-temperature s o l a t i o n  us ing  a . r ipple- f  reem DC power 
supply.  
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g- Imediately spray-rinse i n  cold deionized water for a t  l eas t  5 ninutes. 

h. Oven-dry 30-60 ninutes a t  140-1500~ (60-660~). 

. cleaned pert6 m u s t  be handled only with clean white cotton gloves and 
may be stored f o r  periods up t o  21 days pr ior  t o  weldbonding by wrappins i n  
chemically neur r a l  paper. 

5.3.5.1.17.2 Titanium. Grumman Aerospace corporation has developed two 
surf ace treatments for  titanium weldbonding under an Air Force Materials 
Laboratory contract. They are a s  follows (32 )  : 

Vapor Uoning/Pasa J e l l  107M Procedure. 

a. Renove organic contaminants by MEK solvent rinse. 

b. Remove inorganic contaminants by inmarsion i n  non-etch a l k a l i  (hot 
OAXITE 164)  a t  1 4 0 0 ~  ( 6 0 0 ~ ) .  

c. Rinse i n  tap water. 

d. Vapor-hone, using aluminum oxide slurry. 

e. Rinse i n  t a p  water. 

f .  Xnmerae in PASA JELL 1 0 7 ~  solution* a t  arhient temperature fo t  10 
ninutes. 

g. Rinse i n  tap water, 

i. Use adherends within 6 hours a f t e r  pretreatment. 

Modified VAST (Vought Abrasive Surface Preatment) System. VAST is a 
combination ~;rachanical-chanical surface treatment t h a t  is essential ly a 
wet-hone operation. The surface t o  be Crested is impinged w i t h  a s lurry of 
abrasive g r i t  i n  an acid solution in  the original  process. I n  the modification 
by Grumman the panels are f i r s t  vapor-honed i n  the  aluminum oxide slurry,  then 
etched in a spray application of 29 n ~ s i p 6 .  The original  process is as 
follows : 

a. Miye surfaces w i t h  ~IEI; .  

b. ~ lkal ine-c lean with TURCO 5578 - 5 oz/gal (37.3 g / l i t e r ) .  

c. Rinse w i t h  deionized water a t  room temperature. 

*A proprietary solution containing HlJ03, ldatCr207, n2sifg and 
proprietary sutfactants.  
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J. Use VAST p r o c e s s  of s u r f a c e  ihpingement i n  s u i t a b l e  chanber. Yhe s l u r r y  
c o n s i s t 8  of 2000 ml of  2% h y d r o f l u o r o s i l i c i c  a c i d  ( U 2 s i ~ g )  and 500 
n l  oE 240-gri t  p u r i f i e d  aluminun ox ide  (A1203), euch a s  wh i t e  
aluminun oxide. 

e. R i n s e  wi th  tap-water s p r a y  a t  roon temperature.  

f .  Iuunerse 1 minute i n  59 n f t r i c  a c i d  e o l u t i o n  ( o p t i o n a l ,  depending on 
t i t a n i u m  a l l o y ) .  

9. R i n s e  i n  de ion ized  water  a t  room temperature.  

i. Bond w i t h i n  4 day8 a f t e r  t r ea tmen t  t o  be s u r e ,  a l t hough  experiments  have 
shown no changes u p  t o  9 days  133). 

5.3.5.2 P l a s t i c s .  

5.3.5.2.1 Genera l  d i s c u s s i o n .  The fo l lowing  s e c t i o n s  list cornonly  
recor.mended su r face -p repa ra t ion  procedures ,  ueua l ly  only  one o r  two, f o r  
s p e c i f i c  p l a s t i c  adherends. The d i s c u s s i o n  i n  5.3 above should a l s o  be 
s tud ied ,  but  t h e  procedures  listed below have been s p e c i f i c a l l y  found t o  
p rov ide  r ep roduc ib l e  s t r u c t u r a l  bonds and f i t  e a s i l y  i n t o  t h e  bonding 
opera t ion .  

5.3.5.2.2 Thermoplas t ics .  AS opposed to  the rmose t t i ng  p l a s t i c s ,  t h e r i ~ ~ o -  
p L a s t i c  s u r f a c e s  must u s u a l l y  be p h y s i c a U p  o r  chemica l ly  nodif i e d  t o  achieve  
a c c e p t a b l e  bonding.  his is p a r t i c u l a r l y  t r u e  of t h e  c r y s t a l l i n e  thermo- 
p l a s t i c s ,  such as t h e  p o l y o l e f i n s ,  l i n e a r  p o l y e s t e r s  and f luorocarbons .  
Methods used t o  improve t h e  bonding characteristics of t h e s e  surface8 inc lude:  

0 Oxidat ion  v i a  chemical  o r  f lame t r ea tmen t .  

0 E l e c t r i c a l  d i s c h a r g e  to  l e a v e  a more r e a c t i v e  su r f ace .  

o Ionized  i n e r t  gas, which s t r e n g t h e n s  t h e  s u r f  ace  by c r o s s l i n k i n g  and 
l e a v e s  i t  more r e a c t i v e  (See S.3.2.8). 

o Metal-ion t rea tment .  

The t r e a t n e n t s  b u t l i n e d  below are reco~imended f o r  use when t h e r m o p l a s t i c s  
are t o  be joined wi th  adhes ives ,  S o l v e n t  cements and thermal  welding a r e  
o t h e r  methods for f a s t e n i n g  t h e r m o p l a s t i c s  which do not require chemical  
a l t e r a t i o n  of t h e  su r f ace .  (See chapter 7 f o r  discussion of s o l v e n t  cementing 
and 4.7.3 f o r  d i s c u s s i o n  of the rma l  welding. A s  w i th  m e t a l l i c  s u b s t r a t e s ,  t h e  
e f t e c t s  of plastic s u r f  ace t r e a t m e n t s  decrease wi th  time. It is e s s e n t i a l  t o  
p r i n e  or bond soon after  t h e  s u r f a c e s  a r e  t r e a t e d . ( 4 )  

Acetal copolymer (CELCOH). ( 34)  

a. wipe parts wi th  ace tone .  
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c.  Etch faying s u r f a c e s  f o r  10-15 eeconda i n  a s o l u t i o n  containing: 

S u l f u r i c  acid  400 pbw 
Potassiuro dichrocrete 11 pbw 
Water, deionized 44 pbw 

d. lcauediately f l u s h  p a r t s  with tap water. 

e. Rime with deionized water. 

f .  Oven-dry a t  1 4 0 0 ~  ( 6 0 0 ~ ) .  

~ c t i v a t e d  gas plasma has a l s o  been used successfuLly i n  prepar ing C ~ L C O I ~  
su rflttces. 

a,  wipe with acetone o r  HER 

b. Xmnerse i n  t h e  following chromic acid  s o l u t i o n  f o r  10-20 seconds a t  room 
temperature 68-860~ (20-30%) : 

Potassium d i c h r o ~ a t e  ( K 2 ~ r 2 0 7 )  75 g o r  15 pbw 
S u l f u r i c  acid ,  conc 1500 g o r  300 pbw 
Tap water 120 g o r  24 pbw 

Dissolve t h e  potaaeiun dichromate i n  t h e  c l e a r  t a p  water, then add t h e  
s u l f u r i c  acid i n  increnents  of about 200 g, s t i r r i n g  a f t e r  each addi t ion.  

c. nime in running tap water for a t  l e a a t  3 min. 

d. RinSe i n  OisCil led  o r  deionized water* 

e. ~ r y  i n  an a i r - c i r c u l a t i n g  oven a t  1 0 0 0 ~  (30°C) f o r  about I hour. 

' S a t i n i a i n ~ * .  (u.s. Pat. 3,325,426) is deecribed by du Pont f o r  prepar ing 
DELRIlJ f o r  pa in t ing ,  meta l l i z ing  and adhesive bonding. I n  t h e  process,  a 
mildly a c i d i c  s o l u t i o n  produces uniforraly-dietributed anchor p o i n t s  i n  t h e  
adherend surface .  Adhesives bond m c h a n i c a l l y  t o  these  a n c h o ~  po in t s ,  
r e e u l t i n q  i n  . s t rong adhesives. 

a. Prepare t h e  following formulation: 

Kieselguhr (pyrogenic s i l i c a )  
1,4-dioxane 
para-toluene s u l f  on ic  ac id  ( P-TSA 1 
~e rchloroethylene 

No p r e f e r e n t i a l  treatment is required f o r  mixing t h e  ingredients .  The f i r s t  
t h r e e  components above nay be worked i n t o  a premix, t o  which t h e  perchloro- 
e thy lene  may be added whenever a batch is neged Cot ssa t in iz ing ' .  S ince  
1.4-dioxane is flaf,Yjable, it should be used only i n  a reas  s u i t a b l e  f o r  work 
wi th  conbuet ible  products. The ing ted ien te  contained i n  t h e  '8atiniZing' 
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solut ion are knorin t o  be hazardous by reason of t h e  f l m a b i l i t y  of 1,4-aioxane 
and the toxici ty of vapors of 1,4-dioxane, perchloroethylene, and fomaldelryde. 
Careful at tent ion should be given to  the  design of venti lat ion equipment for  
use i n  t h i s  process. Both perchioroetbylene and I,4-dioxane vapors w i l l  be 
evolved f con the d i p  bath. Also,  formaldehyde w i l l  be l iberated f rom the 
surface of t h e  part  as a resul t  of the  etching process. Ventilation should be 
incorporated a t  the dip bath t o  remove those vapors in  such a way that  they 
w i l l  not be d r a m  across the breathing zone of an operator. 'Steps 1-3 below 
should be carried out in explosion-proof equipment, as 1,4-dioxane is 
flammable. Excessive a i r  velocity is t o  be avoided, as  unnecessarily high 
losses of etching solution w i l l  result. 

The l iberat ion of formaldehyde f unes f rm t h e  part  surf ace, as well as the 
continued evaporation of l iquids  Iperchlococthylene and 184-dioxane) , w i f  1 
continue through Steps 2 and 3. Accordingly, these steps w i l l  require venti l -  
at ion t o  remove hazardous vapors as well. Exhaust  equipment should be 
designed i n  such a way as t o  prevent any condensation of water which would 
eubsequentlj f ind its way Lack to  the equipnent used i n  Steps 1 and 2. 

b. Convey the par ts  through the following f our-step operation : 

1. eip. Xmerse t h c  DELHIlJ a r t i c l e  i n  bath f o r  10-30 seconds a t  
1 7 5 - 2 5 0 0 ~  (79.5-12loC). Yhe part  is cleaned simultaneously by the 
degreasing action of the perchloroethylene. par ts  should not touch each other 
O K  other objects. The  bath area should be ventilated t o  remove formaldehyde 
fumes. An e f f i c i en t  s t i r r e r  should be used t o  keep the kieselguhr sol id 
ass is tant  in  suspension and t o  insure honogenity. 

2. Chemical Action. Transfer the DEmxN par t s  t o  an a i r  oven adjusted 
t o  100-25U01 138-1210~). In t h i s  s tep  the  solvents from the previous s tep  
are evaporated and rapid etching is induced. The depth of the etch is 
controlled concurrently by the temperature and time of exposure in  the oven. 
A t  2500F (l2loC) adequate etching should take no longer than one minute. 
Lower oven temperatures re-quire longer exposure times. The oven area should 
be ventilated t o  remove formaldehyde f umea. 

3. Uater ~ i n s e .  nenove the  DELFLIM par ts  from the oven and then spray 
hot Water a t  160-1750~ (71-79.50~). T h i s  stops the etching action. 

4. A i r  dry. Dry i n  an oven w i t h  a i r ,  w i t h  the  r a t e  of drying adjusted 
i n  keeping w i t h  production and floor space requirements. A short  high- 
telnperat~re 2500~  ( 1 2 1 0 ~ )  drying s tep  f o r  several minutes w i l l  reduce the 
tendency of the pert  'to continue t o  release formaldehyde vapors. The part  is 
now ready for  bonding. 

Abrasive treatment. 

a. Sand with a medium-grit sandpaper. 
b. wipe f ree  of dust. 
c. Dry i n  an oven at lGOOF ( 7 1 0 ~ )  f o r  2 hours. 
d. Prine w i t h  Dow Corning A-4094 or General Electr ic  SS-4101. 
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flarm Chrowic-Acid ~ t c h (  1). 

a. Degreese i n  acetone. 

b. Etch i n  the following eolutfon fo r  20 ninutes a t  1 4 0 0 ~  (600~1.  

Sulfuric acid, conc 26 plw 
Potassium dichromate 3 pbw 
Uatez 11 pbw 

c. Rinse i n  tap water. 

d. ~ i n s e  i n  d i s t i l l e d  water. 

e. Dry i n  warm a i r .  

5.3.5.2.2.4 Cellulosics (Cellulose acetate, cel lulose acetate butytate 
(CAB), cellulose n i t ra te ,  cel lulose propionate, ethyl cellulose).  Cellulosics 
are  usually solvent-cemented. Treatment fo r  surface preparation prior  t o  con- 
ventional adhesive bonding is given here, part icularly for  applications where 
t h e  c e l l o l o ~ i c  is t o  be bonded t o  a dissimilar  adherend. 

Abrasion and cleaning(1l. 

a. Solvent-degrease i n  methyl or isopropyl alcohol. 

b. Grit- or vapor-blast, or use 220-grit emery cloth. 

c. Solvent-degrease again. 

d. Heat 1 hour a t  2 0 0 0 ~  (93%) and apply adhesive while still hot. 

Plasma-arc treatnsnt has a180 been used aucceesfully on CAB. 

5.3.5.2.2.5 Ethylene-tetrafluoroetbylene copolymer (ETPE). T h i s  higher 
temperature-resistant thermoplastic, supplied by du Pont as TEFZEL, became 
available i n  1976. X t  is readily processed by conventional methods, including 
e%truSLon and inject ion molding. Recommended assembly techniques include 
screw assemblies, snap-fit, preas-fit ,  cold or  ho t  heading, spin-welding and 
heat-bonding. tio information has been found i n  the l i t e r a t u r e  on adhesive 
bonding. A new type CE high-2erforwance f i lm type is made cementable w i t h  a 
transparent treatnent fo r  bonding. Du Pont c l a i m  tha t  the  material i s  
receptive t o  many adhesives. 

5.3.5.2.2.6 Ethylene-vinyl acetate (EVA). This is real ly an e laSt0plaski~r  
v i th  properties intermediate between tha t  of a true p lae t i c  and an elastomer. 

a. Degreaee i n  nethanol, 

b. Prine wi th  epoxy adhesive. 

c. Fuse in to  the surface by heating fo r  30 min a t  2120~ (1000~) .  
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5.3.5.2.2.7 Fluorinated ethylene y r o s l e n e  (PEP). This resin is supplied 
bl du Pont as  TEPLOit YEP. PEP is prepared by the  sane methods as a re  uaed fo r  
WUE (5.3.5.2.2.25) and PCI'PE (5.3.5.2.2.15). 

ASTI-1 Procedure ( A S 3 1  02093 ) .  

a. rripe w i t h  acetone 

b. Treat w i t h  sodium-naphthalene conpler fo r  15 minutes a t  room 
tenperature. Sodiun naphthalene solut ions are comercia l ly  available. 

Sodium-naphthalene complex solut ions should be kept in  'tightly-stoppered 
glass containers t o  exclude a i r  and moisture. Extreme care should be taken i n  
handling the solutions, since they a re  hazardous, due t o  the explosive 
property of the sodium. ~ i r e c t i o n s  a re  given i n  the l i t e r a t u r e  l o r  making up 
eodiur.1-naphthalene complex solutions, which contain sodiun metal, naphthalene 
and tetrahyd rof uran in  varying proportions. 

c.  Remve f roln solution w i t h  metal tongs. 

d. Wash w i t h  acetone t o  remove excess organic material. 

e. )lash w i t h  d i s t i l l e d  or deionized water t o  remove the l a s t  t races of 
metal l ic  salts from t h e  t reated audace.  

f. Dry i n  an air-circulat ing oven a t  99 2 5 9  (37 + 3%) fo r  about 1 - hour. 

Other wethods used include flame oxidation, corona discharge (activated 
gases), and exposure t o  e l e c t r i c  discharge from a spark coi l .  

5.3.5.2.2.8 1onomers(l2).   his is a c lass  of polyners i n  which ionized 
carboxyl groups create ionic l inks  i n  the intemoleculr  structure. D u  Pont 
supplies ionomers as SURLYU resin,  Properties are  s imilar  t o  crosslinked 
thermosets, although these resins a re  processed a t  conventional temperatures, 
l i k e  other thermoplastic resins. Ionomere are  somewhat s imilar  t o  polyeth- 
ylene i n  tha t  adhesive bonds do not develop high etrength. 

a. Solvent-degrease i n  acetone or  M I X ,  

b. G r i t -  or vapor-blast, or use 100-grit emery cloth. 180-grit alumina may 
be uoed. 

. . 
c. Solvent-degrease again. 

503.5- 2.2. 9 lrylon (polyamide) (1). ~ 0 t h  eolvent cementing and adheeive 
bonding are  ueed w i t h  nylon, but tbe solvents  are  qui te  d i f ferent  from those 
uaed f o r  ce l lu los ics  and polystyrene. Nylon molding resins are  not ueually 
cemented by conventional solvent-type cements because of t h e i r  lack of solu- 
b i l i t y  i n  ordinary non-toxic solvents. Nylon is of ten  banded to  metals, 
introducing problems not found i n  the  nylon-to-nylon bonds, In t h i s  case, 
conventional adhesives are uaed. ~ y l o n s  are  re la t ive ly  c rys ta l l ine  thermo- 
PlaSticS tha t  a re  not considered solvent-sensitive. Por t h i s  reason solvent 
Cleaning pteparatory t o  adhesive bonding is carcied out with relat ively strong 
aolvents. 
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a. Wash wi th  acetone. 

c. Band-sand w i t h  120-grit abranive cloth unt i l  t h e  gloss i e  rernoved. 

d. Remove sanding dust with a short-haired a t i fP  hrueh. 

In nylon-to-metal bonding, reasonably strong bonds may oometimee be obtained 
without abreding t h e  nylon- Tbe actual surface, however, must be abraded with 
g r i t  paper or  s t e e l  wool and then vaehed with  a solvent. 

5.3.S.2.2.10 Perf luoroalkox~ resin (PPA). T h i s  is a relaf ively new c lass  
of melt-proceeaable f luoroplast ics  introduced by du Pont i n  1972. These 
material6 combine high-temperature performance wi th  thennoplastic processing. 
surface preparation is a given f o r  P W  (See 5.3.5.2.2.7). 

5.3.5.2.2.11 PhenYlene oxide-based resins (WORYL). T h i s  famf l y  of 
engineering resins is characterized by outstanding dimensional s t a b i l i t y  a t  
high temperatures, broad temperature use range and other desirable properties. 
Solvent cementing i e  the usual method f o r  joining. NORYL is the  General 
Electr ic  designation fo r  polyetyrene-modified polyphenylene oxide. 

Acid etch* 

a. Solvent-clean W i t h  isopropanol or  aqueous solutions of most conutercial 
detergents. 

b. Sand or chronic-acid etch 

c. If chronic-acid etch is used, etch 1 minute a t  1 7 6 0 ~  (800C) i n  the 
following solution: 

Sulfuric  acid, cone 375 g 
Potaesium dichromate 18.5 g 
water 30 g 

d. R i n s e  i n  d i s t i l l e d  water 

A Boeing-Vertol report prepared f o r  Picatinny Areenal showed tha t  a chromic 
acid cleaning solution a t  essent ia l ly  the same strength a8 given above and 
used for  3 minutes a t  1500P ( 6 6 0 ~ )  became ineffective a f t e r  i t8  f i r e t  use 
(when used w i t h  AP-30 nftrile-phenolic adheeive an4 modified T-peel tests). 
Tbe study wae made wi th  unmodified polyphenylene oride, however. Boeing-Vertol 
recollmrended preparing t h e  urrmodieied polyphenylene oxide by vacuum-blasting, 
followed by an acetone wipe. 

5.3.5.2.2.12 Polyaryl e ther  (ARYLOU) . Thie is en engineering therao- 
plas t ic ,  (Uniroyal chemical Co.) combining outstanding heat d ie tor t ion  and 
high impact etrength with ease of processibility. r t  is normally joined by 
eolvent cementing. 
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5.3.5.2.2.13 P o l y a r y l  su l fone .  Thio new eng inee r ing  the rmop las t i c ,  
s u p p l i e d  as ASTREL 360 P l a s t i c  by t h e  314 Co., r e t a i n s  s t r u c t u r a l l y  u s e f u l  
p r o p e r t i e s  up to  5 0 0 0 ~  (2600C3. The n a n u f a c t u r e r ' s  l i t e r a t u r e  mentions 
welding by thermal,  u l t r a s o n i c  o r  e o l v e n t  techniques .  A i r  Porce-spom?otd 
~ t u d i e s  d e s c r i b e d  t h e  fo l lowing  t h r e e  procedures .  The solvent-wash method was 
cecogmessded. ( 1) 

S a n d b l a s t  ( r e s u l t e d  i n  1470 p s i  o r  10.14 NPa t e n s i l e - s h e a r  s t r e n g t h  wi th  
tlyeol epoxy f i l m  adhes ive  EA 9614 steel-plastic-steel). 

a.  U l t r a son ic -c l ean  wi th  an a lka l ine -e t ch ing  s o l u t i o n .  

b. Cold-water r i n s e .  

d. s a n d b l a s t  wi th  150-mesh s i l i ca  sand. 

f .  Dry w i t 1 1  n i t rogen .  

Acid Etch ( r e s u l t e d  i n  1300 psi (9.52 HPa) t e n s i l e - s h e a r  s t r e n g t h  wi th  EA 
9614- s t ee l -p l a s t i c - s t ee l ) .  

a. U l t r a son ic -c l ean  i n  an  a l k a l i n e  c l e a n s i n g  s o l u t i o n .  

b. Cold-water r i n s e .  

c. Bathe 15 minutes a t  1 5 0 - 1 6 0 0 ~  ( 6 6 - 7 1 0 ~ )  in acid-etch S o l u t i o n  
c o n t a i n i n g  : 

Sodiun d ichromate  3.4b by w t .  
Sulfuric acid, cone . 96.69 by u t .  

e. Dry a t  1 5 0 0 ~  (66%) i n  a n  a i r - c i r c u l a t i n g  oven. 

Solvent-wash (reconmended method). R e s u l t e d  i n  2023 psi (13.95 HPa) t e n s i l e  
a h e a r  s t r e n g t h  w i t h  9164- s t ee l -p l a s t i c - s t ee l .  sA 2290 was also used 
succesef  u l l y  w i t h  s o l v e n t  wash. 

a- Triple-wash ( 3  s u c c e s s i v e  u a e h r s )  i n  a 65/35 mix tu re  by volurae of PREOU 
PCA and reagent-grade i s o p r o p y l  a l coho l .   his mixture  is a l s o  a v a i l a b l e  from 
t h e  du POnt Co. as FREO14 TP-35, excep t  t h a t  P R ~ U  TP e o l v e n t  i s  used i n e t e a d  
of PREO14 PCA. The latter is an u l t r a p u r e  v e r s i o n  of YP and e s s e n t i a l l y  
becomes FF as soon as it is opened. 

b- Dry a t  1 5 0 0 ~  ( 6 6 Q C )  i n  an a i r - c i r c u l a t i n g  oven.. 
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5.3.5.2.2.14 Polycarbonate (supplied as  LeXAll-General Electr ic  COO, 
IlERLOH-ktobay Chemical Col , and TUPFAK-Rohm L naas Co. ) . Solvent-cement ing is 
the reconmended nethod fo r  bonding polycarbonate t o  i t s e l f ,  or  t o  cer ta in  
p las t i c s  eoluble i n  the sane solvents (i,e., cellulose acetate butyrate, 
acrylics, or polyurethane). louever, adhesive bonding must be used i n  bonding 
to  metals, wood, rubber and most other plaet ics .  Palyearbonate, l i k e  nylon, 
w i l l  readily absorb moisture from the surrounding atmosphere. For t h i s  
reason, it is desirable t o  keep the humidity low before bonding. One of the 
methods described below actually uses an oven drying j u s t  before bonding. 

In surf ace preparation of polycarbonate for adhesive bonding, the =st 
common solvents recommended fo r  cleaning are methyl alcohol, ethyl alcohol, 
isopropyl alcohol, petroleum ether, heptane and WbP naphtha. Retones, 
toluol,  trichloroethylene, and benzol should not be used, since polycarbonate 
is not compatible w i t h  these solvents, which cause craeing or  ctacking. A 
number of other cleaning solvents, including paint thinners, a re  similar t o  
ketones i n  that  they cause crazing o r  cracking, so care should be taken in the 
solvents selected f o r  cleaning. T h i s  problem is so serious that  one 
helicopter manufacturer is now specifying a coating material t o  prevent 
cracking of polycarbonate ducts. Light solutions of detergents, such as 
ALKAIIOX or JOY, are also suggested(1). 

Pl-e treatment. 

a. Wipe w i t h  ethanol t o  remove d i r t  and grease. 

b. Pass the part  through t h e  oxidizing portion6 of the flame of the Bern- 
zomatf c propane torch. 

c. Treatment i s  complete when both sides are polished t o  a h igh  gloss, f r e e  
of scratches and visible flaws. The process usually requires 5-6 passes on 
both aides. 

d. Allow the part  t o  cool fo r  5-10 ninutes before bonding. 

Oven dry inp. 

a. Place t h e  part  in an air-circulat ing oven a t  1 6 0 0 ~  (7loC) For 1 hour. 

b. Five t o  10 minutes aEter removal Iron oven, par ts  a re  cool enough t o  
b o d .  

Abrasion. 

a. Uipe with ethanol, methanol, o r  other solvent, or cleaner mentioned 
above. 

b. Air-dry. 

c. Sand wi th  f ine-gri t  (120-grit) (400-grit maxinun) abrasive cloth or 
sandpaper. 

d. Remove sending dust w i t h  a clean dry cloth or  a short-haired s t i f f  brush. 
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e. Repeat solvent wipe. 

Plasoa treatment has also been usart successfully with polycarlonate. 

5.3.5.2.2.15 ~olycblorotrifluoroethylene (PCTPE).   hie fluococarbon resin 
has excellent chemical resistance and o f fe r s  problems i n  surface preparation 
because of its high surface tension and non-polar surface. Surface preparation 
i s  as given f o r  PEEP (eee 5.3.5.2.2.7). 

5-  3 -  5.2.2.16 PolYester ( thewoplas t i c )  . Thermoplastic polyesters a re  the 
condensation product8 of a Saturated glycol and an aromatic dicarboxylic acid 
o r  its ether derivatives. Polyetl~ylene terephthalate (PET) is a thermoplastic 
polyester tha t  has been used f o r  years i n  the form of films and f iber8  (WYWR, 
DAChOll, CEwJAR, etc.1. More recerktly golybutylene terephthalate (PBTl, a 
condensatfon product of 1,4-butanediol and terephthal ic  acid, has been 
developed. PBT resins are  high-tenperatute res is tant  c rys ta l l ine  thermo- 
p l a s t i c s  w i t h  ns l t ing  points  around 4OOQp (227OC). Three comercia l ly  
available PBT resins are: 

VALOX [General Electric Company) 
CEWIlJEX (Celenese P las t i c s  Company) 
GAFITd (W Corporation) 

Glass-Eilled grades of these resins are a lso  available. Thermoplastic 
polyesters are generally res is tant  to solvents and chemicals, including 
alcohol, etlrers and a l iphat ic  hydrocarbons, most chlorinated hydrocarbons, 
aqueous s a l t  solut ions and aqueous acid and basic solut ions under specified 
conditions. Specif ic  surf ace preparation i n  the above thermoplastic polyesters 
are  given as follows: 

V A W i  Themoplaatic Polyester. 

A. Abrasion method. 

1. send l igh t ly  w i t h  240-grit sandpaper. 

2. Degreaee With toluol  o r  trichloroethane. Toluol is recornended f o r  
rhe unreinfofced VAWX. 

8. Plasma treatment. Activated gas plasma, using oxygen, argon, or  water 
vapor plasma, has been reported by GE t o  give good adhesive bonds 3-4 times 
stronger than those obtained with t h e  above nethod. (See 5.3.2.8). 

CEWNEX l h e n o p l a s t i c  Polyester. 

a. Sandpaper. 

b. Degrease by wiping w i t h  a solvent such as acetone. 

5.3. Se2.2.17 ~ o l y e t h y t e n e ( l f .  polyethylene has a non-polar, non-porous, 
i n e r t  surface and, fo r  t h i s  reason, adhesives cannot l ink chemically or  
mechanically t o  an untreated polyethylene surface. solvent-cementing is not 
su i t ab le  For bonding the  polyolefins, e i t h e r  t o  themselves o r  t o  other 
mareriais. Therefore, t o  obtain a su f t ab le  bond between the polyethylene and 
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other materials, the surface must  be pretreated, There are a number of 
surface-treatment methods i n  uee, including chemical, electronic, flame and 
primer treatments. 

Oxidation treatment5 are the m e t  eucceseful i n  preparation of the eurfaces 
of polyetkjlene. Theee include ismeraion i n a chromic acid eolution, exposure 
to  corona discharge, flame-oxidation, isPmeraion i n  an aqueoue eolution of 
chlorine, or erposute to  chlorine gas i n  the preeence of ultraviolet light. 
The chromic acid oxidation method is probably tbe most convenient for use w i t h  
molded plastic part% of divwrse contour. 

Chromic Acid Etch. 

a. wipe vith acetone, HIK or xylene. 

b. Immerse i n  the following chromic acid solution for 60-90 minutes at  room 
temperature, or 30-60 second6 at  1 6 0 0 ~  ( 7 1 0 ~ ) .  

Potassium dichromate (K2cr207) 75 g 15 pbw 
Tap water 120 g a 4  pbw 
Sul fut ic  acid, conc 1500 g 300 pbw 

Dieeolve the potaesium dichromate i n  the clean tap water, then add tbe 
sulfuric acid i n  increments of a b u t  200 g., etirring after each addition. 

c. Rinse i n  running 'ap water for a t  least  3 min. 

d. Rinse i n  dietilled or deionized uatec. 

e Dcy i n  air-circulating oven a t  lOOoF (38OC) for about 1 hour. 

oxidizing-Flame Method. 

Polyethylene may also be prepared for bonding by the oxidizing-flame method, 
which uti l izes an oxyacetylene burner paseed over the faying eurface u n t i l  it 
appears glossy. To insure that too much oxide ia not on the eurface, a l i g h t  
scouring w i t h  soap and water ehould be carried out. Waeh wi th  dieti l led water 
and dry at; room temperature. plane treatment is faet and provide8 bond 
etrengths greater than the chromic acid treatment, but it require6 very 
cereOu1 control. Otherwise, beat warpage of the polyethylene w i l l  result. 
The method is simplest to  uee i n  pieces of tbick crosa-section, where the 
danger of heat warpage is minimal. 

Gas-plasrae treatment has also been used and is particularly recomnended for 
complex geometric surfaces which cannot be sanded or flame-treated adequately 
(Gee 5.3.2.8). 

Table PXIt ehows t h e  result6 of studies carried out by Picatinny Arsenal 
workers u s i n g  the different eurface treatments for each of thee6 dif f erenf 
adhesives: epoxy, polyester, and nitrile-phenolic. The effectiveness of the 
surface treatments tested, i n  descending order, are as follows: 

1. Plaiae treatment or activated gas plaema treatment 
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2. Acid treated*, water rinsed, acetone dried* 

3r Acid eroated*, tgatea. rinsed, wiped and a i r  dried a t  73OP (23OC) 

4, Acid treated*, water rirtsecf, oven dried a t  160oP (71oC) 

5. Acid treated*, water rinsed, oven dried a t  1940F (900C) 

6.  Sanded (400-A aluminum oxide gaper) 

"in eolutisn conkaining: 

potassiua dichronate 75 pbw 

eulfurio acid, conc 1500 pbw 

potable tap water 120 pbw 

for 5 minutes a t  6 0 0 ~  

Plaine treating, acid treating and activated gas plasma treating surface 
preparations of the epoxy bonded apeciolens produced bonds so strong that 
fai lure al~tky8 occurred in the plyethylene, raCher than in the bond, upon 
application of load. Only the sanded epoxy specimens and the control failed 
adhesively. The sanded specimens failed at approximately 3 1/2 times the 
fai l ing load of control. Upon inspection of t h e  results for  t h e  polyester 
adhesive, difeerences i n  surface treatraent becorae evident. Flaaae treatment 
resulted in a11 epocimns failing i n  the adherend a t  a value of 434 psi (2.99 
#Pa) calculated on the basis of a 0.5 sq  i n  (3.23 sq cm) area. The actual 
strength of the adhesive bond is, of course, greater than th i s ,  since it was 
the substrate that failed, leaving tile bond intact. Some adherend failures 
were also noted i n  the following specimens: 

Acid treated, acetone dried  

Acid treated, wiped and a i r  dried 

30 min oxygen plasma 

The-nitrile phenolic proved to be a considerably poorer adhesive for 
polyethylene than the epoxy or poZye8ter systems, but  still pointed up the 
df f ectivenerss of Elme treatment and activated plasma treatment. The 
8OlV~nt-typ~~ nierile-phenolic thermoplastic adhesive used i n  t h i s  study has 
the ulsual disadvantage of solvent-type adhesives in  bonding nonporous 
qaterials. The solvent, which nust bo evaporated to etfect a wcurem, is 
trapped and can only migrate out 8 1 0 ~ 1 ~  through the edges. Heating only 
expands the solvent as a gas, which creates large unbonded areas. 

Regardless ob t h e  adhesive used, it is evident that the untreated control 
gave bond atrengthis helow each of the suz$crco-treated specimens, and well 
below a l l  but the ssncIa8 nitrile-))hen02ic ~pecik~ens. 

Downloaded from http://www.everyspec.com



5.3.5.2.2.18 Poly(ethy1gne-cblorottif luoroethylene) (E-LTPE copolymer) 
(IALAR). This copolymer, eupplied by Allied Corporation, has been shown t o  
forin f a i r l y  good bond6 with epoxy adhesives a f t e r  sodium etcbing or 
f lame-treating (see sodium etch d i  rec t iom under 5.3.5.2.2.7). The specif ic  
sodium etch evaluated by Allied Corporation is TLZTZA-ETCH. Etching time was 
1-2 minutes. The flame treatment involveo a brush fo r  15-30 sec  wi th  a 
propane torch. The t i p  of the f l m e  should j u s t  touch the surface and should 
be move4 j u s t  rapidly enough t o  avoid charring and/or warping. Recent Army 
studies gave t a r  superior reoults  with sodium etch than w i t h  flame treatment 
(995 psi or 6.87 t4Pa vs. 2SO psi or  2.43 KPa), using EC 2214 ai-Tanp? room- 
ternyeratore-curing Versamid-epoxy adhesive. 

5.3.5.2.2. &9 Pol~metb~lmethectylate (PMtrU) (PLEXIGLAS) (LUCXTBf. Usually 
i n  bonding PMUA t o  i t s e l f ,  s t r a igh t  solvent cementing would be used. Treatment 
for  surface preparation prior  t o  ueing conventional adhesives is given here, 
part icularly f o r  applications where the RltlA i e  bonded t o  a diesimilar 
material. (1) 

a. ltiye w i t h  methanol, acetone, MEK, trichlorethane, isopropanol, or usc 
detergent. 

b, Abrade w i t h  f ine-gri t  (100-400 g r i t )  sandpaper or emery paper, or  use 
abrasive ecouring w i t h  small amounts of water, dry-grit blasting, or 
wet-abrasive blasting. 

c. Wipe w i t h  a clean, dry cloth t o  remove part icles .  

d. Repeat solvent wipe. 

5.3.5.2.2.20 Polvraethyk~entene (TPX) . This material, formerly made bj ICI 
Ltd . ,  is now eugplied by Hiteui Petrochemical xndustries ttd. It is a copoly- 
mer of 4-nethylaentene-1 and is useful up t o  4000~  (2040~) .  chemical 
behavior i6 similar t o  other polyolef ins. (1) 

Desreasing-Abrasion ( f o r  general-purpose bonding). 

a. Solvent-clean i n  acetone. 

b. Grit-or vapor-blast, or  u s e  100-grit emery cloth. 

c. Solvent-clean again i n  acetone. 
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Shromic-acid etch. 

a. Solvent clean i n  acetone. 

b. Immerse For 1 hour a t  1 4 0 0 ~  (60°c) in: 

Sulfur ic  acid, cone 26 pbw 
Potassium dichromate 3 ybw 
Water 11 pbw 

c. Rime i n  tap water. 

d. Rinse i n  distilled water. 

e. Dry i n  warn air .  

Ac id-pernrangenaLe etch. 

a. Golvent-clean i n  acetone. 
. . 

b. Imerse  f o r  5-20 nin a t  194%- ( 9 0 0 ~ )  i n  a eaturated solution of 
potassium permanganate acidif ied with sul fur ic  acid. 

c. Rinse in  tap water. 

d. Rinse i n  d i s t i l l e d  water. 

e. Dry i n  warm ai r .  

Lacquered prime coat. Prime surface w i t h  a lacquer baaed on urea-forfaal- 
dehyde resin diluted w i t h  carbon tetrachloride. 

Iaote: 0-F lacquers are  normally baked a t  3000~  (1490~)  to  cure then. 
Since the p las t i c  substrate (TPX) w i l l  withstand 4000~ (204Oc1, drying a t  
UP t o  3090~  (1490~)  is femible .  lo further  pre t rea tmnt  is necessary. 

S. 3.5.2.2.21 Polyahenylene eulf  ide, (~moli). This is a crys ta l l ine  polymer 
w i t h  a high melting point 5500P (28BOc), outstanding chemical resistance, 
thermal e t ab i l f ty  and nonflamrmability. *here are no known solvents below 
375-400°8 I 190.-204°~) . Surf ace preyeret ion is as  follows : 

a. solvent-degreaee in  acetone. 

b. Sandblast. 

c. Solvent-cfegreese again i n  acetone. 

A Picatinny Arsenal study recommended wiping the  f aying eurf ace8 w i t h  
ethanol-soaked l i n t l e s s  paper, sending w i t h  12O-grit sandpaper, and cleaning 
off the dust w i t h  a s t i f f ,  br is t led brush.439) 

5.3.5.2.2.22 P o l ~ ~ r o ~ l r l e n e .  Treatment is, i n  general, similar t o  tha t  for  
polyethylene, except tha t  thermal treatment somewhat more vigorous t h a n  that 
fo r  polyethylene is usually recomended. Thus, while the treatment 

Downloaded from http://www.everyspec.com



reconner~ded f o r  p o l y e t h y l e n e  is 60-30 nin at RT, o r  30-60 sec a t  1600P 
(71QC1, polypropylene  should  be t r e a t e d  for 1-2 m i  n a t  lGOoF ( 710C) .( 11 

Chromic-acid e tch .  

a, Wipe w i t h  ace tone ,  IalEK, o r  xylene.  

b. Immerse i n  t h e  fo l lowing  c h r o n i c  acid s o l u t t o n  f o r  1-2 lain a t  1 6 0 0 ~  
( 71°C) : 

Potassiuki d ichromate  (K2cr207) - 759 15 pbw 
Tap water  l20g 24 pbw 
S u l f u r i c  ac id ,  conc 1500g 300 pbw 

Dis so lve  t h e  potass ium dicbromate  i n  t h e  c l e a n  t a p  water, t h e n  add t h e  
s u l f u r i c  a c i d  i n  increaaents of  a b u t  200 gmr s t i r r i n g  after each  add i t i on .  

c. R inse  i n  running tap water  f o r  a t  least  3 nin.  

d. Rinse  i n  d i s t i l l e d  or d e i o n i z e d  water .  

e. Dry i n  a i r - c i r c u l a t i n g  oven a t  lOOoP (380CJ f o r  about  1 hour. 

Oxidizing-Plane JIethod. 

AS i n  Polyethylene.  

Gas-Plasma Method. 

As i n  Polyethylene.  

5.3-5.2.2.23 Po lys ty rene ,  P o l y s t y r e n e  is u s u a l l y  bonded t o  i t s e l f  b j  
Solven t  cementing. a l t hough  conven t iona l  adhes ive  bonding, t he rma l  welding,  
and e l e c t r o n a g n e t i c  bonding have been used. Conventional  a d h e s i v e  bonding may 
be necessa ry  f o r  bonding p o l y s t y r e n e  t o  a d i s s i m i l a r  polymer ic  m a t e r i a l ,  and 
w i l l  be r e q u i r e d  f o r  bonding t o  metals. Surf  ace -p repa ra t ion  ne thods  sugges ted  
f o r  conven t iona l  adhes ive  bonding are as f o l l o w s ( l ) :  

Abradins o r  Sandinq. 

a. Degrease w i t h  methyl  o r  i s o y r o p y l  a l coho l .  

be Abrade wi th  2Ob-grit sandpaper  and remove d u e t  p a r t i c l e s .  

Sodiuu  Dichrotsate-Sulf u r i c  Acid Process.  

a. Degreaee wi th  i s o p r o p y l  o r  methyl  a l c o h o l .  

b. Inmerse f o r  3-4 min i n  t h e  fo l lowing  s o l u t i o n  mainta ined  a t  210-220°r 
(99 -1040~) .  

S u l f u r i c  acid, conc. 90 pbu 
Sodium dichromate  10 pbw 
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c, Rinse thoroughly with d i s t i l l e d  water. 

d. Dry below l2OoF (490C) .  

(Conment: This is a somewhat r a d i c a l  modification of t h e  chromic-acid-etching 
process, Note t h a t  no water ie ueed to  d i l u t e  t h e  acid, thus  permit t ing a 
much higber i m e r s i o n  t enpera tu te  without bo i l ing  o f f  t h e  water. The usual 
high-temperature i m e r s i o n  i n  t h e  conventional chromic-acid s o l u t i o n  is 
1600F / 71oC). 

Noninnersion Process. If polys tyrene p a r t s  a r e  t o  be used i n  high-frequency 
e l e c t t i c a l  appl icat ions ,  it may be d e s i r a b l e  t h a t  only t h e  Faying surfaces  be 
t rea ted ,  and t h e  following treatment is then recomended: 

a. Degre88e with  methyl o r  isopropyl alcohol.  

b. Apply t o  t h e  fajring surfaces t h e  Pollouing t l ~ i x o t r o p i c  paste: 

S u l f u r i c  acid, conc. 3 pbw 
Powdered potassium 1 pbw 

Add CAB-0-SIL fused s i l i c a  e a r t h  as required t o  obta in  a th ixo t rop ic  paste. 

c. Heat y a r t s  to 1 8 0 0 ~  (02%) and hold f o r  3-4 minutes  ( w i t h  p a s t e  on 
su r face) .  

d.  Rinse thoroughly w i t h  d i s t i l l e d  water .  

e. Dry below 150°F (GGQC). 

5,3.5,2.2.24 PolysuZCone (UDEL). Polysulfone is a thermoplastic w i t h  a 
very high s t r e n g t h  and one of t h e  highest  s e r v i c e  temperatures (3400~: or 
171°C) of any melt-processible thermoplastic.  Vhi le  highly reeiatant: t o  
mineral acids, a l k a l i e s ,  s a l t s ,  de te rgen t  so lu t ions ,  o i l s  and a lcohol ,  
polyaulFone is at tacked by polar solvents such as ketones, chlorinat@d 
hydrocarbons, and aromatic hydrocarbons. This mater ia l  s t r e s s  cracks e a s i l y  
and is considered notch-sensikive, Polysulfone can be solvent-cemented or 
Con~0ntiOnall;j adhesive-bonded. Ul t rasonic  velding is a l a o  used. A i r  Porce- 
sponrrored s t u d i e s  described t h e  followiny t h r e e  procedures. Acid Etch was 
found t o  g ive  t h e  bes t  r e s u l t s . ( l )  

Acid Etch ( resu l t ed  i n  2483 p s i  (17.2 [@a) tens i le-shear  strength w i t h  Hysol 
epoxy f i lm adhesive EA 9624-s teel -plas t ic-s teel )  

a. Ultrasonic-clean i n  a l k a l i n e  e tching s o l u t i o n  

b. Cold-water r inse.  
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c. Bathe 15 n i n  a t  150-1600~ (66-7ioC) i n  an  ac id-e tch  s o l u t i o n  
con ta in ing :  . . :. 

sod iui dichroraate 3.4% by w t  
s u l f u r i c  acid, m n c  96.69 by ~t 

d. cold-water  wash. 

e. Dry a t  1 5 0 0 ~  ( 6 6 0 ~ )  i n  an  a i r - c i r c u l a t i n g  oven. 

S o l v e n t  \lash ( r e s u l t e d  i n  2223 ps i  (15.3 MPa) t e n s i l e - s h e a r  s t r e n g t h  wi th  Eh 
9614-s t ee l -p l a s t i c - s t ee l ,  EA 2290 was a l s o  usad s u c c e s s f u l l y  w i t h  s o l v e n t  
wash). 

a. Triple-wash ( 3  s u c c e s s i v e  washes) on a 65/35 n i x t u t e  b] volume of PReOll 
PCA and reagent-grade i s o p r o p y l  a l coho l .  ~ h f s  mix tu re  is a l s o  a v a i l a b l e  fron 
t h e  du Pont Coo as PRLY)IJ 4P-35, except t h a t  PREOlJ 'r'f s o l v e n t  is used i n s t e a d  
of FREOIJ PEA. The l a t t e r  is an  u l t r a p u r e  v e r s i o n  of TP and e s s e n t i a l l y  
becoraee '2P as soon a s  it  is opened. 

b- Dry at 1 5 0 0 ~  (660c) i n  an a i r - c i r c u l a t i n g  oven. 

Genera l  E l e c t r i c  Method. ( T h i s  method was pub l i shed  as p a r t  of A i r  
Force-sponsored s tudy ) .  ($0) po lysu l fone  parts were prepa red  for bonding t o  
niobium with  3H Company SCOTCI~-WSLD epoxy-nylon P i l n  Adhesive 42 (AP-42). The 
p o l y s u l f  one surf a c e  was p repa red  a s  f o l l o w s  : 

a. Degrease i n  a lcohol .  

b. ~ r i t - b l a s t  with 27-50 micron A l t o 3  a, 

c. Clean i n  u l t r a s o n i c  c l e a n e r ,  sccocding t o  CE Direct Ynergy Conversion 
O p e r a t i o n  S p e c i f i c a t i o n  110. ~ 5 0 ~ ~ 4 1 7 ~ 1 .  The e s s e n t i a l  s t e p s  are as fo l lows :  

I. Immerse parts i n  Neutra-clean 7b (122 1 oz/gal  (69.6 2 7.5 g/1) 
d i e t i l l e d  water )  f o r  7-10 min a t  145-155Qp (63 -690~) .  

2. Rinse  w i t h  tap water. 

3. Rfnae w i t h  d i s t i l l e d  water. 

4. R i n s e  w i t h  isop*ropyl  a l c o h o l  f o r  30 sec. minimun. -. 
5. Plush wi th  n i t rogen.  

6. ~ r y  w i t h  warm a i r  a t  1 5 0 0 ~  (66%) 

(Note: Procedure differs somewhat between t u b u l a r  and non-tubular  pa rka . )  

a. Use S.S. U h i t e  Airbrasive Equipment or equ iva len t .  
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MIL-HDBR-6910 

b. Shipley Company, Inc., Wellesley, HA. 

Other methods include: 

Vapor degreasing i n  methanol 
Sanding o r  vapor blas ing 
Alcohol-wi~e and/or l i g h t  sending, 4 vinyl ,  urethane o r  : s i l i cone  primer. 

5.3.5.2-2.25 Polytetrafluoroethvlene. (PTPB) (TEPUIIJ TPE), ( M U W  TPL) 
(PLUO10. This  wlbekj-known homopolymer doe8 not selt l i ke  a t r u e  
t h e m o ~ l a s t i c ,  and bas a very high melt-viscosity. A s  with o ther  
f l u o r o p l a s t i c s ,  it is r e l a t i v e l y  i n e r t  chemically, ETPE is prepared by t h e  
sme methods a s  are used foc FEP (5.3.5.2.2.7) and PCTPE 45.3.5.2.2.15). 

5.3.5.2.2.26 P o l ~ v i n y l  c h l o r i d e  (PVc). The only reeina  t o  be considered i n  
t h i s  diecuesion a t e  t h e  s t r a i g  ht  homopolymer r i g i d  compounds. Even these  
conta in  up t o  59 p l a s t i c i z e r ,  making it d i t f f c u l t  t o  e f f e c t  bonds with epoxy 
and other  non-rubber types  of adhesives. The hmopolymer is not read i ly  
8olub2e, and ia the re fore  d i f f i c u l t  t o  bond by solvent-cementing techniques, 
although e number of Bolvents have been used with varying degrees of success. 
Thermal bonding, e spec ia l ly  hot-gas welding, is q u i t e  commonly w e d  i n  joining 
r i g i d  PVC. A number of d i f f e r e n t  procedures have been recomnrended for sur face  
p repara t ion  of rigid WC. I n  general ,  a solvent Is always used t o  remove 
p l a s t i c i z e r ,  grease, d i r t , . e t c .  Abrasion of t h e  su r face  may o r  may not be 
used. It  may be achieved with sandpaper (va r ious  g r i t s ) ,  vapor-blasting, 
steel wool; or scouring powder(l). 

a. wipe w i t h  solvent  euch as methanol, low-boiling pe t ro leue  e the r ,  HEX, 
toluene, o r  r C B .  

b. Abrade with medium-grit (200-grit)  sandpaper. 

C. Blow off  the  dust .  

d. Repeat solvent-wipe. 

E. For maximum s t reng th ,  prime with n i t r i l e -phenol ic  adhesive, o r  bond 
immediately. 

5.3.5.2.2.27 ~01;'vinyl f l u o r i d e  (PVT). ( T ~ L A R ) .  According t o  the  au Pont 
COlppany, t h e r e  a r e  two types of TEDWUI f i l m ,  type 8, wlth both side8 already 
t r e a t e d  for bonding, and type SI which i e  untceated and is used as a re lease  
f i lm* The type B is o r d i n a r i l y  used i n  laminating t o  metals, wood and o ther  
IOateri4U5, m d  should requ i re  no f u r t h e r  su r face  preparat ion for adheeive 
bondiny, according t o  t h e  nanuf a c t u r e r ( 1 ) .  
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Alka l ine  Etch. 

a .  Degrease w i t h  i sop ropy l  a l coho l .  

b. I rmerse  2-5 n i n  i n  Prebond 700 a l k e l i n e  compound, 8 oz /ga l  (59.7g/1), 
maintained a t  160-1700~ (71-770C). 

c. Rinse. 

d. Dry below 1 2 0 0 ~  ( 4 9 0 ~ )  

Act iva t ed  Gas Plasma t rea tment  has been s u c c e s s f u l l y  app l i ed  by Pica t inny  * 

Arsenal  workers on 2 -n i l  PVF f i lm .  For d e t a i l s  on t h e  g e n e r a l  process ,  see 
5.3 .2 .8 .  

Sodiura-iia~ltthalene E t c h  - Phis t r e a t m e n t ,  d e s c r i b e d  under 5.3.5.2.2.7 f o r  
FEP, nay a l s o  be used. 

5.3.5.2.2.28 Polyvinyl idene  f l u o r i d e  (PVI)'t'). (KYidMi). Polyvinyl idene  
f l u o r i d e  is a high-pertornance,  high-molecular-weight homopolymer in t roduced 
i n  1961. It  i6 r e s i s t a n t  t o  a o s t  acids and bases, a l i p h a t i c s ,  a romat ics ,  
a l c o h o l s  and c h l o r i n a t e d  s o l v e n t s ,  S t r o n g l y  p o l a r  s o l v e n t s  such  as ketones 
an6 esters cause  p a r t i a l  s o l v a t i o n ,  p a r t i c u l a r l y  a t  e l e v a t e d  t a n p e r a t d r e s .  
KYIUil is s e r v i c e a b l e  ove r  t h e  range -800 t o  +3000P (-62O t o  + 1 4 9 ° ~ ) .  
(1) 

Solvent  c l e a n  - Abrasion 
a. Solvent -c lean  wi th  i sop ropy l  a l coho l .  

b. Abrade w i t h  any of t h e  fo l lowing  methods: 

1. Sanding, hand o r  machine. Use 180-320 g r i t  aluminum ox ide  paper. 

2. Abrasive scourinq. use tap water and a f i n e ,  non-chlorinated 
s c o u r i n g  powder. Rinse  w i t h  tap water ,  t h e n  d i s t i l l e d  water .  

3. G r i t - b l a s t ,  dry. Use nonmcta l l i c  g r i t  such a s  f l i n t s t o n e ,  s i l i c a ,  
a i l i c o n  c a r b i d e  o r  aluminum oxide.  

4. Abras ive-b las t ,  wet. Use 3:1 s l u r r y  water and 220-325 g r i t  aluminuln 
oxide. R inse  i n  d i s t i l l e d  water .  

c. Solvent -c lean  aga in  as i n  ( a . ) ( 3 ) ,  

Ac t iva t ed  Gas Plasma. T h i s  technique ,  d i s c u s s e d  above i n  5.3.2.8, has been 
used s u c c e s s f u l l y  wi th  po lyv iny l idene  f l u o r i d e .  
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5.3.5.2.2.19 Styrene-acrvlonitrile ( S M ~ ) .  I L U S ' ~ ~ A I J )  ITYWILI. This 
copolymer is usually solvent-cemented v i t h  solvents similar t o  those used bj 
polystyrene, altl~ough the solvents usable a t e  nore restricted. On applications 
where solvent cements cannot be ueed, as f o r  example, in  bonding Po metals, 
the procedure outlined under 5.3.5.2.2.23 fo r  polystyrene may be used. 
Bri t ish workers suggest simply solvent degreaeing w i t h  trichloroethane. 
Gasoline can also be used t o  clean t h e  surface. (1) 

5.3.5.2.3 Thermosets. Most thermoset p las t ics  are  not part icularly 
di f f  i eu l t  t o  bond. Obviously, solvent cemenki aq i a  not su i table  f o r  bonding 
thermosets t o  themselves, since they are not soluble. In 'some cases, solvent 
6 0 l ~ t i 0 n ~  can be used t o  jo in thermplas t ics  t o  thermosets. I n  general, con- 
ventional adhesive bonding ie the only pract ical  non-rsechanical method of 
joining a thermoset t o  a thermoset or t o  non-plastic taaterials. Ultrasonic 
bonding can be used only w i t h  ultrasonic adhesives. Thermoset resins ace 
usually molded and the *old-release agent must be removed. This is usually 
cacried out by detergent-wash, solvent-wash, or solvent-wipe, followed by 
l ight  sanding t o  break the smooth sureace glaze. A f i n a l  solvent-wipe w i t h  
clean solvent and clean lint-free cloth o r  paper t iesue is usually used. The 
eolvents used include acetone, methyl ethyl ketone ( H B K ) ,  toluene, low-boiling 
petroleum ether, trichloroethane, and isoprogyl alcohol. Pine abrasive paper 
lsand, carborunduia or aluninuan oxide), abrasive g r i t  (metal, sand or oxide) or 
metal wool ( s t ee l ,  aluninun or brass) or e t ee l  shot, are usually used fo r  
abrasion of the surf ace. ( 41.) 

5.3.5.2.3.1 Uiallyl$hthalete (UAP). YhiS resin has exceptional e lec t  tical 
insulatinq properties, high-temperature e t ab i l i ty  and good resistance t o  moot 
chemicals and noisture. surfaces are hard and tough and pick up very l i t t l e  
moisture. Parts are usually molded or glass laminates and do pose adhesive 
bonding problens. A t  present, aanding or buffing appear t o  be the beat 
Surface trmit#nentS. F i l l e r s  a i e  present i n  a l i  forms, and include minerals, 
Orlon, glass and asbestos.(l) 

a. tripe w i t 1 1  acetone or  other sui table solvent (see l i e t  above under 
5.3.5.2.3). 

b. sand-, grit-, or vapor-blast, or  use s t e e l  wool. 

c. blfye v i th  a clean, dry cloth t o  remove g r i t  and part icles .  

d. Repeat solvent-wipe. 

5.3.5.2.3.2. m o x i e .  Epoxy resins of fer  a wide range of properties. They 
show good dimensional atability and g ~ o 8  e lec t t i ca l  properties and mechanical 
strength. They have good creep resistance and v i l l  operate over a vide 
temperature rawe (-1000 t o  + ~ o o ~ P )  (-730 t o  +42P~). ~ p o x i e s  a re  
eas i ly  adhesive-bonded, requiring only a clean B r y  eurf ace, uauallly eolvent- 
cleaned and sanded. Both Filled and unfilled grades are available. F i l l e r s  
include minerals, glass, s i l ica  glass and glass microballone. Epoxy laminates 
should be treated as covered under 5.3.5.2.4.1 Reinforced TheRoOSete 
( ~ a n i n a t e s )  . ( I ]  
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a. tripe w i t h  acetone or other suitable solvent: leee list above) or vapor 
deg tease. 

b. Abrade by scouring or other treatment listed above under 5.3.5.2.3. 

c. uipe with  a clean, dm cloth t o  remove grit ,  

d. Repeat solvent treatment. 

e. Apply a silane-type primer, such as Hughson Chemical Coupany's CHuili~)L; 
607, diluted w i t h  5-10 volumes of methanol or ethanol (optional). 

5.3.5.2.3.3 &elmine-iormaldehude (HelamLne~). The mino resins, like 
urea-formaldeltyde, are hard, rigid, and abrasion-resistant . They have 
excellent dimensional stabili ty and good creep resistance. Fhey are 
self-extinguishing, have augerior electrical properties and are noted for 
their h i g h  inpact strength and reeietance to  water and solvents, Only fi l led 
resins are available. Pillere include cellulose, rag, and glaes. 1) 

a. scrub w i t h  an abrasive houeehold detergent. 

b. Rinse w i t h  tap, then deionized uateg. 

e. wipe w i t h  isopropyl alcohol. 

f .  Dry. 

g. Prime or bond. 

The procedure given for ~poxies may also be used. 

5.3.5.2.3.4 Phenol-formaldehyde (phenolics). phenolics have an excellent 
colabinat ion of h i g h  physical strength and high-temperature resietancb, good 
electrical properties, and good dimensional etability. Phenolics are widely 
boded, not only on molded parts, bu t  ale0 as laminatee and castings. Both 
f i l l ed  and u n f i l l e d  phenolics are available. Pillere are asbestos, cellulose, 
wood, flour and glass. The method of surface preparation given under 
5.3.5.2.3.2 for epoxiea is suggssted.(l) 

5.3.5.2.3.5 Polyester. These uneaturated, non-linear resins are similar t o  
epoxies anil phenolic8 in their eurf ace-preparation requirements, baSical1y 
requiting only sanding for  good reeults. The method of surface preparation 
given under 5.3.5.2.3.2 egorties is suggested. 41) 
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5.3.5.2.3.6 PolvimSde (*Polymer sP-du Pont Co.) (Polyimide 2080 - The 
Upfohn Co.) (!tVRLOtJ - Amoco ChemScals cocp.) (KINBL - Rhone wulenc, Xnc.) 
Polyitaides ere a class of polymeric materials distinguiebeJ by exceptional 
thermal stability. They are available col~llwrcially in  several form, 
including fabricated parte and shapes, molding tesine, f i l m  and coatings f o ~  
vire and film. some poly imidea, condensat Son ~ l y m 6 ~ 6 ,  are essentially 
linear, w i th  structures similar to those of thermoplaetics.. Others, eddition 
polyraere used as engineering resins i n  parte (amldinga and laminates), are 
thermosetting. Pu Pont's W P E L  precision parte are available i n  graphite-' 
PTPE-and NoS2-filled bearing compositions, as well as unfilled. Such parts 
w i l l  withstand telaperaturee to 9000~ (4820~) for short periods. 

Du Pont Cornany Wecomnendations ( far  V B P P L  Parts) .(42) 

a. Remove surface contamination, such as dlr t ,  and oi l ,  w i th  solvente. 
Clean bj refluxing i n  perchloroethylene or trichloroethane, or clean u l t r a -  
sonically i n  PREOl4 TP ( trichlorotrif luoroethane) . 

b. Mechanically abrade w i t h  a wet or dry abraeive blast.  A light 
abrading (approx. surf ace roughness og 50-100 microfnches) $8 prefetable to 
nalntain a uniform adhesive thickness. Sucb abrading can b@ obtained w i t h  an 
air- or air-liquid abrasive blast. 

c. Renove residual particles w i t h  the solvent i n  (8.1. 

*du Pont markets precieion parts made from t h i s  resin under the tradename 
VESPEL. The resin i tself  is not available consaercially. 

Sodim-Hydroxide Etch.  

a. Degrsase i n  acetone. 

b. Etch for 1 o i n  a t  60-900~ (140-1940~) i n :  

Sodi wa hydroxide 
\late t 

5 pbv 
95 pbv 

c. Rime i n  cold water 

d. Dry i n  hot a i i .  

5.3.5.2.1.7 Polyurethane. T h i s  resin, which ie sometimes themoplasticr is 
f omeJ f roa the react ion of a polyisccyanate w i t h  co~ounds  containing a 
reactive hydrogen. The plastic may be flexible or rigid and can be obtained 
in V ~ ~ ~ O U S  densities and forms, i.e., sheets, ~nolding and a caeting K B B ~ ~ ,  etC. 
Polyurethanes are unexcelled as cryogenic naterials and have excellent 
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adhesion and skid resistance, goad chemical resistance, and superior impact 
resistance, but are limited a t  elevated tenperatures (2500F or lZloC)* 
They elso have good a l e c t r i c s l  properties. cleaning usually involves l i g h t  
sanding anci a dry bonding surface. A primer w i l l  usually improve 
adhesion. (1) 

a. Uipe w i t h  acetone or  I.IEK. 

b. Abrade w i t h  100-grit emery cloth, sandpaper, or s t e e l  wool. 

c. Wipe vi th a clean dry cloth t o  remove g r i t  and part icles .  

d. Vipe again w i t h  solvent i n  (a). 

e. Dry. 

f .  Use urethane or s i l icone primer t o  improve adhesion. 

5.3.5.2.3.8 Silicone resins. Silicone resins are  ptovided i n  aevetal 
Forns. They are used as thermally s table  e l ec t r i ca l  insulation resins, pa in t  
vehicles, molding compounds, laminates, impregnating varnishes, encapsulating 
materials, and as baked-on release agents. Recommended surface preparation i s  
as follows:(ll 

a. 'Ltipe v i t h  acetone or ather su i table  solvent (see list above under 
5-3.5.2.3). 

b. sand-, gr i t - ,  or vapor-blast, o r  use s t e e l  wool. 

c. Wipe w i t h  a ..,ran, dry cloth t o  renove g r i t  and par t ic les .  

d. Repeat Sorlre,,. w:pe. 

Silicone laminates saould be treated as covered uMer 5.3.5.2.4.1 ~e in fo rced  
Thermosets (Laminates). 

5.3-5.2.3.9 Urea-for~laldehyde. Tbese amino resins, like nelarjine- 
formaldehyde, ace hard, rigid, abraeion-resistant materials. They have 
excellent dimensional s t a b i l i t y  and good solvent and creep resistance. They 
are self-extinguishing and have superior e l e c t r i c a l  properties. They ate 
noted for  h igh  impact strength and resistance t o  water and solvents .( l )  

a. scrub with an abrasive household detergent. 

b- ~ i m e  w i t h  tap, then deionized wetar. 
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do Sand. 

e, Wipe wi th  isopropyl alcohol. 

f. Dry. 

g. Prime or bond. 

The 2rocedure given for epoxies Ray &so be used, 

5.3.5.2.4 Reinforced plastics/compo8ites. 

5.3.5.2.4.1 Reinforced tbemorrets (Laminates). The reinforced thermosets 
of greatest u t i l i ty  and i n t e ~ e s t  are glass-reinforced. %?he methods used in  
preparing glass-reinforced plastic (GRP) surfaces for adhesive bonding are 
governed by: 1. t h e  configuration of the part, 2. the faci l i t ies  available in  
t h e  bonding shop, and 3. the user's experience and prefe~ence. The -thuds 
commonly accepted for preparing CRP laminates for bonding a l l  involve reraoval. 
of the original resin surface area, and yielding -a roughened fwing surface : 

for bonding. a-val of surface glom is usually sufficient t o  dispose of 
surface soils, exuded resin inrpurities, absorbed gases or vapors, and- release 
agents' used during the manufacture of the GRP. The methods of surface - .  
preparation in general use for laminated plastics are as follows:(.l~ 

A. Teirr-ply (peel-p2y) method. ~ u l r i n g  t h e  raanufaeeure of the laminate, 
either one or both outer surfaces of the laainate are made of a layer of an 
adhesive material, the outer.layer of w h i c h  can latex be stripped or peeled 
off without p ~ c b  effort, Nylon and mcROPt are frequently used for t h i s  
purpose. T h i s  ply is cured as an integral part of the laminate. The resin 
used in the construction of the GRP adheres poolcly to  the nylon or DACRON 
cloth incorporated i n  the outer layer or,layers, permitting the nylon or 
DACHOlS cloth to be peeled uniformly in one piece. The texture of the nylon or 
DACRON layer is reproduced in  the outer layer of t h e  laminate. When the 
adhesive-bonding operation is to  be performed, s l i d e  a thin knife blade under' 
a ply, peel t h e  desired distance and trim. Remove loose particles by brushing 
or blowing the surface wi th  clean, fil tered air. There is very l i t t l e  chance 
of surface contamination wi th  tear ply. Figure 28 shows how tear ply is 
used. Note that it is applied only to the aceas that are to be adhesive- 
bonded. The tear-ply technique is preferred over machine-or hand-sanding 
because of the reduced danger of surface conC;aaination. 

B o  Sanding or sandlblastinq. The surface of laminated plastics may be 
sanded l i g h t l y  wi th  medium-grit ( 8 0  t o  520 guit) emery paper or other abrasive 
paper capable of roughening the surface without substantially damaging the 
reinforcing fibers. I t  is generally k s t ' f o u  tlge direction of bonding to be 
parallel to the surface fiber orientation so that the damage t o  these fibers 
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w i l l  be n i n i u i e e d .  T h i s  t echn ique  works u o s t  s a t i s f a c t o r i l y  on l a r g e  Paying 
s u r f a c e s  where t h e  edges, rounded as a r e s u l t  of sanding ,  c a n  be tr inmed,  o r  
where t h e  edge e f f e c t 6  are n e g l i g i b l e .  Sanding d u e t  may be removed wi th  a 
s h o r t - h a i r e d  s t i f f  brush. If water-break-f tee s u r f a c e s  are no t  ob ta ined ,  t h e  
p rocedure  should  be repeated.  (1) 

G r i t - b l a s t  i n g  o r  s a n d b l a s t i n g  may be used i f  a v a i l a b l e .  A s p e c i a l l y  t r a i n e d  
o p e r a t o r  is needed to  produce un i fo rmi ty  w i t h i n  pieces by s a n d b l a s t i n g .  A 
c l e a n ,  unifor~,a-size g r i t  is e s s e n t i a l  for p r o p e r  s u r f a c e  p r e p a r a t i o n  wi th  sand- 
b l a s t i n g .  T h i s  may be a problem when t r e a t i n g  MP s u r f a c e s ,  and for t h i s  
reason t h i s  t echn ique  is not  o f t e n  used . ( l )  

A f t e r  sanding  or s a n d b l a s t i n g ,  t h e  e u r f a c e  is sometimes wiped wi th  s o l v e n t  
s u c h  a s  N&X, ace tone ,  t o luene ,  t r i c h l o r o e t h a n e ,  PnEOfr PP, PRbPrl TtIC o r  n-17, 
depending on  t h e  known mold l u b r i c a n t s .  I n  some cases, s o l v e n t  is used b e f o r e  
and a f t e r  ab rad ing  t h e  su r f ace .  I f  water-break-f r e e  s u r f a c e s  are not  
o b t a i n e d ,  t h e  procedure  should  be repeated .  ( 1) 

P i c a t i n n y  Arsenal  workers  have found t h a t  hand-sanded and raachine-sanded 
glass-reinforced plastic laninates, after treatment prior t o  bonding, can be 
s t o r e d  up t o  30 days  a t  7 3 O ~  ( 2 3 0 ~ )  and 50% Rii, wi th  no a d v e r s e  e f f e c t  on 
t h e  bond s t r e n g t h .  Hachine sanding  gave  s l i g h t l y  better r e s u l t s  t h a n  hand 
s a n d i n g  and provided a more uniform and faster method. Tear-ply and sanding 
gave abou t  t h e  same r e s u l t s ,  b u t  t h e  t e a r - p l y  technique  p r o v i d e s  less danger 
of  s u r f a c e  contamination.  V a r i a t i o n 8  i n  bond s t r e n g t h  a r e  nose  l i k e l y  t o  
occur as a result of changes i n  t h e  sanding t echn ique  than because  of t h o  
d i f f e r e n c e  i n  methods. One y e a r  of ou tdoor  exposure of t h e  bonds t o  hot ,  arid 
envi ronments  ( ~ u a a ,  Arizona] hot ,  humid environments,  (Panama), and s e a s o n a l  
envi ronwents  (Dover, U. J , )  had l i t t l e  o r  no adve r se  e f f e c t  on t h e  bond 
s t r e n g t h ,  (43)  

The P i c a t i n n y  workers found t h a t  s u r f a c e  exposure  time (SET1 f o r  GRP 
l amina te8  v a r i e d  wi th  t h e  adhes ive  used. I n  g e n e r a l ,  bond q u a l i t y  diminished 
w i t h  i n c r e a s e d  SET. The best o v e r a l l  adhes ive  e v a l u a t e d  was epoxy f i l m  
adhes ive ,  v h i c b  was found t o  be t h e  l e a s t  s e n s i t i v e  t o  s u r f a c e  p r e p a r a t i o n ,  
I n  g e n e r a l ,  it w a s  found t h a t  t h e  best r e s u l t s  were ob ta ined  when GRP 
l a m i n a t e s  were bonded w i t h i n  f o u r  hour8 after sanding.  I f  a b s o l u t e l y  necea- 
aery, bonding can  be c a r r i e d  o u t  after i~eriods of time up to  14  d a y s  SET, wi th  
o n l y  moderate s t r e n g t h  lo s s . (43 )  

Jackson, u s ing  a double-s tep  j o i n t ,  e v a l u a t e d  a number of d i f f e r e n t  a b r a s i v e  
t e c h n i q u e s  for p r e p a t i n g  t h e  s u r f a c e s  of  f iber g l a s s - r e i n f o r c e d  epoxy 
l a m i n a t e s  w i t h  a room-temperature-curing epoxy adhesive.  The s t u d y  showed 
t h a t  a b r a s i v e  t e c h n i q u e s  t h a t  remove a t h i n  l a y e r  of  t h e  m a t e r i a l  
( g r i t - b l a s t i n g  and wet-b las t ing)  a r e  s u p e r i o r  t o  so lven t - c l ean ing  and 
t r e a t m e n t s  t h a t  de fona  o r  make coarse changes  i n  t h e  s u r f a c e  geometry wi thout  
removing m a t e r i a l  ( k n u r l i n g  and grooving) .  ~ l t h o u g h  Jackson  d i d  not  i nc lude  
hand- and machine-sanding i n  t h i s  s t u d y r  it  is h i g h l y  p robab le  t h a t  these 
methods would compare f a v o r a b l y  t o  t h e  dry-  and wet -b las t ing . (44)  
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Tear ply 

fao. ply maam fabric) 

Fiber gfo+, 
m i n f d  1 pbllic laminate 

PIGURd 28. Structural reinforced plastic l an inate  v i t h  a tear ply.(3) 
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C. kianual s c o u r i n s  The faying surface is scrubbed w i t h  tap water and an 
abrasive household-type cleaner t o  remove contaminants and release ag@ntS* 
Clean cloths or non-metallic b r i s t l e  brushes w i l l  f a c i l i t a t e  the scouring- 
The aucface is then rinsed w i t h  clean running tap water, folloued by a r inse 
i n  d i s t i l l e d  water, and then dried a t  130-150°F (54-660C). 

The par ts  should exhibit a water-break-free surface. If 'they do not, the 
above procedure should be repeated.(45) 

D. Solvent-Soak and Abradinp. If water-break-free surfaces cannot be 
obtained by tear-ply, eardblasting or sanding, or manual'-scouring, the p las t i c  
laminates should be treated as Follous: 

a. Soak for  48 hours in  regeant-grade acetone. 

b. DFY f o r  3-4 hr8 a t  190-2000~ (88-1040~). 

c. Sand l i gh t ly  w i t h  240-grit sandpaper. 

. Remove par t ic les  by air-blast or  vacuum. 

e. Check fo r  water-break-free condition. If achieved, par ts  may be 
bonded. I f  not, resoak the laminates i n  acetone for an additional 24 
hours ninilaurn and repeat the res t  of the procedure. Parts tha t  do not 
pass tho water-break-f see test should be rejected. ( 4 5 )  

5.3.5.2.4.2 Reinforced thermoplastics (glass-reinf orced) . Although i t  
night be assurlad that  ylass-reinforced thernoplastics should be handled i n  a 
manner similar t o  that  prescribed for  the base unreinforced resin, t h i s  i s  not 
necessarily so. I n  general, there is a severe drop (up  t o  50%) i n  the 
expected adhesive bond strength w i t h  glass reinforcement. Uhether t h i s  
phenonenon is the result  of f in ishes  used on t h e  glass, or other causes, is 
not fu l ly  known. 

Theberge and coworkers a t  UJP studied solvent b o d i n g  of glass-reinforced 
nylon G and polyetyrene. Aqueous phenol was used t o  solvent-cement the f0r'Iner 
and methylene chloritle the l a t t e r .  The drop i n  strength of the glass- 
reinforced nylon 6 was about SO%, and of the glass-reinforced polystyrene 
about 10%. The magnitude of the  difference i n  bond strength was found t o  be 
invetsely proportional t o  the holding force applied during solvent cure, and 
could be pract ical ly eliminated w i t h  holding pressures of 200 psi  (1.38 MPa) 
or  greater. The LUP .-workers suggested tha t  reinf occed resins have solvent 
bond strengths lower than those of the unreinforced resins for  the following 
reasons: ( 4 6 )  

1. Glass-reinforced resins have rougher surface f inishes than the neat 
resins. 

2. Glass f i b e r s  are d i f f i c u l t  t o  disperse across the bonded area. A6 was 
expected, the amorphous polymer [polystyrene) yielded higher bond strengths 
than the crys ta l l ine  polymer (nylon GI. 

Downloaded from http://www.everyspec.com



5.3.5.2.5 Plast ic  foams. Plas t ic  foams are  generally treated by the same 
surface-preparation techniques 88 prescribed fo r  the base polymer system. This 
is particularly t rue Lor t h e  ' s t ructural  foams., which are t h e m p l a s t i c s .  I n  
some cases these themoplast ic  foam r ~ a y  be solvent cemented. The themoset- 
t ing foam nost commonly encountered is polyurethane, vhich i e  available in 
r igid ,  semi-rigid and f lexible form. The rigid foam ate  obtainable in a wide 
range of densities. Obviously the denser grades, w i t h  the i r  'increased surface 
area of actual material exposed, w C 1 1  be easier  t o  prepare by the usual tech- 
nique af sanding l ightly and then removing t h e  resultant duet by vacuum or 
blowing-off. The ce l lu lar  s t ruc ture  of p las t i c  foams offers  an advantage i n  
surface preparation in  that  a physical interlocking of the two faying surfaces 
is possible i n  a foam-to-foan bond. 

With rigid polyurethane foam, a conventional adhesive bond may not be 
necessary, eince fom *poured-in-placew or mfoaaed-in-place8 w i l l  adhere 
tenaciously t o  mst substrates while it is curing.(l) 

5.3.5.3 Rubbers. 

5.3.5.3.1 General discussion. Up unt i l  recently, the superiority of 
vulcanized bonded rubber over adhesively-bonded rubber has been generally 
acknoulsdyad. Nearly a l l  commercially available types of elastomers can be 
strongly bonded t o  a large variety of substrates by vulcanixation. The 
strength of similar bonds f orrated by adhesive bonding, or post-vulcani zation 
(PV) bonding, as i t  is also called, was original ly thought t o  be much weaker 
and less resistant to  &vironmental exposure. Recent published work has shown 
t h i s  t o  be untrue, w i t h  some exceptions. The benefits of PV bonding may be 
summarized as follows :( 4 f  

A variety of vulcanized elastomers can be bonded. 
Common elastomer surface t.catments can be used. 
Uonded systems possess good envirofamental resistance. 
Bonds are  comparable t o  vulcanization bonding. 
Applicable t o  tubber-to-metal paste as well as to rubber-to-rubber 
assemblies. 
Larye s izes  or complicated ehaperi clay be W bonded,. which would not be 
economically feasable by gbond-in-the-pressm technique. 
Vulcanization bonding is impractical fo r  f i e l d  repair where the required 
equipment is usually unavailable. 

Table XXIII: showa bond values obtained with seven elastomers, comparing t h e  
bond values obtained w i t h  both vulcanized bonding and post-vulcanization 
(adhesive) bonding w i t h  a 3 0 0 0 ~  (1490C) cure. In must cases, t h e  resolte 
a t e  comparable. E m  w a s  the only elastomer where a signif icant  decrease in 
bond strength was obtained by post-vulcanieation bonding. 
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TABLE XXI 11. cornparison of vu lcan iza t ion  and 
poe t -vu lcan iza t ion  MMlingr. ( 47) 

Vulcan iza t ion  Pos t  v u l c a n i z a t  i on  
( p l i )  ( N/m)  ( p l i l  ( iVm1 

Natura l  Rubber ( A )  45  7880 
Natural Rubber ( B )  75 1313 
SBH 189 33094 
lleop rene  93 16284 
Butyl  nubber 101 17685 
l ~ i t r i l e  Rubber 95 16635 
EPDIi 130 22763 

*Adhesive used was Hughson Chemical CHEHmX 23413 
**Pa i lu re  occurred a t  rubber-cement i n t e r f a c e .  A l l  o t h e r  va lue  were f o r  

rubber- tear ing  bonds. 

t4any m i l i t a r y  rubber e n d - i t e m  vh ich  r e q u i r e  bonding can b e n e f i t  f rom t h e  
advantages  of pos t -vu lcan iza t ion  bonding. The f o l l o v i n g  list of e l a s t o n e r s  
i nc ludes  a l l  t hose  used by t h e  Army, w i th  t h e  a d d i t i o n  of t he rmop las t i c  
e las tomers .  Vulcanized rubber parts a r e  o f t e n  contanina ted  wi th  mold-release 
agen t s ,  t a l c ,  d i r t ,  g t ease ,  p l a e t i c i z e r s ,  ex tender  o i l s ,  o r  o t h e r  compounding 
i n g r e d i e n t s  t h a t  can migra t e  t o  t h e  e u r f a c e  and i n t e r f e r e  u i t h  adhes ive  
bonding. Solvent  washing and abrading  a r e  common s u r f a c e  t r ea tmen t s  f o r  most 
e l a s tomers ,  but  chemical  t r ea tmen t  is o f t e n  recommended f o r  maximum s t r e n g t h  
and o t h e r  p r o p e r t i e s .  Many s y n t h e t i c  and n a t u r a l  rubbers r equ i  re 'cycl i z ing '  
w i th  concen t r a t ed  s u l f u r i c  a c i d  u n t i l  h a i r l i n e  c racks  appear  on t h e  su r f ace .  
Some rubbers  r e q u i r e  p r imers  f o r  optimum bonding. 

Hechanical  a b r a s i o n  is u s u a l l y  accomplished by sanding  or bu f f ing  t h e  
s u r f a c e  w i t h  80-240 g r i t  sandpaper or a bu f f ing  wheel. The d u s t  from t h e  
b u f f i n g  p r o c e s s  o r  o t h e r  contaminat ion  is u s u a l l y  reraoved by e c l e a n  c l o t h  
d ipped i n  a a u i t a b l e  so lven t .   he a o l v e n t  must be reasonably c o a p a t i b l e  w i th  
t h e  chemical  type of rubber being c leaned.  sf t h e  s o l v e n t  is very  s t r o n g l y  
incompat ib le  v i t h  t h e  rubber involved ,  o r  i f  too much is used, t h e  rubber w i l l  
s w e l l  e r c e e s i v e l y ,  may c u r l  unacceptably,  or may be degraded. P a r t i c u l a r  c a r e  
muet t h e n  be t aken  not  to trap s o l v e n t  i n  a system that is t o t a l l y  c losed ,  o r  
elee t h e  rubber may be damaged. On the o t h e r  hand, a mild wipe of a souewhot 
a g g t e s s i v e  s o l v e n t  may he lp  t a c k i f y  t h e  rubber s u r f  ace. Methyl e t h y l  ke tone  
( l i E X )  and t o l u e n e  aie s o l v e n t s  c o m o n l y  used fox c lean ing  e l a s t o n e r s ,  t1PK i s  
a s t r o n g  a o l v e n t  f o r  t h e  f luo roca rbon  e las tomers ,  and excess ive  c u r l i n g  has 
been experienced i n  us ing  HEK i n  any q u a n t i t y  i n  t h i s  type of e las tomer .  If 
th i e  o c c u r s r  a atore compat ib le  s o l v e n t ,  euch as to luene ,  nay be s u b e t i t u t e d .  
Ch lo r ina t ed  so lven t s ,  such  ee perch lo roe thane  and l , l , l - t r i c h l o r o e t h a n e ,  are 
a180 ueed. Cyc l i aa t ion ,  mentioned above, and c h l o r i n a t i o n  are o t h e r  c0IIUnOnlY 
used s u r f a c e  p r e p a r a t i o n  methada, and w i l l  be described blow under 5.3.5.3.2 
lkoy re ne . 
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Recent work has shown t h a t  t h e  bondab i l i t y  of e las tomers  is a f u n c t i o n  of 
p o l a r i t y .  The less p o l a r  EPDn and b u t y l  e las tomers  are nore  d i f f i c u l t  t o  bond 
than  t h e  mre p o l a r  n i t r i l e ,  neoprene, SBX, and n a t u r a l  rubber. I n  t h i s  s tudy,  
using b u t t  j o i  nta of rubber t o  steel, s i x  d i f f e r e n t  s u r f  ace-preparat  ion 
techniques  for each  of t h r e e  d i f f e r e n t  rubbers  were s tud ied ,  Two d i f f e r e n t  
h igh - t eqe ra tu re -cu r ing  adhes ives  were evalua ted  and a meta l  p r i a e r  was used 
over  t h e  steel. The r e s u l t s  for pos t -vu lcan iza t ion  bonding a t  e l eva ted  
t a s p e t a t u r e s  t o  3 0 0 ~ ~  (14g°C) show l i t t le  c o r r e l a t i o n  betveen su r f ace  
treatment and what i e  e s s e n t i a l l y  f l a t v i s e - t e n s i l e  s t r eng th .  The r e s u l t s ,  
shown i n  Table  X X I V ,  for n a t u r a l  tubber  i n d f c a t e  t h a t  adheeion can  be achieved 
nea r ly  independent of s u r f a c e  t rea tment ,  a l tbougb a l i g b t l y  h igher  va lues  a r e  
obta ined  when t h e  autface is mechanical ly abraded. When t e n t i n g  SBR, adhesion 
wi th  CtiUiXOIE 236 is nea r ly  independent of  Burface prepa ra t ion ,  b u t  s u r f a c e  
t rea tment  does  improve t h e  bondab i l i t y  w i tb  t h e  CHWWP 234B adhesive. 
Adhesion t o  neoprene is e s s e n t i a l l y  independent of s u r f a c e  t rea tment  wi th  
e i t h e r  adhesive.  I t  should be noted t h a t  t h e s e  r e a u l t s  were obta ined  w i t h  
b u t t  j o i n t s .  It  is p o s s i b l e  t h a t  peel tests could g i v e  d i f f e r e n t  
r e s u l t s .  ( 4 7 )  
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5.3.5.3.2 Neopra3e ( p o l y c h l o r o p r e n e ) ( ~ ~ ) .  Neoprene is  the gener ic  name 
f o r  polymers of chloroprene (2-chloro-1,3 butadiene) menuf&ctured s ince  1931 
by du Pont. Present ly  the re  a r e  22 types of  a o l i d  neoprene axd 13 types  of  
neoprene l a t ex .  

Abrasive treatment(l!(3) 

a .  Scrape su r face  with a eharp blade t o  remove g ross  l a y e r s  of  wax, s u l f c r  
and o the r  compounding ingred ien t s  which may have f l o a t e d  t o  the  surface .  

b. Solvent-wipe with e thy l ,  isopropyl,  o r  methyl a lcohol ,  PIEX, o r  toluene. 

c. Uniformly abrade su r faces  with 80-120 g r i t  ab ras ive  paper. Machine 
sanding with a " j i t t e rbug"  o s c i l l a t i n g  sander is  preferred over hand sanding 
because the  machine sanding produce8 a more uniform sur face  with l e a 8  e f f o r t .  
A buffing wheel may a l s o  be used. 

a. Solvent-wipe again  a s  i n  (b.)  t o  remove p a r t i c l e s .  

~ y c l i z a t i o n ( 3 ) ( 4 ~ )  This  process i s  o f t e n  applied prepara tory  t o  bonding 
w i t h  f l e r i b i l i z e d  epoxy adhesives. I t  has  been used suczessful3y i n  many 
rubbers,  i n  add i t ion  t o  neoprene. A commonly uaed c y c l i z e t i o n  procedure i a  a s  
follows: 

a .  S c ~ ~ p e  s a r f a c e  with a sharp  blade t o  remove g r o s s  l a y e r s  of wax, s u l f u r  
and o t h e r  conpounding ingred ien t s  which may have f loa ted  t o  t h e  su r face .  

b. Solvent-wipe with e thy l ,  isopropyl,  o r  methyl alcohol,  MEK o r  toluene.  

c .  Immerse rubber sur face  i n  conc. s u l f u r i c  acid (sp.  g r .  1.84) f o r  30 
secont-is t o  o p t i n i z e  bond s t rength .  Determine optimun: time f o r  each rubber 
Conposition. 

C. Rinse thoroughly w i t h  t a p  water, Hot water is pre fe rab le ,  

e .  Rinse thoroughly with distilled water. 

f. Neutra l ize  by immersing 5-10 min i n  a 10-20s s o l u t i o n  of amnonium 
hydroxide f s o d i m  hydroxide i e  a l s o  used). 

g. Rinse thoroughly w i t h  t a p  water. 

h. Rinse thoroughly with d i s t i l l e d  water. 

5 .  Dry a t  temperatures up t o  1500F (660C). 

k. Flex the  r e o u l t a n t  b r i t t l e  su r face  of the  rubber with c lean  rubber or  
p l a s t i c  g loves  s o  t h a t  e f i n e l y  cracked appearance is produced. ( ~ y c l i z i n e  
hardens and s l i g h t l y  oxidieee  the  surface ,  permit t ing the  necessary we t t ine  of 
the  adhesive bond). The f i n e l y  cracked surface i n d i c a t e s  t h a t  the  rubber is  
ready f o r  bonding. Light lacy l i n e s  on t h e  eurface i n d i c a t e  i n s u f f i c i e n t  
immersior! time. Deep, cca r sa  cracks  and a thick crusty surface i n d i c a t e  
excess ive  immersion. If immersion is  not  f e a s i b l e ,  the  ac id  may be made up 
i n t o  a th ick  p s s t e  by t h e  add i t ion  of barium s u l f a t e  (be ry tes )  o r  CAB-0-SIL 
(G.L. Cabc t Corp. 1, o r  use 100 pbv conc. s u l f u r i c  acid:5 pbw SARTOCEL C 
(Mansanto Cc.) or equivalent .  A s t a i n l e e a  s t e e l  o r  o t h e r  a c i d - r e s i s t a n t  
s p a t u l a  should be used t o  apply  the pas te .  Af ter  the pas te  is  app l i ed ,  the 
r e s t  of the  treatment s t e p s  d.  through j. should be c a r r i e d  out .  

1% 2 
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A modified c y c l i z a t i o n  procedure  used by Boeing-Vertol i n  a P i c a t i n n y  
Araenal-sponsored study is a s  follows : 

a. Clean i n  toluene.  

b. Force-dry 1 hour a t  140%- (60%) 

c. rnmerse 2 min i n  conc. s u l f u r i c  ac id .  

3. Hinse i n  t a p  water. 

R e s u l t s  ob ta ined  wi th  this procedure  a r e  shown i n  Table  x;;v. 

TABLE XXV. _Effects of modified c y c l i z a t i o n  on 
neoprenec/al umf nm** bonds. ( 49). 

Adhesive - 
AP-30 PH-1000 PI!-37 

( n i t r i l e  -phenol ic  f i l m )  (nylon-epoxy f i l m )  (modif ied epoxy foanl  

T-peel s t r e n g t h  

lb/3'  w id th  
N/RI 

Bell-peel s t t e n a t h  

lb/3'  r i d t h  98 
H/m 17,160 

P l a t w i s e - t e n s i l e  
s t r e n q t h  

pa i 
NPa 

*MIL-S-6855, C l a s s  2, Orade 40-50 Shore  'A9 Durometer, 0.035' (0.9 mm) thick 
**0.016' 10.41 nun) 2 0 2 4 4 3  c l a d  aluminum 

a. Scrub  neoprene i n  120-1400~ ( 4 9 - 6 0 0 ~ )  nonionic  d e t e r g e n t  e o l u t i o n  
(2-30 by e). 

b. Rinse  thoroughly  i n  tap water. 

c. Rinee thoroughly i n  d i s t i l l e d  water. 
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e. Xmerse 1-1/2 to 3 min. i n  the following eolution at  roon terqerature 
(prepare solution j u s t  prior to  use, adding ingredients i n  the order l isted):  

Distilled water 97.0 pbw 
Sodim hypochchlorite 3.0 pbw 
(as  Clorox or Purex) 
Hydrochloric acid {sp. gr. 1.20) 0.3 pbw 

f .  Rinse thoroughly w i t h  dis t i l led water and dry a t  temperatures up to 
lSOOP (66OC) 

Activated Gas-Plasma. This method, described generally above under 5.3.2.88 
has been used succesefully w i t h  neoprene. The best results were obtained by 
Picatinny Arsenal studies w i t h  ammonia, a i r  and nitrogen plasnas a t  30 
min. (50) 

NWiE: See Table X X I V  and comments for comparison of method8 for neaprene. 

5.3. 5.3.3 Ethylene-propylene-diene terpolyaer ( EWH) . T h i s  rubber, along 
w i t h  the coyoly~er of ethylene or gzopylene (EPM), forms a cleaeificatlon 
called ethylene-propylene tubbers. Bowever, since 8PDM8 the tetpolynet, is i n  
nuch greater use than EPIi, the former is frequently called ethylene-propylene 
tubber. I t s  outstanding propetty is very high restetance to  ozone and 
weathering. Comercial production was begun i n  the U.S. i n  1963, and t h i s  is 
now considered the f asteat-growing elastomer. Being  leas polar. EPDN i13 
relatively diff  fcult to bond. ( 41)  

Abrasive treatment. ( A s  i n  lleoprenet acetone or WE); are recommended as 
solvents). 

cyclization. ( A s  i n  Neoprene). 

5.3.5.3.4 Silicone rubber (~lydimethylefloxsna) . These rubbere are 
coL!pletely synthetic materials findiny wide applicaton for many uses. They . 
comprise two types, heat-vulcanizing and room-tsnperature vulcanizing tam). 
Both types have unique properties unobtainable w i t h  organic rubber60 
particularly where superior endurance an8 extended l i f e  expectancy ate 
required. Silicone elastomers maintain their usefulnees from -150 to  SOOOP 
(-100 to 3160~). Resistance to oxidation, o i l s  and chemicals is h igh  and 
their s tabi l i ty  against weathering i e  very good. 

Solvent cleaniny. -, 

a. Sand w i t h  a medium-grit eanapaper 

b. Solvent-wipe eurfaces w i t h  acetone, HEKI ethyl, methyl ot i80prOpyl 
alcohol, or toluene. 

Soap-and-water Wash. A simple washing w i t h  a mild (IVORY) eoap and water, 
followed by thorough rinriny, w a s  found to  give aatisfactoly results i n  a 
Picatinny Arsenal study. ( 5 1  

Primers. Priming the eilicone rubber wi th  Bughson*e cHBILOX 607 adhesive i n  
methanol solvent has been found to give good results. The primer should be 
dried a t  ( 335'~ (200°c) for 10-15 min. Other setisf  actory primers 
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include kiuyhson's CHUILOli AP-133, a s i lanol- type primer supplied i n  denatured 
alcohol a t  SO sol ids .  T h i s  p r ioer  should be a i r -dr ied  15-40 nin a t  room 
temperature. ( 1 2 )  

Activated- as Plasma. This method, described generally above under 5.3.2.8, 
has been used unsuccessfully with s i l i cone  rubbers, a s  shown i n  Table XX 
above. Salxiia Laboratory workers have a l s o  demonstrated the.  advantage of 
activated-gas plasma in  bonding s i l i cone  rubber (RYV 630 - ~ e n e r a l  Elec t r ic  
Co.) t o  aluminum with a mineral-f i l led standard epoxy coating resin.  Activated 
argon was used f o r  1 0  min. a t  250 watts/Torr. Tensile s t rength  of rubber 
d isks  bonded between aluminum plugs was increased f ron - 1 0  p s i  ( 0.0005 r.12a) 
f o r  the  untreated t o  384 p s i  (2.65 1.1Pa) f o r  the  t rea ted  inhediately a f t e r  
treatment, but the s t rength was gradually ,'educed t o  102 p s i  (0.70 NPa) a f t e r  
7 days, and a f t e r  30 d&ys the  specimen f e l l  apart  on handling. The authors 
f e e l  t ha t  the f a i l u r e  l eve l  decrease r e f l e c t s  a change in  the polymer, rather 
than i n  the  interface.  (52)  

5.3.5.3.5 Butyl rubber ( I I R )  . Butyl rubber has been comaercially produced 
s ince  1942 and is a well-established epecial ty  elastomer with a wide range of 
applications.  I t  is a copolymer of isobutylene and isoprene. Its special  
propert ies  are: low gas permeability, thermal s t a b i l i t y ,  ozone and weathering 
resis tance,  vibrat ioa damping and higher coeff icient  of friction and chenical 
and lrtoisture reSistance.(41) Being l e se  polar,  butyl rubber is re la t ive ly  
d i f f i c u l t  t o  bond. 

Abrasive treatment. (As i n  Neoprene; toluene is reconmended a s  a solvent) .  

Cyclizat ion. ( A s  i n  Ileoprene) . 
Chlorination. ( A s  i n  ~leoprene) . 
Priners.  Prime with butyl rubber adhesive i n  an a l ipha t i c  solvent(25)  or 

use such s i l i cone  primers a s  Union Carbide's AP-133, Y-4310, or  Y-5042. 

Activated-Gas Plasraa. This nethod, described generally above under 5.3.2. C ,  
has been used successLully with butyl  rubber. Very good r e su l t s  were obtained 
i n  Picatinny Arsenal s tud ie s  ueing a i r  and nitrogen plasmas a t  30 

5.3.5.3.6 Chlorobutyl rubber ( C I I R ) .  T h i s  modified butyl rubber was 
introduced i n  1960. I t  contains about 1.2 w t  o of chlorine and has grea te r  
vulcanization f l e x i b i l i t y  and enchanced cure  c o w a t i b i l i t g  then other  general- 
purpose elastomers. ( 4 1  ) . . 

Abrasive treatment. ( ( A s  i n  lleoprene) . 
Cyclization. ( A s  i n  Neoprene). 

Chlorination. ( A s  i n  tleoprene) . 
Other methods. See Table XXVI f o r  a conrparieon of r e su l t s  obtained by a 

number of d i f f e r en t  surface-preparation methods. 
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TABLE XXVI.  Peel  s t r e n g t h  of epoxy-polyamide r e s i n  adhesive t o  
chlorobutyl  rubber p r e t r e a t e d  by various methods. ( 3 )  

+ 
Surf ace Treatment Pee l  S t reng th  

lLs/in widtb kiln 
1 

Cycl izat  ion 18.0 
Solvent-clean and c h l o r i n a t e  14.0 ! Solvent-clean. abrade, cblor  i n a t e  16.0 

( Detergent-clean and c h l o r i n a t e  30.0' 
i Et hanol-ripe 7.0 
i Abrade and ethanol-wipe 7.0 
i HEX-uipe 6.0 
! Abrade and HEX-wipe 
I 

6.5 

: *broke rubber I 

5.3.5.3.7 Chlocosulf onated polyethylene (CSt4). (HYPALLIN - du Pant Co. l 
This  s y n t h e t i c  rubber, a l s o  knorrn as chlorosulfonyl  polyethylene,  introduced 
i n  1952, is charac te r ized  by ozone res i s t ance ,  l i g h t  s t a b i l i t y .  heat  r es i s -  
tance,  weathering, r e s i s t a n c e  t o  d e t e r i o r a t i o n  by cor ros ive  chemicals and good 
o i l  res is tance.  Present ly  a v a i l a b l e  types  conta in  from 25-430 c h l o r i n e  and 
1.0-1.451 su l fu r .  (41) 

Abrasive treatments.  (As i n  Neoprene; acetone or MEK a r e  recommended as 
s o l v e n t s ) .  

Primers. 

a. i i ige w i t h  toluene. 

b. Force-dry 1 hour a t  1400P (600C). 

c. Pr ine  w i t h  an adhesive primer such as 31f Co. SCOTCHCAST XR-5001 o r  , 

Dlooninydale BR-1009-8 (polyamide epoxy i n  so lven t  blend). 

See Table X X V I I  f o r  results of a Picat inny Arsenal-spon8ored s tudy using primers. 

T W L E  X X V I I .  Effect  of s u r f a c e  p repara t fon  on T-peel s t r e n q t h  of 
W a l o n  rubber. ( 4 9 )  

I 9 Adhesive 
SutFece  reparation AP-30 ( l l i t  rile- PW-1000 4 nylon- 1 

phenolic f i l m )  epoxy f i l m )  
I 

I Toluene wipe + 3H Co. 
SCOPEtiCAST xR-5001 primer 

- -- 
me- 

66 lbs/3' width 
(3853 W/ml I 

Toluene wipe + Bloomingdale --- 34.4. lbs/3. width 
BH-1009-8 primer ---. (2008 l/m) 

I sanded + Toluene wipe + 314 Co. 31 lbs/3. w i d t h  
I SCOTCPCAST xR-5001 primer ( 181 0 il/m 

r0.33' (8.4 ma) th ickness  78 Shore *A* Durometer, bonded t o  0.016' 
(0.41 ml 202443  c lad  aluminum 

185 
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5.3.5.3.8 l l i t r i l e  rubber (nutadiene-acrylonitrile) (MBRI. Uitrile rubbers 
are copolyraers of butadiene end a c r y l o n i t r i l e  and are f reguently re fe r red  t o  - 

as BUIIA 14. The p r o p e r t i e s  vary with t h e  a c r y l o n i t r i l e  content.   itr rile 
rubbers e x h i b i t  a high degree of r e s i s t a n c e  t o  a t t a c k  by o i l s  a t  both normal 
and e leva ted  temperatures. Fhe Army has found t h a t  c a r b x y l a t e d ,  butadiene- 

. a c r y l o n i t r i l e  (XNBRI is of p a r t i c u l a r  i n t e r e s t ,  e x h i b i t i n g  much higher t e n s i l e  
s t r e n g t h  and r d u l u s ,  lower e longat ion,  higher hardness, much improved 
hot- tear  and t e n s i l e ,  b e t t e r  low-temperature b r i t t l e n e s s ,  improved ozone 
res i s t ance ,  and b e t t e r  r e t e n t i o n  of physical  p roper t i e s .  ( 41) 

Abrasive treatment.  ( A s  i n  Neoprener methanol is recommended as a so lven t ) .  

Cycl izat ion.  (As  i n  lleoprene, except t h a t  t h e  exposure should be f o r  
10-15 min.1. 

Chlor inat ion.  ( A S  for Meoprene). 

P r ine rs .  Primers have been used success fu l ly  w i t h  Bur= 14 rubber. Primers 
t h a t  have been p a r t i c u l a r l y  recommended f o r  t h i s  type of rubber inc lude  t h e  
following: 

Uughson C&UIMI: AP-131 Primer f o r  bonding t o  s t e e l  
Hughson CUEXUIK 205 (Adhesive) f o r  bonding t o  aluminum 
Hughaon CMEMMK 220 (Adhesive) f o r  bonding t o  aluninun 
3N Company's SCOTCHCAST XR-5001 for bonding t o  aluminum 
311 CompanyB s HX-740 r e a c t i v e  imine ( f o r  Londi ng w i t h  carboxy-terminated 
polybutadiene l i q u i d  adhesive used w i t h  CHEHMK 220) .  (The HX-740 
apparent ly  d i s s o l v e s  t h e  p l a s t i c i z e r  i n  t h e  rubber). 

Procedure. 

a. Wipe with toluene.  

b. Force- dry  at 1 4 0 0 ~  1600C).  

c. Prime with an adhesive primer (such as those  l i s t e d  above). 

See Table XXVf II f o r  r e s u l t s  of a Picat inny ~rsena l - sponsored  s tudy u s i  ny 
primers.  
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Bell-peel s t r e n g t h s .  (0.132' o r  3.3 ma) B U ~ ~ A  N t o  0.064' (1.6 mm) (2024-TJ 
Clad aluminum) f o r  toluene-wiped and t h e n  xR-5001-yrirJed specimens f o r  AP-30 
and PH-1000 were 39 and 38 lbs/19 width  r e s p e c t i v e l y  (6829 and 6654 la/m). 
P l a t w i s e - t e n s i l e  s t r e n g t h s  f o r  t h e  same s u r f a c e  t rea tment  for AP-30, PH 1000, 
M-37r  were 234, 252 and 185 psi, r e s p e c t i v e l y  (1.6., 1.73 and 1.28 l l ~ a ) . ( 4 9 )  

Act iva ted-sas  plasma. T h i s  aethod,  desc r ibed  g e n e r a l l y  above under 
5.3.2.8, h a s  been used s u c c e s s f u l l y  w i t h  BUNA N rubber. T& best r e s u l t s  were 
ob ta ined  by P i c a t i n n y  Arsenal  s t u d i e s  u s ing  ammnia, a ir  and n i t r e g e n  plasmas 
a t  30 min. (50)  

5.3.5.3.9 Polyure thane  e las tomers ,  I n  t h i s  categor);. we normally cons ide r  
t he rmose t t i ng  m a t e r i a l s  de r ived  from t h e  r e a c t i o n  of a n  i socyana te  w i th  a 
hydroxy cotitpound. T h e i r  unique e l a s t o a w r i c  p r o p e r t i e s  ere: e x c e p t i o n a l l y  h i g h  
a b r a s i o n  r e s i s t a n c e  a t  moderate tempera tures ,  e x c e l l e n t  o i l  and s o l v e n t  
r e s i s t a n c e ,  very  h igh  tear and t e n s i l e  s t r e n g t h  and h igh  hardness  v i t h  good 
mechanical s t r e n g t h .  Both p o l y e s t e r  (Aff or po lye the r  (eU) t y p e s  are 
a v a i l a b l e ,  a8 a r e  the rmop las t i c  p o l y e s t e r  ure thane  rubbere. They are usua l ly  
comple te ly  s o l u b l e  i n  s t r o n g  p o l a r  s o l v e n t s  such as t e t r a h y d r o f u r a n  and 
d imethyl  formaaide, and a t  high t e ~ p e r a t u r e s ,  they c a n  be noldect, ca lendered  
o r  extruded.  (41) 

Abrasion t rea tment .  (AS i n  neoprene; methanol is recomenbed as a so lven t ) .  

Primers. A nunber of primers can  be used, i nc lud ing  Hughson*~  CPEHLOK 
primers AP-134, 4-5224 and AP-131, and Union Carbide's ~ 1 1 0 0  (an a n i n o s i l a n e ) .  

5.3.5.3.10 S y n t h e t i c  n a t u r a l  rubber (Poly isoyrene)  (MI. T h i s  rubber 
approximate6 t h e  chemical  conpos i t i on  of n a t u r a l  rubber IlJR). fts predominant 
s t r u c t u r e  is c i ~ - l , 4 - p o l y i s o p t e n e ,  t h e  same as t h a t  of n a t u r a l  rubber. In 
gene ra l ,  t h e  s y n t h e t i c  yoly isoprenea  are lower i n  modulus and h ighe r  i n  elonga- 
t i o n  than  t h e  n a t u r a l  product.  S y n t h e t i c  poly isoprene  was f i rs t  in t roduced 
commercially i n  1960.4 41 

Abrasion t tea tment .  ( A s  i n  Neoprene; methanol o r  i soptopane  a r e  sugges ted  
as s o l v e n t s ) .  

C Y C l i ~ a t i o n .  ( A s  i n  Neoprene, excep t  t h a t  exposure should be £05 only  5-10 
min., e i n c e  t h i s  is not a n  a c i d - r e a i e t a n t  rubber. Some workers  sugges t  much 
s h o r t e r  expoaure t.10-45 secs. J . 

Chlor ina t ion .  ( A s  i n  Meoptenel. 

IJOTE: See Table  XXIV and comments f o r  conpar iaon of method8 f o r  n a t u r a l  
rubber*  

5.3.5.3.11 Styrene-butadiene rubber (SBR) (BULA S) . T h i s  rubber type,  
once called GR-s, is t h e  m a t  i w r t a n t  s y n t h e t i c  rubber and t h e  most widely 
used i n  t h e  world. I t  is a copolyaer  of s t y r e n e  and butadiene.141) 

Abraeion t rea tment .  (AS  i n  Neoprene; t o l u e n e  is reconmended as a s o l v e n t ;  
e x c e s s i v e  t o l u e n e  r e s u l t s  i n  swol len  rubber. A 20-minute d ry ing  time w i l l  
r e s t o r e  t h e  part t o  its o r i g i n a l  dimensions) .  

C ~ c l i r a t i o n .  (As i n  Neoprene, excep t  t h a t  t h e  exposure t i n e  should be for 
10-15 r i n .  
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Chlorination. (AS i n  Neoprene). 

Primers. Primers used succesefully include butadiene-styrene adhesive in 
aliphatic solvent and xughsen CberPical  Ccmpany's CHBnU)CIC 205 adhesive i n  
methyl iaobutyl ketone (IlIBK) diluent. 

Activated-sas platma. This wtbod, deecribdd generally above under 
5.3.2.8, bas been used wi th  some euccese w i t h  BUl4.A S rubber. The best results 
were obtained by PicatinqY Arsenal etudfes ueiag helium, a i r  and nitrogen 
plasmas. (50 J 

I See Table U I V  and cor; l~ents for  comparison of mehods For SER. 

!im3.5.3.12 PolybutadiellOl (Butabiene rubbet) (BR). Although t h i s  type of 
rubber was introduced i n  Europe i n  the early 1 9 3 0 ' ~ ~  it was almost unknown in 
the U S  until 1960. Presently it is second t o  sM i n  usage.(4l) 

Abrasion treatment. (As i n  Neoprene; methanol is recotanended as a solvent). 

C~clieation. ( A s  i n  Neoprene, except that the exposure time should be 
10-15 nin, since thie is a non-acid resistant' rubber). 

Chlorination. (AS i n  ltehprene). 

solvent wipe. A smple eolvent wipe wi th  r~ethanol may be used. 

5.3.5.3.13 Pluorosilicone elaetoaers. The fluorine-containing silicone 
rubbers have been developed into the eecond latgest volume of the fluoco- 
elastoner types. The fluoroelastoners not containing silicones are discussed 
below under 5.3.5.3.17. Pluorosilicone tubber8 retain most of the ueeful 
qualities of the regular silicone rubbers and improved resistance to many 
f l u i d s ,  except for ketones and phosphate esters. They are most ueeful when 
low-temperature resistance is required, i n  addition to f l u i d  reeistance.(4l) 

Solvent clean. solvent wipe w i t h  methyl, ethyl or isopropyl alcohol or 
toluene, 

5.3.5.3.14 _E@ichlorohYdrin tubber. (XYDRIiJ - B.Pm ~oodrich) (MERCUIII - 
lierculea Inc. 1 This elaetoner homepolymer (GO) and the copolymer (BCO) 
combine exceptional resistance to  alipbatfc hydrocarbons w i t h  high resistance 
t o  aromatic and halogenate4 hydrocarbone, ozone, weathering, gas permeability, 
comyreesion set, impact and tear. They have good tensile strength, resilience, 
and resistance to abraaion, water, acids and alkalies. They also have good 
low-temperature end heat: rEisiatance. Bpichlorohydtin elastoDer8 of both types 
require a simple cleaning wt th  solvents such as acetone (not HER), alcohols, 
or aromatics, such as toluene. NO abrasion is neceseary;(4l) 

5- 3.5.3.15 Pol~sulf  ide tubber. The f i r s t  introduction of a polyaulf ide 
rubber for cotnercial application wae i n  1930 when Thiokol Chemical Company 
developed THIOKOL Type A. Since then a numbet oE other types have been 
developed. Tbe types cornonly used aow ere types PA end ST. THIOLIOLS are 
highly-impermeable to gases, and have excellent resistance to  ozone, 
oxidation, weathering and aliphatic and aromatic hydrocarbons. ( 41)  

Abrasion trettaent. ( A s  i n  Heoprene: methanol is recomnended a8 a solvent). 

169 
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chlorination. 

a. Degrease i n  methanol. 

b. Imaerae overnight i n  strong cblorine water. 

c. wash. 

a. Dry. 

Primers. Silicone priaers recommended by Hughson Chemicals Oor use w i t h  
polysulf ides sealants include Yughson's CLIEnmK AY-131, xi4310 and Y-5254. 

5 3. 3 1 6  Poly~ropylene oxide. (yropylene oxide rubber) (W) (PAREL 58 - 
Hercules Xnc.) T h i s  elastomer is a sulfur-Vulcaniaable copolyner of propylene 
oxide and ally1 glycidyl ether. f t e  vulcanizates are particularly attractive 
for dynamic uses where high resilence, excellent flex l i fe ,  and f lexibi l i ty  at  
extremely low temperatures are required. It performs s ini la t ly  to  natural 
rubber i n  these applications, but i n  addition has the added advantages of 
(1) g o d  resistance to  aging a t  high twera tures ,  (2 )  good ozone resistance 
and (3)  moderate resistance t o  loss of properties i n  contact w i t h  fuels, 
and/or some solvents. ( 53) 

The surfaces of t h i s  elastoner should be prepared by ~o lven t  w i p i n g  w i t h  
l-t r C t ,  .. rylene, toluene, or other appropriate solvent. { 54) 

5.3.5.3.17 Fluorocarbon elastomers. These ar~aterials, a180 called 
f luoroelastotners, include KEL-F elastomers and Fluorel (both 3H Company). 
VITON and PWOREL are both  copolymer^ of vinylidene fluoride end hexe- 
f luoropropylene (PPPI). REL-P is a copolymer of chlorotrif luoroethylene and 
vinylidene fluoride and is called polychlorotrifluoroethylene (CPB). It was 
f i r s t  developed i n  2954. YSTOlJ and FMImEL are tbe most important members of 
t h i s  group today. These elastomers have excellent resistance t o  ozone, 
oxidation, weathering, heat, aliphatic and aromatic h~drocarbona, and 
alcohols. They are also highly impermeable to gases, have good strength, 
electrical resistivity, and resistance to  abrasion, water, acids, and 
halogenated hydrocarbons. T h i s  type usually includes the fluotosilicone 
elastomers, but these have been treated separately under 5.3.5.3.13. ( 41) 

Sodium etch. POL optinulil bond strength use t h i s  procedure, described above 
under 5.3.5.2.2.7. 

Dry abrasion. PO t'- relatively low adhesion, wi th  low envi tonnbental 
resistance. 

a= Wipe or sprey w i t h ,  or iamerse i n  1,1,1-trichloroethane. PREOiJ THC or 
n-17, acetone, HYK, toluene, ethyl or ieogropyl alcohol. 

b. Abrade lightly and uniformly w i t h  180-320 g r i t  abrasive paper. 

c. Repeat f a) . 
5.3.503.18 Polyacrylate (polyacryl i~ rubber) (WC) (ANt4). polyac rylate 

elastor;reK8 are noted p t b a r i l y  for their  high resiatancc to  heat, ozone, 
oxidation, weathering, ali'hatic hydrocarbons, and sulf ur-bearing oils. They 
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also have good resilience and gas inpermeability and moderate strength. 
Abrasion resistance is not as good as wi th  n i t r i le  rubber or SBR. A t  present 
there are four major suppliers. ( 41) 

Dry abrasion. ( A s  in fluorocarbn elastomere; methanol bas also been used 
as a solvent) . 

5.3.5.3.19 Thernoplaetic rubber. (thewoplastic efastwer) T h i s  is a neu 
class of polymers f n  whfcb the end-use ptoperties of vulcanized elastolsers are 
combined wi th  the proceesing advantages of thermoplastic. Because of t h e i r  
unique molecular aonfiguration they may be processed with-.the ssPe techniques 
utilized w i t h  theruqylastics, but the mechanical ptoperties of the final 
art icles are essentially undietinguishable from those of similar articles 
fabricated from conventional vulcanized elastomers. ( 1) 

There are sevetal types, including popjester (BYTREL - du Pont Co.), poly- 
sty tene-buf adiene-polysty rene block polymers and polys tyrene-ieoprene-ply- 
styrene block copolymers (both types KMTOTJ - Shell Development Co. 1 
yolyolef in (TPIt themoplastic rubber - Uniroyal, X nc. 1, (SOWEL Yhermoplast ic 
e2astomer - du Pont Co.) and urethane, mentioned briefly above under 5.3.5.3.9 
Polyurethane elastomers. ( 41) 

Since these materials are t hermoplsstfc and theref ore may be soluble i n  a 
wide range of organic solvents, it is quite possible that 6olvent cectenting 
would be the moat appropriate method of bonding the thermoplastic rubbers to  
themselves or t o  n u t ~ a l l y  compatible plastics. solvent cementing might work 
with rmmu, but not w i t h  TPH and H ~ R E L ~  however. I n  some cases a thermal- 
fusion (welding) method w i l l  prove t h e  best nethodr as in NYTREL, which does 
not have reactive bonding sites. I n  caaes where the thermoplastic rubber nuet 
be bonded to  metal6 or other non-plastic or non-rubber materialsr neither 
Solvent cementing nor fusion techniques can be considezed. In  such cases 
conventional adhesives must  be used, and surface preparation for such adhesive 
bonJing must  be considered. I n  the caee of I-L polyester e las to~er ,  du Pont 
recommends cleaning w i t h  HEX and then using comercial primers. Abrading i s  
not recomruled. Polyurethane rubber, on t h e  other band, has reactive s i tes  
and would be cementable wi th  solvents. 

5.3.5.4 Miecellaneous materials. 

5.3.5.4.1 Asbestos (rimid).(12) 

b. Abrade wi th  100-grit ewery cloth. 

c. Remove dust. 

d. Degrease i n  acetone. 

e. Dry i n  a i r  t o  allow solvent to  eveporate. 

P. Prime wi th  diluted adhesive or low-viscosity rosin ester. 
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5.3.5.4.2  rick and f i red  non-qlazed building naterials . (4) .  

a. Degrease with HEK 

b. abrade surface wi th  a wire brush. 

c. Raaove a l l  dust and contaminants. 

5.3.5.4.3 _Carbon and graphite. 

a. Abrade w i t h  320-grit emery cloth. 

b. Reraove dust. 

c. Solvent-degrease with acetone. 

5-3.5.4.4 Glass (non-optical).(41(12) 

Abrasive treatctent ( for  general-purpose bondinq) . 
a- Grit-blast w i t h  aluminum oxide o r  carborundum and water s lurry (one yare 

by volme 220-325 g r i t  s lurry of aluminum oxide in  carborundutl t o  3 
par ts  by volume d i s t i l l e d  water). 

b. Degrease in  acetone or detergent. 

c. Dry 30 nin a t  10Wc (380P). 

d. Apply the adhesive before the glass cools to room temperature. 

Acid etch [Eoc maximum strength). 

a. Clean i n  acetone or detergent. 

b. Immerse fo r  10-15 min a t  20°c ( 5 2 0 ~ )  in: 

Sodium di~hromate 7 Y ~ W  
su l fu r i c  acid, COW 400 pbu 
Water 7 P ~ U  

c. Rinse i n  rap, then d i s t i l l e d  water. 

d. Dry thoroughly.'~ 

Primers. Adhesion t o  clean glass nay be promoted by the use of silicone 
primers. The selection of primers depends on the part icular  adhesive systen 
U s e d .  The s8dltion of aflane additive6 to the adhesive system also iiityroves 
adhesion t o  glass. 

5.3.5.4.5 class foptical).(4) 

a. Clean i n  an ulttasonically agitated detergent batch; or use trichloro- 
trifluoroethane with P R E ~ J  T-UD 602 water-in-oil-type emulsion cleaning 
agent. 

b. Rinse. 
192 
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b. Rinse. 

c. Dry below 1OOOc ( 3 8 0 ~ ) .  

5.3.5.4.6 Ceramics (unslazed~.  ( 3 )  (12) For unglazed uerarpice, such as 
aluminum, s i l i ca ,  etc.: 

a. Grit-blast with aluminum oxide or  carborundum and uater s lurry (one part  
by volune 220-329 g r i t  s lurry of aluminum oxide or  carborunjum t o  3 
par ts  by volume d i s t i l l e d  water). 

b. Degtease .in acetone o r  detergent. 

5.3.5.4.7 Ceramics (glazed). ( 1 2 )  por glazed ceramics such as porcelain: 

a. Solvent-degrease in  acetone or i n  warm aqueous detergent. 

b. Rinse. 

c. Dry. 

5.3.5.4.8 Concrete. 

a. If t h e  concrete is contaminated w i t h  o i l  or grease, scrub w i t h  a 
detergent solution ( apyroxinately 21 In water1 and thoroughly r f  me,  or 
clean with any appropriate, solvent. 

b. I f  t h e  concrete i e  contaminated v i th  old paint, plant growth, soot or  
other eoi l ,  it should be dry-grit-blasted w i t h  a non-metallic g r i t ,  such 
as  f l in t tone ,  s i l i c a ,  silicone carbide, or aluminma oxide. For old 
concrete, the surf ace should be blasted or cut down un t i l  good solid 
material is exposed (1/16') (1.6 m) or more. Xf there is a heavy layer 
of loose material it is advisable t o  f i r s t  remove the bclk of it by 
vacuu~~ing or sweeping. Dust and loose par t ic les  should be cleaned off 
by blowing w i t h  clean f i l t e red  a i r .  

c. If grit-blasting is not wed, the cement should be acid etched w i t h  a 
solution of 159 by ut OF conc. hydrochloric acid i n  water. One gallon 
of t h i s  solution w i l l  t r e a t  5 sq yds (4.2 sq. net). 

a. Scrub with a 28 by w t  solution of detergent. 

b. Rinse w i t h  a high-pressure hose un t i l  t h e  surface r10 longer f ee l s  
slippery . 

c* I n  cases where l i ~ ~ ~ t o n e ,  dolonite or other carbonate aggregate is  
present in  the bituminous concrete, inproved adhesion w i l l  be obtained 
by U s i n g  the acid-etch solution outlined under 5.3.5.4.8.1 fo r  Portland 
cement. 

d. Xn areas where an excessively heavy cake of o i l  and grime is present, 
use a conbination of a detergent wash and mechanical cleanin9. 

193 
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5.3.5.4.9 Wood, plymod. ( 5 5 )  Careful  machining is e s s e n t i a l  l a  preparing 
wood f o r  glueing. To o b t a i n  t h e  s t r o n g e s t  jo in t s ,  t h e  wood s u r f a c e s  should be 
nachined smooth and t r u e  with sharp  too l s ,  and be e s s e n t i a l l y  f r e e  from machine 
marks, chipped o r  loosened wood grain ,  and o t h e r  su r f  ace i r r e g u l a r i t i e s ,  20 
provide uniform d i s t r i b u t i o n  of g luing pressure,  each l d a a t i o n  o r  p ly  should 
be of uniform thickness.  When poss ible ,  machining should be acccrmplished j u s t  
betfore gluing,  so the s u t f a c e s  a r e  kept c l e a n  and are not d i e t o r t e d  by moisture 
changes. where the  four  s i d e s  of a piece ate t o  be glued, it is preferable t o  
g lue  i n  two operat ions  and nachine j u s t  before each opetation.  

Surfaces made by saws a r e  usual ly  rougher than those  aade by planers ,  
j o i n t e r s  and o ther  -chines operated with cutter heads. Modem savs f r e s h l y  
sharpened, well-aligned, and s k i l l f u l l y  operated a r e  cqpdble of producing 
s u r f a c e s  adequate f o r  g luing many products without Purtber preparat ion,  and 
thereby provide a savings i n  t i n e  and labor.  except where t b e  saws are 
usua l ly  well-maintained, however, g lue  j o i n t s  between sawed sur faces  a r e  
weaker and more conspicuous than those  between well-planed o r  jo inted surfaces.  
Consequently, i f  inconspicuous g lue  jo in t6  of  maxinun s t r e n g t h  a r e  requited,  
planed o r  jo inted sur faces  a r e  general ly  more re l i ab le .  Macbine marks caused 
by feeding t h e  stock through a p laner  too  f a s t  f o r  t h e  speed of t h e  knife 
prevent complete contact  of t h e  j o i n t  f a c e s  when glued. llachine learks i n  
cores  of thinly-veneered panels  a r e  l i k e l y  to show through t h e  f i n i s h e d  
surface .  Unequal th ickness  or w i d t h ,  which cause uneven d i s t r i b u t i o n  o r  
g luing pressure  and ~ S u a l l y  r e s u l t  i n  weak jo in t s ,  may be due t o  t h e  yrind- 
ing, s e t t i n g  o r  wearing of machine knives. knives t h a t  a r e  d u l l  or improperly 
set o r  ground m y  produce a burnished sur face  t h a t  i n t e r f e r e s  with gluing or 
formation of t h e  s t r o n g e s t  g lue  bonds. 

Mood surf  aces  a r e  sowetimes i n t e n t i o n a l l y  roughened by too th  planiny , 
scra tching,  o r  sanding v i t h  courae sandpapet, i n  t h e  bel ief  t h a t  rough 
sur faces  a r e  b e t t e r  i n  gluing. However, comparative s t r e n g t h  tests a t  t h e  
U.S.D.A. Fores t  Products Laboratory f a i l e d  t o  show t h e  advantage of roughening 
Wood surf  aces. ~ l s o ,  s t u d i e s  of t h e  pene t ra t ion  of g lue  i n t o  wood have shown 
t h e  t h e o r e t i c a l  benef i t  of t h e  roughened sur face  t o  be improbable. Light 
sanding has proved an advantage i n  preparing f o r  gluing s u c h  su r faces  as res in-  
impregnated wood, laminated paper /plas t ic ,  plywood t h a t  has been pressed a t  
high teEQmratures and pressures ,  o r  wood t h a t  has been glazed from d u l l  t o o l s  
o r  by being pressed exceseively  aga ins t  smooth, hard surfaces.  

Within recent years,  s i g n i f i c a n t  developmente i n  sanding equipuent hare 
been reported. Advantages of so-called abras ive  planning i n  preparing wood 

' f o r  g luing a r e  reported t o  be deeper c u t s  i n  a s i n y l e  pass, close to le rances  
and improved sur face  q u a l i t y  f o r  gluing. 

. . 
5.3.5.4.10 Painted surfaces .   or s t rong  b o d s  it is not p o s s i b l e  t o  

a t t a i n  good r e s u l t 8  without removing t h e  paint surface ,  fez even i f  t h e  bond 
between t h e  adhesive and t h e  t w o  sur faces ,  p a i n t  and o ther  adhereW is good, 
tbe s t r e n g t h  of t h e  j o i n t  w i l l  be no b e t t e r  than t b e  s t r e n g t h  of t h e  bond 
between t h e  su r face  t h a t  has been painted and t h e  paint .  For temporary or 
o t h e r  bonds that do not r equ i re  maximum s t reng th ,  c l e a n  t h e  pa in ted  surface  
wi th  a detergent  so lu t ion ,  abrade with a medium-grit emery c l o t h ,  and wash 
again  with detergent.  ( 4 )  
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Chapter 6. THE CONVEl~TIOl4At ADHESIVE BONDItiG PROCESS 

6.1 General discussion. In assenbliag conponents 4 adhesive bonding, the 
avai labi l i ty  of so many different  aethods of adhesive bending can be used t o  
advantage. Put t h i s  nu l t ip l i c i ty  can also be a problem to the bonder. H i s  
choice of method of application can, fo r  exsnple, r e s t r i c t  the degree of 
freedon t o  be exercised i n  designing t h e  end product. Also, the method of 
application can affec t  t b  select ion of materials that  can be wed i n  
Mnufacturing the product, and, very often, assembly cost. The following 
fac tors  must  be considered in  selecting the bonding nethcid:(I) 

o   he s i ze  and shape of t h e  parts t o  be bonded 
o The specif ic  areas t o  which t h e  adhesive is t o  be -lied 
o  he n W r  of asseablies t o  be produced 
o Tire required production speed 
o The viscosity or other characteris t ics  of the adhesive 
o The form of the adhesive (liquid, paste, powder, f i b ,  hot ne l t )  

6.2 Adhesive s t o r w e  end preparation. 

6.2.1 Adhesive storaye. Wany adheeivas must  be stored in  t h e  dark or i n  
opaque containers, while others should be stored a t  low tenperetures t o  
prolong shelf l ife.  The manuf acturer8 s directiohe, usually fwnd i n  technical 
bullet ins on the part icular  adhesive, frequently provide information on 
storage requitenents.. For example, the epoxy-phenolic film adhesive dT-424 
(Blooningdale) has t h e  following storage schedule for  newly prepared adhesive 
f i l u  which has been properly refrigerated during storage: 

Storage Temperature 

Or: O S  Useful ~ i f e ,  Days 

Basic resins and curing agents for  thermosetting adhesives ahould be kept 
apart so that  accide'atel container breakage w i l l  not lead t o  contamination 
probleas. Containers for  eelvent-based adhesives should generally be sealed 
immediately a f t e r  u s e  t o  prevent solvent loss or the  escape of toxic or 
fIam.mble ~ a ~ o r a . ( ~ ) ( 3 )  

6.2.2 Adheeive Preparcrtton. Adhesive y reparat ion requires careful 
attention. After cold storage, t h e  adhesive muet be warmed t o  the correct 
tenperature f o r  application. Usually t h i s  is room temperature, b u t  i n  -me 
cases, such as in  hot-nelt adhesives, the application temperature may be 
considerably higher, Ubere canponent nixing i s  concerned, it may be important 
t o  measure the proportions correctly i f  optimum propertie6 are required. T h i s  
is especially t rue w i t h  ca ta ly t i c  reactions (e.g. mine curing agent6 f o r  epoxy 
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resins)  where insufficient  catalyst  prevents conplete polymerization of t h e  
binder resin, while too much ca ta lys t  can lead t o  br i t t leness  i n  the cured 
material. Excess unreacted curing agents nay cause cocrosion of metallic 
adherends. Sone two-component adhesives have leas  c r i t i c a l  mixing ra t ios  (See 
Patty Polyamides under 4.3.1.5 on w r y  resin adhesives), and conponent 
volur~es maf often be neasured by eye without too adverse an e f f o r t  on t h e  
ul t i l rate  bond strength properties. ( 2 )  

The weighed-out components of multiple-part adhesives nust be mixerl 
thorouythy. nixing should be continued u n t i l  no color s treaks o r  density 
s t r a t i f i c a t i o n s  are noticeable. Caution should be take6 t o  prevent a i r  from 
being mixed i n to  the adhesive througlr over-agitation. 'r 'his can cause foaming 
of the adhesive during heat cure, resulting i n  porous bods. If a i r  does 
beconc nixed into the  adhesive, vacuum degassing nay be necessary before appl i- 
cation. Only enough adhesive should be mixed t o  work w i t h  before t h e  adhesive 
begins t o  cure. The workfny l i f e  of the adhesive (See 4.5.5) is decreased as 
the ambient temperature increases and the batch s i ze  becomes larger.  One-part 
and some heat-curil~g, two-part adhesive8 have very long working l ives  a t  coon 
temperature, and application and assembly speed or batch s i z e  are  not c r i t i ca l .  
( 4 )  

Por a large-scale bonding operation, hand nixing is costly, messy and slow: 
repeatabil i ty is en t i  rely dependent on the operator. Equipwnt is available 
that  can meter, nix, and dispense multicouponent adhesive on a continuous or 
shot basis.(4) 

6.2.2.1 Small-portion nixer-dispensers. There are a nwber of packaging 
s y s t e m  currently available which s to re  small mounts of liquid adhesive 
cotlponents (thermosetting), and provide means for  convenient nixing and 
dispersing, a l l  within the package. These may take the form of f lexib le  
p l a s t i c  pouches w i t h  rarovable dividers (clanps) separating the coaponents 
( f o r  two- or three-patt resin sys tem w i t h  mixing ra t ios  from 1:l t o  1:100). 
These contain resin anounts varying fron 2 grams u;r t o  as much as 100 grams. 
Other forms of contaioer-dispensers are  available in  the form of tuo-barrel 
hypodermic syringes fused together. Polyethylene cartr idge assenblies are 
a l so  used. The hypodermic syringes and cartr idge aaaemblies have an advantage 
over the pouches in  tha t  they make it easier  t o  apply t h e  adhesive t o  local- 
ized areas. The component6 i n  the pouches, which  are f requently colored, a re  
kneaded by hand unt i l  coxapletely mixed, as evidenced by the resulting 
uniformity of color. A corner of the  pouch is then snipped off and serves as 
a dispenser. A large number of adhesive systems are available i n  these units. '. 

6.3 Methods of adheslve application. 

6 3 . 1  General. The select ion of an wpl ica t ion  method depends on the forn 
of the adhesive: liquid, paste, powder, f i lm or hot nel t .  Other factors  
influencing the  application method are the s i ze  and shape of par ts  t o  be 
bonded, the areas whete the adhesive is t o  be applied, and productton volume 
and rate.44) 

6.3.2 Liquid adhesives. Adhesives i n  l iquid form way be applied by the 
following methods. 
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6.3.2.1 Bcushiny. Brushing is commonly use$ f o r  apply ing  aJheeive8  to 
adherends having complex shapes, o r  to  aelected a r e a s  of a surf ace wi thout  t h e  
use  o f  masko. The cont  to1 of adhes ive  f i l m  t b i c k n e s s  is l i n i t e d  and f i l n s  a t e  
o f t e n  uneven and blobbed. Bruohing r e q u i r e s  very l i t t l e  equipment: and r e s u l t s  
i n  a wininur.l of wastage. The technique  is g e n e r a l l y  not  s u i t e d  t o  rapid 
a s senb ly  work. The brushes  used should  be s t i f f .  Good brushes  may be used 
r epea ted ly  i f  they  a r e  p rope r ly  cleaned immediately U t e r  each use.(2) 

6.3.2.2 Plowing. Plowing 16 p a r t i c u l a r l y  u s e f u l  f o r  apply ing  l i q u i d  
adhes ives  t o  f l a t  s u r f a c e s  having i r r e g u l a r  shape&?. I t  is s u p e r i o r  t o  
brushing i n  t h a t  it p rov ides  a 1,lore u n i f o r n  adhesive Film ' t h i ckness  and a 
h ighe r  p roduc t ion  ra te .  Por t h i s  uethod t h e  adhes ive  is f e d  under p re s su re  
through e i t h e r  a s imple  nozzle  o r  a hollow brush. When a nozzle  is uaed, t h e  
d e v i c e  is known as a ,flow guna. U i t h  a brush  it is c a l l e d  a *fIou brushm. 
The adhes ive  should be brushed on a s i n g l e  smooth sweep. A second eweep over  
t h e  sane a r e a  is not  p r a c t i c a l  w i th  most adhes ive  types . t2)  

6.3.2.3 Sutayinq. Spraying is p r i a m t i l y  used f o r  cover ing  l a r g e  a r e a s  
having nonuniform contours.  I t  p rov ides  a h igher  product ion  r a t e  than  f lowing 
and a l s o  o f f e r s  a more uniform f i l m  th ickness .  However, t h e  s o l i d s  content  
and cons i s t ency  of t h e  adhesive nus t  be r i g i d l y  c o n t r o l l e d  t o  i n su re  an even 
coa t ing .  The equipment used f o r  sp ray ing  adheeives  is qu i t e  S i m i l a r  to t h a t  
used f o r  sp ray ing  p a i n t .  The e x a c t  equipment des ign  a d  ope ra t ing  cond i t ions  
nay be v a r i e d  to permi t  t h e  product ion  of almost  any desired type  and 
t h i c k n e s s  of coveraye. The presence  of a p o s s i b l e  h e a l t h  hazard a r i s i n g  fcoln 
s o l v e n t - s p r 8 j  mists should always be cons idered  and adequate  v e n t i l a t i o n  
provided.  ( 2 )  

6.3.2.4 R o l l  c o a t i n c .  This  technique  is based o n  t h e  t r a n s f e r  of adhesive 
m a t e r i a l  from a trough,  h-1 neaqs of a pick-up r o l l e r  p a r t i a l l y  i m e r s e d  i n  it, 
t o  a c o n t a z t i n g  t r a n s £  et rol:o~ sheet. Hat.etia1 is cont inuous ly  coated  wi th  
adhesive when f e d  between t h e  * r a a s f e r  r o l l e r  and a p r e s s u r e  r o l l e r  which is 
a d j u s t e d  t o  d e t e r n i n e  the coat  ..hfcknesS. Tt-ir method is most s u i t a b l e  f o r  
apply ing  adhes ives  t o  f l a t  s h e e t 8  and f i l m s ,  and may be used f o r  p a r t s  a8 
lacge as 6 f t .  (1.83 n) i n  widtn. Uhere it 4~ f e a s i b l e ,  it p rov ides  t h e  
h ighes t -poss ib l e  product ion  r a t e  and the m s t  aaifocnt y o s s i b l e  coverage. On 
many occasions,  when s n a l l  e t a p i n g s  must be coated,  it is econonica l  t o  
ro l l - coa t  l a r g e  ehee t s ,  than  c u t  the parts frosl the coated  shee t s .  The 
wastage of coa t ing  on t h e  unused p o r t i o n s  is rarely aa c o s t l y  a s  t h e  coa t ing  
of awe11 i n d i v i d u a l  p a r t s .  ( 2 )  

tihen n u l t i y  le  coats'of adhes ive  must be applied (by any process), t h e  nos t  
unif0mI f i l m  th i ckness  is achieved by apply ing  t h e  second coat perpendicular  
t o  t h e  f i r s t .  I n  add i t i on ,  t h e  time between euccess ive  coat8 n u s t  be c a r e f u l l y  
r egu la t ed .  TOO s h o r t  s d r y i n g  time may r e s u l t  in sagging,  bubbling o r  b l i s t e r -  
ing ,  whi le  t o o  long a t i n e  nay lead  t o  t h e  l i f t i n g  of e a r l i e r  coats.(Z) 

6.3.2.5 Knife coa t inp .  T h i s  method employs an a d j u s t a b l e  k n i f e  blade, bat ,  
o r  rod t o  c o n t r o l  t h e  d e p o s i t i o n  of adhesive flowing o n t o  a sheet: moving under 
t h e  blade. The d i s t a n c e  between t h e  blade edge and t h e  adherend s u r f a c e  
d e t e r n i n e s  t h e  adhesive c o a t i n g  th ickness . (  2)  
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6.3.2.6 S i l k  s c t een inq .  T h i s  manual t echn ique  is used to  i n s u r e  t h a t  when 
s e l e c t e d  a r e a s  o r  p a t t e r n e d  s p a c e s  a r e  adhes ive ly  coa ted ,  low-viscoeitY 
adhes ives  work  well because they  pass readily through t h e  c l o t h  o n t o  t h e  
work. Uovever, only  r e l a t i v e l y  t h i n  f ilas can  be a p p l i e d  by t h i s  nethod. By 
f i l l i n g  t h e  p o r e s  i n  a c l o t h  ove r  a r e a s  t o  rewain uncoated and l eav ing  o t h e r  
p o r t i o n s  of t h e  c l a t b  u n f i l l e d ,  e f f e c t i v e  raasking is set up. Then t h e  
adheslve i s  poured on t o p  of t h e  c l o t h  and a cubbet squeegee . . is used t o  
f a c t l i t a t e  f l ow of t h e  adhes ive  down through t h e  c l o t h .  The squeegee, by 
i t s e l f ,  is ano the r  manual method of apply ing  adhesive.  A s  a g e n e r a l  ru l e ,  
f as t -d ry ing  o r  tacky adhes ives  cannot  be s a t i s f a c t o r i l y  s i lk-screened.  ( 1) ( 2 )  

6.3.2.7 O i l  can and squeeze  b o t t l e .  The hand-purap o i l  can  and t h e  
po lye thy lene  squeeze b o t t l e  are o f t e n  used f o r  s p o t  a p p l i c a t i o n  of adhesive.  
\#here it is necessary  to  apply adhes ive  i n s i d e  a b l ind  ho le  or some o t h e r  point- 
w i t h  l i u i t e d  access, t h e  o i l  can wi th  a s t e n  of a p p r o p r i a t e  l e n g t h  can  be a 
s imple  s o l u t i o n .  T i p s  a t  t h e  end of t h e  stem can be devised  t o  d e l i v e r  
m u l t i p l e  s p o t s  of adhesive.  The squeeze bottle can  sometimes be used f o t  t h e  
same purpose, and a l s o  t o  apply  a cont inuous  bond. Some l i q u i d  adhes ives  a r e  
supy l  i e d  i n  squeeze -bo t t l e  con ta ine r s .  %hen us ing  po lye thy lene  squeeze 
b o t t l e s ,  care should be taken that the adhesive w L l l  not affect the poly- 
e t h y l e n e  i tself .( l)  

603.2.6 Hand dipping.  The d ipping  p r o c e s s  is capab le  o f  speeding  up t h e  
c o a t i n g  of r e l a t i v e l y  l a r g e  su r f aces .  Automatic v e r s i o n s  a r e  t h e  most s a t i s -  
f a c t o r y ,  bu t  hand d ipping  can  be used t o  speed up t h e  a p p l i c a t i o n s  of adhesive.  
The d e v i c e s  used t o  f a c i l i t a t e  i rmer s iod  of p a r t s  i n t o  t h e  adhes ive  ba th  o r  
t rough  range f tom baske t s  t o  s c r e e n s  t o  p e r f o r a t e d  d r u n s . ( l l  

6.3.3 Pas t e s .  Bulk adhes ives  such  a s  p a s t e s  o r  mastics a r e  t h e  s i m p l e s t  
and iaost r ep roduc ib l e  adhes ives  t o  apply. These systems can be t roweled  on o r  
ex t tuded  through a cau lk ing  gun. L i t t l e  o p e r a t o r  s k i l l  is requi red .  S ince  
t h e  t h i x o t r o p i c  na tu re  of t h e  paste p r e v e n t s  it from f lowing e x c e s s i v e l y ,  
a p p l i c a t i o n  i s  ueually c lean ,  and not  much was te  i8 gene ra t ed . (3 )  

6.3.3.1 s p a t u l a s ,  knives,  t rowe l s ,  A s imple  apply ing  t o o l  p a r t i ~ ~ l a r l y  
e f f e c t i v e  f o r  hard-to-spread adhes ives  is t h e  s p a t u l a .  Knives and t rowe l s ,  
both of which may have notches  c u t  i n t o  t h e i r  apply ing  edges, are v a r i a t i o n s  
of t h e  s p a t u l a .  The d e p t h s  of notches  and t h e  syac iny  between than  help 
r e g u l a t e  t h e  mount of adhes ive  app l i ed ,  Uolding t h e  b l ade  f i r m l y  end a t  a 
r i g h t  ang le  t o  t h e  s u r f a c e  is e e s e n t i a l  f o r  proper  adhes ive  a p p l i c a t i o n .  The 
p r e f e r r e d  shape  f o r  s p a t u l a  notches  is equare.  T r i a n g u l a r  notches  p r e s e n t  
s h a r p  t e e t h  which wear o u t  much fas ter  t h a n  t h e  wide c o n t a c t  s u r f  a c e s  of t h e  
s q u a r e  notches.   hallow, rounded and c l o s e l y  spaced notches  a r e  of t e n  used 
wi th  adhes ive6  of  h igher  l i q u i d  con ten t s ,  because such notches  e r n i t  t h e  
adhes ive  t o  f low t o g e t h e r  and f om a cont inuous  unbroken f ildl 7 

6.3.4 POvdgte. Powder adhes ives  c a n  be a p p l i e d  i n  t h r e e  ways. They may be 
s i f t e d  i n t o  a preheated  s u b s t r a t e .  The powder which f a l l5  i n t o  t h e  s u b s t r a t e  
melts and adheres.  The assembly ie t h e n  mated and cured  acco rd ing  t o  
recommended p tocesses .  A prehea ted  s u b s t r a t e  could  a l s o  be dipped i n t o  t h e  
powder and t h e n  e x t r a c t e d  wi th  an  a t t a c h e d  c o a t i n g  of adhesive.  T h i s  method 
h e l p s  t o  a s s u r e  even powder d i s t r i b u t i o n .  L a s t l y ,  t h e  powder can be n e l t e d  
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into a paste or liquid and applied by conventional means. Powder adhesives 
are generally one-part epoxy-based system that requite heat and pressuse to  
cure. ?hey do not require metering, but often nust be refrigerated for 
extended shelf l i fe.  Because coating uniformity i e  poor, latge variations of 
joint strength nay result wi th  powder adbeei ves. t 4 )  

6.3.5 Pilne. The Use of dry adhesive fi lm (See 4.2.5 Y i l m  and Tape 
Adhesives) i o  expanding more rapidly than other forms because of the following 
advantages : .. 

o High repeatability - no mixing or meteringr constant thickness 
o Ea6e of handling - low equipment cost, relatively hazard-free; clean 

operating 
o Very l i t t l e  waste - preforma can be cut t o  size 
0 Excellent physical propecties - wise variety of adhesive types available 

F i l m  adhesives are limited t o  f l a t  surfaces or simple curves. Application 
requires a relatively high degree of care t o  insure nonwrinkling and removal 
of separation sheets. Characteristica'of available f i l n  adhesives vary widely, 
depending on the type of adhesives used. F i l m  adhesives are supplied in  both  
unsupported ancl supported types. The carrier  f o t  supported films is generally 
fibrous fabric or mat. F i l m  adheeivee are supplied as heat-activated, 
pressuce-sensitive, or solvent-activated f o m .  Solvent-activated adhesives 
ace made tack'j and pressure-sensitive by wiping with solvent. This type of 
adhesive i s  not as strong as other typee, but  is well suited for  contoured, 
cu rved, or irregularly shaped parts. Manual solvent-react ivation methods 
should be closely nonitored eo that excessive solvent is not used. Chemical 
formulations available i n  solvent-activated f ilma include neoprene, ni t  r i l e ,  
and b u t  ryal-phenolics. Uecorative trim and naaeplatea are usually fastened 
onto e product w i t h  solvent-activated arthesives.(l) 

6.3.6 trot-nelto. Although thew are a number of variations i n  equipment, 
two basic types of sjstens are used t o  heat and apply hot-nelt adhesives: 
melt-reservoir and progressive-feed systems. (see also 4.2.3 Clot-melt 
~dhesives)  ( 5 )  ( 6 )  

6.3.6.1 ~e l t - rese rvo i r  eystens. (tank-type applicators) T h i s  type 
consists of a melting pot or reservoir, a pump, f e d  hose, and an extrusion 
gun or applicator wheel t o  apply the melted adhesive to  tbe product. Spray or 
jet guns are ale0 used in packaging applications. Metering pumps provide the 
reqUi red amount i n  automated systems1 eut cusi on guns are t riggered manually 
for  assembling products that do not lend themselves t o  automation. Hot-melt 
adhesive is loaded into the reservoir i n  granular, block or chip fotn, where 
i t  is heated and maintained a t  the desired delivery temperature. A typical 
reservoir system holds abbut 10 pounds (4.54 kg) and some systems accommodate 
two or more delivery guns - each equipped w i t h  separate heating controls. 

One of the main advantages of reservoir-type ByStem€i is that they use 
adhesive materials i n  the i r  least  erpensive form. Granular or pellet-fom 
adhesives i n  b u l k  quantities cost only one-quarter t o  one-third as much as the 
eane adhesive i n  cartridges or elug-form. Tank system also have higher  
delivery rates than yrogressive-feed equipnent - important for  assembling 
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products with  several feet of bonded length - and they require less frequent 
loading. Adhesive oulput nay valcy from 10-20 Ibs. (4.5-9.1 kg) per hour, 
depending on the adhesive used. Operation teuperatures are under 4000P 
(204OC). These systems ate excellent for handling low-perfomance, 
low-viscosity adhesives (l,000-50r000 cps) (1-50 Pa.s). 

llhile the reservoir-type system has the advantage of holding a large mount 
of fluid adhesive i n  readiness. it also has  some drawbacks. Maintaining a 
uniform ter;lperature i n  this large volume of adhesive is sometimes difficult. 
since fresh solid adhesive mat be added a t  periodic intervals. If the 
temperature of the fluid adhesive is too low at  the nozzle the bond nay be 
degraded, or carbonized deposits may form and plug the nozzle. The higher-per- 
formance hot: melts are especially susceptible to these problem. These 
fortnulationa have higher mlecular weights and higher viscosities and they 
degrade laore rapidly when heated i n  the presence of oxygen than the packaging 
hot: melts. These materials require very close temperature controls and, for 
optirnura results, elinination of oxygen from the dispersing systen. 

6r3r6.2 Progressive-feed systems. These systems heat only a small amount 
oP adhesive a t  a tine, t h u s  alirainating some of the problem inherent i n  a 
reservoir systera. Several versions of progressive-feed or wfirst-in, 
*first-out* equipment are i n  use, In one type, granules or pellets of 
adhesive are loaded into a hopper. The adhesive melts on a heated grid, then 
Elow9 t o  a gear pump and i s  imaediately tranferred under pressure, through an 
electrically-heated hose. to a heated gun. This equipment can feed hot melts 
a t  the rate of 20 pounds (9.1 kg) or mre per hour, even though less than a 
pound of adhesive is maintained in  the ntolten state. 

Another type of PI'-qressive-feed system is a self-contained applicator gun 
(portable hot-m.1 -3. T h i s  system requires no insulated hose, because the 
adhesive i s  melt. .1 the gun, from adhesive cartriilges, pellets (slugs) or 
coiled cord. I11 -31: \~:-ing cartridge or pellet adhesives, a i r  pressure aoves 
the fluid adhesive 80 t e nozzle; i n  the coil-fed systen, the coil is mechani- 
aally driven, whxah forces the adhesive through the gun into the workpiece. 

Progreesive-feed systems benefit from the first-in, first-out principle of 
application, which minimizes the possiblity of adhesive degradation, and 
permits t h e  use of higher-performance (usually more heat-sensitive) materials. 
Operating temperatures range f ron 350-6000~ (176-3150c). Anotber advantage 
of self-oontained applicators is their portability. These guns handle high- 
pedorrdance adhesives with viscosities up t o  500,000 cps (5000 Pa.s) of the 
type that are used for structural applioations. A disadvantage of these 
systems, for some adhesives, (principally polyaraides), f s  that there is no 
holding period t o  allow time for moisture flash-off. Material cost is higher 
than -for systems that use the granular form, as indicated under 6.3.6.1. The 
lower delivery rates (3-4 pounds) (1.4-1.8 kg) per hour of cartridge and 
coil-type progressive-feed systems may be a limitation, but only for 
applications requiring very long adhesive beads. These applicators cannot be 
used for  tacky or low-durometer adhesives r~ithout special arrangements. 
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bland-held a p p l i c a t o r  urn of t h e  type  descr ibed  above can be used f o r  
a p p l i c e t  i o n s  such as: ( 5 9 

P l a s t i c  t o  wood or metal 
Heta l  p a r t s  a e s e n b l i e s  
F fbe rg le s s  t o  wood l aminates  
Poau padding to metal and mod 
Decorat ive pane l s  and r e l i e f s  to wood o r  meta l  
Chipboard t o  wood o r  netal 
Doweling and tongue-and-grooving 
\ l e l t  and g i w  at tachment 
Moldinys t o  c a b i n e t s  
P o t t i n g  of elect conic  p a r t s  
Re2lacement f o r  j i g s  and f i x t u r e s  

6.4 J o i n t  Assembly Hethods. Many methods have been developed f o r  
assembling bonded j o i n t a t  a l l  have c e r t a i n  basic p o i n t s  i n  common: 

o The su r f  ace  of t h e  adhesive coa t ing  must becone l i q u i d  a t  some po in t  i n  
t h e  process  t o  i n s u r e  good con tac t ,  

o Fore ign  n a t e c i a l s ,  such as s o l v e n t s  and n o i s t u t e ,  nus t  be expel led  f r a n  
t h e  j o i n t  t o  prevent  t h e  format ion  of voids. 

0 Pressure must be app l i ed  t o  t h e  j o i n t  u n t i l  t h e  adhesive sets 
s u f f i c i e n t l y  t o  hold t h e  assenbly  t o g e t h e r  t o  prevent  l a t e r  acc identa l  
misalfgnnent. Hh i l e  va r ious  s p e c i f i c  methods of j o i n t  assembly may 
d i f f e r  i n  d e t a i l ,  most nay be c l a s s i f i e d  a s  one of f o u r  basic methods 
described below: wet assembly, pres su  ce - sens i t i ve  bond iny , so lven t  
a c t i v a t i o n ,  and hea t  a c t i v a t i o n .  

6.4.1 \Jet assembly.  his is probably t h e  ccmnonest of t h e  joint-assembly 
methods. U i th  porous adherends, i t  nay be used with any type  of adhesive t h a t  
w i l l  wet t h e  adhe rend s u r f a c e  wi thout  being heated. HLth nonporous adhe rends, 
however, wet assembly is p r a c t i c a b l e  on ly  when t h e  adhesive used conta in6  no 
v o l a t i l e  s o l v e n t s ,  s i n c e  o therwise  t h e  sea l ed - in  so lven t  would produce voids. 
The process  c o n s i s t s  ea tsent ia l ly  i n  a l i g n i n g  the p a r t s ,  p rees ing  then  toge the r  
while  t h e  adhesive coa t ing  is e t i l l  wet from app l i ca t ion ,  end na in t a in ing  t h e  
p re s su re  u n t i l  t h e  bond is e t rong  enough t o  hold t h e  aseenbly t m e t h r r .  To 
nin imize  t h e  l eng th  of time t h a t  t h i s  p r e s s u r e  must be maintained, t h e  adhesive 
coa t ing  is usua l ly  permi t ted  t o  p a r t i a l l y  dry  be fo re  assembly. The pe rmis s ib l e  
predryiny  t i n e  is kwun as t h e  ,open assenbly  t i m e .  of t h e  adhesive.  

6.4.2 P res su re - sens i t i ve  and c o n t a c t  bonding. These methods a r e  usable  
on ly  when t h e  adhesive r e t a i n s  some t a c k  when dry. The j o i n t  assenbly 
processes  used f o r  each a r e  i d e n t i c a l ;  the only  d i f f e r e n c e  i e  t h a t  v i t h  
pressuse-sensitive bonding only  one of t h e  adherends is coated,  whi le  w i t h  
c o n t a c t  bonding, both ere coated. Por both processes ,  t he re fo re ,  j o i n t  
a s senb ly  c o n s i s t s  of p e m i t t i n g  t h e  adhes ive  coa t iny  t o  d ry  completely, 
a l i g n i n g  t h e  p a r t s ,  and g r e a s i n g  them t o g e t h e r  t o  fom t h e  bond. 
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604.3 Solvent activation. Yhis is essentially a postponed wet assembly 
process and, as such, is usually unsuitable for nonporous adherends. I n  addi- 
i o n ,  it can be used only wi th  adhesives that can be reactivated by solvents 
(un l ike  t a s k  two-part adhesives). Solvent activation is primarily desirable 
when it is convenient to precoat parts that are to be bonded at  a later  date, 
or when the adhesive used has an exceptionally low drying rate. Solvent 
activation consists of permitting the adhesive coating to dry completely, 
dampening the eurface of the coating with  a fast-drying solvent, such as methyl 
ethyl ketone, quickly aligning the parts, and proaptly applying pressure u n t i l  
the adhesive sets  suEf ioiently to hold the assembly together. Water IEs used 
as the solvent: for  agur;llaed* adhesives such as are used in gumtaed taped labels. 
Hater-activated adhesives are usually ~ a d e  Erorn aninal glue or dextrin 
(see 4,4.8.2.3 and 4.4.8.1.2). Adhesives activated w i t h  organic solvents have 
not received wide acceptance because of the f i r e  and health haaard involved 
and the inaonvenience of activating wi th  solvents, They are used in certain 
applications where a p ressure-sensit ive adhesive tape cannot supply the bond 
strength, solvent- or heat-resistance required. ( 7) 

6. 4. 4 Heat. activation. T h i s  method may be used only wi th  adherends that 
can tolerate heat. since no volatile solvents are employed, it is especially 
useful with nonporous adherends. However, it i s  suitable only for adhesives 
that: can be reactivated by heating, Two-part adhesives are therefore excluded. 
Heat activation consists of permitting the adhesive coating to dry cotnpletely, 
aligning the parts, heating them, applying pressure so that the adhesive flows 
together, then allowing the adhesive to cool sufficiently to forn the bond. 
Occasionally the parts are heated before their bonding surfaces are aated. 
tleat-activated adhesives are used on tape8 which-can be applied with heat and 
pressurce. Zhey can be made groa a wide variety of themoplastia solvents such 
as waxes, polyethylene, cellulose esters and ethers, nitrocellulose, polyvinyl 
aaetate, polyvinyl chloride and many rubber-resin combinations. !typical tape 
applications are in  fabric-mending tape and paperboard box manufacture 
(etay-tapes). Heat-activated adhesives provide a very high irreversible 
bond. .No f i r e  or health hazards are involved in their application. One dis-  
advantage is the need for special high-temperature presses to apply t h i s  type 
of adhesivec(7) 

6'5.1 General, After the adhesive is applied, the assembly taust be mated 
as quickly as possible to prevent contamination of the adhesive surface. The 

e substrates are held together under pressure and heated, if necessary, u n t i l  
cure is achieved. Yhe equipment required t o  perforn these functions wst 
provide adequate beat and pressure, maintain constant: pressure during the 
entire aure cyale, and distribute pressure unifomly over the bond area. For 
adhesive@ curing w i t h  simple cmtaat: ressure a t  room temperature, extensive 
bonding equipment is not necessary,(B f 
The exact aondi tions required for  curing adhesive joints depend on the 

properties of the specif i c  adhesive used. 2he manuf aoturer of the adhesive 
will invariably recommend the procedure best suited. I n  most instances curing 
i s  acoomplished through the application of heat, or pressure, or both, 
Depending on the properties of the adhesive, curing pressure may range from 
contaot pressure (1 t o  5 psi) (6.9 to 34.5 kPa) to 500 psi (3447 kPa), while 
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curing temperatures may range from room temperature up to  6620~ (3500C1, 
although the riaxinun teziperature usually used is 3509 (1770C). With 
ceramic-based adhesives dependent upon a sintering action for  adhesion, the 
processing tenperatures can reach 982Op (18000~). ( 2 )  

6.5.2 Pressure equipment. Pressure devices may 'be designed t o  rilai ntai  n 
constant pressure in the bond during the ent i re  cure cycle, They aust 
compensate fou-thickness reduction from adhesive flow-out or thermal expansion 
of- assembly parts, Thus, screw-activated devices such as C-clanrps and bolted 
f ixtures  are not acceptable when constant pressure is important. Spring 
pressure can often be used to  supplement clamps and cov@erlsate for  thickness 
variakfons, Dead-weight loading may be applied i n  many i nstances. Th is  
loading takes the form of -bags of sand or shot, or similar matecials. Dead 
loads say be used only in  relatively f l a t  adherends' t o  provide relatively low 
presaures; Phe nethod. is impractical tor  beat-cure conditions. (4 )  

. . 
Pneumatic and hydraulic pressures are excellent tools for  applying constant 

pressure. Steam-heated or electrically-hezted platen presses with hydraulic 
rams are often used for  adhesive bonding. Some units have multiple platens, 
thereby permitting the bonding of several assemblies a t  one time. Large 
bonded areas, such as -on aircraEt parts, are usually cured i n  an autoclave. 
The parts  are mated f i r s t ,  and covered wi th  a rubber blanket t o  provide 
uniform pressure.'distribution. The assembly is then placed in  an auto- 
clave which can be pressurized and heated. This method requires heavy capital- 
equipment investment. ( 4 )  In autoclave bonding pf essure i n  the assembly is 
applied as f luid pressure obtained principally from compressed air ,  and in  
older i n s t a l l a t i ~ n s ,  from steam. ?he actual pressure on'the parts is exerted 
by the pressure different ial  over the autoclave blanket or nearbrane, which is - 
connected via an air t ight  seal  w i t h  the bonding table. The different ial  can 
be produced by placing the assembly on a sealed table i n  a pressure.vesse1, 
whkle t h t  asserably is aonnacted with the'stanosphere or a vacuwc installation. 
The principle oE adhesive bonding in  an autoclave is shown i n  Pigure 29. 

.\ 
Aa from 

. cMnpCcs*- 

FIGURE 29. Principle of adhesive bonding in  an autoclave. Fbe hot, 
compressed a i r .  supplies both curing temperature and pressure. 
The flexible blanket is forced against the asmmbly.by the . 

pressure resulting f row the compressed a i r  in  the autoclave 
and the vacuum pressure under the blanket. (O.1 
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The autoalave itself can be efther cylindrical or the clam-shell (watch-case) 
type. The lat ter  is limited to relatively onall panels. Heat and pressure 
can be applied by injection of live stem. Suhequent injection of cold a i t  
w i l l  allow for a relatively rapid cooling. The advantages of live steam are 
simple operation and ohort curir?rj cycles. The disadvantages are appreciable 
i n  number. fndependent varintiono oP teaperature and pressure are impossible. 
%he high raoisture content in tile autoclave leads t o  several practical problem, 
of tihich the entry of raoisture i n t o  the bonded joints, before the f inal  cure, 
is an inportant one. %!be most cota~only used way of pressurizing is application 
of cocqrremed a i r  f rou an accuraulator next. to the autoclave. ( 8) 

Autoclaves can heated with s tem lines; I~owever, high-yressute steam 
lines present a l i m i t i n g  factor because of the danger of live steazn escaping 
if t h e  piyes break down. For temperatures up to  4 0 0 0 ~  (2040C), circula- 
t i n y  hot air  is used to heat t h e  autoclavos. To nininize the possibility of 
f i re,  inert gases such as carbon dioxide or a i t roge~~  uay be used. Most 
autoclaves are designed for a msxb~ura pressure of 200 psi (1379 kPa). cold 
a i r  is circulated through tho autoclave after the cure to drop the temperature 
as quickly as possible. \ t i th  hot-air or inert-gas heating, tenpetature-rise 
f imeo are a b u t  20°c (3GoF) per riinute, ;lowever, wi th  soue adhesivea such 
as nylon-epoxies t h i s  is too slow. In order to increase the  heat-up rate to 
5.4-10.0ol? (3-6%) per minute, electrically-heated platens are used in tbe 
autocrlave to  augraent the hot-air heat. (9) 

Autoclave bonding gene rally involves high y ressu res which can create 
aSSe&ly distortion proble~it8 not significant in other bonding equipment, For 
example, variations in glue-line pressure due to non-conformity of assembly 
parts i s  often a problem wi th  autoclave bondirry. The concentration of bonding 
pressure a t  adberend edges causes thinning 02 the glue-lines a t  the edge, 
which nay lead to  ifistonkion oE the structnre.(2) 

Vacuum bags are effective not only i n  applying pressures, but also i n  with- 
drawing any volatiles produced in curing, ?his type of agse&rbly is usually 
carried' out with f l a t  panels, or panels of simple conkours, where light 
pressures suffice t o  hold mating surfaces i t r  contact. such an assembly can be 
laid on a steam-heated o r  electrically heated, water-cooled table. A rubber 
blanket or plastic sheet, such as po3.yvinyl alcobol, is placed over t h e  
assanbly and sealed to the table w i t h  a bead-type seal. ?he table i s  provided 
with a pipe or hose outlet to a vacuum purap. Uhen the vacuum is applied, 
atmospheric pressure holds the assehlbly together. ?he table is then beated 
and the aifhesfve is cured. %h i s  type of equipment is considerably less 

' cumbersone than a press, but is l imi ted  to assemblies that need no more than 
atmospheric pressure (14.7 psi or 101.3 kPzt).(g) Greater pressures m y  be 
achieved by using apressure barsa between the wall of the bag and the enclosed 
joint. For exanplo, 60 psi (412 kPa) may be achieved on a 1-inch (2.54 cn) 
joint by using a ?-bar wi th  o 1-inch (2.54 cm) Eace over the joint and a 4- 
inah (10.16 cn) face against the wall of the bag. 

6.5.3 Heating equipment, Many structural adhesives require heat as well as 
pressure. Host often the strongest bods are achieved by an elevated- 
tempernture aure. With many adhesives, trade-offs between cure time and 
teinpe tature are permissible. Bet genecally the raanuf acturer w i l l ,  ~ecoramend a 
Certain curing schedule for opthuru properties. If, for example, a cure of 
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- 60 min a t  300- (1490C) is recommended, t h i s  does not mean t h a t  t he  
assembly should be placed i n  a 3000P (1490C) oven f o r  20 win. It is the  
bond l i n e  t h a t  should be a t  3000P (1490C) f o r  60 min. Total oven tikite 
would be 60 min p l u s  whatever time is required t o  bring the  adhesive up t o  - 
3 0 0 ° ~  (1490C). Large p a r t s  a c t  a s  heat s i n k s  and may require  subs t an t i a l  
the f o r  an adhesive i n  t he  bondline t o  reach the  necessary t ewera tu re .  
Bond-line temperatures a r e  best  measured by thermocouples placed very c lose  t o  
t he  adhesive. I n  some cases  it nay be des i r ab le  t o  p lace  a thermocouple i n  
t h e  adhesive j o i n t  f o r  t he  f i r s t  few assemblies being cured.(4) 

Direct heat curinq. 

6.5.3.1.1 Oven hea t ing  is t h e  -st common source of heat f o r  bonded par t s ,  
even though it requires  long curing cyc les  because of t h e  heat-sink ac t ion  of 
l a r g e  assertiblies, Ovens nay be heated with gas, o i l ,  e l e c t r i c i t y ,  o r  i n f r a red  
uni ts .  Good a i r  c i r c u l a t i o n  wi th in  t h e  oven is mandatory t o  prevent 
nonuniform heating.(.4) Recent oven models r ea l i ze  temperatures of 450 2 
1% (842 2 1 .80~) , (2 )  

6.5.3.1,2 Liquid baths. Various l i q u i d s  are used t o  provide rapid heat 
t r a n s f e r  by conduction. Water is comraonly used, but  f o r  higher curing 
temperatures mineral o r  s i l i c o n e  o i l s  are required. The s i l i c o n e  o i l s  a r e  
usefu l  i n e r t  and non-toxic heating media f o r  temperatures up t o  57203 
(300°C). Di rec t  contact  between t h e  bond and t h e  heating medium should be 
avoided. The method depends on heat conduction through the  adherend t o  cure  
t h e  adhesive. ( 2 )  I 

6.5.3.1.3 Hot presses  o r  platens.  T h i s  equipment relies on e l e c t r i c a l  
res i s tance  hea ters  o r  steam t o  provide heat t o  t h e  p la tens  corapressinq t h e  
bonded assembly. The higbest  temperatures a r e  obtained with e l e c t r i c a l  
heating elements. These elemen?:: can be cont ro l led  by relay control ,  where 
t h e  curing cycZe involves varioue temperature-time stages. Steam heating is a 
f a s t e r  process and it is o f t en  advantageous t o  c i r c u l a t e  cooling water through 
the  piping a f t e r  curing, This technique is p a r t i c u l a r l y  e f f ec t ive  i n  bonding 
assemblies t h a t  must be cooled under pressure. ( 2) , 

6.5.3,2 Radiation curinq. This  technique, involving inf ra red  rad ia t ion  
heaters ,  produces an increase  i n  t h e  heat-transfer r a t e  exceeding t h a t  of oven 
heaters .  Inf rared lamps provide a usefu l  way of removing so lvents  from 
contac t  adhesives p r i o r  to bonding, and are useful  i n  t h e  rapid heating of 
loca l ized  areas  of a substrate .  The rate of heat t r a n s f e r  is dependent t o  
some extent  on t h e  co lor  of t h e  workpiece; t h e  darker the  par t ,  t h e  laore rapid 
t h e  heating.(2) * 

6.5.3.3 E l e c t r i c  res i s tance  heaters.  ~ n ,  t h i s  method a conductive s t r i p  of 
metal is embedded i n  t h e  adhesive t o  act as an i n t e r n a l  res i s tance  heater. 
The heating of t h e  bond is achieved by t h e  passage of e l e c t r i c  cur ren t  through 
a me ta l l i c  adherend o r  conductor within o r  adjacent t o  t he  glue l i n e  f o r  
non-metallic adherends. Recently, g raphi te  has -been used as an i n t e r n a l  
e l e c t r i c  res i s tance  heater  f o r  curing s t r u c t u r a l  adhesives, The graphi te  is 
a v a i l a b l e  i n  var ious physical  forms, such as felta, yarns, woven f a b r i c s  and .  
tapes. It can be u t i l i z e d  as a heating element over a wide temperature range 
UP t o  680°F (360°C) i n  a i r  and beyond 5072O~ (2800°c) i n  an i n e r t  
atornosphere. A negat ive coe f f i c i en t  of res i s tance  with temperature prevents  
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current  surges during heating. Hapid heating and cooling of the  c lo th  resu l t s  
from the  low thermal mas8 and high en ias iv i ty  of radiation per  uni t  area of 
g r a y l ~ i t e  fabric .  Yhis in te rna l  heat surface method rrith graphi te  cesiatance 
elements provides bond strength of jo in ts  which compare favorably with s imi la r  
Jo in ts  prepared by oven curing. Advantages of t h i s  nethod over conventional 
external  heatiny methods are: (21  

o Rapid at ta innent  of curing temperatuce, oince the adhesiLe is heated 
d i rec t ly ;  .provision is usually made f o r  heat loss  t o  adherends and the  
env i ronuent . 

0 Easy applicat ion of heat t o  localized areas of an assbnbly. 

o Pabcication of assemblies w i t h  high-temperature-curing adhesives without 
the r isk of d i s to r t i on ;  unifotm heatlny of f ab r i c  eliminates hot spots. 

0 c loser  cont rol of glue-line temperatures w i t h  consequent rea l iza t ion  of 
naxinuw adhesion performance. The f ab r i c  ac t s  as  a glue-line spacer and 
insures unifom thickness of the adhesive layer. 

0 Rest r i c t i on  of heating t o  t he  glue-line, thereby avoidiny unnecessary 
heating of adherends ; reduced expenditure on large assemblies Lo1lowi.ng a 
lower power consumption. 

o S inp l i c i t y  of process, obviating the need for ovens or  platens;  ready 
on-si te  repair of damaged assenblies i n to  transportable power equipment. 

0 Healizat ion of inprovenents i n  design and on-site modif ica t ions  t o  
st ructutal  u n i t s ,  i n  e coon-tempecatu re environment. 

The graphite-fabric technique may be used t o  advantage with hot-melt 
adhesives t o  achieve eas i e r  processing. In  conventional usage asse~abl ies  a r e  
heated up t o  t h e  melting point of the hot n e l t  (applied as e f i lm  o r  powder 
between the adherends) and then cooled. By inpregnating graphi te  f a b r i c  w i t h  
the  hot melt and passing a current f o r  a shor t  period t o  l iqu i fy  the  adhesive, 
the need t o  heat up and cool down the e n t i r e  assembly is eliminated and 
processing t i n e s  thereby considerably reduced. ( 2 )  

Other methods f o r  e l e c t r i c a l  heating of bonded asseabl ies  u t i l i z e  
wrap-around e l e c t r i c a l  heating tapes or reeistance elements within the j ig  
supporting the jointed atructute .  z t  is generally d i f f  l c u l t  t o  a t t a i n  unif onn 
heat in9 w i t h  these methods. ( 2 )  . . 

6.5.3.4 Pish-frequency d i e l e c t r l c  ( radio-£ requency) heatiny. The curing of 
glue-lines by heat conduction from hot p la tens  is ine f f i c i en t  where thick 
non-conductive adhe tends are involved. kiigh-f requency d i e l e c t r i c  heating 
has been developed ae a curing means f o r  bonds based on organic polar  
mater ials  o r  mater ials  t h a t  behave as  polar materials through the  water they 
contain, which a r e  poor conductors (unl ike rnetals For which inductive heating 
is prefer red)  or  insu la tors  (e.g. polystyrene). T h i s  process is par t icu lar ly  
e f f ec t ive  with the thermosetting resins  used f o r  broodworking applications, 
and, t o  a l e s se r  extent,  animal and casein glues. The process is based on the 
absorption of energy by t h e  adherend ne t e r f a l  ( o r  d i e l e c t t i c )  when it is 
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p laced  i n  an a l t e r n a t i n g  e l e c t r i c  f i e l d .  ~t high f r equenc ie s ,  Pron 
10-15 X lo6  kiZ8 molecular  v i b r a t i o n  ( resonance)  occurs ,  which l e a d s  t o  
hea t  g e n e r a t t o n  v i t h i n  t h e  m a t e r i a l ,  provided t h e  m a t e r i a l  has  a n  a p p r o p r i a t e  
l o s s  F a c t o r  a t  t h a t  f reyuency. ~ i g h  l o s s  f a c t o r s  f a v o r  r ap id  h e a t i n  . (1rOTE: 4 l o s s  f a c t o r  - d i e l e c t r i c  cons t an t  ( p e r m i t t i v i t y )  x power f a c t o r ) . ( 2 )  lo) 

6.5.3.5 Xnduction heat inp.  T h i s  is s i m i l a r  t o  d i e l e c t r i c  hea t ing .  Electric 
powet is used t o  g e n e r a t e  hea t  i n  a conducting ma te r i a l .  Hence t h e  technique  
is a p p l i c a b l e _ t o  metal  adherends o r  t o  adhes ive  m a t e r i a l s  f i l l e d  wi th  meta l  
powder. I f  one adherend is conduct ive  and t h e  o t h e r  non-conductive, 
e i t h e r  d i e l e c t r i c  o r  i nduc t ion  hea t ing  may be appl ied .  The p o s e i b i l i t y  of 
hea t  c h a r r i n g  t h e  adhesive,  where r ap id  hea t  cu r ing  is involved, should be 
recognized and c a r e  taken  t o  provide  adequate c o n t r o l  of hea t  input .  Rapid 
hea t ing ,  i n  yene ra l ,  should be avoided.(Z) 

6.5.3.6 Low-voltage hea t inq .  T h i s  method u t i l i z e s  t h e  p r i n c i p l e  of 
r e s i s t a n c e  hea t ing  i n  a sinple and s t r a i g h t f o r w a r d  manner. The use of l o w  
vo l t age  pe rmi t s  a cheap hea t ing  element t o  be used and a l lows r e l a t i v e l y  s a f e  
handling. Por  e f f i c i e n t  o p e r a t i o n  t h e  h e a t i n g  element should b@ i n  d i r e c t  
c o n t a c t  wi th  t h e  work being glued,  s o  t h a t  heat t r a n s f e r  is by conduction.  The 
only  appa ra tus  requi red  is a atep-down t ransformer  wi th  a c a p a c i t y  of g iv ing  
low vo l t ages  ( 4 ,  6, o r  12 V with  c u r r e n t s  of 500-1000 A)  which a r e  appl ied  t o  
a meta l  p l a t e n  (ga lvanized  o r  t i nned  mi ld  e t e e l  o r  s t a i n l e s s  s t e e l  i n  most 
cases ) .  LOW-voltage hea t ing  is used f o r  a v a r i e t y  of wood-bondfny a p p l i c a t i o n s  
(e.g., s c a r f  j o i n t  manufacture, boat  b u i l d i n g  h u l l  work). This  iaethod is 
cheap i n  c o w a r i s o n  wi th  d i e l e c t r i c  hea t ing ,  but  is not a s  e f f i c i e n t  f o r  
g lu ing  wood i f  t h e  d i s t a n c e  t o  t h e  g l u e l i n e  (adherend t h i c k n e s s )  is more than  
a fetl  r ~ i l l i r n e t e r s .  The t e n p e r a t u r e  of Lvtr e lements  may vary between 1 6 7 0 ~  
( 7 5 0 ~ )  and 3920F ( 2 0 0 0 ~ ) . ( 2 1 ( 1 0 )  

6.5.3.7 U l t r a s o n i c  a c t i v i a t i o n .  This  method of cur iny  the adhesive i 6  

based on t h e  t r a n s n i e s i o n  of mechanical v i b r a t i o n s  f rom an ult r e son ic  t cans- 
duce r  t o  t h e  adhes ive  a t  t h e  i n t e r f a c e  b e t r e e n  t h e  mating p a r t s ,  f t  is used 
most e f f i c i e n t l y  where a bead o r  f i l m  adhes ive  can  be incorpora ted .  Energy 
c o n c e n t r a t i o n s  of 700 f t .  lb/sec/mf (1.085 x 106 w/rnZ/s)  a r e  s u f f i c i e n t  
t o  m e l t ,  f low and c u r e  many t he rmop las t i c  and the rmose t t i ng  adhes ives .  The 
e q u i p , ~ e n t  used is t h e  same as t h a t  made f o r  u l t r a s o n i c  welding of therno- 
plastics. 

A vide v a r i e t y  of adhes ives  can  be used w i t h  u l t r a s o n i c  a c t i v a t i o n ,  but  
e f f i c i e n c y  nay vary  wi th  v i s c o e l a s t i c  and curing c h a r a c t e r i s t i c s .  Therno- 
p l a s t i c s  of Value inc lude  most hot-melt and hea t - r eac t iva t ed  adhes ives ,  
p a r t i c u l a r l y  those  Gi th  sone  e l a s t o m e r i c  q u a l i t i e s .  Thermoset adhes ives  nay 
be used i f  a proper  ba lance  of a c t i v i t i e s  and c u r e  r a t e  can be acconplished.  
Epoxy, n i t  r i l e  and phenolic '  adhes ives  have been t e s t e d  w i  t h  some success.  A 
Fas t -cur ing  thermoset  (B-atage) g i v e s  good r e s u l t s ,  s i n c e  t h e  r e s i n  can  be 
qu ick ly  melted and flowed t o  t h e  a d h e c e d e .  The c u r i n g  r e a c t i o n  is i n i t i a t e d  
by t h e  hea t  t ena in ing  i n  t h e  adherenrls. Witb slow-curing thermosets  f low can 
be accomplished, but  cont inued u l t r a s o n i c  a c t i v a t i o n  causes  a ra2 id  temperature 
rise. T h i s  may i n i t i a t e  chemical  o r  mechanical deconpos i t ion  of t h e  adhesive 
before  t h e  c tos s - l i nk ing  r e a c t i o n s  have been completed. 
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'ihc a d i ~ e s i v e  c a n  be used i n  t.he fo rm of a Eilm, s c r i m  o r  c o a t i n g  p r e a p p l i e d  
t o  o n e  or b o t h  adherends ,  o r  a r i b b o n  a p p l i e d  to  one  of  t h e  adherends .  L iqu id  
a d h e s i v e s  a r e  g e n e r a l l y  u n s a t i s f a c t o r y .  V i s c o e l a s t i c  adhesives are 
p a r t i c u l a r l y  s u i t a b l e .  U l t r a s o n i c  a c t i v a t i o n  usually increases the bond 
s t r e n g t h  and reduces  c u r i n g  t i n e  where it c a n  be employed as an a l t e r n a t i v e  t o  
c o n v e n t i o n a l  t h e r m a l  o r  d t y i n y  p r o c e s s e s .  ( 11) 

6a5.4 Adhesive t h i c k n e s s .  It is h i g h l y  d e s i r a b l e  to have a  un i fo rmly  t h i n  
( 2 - 1 0  ? n i l  o r  0.45-0.25 nn) a d h e s i v e  bond l i n e .  S t a r v e d  a d h e s i v e  j o i n t s  (whsre  
s o n e  a r e a s  have no a d h e s i v e ) ,  however, w i l l  r e s u l t  i n  p o o r  bonds. T h r e e  b a s i c  
methods a r e  used to  c o n t r o l  a d h e s i v e  (fiondLinel th ickneae: . (4)  

@ Use mechanica l  s h i m  or  stops, which can be removed after  t h e  c u r i n g  
o p e r a t i o n .  s o ~ a e t i n e s  it is p o s s i b l e  t o  d e o i y n  s t o p s  i n t o  t h e  j o i n t .  

0 Urnploy a f i l m  a d h e s i v e  t h a t  becones  h i g h l y  v i s c o u s  d u r i n g  t h e  c u r e  c y c l e ,  
p r e v e n t i n g  e x c e s s i v e  a d h e s i v e  flow-out.  With suyyocted filas, t h e  
a d h e s i v e  c a r r i e r  i t s e l f  c a n  a c t  as the *shimm. G e n e r a l l y ,  t h e  c u r e d  
b o n d l i n e  t h i c k n e s s  w i l l  be d e t e r m i n e d  by t h e  o r i g i n a l  t h i c k n e s s  of t h e  
a d h e s i v e  f i lu .  

0 Use ttial and e r r o r  to  d e t e r m i n e  t h e  c o r r e c t  p r e s s u r e - a d h e s i v e  v i s c o s i t y  
f a c t o r s  t h a t  w i l l  y i e l d  t h e  d e z i r e d  b o d  t h i c k n e s s .  
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AClDESIVES I11 HODEN4 HAtIUPACTURIiIG, e d i t e d  by E. J. BtUnO, 1970 

(6-21 J. S h i e l d s ,  ADHESIVES LIAIJDLOOP, 2nd E d i t i o n ,  Newnee-Butterworth, 
London, 1976. 

t6-3) a l o o n i n g d a l e  Deyt., American Cyanamid co., T e c h n i c a l  L i t e r a t u r e .  

(6-4) E.H. P e t r i ,  Chapte r  10, w P l a s t i c s  and ~lastomers '  as Adhesives*,  e d i t e d  
by C.A. d a r p e r ,  McGraw-Hill, b.~., 1975. 

16-51 D.R. i f r e y e t ,  'Hot N e l t  Adhes ives  Put  it A l l  Together., Machine Design,  
47 ( 1 )  : 88-94 ( J a n u a r y  9, 1975). - 

( 6-6 Mordson C o r p o r a t  Lon, Amherst, Ohio, T e c h n i c a l  B u l l e t i n s .  

(6-7) C.U. Benmels, C h a p t e r  47, w P r e ~ s u r e - S e n s i t i v e  T-a and Lab~ls*, 
HAlJDB00i; OP ADHESIVES, 2nd E d i t i o n ,  e d i t e d  by I. S k e i s t ,  Van l los t rand  
Heinhold ,  U.Y. ,  1977. 

( 6-01 R .  J. Sch l ieke lmann ,  C h a p t e r  15, *Adhes ive-~onded  l l e t a l  S t  ructuresm, 
AUHESION AltD ADHESIVES, 2nd M i t i o n ,  Vol. 2 - A p p l i c a t i o n s .  E l s e v i e r  
P u b l i s h i n g  Co., 1967. 

( 6 - 9 )  1t.J. D e L o l l i s ,  A D A ~ E S I V E S ~  ADHEHElDEi, MHESIOU,  Rober t  E l  K t e i g e r  
P u b l i s h i n g  Co., Uunt ing ton ,  I J . Y . ,  1980. 

(6-10)  c.A.A. Hayner,  Chapte r  13, *Adhesive Bonding ~ r o c e s s * ,  A L J ~ ~ L ~ X O ~ ~  AND 
ADIfESIVES, e d i t e d  by R. trouwink and G. Salomon, 2nd e d i t i o n  -. 
A p p l i c a t i o n s .  E l s e v i e r  P u b l i s h i n g  Co., 1967. 

( 6-11] R.L. &ause r r  ' U l t r a s o n i c  Bondf ny Techniquesw,  APPLIED POLYMER SY1.SWSI.A 
140. 19, P r o c e s s i n g  f o t  Adhes ives  Bonded S t t u c t u r e e .  Miley Z n t e r s c i e n c e ,  
1972. 
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L'kIAP'iE3 7. S0Li:I"I" - 4  CEIi3lJOIlIG OF PLASTICS (SOLVENT ~ E L D I I I C )  

7.1 1ntroJuct . ion.  S o l v e n t  cement ing  is a p r o c e s s  i n  rrhich t h e r m o p l a s t i c s  
a r e  s o f t e n e d  by t h e  a p p l i c a t i o n  of a s u i t a b l e  e o l v e n t ,  o r  n i x t u r e  of s o l v e n t s ,  
and t h e n  p r e s s e d  t o g e t h e r  to e f f e c t  a  bond. The r e s i n  i t s e l f ,  a f t e r  
e v a p o r a t i o n  of t h e  s o l v e n t  o r  s o l v e n t s ,  acts as t h e  adhes ive .  Many t h e r n o -  
p l a s t i c  r e s i n s  a r e  n o t e  amenable t o  s o l v e n t  cement ing t h a n  t o  c o n v e n t i o n a l  
a d h e s i v e  bonding. T h i s  is p a r t i c u l a r l y  t r u e  o f  t h e  r e l a t i v e l y  amorphous 
p l a s t i c s  such  a s  c e l l u l o s F c s ,  y o l y c a r b o n a t e  and p o l y s t y r e n e ,  a l t h o u g h  s e v e r a l  
o t h e r  t h e r m o p l a s t i c s  c a n  a l s o  be s o l v e n t  cementecl w i t h  e x c e l l e n t  r e s u l t s ,  
S t u d y  of tlie i n d i v i d u a l  t r e a t n e n t s  f o r  e a c h  p l a s t i c  covered  will r e v e a l  t h a t  
s o l v e n t  c e n e n t i n g  is a very  conplex  art.  Zn many c a s e s ,  m i x t u r e s  of s o l v e n t  
g i v e  b e t t e r  r e s u l t s  t h a n  i n d i v i d u a l  s o l v e n t s .  I f  e v a p o r a t i v e  r a t e s  a r e  t o o  
f a s t ,  due  t o  e x c e s s i v e  v o l a t i l i t y  of t h e  s o l v e n t ,  c r a z i n g  o r  b l u s h i n g  o f t e n  
r e s u l t s .  O f t e n  s m a l l  amounts of t h e  polymer o f  t h e  s u b s t r a t e  t o  be bonded a r e  
d i s s o l v e d  i n t o  t h e  s o l v e n t  t o  a i d  i n  gap  f i l l i n g  and t o  a c c e l e r a t e  c u r i n g .  
S o l v e n t s  f o r  cement ing nay be brushed ,  s p r a y e d ,  d i p p e d  o r  a p p l i e d  wtth a 
s y r i n g e  o r  e q u i v a l e n t .  The p a r t s  s h o u l d  be h e l d  f i r m l y  i n  p l a c e  d u r i n g  c u r e ,  
and c a u t i o n  sliould be t a k e n  i n  a p p l y i n g  t h e  s o l v e n t ,  because  e x c e s s  nay r u n  
i n t o  unwanted a r e a s  and r e s u l t  i n  damage t o  t h e  appearance  of t h e  p a r t .  

S o l v e n t  cement ing is t h e  sin2lest and most e c o n o r ~ i c a l  method of  j o i n i n g  
n o n c r y s t a l l i n e  t h e r m o p l a s t i c s .  solvent-cemented j o i n t s  a r e  less s e n s i t i v e  t o  
t h e n a a l  c y c l i n g  t h a n  j o i n t s  bonded w i t h  c o n v e n t i o n a l  a d h e s i v e s ,  and the f o r n e c  
a r e  a s  r e s i s t a n t  t o  d e g r a d i n ~  env i ronments  a s  t h e  p a r e n t  p l a s t i c .  Bond 
s t r e n g t h s  65-1005 of t h e  p a r e n t  p l a s t i c  s t r e n g t h  can  be o b t a i n e d .  The r.lajor 
d i e a d v a n t a g e  of s o l v e n t  cement ing is t h e  p o s s i b i l i t y  of s t r e s s  c r a c k i n g .  When 
two d i s s i r . ~ i l a r  g l a s t i c s  a re  t o  be j o i n e d ,  adhesive b~nrfing Fs q e n e r a l l y  prefer-  
able because  of s o l v e n t  and polymer c o f , ~ p a t i b l i t y  problems. (1) 

S o l v e n t s  used t o  cement p l a s t i c s  s h o u l d  be chosen  w i t h  approx imate ly  t h e  
s a n e  s o l u b i l i t y  p a r a n e t e r  (4') a s  t h e  p l a s t i c  to  be bonded. The s o l u b i l i t y  
Baramete r  i s  t h e  s q u a r e  coot  of t h e  c o h e s i v e  energy  d e n s i t y  (CBu) of t l ie  
l i q u i d  s o l v e n t  o r  polymer. c u p s  of o r g a n i c  c h e m i c a l s  are y r i m e c i  l y  d e r i v e d  
from t h e  h e a t  of v a p o r i z a t i o n  and molar  volume of t h e  molecu les ,  and, u n t i l  
t n e  adven t  of SI u n i t s ,  were e x p r e s s e d  as c a l o r i e s  y e t  c u b t c  c e n t i m e t e c .  A 
non-polar n o l e c u l e  such  as methane e v a p o r a t e s  r e a d i l y  and is a g a s  a t  o r d i n a r y  
t e m p e r a t u r e s .  I t  ha s  a low C P ~ ,  hence  a  low d (* 61 (a 12.3 i n  SI u n i t s ) .  By 
C o n t r a s t ,  a h i g h l y  p o l a r ,  a s s o c i a t e d  ( hydrogen-bonded) material of t h e  sane 
s i z e ,  s u c h  a8 Water, r e q u i r e s  h i g h  h e a t  i n p u t  to e v a p o r a t e  i t ,  and c o n s e q u e n t l y  
h a s  a v e r y  h igh  d ( 2 3 )  ( 4 7  i n  SI u n i t s ) .  L i t e r a t u r e  s o u r c e s  p r o v i d e  d a t a  on 
6 ' S  of a nunbet  of p l a s t i c s  and  resin^.(^)(^) 

The s o l u b i l i t y  p a r a m e t e r s  h e l p  e x p l a i n  why p o l y s t y r e n e  (6- 9.1, o r  18.6 i n  
SI u n i t e )  is s o l u b l e  i n  bu tanone  (9.3/19.0), b u t  n o t  a c e t o n e  (10.0/20.5), 
w h i l e  c e l l u l o s e  a c e t a t e  ( 10.9/22.3) d i s s o l v e s  i n  e t h y l  a c e t a t e  (9.1/18.6), b u t  
n o t  b u t y l  a c e t a t e  (8.5/17.4).  The c o n c e p t  of also e x p l a i n s  t h e  f a c t  tha t  a 
p l a s t i c  w i l l  sometime d i s s o l v e  i n  a m i x t u r e  of two l i q i d s ,  n e i t h e r  one of 
which is i t s e l f  a  s o l v e n t .  The classic example is t h e  s o l u b i l i t y  of n i t r o -  
c e l l u l o s e  [ 11/22.5) i n  the n o n s o l v e n t ~  ethyl a l c o h o l  (12.7/25.9) a d  e t h e r  
4 / 1 5 .  Yhe m i x t u r e  of n o n s o l v e n t s ,  o n e  r r i th  too h i g h  a 6  and t h e  o t h e r  
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too low, has its d within the r ight  range. Similarly, the solvent acetone 
(10.0/20.5), mixed with a m a l l  proportion of the non-solvent alcohol 
(12.7/26.0), is a be t te r  80lvent f o r  ce l lu lose  acetate  (10.9/22.3) than 
acetone alone. f soyropyl alcohol (11.5/23.5) and toluene (8.9/18.2) combine 
t o  provide a superior solvent f o r  e thyl  cel lulose (10.3/21.1) . ( 2 ) ( 3 )  

Table XXIX lists tbe b *s f o r  sowe of the more comon solvents and shows t o  
sone extent hov those & '8 match up with the  6 *s of various thermoplastic 
resins. Prom a stuOy of the exceptions, it appears the t  the more polar 
p l a s t i c s  require more polar solvents. 

7.2 Types of p l a s t i c s  solvent-eeraented. Table XXX list.6 some of the  
Solvents or solvent mixtures used in  solvent cementing plastics. Specific 
suggestions a s  t o  these p l a s t i c s  a r e  a s  follows: 

7.2.1 Cellulosics. These na t e r i a l s  a r e  nost conmonly bonded by solvent 
cenenting. Adhesive bonciing is used only t o  a minor extent. Spin welding or 
ul t rasonic welding a re  also used on the  harder f lous  of ce l lu los i c  p las t ics .  
Acetone is one of the nost commonly used solvents f o r  cenenting ce l lu lose  
@Stet  p las t ics .  Ilowever, it is not ordinari ly  considered good prac t ice  t o  use 
acetone or other low-boiling solvents alone because of t he i r  rapid 
evaporation, which is l ike ly  t o  cause moisture blush, a white, Erosty 
appearance of the cemented joint .  Low-boiling solvents nay a l so  evaporate 
before they have llad t i ne  t o  sof ten  tho surfaces an2 affect  adhesion. 
Blushing is Etvoided and evaporation loss  reduced by adding t o  the low-boiling 
eolvent one or more solvents of higher boiling point. Gljcol e ther  es te r6  a re  
frequently supplied in  proprietary f ornulacions fo r  t h i s  purpose. IJaturally, 
addi t ion of the higher-boiling solvent w i  11 increase tlte drying time of the 
cement. A large number of solvents and solvent mixtures, i n  addition t o  those 
l i s t e d  i n  Table AXX, nay lo used. The r~anuf acturers  of t h e  spec i f ic  cellu- 
los ics  have available technical bu l le t ins  l i s t i n g  these formulations. ASTI1 
D 2560 is a sl?ecification f o r  ce l lu lose  acetate  llutyrate i r r  one of three 
recomdended thinners* 151 

Before solvent cewentiny cel luloae ace ta te  a r t i c l e s  t o  other p l a s t i c s ,  the 
e f f ec t  of p l a s t i c i ze r  migration should be determined. The p l a s t i c i z e r s  
present i n  cel lulose acetate  a r e  ac t ive  solvents  f o r  cel lulose n i t r a t e ,  many 
alkyd-type lacquers, and a number of other theraoplast ic  na te r ia l s .  l l i t h  the 
s o f t e r  f lous  of cel lulose acetate,  t he  p l a s t i c i ze r  w i l l ,  i n  some cases, 
migrate t o  the other material and cause it  t o  craze or becone Soft and, i n  
extreme cases,  tacky. ALL p la s t i c i ze r s  used in  celluloae ace ta te  have a 
strong tendency t o  c w s e  crazing of polystyrene and polynethylnethacrylete. 

Zthyl ce l lu lose  is usually bonded with ethyl  acetate  i f  only a s ing le  
solvent is used. Sui table  mdopesg f o r  ce l lu los ics  taay be prepared by adding 
10-20h of the ce l lu los ic  p l a s t i c  t o  the appropriate solvent laixture. &ope- 
type cements ( a l so  ca l led  bodied cements), by vi r tue  of t he i  r  containing 
p l a s t i c  i n  solution, leave, upon drying, a f i l a  of p l a s t i c  tha t  Porlos t h e  bond 
between the two surfaces t o  be joined. These cements, a r e  genetally used when 
an i rqer fec t  f i t  of the pa r t s  requires f i l l i n g .  
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7.2.2 Aery lonit rile-butadiene-styrene (Am) . AtlS is conven t iona l ly  bonded 
wi th  dope cenent  c o n t a i n i n g  15-259 ABS r e s i n  i n  a blend of ketone s o l v e n t s ,  
e.g., ace tone ,  methyl e t h y l  ketone,  and me thy l i sobu ty l  ketone, o r  
tet ra l~ydrof  uran or methylene c h l o r i d e .  ASTI-I D 2235( 61, a epaci f  i c a t i o n  f o r  
a s o l v e n t  cenen t  f o r  ABS p i p e  f i t t i n g s ,  cal ls  f o r  e s o l u t i o n  of a t  least 15% 
ADS r e s i n  i n  ace tone .  The maximum p e r n i a e i b l e  is 259 ABS. The a i n i n u n  
average  l a p  s h e a r  s t r e n g t h  is 800-ps i  (5.5 HP~). A t  room tempera ture  it taker; 
s e v e r a l  days f o r  t h e  s o l v e n t  to evriporate, a l t hough  h o l d i n g ' s t r e n y t h  is 
reached i n  a f e w  hours. Because of t h e  r ap id  s o f t e n i n g  action of t h e  s o l v e n t ,  
p r e s s u r e  and t h e  amount of s o l v e n t  app l f ed  should be min ims l ( l ) .  

7.2.3 po lyv iny l  c h l o r i d e .  PvC p l a s t i c  p i p e  and f t t t i i r g s  c a n  be s o l v e n t  
cenented us ing  s o l v e n t  systems c o n t a i n i n g  b lends  of t e t r a h y d r o f u r a n  and cyclo-  
hexanone, o r  s o l v e n t s  such  as t h o s e  l i s t e d  i n  Table  X u .  AS'rkl D 2564, a spec i -  
f i c a t i o n  f o r  a s o l v e n t  cement f o r  p o l y v i n y l  c b l o r i d e  p l a s t i c  p i p e  and f i t t i n g s ,  
C a l l s  f o r  a mixture  c o n t a i n i n g  108 minimum u n p l a e t i c i z e d  PVC i n  a n  a p p r o p r i a t e  
s o l v e n t  sys t en .  B l e n d s  of t e t  rahydrof ur8n:cyclohexanone (80:20) have been 
found t o  g i v e  good r e s u l t s .  Dimethylformanide is a l s o  used wi th  t h e s e  two 
s o l v e n t s .  The raaxi~aua amount o f  PVC added f o r  bonding is u s u a l l y  158. The 
minimum average  lap-shea t  s t r e n g t h  under t h e  s p e c i f i c a t i o n  is 250 ps i  1.72 
1.fYa) af ter  a 2-hour c u r i n g  t i m e ,  500 pei (3.45 MPa) & t e r  a 16-hour cu r ing  
t i n e ,  and 900 p s i  (6 .21  MPa) a f t e c  a 72-hour c u r i n g  time. 

The fo l lowing f o o ~ u l a t i o n  has  worked s a t i s f a c t o r i l y  t o  bond unsupported 
flexible PVC t o  i t s e l f ( l )  

pvc r e s i n  (medium molecular  weight 100 pbw 
T e t  rahydrof u ran  100 pbw 
Liethy1 e t h y l  ke tone  200 pbu 
Hethyl  i s o b u t y l  ketone 25  pbw 
Organic  t i n  s t a b i l i z e r  1.5 pbw 
D i o c t y l p h t h a l a t e  ( a  p l a e t i c i a e r )  20 pbw 

!?Iris forr.xu2ation i s  a l s o  r epor t ed  to work w e l l  on r i g i d  PYC. U'r1I D 2564 is 
a s p e c i f i c a t i o n  c a l l i n g  f o r  a minimum of 108 s o l i d s  i n  an  tanspecif i e d  
s o l v e n t . ( 7 )  ~5Ti-1  O 2055 is a s t a n d a r d  p r a c t i c e  d e t a i l i n g  a p rocedure  f o r  
making solvent-cemented pipe j o i n t s  w i t h  ~ v c . ( ~ )  

7.2.3.1 YVC-ABS j o i n t s .  ASTH D 3138 is a s p e c i f i c a t i o n  tot t r a n s i t i o n  
j o i n t s  between PVC and U S  non-pressure p i p i n g  components. The s p e c i f i c a t i o n  
c a l l s  f o r  a minimum of 109 u n p l a a t i c i z e d  PVC i n  a s o l v e n t  c o n s i s t i n g  of 
te t rahydroCuran  i n  combinat i o n  with cyclohexane o r  methyl e t h y l  ketone,  o r  
both. The mininun average  lap-ehear strena3tb i e  100 p s i  (0.7 WPa) a f t e r  a 2- 
hour cu r ing  t iwe,  400 p s i  (2.0 I.IYa) after a 16-hour c u r i n g  time, or 600 psi 
( 4 . 1  i.iPa) a f t e r  a 72-hour c u r i n g  t ime. (g)  

7.2.4 Polyamide I nylon.]. The tecomnended adheef ves  f o r  bonding nylon t o  
nylon a t e  g e n e r a l l y  s o l v e n t s ,  such  as aqueous phenol, s o l u t i o n s  of ce so rc ino l  
i n  a l c o h o l ,  solutions of ca lc ium c h l o r i d e  i n  a l coho l ,  (sanetines bonded by the 
i n c l u s i o n  of 6 n a l l  anounta of nylon) ,  and solutions of nylon i n  formic  acid or 
g l a c i a l  a c e t i c  ac id .  
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Aqueous phenol con ta in ing  10-200 ( u s u a l l y  120) water  is t h e  nos t  g e n e r a l l y  
used cement f o r  bonding nylon 6/6 t o  i t s e l f .  The cement is prepared by 
me l t ing  phenol  and e t i r r i n y  i n  t h e  necessary  water.  The bond r e s u l t i n g  is 
u a t e t - r e s i e t a n t ,  f l e x i b l e ,  and has  s t r e n g t h  approaching t h a t  of  the nylon. 
A f t e r  c l ean iny  t h e  s u r f a c e  ( ace tone  Is of t e n  used) ,  apply  t h e  cement wi th  a 
brush o r  c o t t o n  ewab t o  the mating su r f ace .  wet t h e  s u r f a c e s  completely,  
using one o r  more c o a t s  as needed. xf t h e  f i t  is poor o r  l o o s e  a t  t h e  
i n t e r f a c e ,  wait 2-3 minutes t o  s o f t e n  t h e  sur face .  Pas t en  t h e  p a r t s  t o g e t h e r  
v i t h  unifocla p re s su re .  If t h e  phenol  is exposed t o  moist  a i r ,  t h e  cement 
j o i n t  mwj t u r n  whi te  as it dries. Pre-cure 1 hour a t  lOOOP (380C) o r  
overnight  in a dry  atmosphere a t  ambient t empera tures  to  p teven t  t h i s  
vhi ten ing .  Next, immerse t h e  j o i n t  i n  b o i l i n g  water  t o  reriiove t h e  excess  
phenol. fmnersion t ime is dependent on t h e  a r e a  of t h e  bonded s e c t i o n  ( 5  min 
f o r  1/8 i n  or 3.2 mu wide s u r f a c e s 1  t o  as l ong  aa 1 hour f o t  1 inch o r  2.54 cn  
wide s u r f  aces. A s  a gene ra l  ru l e ,  b o i l  u n t i l  t h e  odor of phenol  d isappears .  

l ihere b o i l i n y  i n  water  is impractical, t h e  j o i n t  may be cured  by prolonged 
a i r  exposure a t  anbient t e n p e r a t u r e s  or oven tempera tures  of lSOoF (660C). 
Adequate bond e t r e n g t h s  f o r  handl ing  w i l l  be reached i n  48 hours and mxinum 
s t r e n y t h  i n  3-4 Jays .  The c u r i n g  t i n e  is dependent on t h e  q u a n t i t y  of  phenol  
used. l lote  t h a t  phenol  is co r ros ive .  Care should  be exe rc i sed  t o  prevent  
c o n t a c t  with t h e  s k i n  and eyes  o r  i n h a l a t i o n  of t h e  vapor. Lap-Bhear s t r e n g t h s  
of 2400 p s i  (16.5 HPa) can  be ob ta ined  wi th  aqueous phenol. 

lrylon 6,6 nay a l s o  be bonded w i t h  a cement made by nixing equal  p a r t s  by 
ve igh t  of r e s o r c i n o l  and e thanol .  S t i r  i n  a shake r  f o r  30 min. u n t i l  a l l  t h e  
r e s o r c i n o l  is i n  s o l u t i o n .  S t o r e  t h e  ember-colored s o l u t i o n  i n  a brown b o t t l e  
t o  avoid f u r t h e r  darkening.  Reasonably c l e a n  p a r t 5  need no s p e c i a l  p r e p a r a t i o n  
p r i o r  t o  cementing. P a i n t  t h e  s o l u t i o n  generous ly  o n t o  both s u r f a c e s  wi th  an 
o rd ina ry  f l a t  p a i n t  brush. Prevent  run-off of t h e  low-viscos i ty  s o l u t i o n  by 
working t h e  brush  over t h e  s u r f a c e  2-3 times. Allow 20-30 seconds f o r  d ry ing  
t o  permi t  t h e  two mating su r f  aces t o  s o f t e n  enough s o  t h a t  they cannot be 
wiped d r y  by a close f i t .  Longer wa i t ing  p e r i o d s  (up  t o  3 rnin.) w i l l  
g e n e r a l l y  Improve j o i n t  s t r e n g t h .  After  t h e  s o f t e n i n g  pe r iod ,  p r e s s  t h e  
meting su r f  aces  t o g e t h e r  and clamp i n  place under l i g h t  p r e s s u r e  f o r  10-15. 
min. 8 a f t e r  which t h e  j o i n t  s t r e n g t h  should  be adequate  for l i g h t  handling.  
The bond reaches workable a t r e n g t h  i n  about  90 minutes and approaches f u l l  
s t r e n g t h  i n  24 hours. Curing can  be a c c e l e r a t e d  by hea t ing  i n  a c i r c u l a t i n g -  
a i r  oven a t  1500C (660C) f o r  30 min. Rubber g l o v e s  should  be worn whi le  
p repa r ing  t h e  r e e o r c i n o l  s o l u t i o n .  Bond s t r e n g t h s  a r e  s i m i l a r  t o  t h o s e  
ob ta ined  with phenol. 

A non-cotroslve,  non'-toxic cement w i th  no d i s a g r e e a b l e  odor may be used i n  
a p p l i c a t i o n s  involv ing  foods  and p o t a b l e  water  supp l i e s .  The fo rmula t ion  is 
as fo l lows :  

14ylOn 6,6 10 pbu 
Calcium c h l o r i d e  22.5 pbw 
Ethanol  ( 95% anhydrous] 67.50 pbw 

Add t h e  CaCIZ t o  t h e  e t h a n o l  and shake  f o r  2 hours, o r  u n t i l  t h e  CaC12 
\ is diesolved .  F i l t e r  khrough a f r i t t e d  g l a s s  f u n n e l  t o  c l a r i f y  t h e  cloudy 

eo lu t ion .  Add t h e  wf l o n  ground to  p a s s  a 410 s c r e e n  t o  t h e  s o l u t i o n  and s t i r  
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overn igh t ,  o r  u n t i l  t h e  nylon d i s s o l v e s .  The r e s u l t  is a c l e a r ,  honey-like 
s o l v e n t  cenent  t h a t  w i l l  las t  i n d e f i n i t e l y .  Using a brush  o r  c o t t o n  swab, 
pa in t  t h e  cement o n t o  t h e  s u r f a c e s  t o  be jo ined .  A f t e r  30 seconds,  assemble 
t h e  p a r t s  and hold under c o n t a c t  p r e s s u r e .  A f t e r  30 minutes t h e  j o i n t  can be 
handled l i g h t l y ,  but  24  hours  a r e  r e q u i t e d  t o  a t t a i n  f u l l  s t r e n g t h .  

7-20 5 P o l ~ m t h ~ l m e t h a c r y l a t e .  A c t y l i c s  shou ld  be annealed be fo re  s o l v e n t  
c e l ~ e n t i n g  t o  n i n i e i z e  t h e  fo rma t ion  of i n t e r n a l  s t r e s s e s  t h a t  can cause  
c raz ing .  A c r y l i c  ahee t  can  be annealed  bf hea t ing  i n  a fo rced -a i r  oven a t  a  
t em2era tu re  about  1 0 ° ~  ( 5 0 ~ )  below t h e  t empera tu re  which w i l l  c ause  t h e  
p a r t  to  d i s t o r t .  Thin  s e c t i o n s  of a c r y l i c s  a r e  o r d i n a r i l y  heated f o r  2 hours 
a t  1400F (GOOCi f o r  easy  flow f o r m u l a t i o n s ,  wh i l e  hard f lows w i l l  r equ i r e  
t empera tu re s  of 1700F ( 7 7 0 ~ ) .  Th icke r  sect i o n s  w i  11 r e q u i r e  much longer  
p e r i o d s .  So lven t  c e n e n t s  recomnended f o r  a c r y l i c s  i nc lude  e t h y l e n e  d i c h l o r i d e ,  
and methy l e n e  c h l o r i d e :  J i a c e t o n e  a l c o h o l  (90:  10) f o r  medium j o i n t  s t r e n g t h ,  
and a blend of methylene ch1oride:methylrnethacrylate rilonomer (60:401 v i  t h  0.2 
p a r t s  benzoyl peroxide  c a t a l y s t  and s u f f i c i e n t  me thy lne thac ry la t e  r e s i n  f o r  
body f o r  h igh  j o i n t  s t r e n g t h .  The l a t t e r  t y p e  of monorner-polymer cement g i v e s  
t h e  advantage of a  f a s t  i n i t i a l  set and n a c h i n a b i l i t y  w i t h i n  4 hours of 
~ S S e n b l y .  Nononer-type cements made f  roo nethyl!3ethacry l a t e  mOnol3err a c e t i c  
a c i d  and e t h y l e n e  d i c h l o r i d e  are a l s o  used t o  g i v e  bonda of good weather  
r e s i s t a n c e  and g e n e r a l l y  g r e a t e r  bond s t r e n g t h  than  s t r a i g h t  s o l v e n t  cenen t s .  
The monone r and nononer-polymer cements have t h e  d i sadvan tage  of r a t  her 
l i m i t e d  working ( p o t )  l i v e s  because of t h e  non-revers ib le  p o l y n e r i z a t i o n  
r e a c t  ion. 

7 . 2 . 6  P o l ~ c a r b o n a t e .  So lven t  cementing is t h e  most connon method of 
bonding polycarbonate.  It can  be c a r r i e d  o u t  wi th  s p e c i f i c  s o l v e n t s ,  mixtures  
of s o l v e n t s ,  and ~ ; l f x t u r e s  of po lyca rbona te  and s o l v e n t s .  i4ethylene c h l o r i d e ,  
when used by i t s e l f ,  has  an ext remely  f a s t  evapora t ion  r a t e .  I t  is recom- 
mended f o r  rap id  a s senb ly  of two po lyca rbona te  p a r t s .  T h i s  s o l v e n t  is 
recomended f o r  most tempe r a t  u re-el tmate zones and is e s p e c i a l l y  useful f o r  
small a reas .  A s o l u t i o n  of po lyca rbona te  r e s i n  i n  met l~ylene  c h l o r i d e  i n  
c o n c e n t r a t i o n s  of 1-58 has a  dec reased  e v a p o r a t i o n  r a t e .  T h i s  t y p e  of bodied 
Cement nay Le used i n  extreme c a s e s  where p e r f e c t l y  mated bonding a r e a s  a r e  
i u p o e s i b l e  t o  ob ta in .  Ethylene  d i c h l o r i d e  by i t s e l f  has a high b o i l i n g  p a i n t  
and is only  recomaended f o r  use  i n  ex t remely  ho t  c l i n a t e s .  i4 ix tures  of 
methylene c h l o r i d e  and e t h y l e n e  d i c h l o r i d e  w i t h  a  maximum of 40 o r  505 of t h e  
l a t t e r ,  are used were i t  is d i f f i c u l t  t o  j o i n t  p a r t s  f a s t  enough t o  prevent  
complete evapora t ion  of t h e  ne thy  l e n e  c h l o r i d e .  P a r t s  bonded wi th  rnethy l ene  
c h l o r i d e  a r e  u sab le  a t  e l e v a t e d  t empera tu re s  a f t e r  approxiraately 4 8  hours, 
depending on t h e  bon;dirq a r e a ,  wi thout  having t o  r e s o r t  t o  t h e  d ry ing  schedule  
r equ i r ed  t o  remove a l l  t h e  h ighe r -bo i l i ng  e t h y l e c e  d i c h l o r i d e ,  o r  t h e  s o l v e n t  
r e t a i n e d  i n  a ne thy lene  ch lo r ide -po lyca rbona te  mixture.  Bond s t r e n g t h s  of 
9000-10000 ps i  (62-69 MPa) have been o b t a i n e d  i n  t h i s  way. I t  would take up 
t o  t h r e e  weeks of d ry ing  t o  o b t a i n  comparable s t r e n g t h s  wi th  p a r t s  cemented 
w i t h  a 5% s o l u t i o n  of po lyca rbona te  I n   ethylene c h l o r i d e .  

7-2.7 Polys tyrene .  Po lys ty rene  may be bonded t o  i t s e l f  by a o l v e n t  
~@IiIent ing ,  conven t iona l  adhes ive  bonding, u l t r a s o n i c  welding o r  elect ro- 
magnet ic  bonding, b u t  ~ o l v e n t  cenen t ing  is t h e  most e f f e c t i v e  nethod. I n  maw1 
a p p l f c a t i o n o ,  a o l v e n t  cenen t iny  can  be used t o  bond po lys ty rene  t o  a v a r i e t y  
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of d i s s i m i l a r  ma te r i a l s .  A wide v a r i e t y  of eolvent  types a r e  ava i l ab le ,  and 
the  s e l e c t i o n s  of t h e  s p e c i f i c  eolvent  t o  be used is  determined by the time 
required f o r  t h e  j o i n t  t o  s e t ,  which i n  tu rn ,  is governed by the  evaporation 
r a t e  of the  so lvent .  Fas t  evaporat ion r a t e s  r e s u l t  i n  a  quick-set t ing j o i n t ,  
but usua l ly  r e s u l t  i n  crazing.  Slower-drying so lven t s  a r e  o f t en  mixed with 
fas t -dry ing  cements f o r  optimum r e s u l t s .  A 50:50 mixture of e t h y l  a c e t a t e  and 
toluene bodied with poJystyrene i s  a n  e x c e l l e n t  general-purpose adhesive. 
Perchloroethylene can be added t o  reduce flammability. Bond s t r eng ths  up t o  
10@ of the  s t r e n g t h  of t h e  parent  m a t e r i a l  a r e  common(1). 

Table X X X 1 , i s  a  l ist  of some of the  so lven t s  recommended f o r  polystyrene, 
along with no ta t ions  on craz ing  e f f e c t s  and j o i n t  s t rengths .  A s  noted i n  t h i s  
t a b l e ,  the  fas t -dry ing  so lven t s  tend t o  cause craz ing  i n  the  r e l a t i v e l y  low- 
e longat ion  polystyrene. The l e s s  so lub le  impact grades conta in  polybutadiene. 
Solvents  a t t a c k  t h i s  a d d i t i v e  and cause subsequent s t r e s s  cracking. Impact- 
grade polystyrene should be bonded wi th  medium-to-slow-drying solvents .  
Q u a n t i t i e s  of polystyrene from 5-15% by weight a r e  o f t e n  added t o  provided gap 
f i l l i n g  p roper t i e s .  A polystyrene cement recommended f o r  t ransparent  j o i n t s  
c o n s i s t s  of the  fol lowing mixture: (12) 

25% of so lvent  b o i l i n g  under lOOOC ( 2 1 2 0 ~ )  
40% of so lven t  bo i l ing  between lOOoC and 2000C (212-3920~) 
30% of higher-boil ing so lvent  (> 2 0 0 0 ~ )  ( > 3 9 2 0 ~ )  

5% dissolved polystyrene ( r a i s e d  t o  15% f o r  a i r - t i g h t  o r  
wa te r t igh t  s e a l s )  

Medium-boiling so lven t s  provide an e x c e l l e n t  compromise between the r a t e  of 
drying and t h e  occurrence of crazing.  They cannot be used t o  bond p a r t s  
r equ i r ing  o p t i c a l  c l a r i t y  f o r  extended per iods  of time. High-boiling so lven t s  
can provide craze- f ree  j o i n t s s f o r  per iods  of a t  l e a s t  two years ,  and i n  many 
cases  much longer ,  depending on the  s e r v i c e  condit ions.  When higher-boil ing 
so lven t  cements a r e  used, t h e  a d d i t i o n  of up t o  70% methylene chlor ide  i n  
t r i ch lo roe thy lene  speeds up drying without  s e r i o u s l y  con t r ibu t ing  t o  the  
tendency t o  craze. (13) 

7.2.8 Acetal  homopolymer. Solvent  cements a r e  r e l a t i v e l y  i n e f f e c t i v e  wi th  
t h i s  highly c r y s t a l l i n e  ma te r i a l ,  a l though methylene chlor ide ,  methylene 
ch lo r ide  mixed with ethylene d ich lo r ide ,  and a c e t a l  homopolymer i n  methylene 
ch lo r ide  have been used. 

, 7.2.9 Acetal  copolymer. This  c r y s t a l l i n e  ma te r i a l  i s  somewhat more 
amenable t o  so lvent  cementing than the  homopolymer. The so lvent  cement 
recommended i s  hexafluoroacetone sesquihydrate.  This  so lvent  is  a severe s k i n  
and eye i r r i t a n t  and must be handled wi th  care .  Bond s t r eng ths  f o r  a c e t a l  
copolymer t o  i t s e l f -  of 850 p s i  (5.86 M P ~ )  i n  shea r  have been obtained on "as  
molded" sur faces .  Excel lent  r e s u l t s  have a l s o  been obtained i n  bonding t h e  
copolymer t o  nylon and ABS with t h i s  so lven t ,  and i t  is  bel ieved l i k e l y  t h a t  
good r e s u l t s  can be obtained with c e l l u l o s i c s .  

7.2.10 Polysulfone. Solvent  cementing of polysulfone can be ca r r i ed  out 
with ch lo r ina ted  hydrocarbons. A s o l u t i o n  of 5% r e s i n  i n  methylene ch lo r ide  
can be used t o  bond polysulfone t o  i t s e l f .  High pressures  (500 p s i  or  3.5 MPa 
f o r  5 min) a r e  required.  A minimum amount of so lvent  should be applied t o  t h e  
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TABLE XXXI. Solvents  recommended f o r  cementing polystyrene c10) (11) 

Tensi le  S t reng th  - 
Solvent Boi l ing  Point  Crazing of o i n t  

(OF> (oc)  p s i  dl - 
Fast-Drying (20 sec  

- 

o r  l e s s )  
Methylene ch lo r ide  104 40 Yes 1800 12.4 
Ethyl  a c e t a t e  171 77 Yes 1500 10.3 
Methyl e t h y l  ketone 175 79 Yes 1600 11.0 
Ethylene d ich lo r ide  182 83 S l i g h t  1800 12.4 
Trichloroethylene 187 86 S l i g h t  1800 12.4 

Hedium-Drying 

Toluene ( t o l u o l )  232 111 S l i g h t  1700 11.7 
Perchloroe thylene 

( ~ e  t rachloroethylene)  249 121 Very s l i g h t  1700 11. 7 
Xylene ( ~ y l o l )  271-289 133-143 Very s l i g h t  1450 10.0 
Die thyl  benzene 365 185 Very s l i g h t  1400 9-  7 

Slow-Drying 

Mono-amyl benzene 3 96 202 Very s l i g h t  1300 9.0 
Ethyl  naphthalene 495 257 Very s l i g h t  1300 9.0 

mating surfaces.  The s t r e n g t h  of a proper ly  prepared j o i n t  w i l l  exceed t h e  
s t r e n g t h  of the  polysulfone p a r t s .  Polysulfone can be solvent-cemented t o  
o t h e r  p l a s t i c s  by using a sol 'vent compatible with both p l a s t i c s .  

7.2.11 Polyphenylene oxide, polystyrene-modified. This mater ia l ,  c u r r e n t l y  
a v a i l a b l e  from General E l e c t r i c  a s  NORYL, may be so lvent  cemented t o  i t s e l f  o r  
t o  a d i s s i m i l a r  p l a s t i c  using a number of commercially ava i l ab le  so lvents ,  
so lvent  mixtures, and so lvent  s o l u t i o n s  conta in ing  1-7% of the  res in .  
The add i t ion  of 5-20% of t h e  r e s i n  w i l l  reduce t h e  evaporation r a t e  and f i l l  
minor imperfect ions i n  t h e  su r face  of t h e  bonded jo in t s .  Table XXXII lists 
recommended solvents  f o r  so lven t  cementing NORYL. Pressures of 110-600 p s i  
(0.7-4.1 MPa) f o r  30-60 seconds a r e  required.  

, When bonding NORYL r e s i n s  t o  o t h e r  p l a s t i c s ,  c e r t a i n  so lvents  have been 
found t o  y i e l d  the best  bond s t r eng ths .  The recommended so lven t s  f o r  seve ra l  
p l a s t i c s  a r e  l i s t e d  below: 

P l a s t i c s  

NORYL t o  ABS Te t rahydrofuran 
NORYL t o  a c r y l i c  Te trahydrofuran 
NORYL t o  PVC Tetrahydrofuran 
NORYL t o  MYLAR p o l y e s t e r  f i l m  Ethylene d ich lo r ide  
NORYL t o  LEXAN polycarbonate Methylene d ich lo r ide  
NORYL t o  polystyrene Ethylene d ichlor ide  
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TABU XXXII. Solvent cements recommended by GE f o r  cementin 
NORYL &if  id p o l y ~ h e n ~ l e n e  oxide resins.cl* 

TeIISile Shear 
Solvent Rema rka S t  tengtb Eveporat ion  

(psi) (HPa) Rate* 
A 

T cichloroetbylene Very slow evaporation ra tes  2800 19.3 84  
general ly  used t o  c o n t r o l  
eV8pQtatiOn t a t e  of other  
solvents .  

Ethylene d i c h l o r i d e  Slow evaporation rater best  3600 24.8 79 
s u i t e d  f o r  lengthy assembly 
t i n e 8  o r  use i n  high ambient 
temperature 

Chlorof  on^ past evaporation ra te ;  used 2900 20.0 118 
f o r  rapid aasenbly 

l~lethylene chloride Very fast evaporation rate. 2800 19.3 147 
Generally used i n  mixture 
w i t h  t r i ch lo roe thy lene  

tlethylene chlor ide/  iiere t h e  exce l l en t  bond 2500 17.2 133 
t r i ch lo roe thy lene  s t r e n g t h  of t h e  methylene 
( 8Sk/lSk 1 ch lor ide  p r e v a i l s ,  but t h e  

rapid evaporation rate i e  
slowed doun by t h e  TCE. 
Carbon t e t r a c h l o r i d e  is 
sometimes s u b s t i t u t e d  for 
t h e  TCE. 

'I'oluene - - . . - - - - - - - - - - -  2950 20.3 Slowest 

Carbon t e t r a c h l o r i d e  = 100 

7.2.12 S t r u c t u r a l  foans  (thetmoplestic). E n g i ~ e t i n g  sttuctutal foam may 
, be so lven t  cemented t o  thenselves  o r  t o  o t h e r  thermoplas t ics  using a number of 

commercially a v a i i a b l e  Solvents. so lven t  bonding is f a s t e r  than aahesive 
bonding, and theref  ore may prove laore economical i n  production. Solvent bond- 
ing is not recomnended f o r  thermoplas t ic  po lyes te r  res ins ,  such a s  du P0nt'S 
VALOX, s i n c e  these  res ins  have such  exce l l en t  so lven t  res is tance.  Solvents 
recommended f o r  SOHYL 1noJified polypbenylene oxide r e s i n  foams are ethylene 
d i c h l o r i d e ,  THF, and t r ichloroethylene.  P o t  polycarbonate, use acetone o r  
methylene chlor ide .  The mating ends of t h e  p a r t s  should be dipped i n  a 
so lven t  t r a y  t o  s a t u r a t e  t h e  l o c a l  j o i n t  area. Apply moderate pressure  ( 10-60 
p s i )  (0.07-0.4 MPal f o r  a t  l e a s t  one minute after posit ioning.  The s t r e n g t h  
of eolvent-bonded j o i n t s  is a t  l e a s t  es s t rong  in t e n s i l e  atresa a6 tbe foamed 
mater ia l .  (15) 
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7.3 Methods of appl icat ion.  Before attempting t o  solvent cement p l a s t i c s  
it  is wise t o  ca r e fu l l y  study t h e  p l a s t i c  manufacturer's technical  bu l le t ins ,  
where de ta i l ed  information i s  usua l ly  given on exactly how t o  achieve optimum 
joints .  Space i s  not ava i l ab l e  i n  t h i s  handbook f o r  more than a few 
comments, The solvent is usua l ly  applied by one of the following devices o r  
techniques: 

7.3.1 Dip method. I n  t h i s  method, one of the two p a r t s  t o  be joined is  
dipped i n t o  the  cement j u s t  enough so  t h a t  the  solvent w i l l  a c t  on the desired 
area f o r  the maximum time. ~ f t e r  dipping, the pa r t s  should be assembled 
immediately and held under l i g h t  pressure  f o r  a short  time. Bonding takes 
place by t he  formation of a "cushion" of solvent-swollen p l a s t i c  surface.  A 
period of about 15-30 seconds should be allowed before the  pressure i s  
increased, t o  avoid squeezing out t h i s  cushioned material from the  dipped 
p l a s t i c  surface before t he  solvent  can a c t  on the mating dry surface.  

Specially-designed dipping f i x t u r e s ,  clamps and conveyors should be 
considered f o r  each job. The a r e a  of a t t a ck  of solvent on the  piece can be 
control led by laying a r o l l  of g l a s s  rods i n  the cementing t ray.  The piece t o  
be cemented i s  then res ted  on these  rods. The l eve l  of the  cement should be 
kept equal t o  the  diameter of t h e  rods. The areas of contact of solvent and 
cement can a l s o  be control led by l i n i n g  t he  bottom of the  cement t r a y  with a 
f e l t  pad. Pieces t o  be cemented a r e  then  placed on the  f e l t  pad, which is 
kept throughly wet with the  l i q u i d  solvent cement. ( 11) 

7.3.2 Capil lary method. For some appl icat ions  where the  surfaces  t o  be 
cemented f i t  very c losely ,  t he  cement can be introduced by brush, eye dropper, 
o r  hypodermic needle i n t o  the  edge of t h e  jo in t  by cap i l l a rg  action.  I n  o ther  
cases, it  is possible  t o  i n s e r t  f i n e  wire i n t o  the jo in t  when the  pa r t s  a r e  
assembled i n  the  j ig .  The cement is then introduced i n t o  the  jo int .  After 
the cement has reached a l l  p a r t s  of t h e  j o in t ,  the wires a r e  removed. This 
procedure is useful  i n  removing a i r  bubbles and i n  f i l l i n g  voids i n  j o in t s  
made i n  o ther  ways. 

Soak techniques a r e  ava i l ab l e  i n  which pieces a r e  immersed i n  t he  solvent,  
softened, removed and quickly brought together. Areas adjoining the  j o in t  
area  should be masked t o  prevent them from being etched. Cellophane tape is 
commonly used f o r  t h i s  purpose. Af t e r  t he  soak, pa r t s  should be assembled 
rapidly.  

No matter  which technique is se lec ted ,  surfaces t o  be joined should be c lean 
(use  of a cleaning solvent ,  such as acetone, i s  of ten recommended), but not 
below 650F ( 1 8 0 ~ ) ,  and f i t  toge ther  a s  f l a t  surfaces, If the  pa r t s  do not 
f i t  well ,  the  time f o r  a p a r t  t o  so f t en  a f t e r  appl icat ion of cement must be 
increased t o  a id  i n  obtaining s a t i s f a c t o r y  fit .  Once the  p a r t s  a r e  mated, 
they must be fastened together  by spr ing clamps, C-clamps, o r  toggle clamps s o  
t h a t  uniform pressure i s  exerted on t h e  bonded areas. Pressure should be low 
so t h a t  the pa r t  w i l l  not be f lexed o r  s t ressed.  Pressures of 100-200 p s i  
(0.7-1.4 M P ~ )  a r e  of ten recommended. The pressure should be su f f i c i en t  t o  
squeeze out a l l  a i r  bubbles from the  j o in t  and t o  assure good contact  of t he  
mating surfaces. When the  clamps a r e  removed, an elevated-temperature cure is  
of ten  ca l led  f o r ,  e.g. warm a c r y l i c  t o  1200F ( 4 9 0 ~ ) ,  heat 
130-150°F ( 5 4 - 6 6 0 ~ ) ~  and polycarbonate up t o  175OF (79OC). 
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7.3.3 vrecau t ions .  Cementing t r a y s  should  be made of m a t e r i a l s  t h a t  are 
i n e r t  t o  t h e  cementing so lven t s .  Care should  be t aken  t o  avoid e x c e s s i v e  
c o n t a c t  of t h e  hands o r  s k i n  w i t h  cenen t  s o l v e n t s ,  s i n c e  sost of  t h e n  w i l l  
remove n a t u r a l  oils from t h e  s k i n ,  and may c a u s e  chapping or even mild 
d e m a t i t i s  after too f requent  exposure. Where glacial ccetic a c i d  is used (as  
w i t h  nylon),  c o n t a c t  should  be c a r e f u l l y  avoided because of its c o r r o s i v e  
na ture .  Working areas n u s t  be we l l -ven t i l a t ed .  Brea th ing  of concen t r a t ed  
vapors  of e t h y l e n e  d i c h l o r i d e ,  methylene c h l o r i d e ,  g l a c i a l  acetic acid, etc., 
may cause  t o x i c  effects. Cement t anks ,  t r a y s ,  and s t o r a g e  c o n t a i n e r s  should 
be equipped w i t h  l i g h t  cove r s  t o  reduce evapora t ion  when not  i n  use. 

Since s o l v e n t  vapors as well a s  s o l v e n t s  themselves  can cause  c raz ing ,  
a s sembl i e s  w i t h i n  c losed  spaces should  be adequa te ly  v e n t i l a t e d .  An a i r  l i n e  
c a n  be i n s e r t e d  t o  sweep its vapors  o u t ,  o r  vacuutn c a n  be used, a lony w i t h  a 
t u b e  t o  bleed f r e s h  a i r  t o  t h e  s i d e  o p p o s i t e  t h e  vacuum t akeof f .  Uhere it is 
imposs ib le  t o  remove s o l v e n t  vapors  f ton t h e  j o i n t  i tself ,  a f t e r  t h e  bond has  
been nade, t h e  j o i n t  should  be des igned so t h a t  s o l v e n t  vapors  c a n  be excLudeJ 
f ron  t h e  a d j a c e n t  a r ea .  (11) 

ASll i  r402 is a recomaended p r a c t i c e  sugges t ing  p r e c a u t i o n s  t o  take i n  
handl ing  s o l v e n t  cements used f o r  j o in ing  the rmop las t i c  pipe and 
f i t t i n g s . i l b )  
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CHAPTER 8. RECOMMENDED ADHESIVES FOR SPECIFIC A1)HEREXDS 

8.1 General Discussion. Section 5.3.5 above out l ines  recommended surface 
Preparations f o r  a l l  types of adherends, and Section 7.2 provides speci f ic  
recomntendations f o r  solvent cementing of plast ics.  I n  t h i s  chapter 
consideration is given t o  the  type of adhesive recommended. Tables a re  
frequently published l i s t i n g  large numbers of adhesive types recommended f o r  
speci f ic  adherends. Such tablea  can often lead t o  less than optimum resul ts  
i n  providing inforniation needed t o  aseure durable bonds because the user tends 
t o  forget  tha t  some combinations of adhesives and adherends are superior t o  
others. The emphasis i n  the following sect ions is on giving information on a 
few of the adhesive types known t o  give strong l a s t ing  bonds f o r  par t icular  
adherends. 

8.2 Metals. 

8.2.1 Aluminum and a l loys  (I), ( 2 ) ,  (3). The best adhesives f o r  aluminum 
a r e  modified epoxies and phenolics. Vinyl p l a s t i s o l s  have been used recently 
i n  automotive applicat ions i n  bonding the outer panels of car hoods. These - 
adhesives, the  so-called "Hershey Drop" o r  an t i - f lu t t e r  adhesives, a re  used 
because of t h e i r  sound-insulating properties. Extruded onto the underside of 
the hood i n  cl predetermined pattern,  the p las t i so l  w i l l  under80 fusion and 
hardening at the elevated temperature of the paint  bake cycle. These 
adhesives a r e  used because of t h e i r  a b i l i t y  t o  absorb and s t r i k e  through l i g h t  
films of o i l  t o  form a film bond w i t h  the metal. Commercially available 
epoxies are a l s o  capable of providing durable Jo in t s  on oil-contapninated 
surfaces. Vinyl p l a s t i s o l s  give i n i t i a l  shear strengths i n  the  range of 
600-800 psi (8.1-5-5 H P ~ ) ,  compared t o  an elastomeric an t i - f lu t t e r  adhesive 
which gives about 350 p s i  (2.4 W P ~ ) .  Flexible epoxies a re  now beginning t o  be 
used t o  replace the vinyl  p l a s t i s o l s  fo r  these applications. 

TABLE XKXIII lists adhesive types found t o  give sa t i s fac to ry  resu l t s  f o r  a 
number of adherend types and conditions. This table  is from a booklet 
prepared by the Reynolds Netal Company. The or ig inal  source provides actual  
commercial adhesives and t h e i r  manufacturers. Shear values f o r  the adhesives 
i n  this table  range from about 400-7200 p s i  (2.8-5.0 Itpa), compared to  
7000-4500 p s i  (48-310 H P ~ )  f o r  aluminum i t s e l f .  It is only a t  the l ow end of 
the aluminum and the high end of the Ladhesive range tha t  the shear values a re  
comparable. 

8.2.2 Beryllium. Adhesives used with beryllium include the following: 

Epoxy-phenolic (350°3' or  1770C cure - 50 psi o r  345 kPa) 
Bitrile-phenolic (35002' o r  1770C cure - 50 ps i  or 345 kPa) 
Epoxy (RT cure, contact pressure) 
Epoxy-nylon 
Polyimide (PI) 
Polybenzamidaaole (PBI) 
Epoxy-nitrile 
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TABLE XXXIII. Select ion Guide f o r  General Alumfnum Bonding A v p I f c a t ~ o n ~  
(modified a f t e r  Ref. 1). 

Service Fenpero:ura 
Hater ia l  Wve and porn (OF) (OC) 

Alrullinua to itself Glass-Supported rwdif. phenolic -423 to +SO0 -253 t o  +260 
(Cryogenic or very low Modified epoxy sugported Film -423 t o  +SO0 -253 t o  +260 
temp. eppl.) Epoxy-phenolic g l a s s  cloth -423 t o  +700 -253 t o  +37l 

Aluminum t o  i t s e l f  
(low-temp. appl. below 2-grart epoxy paste  -60 t o  +200 - 5  to 93 
7 0 O ~  o r  ?LOCI 

4 

Alurninun t o  i t s e l f  2-pa r t  epoxy s i l ve r pas te  -50 t o  t l 5 0  -46 t o  i 6 6  
( ~ l e c t  r i c a t  conductive 1-part n o d i f .  epoxy paste  to +350 t o  +I77 
appl . I  1-part epoxy s i l v e r  paete t o  +250 t o  +I21 

Aluminum t o  i t s e l f  2-part epoxy paste -67 to +200 -55 r o  93 
(gene ral-purpose) 1-part epoxj paste -40 t o  +250 -40 t o  121 

Aluninun t o  i t s e l f  2-part epoxy syaten t o  +600 t4 a316 
(high-temp. appl.1 Part  A paste 

Part  a powder 
epoxy-phenolic g l a s s  cloth t o  +700 ?a i . 371  
?-part epoxy system 

P a r t  A l iquid long-Line service 
Park B powder t o  +GO0 OF t o  t 316 

]-part epoxy pas te  t o  +450 t o  +232 

Aluminun t o  i t s e l f  2-part epoxy -67 t o  +I50 -55 + G C  
( f a s t  cure)  2-pa r t  epoxy syrup t o  t120 t o  i 4 9  

2-pa r t  epoxy liquid t o  +I20 t o  +49 

Aluminun t o  i t s e l f  
(moisture present on A l l  2-park epoxy pas te  -50 t o  +la0 -46 t o  +62 

~ l u m i n u a  t o  i t ae l f  2-part epoxy -50 t o  +200 -46 t o  +93 
( o i l y  surface) 

Alumtnun t o  concrete 2-part epoxy paste  -20 t o  t180 -20 t o  t82 

biuminun t o  f l e x i b l e  . 1-part neop tene phenolic -30 Lo i300 -34 t o  +I49 
f i be rg l a s s  

Aluminum t o  r ig id  2-part nodified epoxy paste -67 t o  + la0  -55 tc 482 
f iberylass  l-part  AL-filled modified 

epoxy paste -40 t o  i 2 5 0  -40 to +I21 

~luminun to foans 2-part epoxy light paate  -40 tc +2uO -Cd to ?93 
tpoystyrene, urethane, 1-part reclained rubber -35 t o  +300 -37 t o  +I49 
etc. 1 (water-dispersed) paste 
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TABLE XXXIII. se lec t ion  Guide fo r  General Aluminum Bonding A p ~ l i c a t  ions [Continued) . 
Service Temperature 

Xaterial Pyve and Poru (OF) ( OC) 

Aluminun t o  g lass  2-part epoxy th in  syrup -67 t o  +200 -55 t o  93 
s i l icone  rubber paste -80 t o  +350 -62 t o  177 
2-pa r t nod i f  Led epoxy/- -67 to  t200 -55 t o  +93 
mine  acid paste 

Aluminun t o  nickel s t e e l  2-part epoxy paste t o  +18O t o  +82 

A l u m i n u m  t o  HYWR 1-part synthetic rubber resin -50 t o  + 250 -46 t o  +I21 
(polyester f i h )  

Aluminum t o  nylon 2-part epoxy paste t o  +180 t o  +82 
cyanoacrylate 1-part -65 t o  i 1 7 5  -54 

l iquid 

A l u m i n u m  t o  PVC 1-part synthetic rubber resin -50 t o  t250 -58 t o  +I21 
2-part epoxy paste -67 t o  +200 -55 t o  +93 

Al~minun t o  TEFL011 1 6 2-part epoxy pastes t o  t500 t o  +260 

A l u r ~ i n u l ~  t o  rubber epoxies ( fo r  h i g h  strength) 
(general) cyanoacrylate 1-part l iquid 65 t o  +I75 -54 t o  +79 

A l u m i n u m  t o  rubber 1-part synthetic rubber -30 t o  +230 -34 t o  +I10 
(BUIJA 1J-ni tr i le) ,  l iquid 
HYPAtOll , natural, 
f i l l e d  gum stock, 
GR-S , XEL-P , neoprene, 
red sheet, sponge, 
pure gun.) 

Aluminum t o  s i l icone  1-part s i l icone rubber paste -85 t o  +a50 -65 t o  +232 
rubber 

Aluminum to wood 2-part epoxy paste -67 t o  +I80 -55 t o  82 
1-part epoxy paste -67 t o  t350 -55 t o  +.77 

Downloaded from http://www.everyspec.com



Since beryllium retain8 signif icant  strength a t  temperatures up t o  1000°~ 
( 5 3 0 0 ~ )  t h e  bigh-temperature application area is important f o r  t h i s  sol~evbat 
exotic metal. A S  indicated above i n  4.2.1.3.1, the polybennamidazoles are  
relat ively s table  i n  a i r  a t  temperatures up t o  5SOop ( ~ 8 8 ~ ~ )  f o r  short 
period8 of tine. Polyirnides can be used a t  somewhat lower temperatures fo r  
longer periods. .The more conventioncl adhesives l i s ted  above a r t  much more 
eempe rature-sensitive than PBI and PI and offer  cons iderably .higher strengths 
a t  room temperatures, and equivalent, or  evea s l ight ly  higher strengths a t  
250OP (12lOC) ( 4 )  (5 ) .  

8.2.3 B a s  Adhesives ueed w i t h  copper and capper alloys (see 8.2.6) can 
be used with brass. A s  indicated above, the  surface preparations of brass and 
copper may o r  m y  not be different .  

8.2.4 Bronze. Adhesives used w i t h  copper and copper alloys (see 8.2.6) can 
be used w i t h  bronze. 

8.2.5 Cadmium. N o  part icular  adhesive types have been recommended for  
cadmium, which is usually found a s  a plating (see 8.2.15). 

8.2.6 Cppyer and alloys. Copper, because of its unusual oxide 
characteris t ics ,  is normally a cliff i cu l t  metal t o  bond. A project, sponsored 
by the International Copper Research ~ s s o c i a t i o n ,  ( I N Q U )  , 11971), showed the 
unique a b i l i t y  of properly formulated dicy-cured epoxy coatings and adhesives 
t o  provide bond-st rength retention to  copper a f t e r  extended exposure t o  
moisture and s t ress .  Long-term boiling water, peel and thewl-shock t e s t s  
were run by tbe investigators on s tee l ,  alurainua and copper saraples, using e 
variety of successful connercial coatings and adhesives, as  w e l l  a s  
forwulations with and without special additives. Host of the compouncls 
studied showed no f a i l u r e  i n  t e s t s  up t o  s ix  months duration on aluminum or 
ateel ,  but fa i led  rapidly, frequently in  a few days, on copper. mine- and 
anhydride-cured liqurd epoxy adhesives, a s  w e l l  as several viny>benolic f i l m  
adhesives, were among the many f owulat ions showing most rapid 3eteriorac40n 
on copper (6) .  

The IllCRA report (6 )  showed tha t  only those beat-cured epoxies which 
contained dicyandiamide (Dx  CY) or melamine provided long-term bond durability, 
performing about as we11 on copper as  on aluarinum or steel.  PIC% was shown to  
be beneficial. e i the r  when ueed a s  the so le  curing agent with epoxy recpins, or 

, when mixed with other curing agents, o r  when used t o  pretreat  the  copper 
surface before b in8 in~ .  Even when simply added t o  coatings, 4e.g. . 
phenolic-cured epoxies which cure by a different  mechanism), DICY and a 
melamine compound both increased ti- t o  adhesive fa i lure  s ignif icantly on 
e i ther  bare or  alkaline pemanganate-treated copper. 

Surface t rea t ing  t h e  copper. usring e i the r  the  Black Oxide Coating Process o r  
the Alkaline Pewanganate Procese (see 5.3.5.1.7 fo r  both), wae found to  
extend the useful l i fet ime with several adhesives and coatings relat ive t o  
bare, acid-etched copper. Only t h e  DICY or  melruaine systems, however, ahowed 
useful bond retention t o  acid-etched copper (7)  18). 
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besides epoxies, other ajhes ive types used successfully w i t h  copper include 
polyurethane, silicone, ny lon-epoxy, n i t  rile-phenolicr neoprene-phenolic, 
acryl ic ,  cyanoacrylate, anaerobics, and partially-hy rogenated polybutadiene 
( f o r  bonding copper t o  polyethylene). 

8.2.7 ilaqnesiuw and Alloys. In order t o  obtain optiaun bond strength w i t h  
magnesium alloys, equal consideration must  be given t o  the speci f ic  alloy, t h e  
ziethod of surface preparation, and t o  the adhesive. Ordinarily, epoxy 
adhesives are used fo r  bonding magnesium alloys, but other adhesive types used 
include e?oxy/phenolics, polyurethanes, s i l icones,  and cyanoacrylates. 

ir problem with epoxy adhesives is tha t  t h e  chemical nature of the epoxy 
ior~.lula:ion xiyears t o  have a sens i t iv i ty  t o  the surf ace chenist rj! c o d i t  ion 
of a naynesiuia alloy af ter  a surface preparation has been used on the alloy. 
Jbckson ( 9 )  has carr ied out a conprehensive stu&y showiny the interaction 
between alloys (AX31B-H24, 2K60A-T5, ati60A-TG, Ht.121~-T8, HK31A-H24 , and 
LA 1 4  iA-01, adhesives ( esoxy, rubber-based, polyanide-epoxy, phenolic-epoxy, 
an5 novalac-epoxy) , a d  surf ace preparation method (solvent degrease, 
RT-chronic acid, hot chrouic acid, alkaline, Dow 17, and Cbnol C ) .  ?he 
results ,  reported as shear strength, are variable and it is d i f f i c u l t  t o  draw 
any general conclusions. The Jackson paper should be consulted before any 
decisions are  made as t o  vhich conbinat ion of adhesive, surf ace preparation 
and alloy ahould be used. 

8.2.C Uickzl and Alloys. Nickel is a ne ta l  usually used in  alloy fOrIS. 
Relatively l i t t l e  work has been carried out on adhesive bonding of nickel-base 
al loys because nost of these alloys are used a t  tewera tures  above the present 
naxinun service teraperatures of organic adhesives, or  under corrosive 
conditions. Inorganic adhesives of suff ic ient  J u c t i l i t : ~  and low-enough 
maturing tetlperatures have not been developed t o  compete effect ively w i t h  
brazing and welding fo r  joining high-temperature structures. ( lo) 

Epoxy adhesives are ordinarily used t o  bond nickel and its a l l ~ j s .  In a l l  
likelihood PC1 and PI adhesives can also be used fo r  high-temperature 
api~licat ions involving nickel (10) .  Other adhesives used include 
epoxy-nylons, polyanides, phenolic-nitriles,  phenolic-polyvinyl butyrals, 
phenolic-yoljinyl f owals ,  yolyisocyanates, melamines, and neoprenes. ( l1 ) 

8.2.9 Stee l  (Hild) (Carbon) (Iron). A s  indicated in Chapter 5, s t e e l  
a l loys  are important adherends in  a nay bonding applications. ~ d h e s i v e  types 
used successfully include the following: 

.. 
i J i t  r i  1e-phenolic - high moderate-tebtperature strength, but drops 

off rapidly a t  higher t e p e t a t u r e s  
Volybenzinidazole (PBX) - high strength over a wide temperature ranye 
Epoxy-phenolic 
Poly h i d e  
Acrylic ( two-part EtT-curing) 
L9oxies [tape, 2500~ ( 1 2 1 0 ~ )  cure, l hr a t  50 ps i  pressure) 

(paste, 2SOOp (1210~)  cure, 1 hr a t  contact pressure) 
(two-part bisphenal-A system/polyamide curing agent, 
RT-cure at  contact pressure) 
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The above types a r e  recommended f o r  high-strength bonds. Other adhesive 
types f o r  less s t r i n g e n t  requirements include thermoplastics and rubber-base 
materials.  ( 12) 

A recent  Amy study (13) evaluated four  surface-preparation methods f o r  4340 
steel, an ultra-high-strength steel c o ~ n l y  used f o r  munitions, using two 
d i ~ f e r e n t  adhesives, a one-part 2 5 0 0 ~  ( 1 2 0 0 ~ )  curing epoxy p a s t e  (Be-2214) 
and a two-part room-temperature-curing a c r y l i c  (TAPIE 200). Resul t s  f o r  t h e  
bes t  two surface-preparation methods a r e  given i n  Table XXXIV. f t  was found 

I t h a t  t h e r e  was l i t t l e  d i f f e rence  ( 6%) i n  t h e  s t r eng ths  of t h e  j o i n t s  wide 
with EC 2214, regard less  of sur face  preparation. Results w i t h  the ac ry l i c ,  
TAMP 200, ind ica ted  very  l a r g e  d i f fe rences  (up t o  45%) i n  s t r e n g t h  among bonds 
made. Both adhesive types showed exce l len t  elevated-temperature propert ies .  
The sC 2214 was e s s e n t i a l l y  unchanged at 1400P (60%) but t h e  Wig 200 was 
considerably s t ronger  a t  t h e  higher tenpexature than  it was a t  room 
temperature. LJevertheless, t h e  epoxy still had a higher s t r e n g t h  at  1 4 0 0 ~  
( 60°C) than t h e  acry l ic .  

8.2.10 Steel, s t a i n l e s s .  I n  general,  t h e  adhesives used 8 o r  mild steel can - 
be used f o r  bonding s t a i n l e s s  steel. 

8.2.11 Tin. No p a r t i c u l a r  adhesive type  is reconuaended f o r  t i n ,  although 
epoxies a r e  probably t h e  most use£ ul. 

8.2.12 1. Adhesive systemi used f o r  t i t an ium 
should normally be capable of withstanding high-temperatures, s i n c e  t i tanium 
is used pr imar i ly  because of its high-temperature resis tance.  Adhesives used 
include: epoxy, nitri le-epoxy, ni t r i le-phenolic ,  polyinide, and epoxy- 
phenolic. Polyimide adhesives provide s t r eng ths  of 1600-1800 psi (11.0-12.4 
NPa) a t  6 0 0 0 ~  (3160C). Epoxy-phenolics (novolacs) and n 5 t r i l e  epoxies 
a r e  normally tested at  3 5 0 9  (577%). 

High-peel-strength adhesives such as ni t r i le -phenol ics  should be considered 
f o r  use i n  metal-to-metal bonds at the  s a c r i f i c e  of lap-shear s t r e n g t h  at ,  
temperatures above 3500~8 ( 1 7 7 0 ~ ) ~  provided t h e  design w i l l  permit  a 
reduction i n  shear  s t rength.  

N i t  r i le-epoxies a r e  recomended f o r  skin-to-core appl ica t ions  because less 
v o l a t i l e 8  a r e  released during cu re  than with epoxy-phenolics. The v o l a t i l e s  
released during cure  c r e a t e  i n t e r n a l  pressure,  which can r e s u l t  i n  core-node 
bond and skin-to-core bond f a i lu re s .  

Polyimide adhesives a r e  not used f o r  skin-to-core bonds because t h e  
temperature environment- is  not high enough t o  make them a t t r a c t i v e  and beaause 
of t h e  inherent  problems caused' by high v o l a t i l e  re lease  during cure. 

8.2.13 Tungsten and al loys.  L i t t l e  information has been found on 
reco~fimended adhesives f o r  tungsten, although n i t r i l e  rubber and epoxies have 
been used (11). 

8.2.14 Zinc and al loys.  Adhesives used include epoxies, s i l i cones ,  
cyanoacrylates,  ni t r i le-phenolic ,  and rubber-based adhesives (see 8.2.15). 

8.2.15 Plated metals. A Boeing-Vertol paper (16) repor t s  an extensive 
s tudy  on cadmium- and zinc-plated steel sur faces ,  usiny nit rile-phenolic 
adhesives (16). 

23.3 
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8.3 P l a s t  ics . 

8.3.1.1 Acctal  co~olynwr  (CELC01.0 f 17). Thermal welding is o r d i n a r i l y  used 
f o r  bondiw t o  ob ta in  optimum bond- s t rengths ,  but adhesives may have t o  be 
used under c e r t a i n  conditione. Three types of adhesives a r e  used i n  bonding 
a c e t a l  copolymer: Solvent, e t r u c t u t a l  and non-structural. tiexafluoroacctone 
sesquihydrate  is used i n  so lven t  ceaenting (see 7.2.9). Host s t r u c t u r a l  
adhesives are base  on thermoset resin6 and requ i te  the add i t ion  of a c a t a l y e t  
and/or heat t o  cure. This type adhesive is normally used i n  &pplicstions 
which requ i re  maximum bond a t  rengtb and minimum creep of t h e  adheeive jo in t  
under sus ta ined loading. Hany e t r u c t u t a l  adhesives can be used continuously 
a t  tenperaturea  up to 3 5 0 0 ~  (1770c), which is higher than t h e  reconmended 
conrinuous-use temperature of 2 2 0 0 ~  ( 1 0 4 0 ~ )  of t h e  copolymer. 

S t r u c t u t a l  adhesive types reco~mneaded are: 

Epoxy ( t o  1 6 0 0 ~  o r  7 1 0 ~ )  
Polyester  with isocyanate cur ing agent ( t o  200°p o r  93Oc) 
Polyvinyl b~tyrrtl Imodified w i t h  a thenabset t ing p h e n o l i c ) ( t o  2 5 0 0 ~  

o r  1 2 1 0 ~ )  
Cyanoacrylate ( t o  1 8 1 0 ~  o r  82%) 

S t r u c t u r a l  adhesives f o r  bonding a c e t a l  copolymer t o  i t s e l f  have yielded 
sheer  s t r e n g t h s  of 600 - 800 p s i  (4.14 - 5.52 #Pa). By subject ing adhetend 
samples t o  cleavage s t r e s s  (peel), a decrease of a t  l e a s t  25k i n  bond s t reng th  
can be expected. 

!Jon-structural adhesives a r e  usually one-component, roon-tenpe r a t  u re-cu r i  ng 
8yStems based e i t h e r  on thermoplastic res ins  o r  elaatomeric n a t e t i a l s  
d i syerseJ  i n  solvents .  They are normally used i n  app l ica t ions  which w i l l  not 
have t o  s u s t a i n  heavy and/or continuous 'Loading and w i l l  not be axposed t o  
temperatures above 180°P ( 8 2 0 ~ 1 .  Iteoptene rubber adhesives have been used 
t o  provide shear s t reng ths  of 325 pat (2.24 &Pa) t o  eaaded sur faces  and 300 
psi (2.1 MPa) Lo unsanded surfaces.  A s  i n  s t r u c t u r a l  adhesives, a reduction 
i n  s t r e n g t h  can be expected under peeling load. 

6.3.1.2 Acetal horsopolmet ( D B U i x l i )  118). Adhesives used t o  bond a c e t a l  
homopolymer t o  i t s e l f  and t o  o tber  mate r ia l s  such as aluminum, s t e e l ,  natura l  
rubber, neoprene rubber, and BUna rubber include po lyes te r  and isocyanate 
cur ing agent, rubber-base adhesives, phenolics, epoxies, modified epoxies, and 
vinyls .  Solvent cementing cannot be used f o r  t h i s  type p l a s t i c  unless  t h e  
s u r f a c e s  a r e  s p e c i a l l y  roughened, because of t h e  high solvent  res i s t ance  of 
t h e  material .  

Other adhesive types  sometimes used are: 

Resorcinol 
v iny l  phenolics 
Ethylene v iny l  a c e t a t e  
Cyanoacry l a t e s  
~ o l g u  rethane 
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0.3.1.3 Ac ryloai&.n.ile-Uutadf.ene+tyrene (aB8). AJ3S is usually bonded by 
bodied solvent cernents. Adhesives recomaended for A13S include epoxies, 
urethanes, themnosetting acrylics, elastoraerics, vinyls, nitrile-phenolics and 
cyanaacrylates. ( 19) 

8.3.1.4 Cel.lulosic8. These plastics are usually solvent cemented. 
Polyurethane, epoxy and cyanoacrylate adhesives are comaonly used to bond 
cellulosics. Cellulosic laaterials nay contain plasticizers that are not 
compatible with the adhesive, The extent of lasticizer nigration should be 
dete rnined before an adhesive is recornended #f.P19) 

~ec-Mat iow for convenkioaal adhesives for  specific cellulosic types are 
as followst 

Cellu.1.os.e . a c e . t a  - polyurethane, epoxy, synthetic resins, therraoplas t i c  , 
and resorcinol-f ortnaldehyde 

9ellulos.e acetate butyrate (CAB) - natural rubber, plyisobutylene rubber, 
n i t r i l e  rubber, neoprene rubber, polyvinyl acetate, vinyl acetate/ 
aarylic acid, vinyl chloriJe/vinyl acetate, polyacrylate, 
cyanoacrylate, polyaraide, polyester t isocyanate, nitrile-phenolic. 

.Cellulose nitrate - epoxy, synthetic thernoplastic, n i t r i le  rubber, 
polyurethane, and cyanoacrylate. 

,Ce.llulo.se propionate - same as CAI3 

,Ethyl cellulose - epoxy, nitrile-phenolic, neoprene, synthetic rubber 
with the***- zetting resin, synthetia themtoplastic resin, and 
resorci -..* 1 rrmaldehyde. 

8.3.1.5 g+>x .%. s e ' .  rafluorethylene copolymer (ITPE) ( T E P Z ~ L ) .  T h i s  
makerial i s  usuetly t t .  mally welded or spln-welded. The manufacturer 
(duPont) claim t hd t  a new treated film type bas been' developed that is 
receptive t o  many adhesives, although no infomation is given a8 to the types 
of adhesives recommended. ( 20) 

8.3.1.6 W.hylene-yv.inyl .acetate (-RVA). No particular adhesives are 
Ifeconunended . 
' 8. 3. 1. 7 F-Xuorinated ethylene propylene (FBI?). Epoxies and polyurethanes 

' give gooit bond strengths to  treated fluorocarbon surf aces. ( 19)  

8. 3.1.8 1o.none.r (surlyn) . Epoxies or polyurethanes are recomended. (21) 

8.3.1.9 & l ~ n  (Polytuaide). The best adhesives for bonding nylon to nylon 
are generally solvents, as discussed above i n  7.2.4. Various coIitnercia1 

'adhosivee, especially those based on phenol-formaldehyde and epoxy resins are 
sonetiaes used for  bonding nylon to  nylon, although they are usually 
considered inferior to the solvent-type of bonding agents because they result 
i n  a b r i t t l e  joint. 
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Adhesives reconmelatled by duPont f o r  t h e i r  nylons (mostly Nylon 6,6) are: 

Nylon t o  Metal 
Phenolweld #7 (Hardman, f nco ) 

Nylon t o  flood, l l e ta l  and Leather 
Hesiweld 7004 (PI. B. P u l l e r  Co. 1 ( e p o ~ y )  

Wylon t o  Metal and Vinyl Stock 
Hesiweld 7006 (#. B. P u l l e r  coo )  (epoxy) 

.Gene ral 
APLV 5363 ( ~ p p l i e d  P l a s t i c s  COO) 

1Jylon-phenolic, n i t r i l e -ghenol ic ,  n i t r i l e s ,  neoprenes, urethanes, epoxy tubber 
and epoxy alee recommended f o r  bonding nylon t o  metal and o ther  aaterials (22). 

8.3.1.10 Perfluoroalkoxy r e s ins  (PPA) Epoxies and polyurethanes g ive  good 
bond s t rengths  to  t r ea t ed  fluorocarbon 

8.3.1.11 -sins (WRYL). ~ l t h o u g h  so lvent  cenrenting 
is t h e  usua l  method of bonding these  resins ,  conventional adhesive bonding can 
be used. Epoxies, polysulf ide epoxy, polyurethane, s i l i c o n e  and cyanoacrylate 
are recommended by t h e  manufacturer. The cure temperature of t h e  adhesive 
must not exceed t h e  heat-def l e c t i o n  temperature of t h e  NORXI, resin,  which is 
212-300°p (100-l490C), depending upon t h e  f ornulation, (22) 

803.1.12 P o l y a ~ l  e t h e r  (ARYLOW 9 ) .  This  material is nozrtrally joined by 
so lvent  cementing, 

8.3.1.13 Polyaryl sulfone (AsI'REL 360). As indicated above under 
5.3.5.2.2.13, HYSOL EA 9614 (modified epoxy on a nylon c a r r i e r )  has been used 
t o  g ive  very good bonds with t h i s  p l a s t i c .  Curing is a t  1 6 0 0 ~  (710C) f o r  
4 hours, o r  1. hour a t  200;2500~ (93-121%) at 30 p s i  (0.20 HPa) pressure. 
Bonds of s t r eng ths  up t o  2023 p s i  (14 t4Pa) have been obtained with 
solvent-washed surfaces.  

A Picatinny Ar8enal s tudy (23) reported on t h e  use of E K ~ M  828/Versamid 140 
(epoxy-polyamide) f o r  bonding AsmEL 360, The ratio of epoxy t o  polyamide was 
70:30 and t h e  specimens were cured with contact  pressure at 260%' (127OC) 
f o r  3 hours. Average shear  s t r eng ths  of 750 p s i  (5.16 MPa) were observed with 
adherend f a i l u r e ,  Somewhat lower shear  s t r eng ths  (410 p s i )  (2.83 I P ~ )  were 
obtained with a novalac epoxy system, CIBA EPN 1138. With this system t h e r e  
was some adhesive f a i l u r e ,  u sua l ly  0 - 209. The Picatinny study also 
evaluated a so lvent  cement, lacresol, which was cured at 40 p s i  ( 8.28 MPa) at 
212OP (10O0c) f o r  10-15 minutes, followed by 4 2 0 0 ~  (2160c)for one 
hour. This so lvent  system is hazardous, however, and t h e  curing and drying 
cyc le  is s o  long t h a t  it is not f e a s i b l e  for production l i n e  use. Shear 
s t r eng ths  of 680 p s i  (4.69 IPa)  \.sere obtained with a-cresol, with adherend 

I f a i l u r e ,  
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8.3.1.14 Polycarbonate (LExAIJ) (MERW~J) (TUPPAK). Polycarbonate is usual ly  
so lven t  cemented, but it can be bonded to o t h e r  p l a s t i c s ,  glass, aluminum. 
braas,  steel, wood and o t h e r  m a t e r i a l s  using a wide v a r i e t y  of adhesives. 

S i l a n e  primers nay be used when joining polycatbonates wi th  adhesives t o  
pronote  adhesion and ensure a dty surface  f o r  bonding (211. & p r y  aud 
polyurethane adhesives off  e t good bond s t r e n g t h s  t o  polycatbonates.  ( 19)  

Adhesives tecoanended f o r  polycarbonate include epoxies, urethanes,  
s i l i c o n e s ,  cyanoac ry lakes,  sone epoxy-polymides, rubber o r  neoprene-based 
mate r ia l s ,  and hot melts. Generally bes t  r e s u l t s  a r e  obtained with 
s o l v e n t l e s s  n a t e r i a l s ,  such a s  epoxies and urethanes. Youever, each 
a p p l i c a t i o n  has unique requi rements f o r  f l e x i b i l i t y ,  temperature res ie tancc,  
e a s e  of app l ica t ion ,  and appearance, requir ing c a r e f u l  adhesi  ve se lec t ion .  

P a r t s  molded f ram polycarbonate r e s i n  can be cerjented using epoxy s y s t e m  
con ta in ing  room-tewerature-curing hardeners, such as d i e t h y l e n e  t r i a n i n e ,  o r  
with s y 8 t e m  containing elevated-temperature-cu ring hardeners, such as 
anhydrides. \then cementing polycarbonate p a r t s  t o  n e t a l  p a r t s ,  use a 
room-temperature c u r e  to  avoid c r e a t i n g  s t r a i n s  i n  the adhesive caused by t h e  
d i f f e r e n c e  i n  c o e f f i c i e n t s  of thermal expansion. This d i f f e r e n t i a l  causes 
adherend cracking and considerably decreases  expected bond s t reng ths .  Curing 
t e a p e r a t u r e s  should not exceed 2 7 0 0 ~  ( 1 3 2 0 ~ 1  , t h e  hea t -d i s to r t ion  tempera- 
t u r e  of s tandard p l y c a r b o n a t e  res ins .  ( 24 )  

Lpoxy formulat ions  with m i n e  hardeners, used a t  roon o r  e leva ted  
temperatures,  have a tendency t o  become hard an6 b r i t t l e .  The add i t ion  of 
p o l y s u l f i d e  o o d i t i e r s  inc reases  e l a s t i c i t y ,  althougb genera l ly  at the expense 
of bond s t rengths .  These adhesives permit a f a i r l y  th ick  cement line. m i n e -  
cured o r  polyanide-cured epoxies a r e  not genera l ly  recommended f o r  hot-water 
o r  stem e n v i r o ~ l e n t s  above 250°p (12lOcl. Anhydride-cured epoxies  
requ i re  a high-temperature cure. Before applying epoxy, p a r t s  should be 
predr ied  f o r  2-3 hours a t  250°p (121°c) i n  a n  a i r - c i r c u l a t i n g  oven t o  
d r i v e  ou t  r e s i d u a l  moisture. The c u r e  teatperacute should not exceed 270°p 
(132Oc) .(24) 

RTV s i l i c o n e  adhesives a r e  recoomPencied f o r  a p p l i c a t i o n s  requir ing exce l l en t  
bond s t reng th ,  a high s e r v i c e  temperature and goad thermal expansion. 
S i l i c o n e  adhesives nay be used with a l l  s tandard polycarbonate res ins ,  
including glas8-reinf arced grades. After  l i g h t  abras ion with f i n e  emery and 
c lean ing  of t h e  s u r f a c e  with methyl a lcohol  or other compatible c leaning 
s o l u t i o n s ,  t h e  su r faoes  ehould be primed with GE s i l i c o n e  primer SS-4004 and 
8 l l 0 w e d  a minimum of one hour d r y  time. The s i l i c o n e  adhesive should be 
appl ied i n  t h e  d e s i r e d  tbfckneas. P ina l  bond th ickness  may tango from 0.005 
t o  0.030 inche8 (0.013 t o  0.076 cn).(24) 

Polyurethane adhesives a r e  commonly recomnended f o r  bonding polycarbonate t o  
metal, g l a s s ,  ceramics, f luorocarbon8 and o t h e r  p l a s t i c s .  These two-part 
adhesives a r e  charac te r ized  by bonds which have e x c e l l e n t  room-temperature 
shear  and l a p  s t reng th ,  high impact r e s i s t a n c e  and e x c e l l e n t  low-temperature 
performance. However, polyurethane adhesives are genera l ly  l i m i t e d  t o  s e r v i c e  
temperatures under 2 0 0 ~ ~  ( 93963). A t  tempetatures above 2 0 0 ' ~  ( 9 3 O ~ )  
t e n s i l e  l a p  ahea t  values  d e c l i n e  dramatically.  They a l s o  s u f f e r  f ton 
exceesive  c reep  a t  room temperature and nay e x h i b i t  undesi rable  changes i n  
 toyert ti err vitb aging. ( 2 4 )  
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ii. 8. P u l l e r  Co. h a s  developed a ure thane  adhes ive  For polycatlaonate c 6 l l e 2  
FE 6039. Th ie  s o l v e n t - f r e e  adheeive can  develop  t e n s i l e - s h e a r  e t r e n g t h s  of 
1350 psi (9.31 nPa) . 

Cyonoacrylates  c u r e  a t  room tempera ture  to  it clear f i l m  and have t h e  
advantage of a wide use- teapera ture  range. Same epoxy-polyamiae one-part 
systems and rubber o r  neoprene-based system also provide good actbesion. 
Hot-melt adhes ives  a l s o  produce e x c e l l e n t  adhesion. These  adhes ives  reach 
t h e i r  u l t i m a t e  s t r e n g t h  seconds a f t e r  a p p l i c a t i o n s ,  but  may lose t h e i r  
s t r e n g t h  a t  tempera tures  below 0% (-1@C) or above 2 0 0 0 ~  (93OC).  
Some are a l s o  s u b j e c t  t o  c o l d  flow under prolonged heavy loading.  However, 
t h e i r  resistance to hot water  is e x c e l l e n t .  

I n  a recent  Army ARRADCOH s tudy  (25) both  a two-part ure thane  (Uralane 5736) 
and a two-?art epory (Emi 828/Vereanid 140) were evalua ted ,  using two 
d i f f e r e n t  su r f ace -p repa ra t ion  techniques  and va r ious  surface-exposure t i n e s  
( S L V ) .  The ure thane  gave b e t t e r  r e s u l t s  t h a n  t h e  epoxy-polyamide. Unayed 
bonds of 720 psi (4.96 NPa) were ob ta ined  f o r  the ure thane  and 390 poi 
(2.69 MPa) f o r  t h e  epoxy/polyemide. Aged bond s t r e n g t h s  v e r e  560 p s i  ( 3 . M  
HPa) and 140 p s i  (0.97 HPa), r e spec t ive ly .  Sm's of up t o  30 days  d i d  not 
a f f e c t  t h e  s t r e n g t h  of e i t h e r  t e s t e d  or aged specimens of the ure thane  bonds, 
but t hey  d i d  have an adverse  e f f e c t  on t h e  epoxy/polyarnide bonds. Aging was 
30 days  a t  1 2 0 0 ~  (49%) and 95% RH. 

8.3.1.15 P o l y c h l o r o t r i f  l u roe thy lene  (PCJPE) (KEL-F) . t ~ o x y / p o l y a n i d e  an2 
epoxy/polysul f ide  adhes ives  have been used s u c c e s s f u l l y  f o t  boMing proper ly  
t r e a t e d  PCPYL. EBOil 828/Versanid 125 (60:40 r a t i o )  cured 16 hours a t  R? and 
f otlowed &f 4 hours a t  16S0r ( 7 4 0 ~ )  has g iven  t ens i l e - shea r  s t r e n g t h s  of 
2840-3010 p s i  (19.6-20.5 MPa) f o r  va r ious  KEL-F r e s i n s  t r e a t e d  wi th  sodium 
naptha lene  e t c h  s o l u t i o n s  and a l s o  abraded.(Z6)(27) 

8.3.1.16 p o l y e s t e r  (Thermoplast ic) .  (28)  (29)  Th i s  grouping inc ludes  
General  ~ l e c t  r ic  cowany  * s VAWL and ce l sneee ' s  C E L A I ~ E X .  Solven t  cements used 
are hexaf luoroace tone  se squ ihydra t e  and hexaf luoroisopropano1. These are used 
w i t h  c o n t a c t  p r e s s u r e  wi th  aa 18-hour cure. T e n s i l e  s t r e n g t h s  up to  1500 ps i  
(10.3 IIPa) have been repor ted  w i t h  VALOX. The s o l u t i o n s  are brushed on t o  the 
n a t i n y  su r f  a c e s  and t h e  p a r t s  are held  t o g e t h e r  u d e r  c o n t a c t  pressure .  These 
s o l v e n t 8  can  be t ox ic .  

Polyure thanes  recornended inc lude  single-conponent AF 250 and AP 725 ( S t a l e j  
Chemical co.) and two-component Uralane 5738, 5742, 8089 and 8615. 

CYanOsCrylate~ such  as ~DCTZTE'S fS  06 and IS 12 and one-part  rwd i f i ed  epoxies  
such  88 311'8 Scotch-Weld 2214 and 2214 I i i -densi ty,  and two-part epoxies  such 
as Sco tch4 le ld  3520 are a l s o  recorm~ended. Adhesive-bonding tapes ,  such  as 
U S M ' s  Bos t ik  10-253, can  a l s o  be used. With t h e  latter,  t h e  fo i lowing  r e su lks  
were ob ta ined  wi th  CELANEX glass- re inforced  p o l y e s t e r :  

Cure - 
2 hrs e 27S°F C135oC) 
4 h r s  8 300°P (1490Cl 
2 h r s  @ 350°F 4177%) 

Tens i  le  Shear  St r e n s t h  
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A 1976 P i c a t i n n y  Arsenal  Study (31)  conpared hexaf luoroace tone  se squ ihydra t e  
(HPSI s o l v e n t  weldfny wi th  gpUl' 628/Versslirid 1 4 0  epoxy/polyaclide. A f t e r  
s u r f a c e  p r e p a r a t i o n  by wiping wi th  e t h a n o l  end sanding ,  t h e  UPS gave s h e a r  
s t r e n g t h s  of 1160 p s i  (6.01 UPa), conpared t o  1090 p s i  (7.54 UPa) f o r  t h e  
e p o r ~ / p o l y a n i d e .  Tile A m y  workers f e l t .  t h a t  t h e  18-hour c u r i n y  time f o r  t h e  
HFC was t o o  long t o  be p r a c t i c a l  i n  product ion ,  and t h e  s o l v e n t  was t o o  
hazardous f o r  p roduc t ion  use. 

6.3.1.17 Polye thylene .  Acceptable bonds have been ob ta ined  between 
p o l y o l e f i n  s u r f a c e s  v i t h  p o l a r  adhes ives ,  such  as epoxies ,  and s o l v e n t  cements 
c o n t a i n i n g  s y n t b s t i c  rubber o r  p h e n o l i c  r e s in .  The adhes ives  a r e  app l i ed  t o  
both  s u r f a c e s  and t h e  s o l v e n t s  al lowed t o  e v a p o r a t e  be fo re  t h e  p a r t s  a r e  
joined.  Recornended epox ie s  are t h e  anhydride-cured and t h e  ar~ine-cured.  
A l s o  s u i t a b l e  is t h e  two-component polyanide-nodi f ied  epoxy conpound, Other  
adhes ives  reconmended inc lude  s t y  rene-unsa%urated p o l y e s t e r  and so lvent - type  
n i t r i l e - p h e n o l i c .  Tab le  XXII g i v e s  r e s u l t s  f o r  an epoxy, a p o l y e s t e r ,  and 
nit rile-phenr~lic, us ing  d i f f e r e n t  s u r f  a c e  f reatments .  

8.3.1.18 Polye thylene  - c h l o r o t r i f l u o r o e t h y l e n e  (E-CTFSI (HALAR). The 
manufac turer  of t h i s  copolymer recomenda esoxy adhes ives  w i t h  e i t  h e  r sod i  un 
e t c h  o r  f l a n e  t r e a t n e n t .  Adhesives sugges ted  a r e  3N's Scotch-Ueld 2214 
Hi-Ye*, Scotch-Veld 221 6 ,  and Chemnplast s Chem-Grip Hi-Terap. Recent P i c a t i  nny 
Arsenal  s t u d i e s  compared sodium e t c h  and f l a n e  t r ea tmen t  f o r  scotch-l leld 2214 
Hi-Yemp r o o t a - t e ~ e r a k u r e - c u r i n g  Versanid-epoxy adhesive.  Bond st rengths  of 
995 p s i  (6.07 I,IPa) were obta ined  wi th  t h e  sodium e t c h ,  compared t o  350 p s i  
(2.43 11Ya) f o r  t h e  f la;le t r ea tmen t .  (23) (31)  

8.3.1.19 PolymethylaethacrylaLe (PH~G) (PLEXIGLAS) (WICITE). Adhesive 
j o i n t s  o r d i n a r i l y  p r o v i d e  lower bond s t r e n g t h s  t h a n  so lven t -  o r  heat-welded 
j o i n t s  w i th  Pl4I.u. Cyanoacrylakes, epoxies ,  afid second-generat ion a c r y l i c s  
o f f e r  g o d  adhes ion ,  but  poor r e s i s t a n c e  t o  t h e r n a l  a g i n g . ( l g )  

Other  adhes ives  recom,ended a r e  rubber-base adhes ives  (conk a c t  cements 1, 
s i l i c o n e s ,  and p o l y s u l f  i d e s  (32) .  It is impor tant  t o  select adhes ives  which 
are f l e x i b l e  because f requent ly  t h e  d i f f e r e n c e s  i n  c o e f f i c i e n t  of expansion 
between t h e  adhes ive  and t h e  p l a s t i c  p r e s e n t  a problem. When it is necessary  
t o  cement PWlA t o  non-plas t ic ,  t h e  dilnensions o f  t h e  cemented a r e a  should be 
as Small as poaa ib l e ,  e s p e c i a l l y  if t h e  m a t e r i a l  has  a much s m a l l e r  
c o e f f i c i e n t  of expansion than  PtLnA. ( 33) 

8.3.1.20 PolymeLhylpentane (Nu). No informat ion  has been found on 
recommended adhes ives -  f o e  t h i s  ruate r i a l .  

8-3.1.21 Polyphenylene S u l f i d e  (RYTOlJ) . Very l i t  t le informat i o n  h a s  been 
found i n  adhes ive  bonding of ~1;";. zn a P i c a t i n n y  Arsenal  s tudy,  (231 , a 
i ~ i x t u r e  of 70 pbw EPON 826 e w x y  and 30 pbw Versamid 140 w a s  app l i ed  t o  bo th  
f a y i n g  s u r f a c e s ,  assembled and cu red  under c o n t a c t  p r e s s u r e  a t  2600F 
( 12f°C) f o r  3 hours. Shear  s t r e n g t h s  of 485 p s i  (3.35 HYa) were obta ined ,  
w i t h  100% adherend f a i l u r e .  

8.3.1.22 Polypropylene  (PP). As f o r  po lye thy lene  ( s e e  6.3.1.171. Although 
r a t h e r  poor r e s u l t s  a r e  obta ined  wi th  polyolef  i n s  and cyanoac ry la t e s ,  t h e  
r e s u l t s  w i th  PP a t e  b e t t e r  t han  w i t h  PE. Bond s h e a r  s t r e n g t h s  up t o  411 psi 
(2.83 tlPa) have been ob ta ined  wi th  f l ame- t r ea t ed  PP and methyl cyanoacryla te .  
Without t h e  f l a n e  t r ea tmen t  t i le  s t r e r q t h  was only 160 p s i  (1.25 MPa). 
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A 1967 1Javy r e p o r t  ( 34) eva lua t ed  seven adhes ives  f o r  bonding polypropylene.  
S u r f a c e s  were prepared  by a b r a s i o n  and sonretinee by f u r t h e r  Lreatmnt wi th  W. 
T. 8 9 m 9 s  Metal Condi t ioner  or sodium t r e a t t n g  agent, Of t h e  adhes ives  t e s t e d  
t h e  n o s t  promising r e s u l t s  were ob ta ined  w i t h  A ~ s t  tong A-2 epoxy and Devcon P 
( a n  80% aluminum - 20b epoxy p u t t y  compound, not s o l d  as an  adhesive) .  The 
A-2 epoxy gave average  bond tensile e t r e n g t h s  of 191 psi  (1.32 M P ~ )  and t h e  
DeVCOn F gave s t r e n g t h s  of 273 psi (1.94 HPa). 

Besides epoxies ,  treated polypropylene  c a n  be bonded wi th  n i t  r l k - p h e n o l i c s ,  
p o l y s u l f  ide-epoxies, polyamide-epoxies, polyure thanee  and hot melts. S i l i c o n e  
r e s i n  i n  xylene  s o l v e n t  has been recamended for  un t  rested. polypropylene. (21)  

8.3.1.23 Po lys ty  rene (Ps) . Polys ty  rene  is u s u a l l y  bonded by s o l v e n t  
cementing. ~t can  be bonded w i t h  v i n y l  a c e t a t e / v i n y l  c h l o r i d e  s o l u t i o n  
adhes ives ,  a c r y l i c s ,  polyure thanes ,  unsa tu ra t ed  p o l y e s t e r s ,  epoxies ,  
urea-£ orlaaldehyde, rubbe r-base adhes ives ,  polyamide ( V e  rsamid-base1 , PHlai\, and 
cyarioacrylate .  (19 ) (21 ) (35 )  

For po lys ty rene  foam, aromat ic  liydrocarbon s o l v e n t  adhes ives  would r e s u l t  i n  
c o l l a p s e  of t h e  c e l l u l a r  m a t e r i a l s ,  so it is a d v i s a b l e  t o  use  e i t h e r  100%- 
s o l i d s  adhe6ive6, such as epox tes ,  u re thanes  and amino resi n8, o r  water-based 
emulsion adhes ives  such as v i n y l  a c e t a t e  and a c r y l a t e  copolymer emulsions (35 ) .  
I t  is a d v i s a b l e  t h a t  such  adhes ives  be medium-to-heavy-viscosity and 
room-temperature and con tac t -p re s su re  cur ing .  (21) 

Of ten  it is d e s i r a b l e  t o  c o n t a c t  t h e  po lys ty rene  manufacturer  f o r  d e t a i l s  i n  
bonding PS. t o  specific adherends wi th  donvent ional  adhesives.  One of t h e  most 
comprehensive sou rces  is a t e c h n i c a l  i n f o m a t  i o n  b u l l e t i n  by flonsanto Company 
(36)  which r e c o m e n J s  p a r t i c u l a r  c o m e r c i a 1  adhesives f o r  t h e  fo l lawing:  

Non-porous s u r f  a c e s  : 

C e l l u l o s i c s ,  metbacr....ate (YI~l - lA) ,  ureas ,  phenol ics ,  v i n y l s ,  
g l a s s ,  steel. 

Po rous s u r f  aces : 

Paper, wood, cork. 

, For  t h e s e  adherends adhes ives  a r e  recohmended i n  t h e  f ast-, medium-, and 
slow-settinq ranges. 

8.3.1.24 Polysul fone  (UDIL). Solven t  cementing of po lysu l fone  can  be 
c a r r i e d  o u t  w i th  ch lor ina ted '  hydrocarbons (see 7.2.10). Conventional  
adhes ives  recotmended i nc lude  vinyl-phenolics ,  epoxy-nylons, epoxles,  
po ly  imides, rubber-based adhes ives ,  styrene p o l y e s t e r s ,  r e so rc ino l -  
formaldehyde, polyure thanes ,  and cyanoaccylate.  specific comroercial adhes ives  
r epor t ed  used euccese fu l ly  are: 

MYSOL EA 9614 epoxy film adhes ive  (1600~ /7X0c) cure1  w l o n  carrier) 
3 M  Company SCOTCH-WELD epoxy-nylon ~ i L m  Adhesive 42 
311 Conpany SCOTCH4IEU 2216 epoxy ( room-temp c u r e )  
3H company SCOTCH-GRIP 880 rubber adbes ive  ( n o t  a s t r u c t u r a l  adhes ive )  
American Cyananid BR 89 and BR 92 (for high-temperature a p p l i c a t i o n s )  
r u r a n e  UmLAIaE 5738 polyure thane  (polyethat type] 
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8.3.1.25 Dolytekraf luoroethylene ( P T ~ E ) .  Epoxies and polyurethanes g ive  
good bond s t r e n g t h s  t o  t r e a t e d  fluorocarbon surf  aces. ( l9) utlte r adhesives 
include two-part l i q u i d  epoxy o r  n i t r i l e -phenol ic  adhesives. Polyieobutylenes 
and s i l i c o n e s  func t ion  as pressure-senei t ive  edhesives.(35) 

8.3.1.26 P o l ~ v i n y l  c h l o r i d e  (PVC) . Solvent c e n e n t i w  is usua l ly  used f o r  
PVC ( s e e  7.2.3). P l a s k i c i z e r  i d g r a t i o n  from v iny l s  t o  the  adlps ive  bond l i n e  
can cause d i f f i c u l t y .  Adhesives must be t e s t e d  f o r  t h e i r  a b i l i t y  t o  r e s i s t  
t h e  p l a s t i c i z e r .  N i t r i l e  rubber adhesives a r e  very r e s i s t a n t  t o  p l a s t i c i z e r s .  
Polyurethanes and neoprene8 a t e  a160 used. PVC can be made with a v ide  
v a r i e t y  of p l a s t i c i z e r s .  An adhesive suitable for a c e r t a i n  PVC f o r n u l a t i o n  
nay not be conpa t ib le  with a PVC from another s u p p l i e r  (19) .  Even r ig id  PVC 
con ta ins  sow p l a s t i c i z e r  (up t o  59) which wakes it d i f f i c u l t  t o  e f f e c t  bonds 
produced with epoxy and o ther  non-rubber types  of adhesives. Af te r  proper 
su r f  a c e  preparat ion,  mast v iny l s  a r e  f a i r l y  easy to bond with e l a s t o n e r i c  
adhesives. Por laminating vinyl ,  so lven t  adhesives conta ining v iny l  o r  
s y n t h e t i c  rubber s o l i d s  i n  a compatible so lven t  a r e  adequate. Cyanoacrylate 
adhesives provide goad bond e t reng ths  f o r  boMing r i g i d  v iwj l  t o  i t s e l f  or  t o  
alurainun. The highest  bond s t r e n g t l ~ s  f o r  sea i - r ig id  o r  r i g i d  v iny l  a r e  
achieved w i t h  two-component, KT-curing epoxies. 

Other adhesives recommended f o r  r i g i d  PVC ate:  yolyu rethanes,  nodif i e d  
a c r y l i c s ,  s i l i c o n e  elastomers,  anaerobic s t r u c t u r a l  adhesives,  polyester-  
pol j i socyanates ,  yolyraethflmethacrylate, t i i t r i le- rubber  phenolic,  polyisobutyl  
rubber, n i t  r i l e  rubber, neoprene rubber, epoxy-polyanide, polyhyd tory  e the r ,  
polyvinyl ace ta te ,  and r e s i n  emulsion. 

8.3.1.27 P o l y v i n ~ l  f l u o r i d e  (PVr) (TEDLAH). IIhen t h e  PVF f i l m  is supplied 
with an adherable su r face ,  it nay be bonded t o  a v a r i e t y  of s u b s t r a t e s ,  
including p l a s t i c s ,  metals,  P o w ,  t e x t i l e s ,  wood and other  c e l l u l o s i c s  w i t h  
many c l a s s e s  of adhesives, including a c r y l i c s ,  po lyes te r s ,  epoxies,  
elastamera,  and p ressure - sens i t ive  mater ia ls .  I n  add i t ion ,  TEDLAI~ can be heat- 
s e a l e d  t o  itself. ( 37) 

8.3.1.28 Polyvinylidene f l u o r i d e  ( P V F ~ )  (KY~JAR) . bpoxies and 
polyurethanes g ive  good bond s t r e n g t h s  t o  t r e a t e d  f l u o r o p l a s t i c  surfaces .  ( 19) 

8.3.1.29 s t y r e n e - a c t y l o n i t r i l e  (SAM) ( W S ~ I I ) .  so lven t  cements a r e  
f requen t ly  w e d  Eor SAli. Conventional cements suggested f o r  bonding t h i s  

r copolymer include cyanoacrylate,  epoxy, 3# Co. SCOTCH-GRIP P l a s t i c  Adhesive 
2262 ( s y n t h e t i c  resin!, 3~ Co I n d u s t r i a l  Adhesive 847 ( n i t r i l e  rubber),  3P1 Co- 
Contact Cecji& 1357 (ne.oyrene), .. and 3H Co. Rubber Adhesives 1300L and 1700 
( neoprene81. 

8.3.2 Thermoeets. Most t h e m o e e t  p l a s t i c s  a r e  not p a r t i c u l a r l y  d i f f i c u l t  
t o  bond. Obviously, so lven t  cementing is not s u i t a b l e  f o r  bonding thermosets 
t o  t h e m e l v e s ,  s i n c e  they a r e  not soluble .  I n  some cases ,  so lven t  s o l u t i o n s  
can be U8ed t o  jo in  thermosets t o  thermoplastics.  I n  general ,  adhesive 
bonding is t h e  only p r a c t i c a l  rnethod of jotning a thermoset t o  a thermoset, or 
t o  nOn-plaBtic mate r ia l s .  I n  general ,  epoxiea o r  modif Led epoxies provide 
good adhesion t o  t h e r m s e t s .  

8.3.2.1 D i a l l y l p h t h a l a t e  (DAP). Suggested adhesives include urea- 
f ormaldehyde, epoxy-p lymine ,  neaprene, n i t  ti la-phenolic , s t y  rene-butadiene, 
neoprene, phenolic-nit  t i l e ,  phenolic-polyvinyl bu ty ta l ,  yolysulf  ides ,  f urans, 
po lyes te r s ,  and polyurethanes. (11) (21) 
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8.3.2.2 Epoxies, For maximum adhesion t o  epoxies, primers, such as 
trugheonss CtiE3tIX)It 607, a r e  used. The s t r e n g t h  obta inable  i n  a good epoxy bond 
is s i n i  l a r  t o  t h a t  of t h e  base reain. I n  general ,  t h e  curing t espera tu re  
should be a8 bigh a8 poseible, allowing f o r  t h e  d i s t o r t i o n  of temperature. I n  
t h i s  way, m a r i ~ u n  s t r e n g t h  and heat  r ee ia taace  a r e  obtained. Past-boading 
nit rile-phenolics with cur ing r e s i n s  can give  exce l l en t  bonds if cured under 
p ressure  a t  temperatures of 3OOoy (140oCJ. ~ o n d s  of lower s t r e w t h e  can 
be obtained with Emst. rubber-ba8ed adbesives. Suggested adhesives include: 
modif id a c r y l i c s ,  epoxies, polyesters ,  tesotc iaol- fo  tinaldehyde, f utane, 
pbenol-f ocwrldehyde, poiyvinyl f otrral-phenol& c, polyvinyl buty r a l ,  n i t  r i l e  
rubbe r-phenolic, poly isobutylene rubber, polyu rethane rubber, neoprene rubber. 
reclaimed rubber, melaarfae-fomaldehyde, crilicones, epoxy phenolic, and 
cyanoacrylates. 

8.3.2.3 e. For bonding melmines to 
themselves o r  t o  o ther  thermosets, epoxies, phenolic-polyvinyl buty ra l ,  epoxy- 
phenolic, phenol ic-ni t r i le ,  polyurethanes, neoprene, butadiene-ni t r i le  rubber, 
cyanoacryla tes  , tesorclnol-polyviny 1 buty ra l ,  f urane, and u tea-f ormaldehyde 
ate suggested. 

8.3.2.4 Phenol-romaldehyde (Phenolics). Adhesive system6 f o r  bonding 
phenol ics  include both one-component and two-component types. Phenolic6 can 
be bonded t o  phenolics,  t o  o ther  thermosets, and t o  non-plas t ics  with neoprene 
and urethane elastomers,  epoxy and moclified epoxy, phenolic-polyvinyl butyral ,  
n i t  r i  le-phenolic ancl polyesters .  cyanoacrylates g ive  adequate bond a t  rengths 
between phenolics and o ther  t h e  m o s e t s  o r  non-plastics. With many types of! 
phenol ic  molding cowounds t h e  best bonding medim is resorcinol-formaldehyde. 
Release agents can be a problem, espec ia l ly  t h e  s t e a r a t e s ,  which ace included 
i n  some phenolic formulatione. Phenolic adhesives g ive  goad r e s u l t s ,  but 
r equ i re  higher temperstureo f o r  cure  and a r e  less water- res is tant  than 
resorcinol-based adhesives. Other adheeivea euggested include p o l y a c ~ y l a t e ,  
mod i f  ied ac ry l i cs ,  neoprene, polyvinyl acetate, and urea-f ormaldehyde. 

8.3.2.5 Polyessters. Thermosetting polyester  r es ins  i n  t h e i r  var ious  
product f o m s  can be bonded s a t i s f a c t o r i l y  with neoprene o r  n i t  r i le-phenolic 

' 

elastomer,  epoxy, epoxy-polyamide, phenolic-epoxies, phenolic, polyesters ,  
modified a c r y l i c s ,  cyanoacrylates,  phenol i~-yolyvinyl  butyral ,  polyurethanes, 
buty 1 rubber, polyiaobutylene, and polyaethyZrPethacrylates. 

8.3-2.6 Polyfmide, L i t t l e  published l i t e r a t u r e  is ava i l ab le  on t h e  bonding 
of high-perf ornance composites ( incorporating yolyimide) f o r  use a t  600- 
(316Oc). A recent Wrr study (38) (39) evaluated s i x  adheelves f o r  Londing 
polyimide. Candidate adhesive system f i n a l l y  tecorm~ended a r e  given i n  t h e  
list below. No s i g n i  f i c a n t  d i f fe rences  i n  mechanical p r o p e r t i e s  were observed 
among these  adheetves. 

PH-34 ( Bl~oningda le )  polyimide t ape  

PH-34-8- 18 [ Bloomingdale) polyimide ( arsenic-f reel  

WC-13 - developed a t  t h e  l U s A  Langley Research Centert  naJe frm 
benzophenone t e t raca rboxyl ic  dianhydride (BTDA), m, ats-methylene 
diarnine (m,m'-HDA) and nadic anydride ( I m )  i n  dimethylf ormamide 
(DW). 
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HBOSGX - developed by duPont under a i&GA contract; an adhesive version 
of the fa 150 polymer family (plyimide), 

8r3e2r7 Polyurethane, Adhesives suggested for polyurethanes include 
.)~ethanes, epoxies, nitriles, polysulfide epoxy, polyamide-epoxy, neoprene and 
resorainol-f omaldehyde, Phe la t ter  offers excellent adhesion, but i s somewhat 
Lritkle and can cause failure at  high loads. 

0.3 . 2.8 ,Silicone resins. Silicone resins are generally bonded w i t h  
silicone adhesives,, either silicone rubber or silicone resin. 

8.3.2.9 pea-Pqraaldehyde, Adhesives 11ser3 are epoxies, nit rile-phenolics, 
phenol-f oroaldehyde, urea-f omaldehyde, resorcinol-f ormaldehyde, f urane, 
polyester, butadiene-nitrile rubber, neoprene, cyanoacrylate, and pnenolic- 
polyvinyl butyral. 

, 8.3.3 Reinforced plastics/conposites. Adhesives which give aatisf actory 
8 2 ~ 1 d 8  to  the base resin can be used to  bond plastics which are reinEorced w i t h  

:..aterials such as glass or organic fibers, asbestos, cotton, or pwer* 
?c-:i nforcred themnoplastics oan also be solvent cemented to  themselves, ur 
., ined to other themnoplastics by using a comatible solvent cement. A s  for 
:*.inEorced thermosets, lnuch of the  infomation provided above under b. 3.2 
'?::termosets applies. Certainly, t h e  type of adhesive used should be governed, 
Cn part, by the type of resin used i n  the laminate, 

F wide variety of adhesives are wed with reinforced thermosetting plastics. 
f n  general, the following adhesives have been used: egoxies, epoxy-polyamides, 
ma-f QmiIaldehgde, vi?ayl-pbeaolic, uneittatated polyester-styrene, resorcinol- 
icrmaldehyde, phenolics, f uranes, polyurethanes, n i t  r i  l e  rubber-phenolic, 
neoprene rubber, polyvinyl fornal-phenolic, polyvinyl butyral-phenolic, 
-dodtf ied aarylics, ayanoacrylates, btl tadiene-sty re. -: rubber, silicone resins 
(RYV) and phenolic-epoxy, 

8.3c4 Plastic Poams. 

0.3.4.1 Themo~lastic Foam, Solvent cements are usually pregerable to 
c;tzlclvenkional adhesives for thermoplastia structural foams (see 7.2.12). Some 
: ~tvent. cements and solvent-containing pressure-sensitive adhesives w i l l  
stlapse thermoplastic foam. Water-based adhesives based on SBR, polyvinyl 
~ t . u t e ,  or neoprene are often used. Solvent cementing i u  not effeative or1 

,polyethylene foams because of their inertness. Recommendations for adhesives 
.4ra a8 fo l l o~s :  

o sye.t.hylene nitwile rubber, polyisobutylene rubber, flexible egoxy, 
-ir. t i le rubber-phenolic, and \-/ator-based (emulsion) adhesives. 

o Hoclified golahenylene oxide (ISQRYL) - epoxy, polyester-polyisocyanate, 
polyvinyl butyral, n i t r i le  rubber, neoprene rubber, polyurethane rubber, 
g:31yvinylidene chloride, and acrylic. 

o Pol~styrene - urea-fornaldehyde, epoxy, golyeoter-isocyanate, polyvinyl 
- .tf.+i. (I .  vinyl ehl oride-acetate copolyraer, reclaim rubber, n i t  r i le  rubber, 

**c+ie rubber nild bufiadfene-sL::rene rubber are specific ehenica?. adhesive 
.z.~L;. PoIY;-.P~L~.:L;~* ffoam can be effectively dmdeil with at17 of the foll.ciwiny 

n : i ~  ~ t r l  t~lya:. 4):' &itita~sf vas : ( 40) 
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- water-based (emulsion) - bes t  f o r  bonding polystyrene foam t o  
porous surfaces. 

- contact  bond - give optimum i n i t i a l  strength. Both water-base 
and solvent-base types may need aux i l i a ry  heat ing systems f o r  f a s t e r  drying. 
Solvent types a r e  recomrpended f o r  adhering t o  metal, baked enamel, or  primed 
surfaces. 

- pressure-sensi t ive  adhesives - w i l l  bond to  almost any subst ra te .  
Both water-base and solvent-base types a r e  used. They cannot be used i n  - - 
appl icat ions  requiring long-term res i s tance  t o  s t r e s s  or  resistance t o  h&gh 
l eve l s  of heat. 

- 100% so l i d s  - These a r e  2-part epoxies and plyurethanes.  They 
form an extremely s t rong,  heat- and environmental-resistant bond. 

o Polyvinyl chloride - epoxy, polyester-isocyanate, unsaturated polyester ,  
vinyl  chloride-acetate copolymer, polyvinyl ace ta te ,  polyvinyl a lkyl  e ther ,  
ethylene-vinyl aceta te ,  n i t r i l e  rubber-phenolic, n i t r i l e  rubber, neoprene 
rubber, polyisobutylene rubber, polyurethane rubber and polysulfide rubber. 

o Polycarbonate - urethane, epoxy, rubber-base adhegives. 

o Polyethylene te rep tha la te  ~CLEAXTUF) - urethane, epoxy. 

8.3.4.2 Thermosetting foams-.- 

o Polyurethane - epoxy, polyester, polyacrylate,  plyhydroxyether, n i t r i l e  
rubber, neoprene rubber, butyl  rubber, wa ter-based (emulsion), polyurethane 
rubber, melarrine-formaldehyde and resorcinol-formaldehyde a r e  spec i f ic  tgpes. 
Generally, a f l ex ib l e  adhesive should be used f o r  f l ex ib le  PU foams. 
Synthetic-elastomer adhesives with fas t - t ack  charac te r i s t i cs  are avai lable  i n  
spray cans f o r  these applications.  F lex ib le  urethane foams are  commonly used 
f o r  sound dampening i n  metal working, outboard motors, snowmobiles, t r a c t o r  
cabs, motorized golf  c a r t s ,  e tc .  Nearness t o  motors and exposure t o  outdoors 
c a l l s  f o r  adhesives t ha t  a r e  r e s i s t a n t  t o  heat ,  fue l ,  o i l ,  water and/or 
weathering. Flexible  urethane foam is a l s o  used widely i n  comfort cushioningo 

Solvent-base neoprenes a r e  recommended f o r  res is tance t o  s t r e s s ,  water, end 
weathering. Solvent-base n i t r i l e s  a r e  recommended f o r  res is tance t o  heat ,  
solvent and o i l .  Water-base adhesives general ly  dry too slowly f o r  most 
i ndus t r i a l  appl icat ions ,  unless accelera ted e q u i p e n t  can be used. For 
immediate s t r e s s  res is tance contact bonding i s  preferred, i n  which adhesive is 
applied t o  t he  foam and the  other  subs t ra te  by spraying o r  brushing. Wet 
bonding can he  used when the  adhesive is applied t o  the other surface. This 
reduces soak-in on the highly absorbent and porous foam.(40) 

o Phenolic - epoxy, polyester-isocyanate, polyvinyl aceta te ,  vinyl  
chloride-acetate copolymer, polyvinyl formal-phenolic, n i t r i l e  rubber, n i t r i l e  
rubber-phenolic, reclaim rubber, neoprene rubber, polyurethane rubber, butyl  
rubber, melamine-formaldehyde, Nenolic-neoprene and phenolic-polyvinyl formal. 

0 Urea formaldehyde - urea-formaldehyde, resorcinol-formaldehyde- 
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o s i l i c o n e  - s i l i c o n e  rubber, 

o Epoxy - ( i i rc luding  epoxy s y n t a c t i c  foat is)  - heat -curable  epox ie s  (one-  
p a r t ) .  

8.4 Rubbers. Adhesives used f o r  pos t -vu lcan iza t ion  bonding of rubbers  
i n c l u d e  Mughson's CHEHLOfE 236 and 2348, used f o r  n a t u r a l  rubber, SBR, 
neoprene, bu ty l ,  n i t  r i l e  and BPDI-I (see 5.3.5.3). These are unspecif  i e d  t y p e s  
of rubber-base adhesives.  I n  gene ra l ,  adhes ives  used for  rubbers i n c l u d e  
n a t u r a l ,  c h l o r i n a t e d ,  reclaim, b u l y l ,  n i t  r i le ,  butadiene  s t y r e n e ,  polyure thane ,  
p o l y s u l f i d e ,  and neoprene-rubber adhes ives ,  a c r y l i c s ,  cyanoac ry la t e s ,  
po lyes t e r - i socyana te s ,  resorc inol - f  orraaldehyde, p h e n o l i c - r e s o r c i m l  f ormalde- 
hydes, s i l i c o n e  r e s i n s ,  epoxies ,  po ly i socyana te s ,  f urane r e s i n s ,  pbenol ic -  
n i t r i l e s ,  phenolic-neoprenes,  phenolic-polyvinyl  formals ,  and E l e x i b l e  epoxy 
polyamides. Bonding of vulcanized  elastomers to  themselves and o t h e r  m a t e r i a l  
is g e n e r a l l y  completed by us ing  a p r e s s u r e - s e n s i t i v e  adhes ive  d e r i v e d  Erorn an  
e l n s t o n e c  s i m i l a r  t o  t h e  one being bonded. ( 11)(19) 

ti.5 e. Adhesives (or g l u e s )  used f o r  wood i n c l u d e  animal o r  h ide  g l u e s ,  
s t a r c h ,  c a s e i n ,  soybean, blood g l u e s ,  and f i s h  g lues ,  which have been used f o r  
many yea r s ,  anJ s y n t h e t i c  r e s i n  adhesives.  Resorcinol-f  oma ldehyde  r e s i n s  a r e  
c o l d - s e t t i n y  adhes ives  f o r  wood s t r u c t u r e s .  Urea-f ormaldehyde adhes ives ,  
commonly nodi f  ied  w i t h  melamine-£ omaldehyde ,  a r e  used i n  t h e  product  i on  of 
plywood and i n  wood veneer ing  f o r  i n t e r i o r  a p p l i c a t i o n s .  Phenol-f ormaldehyde 
anil resorcinol-formaldel~yde adhes ive  systems have t h e  best h e a t  and weather  
resistance. Po lyv iny l  acetates are quick-dryins,  water-based adhes ives  
comnonly used f o r  the assenb ly  of f u r n i t u r e .  These adhes ives  produce very  
st rang bonds, but  a r e  not  r e s i s t a n t  t o  mo i s tu re  o r  h igh  tempera tures .  

Epoxies have been used f o r  c e r t a i n  s p e c i a l i z e d  a p p l i c a t i o n s ,  as i n  wood-to- 
meta l  bonds. Rubber-based adhes ives  ( c o n t a c t  type)  have a l s o  h e n  used. 
Mast ic  adhes ives  have been used i n  c o n s t r u c t i o n  work and are u s u a l l y  a p p l i e d  
i n  cau lk ing  guns. These are based on elastomers, inc lud ing  r ec l a ined  rubber, 
neoprene, butadiene-s tyrene ,  polyure thane ,  and b u t y l  r ~ b b e r . ( ~ ~ ) ( ~ ~ )  

8.6 G l a s s .  Glass adhes ive8  are g e n e r a l l y  t r a n s p a r e n t ,  h e a t - s e t t i n g  r e s i n s  
t h a t  are w a t e r - r e s i s t a n t  to iaeet t h e  requi re lwnte  of outdoor  app l i ca t ion6 .  
They i n c l u d e  p o l y v i n y l  buty  r a l ,  pheno l i c  b u t y r a l ,  pheno l i c  n i t  r i le ,  neoprene, 
p o l y s u l f  ide, s i l i c o n e ,  v iny l  a c e t a t e ,  and epoxy adhesives.  (19 )  

O p t i c a l  adhes ives  used f o r  bonding g l a s s  l e n s e s  are u e u a l l y  s ty rene -nod i f i ed  
p o l y e s t e r s  and styrene-monomer-based adhesives.  Lpoxies a r e  also beginning t o  
be u s e ~ . ( 1 9 )  (42)  
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CBAWER 9. THERMALLY AND ELECTRICALLY COIUUCTIVE MIlESIVeS 

9.1 ~ n t r o d u c t i o n .  (Dee 4.4.3 f o r  a general in t roduct ion to  t h i s  subject.) 

9.2 ~i l l e r  choice. (See 4.4.3) 

9.3 F i l l e r  content. ( s e e  4.4.31 

9.4 s i l v e r  mistation.  (See 4.4.31 

9.5 Storage problems. Storage of uncured e i l v e r  corqpounds i n  a warn a r e a  
may cause t h e  s i l v e r  f l a k e s  t o  re-orient ,  thereby reducing t h e  number of 
p a r t i c l e  con tac t s  a d  the  e l e c t r i c a l  conductivity.  Restora t ion of t h e  normal 
conduct ivi ty  can sometimes be accompliehed by vigorous s t i r r i n g  before  use. 

9.6 Oxide coatings.  Copper and alwinurn powders readi ly  fom oxide coating8 
which reduce e l e c t r i c a l  conduct ivi ty  by hampering par t i c le - to -par t i c le  contact .  
For t h i s  reason these  n e t a l  f i l l e r s  a r e  not general ly  u 8 d  for e l e c t r i c a l l y  
conductive adhesives. S i l v e r  coa t ings  have been used on copper aggregates t o  
i n h i b i t  copper oxtde foraat ion.  

9.7 Curf n~ schedules. Table xxxv shows h o w  increas ing c u r e  tenyerature 
(and decreasing cure  time) r e s u l t s  i n  lower t e s L s t i v i t i e s  on a 
room-tenperature-curi ng iidheeive (Ablebond 463-1 with 66.79 by weiyht Of 
coarse  s i l v e r  f lake.  ) 

TABLE XXXV. Effect of cure  condi t ions  on resistivity. 

cure  - 
R e s i s t i v i t y  

( ohm-cm) 

2 n i n  e 250% ( 1 2 1 0 ~ )  0.00067 
3 n i n  Q 200% (93Oc) 0.00083 

10 rain g 165% (74% 0.00094 
2 h r s  e room temp. 0.0035 
3 days B roora temp. 0.0029 
3 days Q room temp. + 0.0029 

30 n i n  postcure  @ 2 5 P p  (12l0c) 

Poetcur i  ng a f t e r  room-teuperature cur ing has no advantage in t h i s  case. 
When a roon-teaperature-cured adhesive is postcured, r e s i s t i v i t y  may a c t ~ 8 l l ~  
increase  because of shrinkage. ( 1) 
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F i g u r e  30 shows g r a p h i c a l l y  how c u r e d t i n e ,  c u r e  t e n p e r a t u r e  and r e s i s t i v i t y  
a r e  i n t e r r e l a t e d .  

Cure tine, hours  

FIGURE 30. R e s i s t i v i t y  of f l e x i b l e  85% S i l v e r  conduc t ive  adhes ive  
a s  a f uric: i on  of cu  r i  np t enpe  r e t u  re. ( 1) 

F i g u r e  31 shows t h e  e f f e c t  of t e n p e r a t u r e  and t i m e  of coring on a 2ypical ' 
s i l v e r / e p o x g  adhes ive .  It is appa ren t  t h a t  a c u r e  f o r  o n l y  10 minutes a t  a 
h ighe r  tenrpera ture  390°!? o r  (1990~) provides a much lower volme 
r e s i s t i v i t y  t h a n  c u r i n g  f o r  a much l o n g e r  p e r i o d  ( 6  hours)  a t  on ly  270°p 
(132°C). Aging t eh lpe ra tu re s  a r e  also shown i n  t h i s  f i g u r e .  T h i s  t y p e  of  
r e s u l t  is q u i t e  typical of electrically conductive plastics. The v a r i a t i o n  i n  

, t e n s i l e  adhes ion  of a well-known conduc t ive  adhes ive  w i th  v a r i o u s  c u r e  t i m e s  
and t empera tu re s  is shown i n  F igu re  32. I n  most t y p i c a l  conduc t ive  adhes ives ,  
t h e  h ighes t - tempera ture  c u r e  r e s u l t s  i n  t h e  h i g h e s t  s t r e n g t h .  Note t h e  
r e v e r s i o n  o r  appa ren t  ove rcu re  a: ( 1 6 0 0 ~  o r  71°c. ) 
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TIGURZ 31. Volune resistivity of silver-epoxy adhesive (E-SOLDER 3012)  
as a function of temperature and tine of curing.(l) 

-r 

FIGURE 32. ' . .Tensi le  adhesion vs cure tine and temperature f o r  
Mysol K8-4236 conductive cement. ( 1) 

Room-tenperakure-curing conductive adhesives still leave uuch to be desired. 
Although the resistivity valuer of the  better room-temperature-curim 
adhesives are good, they are not comparable to high-temperature curing for the 
sane adhesives. 
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9.8 ~ a r d e n e r / r e s i n  r a t i o .  The hardener/resin r a t i o  is known to a f f ec t  the  
f l e x i b i l i t y  of cured systems- Elast-omeric p rope r t i e s  may be obtained a t  one 
extreme (low hardener) ,  while typ ica l  thermoset p roper t i es  predominate a t  the 
o ther  extreme. Hardener var ia t ions  of + 10% can be to le ra ted  with no se r ious  
adverse e f f e c t s  on t e n s i l e  adhesion. ~ z b l e  XXXVI shows the  r e s u l t s  of an 
experiment i n  which a conductive epoxy adhesive was studied f o r  the e f fec t  of 
hardener/resin r a t e s  i n  t e n s i l e  adhesion and conductivity. The r e su l t s  show 
very l i t t l e  change i n  bond s t reng th  and no change in-conductivity with high 
hardener. Samples with low hardener showed much more inconsis tent  and 
sca t te red  r e s u l t s  - 

TABLE XXXVI. Effect  of hardener/resin r a t i o  on t e n s i l e  adhesion 
and conduct ivi ty . ( l )  

15% +7.5% -7.5% 8.60 92.5 .0930 3150f:572 0.0001 
10% +5.0% -5.0% 8.40 95.0 .0884 3201 f 712 0.0001 
5% +2.5% -2.5% 8.20 97.5 .OM1 3278 2429 0.0001 

(spec) 0% 0% 0% 8.00 100.0 -0800 3190 +466 0.0001 

5% -2.5% +2.5% 7.80 102.5 -076 1 2880 2414 0.0001 

10% -5.Wo +5.0% 7.60 105.0 -0724 41182727 0.0001 

15% -7.5% ' +7.5% 7.40 107.5 -0688 3666 2 478 0.0001 

9.9 Mixing time. Viscosity increases rap id ly  with mixing time, reaching a 
maximum usable f i gu re  i n  a shor t  time, such a s  2 minutes f o r  a typical  
conductive epoxy adhesive. Additional time r e s u l t s  i n  lower t e n s i l e  adhesion. 

9.10 Time delay between mixing and use. After  mixing, conductive adhesives 
a r e  used over a period of time. The e f f ec t  of time delay depends on the  
spec i f i c  adhesive, but  general ly  there  is a drop-off i n  t e n s i l e  adhesion with 
time. With one t yp i ca l  commercial adhesive there  is a s i gn i f i c an t  drop i n  
t e n s i l e  adhesion a f t e r  only 10 minutes. Another common commercial adhesive is  
good f o r  30-45 minutes a f t e r  mixing. 

9.11 Surface preparation and solvent cleaning. Chapter 5 provides d e t a i l s  
' f o r  any surfaces  l i k e l y  t o  be encountered i n  conductive adhesive bonding. 
Conductivity t e s t  plugs (1" long x 0.565" diameter) (2.54 cm long x 1.44 cm 
diameter) of b rass  have been prepared by the  following techniques: 

o Clean with MEK 

o Dip 3 min i n  the  following solut ion:  

55% by vol.  'phosphoric ac id ,  conc 
25% by vol. n i t r i c  acid ,  conc 
20% a c e t i c  acid ,  g l a c i a l  

o Rinse with d i s t i l l e d  water 

Downloaded from http://www.everyspec.com



o Dry l/2 hour a t  150 2 loop (66 2 5.ti0c). 

Aluminum lap-shear and T-peel spec inens  have been prepared  by c lean ing  and 
t h e n  chromic-su l fur ic  acid etched.  T e n s i l e  adhesion test b l a c k s  of aluminum 
were c leaned wi th  s o l v e n t ,  t h e  f a y i n g  e u r f a c e s  g r i t - b l a s t e d  w i t b  880 aluminum 
ox ide  g r i t ,  and t h e n  brushed c lean .  Tab le  39 shows t h e  effects of a d d  
t r ea tmen t  on t h r e e  conduct ive  adhesives.(  1) 

9.12 I n t e r f a c i a l  r e s i s t ance .  The term ' i n t e r f a c i a l  r e s i s t a n c e g  m a n s  
r e s i s t a n c e  to  cont luc t iv i ty ,  whether t he rma l  or e l e c t r i c a l ,  caused by t h e  
i n t e r f a c e  between t h e  meta l  adherend and t h e  conduct ive  adhesive. The 
i n t e r f a c i a l  r e s i s t a n c e  c a n  be h igh  if proper c l ean ing  of t h e  mtal adherend is 
not  performed. I t  is s u b s t a n t i a l l y  lowered by curing at  h igher  tempera tures  
such  as 150-200°~ (66-93O~).  The i n t e r f a c i a l  r e s i s t a n c e  a l s o  Jepends on 
t h e  type of ~ t a l  a d h e r e d  used. A l a r g e  r e s i s t a n c e  is in t roduced by t h e  
a luuinun ox ide  p r e s e n t  on a luninun adherenits. The average r e s i s t i v i t y  f o r  
aluminum is 2140 ohm-cm vs  1 ohm-cm f o r  brass, us ing  i d e n t i c a l  c u r i n g  
cond i t ions .  f 1) 

I n  a n  e v a l u a t i o n  of t h e  d i f f e r e n c e  i n  volume r e s i s t i v i t y  r e s u l t s  ob ta ined  by 
t h e  bulk method ( g l a s s  t ube )  vs t h e  bonded epecinen (brass p lug)  technique ,  it 
was found t h a t  the volune r e s i s t i v i t y  is u s u a l l y  lower wi th  t h e  bulk wkhod 
because of t h e  adhesive-to-adnerend i n t e r f a c e  and t h e  r e s i s t a n c e  of t h e  
adherend i t s e l f .  For a f l e x i b l e  s i l ve r / epoxy  adhesive,  t h e  major f a c t o r  
c o n t r i b u t i n g  t o  t h e  e l e c t r i c a l  r e s i s t a n c e  between m e t a l l i c  p a r t s  bonded with  
conJuc t ive  adhes ive  is t h e  r e s i s t a n c e  of t h e  bond i n t e r f a c e .  Gold is 
f r e q u e n t l y  used t o  reduce t h e  r e s i s t a n c e  at  t h e  i n t e r f a c e .  The ASW yrocedu r e  
f o r  vo lu~ le  r e s i s t i v i t y  of conduct ive  adhes jves  recomelkts  go ld  o r  s i l v e r  
p l a t i n s  for b r a s s  plugs.  (1) 

9.13 Agins. I n  g e n e r a l ,  volune r e s i s t i v i t y  r i s e s  i n  a f a i r l y  l i n e a r  manner 
wi th  thermal aging,  p a r t i c u l a r l y  a t  h ighe r  temperatures.  T h i s  can  be seen  i n  
F i g u r e s  31 and 33, showing d a t a  up t o  a maximum of 8 days  a t  3 0 2 0 ~  ( t S O O ~ ) .  
rrhether o r  not thermal  ag ing  has a s i g n i f i c a n t  e f f e c t  depends on t h e  
p a r t i c u l a r  adhes ive  i n  ques t ion ,  and t h e r e  is a wide v a r i a n c e  i n  t h e  r e s u l t s  
w i t h  d i f f e r e n t  adhesives.  For aone adhss ivea ,  high-temperature ( t o  25f0P or 
12S0c) and/or high-huraidity aging has  a pronounced e f f e c t ,  wh i l e  f o r  o t h e r  
adhes ives  t h e  e f f e c t  is minimal. ( 1) 

I n  a s tudy  involv ing  a l a r g e  number of adhes ives  i t  was found t h a t  ag ing  f o r  
six months a t  room t e n p e r a t u r e  and f o r  two months a t  2 5 7 O ~  ( 1 2 5 0 ~ )  had no 
adve r se  e f f e c t  on c o . ~ ~ d u c t i v i t y ,  s t r e n g t h  or adhesion p r o p e r t i e s .  Genera l ly ,  
r e s i s t a n c e  va lues  decreased  s l i g h t l y  i n  t h e  30-day a g l  ng, and also decreased  
as t empera tures  increased .  . Conversely, c e r t a i n  adhes ives  broke down completely 
at tempera tures  of 212, 257 and 302% (100, 1 2 5  and 150°c) and e x h i b i t e d  
very  l a r y e  r e s i s t a n c e s ,  wh i l e  o t h e r 8  were ve ry  s t a b l e .  ( 

Sn enother stud?, aging  up t o  n i n e  weeks a t  f 8 5 O ~  ( 8 5 0 ~ )  w a s  evalua ted .  
Again, t h e  behavior  was e r r a t i c .  Most of t h e  n a t e t i a l s  cond i t ioned  a t  18S01' 
( 8Soc) showed a dramat ic  dec rease  i n  volurue c e e i e t i v i t y  f o r  about  two weeks ,  
a f t e r  whFch they  remained a t  a f a i r l y  c o n s t a n t  f i g u r e .  One p a r t i c u l a r  
s i l ve r / egoxy  conduct ive  adhes ive  shoved no change a t  a l l ,  even a f t e r  n ine  
weeks a t  1650F t 6 5 0 ~ ) .  
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FIGURE 33. Re la t ionsh ip  between volume r e s i s t i v i % ~ ,  operat fnq temperature 
and aging f a r  h y s ~ l  ~ 2 0  epoxy conductive cement.(l) 

Aging at high temperature is p a r t i c u l a r l y  l i k e l y  t o  snow an adverse e f f e c t  
on r e s i s t i v i t y  when combined wi th  high r e l a t i v e  humidity and s a l t  spray (1). 

9.14 Elevated-tenverarure tes:in* Table XUVII snows a range ot 
r e s i s t i v i t i e s  obta ined a f t e r  t e s t i n g  a copper-f i l led  conductive adhesive a t  a 
range of temperatures  between 77 and 2 0 4 0 ~  (25 and 3 3 9 ~ ) .  ~ % s i r t i v i t y  
increased wi th  high- tenperature  t e s t i n g .  S i a i l a r  r e s u l t s  were obtained with a 
si lver/epoxy f i l m  adhesive where lap-shear s t r e n g t h  dec teased wi th  inc reas ing  
test temperature* Another reference shows a considerable  reduct ion i n  bond 
s t r e n g t h  of a thewally conductive adhesive  when tested at  2OOQp [93Oc). 
S i m i l a r  reduct ions  i n  bond st rsngths  of t h r e e  e l e c t  r i c a l l y  conduct ivc  
adhesives  a r e  shown i n  Table XXXVIII. 

TABLE XXXVII. R e s i s t i v i t y  of copper-f i l led  epoxy adhesive a f t e r  
elevated-temperature t e s t i n ~ ~ ( 1 )  

Cure and Subsequent Treatment R e s i s t i v i t y  (ohm-cm) 

Cured 1 h t  e 22S0P (107*C) 
Tested Q ?Pa (2Socl 
Tested Q 1250F (52oC) 
Tested B 1500F ( 6 6 0 ~ )  
Teated Q ZOOOF (93OC) 
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TmLE 2 U V I  I l .  C h a r a c t e r i s t i c s  of Bacon I n d u s t r i e s  epoxv/silve r 
e l e c t  ticall!! conductive adhesive. ( 1) 

Adheeive LCA-12 LCA-18 LCA-24 

Type TWO-pa t t 'r'wo-pa r t  equal  --part 
volurpe or weight 

c u r e  - 2 h r s  @ 160- 24 h r s  @ 7 5 0 ~  24 h r s  e 7 5 0 ~  
(24OC) (24oC) o r  2 h r s  (24OC) o r  4 h r s  

e 1 6 0 0 ~  ( 7 1 0 ~ )  a 1 6 0 0 ~  ( 7 1 0 ~ )  
o r  2 h r s  @ 20O0i? 
( 93Oc1 

Volume r e s i s t i v i t y ,  0.010 
ohn -m 0.010 

a f t e r  6 no8 @ 25- 
( 121°c1 

iiardness, s h o r e  o 

Bond s t r e n q t h  t o  A L  ( p s i )  (l4Pa) ( p s i )  ( w P ~ )  (pe i )  ItlPa) 
@ -6SoE' 2250 15.5 1700 11.7 1600 11.0 

Thermal conduc t iv i ty  
~ ~ u - i n / h r - f t Z - o ~  - 7 5 4 0 
W/E. K 10.8 5.77 

Chief Feature6 Easi ly  applied,  Easy nixing because nore e a s i l y  applied 
good bond of equal  p r o p e r t i e s  than LCA-12, good 
s t r e n g t h  up t o  bond s t reng th  up t o  
250°P (121°c) 2 5 0 0 ~  (12l0C1 

9.15 Bumidity environment. High temperature and high humidity have a pronounced 
D ~ a t i v e  e f f e c t  i n  some conductive adhesivee, and a minimal e f f e c t  on others .  
S i l v e r  migrat ion o f t e n  t akes  place  i n  si lver/epoxy conductfve adhesives under 
coad i t ions  of high humidity and DC p o t e n t i a l .  A Navy s tudy showed a considerable  
reduction i n  bond t e n s i l e  shear s t r e n g t h  f o r  t h r e e  comnercial adhesives exposed t o  
( 1 1  constant  temperature and humidity (MIL-E-5272~~ Para 4.4.3) and (2)  
temperature /hmidi ty  cycling (HXL-E-SZ~~A, Pare  4.4.1). S imi la r  r e s u l t s  a r e  shown 
i n  Table XXXIX f o r  t h e  same adhesives with respect  t o  e l e c t r i c a l  res is tance.  
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TWLE XXXIX Bond-tensile-shear s t reng ths  of conductive sdhesives.( 1) ( 2 )  

I Adhesive 
Property ELC ECC LSy601 

5 6 ~ a  57cb 4238c 

Bond t e n s i l e  shear  s t rength ,  a f t e r :  (psi) 

110 condi t ioning Degreaaed Panel6 810 670 780 
Acid-dipped panels  960 640 2610 

S a l t  spray UXL 430 420 

Constant temperature and humidity 44G 500 470 

remperature/humidity cycl ing 440 42 0 290 

Thickness of 56C adhesive between panels  0 0.010 in. avg. 
Thickness of 57C adhesive between panels  r 0.021 in. avg. 
Thickness of 423U adhesive between p a ~ e l a  = 0.011 in. avg. 

a 40 parts 56C/1 part Cata lys t  9; Cure 2 h r s  @ ISOof (665C1 
Equal p a r t s  A ti B; Cure 3 h t e  g 1 5 0 0 ~  ( 6 6 0 ~ )  
100 p a r t s  4238/8 p a r t s  Hardener C;  Cure 2 h r s  @ l 4OOP (60°c) 

(Mysol 4238 is now K8-4238) 

9.16 S a l t  suray.' There appears t o  be considerable J i f f e r e ~ r c e s  i n  r e s u l t s  in  s t u d i e s  
c a r r i e d  out i n  t h i s  area. A s e r i e s  of f i v e  s i l v e r - f i l l e d  conductive epoxy adhesf ves was 
exposed by a manufacturer t o  s a l t  water f o r  one week with no adverse effect on 
r e s i s t i v i t y ,  a s  shown i n  Table XL. I n  another study, two conmterciat s i l v e r - f i l l e d  
adhesives,  ECCOBOkm 70C and HYSOL K16, w r e  s to red  f o r  per iods  up t o  50 days under s a l t  
spray, r e s u l t i n g  i n  a pronounced adverse effect on r e s i s t i v i t y  ( 3 ) .  

The lravy exposed t h r e e  conmercial s i l v e r - f i l l e d  adhesives t o  salt  spray 'and then 
evaluated them f o r  tensf le-shear  s t reng ths  and e l e c t r i c a l  res is tance.  I h e  s a l t  spray 
weakened one p a r t i c u l a r  adhesive to such an extent  t h a t  t h e  tensile shear samples f e l l  
a p a r t  i n  t h e  exposure cebinet .  St rengths  were lowered s i g n i f i c a n t l y  f o r  t h e  o ther  t w o  
samples. The adverse eEfect on res i s t ance  was a l s o  extremely pronounced, a s  shown i n  
Table XXXIX. 
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TABLE XL. volume r e s i s t i v i t y  of s i lve r - f  i l l e d  conductive epoxy adhesives. (1) 

Volume r e s i s t i v i t y ,  oh-cm, a f t e r :  
200 hre  Q 

Amicon corp. 2 8 0 0 ~  1 week 
Adhesive Designation Spec ia l  Features  Std. cure  (138°C) S a l t  water 

UMISLT C-409a Nigh s t reng th ,  good -01 -01 . OL 
conduct ivi ty  

UlJlSEr  C-4198 High strength, moderate -02  - 0 4  -01 
c o s t  

UHIS~J C-429a Very low c o s t  2.0 2.0 2.0 
A i l I C U M  c - ~ ~ A / B ~  P a s t  cure, r e s i l i e n t  . 01 .O1  
Ai.IICOH C - ~ I A / B ~  High s t rength ,  1:l mix . 01 1 -01 

+1zot recommended f o r  s e r v i c e  above 250°F (121°c) 

a Cure schedule 5 h r s  @ 220°p ( 1 0 4 0 ~ )  o r  
f o r  one-component 1 hr @ 250°3 (121°c) or 
adhesive 30 a i n  8 280°P ( 1 3 8 0 ~ )  o r  

10 n i n  e 320O~ (160°c) 

Cure schedule  16 h r s  @ 7 2 O ~  (23Oc) 
f o r  two-component 20 min e 1 5 0 0 ~  (66Oc) 
adhesive 

S a l t  spray is a l s o  known t o  be responsible  f o r  cor ros ion  of e i l iver- f i l led  
conductive s e a l a n t s  i n  a i r c r a f t  appl icat ions .  On t h e  o t h e r  hand, a s i l v e r /  
s i l i c o n e  rubber conductive adhesive has been reported t o  be unaffected by a 
sa l t - sp ray  environment. (1) 

9-17 Water inareraion. Generally speaking, water immersion is not l i k e l y  t o  
change t e n s i l e  lap-ehear p r o p e r t i e s  t o  any g r e a t  ex ten t ,  if at all. water 
immersion may have an e r r a t i c  ef fect on r e s i e t i v i t y ,  al though general ly ,  
r e s i s t i v i t y  decreaees as immersion time increases.  ( 1) 

. . 
9.18 Outqasslnq. S t e a r i c  acid,  whfch is used as a l u b r i c a n t  coating i n  

s i l v e r  flakes, w i l l  outgas a t  e leva ted  temperatures and can contaminate 
critical parts. There is no problen with uncoated s i l v e r  p a r t i c l e s .  I n  a 
s tudy  of t h e  outgasa'ing of organic  binder  i n  a s i l v e r - f i l l e d  conductive 
adhesive, no l o s s  is shown a t  30Z0p (15OOc). but  t h e  l o s s  a t  482O~ 
( 250°c) was 0.459, and a t  6 6 2 0 ~  ( 3 5 0 0 ~ )  3.69. Poor process ing of 
conduct ive  adhesives i n  sealed-hybrid c i r c u i t s  and m i c r o c i r c u i t s  r e s u l t 8  i n  
chemical outgass ing and contamination of thick-or-thin-film reSis t0rS and 
o t h e  r elect conic components. ( 1) 
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9.19 Pot l i f e .  The pot l i f e  o r  w r k i n g  l i f e  of conductive adheaivea can be 
con t ro l l ed  by a proper choice of cur ing  agent. f n  most cases, a long pot  l i f e  
is dse i rab le .  The pot l i v e s  of moat c ~ r c i a l l y  a v a i l a b l e  e l e c t r i c a l l y  
conductive adhesives f a l l  i n  tbe  range of 3 t o  8 boure, u f t h  a f W  f a l l i n g  i n  
t h e  V2-to  3/4-hour bracket. One higbly r e a c t i v e  adheeive, m n t  463-1, 
ha8 a pot life gf only 14 minutes. . ~ h i S  adhesive! t s  eold  p t e m i ~ a d  and f rozen  
i n  1-cc conta tuers  or i n  one-pound balk uni te .  wi th  t b i e  short a pot l i f e ,  
t h e  manufacturer recaearaende mixing of batcbes of 10 grams o r  less. An 
aerospace company has a process  e p e c i f l c a t i o n  c a l l i n g  f o r  a ofn- working 
l i f e  of 40 minutes. Pot l i v e r  of t h i r t e e n  e l e c t r i c a l l y  coadtactiwe adhesives 
evaluated in one study ranged from 1/2 hour for two-component pastes t o  one 
year  f o r  a one-component paote  { 1). 

9.20 t4aximum eerv ice  t e m e r a t u r e .  Conductive adherrives based oa s i l i c o n e s  
a r e  useful  up to about 500% (260°c), while t h e  m a x i m u m  s e r v i c e  temperature 
of epoxy-baaed e l e c t r i c a l l y  conductive adhesive is 5720662~8 (300-350%). 
The upper l i m i t  of t b i s  range is f o r  brief exposure8 of two hours, while t h e  
lower l i m i t  is f o r  twelve b u r s .  ~ t e r  such exposure, acceptable  volume 
r e e i s t i v i t i e s  a r e  obtained. (1) 

9.21 F l e x i b i l i t y .  The f l e x i b i l i t y  of conductive adhesives 18 dependent 
upon t h e  h a r d e n e r / t % ~ i n  r a t i o  (see 9.8). S y s t e m  with a low r a t i o  have a high 
f l e r i b i l i t y .  There is a need f o r  f l e x i b i l i t y  i n  elect r i c a l l y  conductive 
adhesives f o r  bancling materials of un l ike  coef f i c i e n t s  of expansion, which a r e  
l i k e l y  t o  f a i l  when subjected t o  thermal cycling.  Wlyurethane,  e i l i c o n e  and 
p o l y s u l f t d e  conductive adhesives were evaluated f n  an AEC-spoamred study in 
1964.(4) I n  t h i e  study t h e  i d e a l  f l e x i b l e  conductive adheeive was fel t  t o  
be one with a maximum working temperature of lOOoP (710C1, electrical 
r e s i s t i v f t y  of 0.10 oh-cn, ul t imate  e longat ion a t  -650P ( - 5 4 0 ~ )  (strig) 
of 10 %, t e n s i l e  e t reng th  of 500 psi (3.44 npa), and pee l  s t r e n g t h  of 20 
pounds/inch (3.5 kll/n). None of t h e  candidate  mate r ia l s  approached these  
requirements,( 1) ( 4 )  
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(9-1) A. H. Lanilrock, mfZEfects of Varying Processing Parmete r s  i n  the  
Fabricat ion of Adhesive-Bonded Structures - Par t  XVII ,  Themally and 
E lea t r i ca l ly  Conductive Adhesivesw, Piaatinny Arsenal Teahnical 
Report 4179. 

(9-2) F. M. Gahimer and P. I. Guhl, wConductive Coatings and Adhesives, 
Evaluation Ofr' Naval Avionics F a c i l i t y  Haterials Tes t  Report 
No. 108-60, 27 DeC. 1960. 

(9-3) R. H. Stone and M. G. schlundt, wEvaluation of Conductive Adhesivesw, 
Douglas Aircraft: Co., Haterials and Process Lab Report MP 14, 358, 6 
Dee. 1965. 

(9-4) LO ti. Hartsell and S. O. Sakornbut, "!the Development of Conductive 
Adhesives Flexible  a t  Low Veaq?eraturesW, paper presented at 7th 
National SAMPB Synposim on-Adhesives and Elastamers f o r  
Environmental Bxtremes, held a t  LOS Angeles, CA8 M a y  20-22, 1964. 

( WP# ]CD~7324A/DISK-O251A FOR HTL US.E OkLY. ) 
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10.1 X _ n t r o d ~ c t i ~ n .  loaeycumb is a series of hexagonal c e l l e ,  aes ted 
together  to form paaa le  s i m i l a r  i n  appearance t o  a crone-eectional slice of a 
beehive. loneycosrb, i n  its expanded form, is 95 t o  98 percent  open space. 
Types of honeycomb tnclude alur~inum, made from al loy8 sucb ae 5052, 5056 and 
2024, used f o r  s e r v i c e  temperatures up to  4 2 P F  (21b°C), fiberglass- 
reinforced phenolic honeycomb, which has excellent thermal s t a b i l i t y  ant] has 
been u ~ e d  f roa - 4 2 9 ~  ( - 2 ~ 3 ~ C )  up t o  4 0 0 0 ~  (204OC), polyhi ide  reef n 
honeyconb, with a n  upper l i m i t  of 600°p ( 3 1 6 0 ~ )  f o r  long-term exposure and 
7OOop ( 3 7 1 0 ~ )  f o r  short-term exposure, and peper honeyconb, used i n  
building cons t ruc t  ion. 

Pigure 34 ehows how honeycomb sandwich s t r u c t u r e s  a r e  asseabled, using sheet  
adhesive, i n  t h i s  case. Other types  of adbesive a r e  used too, as w i l l  be 
explained below. tloneycowb is nanufactured by one of two basic methods, 
expansion or corrugation,  as sbown i n  Pigure 35. In the expansion proceee, 
mate r ia l  in web or r o l l  form $8 fed i n t o  high-precieion machines where 
continuous ribbone of s t r u c t u r a l  adhesive a r e  applied. Sheets are c u t  and 
stacked layer  upon layer  i n  WBER (tloneycomb Before Expansion) fom, and 
s l i c e s  are sawed from HOBE t o  t b e  required thickness. BOBE slices a r e  then 
expanded t o  honeycomb panels. The expansion process is m e t  genera l ly  used i n  
the t~anufac tu re  of reinforced p l a s t i c ,  k r a f t  paper and alumtnum honeycomb. 
The corrugat ion process  is used pr imari ly  f o r  aluminun core  with hipher . 
d e n s i t i e s  than can be obtained with t h e  expansion process. Heavy f o i l  gauges 
(up t o  0.006 inch) can be made i n t o  honeycomb of 1/8 inch cell s i z e  o r  
larger .  Den8it ies of up t o  39 l b s / f t 3  (609 kg/fa3) a r e  ava i l ab le  with t h i s  
adhesive-bonded corrugat ion process. I n  addi t ion,  corcugated aluminum f o i l  it3 

used f o r  making a c y l i n d r i c a l  ghoneycomb* configuration which has found many 
energy absorp t ion applf cat ione. 

Uoneycomb is a v a i l a b l e  made from aluminus, reiafbrced p l a s t i c ,  MOHEX 
(armat ic-polyimide)  paper, and k r a f t  psper. I t  is ava i l ab le  with a cell-edge 
adhesive pre-applied t o  t h e  honeycomb elices. 

Adhesive-bonded aluninum-honeycoisb sandwich s t r u c t u r e s  have been used e ince  
about 1947, and t h e i r  use is increasing. ApplicationS include a i r c r a f t  
s t r u c t u r e s ,  misei les ,  space vehicles,  m i l i t a r y  and aaval  ground suapor t  
equipment, radar ref l e c t o r s ,  e l e c t  roa ic  p a c k a g i ~ ,  and building coas t ruc t  ion. 
S t a r t i n g  about 1954, t h e  use of adbeeive f o r  bonsycolDb developed very rapidly 
because of increas ing (1) thermosetting and t h e t ~ l o p l a s t i c  polyners, ( 2 )  
understanding of f1ow:and f i l l e t i n g  importance, ( 3 )  understanding of 4MJbeSion 
theory , ( 4 1 etandardi  z a t  ion of h e a t - p t e 8 8 ~ t e - ~ ~ r e  procedures, and 6) 
etandardixat ion of test methods. 
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FIGURE 34. Sandwich construction. 

3iZlikL 35. Yethoaa of  manufacturine honeycomb. 
(Courtesy of Hexcel Cornoration) 
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u n t i l  approximately 1964 DOD was reeponeib le  for ~ ~ a e t  of t h e  important  
development wrk on honeycomb adhesives.  Mter 1964, t h e  sdbes ives  
b a n u f a c t u r e r s  began e x t e n s i v e  Jevelopment on t h e i r  own f o r  non-atilitary 
markets. (2 )  

Reinforced po ly  i u i d e  honeyconbe and r e l a t e d  31f woven st r u c t a r e s  a r e  
c u r r e n t l y  being used as r ada r  housing and microwave t r a n s n i s s i o n  windows i n  
advanced aerospace  vehic les .  They are also being used f o r  high-temperature 
a c o u s t i c a l  p a n e l s  f o r  commercial jet engine n a c e l l e  i n l e t s ,  compreesion 
s e c t i o n s ,  and d i echa rge  ducte.  They a r e  also being evalua ted  for s t r u c t u r a l  
a p p l i c a t i o n 6  because of t h e i r  s u p e r i o r i t y  to  t i t a n i u m  and. aluminum a l l o y  
honeycomb c o r e s  i n  shea r  modulus, 

lo"? 
- t e r n  d u r a b i l i t y  at  high t enpe ra tu re s ,  

and r e s i s t a n c e  to  c o r r o s i v e  a t t ack .  ( 3 

10.2 Adhesive types. The adbes ive  used to  bond t h e  honeycowb cote t o  t h e  
f a c i n g  r aa t e r i a l  { a s  i n  P igure  34) is u s u a l l y  a modified phenol ic  o r  modified 
epoxy s y s t e n  t a i l o r e d  t o  develop t h e  d e s i r e d  temperature,  impact and st rength 
requirements. Adhesives are a v a i l a b l e  i n  p a s t e ,  cell edge, f i l m ,  and l i q u i d  
Potws. Tables  XLI and XLII  d e s c r i b e  t h e  adhes ives  a v a i l a b l e  f o r  va r ious  
a p p l i c a t i o n s  of honeycomb a a t e r i a l s .  ( 1) 

10.3 F i l l e t i n q .  F igure  36 shows t b e  l o c a t i o n  of adhesive f i l l e t s  i n  
honeycowb cons t ruc t ion .  The proper  f low and f i l l e t i n g  of t h e  adhes ive  is a 
key c h a r a c t e r i e t i c  of adhesive bonding f a c i n g  ohee t s  t o  honeyconb cores. h 
s m a l l - f i l l e t  10.09 lb / f t2  or 0.44 kg/w2) modified epoxy adhesive,  UAPACG 
Hetlbond 328, was found t o  g i v e  t h e  c o r e  less . e f f e c t i v e  s t r e n g t h *  and 
. e f f e c t i v e  s t i f f  ne8s' t han  t h e  medium-f i l l e t  0.135 l b / f t 2  (0.66 kg/m2) 
epoxy-phenolic (Bloomingdale t12-424). ~ d h e s i v e  weight and f i l l e t  s i z e  are 
r e l a t ed .  T h i s  i s  g e n e r a l l y  t r u e  f o r  t h e  am@, o r  same type adhesive, assmi* 
that adhes ive  manuf ac tu r ing ,  use process ing ,  and aging  e f f e c t s  can be held  
Constant.  When comparing two df f  f erent adhes ives  types ,  t h e  m e t  i npor t an t  
c h a r a c t e r i s t i c  is t h e  f i l l e t  s i z e .  The weight of the adhes ive  w i t h i n  each 
type is a l s o  important ,  but  not s o  nuch as t h e  f i l l e t  s i ze .  
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TABLE XL:. classifications of honeyconb adhesive systems. ( 1)  

I i 

I Ad iVe 
Adhes i v e  Type Serv ice  Requi rements and Casrmente I 

A Hodif ied ~spoxy, 3500~ 3 5 0 0 ~  ( 1 7 7 0 ~ 3  Serv ice  
(177OC) cure Low Bond Pressure,  Ho Shrinkage 

B Hodif fed Lpoxy, 250°P 2 5 0 0 ~  (12I0c) s e r v i c e  
( i21oc)  cure  I,ow ~ o n d  Pteesure, NO Shrinkage I , 

i 
I 

Hodif ted Epoxy, Room- 1 5 0 0 ~  ( 6 6 O ~ )  Service  i 
Temp. c u r e  Simplified Bonding, Ho Shrinkage ! 

D Uittile phenolic,  350°p 350°P (177Oc) Serv ice  
I 

(177Oc) Cure nigh pee l  1 ! 

l o  Polyeste  r, Roan-Tezp Cure Inexpensive i 

I 

i Urethane, Roan-Temp cure  Bonds P l a s t i c s ,  High Impact 

TABLE XLI I. Adhesive s e l e c t i o n  matrix f o r  honeyconb. ( l )  

Skin Hater ia ls  
Core Mater ia ls  Aluminum S t e e l  Reinforced p l a s t i c s  Plywood 

Aluminum-Uoneyconb AtlCD* ABCD BCP BCEP 

Kraf t Pape t Eloneycomb UC BC BCEF I3CP 

Aluminum Close-Outs AEC ADC BCP BCP 

P l a s t i c  C ~ O ~ ~ - O U ~ S  BUP lrCP DCF BCEF 

i 4 

*Let te r s  r e f e r  t o  Adhesive Code i n  Table XLI above 
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F i l l e t  s i z e  is the  most important physical f a c t o r  i n  obtaining the maximum 
proper t i es  of honeycomb and sandwich constructions.  The modulus of e l a s t i c i t y  
of the  adhesive appears t o  have l i t t l e  o r  no importance i n  obtaining maximum 
proper t ies .  

FIGURE 36 Honeycomb bonded t o  face sheet  showing location 
of adhesive f i l l e t . ( 4 )  

10.4 Adhesive app l ica t ion  techniques. Adhesives used i n  bonding honeycomb 
cores t o  fac ing  mate r ia l s  a r e  avai lable  i n  many forms, l i qu id s  (solutions/  - - 

emulsions), pas tes ,  and f i lms and tapes. 

10.4.1 Films and tapes. Films and tapes  a r e  the  most popular forms of 
adhesive used i n  the  aerospace industry. They provide several  advantages, 
including p o s i t i v e  bond-line control ,  thickness uniformity, and ease of 
storage.  They require  no spec ia l  appl icat ion equipment and provide ready-to- 
use convenience. However, they a r e  r e s t r i c t ed  t o  a l imi ted range of avai lable  
weights, a r e  d i f f i c u l t  t o  handle i n  l i g h t  weights, and a r e  high i n  cost.  
Ret icula t ing f i l m s ,  which hqve recently become popular, o f f e r  the  same 
advantages, p lus  an ex t ra  advantage. They have the  pos s ib i l i t y  of op t imq 
u t i l i z a t i o n  of  adhesive o r  honeycomb c e l l  applications.(5) The appl icat ion 
of powders t o  both f l a t  sheet  stock and honeycomb c e l l  edge by e l ec t ro s t a t i c  
spray and fluidized-bed techniques has been suggested by one company, but t he  
development has been dropped due to  lack of  i n t e r e s t ,  probably because of the  
high cost  of c ap i t a l  equipment. 

10.4.2 Solutions/emulsions. The advantages of solutions/emulsions include 
moderate c o s t ,  a b i l i t y  t o  apply adhesive i n  varying weights, low lo s s  
po t en t i a l ,  and performance equivalent t o  f i l m s  and tapes. The disadvantages 
l i e  i n  t he  problems of solvent  removal. These disadvantages include cost  and 
a v a i l a b i l i t y  of solvent,  energy required t o  remove the solvent,  po ten t ia l  
po l lu t ion  problems, d i f f i c u l t y  i n  obtaining high weight app l ica t ion  due to'  the  
problem of incomplete solvent removal from th ick  films, and the  pos s ib i l i t y  of 
advancement o r  staging of the  adhesive due to  the  f lashing conditions required 
t o  remove the solvent. The equipment cos t s  can a l so  be excessive (5). 

Although t h e  i n i t i a l  cos t  of a cur ta in  coater  o r  r o l l e r  coater  is  not high, 
a continuous drying system can be. Both solvent and hot-melt cur ta in  coaters  
a r e  avai lable .  However, because of the  low v i s cos i t i e s  required fo r  
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app l ica t ion  (400-500 cps o r  0.4-0.5 Pa.s normally), t h e  use of a 1000-nolids 
t h e r n a l  s e t t i n g  system is d i f f i c u l t  because of the r e l a t i v e l y  5hor t  s h e l f  l i f e  
a t  t h e  required app l ica t ion  temperature. So lu t ion  syetems appl ied at  ambient 
condi t fons  have t b e  advantage of long la tency and a v i s c o s i t y  uhich can be 
a d j u s t s c ~  by add i t ion  of solvents.(S) 

10.4.3 Pastes. One hundred percent  s o l i d s  adhesives o f f e r  many advantages, 
including those  of solvent-f ree  syetefna, low c o s t  and good perf ornance. On 
t h e  d e b i t  s i d e ,  some s p e c i a l  processing equipment is needed, including a 
r o l l e r  coater ,  ma te r ia l  bandling and metering end mixing equipment. Rol le r  
coat iny with paste adhesive has been used t o  apply adbeeive t o  f l a t  skin 
mater ia l s  and honeycomb cell edge a t  ambient and elevated temperatures. The 
choice  of an adhesive f o r - t h i s  technique depends on adhesive rbealegy, 
v i s c o s i t y  and use l i fe  a t  t h e  app l ica t ion  t e r a t u r e .  The l a t t e r  parameter 
r e s t r i c t s ,  t o  some e x t e n t *  t h e  uee of ambient-curing adhesives. Because of 
the  r e l a t i v e l y  s h o r t  p o t  l i v e s  t h a t  nost p a s t e  adhesives have, app l ica t ion  
t eupera tu res  of 120-1600~ (49-71%) a r e  used with curiny temperatures o f  
25O0p ( 121°c) . ( 5 )  
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(UP# I D - f 3 3 ~ ~ 1 S K - O Z S ~ A .  FOR AMHRC USE Ol4LY. ) 
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MXL-HDBK-791B 

Chapter 11, RWAIR OP ADHESIVE-BOIJDED SPRuCTUlWS 

11*1 fntr.oduction. Repairing adhesive-bonded structures is of interest in 
two nain areas, ( 1) f iberglass-reinforced plastics (FW) for general 
applications, and (2)  composite structures, primarily involving aircraft, 
Currently the greatest interest is in honeycomb structures. Typical uses of 
honeycob* construction in Amy Aircraft ileapons systems ate rotor blades, 
bulkheads, transverse shear webs, torsional shear webs, floors, work desks and 
tmrk platf~rmfi~ ramps, access doors7 fuel-cell bladder-containment panels, 
wing skins, flaps, stabilizers, cabin roofs, and cockpit-coatainraent 
panels* (1) 

1 

11.1.1 Q e n e r a l ~ l i c a t i o n s .  Usually four types of damage are found: 

o Cracks or Eractures 
o Delamination 
o Small holes 
o Demolished sections requiring replacemnt 

11.1.2 Factors to be considered, Yhree aspects of najor importance in 
repairs are: 

o Ilethod of surface preparation 
o Choice of &dhesive and other materials 
o Etethod of pressure application 

13.2 Field  re^&, The development of a field-repair system ranges from a 
systexa 02 classiP;'.q damage into categories, to packaging repair naterials 
and equipaent ?I--?o E eonplete semi-portable k i t ,  2y.pes of damage found 
include r 

o I.1inc.c dent-, scratches, punctures and delaninations 
within specif i c  design limitations, which require only 
ainor rework 

o Dents, ctcratches, punctures and delaminationa 
affeating one face only, possibly accompanied by soae 
core danage, and which exceed the limitations of the 
paragraph above 

o Dents, scratchea, punctures and dslaninations which 
exceed the limitations of Cbe second paragraph, or 
which affect both faces and the core 

o A l l  damage which exceeds the limitations of the third 
paragraph. 

Bfeld repairs are carrial out wi th  an epoxy adhesive which cures a t  lower 
pres6ure and temperature than the original bonding adhesive. The epoxy 
atlll-reeive i e  used as a f i l l e r  to replace damaged core, and to bond on a patch 
plate to  t he  ganef. sudace. Curing of the adhesive is effected by means of a 
f laxibla electrical-resistance heating blanket and vacuum pressure. A vacuum 
.a??&> and autaz2io P.e?~eeoti~ce controller are eontatned in the repair k i t  , ( 2)  
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Sandwich panels  i n  a i r c r a f t  a r e  sub jec t  t o  damage froia gunfire,  contact  w i t h  
o b j e c t s  on runways, o r  i n  t h e  water, o r  accidents  i n  ground handling. such a s  
dropped tools, contact  w i t h  ground vehiclee,  and niehartdling by pereonnel. 
F ie ld  repair  f o r  t h i s  type s t r u c t u r e  must be as simple a s  poss ib le  and must be 
c a r r i e d  out  i n  a r e l a t i v e l y  s h o r t  t i e  without removal of t h e  panel from t h e  
a i r c r a f t .  Such r e p a i r s  must have adequate e t reng th  t o  ca r ry  design loads and 
nus: be capable of withstanding e l l  environments encountered i n  service .  (2 )  

& recent Arm publ icat ion(z)  covers staudardioed adhesive repai  r of 
honeycomb s t ruc tu res .  Par t  I of t h i s  publ icat ion covere f i e l d  l e v e l  repairs.  
These repa i r s  a r e  t o  be nsrle a t  t h e  Aviation Intermediate llaintenance IAVIM) 
l eve l ,  and i n  sbee cases,  when epproval is granted, a t  t b e  hv ia t ion  Unit 
Maintenance (AWbI)  level .  Tbe repa i r  methods a r e  intended f o r  honeycomb 
s t r u c t u r e  fabr ica ted  v t t h  skin,  i.e., aluminum, titanium, f tberglaes ,  e tc .  
(smooth ancl rigidized), of thicknesses  ranging f son 0.008 inch (0.020 em) t o  
0.040 inch (0.10 em). 

11.3 Dewt repai q. A prograu has recent ly  been sponsored by t h e  Uaval Air 
D i ? V e l ~ ~ n t  Center t o  develal, and va l ida te  depot-level r epa i r  procedures f o r  
graphite/epoxy s t r u c t u r e s  f o r  use a t  !Java1 Air Rework P a c i l t t i e s  (NARP'a). 
I l h i l e  no decrease in t h e  o r i g i n a l  s t i f f n e s s  is permitted wi thin  t h e  s t ruc tu re ,  
moderate l o c a l  increases  i n  s t i f f n e s s  due t o  t h e  repairs  a r e  acceptable. 

' Weight increase  must be mintmized, especia'lly on honeycomb sandwich s t ruc tu res .  
Repairs need not be aerodynamically smooth, although f onrard-facing s teps  
beyond the  ou te r  noldl ine  a r e  t o  be ranped or chambered. and a r e  not t o  exceed 
0.10 inches (2.5 nm) f o r  nost  repairs.  Repair procedures t o  be used f o r  
cIc?pot-lev41 use a r e  general ly  a s s u e d  t o  use bonded o r  cocuted repa i r s  f o r  
nost composite mater ia l  applications.  ( 3 )  

The recent Amy publ ica l ion t l )  diecussed under 11.2 covers Standardizcrl 
Depot Repair Procedures f o r  Adhesive Bonded noneycomt, S t ruc tu res  - On-Ai t c r a f t  
Repair i n  Par t  X I  and Off-hi. c r a f t  Repair i n  Par t  ;XI. 

11.4 Materials .  Materials  used f o r  f i e l d  o r  depot repa i r  include 
( 1 ) ( 4 ) ( 5 ) ( 6 ) :  

0 Alloys ( t i t a n i u a  and alu~llnum) 
o Fiberglass  
o Uoneyconb replacement n a t e t i a l  
o Prepregs 
o Sealants  (polysulf  ide )  
o Peel-ply f a b r t c  
o Adhesives lvar ious  types  of RT o r  high-temperature curing 

epoxies, i n  various fo rns )  
0 Aerodynamic eaoothers (used on t h e  ex te rna l  surface  of t h e  

af rcraf t )  
o Pot t ing compounds (core  f i l l e r )  - used to  f i l l  den t s  anrl 

core  damage. These are usually resin adheeives containing 
a n  i n e r t  f i l l e r .  They t y p i c a l l y  a r e  cured a t  RTo o r  
quick-cured a t  maderate temperatures. Application is 
usual ly  by trowel o r  spatula.  

0 Potting compunde ( i n j e c t a b l e  honeycomb) - s imi la r  t o  
above, but with a lower v i s c o s i t y  f o r  in jec t ion  
ap2l icatlona 
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o Sealanta/aerodynmic swothe rs ( both corrosion and 
noncorrosion inhibiting types are available for general 
application and for  service to 3500~ (177oC) 

o Painta and paint primers 
o Alkaline cleaners 
o Sandpaper 
o Uloves (rubber, cotton) 
0 Solvents (NEK, TCE, safety - Ped Spec 0-2-620 
o Vacuua bagging repair k i t  
o rnjection needle, stainless steel  
o Drill  
o Release f i l i a  
o Speedtape, nasking tape 
o Breather fabric 
o netal patches 
o 4hemoplastic repair materials and hot melts 

11. 5 Bepai r  technique.^, 

11.5.1 General procedures gor PRP, %he basic steps in raaking 
repairs of sandwich kt~uctures are 17): 

o Remove paint or other surface coatings completely 
o Renove broken naterial and feather the edge around the 

danaged area 
o Using nat, Eabria and resin (or pre-mix), duplicate the 

original construction, where gossible. 
o Apply heat and pressure, where applicable 
o Sand, buff and paint 

11.5.2 Small cracksJ. These are ueually repaired with chopped strands nixed 
i n  with catalyzed resin. 14ineral f i l l e r s  added to the resin provide a 
putty-like consistency that is desirable for working on vertical surfaces. 
PigImUCs or dyea ,nay also be used.(7) 

11.5.3 Delamination. Delamination without surf ace rupture can be caused by 
impact on FRO parts. If the daraage is severe, it is advisable to cu t  out the 
delaminated area as if it were a hole. Where the delamination i s  only slight, 
small holes can be drilled into the material and catalyzed resin can then be 
forced through the holes and into the delminated areas. Pressure is then 

' applied and t h e  resin cured.(7) 

11.5.4 Small hole#, These are usually repaired by using fabric or raat c u t  
t o  size, impregnated with resin, held i n  place and cured. Often an additional 
ply of impregnated fabric is applied to each side of the repair and is cured 
i n  place. If the damage is extensive, eomethes the opening can be covered 
with a thin, f lsxible, cured larainate in  a manner simulating the use of 
metallic plate to  repair punctured areas i n  boilers. Th i s  is followed by a 
wet lay-up on top, with subsequent pressure and heat application. ( 7) 

11.5.5 padones and antenna housings, The repair of these items is more 
suecialized anit requires mre precision, ~t is almost always necessary to 
miintain the exactoriginal w a i l  thickness, since any changes w i l l  increase 
electzonia EeElectrive and absorptive losses in the radome. The precise 
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matching of wall  thickness can be achieved with t h i n  fabrics.  If the damaged 
pr t  is made from glass-cloth honeycomb, a replacement piece must be t a i lo red  
t o  f i t ,  and roughened t o  produce a fumed edge. The edges of the replacement 
honeycomb piece should be coated with a t h i n  l aye r  of r e s in  pr ior  to combining 
it with the  f a b r i c  facing. (7)  

11.5.6 Polyester-g_lass. Where repa i r  of polyester-glass combinations is 
considered, polyester  res ins  a re  usually used. This is because a wide var ie ty  
of cure  r a t e s  can be achieved by the use  of appropriate ca t a ly s t  systems. 
Room-temperature cures a r e  possible and an in f ra red  lamp i s  suff ic ient  t o  
provide heat f o r  rapid curing. (7)  

11.5.7 FRP/metal. I n  those cases where FRP i s  t o  be bonded t o  metal 
sec t ions ,  epoxy res ins  a r e  normally emplo e because of t h e i r  great  bond 
s t reng ths  t o  metals, especia l ly  aluminum. y77 

11.5.8 Pressure appl icat ion.  I n  order t o  obta in  smooth repairs  with high 
g l a s s  loadings, some pressure should be applied during cure. S p c i f i c  
un iversa l  methods t o  obtain pressure cannot be recommended, a s  each job . 
presents i t s  own problem. Standard procedures a r e  used f o r  clamping jo in t s  
during curing of the  adhesive. These include beam bracing, sand bags, rubber 
bands, and tape. Vacuum bags are current ly  i n  widespread use. (7) 

11e5 -9  A i r  exclusion. Because the  cure of the res ins  employed tends t o  be 
inh ib i ted  by t he  pressure of air, it i s  wise t o  place a l ayer  of cellophane or 
o ther  s imi la r  b a r r i e r  over the repair  a rea  during the  cure. The fi lm will 
a l s o  impart a smooth surface to  the molding.(7) 

11-5.10 Repair of metals. FRP can be used f o r  the  emergency repair  of 
tanks, bo i l e r s  and pipes. The 'techniques a r e  s imi l a r  to  those employed i n  the  
r e p s i r  of g lass -p las t i c  parts. This method of r e p a i r  can be used t o  repa i r  
war b a t t l e  damage i n  both c iv i l i an  and m i l i t a ~ y  appl icat ions . (7)  

11.5-11 Phosphoric acid  anodize. I n  adhesive bonded a i r c r a f t  s t ruc tures  
t he r e  have been a l a rge  number of f a i l u r e s  due t o  corrosive delamination of 
the  bonds. The problem has been espec ia l ly  severe i n  honeycomb p n e l s ,  where 
delamination of per ipheral  bonds has allowed moisture t o  penetrate t o  the t h i n  
f o i l  core. The core i s  frequently destroyed, usual ly  a s  a r e su l t  of 
freeze-and-thaw condit ions caused by ground-airground cycling of the  
a i r c r a f t ,  o r  s o l e l y  because of the Fresence of the  moisture.(8) 

* The Iihosphoric acid-anodize method(5) ( see  a l s o  5.3.5.1.2) has been. one of 
t he  most s i gn i f i c an t  recent deve lopen ts  i n  adhesive bonding aluminum a i r c r a f t  
s t ruc tures .  This procedure has eliminated the  bond surface  a s  a weak bond- 
d u r a b i l i t y  l ink.  This  technology has been extended t o  maintenance 
appl icat ions .  A t  l a rge  r e p i r  depots, autoclaves, surface-preparation tanks, 
and c lean rooms a r e  read i ly  available. However, the  damaged components 
themselves cannot o rd inar i ly  be placed i n  t he  cleaning tanks and t he i r  
surfaces  must be hand-cleaned. Autoclaves can r a r e ly  be used. I n  repair  
operat ions  with a i r c r a f t  s t ructures  curing pressure i s  applied by a vacuum bag 
o r  o the r  means. The heating required t o  obta in  durable bonds i s  usually 
obtained by heat ing blankets or forced hot  a i r . ( 8 )  
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When p a r t s  t o  be r e p a i r e d  a r e  so l a r g e  t h a t  they  cannot be removed from the 
a i r c r a f t ,  phospkoric acid-anodizing can be adapted to a hand or eon-tank 
procedure. T h i s  can be done bf using t h e  a c i d  a s  a p a s t e ,  r a t h e r  than  a s  a 
l iqu id ,  as shown in Fi~ure 37. Tne a c i d  p a s t e  is used to s a t u r a t e  s e v e r a l  
l a y e r s  of yatze, which se rve  to i n s u l a t e  t h e  s u r f a c e  to be anodized froin a 
s t e i n l e s s  s t e e l  screen.  X r e c t i f i e r  o r  b a t t e r y ,  connected t o  t h e  screen,  is  
used t o  au_cp:y t h e  necessary d i r e c t  cu r ren t .  D ~ r a b i l i t y  of bonds prepared in 
t h i s  way a;?proaehes t h a t  of the  best tank processes . (8)  

De ta i l ed  procedures a r e  cjiver. i n  an A i r  Force-sponsored re-port prepared by 
Ooeing ( 9) f o r  the Phosphoric Acid Non-Tank Anodize t P M A )  process.  

r STAIN LESS / STEEL SCREEN r-h-1 ma 
I' ' UL - POWER *. Sl lURCE 

SATURATED WITH 
PHOSPHORIC ACID PASTE 

FIGURE 37. Set-UF f o r  non-tank phosphoric 
a c i d  anodizlna of el=icun.  l e r  

Phospi?oric acid non-tank acodize  ( PANTA) ( 9) 

Solvent wipe w i t 3  MEK, t r i c h l o r o e t h a n e ,  o r  equ iva len t  
Xhvade . .r< +l- r n - r m t : ~ t  . ._. .. ,,.. ..,....,.-.. a t z a s i . ~ + ,  suet; 5s zylcr. sbraois.e pa.25, 6r 
equ iva len t  
Dry-wipe with clear.  gauze to  remove d u s t  an2 d e b r i s  
Apply uniforsl c o a t  of g e l l e d  12% phosphoric ac id* or PR 50** t o  
aluminum surf  a c e  
Place two o r  t h r e e  l a y e r s  of gauze over t o p  of coat ing;  apply another 
c o a t  of g e l l e d  pirosp'no:ic a c i d  t o  completely s a t u r a t e  and w e t  o u t  t h e  
guaze , 
Secure a p i e c e  of s t a i n l e s s  s t e e l  over  the coat ing.  Apply another 
c o a t i n g  of the  g e l l e d  phosphoric ac id .  (t?CTE: Be s u r e  t h a t  t h e  
s t a i n l e s s  s t e e l  screen does not c o n t a c t  any p a r t  of tire aluminum 
s u r f a c e s  being anodized.)  
Connecr screen+-:as catnode ( -  ; and aluminun: a s  anc9e [ + I ,  as s h o w  i n  
Figure 37. 
Apply a iX p o t e n t i a l  of 6 v o l t s  f o r  10 minutes (: t o  6 v o l t s  for 
10-12 rninut.es are sat=isfacto:y 1 .  ItimE: A rectifier aay 5e used t o  
supply t h e  vol tage  and c u r r e n t  dur i3g  anadizing.)  Current  densi ty  
shoulC be i n  t h e  ranqa of 1 t o  7 amps/ft2. In an  emergency, a 
f r e s h  o r  f c r l g  charged d r y  o r  wet cel l  b a t t e r y  may 5e ~ s e d  t o  anodize 
small areas .  
A t  tho  of t5e anodizing tune, 3Gen the c i r c u i t  and remove t h e  
screen and Gauze. 

Downloaded from http://www.everyspec.com



( j )  Eloisten c l e a n  gauze with water. L igh t ly  w i p e  off t h e  g e l l e d  acid 
with t h e  moistened gauze wi thcut  delay. The rinse-delay t ime is 
limited to less than 5 minutes. Do not  rub the ancdized surface .  
Immersion- o r  spray-r ins ing should be used, i f  poss ible .  

(k) Airdry  a minis- of 30 minutes a t  RT, or force-a i r  oven-dry a% 
140-1600F f 60-710C), 

( 1) Check q u a l i t y  of prepared surface .  A proper ly  anodized surf ace  v i l l  
show an in rz r fe rence  c o l o r  when vieved through a polarizina f i l t e r  
r o t a t e d  9a0 a t  a l o w  angle of incidence t o  f luorescen t  l i g h t  or 
day l igh t .  An i n s p e c t i o a  being accomplished is shown i n  Figure 36. 

(a) If no c o l o r  is observed, repeat s t e p s  ( i f  through (1). {NOTE: 
Machinec? s u r f a c e s  or abraded s u r f a c e s  are sometimes d i f f i c u l t  t o  
inspec% f o r  co lo r .  Rocation of the p o l a r i z i n g  f i l t e s  is requirec! 
because sane p a l e  shades of ye l lov  o r  green a r e  s o  c l o s e  t o  white 
t h a t  without a color-change inspect ion,  they might be considered "no 
co lo r , "  which would f a l s e l y  i n d i c a t e  no anociic c w t i n g .  (NOTE: Do 
nct toush t h e  dried anodized surface.  Do not w i y  t a p e  te t h e  
sur f  ace.  1 

can be made by adding Cab-O-Si1 t.o a c i d  u n t i l  thickened 
** ready-mde product available from Oroducts Fiesearch Corporation 

Light twra 

7 r Polarizing fiher 

Oxide film J Aluminum 

FIGURE 38. Pola r ized  l i g h t  t e s t -ue r i f  i c a t i o n  of anodic oxide f i l m .  lg) 

11.5.12 Large-area composites. Large damage a r e a s  on graphite/epaxy panels 
can be r e p a i r e l  by us ing techniques ou t l ined  i n  an A i r  Force-sponsored 
g u i d e - ( l 0 )  The recommended r e p a i r  conf igurat ion uses a sca r f  j o i n t  machined 
Anto the paren t  pane l  a s  t h e  damaged panel  is removed. Repair p l i e s  of 
prepreg a r e  stepped t o  f i t  t h e  sca r fed  surface  ar.d made t o  extend s l i g h t l y  
Seyond t h e  end of t h e  sca.rf, l eav ing  an e s s e n t i a l l y  f l u s h  sur face*  The r e p a i r  
plies a r e  cocured i n  p l a c e  with a l a y e r  of f i l m  adhesive. AlteXnatively. a 
  re cured e x t e r n a l  pa tch  can be used, which may be simpler t o  i n s t a l l ,  i n  some 
cases ,  al though a t  t h e  expense of aerodynamic smoothness and with some l o s s  i n  
s t reng th .  ( 3 )  (61 
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Such s patch may c o n s i s t  of 8-1 titanium f o i l  in te r l eaved  wi th  l a y e r s  of 
f i l m  adhesive t o  form a bonded patch ex te rna l  t o  t h e  outer surface. This  type 
of repair ,  l imi ted  t o  a 2-inch diameter baaurge, has been u8ed f o r  many r e p a i r s  
on t h e  empennage s t r u c t u r e  of F-14 a i r c r a f t .  Other r e p a i r  conf igurat ions  t h a t  
have been developed include e x t e r n a l  patchea made of a l d n u m ,  t i tanium, and 
precured composite materials. 

11.5.13 Army a i r c r a f t  weapons raystme homyeaab structureis. Repairs of 
damaged honeycomb s t r u c t u r e s  a r e  accampliehed by t h e  following s teps:  

o C l a s s i f i c a t i o n  of daraage 
o Surface f i n i s h  removal from repair a rea  
o Layout of damage area 
o Se lec t ion  of proper r e p a i r  method 
o Removal of t h e  damaged skin and core  
o Core replacement 
o Preparation of s k i n  su r faces  f o r  bonding 
o Repair of sk ins  
o Surface re f in i sh ing  and sea l ing  af  t e r  r epa i r ing  

Detai led  r e p a i r  procedures a r e  given i n  (1). 

11.5.14 A i r  Force Repair Guide. An A i r  Force r e p a i r  guide ( 6) gives  
d e t a i l s  on two kinds of r e p a i r s  used i n  large-area composite repa i r s :  

o A nearly f l u s h  r e p a i r  f o r  which a scarf  j o i n t  surface  
is  machined i n  t h e  parent  laminate, and replacement 
plies with adhesive a r e  cocured i n t o  place.  

o An ex te rna l  patch which is precured and subsequently 
bonded over the damaged area.  

11.5.15 Commercial a i r l i n e  p rac t i ce .  An a i r l i n e  operat ions  cen te r  has s i x  
ca tegor ies  of r e p a i r  techniques. 10) While not mi l i t a ry ,  this operatson may 
be of i n t e r e s t  t o  u s e r s  of t h i s  handbook. 

o S m a l l  a r e a  l i n e  maintenance rework where f i b e r g l a s s  
overlay patches or rivet-bonded s e a l a n t  (polyeulfid@I 
patches  suffice.  

o L i f e - l w t e d  r e p a i r s  necessary f o r  a i r c r a f t  diepatch,  
but requir ing s h o r t  time inspect ion i n t e r v a l s  and 
replacement a t  t h e  first maintenance opportunity. 

0 P a r t i a l  r e p a i r s  using a heattng blanket and vacuum- 
bag techniques f o r  localiszed areaa,  o r  when t h e  
chance of damaging the o r i g i n a l  bond with more 
extensive  heat  app l ica t ion  is a fac to r .  The 
e t r v c t u r e  can be acid paste-etched and primed w i t h  a 
corros ion-res is tant  coating. The repair patch can be 
acid-etched, phosphoric acid-anodized, and painted 
wi th  corros ion- inhibi t ing primer. Perforated metal 
r e p a i r  s k i n s  a r e  sometimes used. 
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0 Partial repaira  using the autoclave when time 
constraints do not permft anodizing and corrosion 
inh ib i t ing  priming. These p a r t s  are monitored f o r  
de te r iora t ion  and r ebu i l t  a s  t i m e  permits. 

0 P a t t i a l  repaira  w i n g  the  autoclave t o  repa i r  one 
side of the part w i t h  hoaeycomb cote replacement as 
neseed. Structure  which cannot be immersed i n  
cleaning and anodizing tanks is acid paste-etched and 
grimed with a corrosion-inhibiting coating. 

o Fully repaired or r e b u i l t  parts where the old spur, 
end r i b s ,  etc. a re  used as the basis for building a 
reconditioned st ructure .  A l l  surfaces a re  hot 
acid-etched, anodized and corrosion inh ib i t ing  primed 
p r i o r  to bonding. Different primers and adhesives 
are used i n  t he  250- (121W) vs. 3SOW 
( 177%) curing systems. 
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. Chapter 12. WISLDJ301JDING 

12.1 Introduction, Spot-weld adhesive bonding, more comaonly ca l l ed  
weldbonding, is a method of f ab r i ca t ing  hardware t h a t  uses both welding and 
adhesive-bonding techniques, A layer  of adhesive, e i t h e r  i n  pas t e  o r  fih 
form, is applied t o  one of t h e  metal members t o  be joined; The o the r  metal 
me-r is placed on top, forming a l a p - t ~ e  jo in t ,  and t h e  assembly is clamped 
o r  resis tance-tack-Weld t o  ntaintain part alignment, The two smnbers a r e  
then joined by res i s tance  welding through the  adhesive, using a conventional 
spot  o r  seam welder. The welds a r e  cwmonly spaced 1 tc, 2 liachea (2.5 t o  5 -1  
crn) apart ,  center-to-center (pig, 39). After curing at ambient o r  e levated 
temperature, t h e  adhesive forms a gas-tight seal .  Hardware fabr iaa ted  by t h i s  
method bas higher tensi le-shear  s t rength,  increased f a t i g u e  l i f e ,  higher 
buckling s t rength,  and improved corrosion resis tance,  compared t o  equivalent 
resistance-welded s t ruc tu re s ,  ~ o t h  cos t  and weight savings a r e  s ign i f i can t  
corapared t o  r iveted o r  mechanically fastened s t ruc tures .  (l) 

Fleldbonding was i n i t i a l l y  developed i n  t h e  Soviet  Union and used i n  t h e  
f ab r i ca t ion  of t ranspor t  a i r c r a f t  (A14 22, Mi 24 and YAK 40). I n  recent years  
~ W e r a l  American a i r c r a f t  laanuf ac tuers  (Lockheed-Georgia, ~ o r t h r u p ,  Elartin- 
Marietta,  %%\I) have s tudied t h e  process and wr i t ten  reports,  s o w  in-house, 
and some sponsored by NaSA and t h e  A i r  Force. Annotated bibliographies have 
been prepared covers ng developments i n  weldbonding, (2)  ( 3) 

When p r ~ p e r l y  applied, weldbonding w i l l  provide a j o in t  s t r u c t u r a l l y  
comparable t o  an adhesive bonded joint ,  w h i l e  e1iPrimat.tw-j tbe c--mp3= aad 
expensive too l ing  general ly  required f o r  adhesive bard i i j .  ( 4)  Ueldbom3ing 
may be accomplished by applying the  adhesive t o  the fa,~i?E; ssurZaces prier t o  
welding, (weld-thru) o r  a low-viscosity adhesive ;lez be icml  tc 4-nfiltr.3t.e t-:- 
faying sur faces  by cap i l l a ry  ac t ion  a f t e r  the weIDlb~~2 has beea accomplished. 
Both techniques have been used i n  BU8sia. ( 4 )  ( 5 ) 

12.1,l Weldbond configuration. Figure 39 is a schematfc ( not t o  s ca l e )  , 

d e t a i l  of a spotweld and t h e  surrounding adhesive-bonded region of a 
single-lap weldbonded joint ,  I n  t h e  most-used process, a pas t e  adhesive is 
applied t o  t h e  metal sheet  mater ia l  and t h e  metal is then spotwelded through 
t h e  uncured adhesive. The spotwelding pressure and heat r e s u l t  i n  
displacement of t he  adhesive and fusion of t h e  n e t a l  t o  form a s o l i d  veld 
nugget, I n  Figure 39, t h e  s o l i d  c i r c l e  represents  t h e  v i s i b l e  mark at t h e  
edge of t h e  sur face  of contact  between t h e  spotwelding e lec t rode  and the.metal  
sheet ,  The inner  dashed circle ou t l i nes  t h e  weld nugget, The a rea  between 
t h e  two dashed circles, o r  *halo,* is effectively unbdrrded dae ta t he i r  
displacement and heating of t h e  adhesive during t h e  spotwelding process. 
Beyond the  halo is a region of t r a n s i t i o n  t o  f u l l  adhesive thickless .  The 
exact shape and dimensioas of t h e  f ea tu re s  a r e  funct ions of severa l  
var iables ,  These include s t i f f n e s s  and thickness  of t h e  metal sheet and 
uncured adhesive and such welding parameters as pressure,  current ,  resis tance,  
t i n e ,  and e lec t rode  shape, ( 6 )  (7) Figure 40 shows a single-lap and 
comparable double-lap Weldbounded joint ,  

Downloaded from http://www.everyspec.com



Large helicopters contain over 5000 fasteners of various types and sizes, so 
Intense installation labor is necessary. Over half of  an airfranegs direct 
support maintenance cost presently is related to .fasteners and secondary 
structures. For t h i s  reason it is very desi.rable to reduce the number of 
fasteners. Rivet bonding decreases the number of rivets, bu t  does not 
eliminate them. Resistance spot welded parts undergo melting i n  the weld 
zone, which can result in  wrinkling when the pieces are clamped. Also, the 
recast metal in the area oE the weld is susceptible to fatigue.!8) 

High-strength weldbond joints are neceesary for a i r c r e t  applications, using 
aluminum alloys and titanium. For such applications special surface 
preparation treatments, special adhesives, and carefully controlled curing 
conditions nust be used. For autoaotive applications using steel  and 
aluninura, the requirements and procedures are much less stringent. Elaborate 
surface preparation techniques are not necessary and adhesives such as vinyl 
plartkisols and modified epoxies may be used, resulting i n  strengths 67% 
stronger w i t h  weldbonds than w i t h  spotwelds. ( 9) 

Eleotrode mark 

\ /-weld nugget 
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Nugget Diam. 0 .25" ( 6 . 3  m) 
Halo diem. 0.68" ( 1 2 . 2  nrm) 
Transitioa diam. 0.52" (13.2 m. 

(a)  Top view 

(b) S i n g l e  lap  ( s i d e  view) 

(3.1 7mm) 0.260. 
( c )  Double lap ( s i d e  view) (8ma6mm) 

FIGURE 40. Comatable s ingle- lap and double-lap weldbanded joint. ( 61 ( 71 

PtGURE 41. Axial load f a t i g u e  s trength of aluminun a l l 0 1  
weldbond, as canpared to rivets. (10)  
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....- *dh#ivc bond 4V6 ...,..,. Titanium Trpl-Lolrs -.., Ws1097.06 rivets 

,..-- 

FIGURE 42. Stat ic  joint strength of weldbond as co~parPd to 
other types of jo ints .  (10 )  

FIGURE 43. Comparative joining technique on typical 
a i  tcraft  s t  tucture. ( 1973 prices) ( 10) 
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Weldbond is competitive i n  s t a t i c  s t r eng th  with t i tanium f a s t e n e r s  i n  shee t  
thicknesses up t o  0,156 inch (0.40 c m ) .  Beyond t h i s  point ,  t h e  spot-welding 
l imi ta t ions  and s ta t ic -s t rength '  capacity make weldbond l e s s  desirable.  The 
weight advantage f o r  weldbond is s ign i f i can t ,  I t  is l i g h t e r  than mechanical 
f a s t ene r s  because of its lack of addi t ional  fas tening material ,  J o i n t  
overlaps a r e  reduced because of t h e  clos'er spacing between spot-weld rows 
permitted with weldbond. (12) 

Figure 44 is a p l o t  of ul t imate tensile load against  tenperature for: 
d i f f e r e n t  joining methods, using titanium, .It is p lo t t ed  i n  t h i s  way t o  
obtain-a d i r e c t  s t r eng th  comparison of the  various techniques, Weldbond 
jo in t s  show a super ior  s trength '  a t  room tenperature i n  a l l  ca tegor ies  t e s t e d  
and, except f o r  two temperature levels ,  a super io r i ty  t o  all categor ies  a t  a l l  
temperatures, (13) (14) 

. - 
The g r e a t e s t  obs tac le  t o  the  use of we1d&ding i n  a i r c r a f t  primary 

. 

s t r u c t u r e s  is t h e  previous bad reputat ion a t t r i b u t e d  t o  r e s i s t ance  spot  
welding i n  t h e  a i r c r a f t  industry, This reputat ion is grinariEjl emotional 
opinion and is genera l ly  believed t o  be unsudported by fac t s .  (lo) 

FIGURE 44, Comparative jo in t  s t renqth ,  bu t t  shear  double row, 
f o r  0,025" t o  0,063u t i tanium al loy  (Ti-6A1-4V). 113)(14) 
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It has been denonst r a ted  t h a t  high-quali ty welds can be made i n  high- 
s t r e n g t h  aluminum a l l o y s  up t o  72 hours a f t e r  layup of t h e  p a r t s  wi th  adhesive 
a t  t h e  p a r t s  in te r face .  Figure  4 1  shbws how tb axial-load f a t i g u e  e d u r a n c e  
of weldbond j o i n t s  is increased many times over t h a t  of mechanical f as teners .  
Figure  42 shows t b e  advantage of t h e  j o i n t  s t a t i c  s t r e n g t h  of weldbond j o i n t s  
over o t h e r  typds of jo ints .  

Because t h e  weldbond process  is highly adeptable t o  aechanizat ion and 
automation, a s u b s t a n t i a l  production c o s t  savings  is rea l i zed  when compared t o  
o ther  joining methods, a s  shown i n  Pig. 43. 

12.2 Advantages and l imi ta t ions .  The advantages of a weldbond s t r u c t u r e  
over a s i m i l a r  s t r u c t u r e  joined by r i v e t s  o r  mechanical f a s t e n e r s  a r e  l i e t e d  
a s  f o ~ l o u a  : ( 11) 

o Increased tensi le-shear  s t r e n g t h  ( s t a t i c  st rengthl 
o Increased f a t i g u e  l i f e  
o Gas-tight s t r u c t u r e  s u i t a b l e  f o r  gas  o r  l iqu id  con ta ine rs  
o Increased r i g i d i t y  
o Improved c o r  roeion r e s i s t a n c e  of t h e  lap-type j o i n t  
o Inexpensive t o o l i n g  requirements f o r  f ab r fca t ion  
o Weight savings 
o Smooth hermet ical ly  sealed inner and ou te r  su r faces  

improve aerodynamics and s impl i fy  hardware e t t a c ~ n t e  
o Compla~t? i n t e r f a c e  bond improves load t t a n s f e r  between 

inner and ou te r  merabers. 

12.3 Surface  preparat ion.  (See 5.3.5.1.17 above for d e t a i l s  of l w t h ~ d s  f o r  
aluminum and t i tanium.) 

Chemical c leaning of surf  aces  f o r  welding and adhesive bondiny is necessary 
t o  assure  high-strength jo ints .  Welding and bonding each requ i re  d i f f e r e n t  
Specia l ized surf  ace  p repara t ion  techniques. To produce Class  A res i s t ance  
welds it i o  e s s e n t i a l  t o  have a low sur f  ace  res is tance.  On the other  haM, t o  
produce maximum-strength adhesive-boded j o i n t s ,  it is necesclary to have a 
chemically a c t i v e  s u r f a c e  which nay have a high s u r f a c e  res is tance.  F ina l  
Se lec t ion  of t h e  c leaning process  should be based on t h e  end me of t h e  
hardware and on cons idera t ion  aa t o  t h e  r e l a t i v e  importance of weld q u a l i t y  
and adhesive j o i n t  s t r e n g t h . ( l l ) ( l 5 )  

A s  d iscussed above under 12.1, it bas been shown t h a t  f o r  non-cri t ical  
weldbonds used i n  automotive a p p l i c a t i o n s  involving aluminum a l l o y s  and s t e e l ,  
no c leaning o r  s p e c i a l  s u r f a c e  p repara t ion  is neceseary.(g)(16) 

The low-voltage phosphoric acid/sdLum d icbroaa te  (PAD) a n d i z e  descr ibed 
above under 5.4.5.1.17.1 is a v e r s a t i l e  process,  s i n c e  it is caQ6ble of 
producing t h e  required boehmite oxide  l a y e r  ( A ~ ~ o ~ . H ~ o ) ,  which is 
tenaciously  bonded t o  t h e  eltuninurn a l l o y  s u b s t r a t e  on a v a r i e t y  of alloy8. 
However, it is e s s e n t i a l  t o  remove t h e  .as received' oxide l a y e r  ( b a y e r i t e l  
before  anaclization t o  assure  maximum c o r r o s i o n  res i s t ance  end b o d  d u r a b i l i t y .  
Since t h e  boebite l a y e r  th ickness  is con t ro l l ab le ,  c l a s s  A spot welds can be 
produced c o n s i s t e n t l y ,  even with corros ion- inhibi ted weld-bond p a s t e  adhesive 
i n  place. With t h e  add i t ion  of chtamates t o  adhesives inproved 
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cor ros ion  res ie tance  under s a l t  spray and huaid envlronerents hks been 
possible.  With t h e  P/SD anodize proeess adbeeivea boadabi l i ty  and weldabi l i ty  
have been achieved, even a f t e r  300 hours exposure t o  t hee  enoirosrsents. 

12.4 Adhesive se lec t ion .  m y ,  modified epoxy, and ute tbane adhccrivee a r e  
co l~aon l r  e~@loyed ie  veldbonding alurjinwa, Woxy and polyimide adhesives a r e  
used f o r  t i tanium. Polyimidee a r e  p a r t i c u l a r l y  s u i t a b l e  f o r  t i tanium because 
of tbeir very bigh temperature res i s t ance  (matching t h e  res ie tance  of 
t i tanium).  ~ p o x y  and modified epoxy adhesives a r e  avai labe i n  one- o r  
two-part 'liquid, pas t s ,  capillary or  unsupprtert  f i l m  f om.( ll) 

The BOSt s u i t a b l e  adhesive for general  weldbond app l ica t ione  is t b e  aodif ied 
epoxy one-part  p a s t e  type containing metal f i l l e r .  ~ o s t  adhesives used f o r  
veldbonding a r e  a r b i t r a r l l y  s e l e c t e d  froa adhesives t h a t  were developed f o r  
o t h e r  purposes, r esu l t inq  i n  a compromise when ueed f o r  weldboading. Adhesives 
s p e c i f i c a l l y  developed f o r  weldbonding should show lxnprovefnents over those  
preeent ly  avai lable .  ( 11) 

Gemral requirements f o r  a good adhesive system f o r  wldbond8 a r e  a s  
f o l lovs:  15) 

0 Good lap-shear s t r e n g t h  - 3000 psi o r  20.7 %pa miairnun, 
o Adequate peel s t r e n g t h  - 10 in-lbe/in o r  4.44 J/m minimun 
o Good d u r a b i l i t y  
o Bondline f i l l i b g  c a p a b i l i t y  - does not s t a r v e  t h e  j o i n t  by 

draining,  and f i l l s  voids e a s i l y  
o Surface  p repara t ion  capable of maintaining s t a b i l i t y  f o r  3 

weeks  minimum before adhesive is applied and cured 
o Multiple c u r e  c a p a b i l i t y  - 1-3 cures  can be applied t o  a 

completed s t r u c t u r e  requir ing s e v e r a l  curing cycles 
without damage to  t h e  adhesive and surf  ace proper t ies .  

a Class A weld-through c a p a b i l i t y  - Class  A V e l d 8  can be 
made through t h e  prepared surface  and adhesive wf  t h  tbe 
res i s t ance  spot-welding machine. 

F i l l e t s  used i n  epoxy-type adhesives include s i l i c a  (CAB-O-SIL, 79 by utl  to 
prevent run off,  39 8trontiur;l c h r m a t e  t o  provide corros ion inb ib i t ion ,  and 
conductive metal powders. Viscosi ty  of adhesives i n  paste f o m  has an 
important e f f e c t  on t h e  veld and bonded joint .  Tbe v i s c o s i t y  a u s t  be low 
enough t o  al low t h e  f o r c e  of t b e  e lec t rodes  t o  push t h e  adhesive out of the 
i n t e r f a c e  con tac t  area ,  y e t  euff i c i e n t l y  bigh or tb ixo t rop ic  s o  t b a t  it w i l l  
not  f low out  of t h e  j o i n t  during t h e  cure  cycle.(17) 

Film adhesives bave been found by some workers t o  be impractical because 
spot welds could not be M e  cons i s ten t ly ,  due t o  t h e  cI!itrieC.(l8) On t h e  
o t h e r  hand, f i l m  adheeives have bean found t o  g ive  s u b s t a n t i a l  b e n e f i t s  
because they improve worlu~ansbip i n  t h e  production f a c i l i t y .  Bondltne 
th ickness  can be con t ro l l ed  eas i ly .  Complete  adhesive coverage can be 
obtained end placement e a s i l y  control led ,  cleanup is a l s o  eas ie r .  The 
e u t e c t i c  welding equipment incotporated i n t o  t h e  use of f i l m  adhesives 
provides a t o t a l  weldbonding syetem capable of teproducible nugget q u a l i t y  
without i n b i b t t i n g  t h e  b e n e f i t s  of highest  q u a l i t y  adhesive bonding.(19) 
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The f i r s t  requirement of any adhes ive  for t h e  weld-through process of 
weldbonding i s  t h a t  t h e  adhes ive  have t h e  c a p a b i l i t y  of being moved under 
p r e s s u r e  of t h e  welding e l e c t r o d e s  i n  o r d e r  for w t a l - t o - m e t a l  c o n t a c t  t o  
occu r  a t  t h e  j o i n t  i n t e r f a c e .  A second requirement is t h a t  t h e  hea t  r e s u l t i n g  
f r o u  t h e  8 ot weld c a u s e  on ly  l i m i t e d  d e t r i m e n t a l  e3fect on t h e  s t r e n g t h  of P t h e  bond.( 9) 

P i l n  adhes ives  g e n e r a l l y  have h ighe r  p e e l  s t r e n g t h s  (5060 in-lba/ in or 
22.2-26.7 J/n) t h a n  p a s t e  adhes ives ,  and aeseab ly  time can be saved by 
apply ing  f i l m  adhes ives  t o  t h e  j o i n t .  However, to  re s i s t a t r ca  spot-weld 
through a f i l m  adhes ive ,  a nethod must be used to nelt  t.he adhes ive  b e f o r e  
s p o t  weldlng s o  t h a t  t h e  adhes ive  can be squeezed o u t  of t h e  jo in t .  Accura te  
t empera tu re  c o n t r o l  of t h e  f i l a  adhes ive  is cr i t ical  tf good welds a r e  t o  be 
mads. Poor t empera ture  c o n t r o l  w i t h i n  l a r g e  p a r t s  g r e a t l y  i n c r e a s e s  t h e  
problem of expulsion.  (Expuls ion  i n  a weldbonded j o i n t  produces a b lack  p a t c h  
of nixed  aluminum ox ide  and cha r red  adhesive.  T h i s  ~ ~ i x t u r e  is expe l l ed  from 
t h e  nugget r a t h e r  t h a n  t h e  spike-shaped molten aluminum expe l l ed  d u r i n g  normal 
s p a t  welding.) Furthennore,  t h e  f l o w a b i l i t y  of f i l m  adhes ives  is poor.  his 
may r e s u l t  i n  t h e  fo rma t ion  of yorco  i n  t h e  j o i n t  i f  t h e  adhes ive  does  not 
c l o s e  up gap a r e a s -  Therefore ,  t h e  s e l e c t i o n  of e i t h e r  a p a s t e  o r  f i l n  
adhes ive  For weldbonding is e s s e n t i a l l y  a n a t t e r  of s e l e c t i n g  t h e  pzoper 
adhes ive  Eona f o r  a g iven  appl ica t ion . (15)  

One of t h e  advantages  of a paste-form adhes ive  i n  t h e  weldbonding p rocess  is 
tbt? n o b i l i t y  or f l o w  of t h e  y a s t e ,  which a l lows  t h e  use  of low c u r i n g  
p r e s s u r e s  ( s p o t  weld assembly p r e s s u r e s )  to  produce good s t r e n g t h  l e v e l s .  As 
mentioned above, t h e  f low of t h e  p a s t e  should be low enough t h a t  it w i l l  not 
f l o w  o u t  of t h e  j o i n t  du r ing  t h e  c u r e  c y c l e  and l e a v e  a s t a r v e d  j o i n t .  ( I5 )  

12.5 Tool ing  f o r  weldbondinq. Tool ing  f o r  weldbonding fa l l s  i n t o  f o u r  
g e n e r a l  c a t e g o r i e s  as fo l lows:  

o P a r t  handl ing  
o Adhesive a p p l i c a t i o n  
o Tacking 
0  eldi ding 

S i n c e  t h r e e  of  t h e s e  c a t e g o r i e s  are coumonly used i n  indus t ry ,  only  t o o l i n g  
fo r  adhes ive  a p p l i c a t i o n  need be d iscussed .  Tool ing  f o r  p a s t e  adhes ive  
a p p l i c a t i o n  n u s t  f i x t u r e  t h e  p a r t s  and c o n t r o l  l o c a t i o n ,  width  and t h i c k n e s s  
o f  t h e  adheeive  s t r i p e .  The t o o l i n g  sbould  have a p l a t e n  to locate t h e  p a r t ,  
and a moveable head . cons i s t i ng  of gr idded shim s t o c k  t o  c o n t r o l  width and 
t h i c k n e s s  of  t h e  adhes ive  s t r i p e .  The adhes ive  can  lo app l i ed  wi th  an 
a i r - a c t u a t e d  cau lk ing  yun and spread  t o  a uniform t h i c k n e s s  (.00G9-.016w) 
t.15--41 Uun) and w&dth by drawing a p l a a t i c s p r e a d e t  a long t h e  shim s tock .  

- The open p o s i t i o n  of t h e  f i x t u r e  should  p rov ide  a c c e s e i b i l l t y  f o r  s o l v e n t  
c l e a n i n g  of t h e  shim s t o c k  p r i o r  to  t h e  next adheeive  e p p l i c a t i o n .  Automatic 
a d h e s i v e  a p p l i c a t i o n  and sp read ing  c a n  be inco rpora t ed  i n t o  t h e  f i x t u r e  i f  
h i g h  p r d u c t i 0 n  r a t e s  a r e  required.  (11)  
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12.6 VeldbonJing technicaues. C l a s s  A r e s i s t a n c e  s p o t  o r  seam welds can be 
made tbrougb t h e  adhes ive  i n  weldbond s t r u c t u r e s  when recomendr?d spot weld 
c l e a n i n g  o r  s u r f a c e  p r e p a r a t i o n  techniques  are used. when a aacn3if ied epoxy 
p a s t e  adhes ive  con ta in ing  a conduct ive  powder f i l l e r  is used, t h e  ve ld ing  
parameters  are nea r ly  t h e  saae 88 t h o s e  used for  welding without adhesive. 
Melding through a n  adhes ive  causes  a b igher  percentage  of i r r egu la  t l y  shaped 
nugyete, b u t  t b e  s t r e n g t h  o f  t h e  weldbond j o i n t  is not  adve r se ly  affected.  
$?hen welding tbrough adhes ive  on material prepared by t h e  reconatenbed s u r f a c e  
p repa ra t ion ,  t h e r e  is a tendency f o r  a h igh  percentage  of t h e  s p o t  welds t o  
e x h i b i t  expu l s ion  (see 12.41, r e s u l t i n g  i n  lower-quali ty and lover-etrengtb 
uelde.  (11) 

Meldbond process s p e c i f i c a t i o n s  have been prepared by s e v e r a l  c o n t r a c t o r s  
f o r  use by government agencies.  (19) (20)  (21)  These process s p e c i i i c a t i o n s  
g i v e  d e t a i l e d  eteps to be t aken  t o  provide  o p t i n w  weldbonde. The actual 
j o in ing  of p a r t s  by veldbonding is r e l a t i v e l y  s t r a igh t fo rward .  ;lost of t h e  
p rocesses  i n ~ 0 1 V e j  i n  r e s i sksnce  s p o t  welding a r e  a p p l i c a b l e  t o  weldbonding. 
The parts a r e  cherptcally c leaned as f o r  s p o t  welding lee@ 12.31, wrapped and 
s t o r e d  f o r  up t o  36 bouts, i f  requi red ,  and renoved f o r  welding. P a s t e  
adhes ive  of t h e  cons i s t ency  of room-temperature honey is app l t ed  to tbf? p a r t s  
by l ay ing  a small bead of adhesive on t b e  p a r t  s u r f a c e  and spreading  it, using 
a nylon spatula. i b e  parts a r e  t h e n  brought t oge the r  and temporar i ly  clamped. 
The parts  are t h e n  p laced  between t h e  e l e c t r o d e s  of a convent ional  three-phase, 
v a r i a b l e  pressure-type s p o t  welder and welded toge the r .  The weld a e t u p  used 
t o  j o i n  t h e  p a r t s  is o n l y  s l i g h t l y  modified from a convent ional  setup.  A f t e r  
weldiny, t h e  s t r u c t u r e  is placed  i n  a lov-tecyreraturc! oven and t h e  adhesive 
cured  fo r  approwimately one hour. Tine and temperature a r e  dependant on t h e  
t y p e  of adhesive and method involved. ( l 0 ) ( 2 2 )  

12.7 g u a l i t y  c o n t r o l .  The e x t e n t  of process  and q u a l i t y  c o n t r o l  must be 
based on t h e  end use of t h e  hardware. Methods i n  c u r r e n t  use  should be 
s e l e c t e d  t o  f i t  a s p e c i f i c  app l i ca t ion .  Cons is ten t  jof nt  o t r a n g t h  can be 
assu red  by e v a l u a t i n g  cured weldbond t e n s i l e  shear  specimens, cleaned with 
each  ba tch  of parts, f o r  s t r e n g t h  and bond qua l i t y .  Cons i s t en t  weld q u a l i t y  
c a n  be assured  by hourly e v a l u a t i o n  of uncured t e n s i l e  s h e a r  and macro 
Speci~r?nS f o r  s t r e n g t h  and veld q u a l i t y .  Higher assurance  can  be obta ined  
f r ~ a  t h e  use of  an  in-process weld iaonitor t ha t  w i l l  detect unacceptable 
ve lds .  ?he e x t e n t  of t h e  in spec t ion  of t h e  product ion  iten must be determined 
frorj o r  based oa t b e  end use of t h e  part, and w i l l  a l s o  be affected by s i z e  
and complexity of  t h e  pa r t .  If t h e  p a r t s  are small, v i s u a l  i n s p e c t i o n s  f o r  
s u r f a c e  defects and surface adheaive i r r e g u l a r i t i e s  nay be adequate. If t b e  

8 p a r t s  a r e  l a r g e  and cor~plex  and t h e  end use is c r i t i c a l ,  rad iographic  
insp?ctCon may be used f o r  de t e rmina t ion  of weld q u a l i t y  and u l t r a s o n i c  
i n s p e c t i o n  for J e t e m i n a t i o n  of bond quslity.(ll) X-ray radiography w i l l  
r e v e a l  weld nugget d e f e c t s  euch as; cracking ,  expuls ion  and p r o s i t y . ( l 5 )  

I n f r a r e d  nonderrtructive i n s p e c t i o n  ne thods  cannot  be used f o r  weldbaniled 
s t r u c t u r a l  assembl ies . (2 l )  P rocese spec i f  i e a t i o n s  prepared Lry l eading  
ae rospace  c o r p o r a t f o n s  under government c o n t r a c t  have s e c t i o n s  covering 
q u a l i t y  assurance  y r o v t s i o n s  and should be ~ o n s u l t d . ( l 9 ) ( 2 ~ ) ( 2 ~ )  
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Chapter 13. TEST HLTUODS 

13.0 Test  methods. 

13.1 Organization. There are a considerable  number of test m t h d 6  used t o  
eva lua te  adhesives and adhesive jo ints .  llost of those  t h a t  w i l l  be of 
i n t e r e s t  t o  t h e  use rs  of t h i s  handbook can be found i n  t h e  methods developed 
by ASTbl comai t tee  D-14 on Adhesives, A t o t a l  of 62 methods s tandards  have 
been published t o  d a t e  i n  this f i e l d .  I n  some ( 1 G J  cases ,  standards deal ing 
with mthodology bave been issued a6 ~ e c o m e n J e d  Prac t i ces ,  o r  more recently,  
as Prac t i ces .  These do not have q u i t e  t h e  s t a t u s  of HethdJs. Of t h e  78 ASTW 
s tandards  involving adhesives test methods or p r a c t i c e s ,  a t o t a l  of 26 13391 
have Lean adopted by DOD. I n  t h e s e  eases  W D  agencies can o b t a i n  copies f r e e  
on requeet from t h e  Naval Publ ica t ions  and Yorms Center. The ASTH s tandards  
of i n t e r e s t  a r e  tabula ted below under 13.2. followed by 13.3, a r s c t i o n  
covering t h e  f o u r  Federal  Test  llsthod Standards under PnlS l75B sti  11 i n  
e f f e c t .  

3 2  AsTll standards.  ( 1) 

13.2-1 ASTN D 8 1 G - 8 2 .  *Standard Hathods f o r  Testing RUBLEH C&lEUTS, 8 pp. 
(DOD Adopted) ASTI.1 Comaittee 0-11 on Rubber. 

T h i s  nethod covers adhesives t h a t  may be applied i n  p l a s t i c  o r  f l u i d  form 
and t h a t  a r e  nanufactured from n a t u r a l  rubber, reclaimed rubber, syn the t i c  
e l a s t o m r s ,  o r  combinat ions of these  u a t e r i a l s .  T e s t s  include: adhesion 
s t reng th ,  bonding range, sof tening point ,  cold  flow, v i scos i ty ,  cold  
b r i t t l e n e s s ,  d e n s i t y  and p l a s t i c  de for~aa t ion  ( f o r  heavy doughs o r  p u t t i e s ) .  

13.2-2 ASTN 0896-64. Standard Test  13eth0d f o r  RESSS'r'Al4CE OY ADHi'SIVt' 80iJD5 
TO CdkXlCAL RWGdiiTS, 3py. (DOD Adopted). ASTI-I C o m i t t e e  0-14 on kdhesives. 

T h i s  method covers t h e  t e s t i n g  of a l l  types  of adhesives Lor res i s t ance  t o  
chemical reagents. Includes provis ions  f o r  repor t ing l o s s  i n  s t reng th  i n  
accordance with ASm nethods of teet f o r  s t r e n g t h  p r o p e r t i e s  of adhesives. 
Stanciard chen ica l  reagents described i n   AS^ 0543 and o i l  and f u e l s  from 
ASn1 D47l a r e  used, along with s p e c i a l l y  fo rnu la ted  supplementary reagents (1 

, hydrocarbon mixture, 2 jet f u e l  mixtures, and 1 s i l i c o n e  f l u i d ) .  

13.2;3 ASTH D897-78 (1983). Standard Tes t  Hcthod f o r  TEIJSILE PROPERTIES OF 
ADHESIVE BOlJPS, 5 pp. (WD Adopted). UYM C o m i t t e e  D-14 on ~ J h S i v e s .  . . 

This  is known a8 t h e  "butt '  j o i n t  adhesion tensile test. Blocks o r  rods of 
wood o r  metal a r e  shaped o r  machined t o  s p e c i f i e d  dinensions of 1-13/16 in. 
( 4 0  nun) diameter f o r  wood and 1-7/8 in. (47.5 nun) diameter f o r  metal. Two of 
t h e s e  machined c i r c u l a r  con tac t  su r face  .buttonsg a r e  then bonded together  
wi th  t h e  adhesive under test. A t e n s i l e  t e s t i n g  machine is used under 
s tandardized conil i t ions and t h e  aaxiaum load a t  f a i l u r e  is recorded with t h e  
f o r c e  normal to  t h e  con tac t  area. This  test is not as cornonly used as t h e  
l a p  shear s t reng th .  
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13.2.4 ASTi.1 Dfl98-69 (1980). S tandard  P e s t  Hethod f o r  APPLIED UEIGMT PER 
UNIT AREA OF DRIED ADHESIVE SOLIDS, 3 pp (DOD Adopted). A S H  Committee D-14 
on ~ d h e s f v e s .  

Covers t h e  de t e rmina t ion  of t h e  q u a n t i t y  of adhes ives  s o l i d s  app l i ed  i n  a 
spreading  o r  c o a t i n g  opera t ion .  

13.2.5 ASWI DS99-51 ( 1984). Standard T e s t  Hethod f o r  APPLIED IIEXGIKI' P a t  
UNIT AREA OF LIQUID ADHESIVES, 2 pp. (DOD ~ d o p t e d ) .  AS-1 Conni t tee  D-14 on 
Adhes ivas.  

Covers '-,he de t e rmina t ion  of t h e  q u a n t i t y  of l i q u i d  adhes ive  appl ied  i n  a 
spreading  o r  c o a t i n g  opera t ion .  Intended to  be app l i ed  only  to  adhes ives  used 
f o r  bonding wood. 

13.2.6 AS%%I 0903-49 (1983). S tandard  T e s t  HethoJ f o r  PEEL OR S'A%IPPIUG 
STRENGTH OF ADHESIVE BOiDSo 4 pp. (DOD Adopted). ASTH Comnittee D-24 on 
Ad hes i ves . 

T h i s  test is e s s e n t i a l l y  a 180° p e e l / s t r i p p i n g  test where only  om? member 
of  t h e  laminate  couple is bent .  T h i s  is i n  c o n t r a s t  t o  t h e  peel tests which 
apply f o r c e  t o  both la f i ina ted  s t r u c t u r e  members and i n  which both len ina te i l  
members deform - e.g. t h e  F-peel T e s t  ( D  1876).  The test is e s p e c i a l l y  usefu l  
f o r  corgrarat ive t e s t i n g  of adhesive m a t e r i a l s  and providers p r a c t i c a l  d a t a  f o r  
the e v a l u a t i o n  of vinyl-to-metal adhes ives  f o r  example. 

13.2.7 G Y b i  u904-57 (1981). Standarc! Recommendecl P r a c t i c e  for MFVSURE OF 
ADHESIVE SPdCICIEIIS TO ARTIFICIAL (CARBOLJ-ARC TYPE1 kl, NATURAL LIGHT. 3 pp. 
ASI'1.1 Comnittee D-14 on Adhesives. 

T h i s  recowitended p r a c t i c e  d e f i n e s  c o n d i t i o n s  for  t h e  exposure of adhes ives  
i n  t h e  f o w  of glued t r a n s p a r e n t  or t r a n s l u c e n t  assembl ies  to  ( I )  a r t i f i c i a l ,  
and ( 2 )  n a t u r a l  l i g h t  sources.  Where such i n i o r ~ n a t i o n  is of value,  t h e  same 
exposure c o n d i t i o n s  may be used on adhes ive  f i l m  o r  any o t h e r  s u i t a b l e  f o m  i n  
which l i g h t  may be a d e t e r i o r a t i n g  f ac to r .  The p r a c t i c e  is l i m i t e d  to t h e  ' 

method of ob ta in ing  t h e  exposure c o n d i t i o n s  and o u t l i n e s  t h e  procedure to  be 
fol lowed,  but do@s not cover  methods of test t o  be used i n  eva lua t ing  the 
e f f e c t s  of t h e  exposure. The arttf  i c ia l  l i g h t  is provided by a carbon-arc 
appara tus ,  and t h e  n a t u r a l  l i g h t  is provided by e u n l i g h t  beaned a t  a 45-degree 
a n g l e  f a c i n g  south. 

13.2.8 ASYII 0905-49 (1981). S tandard  T e s t  hlethod f o r  S'ZREIHI'ZH PROPERTIES 
OF ADHESIVL: IMl4DS 1g SHEAR BY WiPRESSf Oll U)ADINS, 4 PP. , (MID .Ad~p ted I .  
AS'r'l-I Conwittee D-14 on Adhesives. 

T h i s  nethod is used t o  determine t h e  coxpa ra t ive  s h e a r  e t r e n g t b e  of 
adheelves  f o r  bonding wood and similar materials. The material8 muet be 
condi t ioned.  Tbe adhes ive  is evalua ted  i n  terns of t h e  maximun and ninisum 
s t r e s s e s  requi red  t o  f a i l  t h e  specimens, as w e l l  as t h e  degree  of  wood 
f a i l u r e .  The test is lmet adap tab le  f o r  f u r n i t u r e  wood8 and composites. I n  
t h e  test s tandard-s ize  test b locks  are placed  i n  a s m a l l  shea r ing  t o o l  s o  t h a t  
the load nay be applied w i t b  a cont inuous  motion. 

13  2.9 AST1.j 0906-82. Standard T e s t  H@thod f o r  STRElJGTH YROPBRTfES OF 
miiESIVr;S Iil PLY11001) YYBX COIISTHUf'+'XOlt I14 SdEAR By TPIlSIOfi LOADIi4GI 4 pp., 
(DOD Adopted). ASmi Committee D-14 on Adhesives. 
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T h i s  test is o f t a n  used t o  measure coalparat ive s h e a r  s t r e n g t h  of  adhes ive ly  
bonded plywood-type cons t ruc t ion .  It a p p l i e d  s p e c i f i c a l l y  to  wood-to-wood 
adhes ives ,  specilaens of plywood i n  t h e  form of strips 1 inch  wide and 
approximately 4 inches  long are c u t  frcua a test panel .  Tbe t e a t  samples a r e  
p laced  i n  t h e  jaws of t h e  g r i p s  of t h e  t e s t i n g  nachines ,  a l i gaed ,  clamped i n  
p l ace ,  and t b e  nachine  is loaded to  f a i l u r e .  

13.2.10 Asnl ~950-82.  S t a n J a r J  T e s t  n e t t m i  f o r  U~YACT ~ P i i ~ c i ' . ~  OF A D H ~ S I V ~ ;  
BOADS, 6 pp., (MU) ~ d o p t e d ) .  ASTH Coapaittse 0-14 on Adhesives. 

I n  t h i s  test, which measures pendulum-impact r e s i s t a n c e ,  t h e  specimen is 
m u n t e d  i n  a s p e c i a l  g r i p  and p laced  i n  a s t a n d a r d  impact machine, One 
adherend is s t r u c k  wi th  a pendulum hBpRer t r a v e l l i n g  at  a p r e s c r i b e d  speed, 
and t h e  energy of impact repor ted  i n  pounds per squa re  inch  of bonded area. 

13-2-11 ASnl 011102-72 ( f  583). S tandard  T e s t  Method f o r  STR~WA'H PROPERTIES 
OF ADHESIVES 114 SHEAR BY TEPSIO11 LOADIilG (METAL-TO-IlE!?AL), 5 pp., (Dm 
Approved). ASTCl Comnittee D-14 on Adhesives. 

T h i s  lap-shear o r  tensile-strear test is t h e  most cotmronly used ehea r  t e s t  
for  metal-to-raetal s t r u c t u r a l  adhesive.  TWO s e c t i o n s  of g r i d  s h e e t  ~ a t s r i a l  
(e.g. me ta l )  wi th  s u i t a b l y  t r e a t e d  s u r f a c e s ,  u s u a l l y  4 inchea long x 1 inch  
wide and 0.064 inch t h i c k  (101.6 x 25 x 1.65 m ~ )  are used to  f a b r i c a t e  t h e  
epecimens. The ends  are overlapped 1/2 Snch (12.7 m) and adhes ive ly  bonded 
together to form a half-square-inch 1323 s q u a r e  mm) contact a rea .  I n  the  
test, both  ends  of t h e  bonded specimen a te  f i r m l y  clamped i n t o  t h e  j a w s  of  a 
t e n s i l e  t e s t i n g  machine. The jaws are m v d  a p a r t  a t  a p r e s c r i b e d  speed u n t i l  
f a i l u r e  occurs.  The f a i l i n g  load  is repor ted ,  as w e l l  as t h e  node of f a i l u r e  
(adhes ive ,  cohes ive  o r  mixed). 

13-2-12 ASTM D1062-78 (1903). S tandard  T e s t  Hethod for CLEAVAGE S'r'RElJliPtf 
OF MEPAL-TO-METAL ADHESIVE BQJDS, 4 pp- , (DOD Adopted) . ASm C o r n i t t e e  D-14 
on Ad he6 ives .  

Cleavage tests ate c a r r i e d  o u t  by p ry ing  a p a r t  one end of a r i g i d  bonded 
joint and measuring t h e  loed neceeaary to cauee rupture. The test is a 
s u b j e c t i v e  neasu re  of  t h e  c l eavage  s t r e n g t h  of a n  adhes ive  m a t e r i a l  and a 
q u a n t i t a t i v e  m a s u r e  of t h e  f r a c t u r e  toughness  of  t h e  adhesive,  Cleavage 
v a l u e s  are repor ted  i n  pounds per inch  oe adhes ive  width. Because c leavage  
t e a t  s p e c i m n a  invo lve  cone ide rab le  machining, p e e l  tests are u s u a l l y  
p re fe r r ed .  

13-2-13 ASTH ~ 1 0 8 4 - 6 3  (19811. S tandard  T e s t  H s t h d  f o z  VISCOSITY OF 
ADHESIVES, 6 pp., (m Adopted), ~sa .1  Committee 0-14 on ~dhes ives . .  

These methods. f o u r  i n  number, cove r  t h e  de te rmina t ion  of t h e  v i s c o s i t y  of 
tree-flowing adhesives.  Wethad A ie a cup metbod a p p l i c a b l e  o n l y  t o  adhes ives  
c a p a b l e  of d e l i v e r i n g  50 nl i n  a s t e a d y  stream from a s t a n d a r d  cup. The tit)(? 
required t o  move t h e  adhes ive  is recorded for each  cup size. Hethod B is 
in t ended  f o r  measuring t h e  v i e c o s i t y  of adhes ives  cove r ing  a range from 50 t o  
200,000 cP. It is l i m i t e d  t o  materials t h a t  have o r  approach Newtonian f low 
c h a r a c t e r i s t i c s .  The appa ra tus  is the  Brookf i e l d  v i scos ime te r ,  an ins t rument  
w i t h  revolv ing  epindles .  Hethod c is in t ended  p r i m a r i l y  as a c o n t r o l  method 
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f o r  de termining  t h e  v i s c o s i t y  of adhes ives  t h a t  have or approach ttewtonian 
f low c h a r a c t e r i e t i c s .  A S t o n w r  vfscoeimeter  wi th  double f l a g  paddle-type 
ro to r ,  as s p e c i f i e d  i n  WTH 0562, f a  used. The l a t t e r  test is used f o r  
measuring p a i n t  cons is tency .  Hethod D is in tended p r i m a r i l y  as a c o n t r o l  
method f o r  de termining  tbe v i s c o s i t y  of m a t e r i a l s  which have an equ iva len t  
v i s c o s i t y  no g r e a t e r  t h a n  approximately 3000 cP, and is l i m i t e d  t o  materials 
t h a t  have o r  approach Newtonian f low,'charactc?ristics. (For a non-~ewtonian 
f low method u s e  ASm4 D 2256). I n  t b i o  method f i v e  Zahn cups are used. These 
are so designed t h a t  the sample w i l l  f low through t h e  c a l i b r a t e d  o r i f i c e  i n  
approximately 1 minute o r  less. 

13.2.14 ASTH ~1144-84.  S tandard  Hecomoc?nJed p r a c t i c e  t o r  DETMwIiJIiJG 
STRENGTH DEVEMPMEtJY OF ADUESIVE BOlmS, 2 pp. ASTM Committee D-14 on 
Adhesives. 

T h i s  rec-end4 p r a c t i c e  cove r s  t h e  deteraninat ion of t h e  s t r e n g t h  
developsaent of adhes ive  bonds when t e s t e d  on s etandard specimen and under 
s p e c i f i e d  cond i t ions  of p r e p a r a t i o n  and t e s t i n g .  It is a p p l i c a b l e  to a l l  
adhes ives  r equ i r ing  c u r i n g  a t  s p e c i f i e d  c o n d i t i o n s  of tine and temperature 
ag reeab le  to both t h e  manuf a c t u r e r  and t h e  purchaser .  It cove r s  a l l  t ypes  of 
adhesives.  Any A S S i  tesst nethod far de termining  s t r e n g t h  p r o p e r t i e s  of 
adhesve bonds may be used, p a r t i c u l a r l y  t h e  spool-type t e n s i o n  specimens 
(AST13 D 8971 at t h e  lap-type s h e a r  epecimens (MIW D 10021. 

The Spscinti?nS ace  prepared i n  accordance wi th  ASTM D1002. The 
manufacturer 's  rr?comr;rendad c u r i n g  time and tempera ture  are used t o  d e t e r n i n e  
t h e  s t r e n g t h  values.  I n  add i t i on .  teets are run a t  t h e  same tempera ture  and 
time i n t e r v a l s  t o  de termine  f i x t u r e  time ( s e t  time) at  20, 50 and 80% 
s t r e n g t h .  Tes t ing  i e  no rna l ly  c a r r i e d  out i ~ s ~ e d i a t e l y  a f t e r  t h e  apecinens 
reach room ksiaperatu re. 

13.2.15 XT1.I Dl146-53 (1981). S tandard  T e s t  Hethod f o r  BLOCKING POIN!? OF 
WTEIJTIALLY ADHESIVE LAYERS, 3 pp., (MID Adapted). ASTH Cornmittec? D - l r  on 
Adhesives. 

Th ie  method cove r s  t h e  d e t e r a i n a t i  on of t h e  blocking p o i n t  of a 
the rmop las t i c  or hygroscopic l a y e r  or c o a t i n g  of p o t e n t f e l l y  adhes ive  
m a t e r i a l s  ( u a t e r i a l s  i n  a s u b s t a n t i a l l y  non-adhesive s t a t e  which may be 
a c t i v a t e d  t o  an  adbeeive  state by a p p l i c a t i o n  of hea t  or so lven t s .  Two 
d e g r e e s  of b locking  ( f i r s t  deg ree  a& second degree)  and two t y p e s  of  blocking 
( cohes ive  and a h e e i v e )  a r e  covered. Thermoplast ic  blocking is meaeured i n  a 
d e s i c c a t o r  over  509 Ry a t  38% 

13.2.16 AS'r'H D1151-84. S tandard  Z e s t  nethod f o r  EPPECT OF HOISTURE AlJD 
TMPERATURE OlJ ADHESIVE BONDS, 3 pp., (000 Adopted). AS= c o r n i t t e e  D-14 on 
Adhesives. 

P h i s  uethod d e f i n e s  c o n d i t i o n s  f o r  de termining  t h e  performance of  adhesive 
bonds when subJec ted  t o  cont inuoue  exposure a t  22 e p e c i f i e d  c o n d i t i o n s  of 
mo i s tu re  and temperature. Tbe perforeaance i s  e x p r e ~ s e d  as a pe rcen tage  based 
on t h e  ratio of s t r e n g t h  r e t a ined  after exposure, to  t h e  o r i g i n a l  s t r eng th .  
Any d e s i r e d  s t r e n g t h  p rope r ty  may be used. Tes t  cond i t ions  of  temperature! and 
m o i ~ t u r e  only  are p resc r ibed  i n  t h i 6  s tandard .  The duraLion of the exposure 
18 dependent upon t h e  na tu re  of t h e  adbeaive and t y p e  of specinrr?ns and w i l l ,  
thercrfore,  be covered by material s p e c i f i c a t i o n s .  
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13.2.17 W.l.l.1 D4299-03. S tandard  Tee t  nethod f o r  EFFECT OF IIACW2'ERIAL 
CO1~ANIUATIOII ON PERMANENCE OF ADHESI M PREPARATIOtS AND ADBES f VL: PILHS 
6 ~ p .  AS!!  witt tee 1)-14 on Adhesives. supe r sedes  ASTI4 ull74-55f1981) 

These test m t h o d s  cove r  t h e  de t e rmina t ion  of t h e  e f f e c t  of b a c t e r i a l  
contaminat ion  on t h e  permanency of : adhes ive  p r e p a r a t i o n s ,  by d e t e n n i  ning t h e  
coayrarat i v e  v i s c o s i  t ies and observ ing  t h e  appearance of t b e  uncontaminated and 
t h e  contaminated adhes ives  when t e s t e d  under def inad cond i t ions ;  and adhesivo 
f f l u s ,  by exposure to  c u l t u r e s  of s e l e c t e d  epecics of b a c t e r i a  growing on agar  
p l a t e s .  The test f o r  t h e  r e s i s t a n c e  of  adhes ive  p r e p a r a t i o n s  t o  b c t e r i a l  
contamCnation is used to  determine  s u s c e p t i b i l i t y  of t h e  adhes ive  t o  
b iodegradat ion .  These wethods a r e  u s e f u l  i n  denonst  r a t i n g  whether  an  adhesivr? 
p r e p a r a t i o n  is s u f f i c i e n t l y  p r o t e c t e d  wi th  b i o c i d a  t o  tesis: a t t a c k  by 
b a c t e r i a  du r ing  its s h e l f  l i f e ,  

13.2.16 ASTII 01103-70 (1981). S tandard  T e s t  ac thod f o r  RESISTAilCd OF 
ADHESIVES %W CYCLIC WDORATORY AGI1tG CO14DITIOHS, 2 pp.8 (DOD Adopted). ASTI.1 
Comait tea D-14 on Adhesives. 

These methods cove r  t h e  d c t e r n i n a t i o n  of t h e  r e s i s t a n c e  of adhes ives  t o  
c y c l i c  a c c e l e r a t e d  s e r v i c e  c o n d i t  Ions by exposing bonded specimens of h igh  am] 
low tempera tures  and high  and :ow r e l a t i v e  humidi t ies .  The e x t e n t  of 
deg rada t ion  is dete-mined from changes i n  s t r e n g t h  p r o p e r t i e s  as e r e s u l t  of 
exposure to t h e  test cand i t ions .  

13.2.19 AQ2i.i Dl184-69 ( 1980). S tandard  Tes t  Method f o r  PLEXUML S'i'REiJGTH 
OF ADHESIVE BONDED L&lIlIATE ASSEllBtIES,  4 pp.8 (DOD Adopted). ASTH ComIIIittec! 
D-14 on Adhesives. 

T h i s  method cove r s  t h e  de t e rmina t ion  of the comparat ive p r o p e r t i e s  of 
adhes ive  assembl ies  when subjected t o  f l e x u r a l  stresses wi th  s t anda rd  shape 
s y e c i r x n s  and under def ined  c o n d i t i o n s  of pret rea t t len t ,  temperature, r e l a t i v e  
humidity, and t e s t i n g  techniques.  The test epecimens and t e ~ t f n g  t echn ique  
were des igned t o  develop  a l a r g e  p o r t i o n  of s h e a r  f o r c e s  between t h e  laminate  
of t h e  test p i e c e  when t h e  load  is app l i ed ,  r a t h e r  t han  t o  reduce s h e a r  s t r e s s  
t o  a ninimun, a s  is done i n  o t h e r  ~s~1.1 test methods f o r  f l e x u r a l  p r o p e r t i e s .  
The nethod is u s e f u l  on ly  f o r  assembl ies  aade with  r i g i d  adherends. 

13,2.20 ASTH 04300-84. S tandard  T e s t  nethod f o r  WPECT OF IWLU 
COUTAI4IIJAT ION Oil PERMANEIICE OF MHES IVE ~ E P A R A T I O I ~ S  Aim ADHESIVE FILMS I 
6 PP* ASmj Comnittrte 0-14 on Adhesives. (Supersedes ASTH D1286-57(1979) 

These test methods cover  t h e  de t e rmina t ion  of t h e  e f f e c t  of m l d  
c o n t a n i n a t  i o n  on t h e  pemamtncy of adhes ive  p r e p a r a t i o n s  and adhes ive  f i l m s ,  
as fo l lows:  adheaive  p r e p a r a t i o n s ,  by de termining  t h e  compara t ive  v i s c o s i t i e s  
and o b e r v i n y  t h e  appearance of the uncontaminated and t h e  contsmf nated 
adhes ives  when t e s t e d  under de f tned  conditions: and adhes ive  f i l n s ,  by 
exposure  t o  c u l t u r e s  of s e l e c t e d  s p e c i e s  of mold growing on  a g a r  p l a t e s .  The 
test f o r  t h e  r e s i s t a n c e  of  adhes ive  p r e p a r a t i o n s  t o  mold contaminat ion  is used 
t o  d e t e r n i n e  s u s c e p t i b i l i t y  of t h e  adhes ive  t o  biodegradation.  T h i s  method is 
ueefu l  i n  d e m n s t r a t i n y  whether an adhes ive  p r e p a t a t i o n  is s u f f i c i e n t l y  
p r o t e c t e d  w i t h  b i o c i d e  t o  resist attack by molds du r ing  its s h e l f  l i f e .  
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Labora to r i e s  not equipped to  handle a more a c c u r a t e  mic rob io log ica l  ' 
d e t e r m i n a t i o n  are g e n e r a l l y  capab le  of us ing  t h i s  procedure. Tbe test f o r  
resistance of adhes ive  f i l m  t o  mold a t t a c k  p rov ides  an Lad ica t ion  of whether 
t h e  adhes ive  w i l l  carry into t h e  g l u e  suff icient anti-mold properties t o  
p reven t  a t t a c k  by molds which oceur n a t u r a l l y  i n  wood. 

13.2.21 ASTI4 D1304-69 (19831. S taadard  Test Hethod of T e s t i n g  ADtlISIW 
RELATIVE rn THEIR USE AS ELECTRICAL I~@u~A~l [OUr  3 pp. A S ~ I  Comait tee 0-14 on 
Ad he8 i ves. 

These a e t h a l s  cover procedures  f o r  t e e t i n g  adhes ives  i n . l i q u i d ,  h ighly  
v i scaus ,  solid or set ~ t a t c e ,  t h a t  are intended to  be cured  by e l e c t r o n i c  
hea t ing .  or t h a t  are intended to provide  electrical insulation, or t h a t  are 
in tended f o r  u se  i n  electrical apparatus.  4be fo l lowing procedures  are ueed: 

(1) Procedures  f o r  Tes t ing  Adhesives Before  U s e :  
Power factor and Dielectric Conatant of Liquid Adhesives 
Di r ec t - cu r ren t  Conductivi ty 
Ext tact Conductivi ty 
Ac id i ty  and A l k a l i n i t y  
pH Value 

( 2 )  Procedure f o r  Tes t ing  P r o p e r t i e s  of Adheelves as U s e d :  
Power Fac to r  and Dielectric constant of a Dried or Cured Adhesive 

Film 
Dielectric S t r eng th  
Volume and Surf ace R e s i s t i v i t y  
~ r c  Res i s t ance  

I n  yenezal.  As'il.1 llethods are ci ted f o r  each  procedure, w i th  some s l i g h t  
modif ica t ions .  

13.2.22 i - 8 j ' ~ k l  01337-56 (1884). Standard T e s t  Hethod f o r  Smru\Gn LIFE OP 
ADHESIVES BY COIJSISTENCX AkID BOitD STRENGTO, 3 pp. ASTM Connnittae D-14 on 
Adhesives. 

T h i s  nethod is app l i cab le  t o  a l l  adbes ives  having a r e l a t i v e l y  s h o r t  s t o r a g e  
l i f e .  I t  is i n t e n d d  t o  d e t e r n i n e  whether the e t o r a g e  l ife confew8 to  t h e  
m i n i n m  s p e c i f i e d  s t o r a g e  l i f e  requi red  of an adheaive by cons i s t ency  test6 
(Procedure  A )  or by band e t r e n g t h  testa (Procedure B l .  or by both. A 
v i scoe ime te r  16 used f o r  t h e  cons te tency  tests and a s t anda rd  t e s t i n g  uachine 
f o r  t h e  bond s t r a n g t b , t e s t s .  

13.2.23 AS'M 01338-56 (1982). Standard T e s t  iletbod for  UORKII3G LIFE Oi? 
LIQUID OR PASTE ADHESIVES BY CONSISTELJCY AND BOND STRBNGTHr 3 pp. ASBi 
C o r n i t t e e  0-14 on Adhesives. 

T h i s  wethod is similar t o  ASTM 01337 abover except t h a t  it covf?rs working 
l i f e  j n s t s a d  of  s t o r a g e  l i f e .  

13.2.24 AS'r'l.1 Dl344-78. Standard T e s t  nethod f o r  CROSS-LAP SPECIHEIJS POI; 
TEt?SILE PROPERTIES OF ADHESIVES, 4 pp. AS-$ Committee 0-14 on Adhesives. 
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T h i s  method c o v e r s  a ~ i m y l i f  i e d  t e n s i o n  test procedure  f o r  d e t e m i n t n g  t h e  
compata t ive  s t r e n g t h  of adhes ives  by t h e  use of a c ros s - l ap  assembly under 
s p e c i f i e d  c o n d i t i o n s  of p r e t  r e a t m n t  , t empera ture ,  and t e s t i n g  machine speed. 
The test bas been s p e c i a l l y  des igned fo r  adhes ion  of g l a s s ,  e i t h e r  t o  i t s e l f  
or t o  o t h e r  natcrials. Two test  p i e c e s  1 inch  x 1 1/2 i n c h  (25 ma x 38 ml 
1/8 inch  t o  1/2 i n c h  ( 3  t o  12.7 Ktml t h i c k  are assembled by bonding them 
t o g e t h e r  a t  r i g h t  ang le s  i n  such a way t h a t  a 1 inch2 (650 -2) c o n t a c t  
bandM area is forreed. A 1/4 i n c h  ( 6  mm) o v e r l a p  region  is p r e s e n t  on a l l  
f o u r  s i d e s  of t h e  bonded area. The test is c a r r i e d  o u t  i n  a tensile t a s t i n g  
machine, using a special j i g .  Specimen fo rma t ion  is simple. Breaking 
s t r e n g t h  is repor ted  i n  p s i  and iiYa and t h e  t y p e  of f a i l u r e  ( adhes ive r  
cohes ive ,  mixed) is noted. The test is u a e f u l  f o r  q u a l i t y  c o n t r o l  and 
comparat ive purposes. 

13.2.25 ASTH 01382-64 4 1981). S tandard  Teet Hcthod f a r  SUSCEF'2fBILIYY OF 
DRY ADHESIVE Ff UjS TO ATTACK BY ROACHES, 2 pp. ASTh Comi t t e t r  D-14 O n  

Ad he6 i ves  . 
ThCe method cove r s  t h e  de t e rmina t ion  of t h e  dartage Anerican roaches c a r r y  

o u t  on  adhesive-impregnated payer.  The 18ethod may be adapted,  w i th  
a p p r o p r i a t e  changes, t o  o t h e r  vermin. I n  t h e  test, f i l t e r  pape r  is dipped i n  
a f r e s h l y  prepared  adhes ive  and d ra ined ,  t h e n  d r i e d  f o r  24 hours. S tarved  
~ n e r i c a n  roaches ( P e r i p l a n e t a  ane r i cana ) ,  both  male and f e u a l e ,  are used i n  
t h e  t e s t i n g .  The pe rcen t  d e s t r u c t i o n  of t h e  impregnated f i l t e r  paper  is 
ds 'cmlwd by weighing be fo re  and a f t e r  exposure. 

13.2.26 ASTbi D1383-64 (1981). S tandard  Beat  Hethod f o r  SUSCEPFIBILITX OF 
bi<Y AIJliESIVE FIU& TO A ~ A C H  BY LADOHATORY HATS, 2 pp. AS'A'~.~ camittee 0-14 on 
Adhesi ves. 

Thi6 m t h d  cove r s  t h e  e v a l u a t i o n  of t h e  s u s c e p t i b i l i t y  of d r y  adhes ive  
f i l m s  t o  a t t a c k  by rodents. Laboratory-bred wh i t e  r a t s  a r e  used to  dcterlnine 

i-* 
the c o n p a r a t i v e  damage t o  adhesive-impregnated paper  and blanks. I n  the test* 
f i l t e r  paper  is dipped i n  f r e s h l y  prepared  adhes ive  and d ra ined*  t h e n  dried 
f o r  24 hours. S t a rved  hea l thy  male a l b i n o  wh i t e  ra ts  a r e  used. The test 
assembl ies ,  wi th  blanks,  are p laced  i n  wire mesh cages  and exposure  c a r r i e d  
out .  The deg ree  of d e s t r u c t i o n  is determined by weight 108s and converted t o  
pe rcen tage  damage. 

13.2.27 AS'rrf D1488-60 (1981). S tandard  T e s t  Hathod f o r  ANYLACCOUS blAT'wr'EH 
111 ADHESIVES, 2 pp.8 (DOD Adopted). ASTM Committee 0-14 on Adhesives. 

'.- 

T h i s  test cove r s  t h e  de t e rmina t ion  of t h e  presence or absence of amylaceous 
( s t a r c h - l i k e )  material i n  phenol-, resorc inol - ,  and melamine-resin glues .  
These are quick s p o t  tests, us ing  i o d i n e  test s o l u t i o n  or ethyl a lcoho l  f o r  
t e s t i n g  phenol  and resorcinol adhes ives ,  and i o d i n e  test s o l u t i o n  and a c e t i c  
a c i d - e t h y l  a l c ~ h 0 l  a o l u t i o n  f o r  t e s t i n g  Emlamine resins. 

1302.28 ASTH 01489-69 (1981). S tandard  T e s t  Method fo r  I?ONVCX,AlrLE CONTEIR 
OF AQUEOUS ADHESIVES, 2 pp., (UOD ~ d o p t d ) .  ASTH Comnittee 0-14 on Adhesives. 
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This  nethod covers t h e  d e t e t n i n a t i o n  of t h e  nonvolat i le  content  of aqueous 
adhesive, such a s  dex t  r in ,  s t a rch ,  casein ,  animal g e l a t i n ,  etc. Ten-gram 
eanyles  of t h e  adhesive under test a r e  weighed i n t o  a maall beaker to t h e  
neares t  0.01 g. The adhesive is dispersed i n  50 ml of hot d i s t i l l e d  water and 
t r a n s f e r r e d  i n t o  t h e  200-a1 volumetric f losk. Ten-a1 a l iquo t6  are then 
p i p e t t e 3  f ram t h e  f l a s k  i n t o  a t a r &  veighing b o t t l e  f i l l e d  3/4 f u l l  of s i l i c a  
sand d r i e d  t o  constant  weight. ~he'rraarple i n  t h e  bottle is dried a t  
105 2 loc t o  constant  weight, tben covered and cooled i n  8 d e s i c c a t o r  t o  
room temperature before weighing t o  t h e  neares t  0.001 g. The percentage of 
nonvola t i l e  u a t t a r  is then calcula ted.  

13.2.29 ASTtl D1490-82. Standard Teat Hetbod f o r  NOiYOWTILE COWPCLJT OF 
URW-POWWEliYUE-HESI LC SOUITIOLIS, 2 pp., ( IX)D Adopted). ASTH Co~anitt;c?ci. D-14 
on Adhesives. 

T h i s  ~aethod covers t h e  determination of t h e  apparent nonvolat i Ie  content of 
urea-formaldehyde r e s i n  s o l u t i o n s  intended f o r  use a s  wood sdhesives. A 
por t ion  of r e s i n  s o l u t i o n  is placed i n  a t a r e d  Lunge weighing p i p e t  and 
veighed t o  2 ng. An a l i q u o t  of t h i s  s o l u t i o n  is t rans fe r red  i n t o  a t a red  
aluminum f o i l  drying d i sh ,  5 ml of water added, and t h e  so2ution mafxed. The 
s o l u t i o n  is then d r i e d  a t  10SOc ( 2 2 1 0 ~ )  f o r  3 hours. The percentage of 
nonvolat i le  mat ter  is then calcula ted.  

13.2.30 ASBd D1579-60 (1981). Standard Zest  Elethod f o r  FZLLUt CO14'r'Eli'r' OF 
PHEIJOL, WESORCIUOL, AllO FlEWLHIUE ADflESIVES, 2 pp., (DOD Adopted). ASTll 
Corn i t t ee  0-14 on  ~ d h e s i v e s .  

This  nethod is s u i t a b l e  f o r  measuring t h e  f i l l e r  content  of phenol-, 
resorcinol- ,  and melamine resin-base adhesives mixed with hardener o r  ca ta ly8 t  
t h a t  set at roor~, intermediate,  and high tempetatures. lieI3uILS a r e  espreesed 
on t h e  basis of t h e  nonvolat i le  content  of t h e  mixedr l i q u i d  adhesive. The 
procedure involves weighing saap les  of t h e  adhesive i n t o  s u i t a b l e  solvent  
S O ~ U ~ ~ O ~ S ,  stf r r ing ,  and tben f i l t e r i n g  t h e  mixture with a12 its contents. I n  
t h e  case  of melamines, acid-waahed diatonaceoue e a r t h  is added. Drying is 
c a r r i e d  out at 10S°C t o  constant  weight, except f o r  melar~ines, where a 
16-hour period is ueed. The f i l l e r  content  is then determined by ca lcu la t ion .  

13.2.31 AS'i't.1 D1581-60 (19841 .eC Standatd Tes t  nethod Eot BOLlDItG 
PWUUJENCY OF UATER- OR SOLVENT-SOWBLE LIQUID M P E S f V N  POR W E L I N G  GUSS 

' BOTTLIS, 2 pp. &s?tI C o m i t t e e  D-14 on Adhesives. 

This  nothod coversi  t h e  determination of t h e  bonding permanency of dex t r in ,  
casein ,  s tarch,  animal g e l a t i n ,  and o ther  l i q u l d  adhesives (excluding 
p ressure - ssnr i t ive  types)  used f o r  applying printed paper l a b e l s  to g las8  
bo t t l e s .  A t o t a l  of nine (9 )  exposure cond i t ions  a r e  provided t o  s imulate  
t y p i c a l  s to rage  condit ions.  A uniform adbesive f i l m  is i ipplid to a c l e s n  
g l a s s  p l a t e  t o  g ive  a w e t  f i l m  th ickness  of 0.025 t o  0.038 mn. The l a b e l  is 
appl ied and t h e  adherend un i t  s t o r e d  at  RT and 509   ti f o r  at  l e a s t  24 hours, 
o r  u n t i l  it i s  no longer a t i c k y  t o  touch. Then t h e  specinens a r e  s to red  under 
test condi t ions  f o r  t h e  greeccibed period, ueually 7 days. A t  t h e  end Of t h a t  
time, they e r e  exmined f o r  permanency of bond. 

*The synbol a m a n s  t h e  standacd ha6 been e d i t o r i a l l y  revised. 
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13-2-32 ASmI ~1562-60 (1981). Standard Test  ~ethOc1 f 0r IWl~LATI LE COIITENT 
OF PIElmL, WA3SORCIlJOLr AlfD HZLAHIWE WUESIVES, 2 pp. ASTH Committee 0-14 on 
Adhesives. 

This  method covers  t h e  determination of t h e  nonvolat i le  content  or t o t a l  
s o l i d s  of phenol, resorcinol ,  and melmine adbesives with O r  without hardener 
added and conta ining high-boi l i n g  and low-boiling v o l a t i l e  organic  so lven t s  o r  
water o r  both ittote: ia.84rae cases I lou~mleculat-weight material6 i n  the 
adhesive may be l o e t  i f  hardener is not used). Basical ly ,  samples a r e  weighed 
out and d r i e d  a t  70°c, 1 0 5 ~ ~ 8  o r  15@c, with s l i g h t l y  d i f f e r i n g  pro- 
cedures, depending on t h e  prcaenee o r  absence of hardener. 

1 3 2 3 3  WEI Dl583061 (1981). Standard Test  ~ e t h o d  f o r  UmROGUJ 1014 
COLICF%TRATfOLI OF DRY ADHESIVE PxL&S# 2 we, (MID Adopted) + ASTX Committee 
U-14 on Adhesives. 

Thie method covers determination of t h e  hydrogen ion concentra t ion (p i i ) ,  
a c i d i t y  or a l k a l i n i t y ,  of organic  adhesives' i n  t h e  dry-film form. I t  is not 
designed for  use with preseure-sensi t ive  adbesives. The pn is important 
because . the  adhesive i t s e l f  may be adversely a f fec ted  i n  t i m e  by t h e  a c i d i t y  
or  a l k a l t n i t y .  These cond i t ions  o f t e n  arise from t h e  c a t a l y s t s  u s 4  t o  cure 
t h e  adhesive. A pii meter capable of making measurements t o  +O.O5 pU is used. 
Samples of t h e  adhesive ate ground, then weighed out and placed i n  suall 
s tandard-s ize  g l a s s  v i a l s  t o  which f r e s h l y  boiled,  cooled d i s t i l l e d  water is 
added. The pii i s then read a t  2 3 0 ~ .  

13-2-34 ASmi D1504-60 (1984) a e  StaM]asd p e s t  )lethaJ f o r  
ABSORPTIVEMESS OF PAPER LABELS, 2 pp. ASTM committee D-14 on Adhesives. 

Thie method covers t h e  s e l e c t i o n  of paper l a b e l s  of uniforra water 
abeorptiveness f o r  use i n  determining t h e  bonding permammy of adhesives f o r  
l abe l ing  g l a s s  b o t t l e s .  This method is used i n  conjunction with A S H  1) 1581. 
A Cobb s i z i n g  t e e t e r  is used. Ten m l  of d i s t i l l e d  water is introduced t o  t h e  
i n s i d e  of t h e  test ring and t h e  water then poured o f f  a f t e r  110 seconds. 
After  120 seconds, t h e  s u r f a c e  inoisture is b l o t t e d  from t h e  l a b e l  with a s o f t  
towel and t h e  l a b e l  reweighed. The water abeorptiveness is ca lcu la ted  from 
t h e  amount of weight gain. 

13.2.35 ASTl i  D1713-65 (1981). Standard Test  nethod f o r  BOkJDllrC; PeKHAUEUCY 
OP WATER- OR SOLVENT-SOLUBLE LIQUID hDHESIVBS FOR bUTOtlATIC MCHIliii SEALIIIG 
TOP FLAPS OF FIBERBOARD SYECIlJEiiS, 2 pp. ASPN Co~ln i t t ee  D-14 on Adhesives. 

* 

This  method covets t h e  determination of the  bonding permanency of dex t r in ,  
casein ,  s t a r c h ,  r e s i n  baec, and o t h e r  water- o r  eolvent-soluble l i q u i d  
adhesives (excluding p ressure - sens i t ive  types)  used f o r  s e a l i n g  t h e  top  f l a p s  
of Fiberboard shipping caeea. 

13-2-36 AS534 01780-72 (1983). Standard ReconmenJed P r a c t i c e  £0: COlIDUCYZlIG 
CREEP FRSTS OF HP:.AL-TU-H&TAL ADHESIVES. 5 pp..  (W)D adopted).  AS'^ committee 
D-14 on Adhesives. 

This  reconmewed p r a c t i c e  covers  t h e  determinat ion of t h e  amount of creep of 
mtal- to-metal  adhesive bbnds due t o  t h e  combined e f f e c t s  of temperature, 
tensile shear  stress, and time. 
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13.2.37 ASTH D1781-76 (1981). standard T e s t  Method f o r  CLIt@Il& DHU# PEEL 
TEST FOR ADHESIVES, 6 pper  (DOD Adopted). ASTPI'Comenitt&2 D-14 on Adhesives. 

Phis  method covers t h e  determination of t h e  pee l  r e s i s t ance  of adhesive 
bonds between a ~ e 1 a t i v e l y  f l e x i b l e  adherend and a r ig id  adherend, and the  
r e l a t i v e l y  f l e x i b l e  facing of a sandwich s t r u c t u r e  and its core, when tes ted  
under spec i f i ed  conditions.  The specimen cons i s t s  of a laminated assembly of 
two adhesively bonded l ayers  1 inch t o  3 inches wide (25-76 anal and 10 inch t o .  
12 inches long (254-305. m). The specimen may be i n  t h e  form of a sandwich 
construct ion.  !?he peeling apparatus cons i s t s  of a flanged drum onto which t h e  
end tabs of t h e  spcrcirsens a r e  clamped, .wit&.tlw he3g of fleJuthle Loadfng 
s t r a p s  o r  cables  t o  guide t h e  specimen on t h e  drum during peeling. 

The outs ide  radius of t h i s  drum is 2 inches (51  mu). One t a b  of t h e  test 
specimen is securely clamped t o  t h e  drum, which is secured i n  t h e  lower jaw of 
t e n s i l e  t e s t i n g  machine through t h e  flexible metal bonds o r  cables. The o the r  
end is clanped, through a self-cl inching device t o  t h e  upper joint: of t h e  
t e s t i n g  machine. The peel,  res i s tance  over a d i s t ance  of a t  l e a s t  6 inches 
(152 m) of t h e  bond is measured, i n  tension, a t  a crosshead speed of 1 inch/ 
minute (25.4 rmn). A t  t h i s  s p e c i f i c  drum-peel configuretion, t h e  f l e x i b l e  
menbsr is peeled from the-assembly at a rate of 4 inches/ninute (102 ma). The 
average load t o  peel of t h e  laminar specimen is recorded. 

This  type of test is well regarded among pee l  tests. The f o r c e  required t o  
deform t h e  peeled-away l ayer  mater ial  is factored out of t h e  ~rreasuremnt. 
This  test is considered a better evaluat ion of peel adhesive of ltuaixtar and 
sandwich cons t ruc t ion  than the more popular T-peel lnettaola 1RSfe# D1876). In 
addit ion,  t h e  deformation of t h e  specimen is cont ro l led  during the.per£orarance 
of t h e  test, leading t o  a more direct measure of pee l  adhesion. 

13.2.38 ASlW D1828-7 0 ' ( 1981) . Standard Recoannenderl P rac t i ce  f o r  
ATI40SPHERIC EXPOSURE OF. ADHJSIVg-BOWED JOItJTS AND S'2RUC'MJRES, 4 (DOD' 
Adopted). ASTI.1 Committee Dm14 nn Adhesives. . 

Thi s  recommended p rac t i ce  defxnes t h e  procedure f o r  t h e  d i r e c t  exposure of 
adhesive-bonded jo in t s  and a t  ructures  t o  na tu ra l  atmospheric environments . 
The procedure f o r  she l te red  atmospheric exposure, such as a Stevenson screen, 
of adhesive-bonded jo in t s  and specinens is t h e  same, except f o r  t h e  
requirements oE facing south and measurement of s o l a r  radiation. The 

, recornended p r a c t i c e  is l i m i t e d  t o  t h e  procedure by which samples (exposed 
j o i n t s  i n  s t ruc tu re )  a r e  exposed and does not cover t h e  tests t h a t  may be used 
t o  eva lua te  t h e  e f f e c t s  of atmospheric exposure i n  t hese  adhesive-bonded 
j o i n t s  and s t ruc tures .  The Iatter test methods may be any t h a t  are suftable ,  
d e s t r u c t i v e  o r  nondestructive, I n  t h e  case of metal adherends, f o u r  types of 
test sites are recommended as: 

1. Rural-pure atmosphere 
2.  Industrial-sulfurous gases  present  
3. Marine-seacoast site5 where ch lor ides  are deposited 
4. Tropical  o r  southern F lor ida  where heat  and high humidikies. 

a r e  present.  
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Sugges t ions  are g iven  as t o  s u i t a b l e  exposure  racks  and c l i m a t o l o g i c a l  
ins t runtents .  Details are g i v e n  as to  specimen p r e p a r a t i o n r  exposure  d u r a t i o n ,  
and r e p o r t  p r e p a r a t i o n .  

13.2.39 Wr'H Dl875-69 (1980). S tandard  T e s t  Nethod f o r  DEiJSITY OF 
ADHESIVES IH FLUID PW4r 2 pp., (DOD Adopted). AS'IPI Commi t t ee  D-14 on  
Ad has  i v e s  . 

T h i s  method c o v e r s  t h e  measurement of d e n s i t y  (weight  p e r  g a l l o n )  of 
adhes ives  and components t h e r e o f ,  when i n  l i q u i d  form. I t  is p a r t i c u l a r l y  
a p p l i c a b l e  where t h e  f l u i d  has  too high  a v i s c o s i t y ,  o r  where a component is 
too v o l a t i l e  f o r  a s p e c i f i c  g r a v i t y  de terminat ion .  A weight-per-gallon cup 
(83.2 n l  c a p a c i t y  a t  25%) i a  used. The weight  i n  grams of t h e  c o n t e n t s ,  
d iv ided  by 10, is t h e  weight p e r  g a l l o n  i n  pounds. 

13.2.40 AST1-J 01876-72 (19831. S tandard  T e s t  Hethod f o r  PZYL RESISTAI4Ct' OF 
AUHESIVES (T-PEEL TEST), 4 pp., (DOD Adopted). ASTH ~0lamittee D-14 On 
Adhesives. 

The Y o y e e l  test is a popu la r  p e e l  test a p p l i e d  t o  cteasure t h e  p e e l  
r e s i s t a n c e  between two adhes ive ly  bonded l aminated  pane l s .  The apecfnen 
p r e p a r a t i o n  and test procedure  a r e  r e l a t i v e l y  simple. Test p a n e l s  a r e  6 
inches  wide (152 tam) by l.2 i nches  (305 nml long and bonded on ly  over  9 inches  
(241 ~ n )  of t h e i r  lencjth. These boded p a n e l s  are c u t  i n t o  1-inch wide 
( 2 5  mm) spclcimens and t h e n  t h e  3-inch ( 7 5  m) unbondad ends  of t h e  specimen 
a r e  spread  a p a r t ,  yerpcndicula:  t o  t h e  bond l i n e .   he bent  tabs of tila 
prepared  spec inens  a r e  p laced  i n  t h e  g r i p s  of t h e  t e n s i l e  t e s t i n g  m c h i n e  and 
t b e  load a;?plied a t  10 inches/minule (254 nu,i/ainute). The p e e l  r e s i s t a n c e  is 
measured ove r  a t  least a 5-inch (127 m) l ength .  The d a t a  is repor t ed  a s  t h e  
average  load p e r  u n i t  width of bow l i n e  requi red  t o  produce p r o g r e s s i v e  
s e p a r a t i o n  of t h e  two bonded, f l e x i b l e  adhcrends. 

13.2.41 ASTH U1877-77.e S tandard  T e a t  tlethod f o r  PEwlA1l&iJCE OF 
ADHESIVE-BONDED JOIl(TS I N  PLnlOaD UliDER HOLJ] COLil)XTIONSn 3 pp. ASTN Cornittee 
D-14 on  Adhesives. 

T h i s  method cove r s  t h e  de t e rmina t ion  of t h e  r e s i s t a n c e  of wood adhes ives  i n  
plywood under c o n d i t i o n s  conducive t o  mold growth under controllf?d l a b o r a t o r y  
c o n d i t i o n s  us ing  a c u l t u r e  of unse l ec t ed  o rgan i sns  under t h e  j u r i s d i c t i o n  of 
ASTM Committee D-14 on  Adhesives. T h i s  t e a t  nethod was withdrawn i n  1984 and 
replaced  by JWZH D4300 f o r  effect of Hold Contamination on Pernanencc of  
Adhesive P t e p a r a t i o n ~  and Adhesive ~ i l m s  (see 13.2.20). 

13.2.42 ULPf 01879-70(1981) S tandard  P r a c t i c e  f o r  EXPOSLHi OF ADJESIVS 
SPECIPIENS TO HIGH-ENERGY WIATIOU, 5 p p . ~ s ~ t . ~  committee D-14 on Adhesives. 

T h i s  p r a c t i c e  d e f i n e s  c o n d i t i o n s  for  t h e  exposure of polymeric adhes ives  and 
bonded s p e c i r ~ e n s  t o  high-energy r a d i a t i o n  p r i o r  t o  de t e rmina t ion  of 
rs r l ia t ion- induced changes i n  p h y s i c a l  or chemical  p r o p e r t i e s .  The recommen3ed 
p r a c t i c e  cove r s  gamma or X-Ray-radiation, elect ran o r  b e t a  r a d i a t i o n ,  
neut rons ,  and mix tu re s  of t hese ,  such as r e a c t o r  r a d i a t i o n .  The p r a c t i c e  
s p e c i f i c s  on ly  t h e  c o n d i t i o n s  of i r r a d i a t i o n ,  bu t  does  not  cove r  t h e  
p r e p a r a t i o n  of test specimens, t e s t i n g  cond i t ions ,  or t h e  e y a l u a t i o n  of tests- 
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F i v e  procedures  are given:  

Procedure A - Exposure a t  ambient c o n d i t i o n s  
Procedure B - Exposure a t  c o n t r o l l e d  t-rature 
Procedure C - Exposure i n  a medium other t h a n  a i r  
Procedure D - Exposure under laad 
Procedure B - Exposure coEtbining two o r  more of t h e  

v a r i a b l e s  l i s t e d  i n  Procedutes A to  D. 

13.2.43 Wd81 Dl916069 (1980). S tandard  Tes t  Method f o r  P&4LZRAYIOiJ OP 
ADHLSIVES, 3 pp. mmf Comait tee D-14 on Adheeivee. 

T h i s  arethoJ cove r s  t h e  de t e rmina t ion  of t h e  p e n e t r a t i o n  under p r e s s u r e  of 
adhes ives  used i n  aye tens  where a t  least one of t h e  adherertds it3 porous. It 
is p a r t i c u l a r l y  adap tab le  to  uee w i t h  s t a r c b  or starch-baee adhes ives  coamonly 
used on t b e  pape r  conve r t ing  indus t ry .  The p e n e t r a t i o n  t e e t i n g  appa ra tus  is 
so cons t ruc t ed  as t o  a l low a s e c t i o n  of round steel b a r  s tock  25 rpm (1 inch)  
i n  d iameter  and weighing 700 grams ( t h e  hammer) t o  f a l l  f r e e l y  through a 
d i s t a n c e  of 0.8 m (31 inches)  upon a steel d i s k  ( t h e  a n v i l )  6 mtj ( 1 / 4  inch)  
t h i c k  and 51 mm ( 2  i nches )  i n  d iameter ,  i n  such a manner as t o  s t r i k e  t h e  
a n v i l  a t  r i g h t  angles.  Dimensions of t b e  guid ing  t u b e  anil t h e  8ec t i0n  of bar 
s t o c k  permit free f a l l  of t h e  b a r  s t o c k  wi tbout  undue sideways movement. 

I n  t h e  test f i v e  s h e e t s  of f i l t e r  paper  a r e  s t acked ,  one on t o p  of another  
upon t h e  a n v i l  at  t h e  battoa of t h e  tube. One-tenth ml of the a d b a ~ i v e  under 
test  is app l i ed  t o  t h e  c e n t e r  of t h e  bottom end of t h e  tummr, us ing  a 1 m l  
sy r inge .  T h i r t y  seconds a f t e r  t h e  adhes ive  is app l i ed  t o  t h e  hammer, i t  is 
re leaecd  and allowed t o  f a l l  f r e e l y .  The bamrrrer is t h e n  r a i s e d  and t h e  f i l t e r  
papers r e ~ o v e d .  then s t a i n e d  w i t h  a s l i g h t  exces6 of s t a i n i n g  s o l u t i o n  
s u i t a b l e  f o r  t h e  adhes ive  being tested (e.9. Kf-12 f o r  s t a r c h ) .  rhcs s t a i n e d  
pape r s  a r e  allowed t o  a i r -dry  f o r  one bour, a f t e r  -rhich a dens i tometer  ?ncl 
p l s n i n s t e r  a r e  used t o  c a l c u l a t e  t h e  d e n s i t y  and s t a i n e d  areas. The r e s u l t s  
a r e  expressed 8s Ja, denaf t y  t imes  area. 

13.2.44 ASTi.5 P2095-72 (1983). s t anda rd  T e s t  Wethod for TE14SILE STRENG4tJ OP 
ADXESXVS BX HEWS OF BAR AlED ROD SPECXIEI3S. 4 pp. ASTH CoWX~ittee D-14 On 
Adhesives . 

T h i s  w t h o d  cove r s  t h e  de t e rmina t ion  of t h e  r e l a t i v e  t e n s i l e  s t r e n g t h  OF 
adhes ives  by t h e  uee of bar- and rod-shaped bu t t - jo ined  specimens under 
defined c o n d i t t o n e  &,preparat ion.  c o n d i t i o n i n g  and t e s t i n g .  !?he w t h o d  is 
appltcable t o  t h e  t e e t i n g  of adhes ives  v i t h  va r ious  adherend m a t e r i a l s  i n  
e i t h e r  similar o r  dissimilar combinations.  Bar epecimens 1.5 i n c h  I 38  r m ~ )  
long by 0.5 i n c h  r 0.5 inch  (12.7 x 12.7 m) squa re  c o n t a c t  area (end), o r  rod 
specimens 1.5 incbes  (38 m) long v i t h  a c o n t a c t  diameter [end) of 0.5 incb 
112.7 mm) are used i n  t h e  test. The specimens are matcbed with a 0.1875-inch 
(4.76 mi d iame te r  h o l e  through t h e  side og one end. The epecimerrrr are bonded 
t o g e t h e r  a t  t h e  machined c o n t r o l  aurface.  The prepared ba r  or rod eprrciaten is 
placed i n  a t e n s i l e  t e s t i n g  macbine fitted w i t h  a special s e l f - a l i g n i n g  
hold ing  jig. Steel dowel p ins  are used t o  s e c u r e  tbe specimen. The croaahead 
speed  is a d j u s t e d  to 2400-2800 psi (170-195 kg/&) per minute. The maximum 
load  c a r r i d  by t h e  specimen at  f a i l u r e  is recorded. The pe rcen tages  of t h e  
v a r i o u s  types o f  f a i l u r e  (adhes ive ,  cohesive, contact, or adberend) are a l s o  
reportet3. 
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13.2.45 ASTl4 D21.82-72 (19781, Standard Tes t  Wethod f o r  S2REIWSU PHOPERYIUS 
OF liB2'AL-TO-WlTrAL ADHESIVES BY COMPRUSIa# LOADTUG (DISK SHEAR), 
3 pp* A Y m  C d t t a e  n-14 on Adhesives. (uiscontinued 1985) 

This method covers t h e  determination of t h e  shear  s t r eng th  of adheslvss when 
tested i n  a standard specimen under spec i f i ed  condit ions of preparat ion and 
loading i n  compressione The method is intended primari ly  as an evaluat ion of 
adhesives Por mtals, but it is a l s o  useful  f o r  o ther  subs t r a t e s  and 
mater ia l s*  The test specimen consists of a netal d isk  having an a rea  of 1 
square inch (6.45 with a radius. of 0.564 inch  (14.32 m) and a 
thickness  of 0.25 inch (6.35 mu), bonded t o  a s t r i p  of metal 4.25 inch 
(107.95 m) long, 1.128 inch (28.66 mm) wide and 0.250 inch (6.35 m) thick.  
2he s t r i p  and d isk  nay be of similar o r  d i s s i m i l a r  ne ta l .  The bonded sur faces  
must  be well machined and polished before bonding is attempted. 

Using a speaial holding j i g  known as a shearing tool ,  t h e  specislea is held 
upright  i n  t h e  j i g  and placed i n  t h e  t e s t i n g  machine, An a n v i l  sec t ion  of t h e  
shearing fool is f i t t e d  i n  such a way t h a t  t h e  load on t h e  disk,  when a 
compressive fo rce  is applied by t h e  t e s t i n g  =chin@, shears the disk  along t h e  
p lane  of t h e  p l a t e  s ec t ion  of t h e  specimen.  he test rate ,  i n  compression, is 
1200-1400 p s i  (84-98 kg/cra2) pe r  minute t o  f a i l u r e .  The shear  stress a t  
f a i l u r e  is d8terminetd i n  p s i  o r  kg/cm2 of t h e  shear  area,  The nature of t h e  
f a i l u r e ,  including t h e  average estimated percentages of f a i l u r e  (adhesive, 
cohesive, contaat)  is reported. 

1 3  ~2.46 .&?.W D2183-69 (1982) r Standard rest: Nethod f o r  P m I  PHOPRlt!i!I8S OF 
ADLIISIVISr 5 pg. ASlCH Cormaittee 11-14 on Adhesives. 

This  method cov-rr t h e  deterraination of t b e  flow p rope r t i e s  of adbesives 
under prescribes? he .,4ng o r  curing conditions.  The method is intended f o r  
adhesives that: a 3 - tai i n  t h e  f om of a f i l m  and adhesives t h a t  a r e  dr ied  t o  
a r e l a t ive ly  Cac--i;--o :::tate p r i o r  to  assembly of t h e  adherends and curing o r  
s e t t i n g  of t h e  adbusivc I n  t h e  r ~ ~ t b o d ,  flow is ca lcu la ted  from a 
de teminakion  oC the  weight of adhesive flowing from a given area of t he  
adhesive f i l m  during curing o r  s e t t i ng .   be test provides reasonably accurate  
inforination on t h e  flow of an adhesive during c u r e  o r  s e t t i n g  under pressure,  
This  informakion is useful i n  deternining pressure  requirements f o r  optimum 
bond thickness,  It can a l s o  be used t o  determine advancement oE cure  during 
shelf aging of an adhesive, A s p e c i a l  flow-test apparatus is used to  apply 
pressure to  t h e  flow test speoiasc3n. Unsupported f i lm adhesives a r e  t e s t ed  i n  
t h e  aS-receiv%I condition. With l i q u i d  adhesives, a f i l m  eo r  t e s t i n g  is 
prepared by cas t ing  onto uncoated cellophane, TFE film, o r  o the r  s u i t a b l e  
parking surfaces, %he adhesive i8 then  dried but  not: cured. tieight: r e i o s  
are determined by t h e  use of circular-disk specimens cut with dies .  I n  t h e  
flow best, c i rcu lar -d isk  specimens oe 40.53 ma (1.596 inch) diameter a r e  
d r i ed*  These are placed between two d i sks  of uncoated cellophane o r  o ther  
s u i t a b l e  parking f i lm .  This *sandwich8 is placed i n  t h e  flow-test apparatus 
and pressure applied according to  t h e  nanufacturer8s recornmendations by 
compression of t he  spring, c he e n t i r e  assembly is placed i n  an oven t o  flow 
and cure t h e  adhesive according t o  t h e  manufacturer's reconunendations of time, 
temperature and pressure,  
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The f low is determined a f t e r  t h e  requi red  exposure a f t e r  removal of t h e  test 
u n i t  f rem t h e  oven, removal of t h e  ce l lophane ,  and d ry ing  of t h e  specimens 
v i t h  a l i n t - f r e e  cheeeecloth.  A spec i f i ed -a ixe  c i r c u l a r  d i s k  is cut from t h e  
c e n t e r  of t h e  cu red  adhes ive  specimen anJ wfghed after drying. Tbe 
percentage  f low is t h e n  ca l cu la t ed .  

13.2.47  AS^ 02293-69 (1980). Standard %%at Method f o r  atEEP PROPERTXZS OF 
hDYESIVE Sij S P W  BY OOWPRESSXON WADIS ( METAL-TO-WETALl, 3 pp ASTH 
Conusittee 0-14 on Adhesives. 

T h i s  m t b o d  cove r s  t h e  de t e rmina t ion  of t h e  c reep  p r o p e r t i e s  of adhes ives  
f o r  bonding metals  when t e s t e d  on a s t anda rd  epecimsn and sub jec t ed  t o  c e r t a i n  
cond i t ion8  OF temperature and compressive st resa  i n  a spring-loaded teeti ng 
appara tus .  The apeelmens are similar to  t h e  L S  DlO02-type t e n s i o n  lap-shear  
spec iuens ,  except  t h a t  t h e  l eng th  of e i t h e r  s i d e  of t h e  s b e a r  area is 1/4 inch  
(6.35 mm) , r a t h e r  t han  3 1/2 inch  (88.9 mm) . Specimens have pol i shed  bond 
a r e a  edges con ta in ing  three scribe l i n e s  for c r e e p  meaauremnt. A s p e c i a l  
s l o t t e d  s p r i n g  j i g  is used t o  hold t h e  6pecimen. The short-stub-overlap test 
SpeciIIIc?n i a  p laced  i n  t b e  s l o t  made by conyreasing t h e  spring. Tbe s p c i m e n  
is confined between two washers. The c o r r e c t  compression load on  t h e  specimen 
is ~ ~ n t f ~ l l f ? d  by the degree  of conspression of t b e  c a l i b r a t e d  spr ing .  U i th  a 
s tat ic  load on t h e  specimen, t h e  c r e e p  of t h e  bond l iw  is Iaeasured by 
fo l lowing  t h e  movement of t h e  s c r i b e  l i n e s  u i t b  a t r a v e l l i n g  rricroscope. 
creep is followed a s  a f u n c t i o n  of time. S t a t i c  load and t empera ture  may be 
varied f o r  a p a r t i c u l a r  test. 

13.2.48 AsY1.1 02294-69 (1980). Standard  Tes t  nethod f o r  CREEP PROPERTIES OF 
ADHESIVES Tt l  SHEAR BY TEtJSIOI1 LXlADXllG (RETAL-TO-METAL), 3 pya ASTCl ~ 0 m m i t t e e  
0-14 on Abhesives. 

T h i s  metbod covers the d e t e m i n a t i o n  of t h e  c t e e p  p r o p e r t i e s  of adhesives 
f o r  bonding rnatale whcn t e s t e d  on a s t anda rd  specimen and sub jec t ed  t o  c e r t r i n  
c o n d i t i o n s  of temperature and t e n s i l e  stress i n  a spring-loaded t e s t i n g  
appara tus .  The method can  be used i n  t h e  tempera ture  range of 
-55 t o  2 260°C 1-67 t o  2 500°9). The t e s t  specimens a r e  similar to  ASTM 
D1002-type t e n s i o n  l a p  s h e a r  specimens, except  t h a t  ho le s  are d r i l l e d  i n  t h e  
end tab about 1/2 inch  (12 aim) from each  end. The ove r l ap  edges are pol i shed  
and have t h r e e  s c r i b e  l i n e s  for  c r e e p  masure-w?nt. Using a s p e c i a l  t e n s i o n  
c r e e p  test j i g ,  t h e  specimen is loaded i n t o  t b e  j i g  whi le  it is being 
mconprsssadm at a g iven  loading by a t e s t i n g  machine. The specimen is locked 
i n t o  p l a c e  by p i n s  p laced  tbrough t h e  ho le s  i n  t h e  specimen end tabs .  ithen 
t h e  cagpres s ion  is relescred, t h e  lap-shear  j o i n t  is under t e n s i o n  by t h e  
a c t i o n  of a s p r i n g  i n  t h e  test appara tus .  The t e n s i l e  creep of t h e  -lap j o i n t  
is measured by a t r a v e l l i n g  n icroscope  by fol lowfag t h e  movemnt of t h e  scribe 
l i n e s .  Creep is fol1;owed as a f u n c t i o n  of t i n e .  Static load  and t @ ~ e : a t U r s  
may be va r i ed  f o r  a p a r t i c u l a r  test. 

13.2.49 AsTM 02295-72 (19831. S tandard  Y e 8 t  Method f o r  S'tWEiJGTB PROPERTIES 
OF ~ I i E S I ~  III  SHEAR BY PEttSIOi4 WADING AT ELEVATED TWPERATURES 
ll.lETAL-4MlET)rL), 4 pp. sTM C o m m i t t e e  9-14 on Adhesives. 

T h i s  method cove r s  t h e  de t e rmina t ion  of t h e  comparat ive s h e a r  strengthar of 
adhes ives  f o r  bonding metal6 whcn tested on a s t anda rd  epecimen and under 
s p e c i f i e d  c o n d i t i o n s  of p r e p a r a t i o n  and t e s t i n g  st e l eva ted  t e n p e r a t u r e  (315 
to 8 5 0 ~ ~  or 600 to 1500~~). A testkng machine conforning t o  ASTH D638 is 
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used, except  t h a t  pin-type g r i p s  are used t o  hold t h e  specimens. The 
s]?ecimens are similar t o  t h e  t e n s i o n  lap-shear  specimens desc r ibed  i n  
ASTl.1 U1002, except  t h a t  yin-type g r i p s  are used. Unless othe.lrisi? s p e c i f i e d ,  
t h e  test specimens are loaded to  f a i l u r e  a t  a rate of 8.3 to  9.7 HPa 
[1200-1400 psi) per minute. Tbe 1084 at failure is recorded and t h e  m u n t  of 
t h i s  f a i l u r e  (cohes ive ,  adhes ive ,  s u b s t r a t e ,  e t c . )  r e p o r t 4  i n  HPCL or p s i .  

13.2.50 ASTii 02339-82. S tandard  T e s t  Uethod for  STRElmn PROPERTIES or 
ADHESIVES IN TUO-PLY NOOD CONSTRUL'PION 114 SHEAR BY TUJSIOI4 LOADING, 3 pp. 
AS'r'H Comait tee 1)-14 on Adhesives. 

T h i s  nethod covers t h e  de t e rmina t ion  of  t h e  comparat ive s h e a r  s t r e n g t h s  of 
adhes ives  when t e s t e d  i n  a s t a n d a r d  epecimen and under u se r - spec i f i ed  
c o n d i t i o n s  of prepa ra t ion ,  cond i t ion ing  and t e s t i n g .  The uethod is intended 
t o  be app l i ed  only  t o  adheeivsa  used i n  bonding wood t o  wood .  Sweet or yel low 
b i r c h  veneer  is used i n  the method. 

13.2.51 ASTl1 D2556-69 (1980). S t anda rd  T e s t  llathod f o r  APPARUIT VISCOSITY 
OF' ADHESIVES HAVIIIG SBEAR-RATE-DEPElJDElff PtCRI PROPERTIES a 3 pp AS'iW 
C o n n i t t e e  D-14 on Adheeivee. 

T h i s  method cove r s  t h e  measurement of t h e  apparent  v i s c o s i t y  of 
shear - ra te-dependsnt  adhes ives .  The p r i n c i p l e  of measurement i e  baaed upon a 
r e v e r s i b l e  i so the rma l  change i n  apparent  v i s c o s i t y  w i t h  change i n  rate of 
shea r .  Heesurement is performed i n  a s p i n d l e ,  d i s k ,  T-bar, or c o a x i a l  
cylinde: rotational v i s c o n e t a r  under s t anda rd ized  cond i t ions ,  wi th  r i g i d  
c o n t r o l  of time i n t e r v a l s  of neasurenent .  Readings are ob ta ined  on t h e  
v iscometcr  d i a l  e c a l e  a t  t h e  end of 1 minute fo: each  r o t a t i o n a l  speed. 

13-2-52  AST1.I 02557-72 4 19831. S tandard  Y e s t  Hsthod f o r  STREIJGTH PROPERTIES 
OF ADUESfVES I W  SHEAR BY TEIJSIOtJ U3ADIIIG I IJ  THE TUlPdUTURE RlUICE PROM - 267.8 
t o  -5S0c (-450 to  -67OP1, 4 pp. ASTH Conmittee D-14 on  Adhesives. 

T h i s  method c o v e r s  t h e  de t e rmina t ion  of t h e  coraparat ive s h e a r  s t r e n g t h  of 
adhes ives  f o r  bonding metals when t e s t e d  on  a s t anda rd  specimen and under 
s p e c i f i e d  cond i t ion8  of p r e p a r a t i o n  and t e s t i n g  a t  extreme sub-zero 
tempera tures .  The t e s t i n g  equipment s h a l l  confona t o  MTlr UlOO2. except  t h a t  
pin-type g r i p s  s h a l l  be  used t o  hold t h e  test specimen. The c o a l i n g  equipment 
is a c o l d  box o r  a c r y o s t a t  f i l l e d  w i t h  a gaeeous or l i q u i d  ref  r i g e r a n t  i n  
which t h e  s t anda rd  specimen is i l~mereed p r i o r  to  and du r ing  t h e  t e ~ t .  

13  2.53 ASW 025521-69 4 1964). Standard  T e s t  t!ethal f o r  EVALUATIlrC; PEEL 
STRENGTH OF SHOE SOLE-ATT~CHIIK; ADUESfVES# 4 pp. ASTEI Co~ua i t t ee  D-14 on 
Adhesives. 

T h i s  method cover8  t b e  t le te rminat ian  of t h e  peel s t r e n g t h  of t h e  adbes ive  
bond on shoe-sol ing materials. The ehoe-sol ing m a t e r i a l s  are bonded t o  
s t a n d a r d  c o n t r o l  materials ( rubber c a n p o s i t i o n  o r  v i n y l  p l a a t  icl under 
c o n t r o l l e d  condf t ione .  The p e e l  s t r e n g t h  measurements are made under 
s p e c i f i e d  c o n d i t i o n s  and i n t e r v a l s .  Appara tus  requi red  is L 1) a t e n s i o n  
t e s t i n g  machine, (2 )  s o u r c e  of i n f r a red  h e a t  t o  produce t empera tu re s  of 
22S0p (10p~) i n  t h e  adhes ive  f i l m s  w i t h i n  60 seconds, (3 )  cuahioaed 
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p r e s s u r e  device,  anrl ( 4 )  constant- temperature oven t o  p t o v i d s  1 0 5 O ~  (41°2! 
or  1 2 0 ° ~  /430c). Yhe t e a t  p i e c e  consiets of a n  8 inch  x 1 inch 4203 x 
25.4 nun) x 1/8 inch  13.18 ma) t h i c k  sample of sboe-sol ing material laminated 
t o  a c o n t r o l  adherend of t h e  same dimension. p o t  v i n y l  p l a s t i c  s o l i n g  
~ateriirls, specimens are of t h e  sene tb ickncas ,  but have s t anda rd  s p e c i f i e d  
h a r d m s a ,  t e n s i l e  s t r eng th ,  s p e c i f i c  g r a v i t y ,  e longat ion ,  a b r a s i v e  index and 
200% moriulus. I n  t h e  tes t ,  t h e  8 i n c h  x 1 inch  s t t i p s  of material arc banded 
t oge the r .  wi th  one end of t h e  specimen t h e n  being o p e d  up 112 inch (12.7 m ~ )  
f o r  eleraping i n  t h e  t e s k  g r i p s  of t b e  t e n e i l e - t e s t i n g  machine. A load is 
=p l i ed  a t  a rate of 2 tnches  ( 5 0  am) pet minute, o r  12 inches  (305 mn) p e r  
minute. The p e e l i n g  f o r c e  is measured d u r i n g  t h e  test am3 the average  peel 
s t r e n g t h  as lbs / inch  (kg/cw) of width is recorded, as w e l l  as t h e  mode of 
f a i l u r e  of the test specimen (adhesive,  cohes ive  or c o n t a c t  f a i l u r e  due to 
vo ids  i n  bond line). 

13.2.54 AS'r't.1 D2739-72 (1984). Standard T e s t  llethod f o r  VOUIl.1E RESISTIVf'l'Y 
OF COilDUCTIVE MMESIVES, 3 pp. ASTPt Comf ttee 0 -14  on Adhesivesr 

This  method cove r s  t h e  d e t e r n i n a t i o n  of t h e  volme r e s i s t i v i t y  of 
resin-based conduct ive  adhes ives  i n  t h e  cu red  condi t ion .  The test is made on 
a t h i n  adhes ive  Layet as prepared  i n  a bonded specimen. The method is used 
f o r  conduct ive  adhes ives  t h a t  a r e  cured  e i t h e r  a t  roam tempera ture  o r  a: 
e l e v a t e d  t eape ra tu re s .  The volume r e s i s t i v i t y  of adbesive l a y e r s  between 
meta l  adherends is measured on a r e s i s t a n c e  bridge.  T e n s i l e  d ibes ion  p lugs  
are described i n  t h e  standard f o r  t h i s  method. Any o t h e r  t e s t  specimens and 
m a t e r i a l s  can  be used as long a s  s i m i l a r  p recau t ions  aze  observcld regarding 
p r q x i r a t f  on& and to l e rances .  Usually brass t e n s i  le-adhesion p lugs  coated with 
gold  o r  s i l ve :  a r e  used. 

13.2.SS AS'fil D2918-71 (1981). Standard Rccomenrled Yrackicc, for 
Dl?TERHIIING DURABILITY OF A1)HESIVE JOIlfllS STRESSED I11 PEEL, 4 pp. ASTH 
Comittae U-14 a n  Adhesives. 

T h i s  test is u s e f u l  f o r  de termining  t h e  d u r a b i l i t y  of adhes ive  j o i n t s  i n  thq 
p e e l i n g  moJe whi le  t h e  specimen is i n  c o n t a c t  w i th  a i r ,  a i r  i n  e q u i l i b r i u n  
w i t h  c e r t a i n  s o l u t i o n s ,  water, aqueous s o l u t i o n s ,  or o t h e r  env i  r o n m n t s  a t  
v a r i o u s  tc?nperatures.   he test is cons idered  a n  acce l e ra t ed  test f o r  adhesive 
j o i n t  d u r a b i l i t y .  

The conb ina t ion  of s t r e s s  and mois ture  dec reases  t h e  d u r a b i l i t y  of  most 
adhes ive  j o i n t s .  S t r e s s e s  i n  t h e  presence  of water  o r  water vapor may cause 
sosde adhesive j o i n t s  t o  f a i l  at some f t a c t i o n  of t h e  st ress requt  red to break 
t h e  d ry  j o i n t .  The time t o  f a i l u r e  for a g iven  adhesive j o i n t  tested under 
mois t  c o n d i t i o n s  y e n e t a l l y  dec reases  w i t h  inc reas ing  stCeS8, tewerature and 
r e l a t i v e  hunid i ty .  

The t e a t ,  intended yr i m a t i l y  f ot: metal-tommetal laminated assemblies, 
t y p i c a l l g  uses  1/2 inch  (12.7 m) wide epeeintens, each  8 inches 1200 mm) long 
and any convenient  width. The 8 i ncb  (203 .2s~~)  l eng th  has  a 1 incb  (25.4 mn) 
long delaminated (p rev ious ly  s h i d )  end t h a t  can  be spread  apart, forming a 
W T .  u n t i l  t h e  c r o s s  ba r  measures 4 inchee  (100 ma).  his r e q u i r e s  separating 
t h e  bond 1 i nch  beyond t h e  delaminated end. I n  the test one *To t a b  p o r t i o n  
Of t h e  ayec iaen  is secu re ly  clamped, wh i l e  t h e  o t h e r  ie  s t r e s s e d  ~ t a t i c i a l l y  by 
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an attached weight* The procedure can be carried out: ulklsr ambient conditions 
as well as unilar water, i f  a suitable apparatus is built. The distance peeled 
as a function of tine is recorded. The rate of peeling is averaged over s i x  
sequential portions of the distance vs, tine curve. 

13.2.56 A8934 U2919-84. Standard Test Method for DEZERMXktIDG DURABItIm OF 
AUtfLiIVB JUIlZFS LiPHHSSkZJ IN S U W  BY TElJBIO13 LOADIIO, 6 pp* (DOD Adopted) 
A S W  Cowlnittee 0-14 on Adhesives. 

This test Qs prinarily for ~etal-to-metal bonding, The data obtained are 
most useful as a neasure oZ qualitative stress endurance. The cornbination of 
StrssB and aoisture used i n  the procedure decreases the durability of most 
adhesive joints* Stresses i n  the presence of water or water vapor may cause 
$one adhesive joints t o  f a i l  at: sone small fraction of the stress required to  
break t h e  dry joint. !?ha time to failure for a given adhesive joint generally 
decreases with increasing stress, tenperature, and relative hunidity. 

A tensile-lap-shear specimen of the  AS^ Dl002 type is used. Two coupons of 
5 inches (127 m) i n  length x 1 inch (25.4 a) wide x 0.064 inch (1.6 aua) 
t h i c k  sheet netal are overlapped a t  the 1-inch-wide end and bonded together 
wi th  1/2 inch (12.7 riun) overlap. noles are located 1/2 inch ( 12.7 ma) from 
the end of the tab to  accommodate the gripping bolt, Fhe tes t  requires t h e  
~ ~ n s t r ~ ~ t i o n  of a special double-steel-spring jig.  As i n  the Mi.1  D2294 
s ta t ic  load fatigue test,  the specimen is held i n  the spring-compressed jig, 
the end tabs are gripped, clar;rpd and the compression on the spring released, 
leaving khe lap-sbear specimen under a s ta t ic  tensile load. The araximum, 
miniuurj and average length of time t o  failure of the stressed specimen ex-sed 
to  various environments is recorded. ?he tes t  is carried out a t  various 
levels of fractional stress below t h e  wohort-temw failure stress and s ta t ic  
stress, as tine-to-failure curves are plotted. 

134 2r57 AS%l D2979-71 (1982). Standard Test Wethod for PRWSURO-SBfJSITIVB 
TACK OP ADH&STVK USING AN 11NKR!i!W PROBE MACHINE, 4 pp. ASra Cormittee D-14 
on Adhesives* 

This method covers masurenent of the pressure-sensitive tack of adhesives. 
The method is applicable to  those adhesives which Eorn a bond of measurable 
strength rapidly upon contact wi th  another surface, and which can be reuoved 
Erorn that surface cleanly w i t h u t  leaving a residue visible to the naked eye. 
For such adhesives, tack may be measured as the for& required to separate an 

' 
adhesive and the adherend a t  the interface shortly after they have been 
brought: ttato contact under a defined load of known durabion a t  a specified 
temperature* 

Yhe method involves bringing the t i p  of a cl'eanad stainless steel yrdbe of 
defined surface roughness into contact with the adhesive a t  a controlled rate, 
Under a fixed pressure, Eor a short time, at a given teaperature, 'L'he bond 
Eorned between t h e  probe'and adhesive is sukaquently broken, also a t  a 
contr~lled rate, 2ack is aeasureil as the maximum force required in breaking 
the adhesive bond. 
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13.2.58 ASTH 03111-76 (1982). GtandarcJ P r a c t i c e  f o r  PtEXIBILITY 
DEZ'U~Ii lAYIOI4 OF MU2 HELT ADHESIVi BY WMIDHLL BEUU TEST IIL%*dODC, 4 pp. AS!!"r.M 
cotmsiktc?e D-14 on Adhesives. 

P h i s  p r a c t i c e  cove r s  t h e  d e t e m i n a t l o n  of t h e  f l e t i b l l i t y  of a hot-melt 
adhes ive  i n  s h e e t  fond  under s p e c i f i c  test coai l i t ions .  The r e s u l t s  of  t h i s  
working test a r e  u s e f u l  f o r  comparing adhe?sivee, not f o r  a b s o l u t e  
c h a r a c t e r i z a t i o n  of adhesives.  Yest e t r i p s  of a bot-melt adhes ive  p r a p e r l y  
sized and c o n d f t t o l ~ ? J  are bent l B O O  over e uandral (rod). Uaing a f r e s h  
spec inen  f o r  each test, t h e  test is repeated wi th  sma l l e r  d iameter  masuitel6 
u n t i l  t h e  adhes ive  f a i l s  on hnrltng. Fbe f l e x i b i l i t y  of t h e  actbesive ts the 
s n a l l s s t  diameter  nand te l  over  which 4 ou t  of 5 test epecimcms do not break. 
Usually rod d i a n e t e r s  are 118 inch  (3.2 mm), 114 i nch  (6.4 ma), and V2 i nch  
(12.8 fm) and rod l eng ths  are 3-6 inches ( 75-150 m) long and a r e  rPede f rok, 
b r a s s  o r  e t a i n l e s s  s t e a l .  

13.2.59 ~ Y I I  D3121-73 (19041. s t anda rd  Tes t  &lethod f o r  TACK OF 
PRESSUlld-SElJSfTIVE ADHESIVES BY ROLLIIIG BALL* 3 pp. ASnl C0r;eoiktae D-14 On 
hd hes i ves . 

i ' h i s  uathod Covors I(1eaSure1~ent of t h e  coraparative t ack  of p re s su re - sens i t i ve  
adhes ives  by a rol l ing b a l l ,  and is most app ropr i a t e  f o r  low-tack k h e a i v e s .  
T h e  &v?tbod is only  o m  of s e v e r a l  a v a i l a b l e  f o r  t h e  a e a s u r e m n t  of tack .  I n  
t h e  test ,  a steel b a l l  1/16 inch  111.1 mm) i n  d iameter  ie r e l eased  at t h e  top 
of an i n c l i n a ,  allowed t o  a c c e l e r a t e  down t h e  incllnc? and r o l l  on to  a 
horizontal surface covered w i t h  a pres su re - sens i t i ve  adhesive. Tack i e  
deksrtlined by measuring t h e  d i e t a n c e  t h a t  t h e  b a l l  t r a v e l s  a c r o s s  t h e  adhes ive  
be fa re  s topping.  The test specimen is a s u b s t r a t e  centered  wi th  a 
pressure-sensitive adhestve. It  is gene ra l ly  about 2 inches  (51  m) wide and 
apyroxinakely 15 inches (381 p.11 long. 

1L.2.60 ASS; D3163-73 . JA&2.a Standard T e s t  Irlekhod f o r  u i W X i J I H G  TtlE 
STREHG'r':l OF ADHESIVELY EOllIiEh ir?IGZL) PLASTIC LAP-StiZAR JOflRS I14 S t f a  BY 
TEJSI011 LOAUIIJG, 3 pp. AS'AY: Conmittee D-14 on ~ d h e s i v e a .  

T h i s  method is intended to cocplersent A m  Dl002 on metals and extend its 
a p p l i c a t i o n  to s ing le - l ap  s h e a r  adhes ive  j o i n t s  of r i g i d  p l a s t i c  adherences. 
The p r a c t i c e  is use fu l  f o r  gene ra t ing  cor;p,aratlve shea r  s t r e n g t h  d a t a  f o r  
j o i n t s  made f rm a number of p l a s t i c e .  I t  can e l e o  provide  a means by which 
S s v e t a l  p l a s t i c s  s u r f a c e  t r e a t n e n t s  can be compared, The method is l i m i t e d  t o  
t e s t  t e n p e r a t u r e s  below t h e  so f t en ing  p o i n t  of tbe subject sdhas ives  and is 
not intended Cot use i n  a n i a o t  t o p i c  adherends euch as rei nforced p l a s t i c  
l amina te s .  Uhere y o s s l b l e ,  test specimens should conform to t h e  form and 
dimensions of AS-iSI ~ 1 0 0 2 .  However, adhereads t h i c k n e s s e s  and j o i n t  ove r l aps  
s lust be C ~ O S Q ~  s o  t h a t  f a l l u r e  w i l l  p r e f e r a b w  occur  i n  t h e  j o i n t  and n o t  i n  
t h e  s u b s t r a t e .  It is important  t o  use t h e  optfmum eurface p r e p a r a t i o n  
t ec l an i~ i~e f3  f o r  the p l a s t i c  adhereads under test, P a l l i n g  stress is r@ported 
i n  pounds-force p e r  square  inch  (or  megapascale) of s h e a r  a r ea .  

13.2.61 AS'i'id 03164-73 (1979). Standard Yeet i i e t h d  f o r  DETEKWXUING THE 
ST~E~~G'A'H OF ADHESIVELY BOliDED PLASTIC LAP-SMEAR SAIPII ICH JOINTS 114 SM- BY 
n .. c r t r4~1OlJ  IAJADILJC;. 4 pp. ASTH C-i t tee  D-14 on Adhesives. 
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Yhia uethod is in t e rned  t o  complement Mml Dl002 on metals a d  extend I t s  
a p p l i c a t i o n  t o  s ingle-lap-shear  adhes ive  j o i n t s  employing p l a s t i c  adhereMs.  
I h e  r;nrthocl is u s e f u l  f o r  gene ra t ing  conpa ra t ive  sbear -s t rength  data f o r  j o i n t s  
made f rcm a nmbt?r of plastics. It can  also p rov ide  a m a n s  by which several 
plastics s u r f a c e  t r ea tmen t s  can be compared. The w t h o d  ie l i m i t e d  t o  test 
t e n p e r a t u r e a  below t h e  s o f t e n i n g  p o i n t  of  the s u b j e c t  adherends and is not 
in tended f o r  u se  on a n i s a t r o p i c  adheremls such as r e i n f o r c e d - p l a s t i c  larainates.  

Specimens s h a l l  conforn  t o  t h e  form and dimensions Shawn on  a f i g u r e .  Alloy 
2024-73 a luminut~  of 0.064 inch  (1.62 m) t h i c k n e s s  ie recornended f o r  t h e  
meta l  specimens. The recommended l e n g t h  of ove r l ap  is 0 ? 5  i nch  (12.7 mi. 
The sandwich under tast is a metal/ad~sive/plastic/~hesive/l;lcctal.  I t  is 
important  t o  use t h e  optimum surface-prepara t ion  technique  f o r  t h e  p l a s t i c  and 
meta l  adherends under test. 

13.2 62 a'fi-f D3165-73 [ 1979) e e  S tandard  Tes t  Nethod f o r  STHBIJG'L'H 
PROPERTIES OF ADLIESIVES Ill SBEAR BY ZENSIOll UUWIllC OF LWIZiiA'L'EI) ASSMBLIES,  4 
yy. ASTh ~arjmittee U-14 on Adbesivea. 

 his method is in tended for  deterratning t h e  coupe ra t ive  shea r  s t rengt l ta  of 
adhes ive  i n  l a r g e  area j o i n t s  vhen tested on a s t anda rd  spec inen  and under 
s p e c i f i e d  cond i t f  on8 of  p r e p a r a t i o n  and test ing. kdhas ivas  reciyond 
d i f f e r e n t l y  i n  small areas than  tbey  d o  i n  l a r g e  a reas .  ~t is intended f o r  
use i n  metal-to-metal a p p l i c a t  ton,  bu t  nay be s p e c i a l l y  adapted f o r  p l a s t i c  
adherends. The methad is use fu l  i n  t h a t  t h e  j o i n t  c o n f i g u r a t i o n  c l o s e l y  
s i m u l a t e s  t h e  a c t u a l  j o i n t  con f igu ra t ion  of nany bonded aseemblies  and can be 
used to  develop  des ign  parameters f o r  such  a seenb l i e s .  I t  can  a l s o  be used a s  
an in-process q u a l i t y  c o n t r o l  tas t  f o r  laminated aasenb l i e s .  I n  practice, t h e  
laminated aaeeanbly i e  e i t h e r  made o v e r s i z e  and test e p e c i m n s  retraoved f con it, 
or a percentage  of the  assemblies are Bes2 ruc t ive ly  tested. 

I n  t h e  test wi th  metals, two 0.064 incb  (1.62 mu) t h i c k  l a y e r s  of metal  a r e  
adhes ive ly  bonded t o g e t h e r  i n  t h e  form of a Iaxainated panel .  One inch  (25.4 
mm) wide s t r i p s  of laminate  7 inch  + L i nches  long (77.8 + Lrom) n u s t  be 
machined from t h i a  laminated panel .  ~ h c ?  p a n e l  is molded or c u t  through a t  
o p p o s i t e  bu t  d i sp l aced  s i d e s  s o  t h a t  wben t h e  pane l  is t e n s i l e  s t r e s s e d  an 
o v e r l a p  length of L occurs.  Fbia length  define^ t h e  s h e a r  a r e a  i n  t h e  
f a b r i c a t e d  specimen. 

I n  t h e  procedure  t h e  ends of  t h e  1-incb wide specimen a r c  p laced  i n  t h e  
grips of a t a n s i l t  t e s t i n g  machine so t h a t  t h e  long axis of t b e  test speciraen 
c o i n c i d e s  with t h e  d i r e c t i o n  OE applied stress. The load is applied a t  a r a t e  
of 1200-1400 p e l  (8.3 - 9.7 MPa) of t h e  s h e a r  area per minute. The crosshead 
s p e d  is 0.05 incbes /a inute  f o r  a l / 2  m2 s h e a r  a r ea .  The load is 
s u t o m a t l c a l l y  app l i ed  u n t i l  f a i l u r e  of t h e  j o i n t  occurs .  The rnaximura, 
minimwr and average values for the failiag load are repor ted ,  along wi th  
coannents as to  t h e  n a t u r e  of t h e  f a i l u r e ,  i nc lud ing  t h e  average  e a t i m a t d  
Pe rcen tages  of f a i l u r e  i n  c o b a i o n  of the adhee ive,  c o n t a c t  f a t  l u re ,  voids  
and Wparen t  adheeion t o  t h e  metal. 

Downloaded from http://www.everyspec.com



13.2.63 ASTl.1 D3166-73 11979). Standard  Tea t  Method f o r  PAYIGUE PROPi3PIES 
OF MLIESIVkS IiJ SHEAR BY F ~ ~ S I O ~ . I  WADIIKi (hETicLhlEi'aL), 3 pp. ASaW C~onmittee 
D-14 o n  Adhesives. 

Tb ie  method cove r s  t h e  measurement of f a t i g u e  s t r e n g t h  i n  ehear  by t e n s i o n  
loading  of  adhes ives  on a e tandard  spec laen  and under s p e c i f i e d  cond i t tone  of  
p r e p a r a t i o n ,  loading  and t e s t i n g .  xt,'ie internled f o r  use  i n  wtal-to-metal 
a p p l i c a t i o n s ,  but  may be s p e c i a l l y  adapted f o r  plastic adherends. The d a t a  
ob ta ined  by t h i s  nrethoj, a l though usefu l ,  are l b i t e d  i n  scope b c a u s e  t b c  
conplex n a t u r e  of t h e  s i n g l e  l a p  ehear  t e n s i l e  teat specimen c o n f i g u r a t i o n  
renders precise ana lyses  i aposs tb l a .  Comparative f a t i g u e  d a t a  may be 
obta ined ,  but  t h e  test cannot  be cons idered  of d i r e c t  engineer ing  des ign  
s i g n i f  icance. 

The s ingle- lap-shear  specimen of t h e  ASTH 01002 test is issued.  'the 
spec faen  is p laced  i n  tbe  jaws of a special t e n s i l e  t e s t i n g  machine capable  of 
tmposiny a c y c l i c  or s i n u s o i d a l  stress on the specinen. The test is c a r r i e d  
out a t  1800 cyclrzs/minute unlee6 o therwise  noted. The c y c l i c  load s h a l l  range 
f r o n  a navluun ( to  f a i l u r e )  t o  approximately 109 of t h e  uaxiaun, t he  m a x i m u m  
load being s e l e c t e d  from previous  * s t a t i c m  tests such as As534 Dl002. The 
number of c y c l e s  t o  f a i l u r e  a t  a g iven  l e v e l  is recorded and so-cal led S-ll 
curve  is cons t ruc t ed  t o  d i e p l a y  t h e  f a t i g u e  behavior of t h e  adheaive ma te r i a l  
and tb j o i n t .  

13.2.64 ASTI.1 03167-76 (1981). S tandard  Yest ljsthod for  PUXAli'illG HOLLER 
PEEL RtSISTAilCt: OF ADHESIVks, 5 pp. AS2b1 Comittefz D-14 on Adhesives. 

T h i s  1 m t h 4  cove r s  t h e  d e t e r n i n a t i o n  of t h e  r e l a t i v e  p a e l  r e s i s t a n c e  of 
adhes ive  bods betwean one r i g i d  adberend a d  one f l e x i b l e  adherenrl when 
t e s t e d  under s p e c i f i e d  cont l i t ions  of p r e p a r a t i o n  and t e s t i n g .  A v a r i a t i o n  i n  
t h i c k n e s s  w i l l  g ene ra l ly  a f f e c t  t h e  results. When no t h i c k n e s s  is s p e c i f i e d ,  
t h e  f l e x i b l e  adhatend s h a l l  be 0.63 nm 10.025 inch) b.hick and t he  r i g i d  
adberend 1.63 tm (0.064 inch) t h i c k .  The test f s  p r i m a r i l y  f o r  netal- to-metal  
p e e l  r e s i s t ance .  The specimen is a t h i n  Laminated s t r u c t u r a l  s t r i p  0.5 inch 
f 12.7 tam) wide wi th  unbondd ends s u i t a b l e  f o r  clamping i n t o  t h e  test  j i g .  
The idea l  8pacimen i s  composed of one r i g i d  and one f lex ib le  adherand. 

I n  t h e  test, a s p e c i a l  two-roller, d runk l ike  f i x t u r e ,  each  roller 1 inch  
(25.4 wl) i n  d iameter ,  is p l a c s J  i n  t h e  t e s t i n g  machine. The f l e x i b l e  t a b  of 
t h e  specimen i s  i n s e r t e d  between t h e  two r a l l e r a ,  leaving  t h e  r i g i d  p o r t i o n  of 

, t h e  eiecimen t o  rest on t h e  t o p  p a r t  of t h e  r o l l e r s .  T h e  epecimen-holding 
C ~ n f i g u r a t i ~ n  t h u s  f o ~ w  a *Tm-like sbape. The f l e x i b l e  tab of t h e  specimen 
is t h e n  clwc?il i n  th8 bottow jaw of t b s  t e n s i l e  ~ ~ a c h i n e ,  whi le  t h e  top of t h e  
rollet-drw! f i x t u r e  16 clamped ia the t o p  jaw of t h e  t e s t i n g  machine. With 
t b e  f l e x i b l e  t a b  on t h e  specimen c u r l e d  over one of t b e  r o l l e r s ,  t h e  specimen 
is pee led  a t  a crosshead speed of 6 incbee/minute (153 mm/min). The rr?sults 
a r e  ob ta ined  i n  t e r n s  of average  p e e l  s t r e n g t h  i n  pounds f o r c e  per inch  ( o r  
ki lonewtons p e r  metre) of width of each combination of m a t e r i a l s  and 
c o n s t r u c t i o n  under test. 

T h i s  t e a t  i a  s i m i l a r  t o  t h e  p-pael test   AS^ ~ 1 8 7 6 ) ~  but with t h e  proviaion 
t h a t  t h e  p e e l i n g  ang le  is kept c o n s t a n t  f o r  a l l  adheaive t y p e s  r e l a t i v e  t o  
g i v e n  adherends.  It is a nore  c o n t r o l l e d  test than  ST&! ~ 1 8 7 6 .  
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13t2.65 PSW D3236-73 (1983). Standard Test EIethod for ViSOOSXTY OF W1 
dELT ADkIE!31VES AlJD COATING EIAVERIALS, 11 pp. ASVH committee D-2 on Petroleum 
Products and Lubricants 

T h i s  metbod covers the deternination of t h e  apparent viscosity of hot-melt 
adhesive and coating materials compounded wZth additives and having apparent 
viscosities up to 200,000 millipascal seconds (mPa*s) a t  temperatures up to 
115% (3470F) . (Higher viscosities and temperatures may be practical, 
although their precision has not been studied.) I n  the test  a representative 
sample of the molten waterial to be tested i s  maintained i n  a themally 
controlled e q l e  chaarber, Apparent viscosity is determined under temperature 
equilibrium conditions using a precision rotating spindle-type viscoaeter: 
(Brookfield), Data obtained a t  several temperatures can be plotted on 
&ppr~priate semi-logarithmic graph paper and apparent viscosity a t  
intermediate temperatures can be estimated, 

13*2*66 AS% D3310-74 (1983L. Standard Practice for DF2ERHIUIiJG 
CO~OSIVITY OF ADlflSIVE HAPERIALS, 2 ppe ASTN Cohmittee D-14 on Adhesives. 

?he practice is intended to  deter~ine  whether an adhesive material, cured or 
Uncured is corrosive to a metal, It is a general nethod intended to  screen 
out those  ater rials that give a visible sign of corrosion*   he 1jeta1 under 
tes t  is enclosed i n  a glass container wi th  the adhesive material. The 
containers are stored i n  a tenperature-controlled oven a t  various temperatures 
w i t h  and without water present, A control consisting of glass jars containing 
samples (strips) of the same metal wi th  and witbout water, but with IW 
adhesive, is stored i n  the same oven for corayaris~n, Results are reported 
after various eqmsure period8 as degree of corrosion on the scale of fiver 
Unless corrosion is rapid, when 1-bour exposure? periods may be used, exposure 
ia usually for  1, 3 and 7 days* 

13 t 2 r.67 ASW D3482-76( 1981) Standard practice or DFr'KRkiILIIt~ 
ELECTROLYTIC c0mos10N OP COPPER BY E,'. IEL~IW, 4 ..;,. cormittee D-14 on 
Adhesives* 

T h i s  practice covers the detersdination og whether an adh~esive has any 
corrosive effect on copper* It is ordinarily intended to distinguish 
materials that right cause corrosion i n  electrical and electronic equipment* 
T h i s  procedure is a subjective test  for which precision and accuracy bave not 
been established. It is not recomnencled for adhesives on backing. Metals 
other than copper may be used if desired. In the practice two parallel 
helicc?~ of! fine copper wire are laid i n  etched grooves on a glass tube. The 
adhesive material is coated over t&e wirea and the tube and tihen a l l p w e d  t o  
set or cure. She wired t u b  is exposed to  high hwaidity w i t h  a d-c potential 
applied betweeen the wires* Corrosion products are-observed visually, usually 
after 1, 3, and up to  15 days, 

13t2r68 ,_AYTkl 03528-76 (1981)* Standard Test klethorl for S5'liEffiTH PHOPBnTIS 
OF DOUBLE LAP SHEAR ADHESXVB JOIlJTS BY !i?b'lJSIOkJ LOADZNO, 6 pp. AS!iW C~au~ittee 
D-14 on Adhesives* 
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!Phis mthod covers t h e  de te rn ina t ion  of t h e  t e n s i l e  shear  s t r eng ths  of 
adhesives f o r  bonding metals when tested on an e s s e n t i a l l y  peel-free s tandard 
specimen t h a t  develops adhesive stress d i s t r i b u t i o n  representat ive of those 
developed i n  a t ~ i c a l  loy-peel production-type s t r u c t u r a l  joint .  The 
reproducib i l i ty  of t h e  s t rengths  achieved is d i r e c t  Pi relatkd . t o  confornance 
with spec i f ied  condit ions oE preparat ion and tes t ing .  "Phe test spac imns  must - 
conform t o  one of  t h e  a l t e t n a t t v e  types, A  or.^, as spec i f ied  i n  t h e  
procedure. A t e s t i n g  machine meeting t h e  requirements of AS= E4 is used. 
The maxfimua, minimum and average f a i l i n y  s t r e s s e s  s h a l l  be reported i n  terms 
of kilograms per  square cenkimeter (kg~cnra) o r  pounds-force pe r  square inch 
( p s i )  of t o t a l  shear  area, The na ture  of f a i l u re ,  includinq.gercentages of 
var ious types (cohesive, adhesive, metal) is a l s o  reported . 

13.2.69 ASTH D 3632-77 (19821.e Standard p rac t i ce  f o r  ACC&LERAVW.AGING 
OF ADHESIVE JOINTS BY THE OXYGEN-PRESSURE ME!CHODr 12 pp. AS%% Cru3lmitt€S D-14 
on Adhesives. 

This  p r a c t i c e  is a nethod of est imating t h e  r e l a t i v e  r e s i s t a n c e - t o  
de t e r io ra t ion  of adhesive f i lms  and adhesive-bonded jo in t s  placed i n  a 
high-pressure oxygen environment,  he i n s t ruc t ions  include both wwd-to-wood 
and wood-to-metal j o i n t s  as well a s  free films of adhesive* The e f f e c t s  of 
chemicals such as f i r e  retardanks, preser.vatives, o r  $rood ex t r ac t ives  can be 
eva lua t e?  by using materials containing these  chemicals f o r  adherends, The 
p r a c t i c e  is p r i m r i l y  intended for elastomer-based construct ion hdheirives, but 
is a l s o  appl icable  t o  o ther  types of adhesives t h a t  may suscept ib le  t o  
oxygen deyradation. The r e s u l t s  of t h i s  accelerated test are only comparative 
and m u s t  be evaluated agafast the perfomance of bonded joinks whose na tu ra l  
and accelerated aging c h a r a c t e r i s t i c s  are known, The p r a c t i c e  e n t a i l s  
subject ing specimens with known physical  proper t ies  t b  a cont ro l led  aging 
environnent f o r  s p e c i f i c  time periods, then observing t h e  physical  p rope r t i e s  
again and noting any changes. The cont ro l led  environment cons i s t s  of elevated 
temperature (700C) (1580~') and oxygen a t  e levated pressure  (2.07 MPa) (300 
p s i ) ,  Three types of specinens a r e  used: Type A is f o r  wood-to-wood l a p  and 
tests shear strength;  Type B is f o r  wood-to-metal l ap  and also tests shear  
stltengthi Type C is f o r  unsupported f i l m  and tests f l e x i b i l i t y ,  Three 
d i f f e r en t  oxygen-pressure aging exposures are used. Exposure Is f o r  f 500 
hours, a t  t h e  end of which a s i n g l e  physical  property is tes ted ,  (2) 1000 
hours, at t h e  end of which a s i n g l e  physical  property is tes ted ,  and (3) 1000 
hours, with tests of t h e  physical  property a f t e r  200, BOO, 600. 800 and 1000 

, hours. The p rac t i ce  is useful  t o  t h e  adhesive manufacturer i n  research and 
development and i n  manufacturkng control .  The r e s u l t s  a r e  a l s o  used f o r  ' 
spec i f i ca t ion  acceptance o r  a s  a guide i n  adhesive select ion.  

13,2670 ASTEI D3658-78 (19841.6 Standard P rac t i ce  f o r  DETEREtINIffi %?LIE: 
TORQUE S T I C ~ G T H  or) ULTRAVIOLET IW) LIGHT-CURED GLASS/M~AL ADHESIVE JOIIJTS, 5 
pp. M!!?M Committee D-14 on Adhesives. 

 his wethod covers the  simplistic comparison of s t rengths  of giass/metal 
j o i n t s  when t h e  adhesive is ,cured by u l t r a v i o l e t  (UV) rad ia t ion  and standard 
specimens a r e  used and tekted under specff ic condit ions oE; preparation, . 
r ad i a t ion  and load. The p r a c t i c e  involves torque loading oE W-bonded 
hexagonal metal blocks t o  g l a s s  p la tes .  The p rac t i ce  nay -be used t o  ob ta in  
comparative torque s t r eng thdo- fa i lu re  d a t a  f o r  o the r  banded j o i n t  systems, 
r ad i a t ion  cured o r  not,  
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13.2.71 ASRI  D3762-79 (19831. Standard  Yest 1.iethod for ADHESIVE-BoI~UED 
SURFACE DURADILITY OP ALUPIINUN (IiWGE TEST) , 5 pp. ASTH committee D-14 on 
Ad he6 ives .  

T h i s  method s imula t e s  i n  a q u a l i t a t i v e  manner t h e  f o r c e s  a& affects on an  
a d k e l v e  bond j o i n t  et  metal-adhasivelprimer I n t e r f a c e .  x t  bas proven t o  be 
h igh ly  ?e l f  able i n  d e t a r n i n i n y  and pzed ic t i  ng t h e  environmental  d u r a b i l i t y  of 
adhsrcnd s u r f a c e  p repa ra t ions .  The metbod h a s  proven t o  be  c o r r e l a t a b l e  wi th  
s e r v i c e  performance i n  a manner t h a t  is much n o r e  r e l i a b l e  t h a n  convent ional  
lap-shear  o r  p e e l  tests. The method is o r d i n a r i l y  used i n  aluminum-to- 
aluroinuu a p p l i c a t i o n s .  I n  t h e  m t h d ,  a wedge is forced  i n t o  t h e  bondline of 
a f lat-banded a l u m i n w  specimen, thereby c r e a t i n g  a t e n s i l e  stress i n  t h e  
r eg ion  of t h e  resulttng c rack  t i p .  P b  stressed speciraan i s  exposed t o  en 
aqueous environm?nt. u sua l ly  a t  an e l eva ted  temperature,  o r  t o  a n  a p p r o p r i a t e  
environment r e l a t i v e  t o  t h e  use of t h e  bonded s t r u c t u r e .  The r e s u l t a n t  c r ack  
growth wi th  tine and f a i l u r e  modes is then  evaluated. '  V a r i a t i o n s  i n  adherend 
Surf a c e  q u a l i t y  a r e  eaf i i ly  observable  when t h e  spacimene are f o r c i b l y ,  i f  
necessary ,  opened a t  t h e  test conclusion. 

13.2.72 Asml U3807-79 (19841.e S tandard  Y e s t  HethW f o r  S'iWEtJOr'H 
PROPERTIES OF ADHLSIVES 111 CLgAVAGE PEEL BY TE1JSIOH ~ A D I l J G  f &lJGIIIEERIl% 
P M Y I C S - T O -  WGIkttEHfliG PLASFICSI , 4 pp. AS9r'ki Corrmrittc?e D-14 o n  ~dhssi~es. 

This  p r a c t i c e  cove r s  t h e  de t e rmina t ion  of t h e  conpa ra t ive  c leavage/pee l  
s t r e n g t h  of adh-sivee f o r  bonding enginaer tng  p l a s t i c s  when t e s t e d  on a 
standard specimen and under s p e c i f i e d  cond i t ions  of p r e p a r a t i o n  and t e s t i n g .  
The bonded test panels a r c  c u t  i n t o  25 nua I1 inch) wide and 177 mm ( 7  inches)  
long test specimens. These specimens are bonded for on ly  approximately 76 nn 
( 3  i nches )  of t h e i r  length .  A t ens ion - t e s t ing  machine is used t o  apply load 
at a c o n t a c t  c rosshead  epeed of 12.7 m (0.5 inches)  p e r  minute. The averaye 
load  i n  ki lonewtons p e r  metre width of specimen requi red  to  separate t h e  
adherends is determined f a r  t h e  f i r s t  50.8 tmr ( 2  inches)  of c leavage/pee l  
a f t e r  t h e  i n i t i a l  peak. 

13.2.73 ASPN D3008-79 ( 1 9 8 0 . e  S tandard  P r a c t i c e  f o r  QUALIWiTXVE 
D l 2 T ~ h i f N A T I Q i  OF ADtlESlOll OF ADHESIVE 9% SUBSTRA'PES BY S#YP I1DtlESfOl4 METk3ODt 2 
pp. AS'r',i Comaittee 0-14 on Adhesives. 

T h i s  p r a c t i c e  p rov ides  a simple q u a l i t a t i v e  procedure  f o r  qu ick ly  sc reen ing  
whether  an  adhes ive  w i l l ,  under recoxunendd a p p l i c a t i o n  c o n d i t i o n s ,  bond t o  a 
g i v e n  substrate without  a c t u a l l y  making bonded assemblies. ft can  be u s 4  t o  
de termine  whether oq .not  an adhes ive  v i l l  con t inue  t o  adhere  t o  t h e  s u b s t r a t e  
under specified env i ronnen ta l  cond i t ions .  It c a n  also be  used t o  e v a l u a t e  
adheaton  of  a p a r t i c u l a r  adhes ive  t o  a v a r i e t y  of s u b s t r a t e s ,  or to  o b t a i n  
. sub jec t iveg  conpa ra t ive  d a t a  between s e v e r a l  adbes ivee  on a g i v e n  s u b s t r a t e  
by no t ing  t h e  r e l a t f v e  ease of f a i l u r e  between t h e  adheeives  teste .  It is 
p a r t i c ~ l a r l y  a p p l i c a b l e  t o  adheeives  t h a t  c u r e  o r  set when exposed to 'at?. 
(ambient,  heated,  etc.) end can be used for  anaerobic  adhes ives  i f  t e s t i n g  is 
c a r r i e d  out i n  an oxygen-£ tee atnosphere.  
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I n  t h e  p r a c t i c e  spo t s  of adhesive, usual ly about 1/4 inch ( 6  mil) i n  diameter 
are placed onto a subs t r a t e  usirig t h e  appl icable  procedure a t  curing 
condit ions.  acceptable  t o  both user and supp l i e r  of t h e  adhesive, The 
s u b s t r a t e  preparat ion and environmental exposu're of t h e  spot  .of adhesive a f t e r  
cure  or s e t t i n g  can be varied as described. The deterwination of whether an 
adhesive bands t o  t h e  s u b s t r a t e  is made by simply t ry ing  t o  p'ry t h e  spot  of 
adhesive from t h e  subs t ra te .  The node of f a i l u r e  is readi ly  evident: by 
examining whether t h e  bond separated adhesively o r  cohesively, e i t h e r  i n  t h e  
adhesive o r  subs t ra te .  

13.2.74 Ab'TM D3929-80 (1984). Standard Prac t ice  f o r  Evaluating t h e  STRESS 
CRACKING OF PLASTICS BY ADHESIVES USING THE B ~ - B ~  i4ETHOD, 5 Ppr ASTM - - 
C o m i t t e e  b-14 on Adhesives, 

This  is a procedure f o r  determining t h e  compatibi l i ty  of adhesives with 
p l a s t i c s ,  based on-whether t h e  adhesive causes cracking of s t r e s sed  samples* 
It can be used f o r  shee t s  o r  s t r i p s  of p l a s t i c s *  ~t can also be used on 
injection-molded t e n s i l e  specimens o r  f l e x u r a l  bars ,  !?he p r a c t i c e  involves 
t h e  qua l i t ak ive  determination of t h e  compatibi l i ty  of adhesives with p l a s t i c s  
by observing t h e  e f f e c t  of adhesives applied i n  t h e  l iqu id  s ta te  on s t r e s sed  
p l a s t i c  spt?cimens; Bars af p l a s t i c  are bent i n  a three-point loading f i x t u r e  
t o  cause a determined i n i t i a l  t e n s i l e  stress i n  t h e  surgace of t h e  bar. The 
l i qu id  adhesive is then applied to t h e - a r e a  of maximum s t r e s s ,  which is 
checked pe r iod ica l ly  f o r  crazing or cracking. S n i t i a l  stress only can be 
determined, and t h e  stress l e v e l  may decrease s i g n i f i c a n t l y  during the  course 
of t h e  test. Suggested stress levels of t e s t i n g  a r e  1000, 2000, and 3000 p s i  
(7 ,  14 a.nd 21 NPa). Por i n i t i a l  screening the 3000 ps i  level is s u w t e d *  
Pes t  results are reported a s  t he  presence or absence of cracka or crazes a t  a 
given .level. 

13.2.75 ASTi.1 ~3931-80 (19843. standard P rac t i ce  f o i  Determining STRPlJGTH 
OF GAP- PILLILjO ADHESIVE BONDS IN SHEAR BY COMPRESSION LOADIlJG8 5 pp* ASP14 
C o m i t t e e  D-14 on Adhesives* 

This  p r a c t i c e  covers t h e  determination of comparative shear  proper t ies  of 
gap-f i l l i n g  adhesives i n  wood-to-wood j o i n t s  at spec i f ied  thicknesses  of . 
bondline i n  t h e  dry condition, when tes ted  on standard specimens under 
spec i f i ed  condit ions of preparation, condi t ioning and loading in-compressiono 
This  p r a c t i c e  is intended as an evaluat ion oE gap-f i l l ing adhesives such as 
those  used t o  bond plywood t o  lumber, lumber t o  lumber, and o the r  s imi l a r  

' materials i n  bui lding construct iob,  f n  t h e  prac t ice ,  a t e s t i n g  machine having 
a capac i ty  of about 15,000 l b  (6818 kg) i n  compression, o r  of ' suf f  i e i e n t  
capac i ty  to  test t h e  adhesive i n  use, is used. 

13, 2.76 AS%% D3983-81. Standard. P rac t i ce  f o r  MBASURX~JG s!Zi\Ei4GQli AtD SHEAR 
MODULUS OP LJOMi1GID.ADHESIVES BY  ti^' THICK A D h W l $ D  YEUSI.LG LAP SPBCIMBW, 
17  ppb ASTn Conrmitt.ee D-14 on'Adhesives.. 

. . 
This  p r a c t i c e  descr ibes  a meEhod of measuring the shear  rdodulus and rupture 

stress i n  shear  of adhesives i n  bonded jo in ts .  The method employs lap-shear 
specimens wfth wood, metal, o r  composite adherends, with adhesives having a 
shear  modulus ranging up t o  700 IPa  ( 100, 000 psi) .    he p r a c t i c e  is s u i t a b l e  
genera l ly  f o r  j o i n t s  i n  which t h e  ratio of adhererid t e n s i l e  ~ilodulus t o  
adhesive shear  Rlodulus is g rea t e r  than 300 t o  1. It is not s u i t a b l e  Eor 
adhesives t h a t  have a high shear  modulus i n  t h e  cured state and t h a t  also 
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require eltritination of volatile constituents during cure* I n  t h e  procedure 
lap-shear apeaimem3 are prepared with t h e  adhesive i n  question, using selected 
adherenits. The  load-deforaation properties of the specimens are masurd 
under specific recommended conditions t o  yield a @f i r s t  estimate" of adhesive 
shear nodulus, 'Fhis estimate is used to  deternine the optikli zed joint 
geometry for best attainable unieornity of stress distribution in the joint. 
A second set of specir~ens is prepared having t h e  optimized joint geometry. 
The f inal  values f?or load-deformtion properties are then neasured under a 
variety of controllled enviromental and experimental conditions* The practice 
is based Upon the tbore t lca l  analysis by Goland and Reissner relating stress 
concentrations i n  single-lap joints to  the geontetry of the joint and t h e  
mechanical properties of the araterfals involved. 

13*2(77 ASm D402.7-81. Standard Practice Por 1iWtJRIilG SHEAR PROPERTIES OF 
STX4UCTURAL ADHlESIVES BY ?HE HODIFIED-RAIL TEST, 12 pp* ASTH C o R d t t ~  D-14 on 
Ad hesi ves . 

This  practice describes equipment and procedures to measure ahear anodulus 
and shear etrsngth of adhesive layers between rigid adherends. The equipmnt 
ma1 alao be used for deterraining the adhesive's shear creep compliance, the 
effects of s train history, such as cyclic loading, upon shear properties, and 
a failure criterion for biaxial stress conditions, such as shear plus tension 
and shear plus cornpression. High-density wood is the preferred substrate, but 
woodbase composites, ntetal, plastic, reinforced plastics, and other comaon 
conskxuction materials, nay also be used as adhereads* I n  the practice shear 
f orcs is applied to  the adhesive through the adherends by a m o d i f  ied-rail 
shear fool, The adherends are firmly clamped between two pairs of rigid rails, 
one of which is fixed and the other movable* The rigid ra i ls  l i m i t  undesired 
adhsrend deformation* The pair of slovable ra i ls  is fix& to two counter- 
movement pivot ams, These arm restrict the attached rai ls  (and clanpctj 
adherend) to collimar motion with respect to  the fixed rai ls  (and clampc?d 
adberend). The reeults are nearly unicorn stress and strain distribution and 
the reduction of normal stress in the adhesive layer under load* A known 
mount of uniform tensile or compression force can k applied to the adhesive 
layer by the shear tool i n  order t o  develop a fracture criterion for the 
adhesive under combined states of stress, such as shear plus tension, or shear 
plus compressionr which commonly occur in  bonded structures* The  basic output 
of! the practice is the bond shear strength deterrained as the shear stress a t  
f ailurt?, and the stress-strai n diagram detenainfzd from t h e  plot of load on the 
shear tool versus the shear displacement of the bond line* Bond strength and 
khe stress-strain diagram may be obtained for  a variety of environmental and 
loading oondit ions r 

13'2.78 &STH E229-70 (1981); Standard rjrest klethod for S H W  STRfSl?GTH ALJI) 

SHEAR tlODUWS OB STRUc!ZURAL AI)HESXVES8 7 pp* ASn4 Committee D-14 on Adhesives* 

T h i s  method covers t h e  determination of the shear strength and shear modulus 
of! etructural adhesives as they occur in  thin gluelines restrained by the 
relatively higher-modulus adherends. 
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The test is intended f o r  high-nodulus adbetends l i k e  wost s t r u c t u r a l  
metals. Yhs specimen c o n s i s t s  of two l a r g e  loading blocka with a t b i n  narrow 
r ing between than. This simulate8 t h e  torque loading of a large-diameter, 
thin-walled tube. Between t h e  loading block8 is an adbetend tfng made of t h e  
m a t e r i a l  under test. The load block i e  f i t t e d  with an a l i g m e n t  s h a f t  and a 
s u i t a b l e  pin/ j i g  arrangement t o  apply torque t o  t b e  adherend ring area  of t h e  
spec inen. 

I n  t h e  method, t o r s i o n a l  shear  f o r c e s  are appl ied t o  t h e  adheeive through 
t h e  c i r c u l a r  specimen, producing a peripherally unif onn stress d i s t r i b u t i o n .  
The uaxinuw s t r e s s  i n  the adhesive at  f a i l u r e  r e p r e s e n t s - t h e  ebear s t r e n g t h  of 
t h e  adhesive. By measuring t h e  adhesive s t r a i n  a s  a func t ion  of load, a 
s t r e s s - s t r a i n  curve can be es tab l i shed .  T b  test specimen should be made f r o n  
t h e  sane m a t e r i a l s  a s  a r e  t o  be used i n  prodqction. Production cleaning and 
bonding processes  should be used when appl icable .  

13.3 Federal  ~ e s t  Methods, ( 2 )  

13.3.1 Federal  rest Hethod s tandard NO. 11%. *Adhesives: nethods of 
Testing., September 1, 1983. 25 pp. This dwunent  c u r r e n t l y  c o n s i s t s  of only 
four  ( 4 )  test methods. The la rge  nur~ber of t e s t  wothods i n  e a r l i e r  issues 
have been replaced by AS294 metbads. Tbe cur ren t  f o u r  methods a r e  as follows: 
The standard i n d i c a t e s  t h e  ASTd nothode superseding each of t h e  old methods, 

1 3 . 3 . 1 .  I Method 1081. FLEXIBILITY OF ADHESIVES, 2 pp. 

This  aethod provides a m a n s  f o r  determini* t h e  f l e x i b i l i t y  ( e l a s t i c i t y 1  of 
s i n g l e  f i l m s  o r  systems of f f l n s  of adhesivcrG. A uniform coa t ing  of t h e  
adhesive is appl ied t o  t h e  c l e a n  surf  ace  of t h e  test panel o r  coat ing systen.  
The adhesive is dr ied  and t h e  test panel than placed with t h e  adhesive s i d e  up 
on a mandrel of s p e c i f i e d  diamtr?: at a point equal ly  d i s t a n t  f r o n  the  toy and 
batt>r.a edges of t h e  panel. The panel is then bent double /1800) or 900, a s  
spec i f  fed i n  t h e  m a t e r i a l s  syecif  i ca t ion ,  i n  approxinately one second. The 
specinen is then checked f o r  cracks,  f l a k e s  Bnd chips ,  

13.3.1.2 Method 4032.1 ASH COidTElJT OF ADLIESIVES, 4 pp. 

These two procedures, A and 8, a r e  intended f o r  use i n  measuring t h e  ash 
content  of adheeives. They a r e  not applicabke t o  adhesives conta ining 
decomposable s a l t s ,  such a s  zinc chlor ide .  Procedure A is for u s e  of a g lue  

* o r  s t a r c h  adheeive, or one where t h e r e  is no danger from t h e  nonvola t i l e  
content  forwing a rubbery residue when igni ted.  Proceclure 0 employ8 n i t r i c  
ac id  t o  prevent  t h e  nonvola t i l e  res idue f coin being transformed i n t o  a viscous 
£ o m  when ign i ted .  Procedure A uses a c r u c i b l e  with a capac i ty  of 30 cl o r  
nore. A n u f f l e  furnace kept a t  550-600% (1022-11120~) is used t o  c-ust 
t h e  sample. Procedure B uses an evaporating d i s h  of 150-m1 capac i ty  and a 
muff le  f urnaca kept at 600°c (111ZoP). 

13.3.1.3 Method 404161. GRiT OR LUMPS (08 UNDISSOLVED MATTERI IH 
Al)HESIVEG, I pp. 
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T h i s  ~ te thot i  is f o r  de t s rmin iag  whether an  a h e s i v e  a l iquid,  water-based 
adhes ive  sucb  as s t a r c h ,  d e x t r i n ,  c a s e i n ,  l a t e x ,  or r e s i n  base c o n t a i n s  g r i t 0  
lunl ,sO o r  undisso lved  matter. Unless  otberwiise specif id, apirroximately 10 
grams of  t h e  adhes ive  material are used i n  t h k  test. The adhes ive  c q o n e n t s  
a r e  wired i n  t h e  p rope r  p r o p o r t i o n s  and a t b i ~ n  l a y e r  of t ba  r e s u l t a n t  adhes ive  
product is applied to a sheet of white bod paper. ?be sheet is placed 
Cacct-doun o n  a piece of y l e s s  and r o l l e b  w i t h  a paper or p r i n t  r o l l e r  t o  
e l i m i n a t e  a i r  bubbles and wr inkl ing .  The s h e t  is t h e n  f e l t  by hand t o  
de t e rmine  any uneveasss caused by g r i t  of undisso lved  natte:. 

13.3.1.4 nethod 1052.1 ODOR TEST POR ADICISIVES, 3 py. 

T h i s  method i s  conpletsly d i f f e r e n t  f raa thr? ear l ier  netboil 4051. In t h e  
method 20 grams of adhes ive  eanple arc p laced  i n t o  a wide-mouth g l a s s  bottle, 
covered  w i t h  aluninurd f o i l ,  and t h e  cap screwed on. n he bottle wi tb  saaple is 
t h e n  aged fo r  a t  l e a s e  24 hours a t  7 3 0 ~  (23%) and 50% W, a long wi th  a 
c o n t r o l  con ta in ing  a r e fe rence  adhes ive  known to  have an  acceptable odor. 
d e a t i n g  to  h igher  tempera tures  f o r  2 hours or longer  may be used. The b o t t l e s  
are t h e n  opened and smp?llr?cl by a p a n 4  of at least f i v e  members. The smplr? 
is r a t e d  as  to  whether the odor of t h e  test gdhes ive  is less than,  equal  t o ,  
o r  g r e a t e r  than  t h e  r e fe rence  m a t e r i a l .  
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Chapter 14. QUALITY CONTROL 

14.1 1,ntrocluction. Processing control and quality control are usually 
the f inal  considerations i n  the design of an adhesive-bondi ng systeaa. rhese 
decisions are very important, however, because they alone Nay: 

1. restrict the degrees of freedom i n  designing t h e  end product 
2. widen or narror? the types of adhesives that can be considered 
3. aEEect the quality and reproducibility of the joint 
4, aff eot the total assembly cost. (1) 

A flow chart of a quality-control system for a major aircraft manufacturer 
is shown i n  Figure 45, Phis  system is designed to  detect substandard bonds 
before they are shipped, and to reconmend methods of correcting the causes, 
It  aorjbines nondestructive Pokker tests of individual joints wi th  rigid 
controls over proceBs operations, and destructive tests of sample bonded parts 
and test  speohns. The level of quality control applied to a particular 
bonded assenbly depends won its structural requirenents. cri t ical  joints are 
controlled by high sampling levels for destructive testing, and t i g h t  
acceptance requirements, Less cri t ical  bonds are controlled by less stringent 
procedures. 

The f i r s t  phase of the quality-control syatm outlined i n  Pig. 45 controls 
the quality of adhesive material and adherend details making up the joint. 
Inspections and tests are performed upon incoming materials to  assure their 
meeting acceptance requirelgents. Shortly before use, destructive tests ( i n  
which the test  specimns are damaged) are conducted on specillttns bonded with 
each particular batch of adhesive to be used, to  insure their capability of 
developing bond strength after proper cure. Carefully controlled storage 
insures that on1 certified adherend details and adhesive materiala are used 
i n  each. joint. (2  'i 

Rigid process control8 insure that each batch of bonded joints receives 
proper processing during the surface preparation, fabrication and curt? 
processes. Surf ace preparation processes are controlled witb respect to 
te~peralure and composition of baths and iguaersion time of parts, which are 
followed by inspection of treated faying surfaces to determine wettability. 

. , Fabrication operations are regulated by process controls in conjunction wf t h  
t s s t B  and ~ O n t r o l ~  over dimensions, alignment, and pressurization provided by 
the tooling. Cure conditions are generally controlled by incorporating 
thermocouples into the glueline to monitor actual cure temperature and tine. 
Although tbeae rigid controls do not completely assure prctper processing, 
there ie  a high level of assurance that each batch of parts is processed to 
develop aaceptabie bond quality i n  the lot.(2) 
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FIGURE 45. dlov chart of a quality-contml system for adheaioa 
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!i!est coupons, or preferably extensions of the actual parts, pass through the 
entire bollding process with the particular l o t  of assemblies they represent, 
Ybese specinens are destructively tested i n  sbear, tension, or peel [see 
Chapter 13 for test methods applicable), and the strength of each joint wi th in  
the lot is asswed t o  be that: of tbe accompanying test specinens. vest 
spe~iYt'I~n8 having substandard bond strength cause rejection of the  entire lot. 
I n  addition, destructive tests are conducted to qualify t h e  f i r s t  article 
produced, and subsequently upon a sainpling of assemblies, produced froa each 
piece of tooling during the production run, to insure that tho process and 
tooling remain under control. Phese prooesar control and saaspling methods are 
capable of detecting discrepancies affecting the entire lot of assc3rablies8 but 
cannot evaluate factors affecting individual joints  or specific areas of a 
particular joint. (2)  

Incorporating the nondestructive Fokker test  method into the inspection and 
teat 8yste1n provides the capability of evaluating many of t h e  factors 
afPecting bond strength of individual joints. (2 )  

The major limitation of existing quality-control systens for adhesive 
bonding is lack of ability to detect weak bonds caused by local areas of poor 
adhesion. The major causes of such discrepancies are inadequate surface 
pmparation i n  particular areas, nonholaogeneous adherend surfaces, or 
contanination of prepared adherend suz2aces or adhesive faaterial during 
processing. Process controls are incapable of detecting weak bonds caused by '  
such discrepancies. T b  incidence of subatanilard bonds can be decreased by 
rigid controls over materials and processes, and by particular care being 
taken by prduction personnel. such wethods are not: capable of providing 
~~rjt?lett? assurance of high-quality bonds. yhe solution to t h i s  problem would 
be the developnent of a nondestructive test  aethod capable of neaauring tbe . 

pro~ert ies  off ailhesive-adherend interfaces and the adhesi on of films to 
ailherenil surfaces. U n t i l  such a nondestructive test netbod is developeit, the 
present cornbination of rigid process controls, destructive tests of speciuens, 
and nondestructive tests of each oomplsted joint, w i l l  remain the most 
reliable means of assuring the quality of adhesive bonds and bonded 
structures, (2)  

14.2 Znc~Ii%inlf material control. Quality control starts wi th  the receipt of 
raw materials, such as adhesives and catalysts. The yurchase order normally 

,$ief?ines the riquireil quality properties of-the witerial by virtue of an actual 
statement of xequfrensnt~r or by what is called out i n  the llaterial 
Specifi~ation. 9he inspectiou requirements are norinally specified i n  the 
Material. Elpeaif ication a Quality Acceptance Tests ox as Receivf ng Inspect Lon 
Reyuireurents. (Military and Federal specifications on adhesives are listed i n  
Chapter 17). (3 )  

14.2.1 ,,containers. The f i r s t  inspection requirement is normally tho  
condition of the container. ?he following Ltems should be looked for when 
inspect ing tbe container. ( 3) 

o m. Physical ilanage to  a container of E i l m  adhesive can rupture its 
sealed wrapper, allowing moisture, dirt,  etc. to reach and contaminate the 

. adhesive. Damage can render a pail of l i q u i d  masure- unusable i n  
autonakic neasuring equipnent. 
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o Leakage. Leakage of l iquid adhesive components can change the r a t i o  of 
the  ca ta lys t  t o  the base res in  if premeasured k i t s  a re  iavolved, It can 
a l so  resu l t  i n  the receipt of less material than t h e  purohaser .needs and 
is paying for .  

o Identification.  Ident i f icat ion of a container should include: 

a Product number 
o Manufacturer's nane 
o Date of manufacture 
o Batch of l o t  numbers 
o Shelf l i f e  
o Hecomigended storage conditions 
o lanufacturer ls  instructions f o r  use 
o Safety precautions 

14.2.2 Adhesives. Inawing adhesive laaterial control  includes two types of 
tes ts :  physical properties, such as percent flow and ge l  tin@# and percent 
volat i les ,  tha t  a re  of in te res t  t o  the process engineer i n  assuring the bond 
quality. For example, t h e  t e s t  on percent flow is of value i n  maintaining t h e  
bonding process so the adhesive flow wn8 t be too great, which could cause a 
t h i c k  or inadequately f i l l e d  -bdr*1.   eat methods used - for  p-1 
properties include the.. following, which are described- i n  Chapter 13; . 

. . 

Rubber Cement (includes test methods on adbesioh-stength, 
bonding range; softening pbtnt, cold flow, viscos;ttyt cold 
br i t t feness ,  'density; and p l a s t i c  deformation,) 
Applied Weight Per Unit Area of Dried Adhesive Bolids 
~ k l i e d  Weight Per Unit Area of Liquid Adhesives 
V$scosity of Adhesives 
Storage Life'of Adhesives by ConsLstency and Bond strength 
Amylaceous Etatter i n  Aahesives 
W ~ n ~ ~ l a t i l e  Content of Aqueous Adhesives 
H ~ n ~ ~ l a t i l e  Content O f  Urea-Formaldehyde Resin 8olutions 
F i l l e r  Content of phenol, aesorcinol and lielamine Adhesives 
NonvolatiIe Content of Phenol, Resorcinol and NelarnLne Adhesives 
Hydrogen Ion Concentratin of D r y  Adhesive Filras 
Water Absorptiveness of Paper L a b e l s  (not on adhesives, but 
adhesive-related) 
Density of Adhesives i n  Fluid Po- 
penetration' of Adhesives 
Plow Properties ofi Adhesives 
Apparent Viscosity of Adhesives Having Shear-Hate-Dependent 
Plow Properties 
Pressure-Sensit iye Tack of ~dhes ives  Using an ~nve r t ed  Probe 
~achi'ne' 

. rack of Pressure-sensitive Adhesives by Rolling Ball 
Viscosity of Hot Melt ~dhes ives  and Coating Materials 
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Federal Test  method^ Standard 110, 175D; ~dhesives : Nethods of 2esting 

lalethod ' 1081 Flexibility of Adhesives 
Method 4032.1 Ash content of ~ d h e s i v e ~  
Method 4041.1 .'Orit or Lumps (or Undissolved Matter) i n  Adhesives 
Metliocl 4051.1 Odor Test for Adhesives ' . 

Vha mechanical properties of the inconing naterial are of interest, since 
they are indicative of the structural results t o  k obtained i n  the final 
bonded asseably, The  various tests and requirements for mechanical strength 
properties of struotutal adhesives are adequately described i n  various 
specifLcations and standard tests methods described i n  Chapter 13. The test 
methods covering nechanical strength properties (including durability, 
f lex ib i l i ty  and fatigue) are as follows: 

ASf%! DB97, D903, D9058 D906, D950, D1002r ~10628 Dl1448 
Dll84, D1344, D1781, Dl8768 D20950 D21828 D2295, D23390 D25578 
D2558, D2918, U291gr D31f10 031638 D3164, 031658 D31660 D31678 
83527r D35280 D3568, D37620 D38078 D38080 D3931, D4027, 8229 
Fed. ~ e s t  Ilethod std. No, 17533, Method 1081. 

Other miscellaneous propert iesr including creep, are covered i n  the 
following: 

14.3 8urf ace prsaration control, The second step, after detemining the 
quality of f ncoming materials, is adherend surface preparati on. Surface 
preparations must be caref ully controlled for reliable production of 
adhesive-bonded parks. Adherend surface preparation is discussed i n  
considerable detail i n  chapter 5 and i n  chapter 12  (section 12.3) on 
Msldbonding. Section 5.1 discusses qualf ty cont to1 aspects to  ssowe extent. 

If a che~ica l  eurface treataent is required, the process must  be rwnitored 
for proper sequencer bath temperature8 solution concentration, and 
contaninants, If sand- or grit-blasting is anployed, t he  abrasive nust be 

' changed regularly. An adequate supply of clean wiping cloths for solvent 
cleaning i s  also required, Checks should be made to determine if cloths or 
80lvsnt containers have been contaminated, The specific surface preparation 
used can be checked for effectiveness by the water-break-free test  dasaribed 
i n  5.3.3.1. AEter the final treatment step, the substrate surfaae is obecked 
for its ability to  Eom a continuous fib of water when deionized water 
dropleks are applied to  the surface, Mter the adequacy of the surface 
treatment has been determined, precautions must  be taken to  assure that the 
substrates are kept clean and dry u n t i l  bonding. The adhesive or riner 
should be applied to  t h e  Lreated surface as quickly as p ~ ~ s l b l e . ( l  P 

14.4 $recess control of. bonding, I n  addition to  surface preparwtiont 
considered i n  14.3, production oE adhesive-bonded ljarts involves (1) prefit, 
(2)  adhesive ' applicatioq, (3) asscsRlblyr and ( 4) cure. 
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14.4.1 Prefit. A l l  de ta i l  parts-must be dry-fitted together t o  insure a 
close contact: of the Eaying surfaces. sf two or more detai l  parts do not fit 
prior to being bonded, they are not IikeZy t o  f i t  well enough after  k i n g  
bonded to produce a good joint. 1 f . a  high production rste exists  where a 
reproductible f i t  accuracy can be established, the pr&it can sonekines be 
omitted. First-article f i t s  can be checked by using tobl-proofing films which 
produce an imprint or image of the joint f i t .  T h i s  can greatly reduce t h e  
risk factor or poor f i t  where expensive or cr i t ica l  components are involved. 
After pref i t conditions are verif i id, each detai l  part ' f i t ted  in that assembly 
should be identified as such t o  fac i l i t a te  mating of those speciffc~parts  - 
after adheslve application. Process-control tes t  panels or excess' tag end 
portions'of the assembly should be included 'wi th  the k i t  of prefitlied detai ls  
a t  t h i s  point and verified a t  the time of prefi t  inspection. ~ W s e  process- 
control tes t  specimens nust be processed through a l l  operatibns sirnriltaneously 
with tbe end product. They sbould b.a! tested after curing t o  verify the 
adhesive batch, surf ace preparation, and other processing conditions used on 
that end itc?la.(3) 

14.4.2 adhesive application. ~ o s t  structural f ilra adhesives require a 
primer to protmt: prepared surfaces, resist  peel loads, and promote wetting of 
the substrake sur£aces by the adhesive when low-flow adhesives are involved 
(see Primers, Sect. 5.21. Adhesive p t h e r s  are usuaIly spray-applied by'ai t  
or by airless spray systems. Roller or brush application is sope,times'us& on 
small areas, or where spray equipment is not available. Tbe p r h e r  coat m u s t  
be air-dried and sonystims oven-bdked to remove solvents. %he' thickness of 
the prirae coat will usually affet the adhesive bond strength. and must be 
controlled and verified. Th i s  is usually done by periodically certifying the 
primer applicat6r and by monitoring part primer thickness af ter  drying.(3) - . *  . 

Film adhesives are applied by removing a paMr or plastic separator/ 
protective f i l m  and laying the adhesive on the faying sirdace ~ o o t h l y ,  taking 
care not t o  allow wrinkles t o  develol, nor a i r  to  becone entrapped betwegn the 
adhesive and thii  substrate surface. A common worktuanship error is made by not 
removing the separator f i l m  before assembly of the detail  parts. Some bonders 
ut i l ize special check-off points t o  insure separator f i b  removal. 

The batch nunber, lo t  number, time-and date of application and adhesive type' 
should be logged with the inspection record for traceability should a fai lure ' ' 
occur, ' The shop-lif e expf ration date and time should also be logged to, aid- i n  
controlling assembly and care of adhesive-coated parts within the prescribed 
working l i f e  of the adhesive. (3 )  

14.4.3 Assembly. The adhesive-coated detai l  parts are usually joined i n  a 
tool or holding fixture, Cleanliness and proper preparation of the twls 
should be verified., Fine limits on the surface preparation, pot l i f e  of the 
adhesive, and remaining time during which the adhekive must  be cured ne& 
verification a t  the gbint of assembly. (3)' 

Assembly of detai l  parts in - the i r  proper sequence and fit should be 
verified, ~aintenance of Llaanliness' and atmosphere control is 'important. 
The atraosphere t o  which the parts and t h e  ghesive are exposed must  be 
controlled fron'the time t h e  de ta i l  parts are prepared for adhesive 
application u n t i l  the cure is ini t iated,  'controlling the atmosphere normally 
involves : 
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( 1) keeping the temperature between 65-30oF (18-320~) 
(2) keeping relative hmidity between 20% and 65% 
(3) filtering of a l l  incoaing a i r  to preclude airborne contaninants 
( 4) aaintaining a slight positive pressure differential between t h e  

controlled enviroment area and a11 surrounding areas. 

Yemnperature and humidity indicators of the recording type should be u s d  for 
verification, (3) 

14.4.4 Curlq. Curing an adhesive i n  any joint is usually a the- 
tt?ittp@ratUre-pE@BBUre function* Regardless of t b e  means of controlling each of 
tl~eae three variables, the documentation-verification mans are basically the 
same. Controlling the length of cure tine can be by manual or autoamtic 
timing devices. Verification is usually documented on a cure chart taken from 
a tt?mperatUrct and/or pressure recorder; recordings of pressure and temperature 
are obtained in the  same manner. (3 )  

Fhe facil i ty for applying heat raust be certified for its basic capabilities 
and unifar~ity with respect to its intended use. Poinks that auet be 
considered are; ( 1) heat-up rate, (2) uaximwa temperature limits, (3) 
temperature range or spread during heat-up and at cure temperaturesr and (4)  
cool-down characteristics. T h i s  certification should make the facts clear as 
to  the Curing Eaeility. %he same degree of verification is needed for the  
pressure characterieation of the facil i ty if it is an autoclave, a vacuum 
sys te~ ,  ow a press. (3)  

14.4.5 Standard test  s~eciraen, It Is very desirable to fabricate a 
standard test: spwhen i n  the  same cycle as the  part being bonded. Phis 
spaciaen should be designed for a test src3tbod thak is indicative of the  prime 
structural loading requirement. Por example, if the cri t ical  i te? is normally 
loaded i n  tensile shear, the specimen should be of the lap-shear type. 

14.5 Pinal inspection 

14.5.1 ,aem.r.al. After the adhesive is cured, the joint  area can be 
inrrpected to detect: gross flaws or defects. Z h i s  inspection procedure can be 
either destructive or nondestructive i n  nature (See section 54.1 Eor general 
discussion of the testing procedure for quality control). DfStructi~e testing 
*generally involves placing sanples of the production run i n  siraulated or 
accelerated service and deterdning if it has properties similar to  a specimen 
that is known to have a good bond and adequate service yerfomance. !the 
causes an4f remedies for gaults revealed by such mechanical tests are described 
i n  %able XLTII. section 14.2.2 lists the-destructive (meohanical) tests that 
can be aarrisd out on adhesive bonds, Nondestructive tests are far  aors 
econoaical, and every assembly can be tested, if desired.(l) 

14.5.2 Nondestructive tests 

14.5.2.1 pisual inepeetion. Visual inspection, with the help of a strong 
l i g h t ,  can be used to  detect gross flaws and defects. Table xLIV lists the 
characteristics of faulty joints tbat can be detected visually, %he ritost 
difficult to  detecrt by any means are tbose defects related to  improper curing 
and surface treatments. For t h i s  reason, great care and control w e t  be given 
ko audace-preparakion procedures and shop cleanliness. (1) 
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14.5.2.2 Sonic methuds 

14.5.2.2.1 Fap test. One of t h e  f irst  methods used to . eva lua te  the  
soundness of an  adhesive-bonded s t r u c t u r e  was t h e  t a p  test, i n  which a coin is 
used as a special tapping hatamer. I'he experienced i n s p m t o r  analyzes t h e  
r e su l t ing  tone. Tone d i f ferences  ind ica te  incons i s t enc ies . in  t h e  bonded 
jo in t .  Sharp, c l e a r  tones ind ica te  t h a t  adhesive is present  and adhering t o  
the  s u b s t r a t e  i n  some degree; du l l ,  hollow tones  i n d i c a t e  a void or unattached 
area. some ilnprovenent i n  t h e  t a p  test can be achieved by using a solenoid- 
operated harnnrer and a microphone pickup. The resu l t ing  electrical s i g n a l  can 
be analysed on the  basis of amplitude and f r e q a e n ~ y . ~ ~ ) ( 3 )  

14.5.2.2.2 Sonic resonator. Vhis technique uses a v ib ra t ing  c r y s t a l  t o  
e x c i t e  a s t r u c t u r e  acoust ica l ly  a t  sonic frequencies (5-28 KHz). The elastic 
p roper t i e s  of t h e  s t r u c t u r e  a r e  changed by unbonds o r  o the r  s t r u c t u r a l  
defects .  Result ing changes i n  t h e  c r y s t a l  loading are processed 
e l e c t r o n i c a l l y  t o  ob ta in  an e l e c t r i c a l ' s i g n a l  f o r  d isplay  o r  recording. The 
technique 'can be us& t o  test bonded honeycomb s t r u c t u r e  without regard t o  t h e  
ma te r i a l  of e i t h e r  t h e  facing sheet  o r  t h e  honeycomb cure. It- requires 
comparison standards and a l iqu id  f o r  coupling t h e  probe t o  the specimen. The 
apparatus used is ca ab le  of detec t ing  unbonds. crushed core, f r a c t u r e  core, P and water content.  ( 5 

- .  
14.5.2.2.3 Mdy-sonic test method. %!his nethod is based on the phenomenon 

t h a t  a nechanical  force is inherently associated with flow of &dy currents .  
since the eddy current f i e l d  is t b L v a r i a n t ,  the n e c b n i c a l  force fs also 
time-variant. ghus an acoust ic  v ibra t ion  can be induced i n  t h e  proper 
smple. Yo use. t-h$s p r inc ip le  as an 1IDT technique f o r  boneycornb materials,  
some cons t i tuen t s  must be electriea*lly:conductive. The major advantage is 
t h a t  no liquid-knergy coupliant  is needed. s i n c e  air se rves  as a sa t i s fac to ry  
coupling medium. The system is u s e f u l 3 o r  de tec t ing  both near-side and 
far -s ide  unbolldls i n  t h i n  honeycomb s t ruc tures .  f t  can a l s o  be used t o  de tec t  
crushed core, Fractured core and voids i n  t h e  adhesive. 

14.5.2.2.4 Pulsed eddy-sonic test method/~hurtronic harmonic bond t e s t e r ;  
This method can detect both neat-side and far-sirle unbonds i n  marly types of 
honeycomb and laminar 's trgctures.  1t can a l s o  d e t e c t  crushed core, f rac tured  
core, and excessive adhesive build-up i n  repaired s t ruc tu res .  A t  least one of 

" t h e  su r faces  must be e l e c t r i c a l l y  conductive t o  some eztent .(5j  

14.5.2.2.5 &rvin  acoust ic  analys is  systea. 2 h i s  is an i nd ica to r  system 
which proituces and d e t e c t s  acoust ical .  v ib ra t ions  i n  metal surf  aces. It is 
useful  f o r  bond inspection of alukiinuw honeycomb materials .  Wo acoust ic  
coupling i s  needed. 
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%BL8 XLIXI. %lte i n  ad hes.i.vci-.bonded jo&t:s revealed by mechanical testa, ( 1) 

Paulti: cause Reaedy 
-Y' 

!?kick, uneven glue Clamping pressure too low Increase pressure. Check that clamps 
line are seating properly 

No follow-up pressure Moclify c l a q s  or check for freedou of 
moving parts 

Curing temperature too low Use higher curing temperature 
Check that temperature is above the 
minimum specified throughout the 
curing cycle 

Adherrive exceeded iiss Use fresh adhesive 
shelf life, resulting 
i n  increased viscosity 

Adheaive residue has Excess a i r  stirred into 
spongy appearance adhesive 
contains bubbles Solvents not completely 

d tied out before bonding 

Adhesive material contains 
volatile constitutent 

A low-boiling constitutent 
boiled away 

Voids i n  bond (i.e., Joint surfaces not groper- 
areas that are not l y  treated 
bonded), alean bare 
net:aY. exposed, 
adhesive failure 
at: interface 

- Resin Iaay be contaninated 

Uneven clamping pressure 
substrates distorted 

Vacuum-degas adhesrive before 
application 

Increase drying time or temp- 
erature. Wake sure drying 
area is properly vent i latsd 

8eek advice E m  manufacturers 

Curing te%tperature is too high 

check treating procedure; use clean 
solvents and wiping rags. Wiping 
rags ~lrust  not be made fro@ aynthetidi 
fiber. lake sure cleaned parts arc 
not touched M o t e  bonding. Cover 
stored parts Lo prevent: dust: f ron 
settling on then 

Replace resin. Check solids 
content. Clean resin tank 

Check clamps for distortion 
Check for distortion; correct or dis- 

card distorted components. If d is-  
torted components nust be used, try 
adhesive with better gap-filling 
ability 

Adhesive can be Adhesive not properly Use higher curing tearperature or 
softened by beat- cured extend curing time. Temper- 
ing or wiping aturs and tine muat be above 
with aolvent: t he  minimm specif i& through- 

out the curing cycle. Check 
'mixing ratios and thoroughness 
of mixing. Large parts aak 
as a heat sink, necessitating 
larger cure times. 
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T ~ L E  &IV. Fau l t s  i n  adhisive-bonded joi!lts revealed 'by ' v i sual  inspection, ( 1) - - . .. . . . . - . .- . - - .  

Fau l t  .cause Remedy ' 

No appearance of . - ~ l a n p i n g  .p ressu re  too l& . rncrfiase . pressure. , Chack t h a t  
adhesive around clamps are ssa t ing  properly 
edges of j o i n t  o r  starved j o i n t  .~p~ ly .more ' a i lhes ive  i -  
adhesive boqd l i n e  curing t e~npera tu re - too  lbw Use higher curing' t tkpefa tu ie .  
t o o  t h i c k  .Check t h a t  tesaperature is 

- abotje the  minimum ~pecified . . 

adhesive bond ' l i n e  e l w i n g  pressure  t& ~ 6 s s e n  . -pressure. . . .  
t o o  t h i n  high 

Curing temperature t o o  Use lower curing temperature 
h igh.  

Starved jof  n t  , Apply 'nore. adhesive 

Adhesive f l a s h  breaks ~mpioper  su r fac9  tieatmerit ch9k- tre$ting pkocedurg; -use  
easily'away from . . - clean solvents  ant? wiping 
subs t ra t a  - tags. ' Hake su re  cleaned 

pirts atea-not t o u c h 9  before 
.bb i ipg  . . 

Adhesive f l a s h  ;1;8 Excess air skirr& _. .Jato . vaqam&3egas adhesive before 
excessively :porous adhesiv4 ' . appl tea t ion  . 

Solvent not co*letely 1nbrease drying time o r  temp- 
d r i ed  ou t  before &ad- . e ra tu re  - 

A d d s  joe n a t e r i a l  ?eogeains ..seek advice. f ron nanuf a c t u r e r  
v o l a t i l e  cons t i tuen t  - . .. . .. 

Adhesive f l a s h  can be Adhesive not properly U s e  .higher curing temperature 
s o F t e d  by heating cured' -or  exkencl curing time.. 
o r  wiping with ' ' ~ ~ k i a t u r e  and-time must be 

, solvent  - above minim* specified. 
. 'Check miring ' 

. . - .  

14.5.2.3 Ultrasonic m6tM.s. U l t r a s ~ n i c  . tes t ing  '&isically measures the  
response of t h e  &oded jtbint t o  - loading by ~low-pow~e u l t r a son ic  cnergr..(?) 
filkrese methcjds appear t o  be' particularrlJi s u i t a b l e  f o r  the .  de tec t ion  ' o£ . . unbonds of 
t h e  f b ~ l o w i n g  types : (5) 

o ~n&)lida between t h e  fac ing ribeet to @hesi&..inkrfaces. - .  i b  ' honeyc~m~ 
st 'ructures 

o, Unbongla .between t h e  adfr fz s iv$~&~re : in ter fac$s  in.  honeycab s t r u c t u r e s  
~nbbrids between adherends i n  &lhesiv@-bond&i laminahe' b t r u c t u q ? ~  

a 
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14.  5 2 3. 1 U l t  rasonlc pulse echo and. contact impedance test  in%. The 
contact impedance technique is based on the fact that when a vibrating crystal- 
is placed i n  a compusite structure, the characteristic impedance or elastic 
properties of the struature deternine the aanner i n  which it is loaded. 
Changes i n  loading w i l l  change the anplitude or phase of the crystal w i t h  
respect to  the applied voltage. Such a change can be indicated by a suitable 
meter readout, or can be displayed on a cathotfe ray tube ,  The pu1.se echo . 
technique can be evaluated by observing energy reflection from defects and 
fraa the back surface of the structure under inspection. These methods can be 
used to  detwt unbonds in honeycomb and laminar structures. !they can also 
detect cmtshad ooze, f racltured Core, and adhesive build-up Ln repair areas. A 
disadvantage oE both methods is that their response to a completely unbonded 
area i n  a honeycomb panel is difficult to differentiate .Prom some other 
anorwly. Hater, for example, shows the sane response as an unbond.(5) 

14r5*2,3r2 Sweep-frequency resonance mthoil (Fokker bond tester is an 
~ x a ~ ~ l e ) . .  ?hie na6thod has the advantage .of y roducing a quantitative estimate 
of bond strength i n  mehal-to-netal and metal-to-core structures. as we11 as 
similar structures made f r m  nometallid ~a te r i a l s .    he energy that is 
introduced into the stlcucture is varied over a wide range of frequencies; the 
resonance set up by the probe, Pace sheet, adhesive, and the reminder of the 
structure is observed. (3 )  2he Fokker Bond ?ester is; believed to  he the only 
system ~UrrentlY capable of providing an accurate direct quantitative reading 
of the quality of an adhesive bond.  he principle is that when a crystal 
resonating at  its natural frequency is placed on a composite structure, the 
charaateristic hnpsdance or: elastic properties of the structure deternine the 
manner i n  whiah it is loaded. Changes i n  loading are shown by the combination 
of the two i nstruri\ent readings, resonance" frequency s h i f t  and a change i n  
amplitude of the resonant frequenay. Such a change is .indicated by a meter 
readout and Cfibrplayed on a cathode-ray tube, A l i g h t  o i l  is used as a 
coupliant. 9he'Pokker Bond Pester has been successful i n  deterraining 
nearwide unbonds i n  a wide variety of adhes2vely bonded structures, It does 
not give good results i n  detecting unbonds i n  honeycomb panels with laminated 
facing sheets, Besides unbonds, it detects crushed core, fractured core, and 
voide i n  the adhesives, (5) The Pokker Bond nethod is rnost sensitive to 
properties whiah physically affect adhesion. such as voids, porosity. and 
incomplete wetting, It is not capable-of detecting inco lete cure, poor Y surf ace preparation, or contamination of the interface. ( 1 

14~5r2r4. Liquid crystals. Cholesteric liquid crystals are co~pounds that 
go through a transition phase wbere they possess tbe  flow cbaract;erfstica of a 
liquid, while retaining much of the molecular order of the crystalline solid. 
Since liquid arystals have the- ability to  reflect iridescent colors. depending 
on the temperature of their environment, they may be applied to  .the surfaces 
of bonded asseablies and used to  project a visual color picture of minute 
thermal gradients assoaiated with bond discontinuities. Cholesteric crystals 
are potentially a ~ i w l e ,  reliable, and economical method for evaluating bond 
defects i n  metallic and nometallicr composite structuree. ( 6) Materials with 
poor heat-transfer properties are d i f f i c u l t  to  test  by t h i s  technique, and the 
joint: must  be accessible f ron both sides. (1) 
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14.5.2.5. tlolographx. The science of bolographi has a l so  been used f o r  IJJ)TT 
of adhesive bbnds. Holography is a inethod of p r o d u c i e  photographic 'images of 
flaws and wide, us ing  coherent l i g h t ,  guch as tha t  produced by a lase r .  The 
major advantage of holography is t h a t  it ,photographs successive "sfices8 
through. t h e  scene V O ~ ~ U I I ~ ~  A- true three-Ct'JwensiolSal h a g s  02 a defect or void 
can then be reconstruct&d~ it 36' now possible, using stored-beam 
ho l~graphf  c techniques, t o  make real- t ihe d i f f e r e n t i a l  i n t e r f  erosret ric 
measurements t o  a precis ion of t h e  o ider  of ane-millionth of a dentirneter on 
ordinary surfaces. ' A simple method of inspecting bond&,pan@ls i s  t o  place 
thea  horigontal ly and t o  apply a thzn sand layer on the  upper surface. When 
t h e  -panel' is vibrated, a~ qnbonded areas  w i l l  be revealed -by the. patkern 
redult ing f roa the-hovement of' t h e  sand -par t ic les .  Bond qua l i ty  can a l s o  be 
determined by rnaking c i r c u l a r  c u t s  through one adherend dbwn t o  t h e  bond l i n e  
i n  a'zone where t h e  s t r eng th  of t h e  .as$enbly w i l l  not be affect&? The disks  
a r e  pr ied  out t o  expose t h e  adhesiire t o  v i sua l  inspection. Plugs may be 
inser ted  l a t e r  i q t h e  cut-outs. I n  c e r t a i n  cases, test meciaens are treated 
and bonded s i l~ul taneously  with t h e  productian p a r t s  undhr t h e  same conditions. 
These spectinens a r e  then t e s ted  f p r  s t r+ngtht (6)  

~ o l o g r a p h i c  techniques are well-known f o r  t h e i r  a b i l i t y  t o  measure - 
difkerentia1'~isqlacements. l h i s  property of holography makes it a useful  
t o o l  f o r  det&king nonbonds i n  lamina.  s t ructures .  ff s k Q  a . s t r u c t u r e  iti 
st resseif- by any of severa l  means (heat,  d i f f e r e n t i a l  pressure, or Gchanieal )  , 
then the. displacenent of t b e  surface can be related t o  t h e  i n t e g r i t y  of the.-  
bonded laxers  below t h e  surface. A larainar material  which is 'well-bonded w i l l .  
have a uniform s u r f a c e  displaoemenfr which is a. functi tm of the phgsical 
propqrt ieq of t h e  material ,  t h e  means of s t r ess ing  and the  holographic 
techniques. If ,  however, t h e  mater ia l  has- a nonbonded reg5o.n sowewhere i n  the 
d i f f e r e n t  layers, .then t h e  surface--ab60e t h a t  region y i l l  disp lace  d i f fe ren t ly  
than t h e  rest of' t h e  surface  due 'to t h e  change i n  t h e  boundary condit iowr '  
T h i s  change i n  t h e  surface  displacement 'is a microscopic d i f f e r e n t i a l  change, 
and would nomal ly  not be vis ib le .  Holography, however, q i t h  i t s  remarkable 
s e n s i t i v i t y  y, makes such microscopic changes c lea r ly  v i s ib le .  The means of . 
a c q u i r i m  t h e  s u r f a c e . d i ~ p l a c m e n t s  a@* thereby t h e  i n t e g r i t y  6f t h e  bond is 
c a l l e d  double-exposure holography . ( 7 1' ' 

14.5.2.6 Qhemal.  image inspection; In t h i s  technique bond d i scon t inu i t i e s  
a t e  revealed through tenperature differences on the  assembly surface. The use 

, of u l t r a p i o l e t  r ad ia t ion  pena i t s  t h e  d i r e c t  v isual  de tec t ion of these 
discon t inu i t i e s  as dark regions i n  an otherwise bright  ( f luorescent)  surface. 
For p r a c t i c a l  purposes, - t o  p r ~ c l u d e  thermal danage t o  t h e  adhesivfr and/or 
heat-senslttive adherends, a p h o s p h ~ r ' i s  used t h a t  shows a l a r g e  change i n  
brightness with a small change i n  t e w e r a t u r e  i n  t h e  near-room-twerakure 
range (25 t o  65%). The coatings used f o r  t h i s  purpose .provida a s t a b l e  
(non-settling) suspension of t h e  phosphor i n  the  vehicle t h a t  can be applied 
by conventional paint-spray equipment. ( 6)  
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\ 4 .  5.2. 7 Thermal iMrared inspection ( Y I R I ) .  Thi s  technique bas been used 
for deteckion 02 internal voids and unbonded areas i n  sold-propellant rocket 
engines and i n  large, panel-shaped cohlponent8.(6) The technique uses a 
dynamic heating principle with continuous injection of Lhemaal energy from an 
induction genhrator into the exposed surface of the  specimen along a line of 
scan. continuous radionetric detection of the mission from contiguous 
surface regions dlong -the line of scan, after a fixed t h e  interval following 
heat injection, reault8 i n  temperature gradients at  the outer surface, %he 
depth of the flaw below khe sudace of the material (interface level) is 
deterrmined-by comparison oE inspectiofi recordings taken a t  pre-established 
exposure t im3~.  Destructive sectioning of representative spwimns f0110Wing 
T~RI  exanination indicated a correlation of 95% for f i r s t  and second interface 
deEeck8 ( 8) 

3.4,Sr2.8 Badiograph* Radiographic inspection techniques have proven to be 
successful for the detection of daec ts  i n  adhesive-bonded mebai-to-metal 
3oints and klstal sandwich structures. f n  the case of metal-to-metal jolnts, 
thi3 adhesive musk oontain some raetal powder or other suitable f i l l e r  to create 
enouqh-cqntrast to  make defects visible. The sane procedure can be used w l t h  
nonmekaltlic adhesive bonded .joints. An experienced inspector, using 
radiography, can of ten detect undesi table concentrations of adhesf ve, or 
evaluate the quality of adhesive-bonded sandwich structures. Dantage ckn occur 
in handling, or ~ 9 y  be the result of unequal pressure during the bonding 
uycle,(3) Radiography w i l l  not detect lack of bond areas where tbe adhesive 
is present, but not bonded to one or both adherends,(S) 

14,512,8,1 X-ray techniques. These raay be used only if f f l le rs  are added 
the adbesive. This  results from the s l i g h t  weakening of t h e  rays i n  the 

penetration through unfilled adhesive, because the density oE tbe latter is 
low. Excellent result8 may be obtained by addlng lead oxide. Zn t h i s  case it 
is pos~ibl6 to  detect even the smallest a i r  and gas bubbles. Conventional 
X-ray equipment Eor flaw detection is used. Mcauee of the thinness of tbe 
adhesive layer, very long rays must be used.(6) 

14.5r2.8r2 Radioisotope methode. For inspecting t h e  toughness of coabined 
bonded and  pot-welded joints radioactive isotopes nay be used to  check the 
possibiliky o4? elecrtrolyte penetrating to tbe bond line during subsequent: 
anodizing i n  sulfuric acid, A radioactive sodiuna isotoycl?, such as sodium-22, 

' w i t h  a half-life ot 2.5 years, is introduced into the most active 
electrolyte. If there are voids i n  the adhesive layer t he  electrolyte 
penekrakss.into Lhe clearance between the adhsrends, The joink is then washed 
clean and exmined with a radiometer* 1f tbsxe are voids, radioactive 
substance is retained i n  them and the radiation intensity is higher. However, 
the application of thils ra'ethod i n  industry is l i m i t e d  by the danger of 
radiation, ( 6 )  

14.5.2.8.3 Ne.utron radiographx. 1f the adhesive used is not X-ray opaque, 
neutron radiography nay be used.  he hydrogen atoms in the adhesive absorb 
neutrone, making the adhesive opaque. ( 4 )  The neutron radiographic technique 
beteaks defects wi th in  adhrjsive bondlines and predicts the lap-sbear strength, 
usually wi th in  5 to  10%. A portable syatkm perraits the, method to be applied 
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t o  a i r c r a f t  with adhesively'bonded parts. Axthough uItr&onic gr3d X-ray 
techniques can determine void content and  joint  strength, neutron radiography. 
appears t o  have nore sknsit ivity.  I n  addition, it seems t o  be wre nearly 
independent of metal thickness than X-ray-.and:less dependent on scattering and- 
geo&t ric complexity than t h e  ultrasonic method. ( 9) 

. . 
14.5.2 Penetrant ins-ection. .This method is used- f o r  loca l  examination 

of sect ions  of seam joints. F i r s t ,  the.surface of the- speciww mst be 
cleaned and degraased. Then a penetrant solutfon is applied along' t h e  joint. 
Capillary act ion pu l l s  the .solut ion in to  any defect  open t o  t he  surface, The 
penetrant on the  surface is rinsed with a solvent, leaving t h e  penetrant i n  
t h e  defects. A developer is then applied to  draw the penetrant: back t o  khe 
surface. Because the penetrants a re  b r l l l i an t ly  colored, each defect is easy 
t o  see. ( 6 )  
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Chapter 15, EWIRONMEIiTAL EFPECTS 
(Durabil i ty of Adhesive J o i n t s  

i n  Adverse Environments) . 

15.1 Introduction. For an adhesive bond t o  be useful, it .not only must 
withstand t h e  nechanical fo rces  ac t ing  on itI but must a l s o  resist t h e  service  
environment, Adhesive s t rength  is influenced by many common enviroments,  
including temperature, moisture, chemical f lu ids ,  and outdoor weathering, 
Table XLV summarizes t h e  r e l a t i v e  res is tance  of various adhesive types t o  a 
number of corarrron environments (1) (2) .  

I n  appl ica t ions  where poss ib le  degrading elements a r e  present,  candidate 
adhesives must be t e s ted  under simulated se rv ice  conditions, Comaon ASl3.I 
env i romenta l  test methods o f t en  reported on i n  t h e  l i t e r a t u r e  include the  
following, described i n  Chapter 13: 

The se rv ice  environments t o  which adhesive-bonded assemblies are exposed 
vary from highly protected sealed s y s t e m  t o  ex te r io r  unprotected sys tms .  
The latter nay include sclrai-arid locations,  such a s  I jew Hexico'or Arizona, and 
highly corrosive t r o p i c a l  jungle o r  marine locations. The qitestfon of 
d u r a b i l i t y  is laeaningless unless it 4s l inked with t h e  intended service  
environment. A t  t h e  same time, t h e  durab i l i ty  of an adhesive bond t o  an 
extreme env i romenta l  condition is highly dependent on t h e  surface  treatrPent: 
of t h e  adherends and adhesive addi t ives  which a r e  i n t e r f a c i a l l y  active.(3) 

Another f a c t o r  which nust  be considered is t h e  d u r a b i l i t y  of bonds under , 
s t r e s s ,  While t h i s  is a val id  considerat ion f o r  bonds representat ive of 
primary bonded s t r u c t u r e s  as used i n  a i r c r a f t  construction, many bonds have 
negl ig ib le  very low permanent loads, while t h e  ac tual  high-stress enviroment, 
if  any, is of very s h o r t  durat ion,(3)  

Laboratory ambient s torage s tud ies  revealed no degradation i n  bond s t rength  
' for epoxy/alWnum bonds s tored f o r  up to  11 years, and f o r  elastmeric 
adhesive sea lan t  bonds t o  aluminum and cold-rolled steel s tored f o r  up t o  f i v e  
years. (3)  

Applied s t r e s s  w i l l  cause an adheaivo bond t o  degrade it a f a s t e r  r a t e  than 
an unstressed band, although s t ress - re l i e f  primers, such ae viny l  phenolic, o r  
a t ress - re l i e f  adhesives, such as nitrile-modified phenolics, w i l l  ininimize 
bond degradation due t o  stress, (3) 
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!?ABLE XLV. _Relative resistance of synthetic adhesives to coniraon service 
environment.s. (2)  

- --' ' .- a 
8 0 6  A- rinrted 
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6m x~llntui-...... 2 6 a 2 2 5 t 3 2 2 a a 2 a .  t 
~ u - - - f e d r . .  2 6 2 a 2 a 1 1 2 a 9 a 2 2 a 
? a l t U w & d f ~ d o . . . . . .  1 6 0 2 2 a 2 2 3 a a 2 a a 1 

a 6 2 2 2 2 t I t t i t 2 t a 
9 . E ~ ( + p d y . m k u ) . . ~ . . . . ~  2 6 3 6 1 2 2 1 1 I 1 6 6 I 

10. Epory + I.,... 2 6 1 4 3 a 2 a ... a a 6 6 t 
1Lp.4[+-. ..... I 1 6 I 2 6 3  6 2 1 I 6 6 S 
U.P- .... :............,, a 4 r r a 4 2 a 2 I a t a 2 2 
l&P&- ........... 4 4 1 1 2 1 a a t 2 2 a 3 0 a 
14'1Slylb ..................... 9 6 b 3  1 3  3 2 2 t ¶ 2 9 a - 3  
%doyktrMIddlwtw.* ........ 2 6 3 3  4 4 6 6 3  3  6 6 I 4 4 
9 - a  
16,CJkbw~c~,CI,..a~......., 1 6 S 1 1 6 1 t ... S 4 6 0 6 8 
t r a ~ ~ t r ~ ~ y n r r  ,.... a a a a 1 ... s a ... ... a 6 6 a 6 
1& C&hntu*U...r*........ S 6 8 3 3  S 3 6 1 2 (I 0 6 6 6 
U ~ ~ M b U & , . m m . . a a  .am. 2 6 6 ... 3 6 a 0 2 1 8 6 6 6 6 
~save~vi-. ............ t a a a s a ... ... 1 a a a -  a 
t~~dfr ioy l8~d . . . . . . . . . . . . .  2 6 s 2 6 3 t 2 3  a 6 a t 
S & M r k o h d . . . * . * . . . . . .  .a. 1 S 6 b 6 i 2 1 3 1 t 1 

t 
1 

2&P0Iy$m&b .........*......a. 2 3  6 .a. 5 6 6 t 2 6 2 3 t 6 
Wm.... . . . . . . . . . . . . . . . . .  f 4 4 3 3  3 ... r . .  t ... ... 4 4 a -  4 
9Sa ..................... 2 3  4 3  3 4 3 2 8 S 5 ..a ,.a 6 
RW4mudU*a 
3 h N a ~ m b b e r  .............. 1 3 3 ... 3  ... 3 3 6 6 2 4 4 6 6 
S - W d r t b b  ...*.....-.. f . R 3 ... 2 ... 3 3 6 0 2 4 4 4 6 
38. B e  ....................... 3 a t 2  6 t 2  6 6 2 t 2 6 6 
tO.Pdyhb8tyh .....,......a. d 4 6 3  2 6 2 2 6 .  6 4 0 t 6 6 
a N E l r i k  ...................... 2 3 1 2  S 5 6 2 2 3 6 6 3 6 
a@.&ymObutU!bM ............ 3 3 3  1 . 3 .  2 . .  5 2 6 b 6 6 
%PalyWOtb ...............- 2 3 3 a 2 3  8 3 2 2 2 6 8 ... 6 
aePdymiAdr .................. 3 2 2 1 6 2 2 2 2 1 6 6 2 6 w ~ m m  ............... 3 s - 1 2 2 a 3  2. 3 B B a 3 a 
~ ~ i t k o ~ i a t r r  ................ 2 %  1 2  a z ... a 2 t a 4 4 a (I 
daNl<lprar..a ............,... IL 3  3 S  2 ... t P 2 2 t 6 6 6 6 
~ A d h a C l a  
W.Eomt+&W.............. 1 6 1 3  2 2 2 2 3 3 2 6 
a a ~ ~ s  ............ a 2 6 2 1 

6 2 
6 2 2 2 2 2 6 4 2 6 

a%E@OW&Ofl *...a*.......... 1 1  6 t ¶ I . . . .  ... ... 2 3 6 6 6 6 
(O.PlmdiC-ni* .............. 2 a 2 3  2 2 2 2  2 2 6 6 - 6  6 
4 1 . ~ l w o ~ ~ . * * . . . . . * . . .  2 8 3  2 2 ... P 2 2 3 6 6 6 6 
raPtmwu4-pdvrtaylbafynI.,.. 2 3  3 a 2 
43.- 

3 4 2 2 2 4 6 6 6 6 
fo~mrl..... a 3  d 6 2 6 4 2 2 2 4 6 6 6 6 

K*rr 1. Exc~Ueot 2. Qood 3. Psk 4. Poor 6. V w  poor 6. E-- goor 

The ranking of adhesives as to  their durability is vezy aucb dependant upon 
the type of exposure conditions employed. Table WLI compares the resistance 
of seven comon adhesives ko (1) r typical laboratory accelerated testing 
environnsnks and ( 2 1. typical weathering snviroments. Some workers have 
concluded tbat ar t i f ic ial  aging ranks adhesives with respect t o  their 
resistance to  penetration of water into the adhesive, with corresponding 
influence on the cohesive strength of the adhesive.  he normal outdoor 
weathering tests, however, rank the  adhesives wi th  respect t o  their resistance 
to  penetration of corrosion of tbe laeta1 along the interface. ( 4 )  
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. . 
TABLE XLV?. Enviromental  f a i l u r e  resistance of d i f f e r e n t  adhesive-aluminum 

j o i n t s .  ( 4 )  

ad he?sive. yype Laboratory ~xposure* Outdoor Exposure** 
-(:~i.aatiiiny Xrsenal Tests)  (Hackney, UK) 

. ili t r i ie -pham~ic  . 
(with primer)  

Excellent: 

Excellent 

Very Poor 

~ i n ~ l ~ h e h o l i c  ------- Good 

.Modified epoxy p a s t e  Average G o a d  

*Chronic ac id  so lu t ion  o r  paste-treated. Lap-shear 1-yr s torage  a t  160°p 
( 71°c) and MIL-STD-304 conditioning 

'**Chronic acid etched A 1  adherends. Lap-shear, 900 peel and honeycomb j o i n t  
geometries. Two years  exposure i n  temperate, hot-dry, and hot-wet regions 
(MIM!?D-304 conditioning c o n s i s t s  of 30-day cycles under t h e  following 
conditions: -65OP (-54Oc1, 160°P (71°c) dry heat,  160°p (71°c) 

and 95% KH-heat and huaridity) 

The s t r eng th  and s t i f f n e s s  (modulus of e l a s t i c i t y )  of adbesives a r e  s t rongly  
dependent upon t h e  test o r  use temperature of t h e  The s t r eng th  
of t h r e e  representa t ive  adhesives as a function of test temperature is p l o t t e d  
i n  Figures 46 and 47. Dogbone samples were used f o r  t h e  s t u d i e s  resul t ing  i n  
Pigure 46. For Pigure 47 standard ASTM lap-shear specimens were prepared 
using 2024-T3 aluminum adherends.   he shear-test  specimens used f o r  t h i s  
study were very s is l l lqr  t o  the  t e n s i l e  specinens used i n  Pigure 46. A shear 
stress is develaped across t h e  in te r face  between notches when t h e  specimen is 
t e s t e d  i n  tension,  ( 5) 

The dollowing general  conclusions about durab i l i ty  of adhesive systems can 
be made ( 6 1 : 

o Heat-quring systems possess g rea te r  d u r a b i l i t y  than RT-cure 
syste3ns. . 

o Sudace-preparat ion is an important f a c t o r  and it is important i n  
making co~gparisons between Bdhesive systems to  use t h e  same 
surf  ace preparat ion techniques 
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o A l l  systems do have an endurai~ce l i m i t .  The m-cure systems have 
a low endurance l i m i t t  100 psi (0.7 MPa), but they do have one 

o The cheraistry of adhesive systems does have an effect on 
durability, i.c.1.. highly crosslinked systems such' as aromatic 
anine-cured systems and phenolic systeas generally possess 
~upsrior durability 

o Materials such ae nylon that show hydrogen bondiny tend to  have 
lower durability 

o Materials such as vinyl polymers which can break down to  form HC1 
are detrhental to  durability 

o The use of ohronate-pigaented primer systems greatly enhances 
durability 

Many factors influence the durability of adhesive-bonded joints. Yor this 
reason a durability test should be conducted on a l l  systeas before they are 
selected for any particular application. T h i s  test should include the 
adherends, surface preparation. adhesive, and cure parmeters needed for each 
application. (6) 

15.2 High taperature. 

15.2 Q 1 Genexal. A l l  polyneric laaterials are degraded to 'so- extent by 
expoBurs to  elevated tenperatures. Physical properties are lowered as a 
result of testing a t  high temperatures, but they also degrade during themal 
aging. Newly developed polyneric adhesives have been found capable of 
withstanding 500-600op ( 260-3160~) continuously. YO use these materials, 
the designer must  pay a premium i n  adhesive cost ami auat: also be capable of 
providing long, high-tenperature cures. (1) 

Por an adbesive to  withstand elevated-tesaperatuts exposure it must  have a 
high melting or softening point and resistance to oxidation. Haterials w i t h  a 
low nelbing point, such as many of the themoplastic adhesives, nay prove to 
be excrellent adheciivea a t  room temperature-. However, once the service 
teaperature approaches the glass transition point of the adhesive, plastic . 

' eEloW results i n  clefornation of the bond and degradation i n  cohesive strength, 
Thermosetting tsate~ials, exhibiting no ftlelting point, consist of highly 
cross-linked networks of macromolecules. Hany of these materials are suitable 
for high-teaperature applications. When considering thermosets, the cri t ical  
factor is the rate of strength reduction due to themal oxidation and 
pyrolysis, (1) 

High-temperature adhesives are usually characterized by a rigid polymeric 
structure, high softening temperaturer and stable chemical groups. The same 
factors .also make these adhesives very difficult to process. Only 
epoxy-phenolic -- 8 polyimide-, and polybenzinidazole-based adhesives can 
withstand long-term service tenperatures greater than 350°~ (1770C) .(I) 
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FIGURE 46. Tensile  strength vs Temperature of adhesivis.  
(Dogbone specimens) (5)  

. .  . . . 
o Hysol i3A 934 RT-cure two-part paste epoxy 
6 GE f,m 560 s i l i c o d e  two-part elastomer 
a Crest 7343 polyurethane (t.l9C~-curedJ 

. , .  

FIGURE 47, Shear strength vs Temperature f o r  HYSOL 3% 934 
RT-cure two-part pasta epo~y aclhesive.(5) 
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Tape and f i l m  adhesives provide d iEferent  h i g b t e n p e r a t u r s  proper t ies  than 
p a s t e  adhesives, as shown i n  Figure 24 and 25 above.  he dist inguishing 
cob~posit ional  Eeature of tape  and E i h  adhesives is t h a t  they contain a high 
proport ion of a high-molecular-weight polyner. On t h e  o ther  hand, typioal  
100% s o l i d s  p a s t e  adhesives o r  l iqu id  adhesives must, CO remain f lu id  and 
usabler conta in  only low-mlecular-weight resins. Tape and film adhesivw 
(discus8ed above unclctr 4.2.5 and 6.3.5) f requently conta in  polymers with a 
degree of po lywr iza t fon  of 600 o r  more and molecular weights of 20,000 or 
higher. i?etwork polymers made from these  high-nolecular-weight l inea r  
polytaer8 can be very much tougher and more r e s i l i e n t  and can provide more 
recoverable elongation than t h e  highly branched network formed by curing t h e  
low-molecular-weight resins used i n  p a s t e  adhesive (71, Figures 24 and 25 
above illustrate t h i s  point  by comparing t y p i c a l  t e n s i l e  shear data  reported 
by manufacturerrr of a var ie ty  of adhesive types.  he bes t  of t h e  tape and 
E i l m  adhesives have higher peak values and broader service te?e ra tUw-ranges  
than t h e  best of the  nlOO%-solidsn types , ( 7) 

15.2.2 &oxlee, Epoxy adhesives are general ly l imi ted  t o  applicat ions 
belot? 250°F (121°C). Certain epoxy adhesives have been ab le  t o  withstand 
shor t - tern  service at 500°1? (260%) and long-term se rv ice  at 300 t o  500°P 
(149 to  260°C). qhese systerns were fomula ted  espec ia l ly  f o r  t h e m a l  
enuironnents by incorporation of s t a b l e  epoxy coreactants  o r  high-temperature 
curing agento i n t o  t h e  adhesive ( s e e  4.2.1.1.1, 4.2.1.3.2 and 
4+3e1*5) r ( l )  

One of t h e  most successful  epoxy coraactant  s y s t e ~ s  is an epoxy-phenolic 
a l l o y  ( see  4.2.5.21. The excel lent  thermal s t a b i l i t y  of t h e  phenolic res ins  
is coupled with t h e  adhesion p r o p e r t i e s  of epoxies t o  provide an adhesive 
capable of 7000F (371oC) shor t - tern  operat ion and continuous use at: 350°P 
(177O~) Cl'he heat res is tance  and t h e m a l  aging p roper t i e s  of an w x y -  
phenolia adheeive cure are compared with those of o the r  high-tenperatute 
adhesives i n  Pigure 48, (1) 

Anhydride ouring agents g ive  urunodif fed epoxy adhesives g r e a t e r  t h e m a l  
s t a b i l i t y  than most other epoxy curing agents, Phthal io  anhydride, 
p y r ~ t n e l l i t i ~  dlanhydride, and chlorendic anhydride allow grea te r  crossl inking 
and result i n  short-term heat  res is tance  t o  450% (232O~). Long-term 
themal endurance, however, is l i n i t e d  t o  3 0 0 ° ~  ( 1 4 9 O ~ ) ~  (1) 

Advantages of epoxy-based s y s t e m  inalude relatively low cure  temperatures, 
no V O l a t i l t ? ~  f oraed during cure, low cost ,  and a va r ie ty  of fornulat ing and 
applicraeion p o s ~ i b i l i k i e s ~  The higher-tenpetature r e s i s t a n t  a d h e ~ i v e s  lose  
these  advantages f n favor of improved thermal-agf ng c h a r a c t e r i s t i  crs. 1) 

15 . 2 9 3 . 1 &it~i.le.-phenOl.icrs_ Of t h e  comon modified phenolic adhesives, t h e  
n i t r i le -phenol ia  blend has t h e  best res i s t ance  t o  elevated temperatures. 
Nitr i le-phenolics have high shear strengths up t o  250 t o  350°1? (121 t o  
1 7 7 O ~ ) t  and t h e  s t rength  re tent ion on aging at  these  tenperatures is very 
good' Nitrile-phenolic adhesives are estremely tough and provide high pee l  
s t r eng th  (See Figure 48) (1). Hitri le-phenolics a r e  ava i l ab le  i n  solvent 
~ o l u t i o n 8  and uneupported and supported f i l m .  Nitr i le-phenolic adhesives are 
discussed above under 4.2.5.3, see a l s o  Figure 48. 
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. ~ ~ I G ~ J R E *  48. Heat r e s i s t ance  (a) and kharinal auiw 7b) of 
high-tempegature s t r u c t u r a l  adhesives (1)  

15.2.3.2 gpogy-ppenolics. These adhesiyes, irhich ark used sb6st 
exclus ively  f o r  t h e  military market, are designed f o r  sekvice between 300" 
and 500°P 7149 A d  2 6 0 ~ c ) .  -However, e p o ~ y - p h ~ n o l i c s  do not withstand 
exposure t o  3 5 6 0 ~  (177°C9'*as we11 a s  n i t r i l e -pbeno l ics .  Since 3 5 0 ° ~  
(177OC) cures tend to.cause,outgassing and foaming, 200%' '(93Oc) cures 
f o r  24 hours are reconrmehded (See 4.2.5.2). 

15.2.4 Polysulfone. A high-t+erature hot-melt thermoplastic t h a t  has been 
used as an adhesive is .polysulfone.  This  mate r i a l  is capable of adhering t o  
rho t  metals, has a high softening po in t  (190°p o r  88%) 'and outstanding 
heat  s t ab i l iky .  It has a 3 4 5 O ~  (174Oc) hea t -d i s to r t ion  terpperature and a . 
:3756F (193OC) second-ordir g lass - t r ans i t ion  temperaiura. F lexura l  moc?ulus 
3s retained f a i r l y  constant  over a wide temperature range. This mater ia l  is  
suppl ied  as dry p e l l e t s .  Metal-to-metal j o i n t s  exh ib i t  high pee l  and shear 
'etrength. Polysulfone na in ta ins  its s t r u c t u r a l  i n t e g r i t y  up t o  375OP 
;( 193O~).  Greater  ehan .60% of its r'oom-temperature shear s t rength ,  a s  \ t e l l  
':as excel lent 'c raep resistance,  is ~ e t a i n e d  a t  3 0 0 0 ~  (1490C). s i n c e  t h i s  
:is. a. hot  raelt, long cure cycles  a r e  uhneEdssary. The cyc le  need -only be long 
!enough t o  introduce s u f f i c i e n t  heat  f o r  adequate wetting of 'the substrate by 
t h e  polysulfone. Polysulfone hot  m e l t  has been .used successful ly  with c lad  
aluminum a l loy ,  s t a i n l e s s  steel and cold-rolled steel4 Adequate surface  
prepara t ion is necessary before bonding. Table XLVII shows bond s t reng th  
-67O~ (-54O~) t o  4 0 0 0 ~  ( 2 0 4 0 ~ )  on aluminum alloy.(8)  
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YAELE XLVII ~ 3 f f e c t  of tear?e.rature va r i a t ion  on t;-ensile-=-shear s t r eng th  of 
hot -ae l t  polysulfone adhesive (UDEL P-1700) on 2024-93 clad- 
.alufninum a l l o y  (0.002-0.003a glue line).(8).  

Pes t  Teaperature %ensile-Lap-Shear Strength 
.. . 

Op o c  p s i  MPa 

For unl?ri]iled aluminum, a temperature of 7 0 0 0 ~  ( 3 7 1 0 ~ )  should be used t o  
allow the polysu1fone t o  flow suff  ic iankly  t o  wet t h e  subs t ra te .  With t h i s  
teIWerakUre and a pressure  of 80 p s i  ( 0.6 NPa) , j o i n t s  with tensile-lap-shear 
s t r eng ths  above 3000 p s i  (20.7 #Pa) are developed i n  5 minutes.. s t a i n l e s s  
steel has also been bonded with good results at  700°P (371°c). Shear 
e t r sng ths  above 4000 p s i  (27.6 MPa) are obtained. With both carbon steel and 
aluninunb a bonding temeratura of 5 0 0 0 ~  (260°C) can be used with 
SatieEactory resu3ks 10 t h e  metal is first primed with a d i l u t e  s o l u t i o n  
(5-10%) of polysulfone, applied by spray or Elfiw-coated, and baked- for 10 
minutes at  5000ff (260OC). The prirmd metal surEaces can then be bonded by - 
preseing f o r  1 winute a t  5 0 0 ° ~  (260°C) . (8) 

15.2.5 S i l i cones*  S i l i c o n e  adhesirre8 have very g a d  thermal ct tabi l i ty,  but 
low s t rength ,  Thei r  chief applicatir%;i $8 i n  now?ruc! u r a l  uees, such as 
high-temperature pressure-sensi t ive tapes. A t t e , - p t s  have been made t o  
i n c o e o r a t e  s i l i c o n e s  i n  khe o ther  adhesives, suc.*b a s  epoxies and phenolics, 
but long cure tines and low s t reng th  have l imited t h e i r  The maximum 
service teapera ture  for s i l i c o n e  adhesive/sealants is 500°P (260°C) f o r  
continuous operat ion and up t o  6 0 0 0 ~  (3160C) f o r  i n t e r n i t t e n t  exposure, 

.depending on t h e  type used* (See 4 t 2 r I r l r 7 ) .  

15 4 2 t 6 P o l ~ a r o ~ a t i c s ,  9he polyaronatic  resins, polyimide and 
polybt?naimida%ol% o f f e r  g r e a t e r  therraal res is tance  tban arry o t h e r  
c o ~ r c i a ~ l y  a v a i l a b l e  adhesives . 'r'he r i g i d i t y  oE t h e i r  moXecu1ar chains 
decreases t h e  p o s s i b i l i t y  of chain s c i s s i o n  caused by thermally ag i t a t ed  
chemical bonds. The aromatici ty of t h e  s t ruc tu res  provides high 
bond-dissociation energy and acts a s  an 'energy sinkm t o  t h e  thermal 
environtuents (See Figure 23 and 4e2rlt3.2). 

15.2.6.1 ~ o l y i n i d s s  The s t r eng th  re tent ion  of pa ly ia ide  adhesives f o r  
s h o r t  exposures t o  310000~ (538%) is s l i g h t l y  b e t t e r  tban that of an 
epoxy-phenolic a l l o y ,  HoweVex8 t h e  thermal endurance of polyimides a t  
tempsrakuras g r e a t e r  than 500% (260%) is unmatched by o the r  comaercially 
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ava i l ab le  adhesives. Polyimida adhesives are usually supplied as glass-fabric 
reinforced f i l ra  having a l imi ted  shel f  l ifer A cure of 90 minutes at 500 t o  
600% (260 f o  3 1 6 P ~ )  and 15 t o  200 p s i  (U.10 t o  1.4 1iPa) pressure'is 
necessary f o r  optimum properkiesr ~ i g h - b o i l i ~  v o l a t i l e s  a r e  released durfng . 
cure, which causes.a somewhat potous.adhesive layer..  Be?cauf#e-~f +ha coherent 
r i g i d i t y  of polyimides, pee l  s trength is low (1). 

15r2.6.2 Palybenzimidazole ~ P B I ~ .  AS i l l u s t r a t e d  i n  ~ i g u r e  48, 
polybenzimidazole (FBI)  adhesives b f fe r  t h e  best  short-term perfomance a t  
elevated temperatures. .However, PBI r e s ins  oxidize rapid3ty and a r e - n o t  
rec-nded Eor continuous use at tenperatures over 4500P (232%). PBX 
adhesives requi re  -a cure at 6 0 0 ° ~  ( 3160Cf , ~eiease of v o l a t i l e s  during. 
cure con t r ibu tes  t o  a porous adhesive bond. Supplied a s  a very s t i f f ,  - 
glass- fabr ic  reinforced film, t h i s  adhesive is very expensive anil appl ica t ions  - 
a r e  l imi ted  by a long, high-temperature curing cycle (11, 

15 , 3 Low temperatures and cryogenic tempe5atures Cryogenic adhesives have 
bean defined as those  capable-of  re ta in ing shear s t r eng ths  above 1000 p s i  
(6.89 NPa) at te-~qperatures varying from room temperature t o  -4230P ( 2 0 ~ )  
(-253OC) r With space vehic les  carrying cryogenic f i u i d s  and. t r a v e l l i n g  
through ou te r  space and re-entering t h e  ea r th ' s  atmosphere a t  speeds g rea te r  
than Mach 3,- adhesives encounter temperatures varying f r o g  0 4 2 3 ~ ~  (-253Oc) 
t o  15000P (816%) (9). 

The major use  of a d b s i v e s  for cryogenic a p p 1 i c a t i o n s . i ~  f o r  bonding 
ex te rna l  i h s u l a t i o n  f o r  both meta l l i c  and non-metallic s u b s t r i r t e ~ r  Other 
appl ica t ions  are '  l i s t e d  i n  Ref, 9,  Adhesives can also aot: as ~ealixtits. Many 
wing s t r u c t u r e s  u t i l f z e  adhesive-sealed tanks and pressure-type bulkheads. 
RTV s i l i c o n e s  have been evaluated as sea lan t s  and adhesives for cryogenkc . 

appl ica t ions  (9). The adhesives s t r eng th  values obtained with methyl-phenyl 
R W  s i l i c o n e s  were only 1/4 t o  l/10 t h e  values f o r  t h e  b e t t e r  s t r u c t u r a l  
cryogenic adhesives, These values are adequate, however, f o r  nonstruetural  
bonding appl ica t ions  where low t e n s i l e  and shear fo rces  are anticipated.  The 
RTV s i l i c o n e s  may f i n d  use where-fiigh-temperature extremes up t o  6 0 0 0 ~  
(3L6°~) a r e  encountered f o r  s h o r t  periods. The b e t t e r  cryogenic adhesives 
w i l l  not t o l e r a t e  t h e s e  bigh temperatures ( 9 ) .  

Many of t h e  problems associated with bonded j o in t s  at cryogenic temperature 
a r e  t h e  r e s u l t  'of stress concentrat ions and gradients  developed within t h e  
bond, There are a number of causes of stress concentra t iow i n  adhesive 
jo in ts .  Hany of these  a r e  aggravated a t  cryogenic temperatures. Some of t h e  
p r i n c i p a l  causes are: (9) 

0 Difference i n  thermal coefficient- of expansion between adbesive 
and ad herends 

o Shrinkage of adhesive i n  curing 

o Trapped gases q r  vola&iles  .evo$vi  during bonding 
. .  . 

o . n i f f e r s n c e  I n  modulus 6 f . e l a s t i c i t y  and shea r  s t rengths .  of 
. 

adhesive and adherends 
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0 Residual s t resses  i n  adherends as a resul t  of the release of 
. . bonding pressure 

0 Ine la s t i c i ty  i n  the adhesive o r  adherend 

o P las t i c i ty  i n  the adhesive or adherend ' - 

A t  room temperature, a low-modulus adhesive may readily relieve s t r e s s  
ooncentration by deformation, A t  cryogenic temperatures, however, the nodulus 
of e l a s t i c i ty  may increase t o  a point vhere the adhesive can no longer 
effectively release the concentrated stresses. The nodulus of e l a s t i c i t y  
generally fncreaaes with deareasing temperature. More constant properties are 
usually obtained when attempts are-made t o  match the coefficient of expansion of 
the adhesive t o  tha t  of the adherends. '.The thermal conductivity is important i n  
minirnising t ransient  s t resses  during cooling. Thinner glue lines and higher 
thermal conductivity ninirni~e these stresses.  

A PLASTBC report (9) provides considerable data on a number of oryogenic 
adhesives, 

Room-teaperature-ouring polyurethane adhesives i n  current use provide higher 
ultimate shear and tens i le  s t r e s s  and higher peel and shock properties a t  
-4230F (-253O~) than the ea r l i e r  polyurethanes, 'Phis s i tuat ion irr the 
inverse of what hagpeas t o  moat s t ructural  adheeivea, The polyurethane 
adhesivecr inorease i n  strength a t  -423oF (253*~), but become weaker. a t  . 
ambient and higher teplperature, a s  shown i n  Table XI;YIII,. No drop-off i n  
atren$%h ie obeerved before 18002 (WOC) and W1oF .(14goC?), however (9), 

TABLE XLVIXI Compariaon of *t@" cryogenic adhesive; a t .  l iquid Wrogen  and 
,wbient tenperatures.(lO) 

Adhesive m e  Tensile Shear Strength T-Peel Strength 

-4230~(20 K) Ambient . -423OF . (20 K) Ambient 

psi HPa - 
Polyurethane (129- 7500 5L7 1500 10.3 70 12,260 20-40 3502-7OoX 

ouring paste) 

Nylon-epoxy film 3600 24.8 5000 34.5 4 700 104 - l8,200 
(300-350°#- 
149-17708 cure) 
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The shear s t rength proper t ies  of several  classes.of adhesives PuPtable fo r  
cryogenic applications a r e  shown i n  Bigure '491 Al.though ban& strengths a r e  
reasonably good, the unmodified epdxy. resins suf fe r  from br i t t l eness  and 
corresponding low peal and' impact . a t  r e ~ t b ' a t  cryogenic tenpsrilturesr The 
epoxy-phenolics have excellent cryogenic-tqm~erature s t r e n g t h  , as we11 as 
good high-temperature properties.. - The epoxy-nylons give -consistently h i g h  
s t rength a t  cryogenic temperatures. The f l e x i b i l i t y  of the  nyloa imparts 
greater  skreng'th t o  t h e  ep.oxic?s at@ -produdes systems with unusual . 
low-temperature propert ies. Epoxy-polyaiiidss a re  readily &xed, easi ly '  
applied, have go& pot lie@, and can bB cupd at: rooar' temperature t o  yield.  a 
f l ex ib l e  systen.. Thei r low-temgsrature perf onnance, hdwsver, is not as good 
as  t h a t  of the  epoxy-nylons. Vinyl a ~ e t ~ ~ g h e n o l i c  adhegives a re  available a s  
supported atrd unsupported films, so1utions;~and salut ions  with powder, and 
s h ~ w  reasonably goml low-tenperature strength,  Their s t rength f a l l s  off ,  
however, with decreaeing temperature due t o  the  increasing modulus of 
e l a s t i c i t y  charac te r i s t ic  of thermoplastics, ( 11) . . 

Rubber phenolics a re  of value because qf t h e i r  high peel strengths; but 
t h e i r  shear strengths are  re la t ively low. ~itri-l.e-phenolics a re  ycamples of 
t h i s  type. The'polygrethane adhesives have excellknt adhesion t o  a number of 
substra tes ,  d d n g  * i th  inherently good low-teruperature f l ex ib i l i t y .  Peel 
s t rength f s excellent. Epbxy-nylon adhesives; mft.ationed above, have higher 
s t rength i n  hhe low-teolperature ( -100Q~-or  -730~)  range, as seen i n  Figure 
49, than any other cryagenic aahesiver' At' liquid-nitrogen tenperaeure 
(-321°p o r  77K) there P s  l i t t l e  differbnce i n  khe shear s t rengths  of the  
polyurethane and epoxy-nylon f:ypesr' A t -  liqui8-hydrweri temperature (-42308 
or  20.4K) , -haweve r, the newer polyurekiwae adhesives surpass the epoxy-nylons. 
(11) 
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The llationalt Bureau oE Standards (IJBS) a t  Boulder, Colorado 'has prepared an 
excellent survey for NASA on available reports and publications on cryogenic 
adhesives and sealants. (12) 

A 1974 contractor report describes work performed on the developanent of a 
structural adhesive systqa for use over a -4230F (20 K) t o  6000P (589 R) 
range. Two polyimide adhesive systms, BR 34DI 34 (Arasrican Cyanamid) and 
P4/A5F or P4/A5PA (2MI fiflstems) , were found to provide excellent results wi th  
both tttanium alloy and stainlees steel substratea.(13) 

15+ 4 ~mii t i t~aand.  !later i~wrs ion .  14oistuwe can affect adhesive st renyth 
i n  two signifk?ant ways. 6- poLmric materials, notably ester-based 
polyurethanes, w i l l  nrevert*, i r e b  , lose hardness, strength, and i n  the worst 
cases, liquiEy during exposure to warm, hwid air. Water can alao permate 
the adhesive and preferentially displace the adhesive a t  the bond interface. ' 

This  mechanism is the most camon cause of adhesive-strength reduction i n  
noist envi rornaents. ( 1) 

The rat& of reversion, or hydrolytic instability, depends on the chemical 
structure of the base adhesive, the type and amount of catalyst used, and t h e  
flexlbiliky of the adhesive. Certain chemical linkages, such as ester, 
uxekhane, mide and urea, can be hydrolyzed. Phe rate of such attack is 
fastest for ester-bas& linkages. Such linkages are present i n  certain tyyes 
of polyuretbane and anhydride-cured epoxies. Generally mine-cured epoxies 
offer better hydrolytic stability than anhydride-curd types, vhe reversion 
rate of hydrolytic rnaterials also depends on the mount of catalyst used i n  
the fort;iulakion. The best: hydrolytic properties are obtained when the proper 
stoichiometric ratio of base material to  catalyst is used. Reversion is 
usually much faster in  flexible  ater ria la because water permeates Lhem more 
easily, (1) 

Structural adhesives not susceptible to  tbe reversion phenomenon are also 
likely to  lose adhesive strength when exposed to  moisture, parklcularly at  
high teqperatures. The node of failure i n  the ini t ia l  stages of exposure 
under these conditions is cohesive. After 5 to  7 days the failure becomes one 
of adhesion. -water vapor apparently permeates tbe adhesive through its 
exposed edges and'eancclntrates i n  weak boundary layers a t  the inter£acsr This 
e3fecf: is very much dependent on the tme of adhesive. Table XtZx illustrates 
that a nitrile-phenolic adhesive does not succumb to failure through the 
iechanism of preferential displacement at  the interface + Failures occurred 
cohesively wi th in  the adhesive, even when tested after 24 hours of imersion 
Ln Water. a nylon-epoxy dhesive degrades rapidly under the same oonditions, 
owing to  psraeability and preferential displacement by ~ltoisturer ~dhesive 
strength deteriorates more quickly in an aqueous-vapor environment than i n  
liquid water, because of the more rapid perareation of the vapor. Because of 
the imporkance of the interface, prisers and surface treatmnts tend to hinder 
adhesive strength degradation in noist environments. A fluid primer that 
easily wets the interface presumably tends to  fill i n  minor discontinuities on 
the surEace. Chemical etching, whicb removes surface flaws, also results i n  
improved resi~tance to high humidity+/l) 
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stress acce le ra tes  t h e  e f f e c t  .of environments on t h e  adhes ive- jo in t .  Pew' 
da ta  a r e  ava i l ab le  on t h i s  phenomenon because of the  t i m e  and expense involved 
with stress aging tests. However, 5 t  is known t h a t  moisture, as an 
envf r o m n t a l  burden,' markedly -decreases t h e  a b i l i t y  of an adhesive t o  bear 
prolonged stress. ( 1) I . 

15.4.1 W f e c t s  of surface  prepara t ion  on mistuxe exmsUreb The Aluminum 
Company of America (ALCOAJ h a s . c a r r i e d  o& s tud ies  on unstressed j o i n t  
d u r a b i l i t y  a f t e r  room~temperature water i m e r s i o n  and after 100%-Rli exposure 
at: 125OP (52O~)  Table I, gives  results on t h e  room-teatperature tests i n  
waterb Direct comparison of d u r a b j l i t y  for a l l  jo in t s  can only be made a f t e t  
one year ' s  soaking exposure. The twoqearf exposure test had not been 
camplet@ f o r  t h e  chromic acid-anodized tind phosphoric acid-anodized surface  
j o i n t s  a t  t h e  time of t h e  repor t*  Af ter  one year i n  t h i s  moderately 
accelerated laboratory weathering exposure, t h e  r e l a t i v e  bond re tent ion  . 
averages were similar f o r  a l l  but  t h e  Vapor-degreased surface jo in ts ,  and 

. 

ranged between 70-80% of i n i t i a l  bond s t r eng th  values.  he vapor degreased 
surface j o i n t s  averaged only 46.2% of t h e i r  i n i t i a l  bond s t r eng th  values. 
Table LI g ives  t h e  results a f t e r  exposure t o  condensing humidity (100% RH) a t  
1 2 5 0 ~  (52%). After 12 months exposure a l l  of t h e  an6dized surface  jo in t s  
showed s i g n i f i c a n t l y  high re ta ined 'bond strength,  ranging from a' high of 73% 
f o r  t h e  sulfuric acid-anodized su r face  j o i n t s  t o  a low of 54.8% . for  the  
phosphoria acid-anodized surface j o i n t s  . The average bond st rengtb re tent ion  
f o r  the' acid-etched surface  j o i n t s  i n  high hrinridity ranged f raas 31% . f o r  t h e  .,' 

inhib i ted  a l k a l i n e  'cleaned (RIDOLXNE 53) and cbrornic-sulfuric acid etched . 
surface  j o i n t s  t o  16.1% for t h e  atcohbl-phosphoric acid e tched.sudaee  j o i n t s  
(15). ALmA has a l s o  studied the  e f f e c t s  of stress with t h e  system described 
above. 

15 . 4.2 stressed temperature/burnidity test. One of t h e  e a r l i e r  methods used 
by t h e  Army f o r  evaluat ing t h e  d u r a b i l i t y  of adhesive-based j o i n t s  is t h e  
s t r e s sed  temperature/humidity test described i n  ASTN D 2919-84 (See 13.2.56). 
ARRADCOM Workers have used an environmental condition not l i s t e d  i n  t h e  
standard test environments of t h i s  standard, 1 4 0 0 ~  ( 6 0 0 ~ )  and 95 to 100% . These condi t ions  were se lec ted  &uring an evaluat ion of adhesive-bonding 
processes used i n  helic50pter manufacture. This s t ressed  nethod is very time- 
consuming and o f t en  expensive, s ince  it requires environmental test  chambers. 
(16) Figures 50 and 51 shoe t h e  s t r e s s i n g  j i g  used i n  t h i s  procedure and 
how it is used with mul t ip le  u n i t s  (17). 

Figures 52 and 53 show t h e  degradaeion o f . t h e  epoxy adhesive bond due t o  t h e  
e f f e c t  of temperature an t b  m i c  aluwinurr, joint: a t  95% ~ ~ ( 1 8 )  The p l o t s  
show that: those  j o i n t s  exposed a t  7 3 9  (23OC) and 958 RH had degraded 
rapidly when t h e  stress l e v e l  exceeded 880 Ibs, which would Be equal  t o  
approxinately 40% og t h e  roon-temperature tensi le-shear  s t r eng th  of the  
jo in t*  A t  120°p ( 4 9 O ~ )  rapid d e t e r i o r a t i o n  occurred a t  a s t r e s b  l e v e l  of 
440 l b s  (1957 N), o r  approxinately 20% of t h e  room-temperature s t r eng th  of t h e  
joint .  The d u r a b i l i t y  o r  stress vs log  time t o  f a i l u r e  curves are shown i n  
Figure 53 f o r  t h e  various temperatures at  95% RH. Tlie r e su l t an t  curves are 
s t r a i g h t  l i n e s  and a r e  c lose  to-being p a r a l l e l ,  indica t ing  t h a t  the e f f e c t  of 
temperature at  a constant  RH is constant ,  and, a s  t h e  temperature increases,  
the  d u r a b i l i t y  w i l l  decrease a s  a f i n c t i o n  of the  s t r eng th  change caused by 
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TABLE L. IEffeats of sur face  t r e a t m n t  on t h e  d u r a b i l i t y  of 606146 a l d n u r a  
a l l oy  . j o i n t s  exposed t o  inversion i n  RT water i n  t h e  unstressed 
condi t ion (ni t r i le-modif ied waxy paste a d & e ~ i v e ) ~ i l 5 )  

I n i t i a l  AVgt % Retained ~ o n d  stre 'ngth 
shear  After Indicated Exposure Tiarc? . 

Strength  3 6 12 ' 24. 
su r f ace  T r e a t m n t s  psi  Nos .  140s. Most ' MOS . 

Vapor Deg rea8e.I 4330 70.9 59.4 46t 2 27.0 

Deoxidine 526 ( 5  ~ l in . ,  25% 4970 83.1. 84.5 73.8 56.9 
conc. at RrT. 

chromic acid anodize 5513 85.6 83.6 700 9 N.A. 

Phosphoric ac id  anodize 6480 89. 8 80.2 74.4 NIAI 
(Boeing procedure, 5-10 
vo l t s ,  20 lain.) 

S u l f u r i c  acid anodize 3550 69.6 66.8 67,6 68.5 
(12 asf, 60 ria., bo i l i ng  
water s e a l )  

TABLE LL. gffects of .surface treatment on t h e  d u r a b i l i t y  of 6061-96 aluntinurn 
a l l oy  j o in t a  exposed to 100% RH tcondensing h ~ i d i t y )  at 1 2 W ~  
(520C) i n  %he unstressed condi t ion  (nitri le-modif ied - 
s o x y  paste adhesive) (l5) 

I n i t i a l  Avg. 8 Retained Bond Strength 
shear  Af te r  rndicated Exuosure T h e  

S t  renath 3 6 12 2 4 - 
Surf ace !treatments psi Mos . 240s. MOB. MOB. 

Deoxidine 526 ( 5  mint, 4970 46.1 3Q1 2 16.1 10.9 
25% conc. a t  A14r )  

Chronic-sulf uric ( 5  nin., 5330 39.9 23.8 16.6 -12.4 
18 O°F ( 82Oc) 

* Ridol ine 53 ( 3  min., 5430 51.4 3603 31.3 26.3 
180- (82oC) 
Chromic-sulf uric ( 5 min, , 
180°p ( 82Oc) 1 

chromic acid anodize 5513 70.7 69.8 60.9 N.A. - 

Phosphoric acid anodize 6480 70t7 62 t 8 540 8 WIAI 
(Boeing procedure, 5-10 
vol te ,  20 rain,) ' 

S u l f u r i c  w i d  anodize 3550 74* 9 74* l  7207 67,6 
(12 asf, 60 minr, bailing 
water s e a l )  ' 

. - 
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t h e  tempera ture  change. S i m i l a r  r e s u l t s  a r e  obtained wi th  t i t a n i u m .  Thus, a n  
i n c r e a s e  i n  % RH w i l l  c ause  e dec rease  i n  t h e  j o i n t  d u r a b i l i t y ,  and appea r s  t o  
be a s i g n i f i c a n t  f a c t o r  i n  j o i n t  f a i l u r e s .  (18) 

Thi s  ASTM method h a s  some drawbacks, such  as t h e  l a r g e  s c a t t e r  o f  d a t a ,  t h e  
i n a b i l i t y  t o  check s t r e s s  l e v e l  a t  environmental  c o n d i t i o n s ,  and t h e  i n a b i l i t y  
t o  run  very  low l o a d s  because of  t h e  h igh  k - f ac to r  of t h e  s p r i n g s .  S p r i n g s  
w i t h  lower k - f a c t o r s  could be used ,  however.19) 

15.4.3 Hot-water-soak test. With t h i s  newer method developed by ARRADCOM, 
t h e  d u r a b i l i t y  cu rves  f o r  a l a r g e  number o f  adhesive/adherend combinat ions can 
be p r e d i c t e d  s imul taneous ly .  The method i n v o l v e s  t h e  soak ing  o f  t e s t  
specimens i n  a  t ank  of de ion ized  w a t e r  a t  1400F (60°c). The specimens a r e  
al lowed t o  soak  f o r  p e r i o d s  u p  t o  100-1000 hours  i n  t h e  1400F ( 6 0 0 ~ )  water.  
A t  t h e  end of  t h e  soak  period t h e  specimens a r e  removed and placed i n  a  
c o n t a i n e r  of  wa te r  a t  1400F ( 6 0 0 ~ ) .  Th i s  c o n t a i n e r  is t h e n  placed i n t o  
t h e  t e s t  chamber o f  a  u n i v e r s a l  t e n s i l e  t e s t i n g  machine. The chamber i s  a l s o  
kep t  a t  1400F ( 6 0 0 ~ ) .  The t e s t  specimens a r e  removed, one a t  a t ime,  from 
t h e  w a t e r  and placed i n  t h e  g r i p s  of  t h e  t e s t  machine. A thermocouple i s  
a t t a c h e d  t o  t h e  specimen and t h e  tempera ture  monitored. When t h e  tempera ture  
of  t h e  specimen r eaches  1400F (60°C) t h e  t e s t  i s  s t a r t e d .  The load  is  
a p p l i e d  a t  a r a t e  of  1200-1400 lbs/min (270-315 ~ / m i n )  u n t i l  t h e  specimens 
f a i l .  Th i s  t e s t  i s  c a r r i e d  out  on a t  l e a s t  f o u r  specimens and t h e  r e s u l t s  a r e  
p l o t t e d  on semi-logari thmic paper. (16) (19)  

When t h e  d a t a  i s  p l o t t e d  a s  a  f u n c t i o n  of t h e  r e s i d u a l  s t r e n g t h  vs  l o g  of  
exposure t ime,  t h e  r e s u l t i n g  p l o t  i s  a  s t r a i g h t  l i n e  s i m i l a r  t o  t h e  s t r e s s e d  
d u r a b i l i t y  curves  shown i n  F igure  52.(19) 

F i g u r e  54 d e p i c t s  t h e  d a t a  ob ta ined  on a n  e p o x y - n i t r i l e  f i l m  adhes ive  on 
5052-H34 aluminum a l l o y  a f t e r  immersion i n  t h e  ho t  water  f o r  50, 100, 300, 500 
and 1000 hours .  T h i s  t e s t  is  very  u s e f u l  because i t  pe rmi t s  a  l a r g e  number of 
adhesive-bonded specimens wi th  d i f f e r e n t  adhes ives ,  adherends  and s u r f a c e  
p re t r ea tmen t s  t o  be t e s t e d  a t  t h e  same t ime wi th  a  r e l a t i v e l y  sma l l  inves tment  
i n  man hours  and equipnent .  F igu re  55 shows a  comparison of  t h e  s t r e s s e d  
d u r a b i l i t y  d a t a  and uns t r e s sed  ho t  water-soak da t a  on t h e  same e p o x y - n i t r i l e  
f i l m  adhes ive ,  u s ing  2 0 2 4 - 3  aluminum a l l o y .  Note the  p a r a l l e l i s m  o f  t h e  
~ l o t s .  The curve i n  t h e  lower l e f t  was obta ined  when l a p s h e s r  spec inens  g e r e  
sub jec t ed  t o  v a r i o u s  l e v e l s  of s t r e s s  and then  exposed t o  an  environment of 
'1400F ( 6 0 0 ~ )  and 95% RH u n t i l  f a i l u r e .  The f a i l u r e  time is p l o t t e d  a s  a  
l og  func t ion .  The cu rve  i n  t h e  upper  p o r t i o n  i s  a p lo t  of t h e  d a t a  when t h e  
same t y p e s  of l a p s h e a r  specimens were sub jec t ed  t o  140°F ( 6 0 0 ~ )  w a t e r  f o r  
p re sc r ibed  pe r iods  of  t ime and then  t e s t e d  f o r  t h e i r  r e s i d u a l  s t r e n g t h .  I n  
t he  f i r s t  c a s e  f a i l u r e  t ime was recorded.  I n  t h e  l a t t e r  c a s e ,  r e s i d u a l  

t r e n g t h  was determined.  The same type  d a t a  i s  obtained w i t h  both curves .  
419 ,  

15-4 .4  F a t i g u e - l i f e  d a t a .  Bonded j o i n t s  i n  h e l i c o p t e r s  e r e  s n b j e c t e d  t o  
c o n s t a n t  f a t i g u e .  The o p e r a t i o n  of a  h e l i c o p t e r  puts  t h e  a i r c r a f t  i n  a  
c o n s t a n t  s t a t e  of v i b r a t i o n .  The miss ion  of t h e  A m y ' s  h e l i c o p t e r  f l e e t  
s u b j e c t s  then  t o  c o n d i t i o n s  of e l e v a t e d  tempera tures  and f r e q u e n t l y  h igh  
h ~ m i d i t y .  Env i romen ta l  exposure i s  b e l i e v e a  t o  have a s t r o n g  d e t r i n e n t a l  
e f i e c t  uwr: i 5 e  f a t i g x e  e rdu rh rce  of bocded j o i n t s  i n  t h e s e  & l r z r a f t . ( 2 0 )  
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FIGURE 50. S t r e s s i n g  j i g  used i n  loading  t e s t  f i x t u r e  (ASTM ~ 2 9 1 9 ) .  (17) 
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FIGURE 51. Stressing jigs used at ARRADCOM with automatic failure 
recording device (microswitch timing monitor). 
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FIGURE 52. Effect  of temperature on the  durab i l i ty  of adhesive-bonded 
anodized aluminum a t  95% RH (modified epoxy 
f i lm adhesive). (18) 
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FAILURE TIME, HRS 

FIGURE 53. Effect of temperature on the durability of adhesive-bonded 
anodized aluminum at 95% RH (log plot) (modified epoxy 
film adhesive). (18) 
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A v i b r a t i o n  frequency of 1000 c y c l e s  p e r  minute i s  considered r ep re sen ta t ive  
of t h e  v i b r a t i o n  of Army  a i r c r a f t  dur ing  f l i g h t .  Accordingly, ARRADCOM 
workers have designed a t e s t  f o r  de t e rmina t ion  of f a t i g u e - l i f e  d a t a  i n  t he  
t e n s i o n  s t r e s s  c y c l e  from ze ro  t o  a s p e c i f i c  maximum s t r e s s  of  2800 p s i  (19.3 
M P ~ ) .  Endurance curves  were determined a t  room temperature,  1400F (60%) 
(d ry )  and 140°F (60°c) wi th  95% RH. (20) 

F igure  56 compares t h e  s t r e s s  v s  l o g  of c y c l e s  t o  f a 4 l u r e  ( S / L O ~  N)  curves  
f o r  a n  e p o x y - n i t r i l e  f i l m  adhes ive  used f o r  bonding su l fur ic -d ichromate  etched 
2024-T3 aluminum a t  a frequency of  1000 cyc le s '  pe r  minute a t  RT, 1400F 
( 6 0 0 ~ )  (dry)  and a t  140°F ( 6 0 0 ~ )  with 95% RH (20) .  I n  gene ra l ,  t h e  
f a t i g u e  curves  obta ined  a t  t h e s e  environments fo l low t h e  t r e n d  shown i n  
F igures  52 and 53, where a n o t i c e a b l e  drop i s  experienced when t h e  environment 
is changed from 73OF ( 2 3 O ~ )  t o  140°F (60°c), and a g a i n  when t h e  
environment becomes more d r a s t i c  wi th  t h e  a d d i t i o n  of  95% RH t o  t h e  1400F 
(60°c) environment. ( * l )  

15.5. S a l t  water  and s a l t  spray.  

15.5.1 In t roduc t ion .  S a l t  water  and sa l t  sp ray  a r e  known t o  have a 
d e l e t e r i o u s  e f f e c t  on adhes ive  j o i n t s ,  p a r t i c u l a r l y  t h e  l a t t e r .  Tes t ing  f o r  
t h e  e f f e c t s  o f  sa l t  s p r a y  ( s a l t  fog )  is  u s u a l l y  c a r r i e d  ou t  u s ing  ASTM B117, 
"Standard Method of  S a l t  Spray ( ~ o g )  Test ing".  Th i s  method has  been approved 
f o r  u se  by DOD agenc ie s  t o  r e p l a c e  Nethod 811.1 of Federa l  Tes t  Method 
Standard 151B. 

Bond d u r a b i l i t y  r e s u l t s  on a n  aluminum a l l o y  a r e  shown i n  Table L I I  f o r  
chromic acid-anodized and f o u r , v a r i a t i o n s  of  phosphoric acid-anodized 
su r f aces ,  p l u s  two v a r i a t i o n s  of s u l f u r i c  acid-anodizing,  i . e .  sea led  and 
unsealed. The e x c e l l e n t  r e s i s t a n c e  t o  s u r f a c e  co r ros ion  i n  s a l t -wa te r  
exposure shown by unbonded anodized su r f aces  i s  a l s o  manifested i n  t h e  bonded 
j o i n t s .  A l l  chromic a c i d  and phosphoric acid-anodized s u r f a c e  j o i n t s  were 
h igh ly  r e s i s t a n t  t o  bond f a i l u r e s ,  which o r d i n a r i l y  occur  by undercut t ing  
co r ros ion  of t h e  bondl ine  i n  t h i s  environment. The e s s e n t i a l  absence of any 
such unde rcu t t i ng  w a s  noted v i s u a l l y  i n  j o i n t s  f a i l e d  d e l i b e r a t e l y  a f t e r  12  
months exposure, and w a s  confirmed by t h e  h igh  percentage  of r e t a ined  bond 
s t r e n g t h  i n  t h e  range of 79-96%. Although t h i c k e r  s u l f u r i c  acid-anodized 
coa t ings  would be expected t o  o f f e r  t h e  h i g h e s t  degree of co r ros ion  r e s i s t a n c e  
t o  s a l t  spray  i n  t h e  s e a l e d  and unbonded s t a t e ,  t h e  only bond f a i l u r e  
encountered when t e s t e d  weekly t o  50% of i n i t i a l  bond s t r e n g t h  w a s  with a 
sea led  s u l f u r i c  acid-anodized p r e t r e a t e d  j o i n t .  This  i s  not  s u r p r i s i n g ,  s i n c e  
i t  i s  known t h a t  an  unsealed s u l f u r i c  a c i d  anodized s u r f a c e  can  be bonded with 
h i g h e r  i n i t i a l  bonding s t r e n g t h  and b e t t e r  bond d u r a b i l i t y .  The good bond 
d u r a b i l i t y  i n  s a l t  water-exposure of  anodized sur face?pr&rea ted  j o i n t s  i s  a 
p o s i t i v e  b a s i s  f o r  s e l e c t i n g  t h i s  t ype  of p re t r ea tmen t  ov%r t h e  acid-etching 
procedures  f o r  marine a p p l i c a t i o n s .  (15)  

15.5.2 Seacoas t  weathering environment. Important  bond d u r a b i l i t y  r e s u l t s  
between vapor-degreased, ac id-e tched ,  and s u l f u r i c  ac idranodized  sur face  
j o i n t s  a r e  shown i n  Table L I I I  f o r  pe r iods  as long a s  8 yea r s .  This  type of 
n a t u r a l  weathering t e s t  environment is  h i g h l y  d i s c r i m i n a t i n g  between the 
v a r i o u s  s u r f a c e  p re t r ea tmen t s .  The s u r p r i s i n g l y  h igh  62% bond s t r e n g t h  
r e t e n t i o n  f o r  t h e  s e a l e d  s u l f u r i c  acid-anodized s u r f a c e  j o i n t s  a f t e r  8 y e a r s  
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FIGURE 54. Hot water soak data with epoxy-nitrile film 
adhesive on 5052-H34 aluminum joints.(lg) 

Downloaded from http://www.everyspec.com



2400 

140' F WATER SOAK 

2000 

1600 

1 ZOO 

800 

400 

10 100 1000 10,000 

FAILURE TIME, HRS. 

FIGURE 55. Comparison of s t r e s s e d  d u r a b i l i t y  d a t a  and uns t ressed  
hot  water  soak d a t a  wi th  epoxy-n i t r i l e  f i l m  adhesive 
on anodized 2024-T3 aluminum j o i n t . ( l g )  
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FIGURE 56.  Environmental S-log N curves  f o r  n i t r i l e - epoxy  f i l m  
adhes ive  - bonded 2024-T3 aluminum j o i n t s  a t  1000 
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TABLE L I I .  Effect  of surface  treatment and exposure to  3 1/28 s a l t  water 
in termit tent  spray on the  d u r a b i l i t y  of 6061-T6 aluminum a l l o y  j o in t s  exposed 
i n  the unstressed condit ion (nitr i le-modified epoxy paste adhesive).(l5) 

I n i t i a l  Avg. % Retained Bond Strength 
Shear After  Indicated Exposure Time* 

Strength 3 6 9 12 
Surface Treatments p s i  Mos . - Wos. - MOS. - Mos. - 

Chromic acid anodize 5513 50 50 50 82.0 

Phosphoric acid anodize 5700 50 50 50 89.8 
(30 vo l t s ,  30 min.) 

Phosphoric acid anodize 6030 50 50 50 92.9 
(60 vo l t s ,  18.5 min.) 

Phosphoric acid anodize 6070 50 50 50 95.9 
(110 vo l t s ,  6 min.) 

Phosphoric acid anodize 6480 50 5 0 50 79.3 
( ~ o e i n g  procedure) 

Sulfur ic  acid anodize 3940 5 0 5 0 50 75.1 
(12 a s f ,  60 min., unsealed 

Sulfur ic  acid anodize 3550 50 5 0 5 0 49.6 
(12 asa f ,  60 min., boil ing 
water s ea l )  

*The procedure used was t o  s t r e s s  the  specimens weekly t o  50% of i n i t i a l  shear 
s t rength  and re turn t o  the  exposure conditions, providing no bond f a i l u r e s  
occurred. After 52 weeks t e s t i n g  t he  j o in t s  were de l ibera te ly  f a i l e d  f o r  
quant i ta t ive  determination of the  ac tua l  retained bond s t reng th  a s  shown. 

TABLE L I I I .  Effect  of surface  treatment and exposure to  seacoast  
environments on t he  du rab i l i t y  of 6061-T6 aluminum a l loy  
jo in t s  exposed i n  the  unstressed condition (nitr i le-modified 
epoxy paste adhesive).( l5)  

I n i t i a l  Avg. $ Retained Bond Strength 
Shear After  Indicated Exposure Time 

Strength 1 2 4 8 
Surface Treatment p s i  Y r .  Y r s .  Y r s .  Y r s .  

Vapor degreased 4330 

Deoxidine 526 (5  min., 4970 
25% conc. a t  R.T.) 
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TABLE L I I I .  ( cont inued)  

I n i t i a l  avg. $ Retained Bond St rength  
Shear  A f t e r  Ind ica t ed  Exposure Time 

S t r eng th  1 2 4 8 
Sur face  Treatment psi Y r .  Y r s .  Yrs. Yrs. 

Chromic ac id  anodize  5513 - 82.5 

S u l f u r i c  ac id  anodize 3270 69.4 68.2 85.4 62.3 
(12 a s f ,  60 min., 
b o i l i n g  water s e a l )  

aExposed a t  P o i n t  J u d i t h ,  Rhode Is land .  
(1 )  Time span of  bond f a i l u r e s  71-270 days. 
(2)  Time span of bond f a i l u r e s  720-1440 days. 
( 3 )  Time span of bond f a i l u r e s  760-1440 days. 

exposure i s  e s p e c i a l l y  s i g n i f i c a n t  when compared t o  t h e  less-than-one-year 
s u r v i v a l  time f o r  vapor-degreased su r f ace  j o i n t s  and t h e  approximately 720 t o  
1440 day s u r v i v a l  t imes  f o r  alcohol-phosphoric and chromic-sulfur ic  etched 
s u r f a c e  jo in t s .  (15) 

Minford (22) showed t h a t  t h e  seacoas t  atmosphere is t h e  most d e t e r i o r a t i n g  
t o  heat-cured epoxies  a s  a group, many f a i l i n g  completely a f t e r  t he  end of 
f o u r  yea r s  exposure. Anhydride-cured epoxies  g ives  b e t t e r  r e s u l t s  and r e t a i n  
roughly h a l f  of t h e i r  i n i t i a l ' s h e a r  s t r e n g t h  a f t e r  f o u r  y e a r s  i n  t h i s  
agg res s ive  marine environment. Ni t r i le -modi f ied  epoxies  g i v e  b e t t e r  r e s u l t s  

han t h e  non-modified, a s  i s  t h e  case wi th  phenolics  and n i t r i l e -pheno l i c s .  
115) 

Two-part epoxy adhes ives  (RT-curing) do n o t  g ive  good r e s u l t s  i n  seacoast 
atmospheres, u n l e s s  a compatible organic  s e a l e r  is  placed ove r  t he  edge of the  
bondline. I n  t h e  case  of t ape  and f i l m  adhes ives ,  nylon o r  nylon-modified 
epoxy adhesive bonds e i t h e r  f a i l e d  t o  su rv ive  f o u r  y e a r s  exposure,  o r  l o s t  73% 
of i n i t i a l  s t r e n g t h .  Exce l l en t  ,performances were shown by a l l  n i t r i l e -pheno l i c  
and phenolic-type adhesives.  A s  a group a l l  j o i n t s  f a b r i c a t e d  from ten  of 
twelve tape and f i l m  adhes ives  t e s t e d  i n  a s eacoas t  atmosphere survived f o r  
' the t o t a l  test period of 48 months. By c o n t r a s t ,  no two-part epoxy j o i n t s  
l a s t e d  longer  t han  30 months, and only one heat-cured,  one-part  epoxy survived 
48 months exposure (15).  

15.5.3 Sa l t -water  immersion. Figure 57 p re sen t s  r e s u l t s  f o r  f o u r  d i f f e r e n t  
phosphoric acid-processing condi t ions  under s t r e s s  and i n t e r m i t t e n t  sa l t -water  
immersion t e s t i n g .  None of t h e  j o i n t s  p re t r ea t ed  by vary ing  phosphoric acid-  
anodizing cond i t i ons  have f a i l e d  a f t e r  480 days exposure, even under 2268 p s i  
(15.6 M P ~ )  s t r e s s .  A few of  t h e  s t r e s s e d  j o i n t s  p r e t r e a t e d  by chromic 
acid-anodizing f a i l e d  dur ing  t h e  480 days of  exposure, bu t  only a t  a s t r e s s  
l e v e l  of approximately 2000 p s i  (13.8 M P ~ ) ,  o r  approximately 35% of the i n i t i a l  
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bond s t r e n g t h .  Because of t h e  lower i n i t i a l  bond s t r e n g t h  of t h e  s u l f u r i c  
a c i d  anodized su r f ace  j o i n t s ,  t h e  h ighes t  s t r e s s  l e v e l s  imposed were 1379 pi 
(9.5 M P ~ )  (35%) f o r  t h e  unsealed and 1242 p s i  (8.6 M P ~ )  (35%) f o r  t h e  sea led  
j o i n t s .  A f t e r  about  100 days, t he  s ea l ed  s u l f u r i c  anodized j o i n t s  f a i l e d  i n  
exposure,  whi le  t h e  corresponding unsealed j o i n t s  survived a f t e r  482 days 
exposure. ( 15 

15.5.4 Ni t r i l e -pheno l i c  adhesives.  Minford has  shown t h e  except iona l  
s t r e n g t h  r e t e n t i o n  of n i t r i l e - p h e n o l i c s ,  s u c h . a s  FM-61, on aluminum a f t e r  - - 
extended sal t  sp ray ,  water immersion, and o t h e r  long-term exposure t e s t s .  It 
i s  probably t r u e  t h a t  no o t h e r  adhesive type  exceeds t h e  a b i l i t y  of t h e  
n i t r i l e - p h e n o l i c s  t o  maintain good s t r e n g t h  on s t e e l  o r  aluminum a f t e r  
extended exposure t o  water,  s a l t s ,  o r  o t h e r  c o r r o s i v e  media, and t o  prevent 
unde rcu t t i ng  through cor ros ion  of t h e  meta l  s u b s t r a t e .  ( 7 )  

15.5.5 Boeing/Air Force s t u d i e s .  An A i r  Force-sponsored s tudy  i n  1976 
r epor t ed  on t h e  e f f e c t s  of t h e  co r ros ive  s a l t - s p r a y  environment on bondl ines  
of d i f f e r e n t  bonded s y ~ t e m s . ( ~ 3 )  The system v a r i a t i o n s  included c lad  and 
ba re  a l l o y s ,  s u r f a c e  t rea tments ,  adhesive pr imers ,  and adhesives.  Five 
specimens were f a b r i c a t e d  f o r  each of t h e  bonded systems. The specimens were 
then  placed i n  a sa l t - sp ray  environment of  5% NaCl a t  950F (350C). The 
change i n  c r ack  l e n g t h  of each specimen w a s  recorded pe r iod ica l ly .  A t  t he  end 
of  1 month, one specimen was randomly s e l e c t e d  from each bonded system and 
opened f o r  v i s u a l  i n spec t ion  of the  bondline cond i t i on ,  both i n  t he  s t r e s s e d  
zone ( c r a c k - t i p  zone) and i n  t h e  uns t ressed  zone. This  same procedure was 
c a r r i e d  out  a f t e r  2,  3, 6, and 1 2  months, when t h e  l a s t  specimen w a s  removed 
from t e s t .  The average c rack  l eng ths  a t  t h e  end of each time r iod  a r e  shown 
i n  Table LIV, a ,  b, and c. The conclus ions  were as follows: ( 2 9  

o The phosphoric acid-anodize process  provides markedly improved 
stressed-bond j o i n t  d u r a b i l i t y  and r e t a r d s  bondline c rev ice  
co r ros ion  ( s t a r t e d  a t  an  edge) i n  s e v e r e l y  co r ros ive  environments 
when compred  t o  chromic acid-anodize and FPL etch.  

o  Stressed-bond-joint d u r a b i l i t y  i s  markedly a f f e c t e d  by the  
adherend prebond su r f ace  t r ea tmen t  and t h e  adhesive/primer system 
i n  c o n t a c t  with it. This  i s  evidenced by the  poor performance of 
FM 123-L/BR 123 (non-cIAP) adhes ive /pr imer  system on FPL-etched 
and chromic acid-anodized 2024-T3, c l a d  and bare,  and t h e  b e t t e r  
performance of t h e  same systems when BR 127 (CIAP) is  s u b s t i t u t e d  
f o r  BR 123 (non-CIAP) . 

o  The wedge t e s t  method i s  d i s c r i m i n a t i n g  and provides a r e l a t i v e  
ranking f o r  many of t he  parameters  t h a t  a f f e c t  bond j e i n t  
d u r a b i l i t y .  

o  The d a t a  confirm t h a t  c l ad  aluminum i n  t h e  bondlines is 
undes i r ab le  under t he  s e v e r e l y  c o r r o s i v e  sa l t - sp ray  environment. 
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FIGURE 57. E f f e c t  of  s u r f a c e  t rea tment  and i n t e r m i t t e n t  immersion i n  
s a l t  water  under  s t r e s s  on t h e  d u r a b i l i t v  of 6061-T6 
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15.6 Weathering. 

0 1 I l 1 1 . 1 1 1  1 1 1 , * , , I 1  1 1 * 1 1 1 1 , l  1 I 1 ,,,..1 I I I I -  
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FAILURE TIME IN MINUTES 

15.6.1 General.  By f a r  t h e  most de t r imen ta l  f a c t o r s  i n f luenc ing  adhesives 
aged outdoors  a r e  hea t  and humidity.  Thermal cyc l ing ,  u l t r a v i o l e t  r a d i a t i o n ,  
and low temperatures  a r e  r e l a t i v e l y  minor f a c t o r s .  When exposed t o  weather, 
s t r u c t u r a l  adhesives r a p i d l y  l o s e  s t r e n g t h  dur ing  the  f i r s t  6  months t o  1 
year .  A f t e r  2 t o  3 y e a r s ,  t h e  r a t e  of d e c l i n e  usua l ly  l e v e l s  o f f  a t  25 t o  30% 
of t h e  i n i t i a l  j o i n t  s t r e n g t h ,  aepending on t h e  c l ima te  zone, adherend, 
adhes ive ,  and s t r e s s  l e v e l .  The fo l lowing  g e n e r a l i z a t i o n s  a r e  important i n  
des igning  a  j o i n t  f o r  outdoor  s e r v i c e  (1 ) :  

o  The most s e v e r e  l o c a t i o n s  a r e  those  with h igh  humidity and warm 
temperatures  

o S t r e s sed  pane l s  d e t e r i o r a t e  more r ap id ly  than uns t r e s sed  panels  

o  S t a i n l e s s - s t e e l  pane l s  a r e  more r e s i s t a n t  than  aluminum panels  
because of t h e  c o r r o s i o n  i n  t h e  l a t t e r  

o  Heat-cured adhes ive  systems a r e  gene ra l ly  more r e s i s t a n t  t o  
s eve re  outdoor  weather ing  than  room-temperature-cured systems 

o Using t h e  b e t t e r  adhes ives ,  uns t ressed  bonds(are  r e l a t i v e l y  
r e s i s t a n t  t o  s eve re  outdoor weaihering, &though a l l  j o i n t s  w i l l  
even tua l ly  e x h i b i t  some s t r e n g t h  lo s s .  

15,6.2 Simulated weather ing/acce lera ted  t e s t i n g .  P i ca t inny  Arsenal has 
c a r r i e d  out  a  number of experiments  i n  t h e  l abo ra to ry  ( acce l e ra t ed  t e s t i n g )  
u s ing  MIL-STD-304 cond i t i on ing ,  and i n  a c t u a l  weathering s i t e s  throughout the  
~ o r l d . ( ~ 4 )  MIL-STD-304 has  now been replaced by MIL-STD-331, but the  
MIL-STD-304 cond i t i ons  were : exposure t o  a 1  t e r n a t i n g  cyc le s  of cold ( - 6 5 0 ~ )  
( - 5 4 0 ~ ) ,  dry h e a t  ( 1 6 0 0 ~ )  (71°c),  and h e a t  and humidity (95O RH) f o r  
30 days. Af t e r  t h e  exposure p e r i o d ,  t he  aluminlm-alloy panels  used i n  t he  
s t u d i e s  (2024-~3)  were c u t  i n t o  i n d i v i d u a l  specimens and t e s t e d  a t  t he  
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TABLE LIV E f f e c t  of sal t  spray- 5% NaCl a t  95OF ( 3 5 O ~ )  on bonded 
aluminum a l l o y  j o i n t s  wi th  d i f f e r e n t  s u r f a c e  preparat ions,  (23) 

( a )  Phosphoric a c i d  anodize  

Adhesive system 

€A 962WBR 127 

(b) Chromic a c i d  o x i d i z e  

€A 9628lBR 127 

a, + Aaq 
60 days 

2.80 
3.38 

Adhesive system 

FM 123-2lBR 123 

, 
a, +Aa7 
365 days 

3.48 
3.66 

a, + Aa5 
90 days 

2.77 
3.52 

a, + Aa6 
183 days 

2.84 
3.97 

Alloy 

2024 clad 
2024 bare 

a,, in. 

1.31 
1.41 

ao+ Aal 
1 day 

2.68 
2.66 

a, + Aa2 

7 days 

2.68 
3.06 

a, + Aag 
30 days 

2.78 
3.06 
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TABLE L I V  (continued) 

(c)  FPL e tch  

a - Original  crack length 

JI 123-2/BR 127 

k 9628lBR 127 

b - a l ,  a2 e t c .  a r e  crack extensions a t  the  end of various time 
i n t e rva l s  

c - Fm 123-2 modified n i t r i l e  epoxy f i lm adhesive ( 2 5 0 0 ~ ) ( 1 2 7 0 ~ )  cure 
d - BR 123 non corrosion-resistant  primer 
e - BR 127 corrosion inh ib i t ing  adhesive primer (CIAP) 
f - EA 9628 modified epoxy f i l m  adhesive ( 2 5 0 0 ~ )  (127OC) cure 

temperatures indicated i n  Table LV. A number of d i f f e r en t  types of adhesives 
were tes ted.  Only one adhesive ac tua l ly  f a i l ed .  Virtualy a l l  the adhesives 
showed a l o s s  i n  s t reng th  when tes ted a t  160°F ( 7 1 0 ~ ) ,  some being affected 
more than others. One adhesive, No. 7, the  epoxy-anhydride RT-cured system, 
l o s t  approximately 70% of i ts  joint  s t rength  a t  730F (23OC) a f t e r  cycling. 
The room-temperature-cured epoxy-polyamide system (No. 1 )  seemed t o  be the  
l e a s t  affected of the  adhesive types tes ted.  Picat inny Arsenal carr ied out 
t he  t e s t s  i n  conjunction with ac tua l  f i e l d  weathering s tudies .  It should be 
noted t ha t  the t e s t i n g  was carr ied out a t  -650F ( - 5 4 0 ~ ) ,  730F ( 2 3 0 ~ )  
o r  160°F (71°c), a f t e r  MIL-STD-304 cycling. (24) 

15.6.3 Outdoor weathering. Picatinny Arsenal s tud ies .  fi The r e su l t s  of 
weathering exposure up t o  one year on the  adhesives covered i n  Table LV, along 
with several  add i t iona l  adhesives, a r e  given i n  Table L V I . ( ~ ~ )  The r e su l t s  
are given a s  $ re ten t ion  of o r ig ina l  jo in t  s t rength .  I n  addi t ion to  controls ,  
the  following climates were used: 

2024 clad 
2024 bare 

2024 clad 
2024 bare 

7075 dad 
7075 bare 

o Hot, dry (~urna, ~ r i z o n a )  
o Hot, humid (panama Canal zone) 
o Temperate (picatinny Arsenal, Dover, N. J. ) 

1.35 
1.37 

1.40 
1.45 

1.43 
1.49 

1.35 
1.41 

1.40 
1.46 

1.52 
1.53 

1.45 
1.50 

1.54 
1.52 

1.73 
1.69 

1.48 
1.57 

1.62 
1.62 

3.55 
1.90 

1.50 
1.65 

1.76 
1.72 

3.42 
1 .B8 

1.53 
1.63 

1.77 
1.73 

3.03 
1.88 

1.53 
2 .of3 

2.20 
1.94 

2.20 
2.31 

2.47 
2.46 

Total disbond 
1.94 2.10 

, 
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TABLE LV Effect of MIL-STD-304" conditioning (JAN cycle) on strength of 
bonded aluminum a l loy  2024-T3 joints . (24)  

---- Average Shear Strength ---- 
Test Temperatures Control MIL-STD-304" 

Adhesive Type 
(MPa) 

(p s i )  ( R P ~ )  

2. Epoxy-polyamide -65 - 54 2200 15.2 3080 21.2 
w/mica f i l l e r ,  73 23 2500 17.2 3140 21.7 
RT-cured 160 71 2200 15.2 1120 7 7 

3. Resorcinol 
epoxy-polyam- 
ide ,  RT-cured 

4. Epoxy aromatic 
amine , RT-cured 

Panels f e l l  apart  
Panels f e l l  apar t  
Panels f e l l  apart  

6. Nylon-epoxy, RT- 
cured 

8. Modified epoxy, 
cured 1 h r  a t  
350°F (177OC) 

9. Epoxy-phenolic, -65 -54 2800 19.3 2610 18.0 
cured 45 min at 73 23 2900 20.0 2350 16.2 
330°F (166%) 160 71 2900 20.0 2190 15.1 

10.Mitrile-phenolic, -65 -54 4700 32.4 5300 36.6 
cured 1 hr  a t  3 5 0 0 ~  7 3 2 7 4600 31.7 7900 26.9 
(177Oc) 160 71 3070 21.2 2900 20.0 

ll .Polyurethane, RT- -65 -54 3500 24.1 4200 29-0 
cured 73 23 2600 17.9 1970 13.6 

160 7 1 1600 11.0 1560 10.8 

'SF Alternating cycles of cold (-650F) (-54O~),  dry heat 1600F ( 7 1 0 ~ )  
and heat  and humidity (160°F) (71°c) (95% RH) f o r  30 days. MIL-STD-304 
has been superseded by MIL-STD-331. 
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Resul ts  i n  JAN cycling (MIL-STD-304), a s  described, were a l s o  given. Table 
LVI shows that, i n  general ,  most of the  adhesive jo in t s ,  when stored i n  the 
laboratory ( con t ro l s ) ,  r e t a i n  most of t h e i r  o r ig ina l  jo int  s t reng th  f o r  one 
year. The j o i n t s  t ha t  were stored i n  the  hot ,  dry area (~uma)  generally 
retained most of t h e i r  o r i g ina l  s t rength .  Two adhesives, epoxy-resorcinol and 
epoxy-phenolic, show a t rend towards decreased jo in t  strength. Where c l imat ic  
condit ions sub jec t  the bond t o  humidity and precipi ta t ion,  i.e., a t  Picatinny 
and i n  Panama, most of the  j o i n t s  show a decrease i n  jo int  s trength.  Four 
adhesive jo in t s ,  those with f i l l e d  epoxy-nylon, unf i l l ed  epoxy-nylon, 
n i t r i l e -phenol ic ,  and s i l i cone ,  do not  appear t o  be affected t o  any l a r  e 

. degree by weathering, regardless  of t he  s i t e  and c l imat ic  conditions. (2 $1 
Further  study of Tables LV and LVI i nd i ca t e  t ha t  the MIL-STD-304 temperature 
and humidity cycle  (now MIL-STD-331) can, i n  general,  be used t o  red ic t  the 8 1 changes t ha t  occur i n  panels which expose them to  high humidity.( 5 

Table LVII shows the r e s u l t s  of th ree  years  of weathering t e s t s  carr ied  out 
by Picatinny Arsenal workers on aluminum jo in t s ,  using seventeen d i f fe ren t  
adhesives (26). Of those seventeen adhesives,  th i r t een  were epoxies o r  
modified epoxies, s ince  epoxy types a r e  most widely used i n  s t r u c t u r a l  
adhesive-bonding applicat ions.  I n  the  study, only f i ve  of the  o r ig ina l  
seventeen adhesives retained a minimum of 50% of t h e i r  o r i g ina l  jo in t  s t rength  
and approximately 2000 ps i  (13.8 M P ~ )  shear  s t rength  a t  a l l  t e s t  temperatures 
a f t e r  two gears of weathering, regardless  of the t e s t  s i t e .  After  three 
years ,  only two adhesives, the phenolic-epoxy fi lm (#13) and the  
ni t r i le-phenol ic  f i lm (#14) met these  requirements. Table LVI shows the 
percentage of re ten t ion  of t he  o r i g ina l  adhesive-joint s t rength  f o r  the 
seventeen adhesives a f t e r  th ree  years  of weathering a t  the th ree  t e s t  s i t e s  
and a f t e r  MIL-STD-304 cycling., It can be seen t ha t  the jo in t s  stored i n  the 
laboratory  (controls)  retained most of t h e i r  o r ig ina l  s t rength  f o r  the three 
years. So did most of the  j o in t s  weathered a t  Yuma. Where humidity and 
moisture were prevalent, i .e .  a t  Picat inny and i n  Panama, most of the jo in t s  
showed a decrease i n  jo in t  s t rength .  

The jo in t s  made with an aluminum-filled one-component epoxy paste, 3500F 
( 1 7 7 0 ~ )  curing adhesive (#1) showed very good durab i l i ty  a t  Yuma. However, 
these  j o in t s  showed a marked decrease i n  jo in t  s t rength  i n  the  high humidity 
of Panama. A t  the end of th ree  years  the re  was some evidence of corrosion of 
the aluminum beneath the bond l ine .  The j o in t s  made with another f i l l e d ,  
one -component modi fied-epoxy p s t e  , 35003' ( 1770~)  curing adhesive (#2) 
showed good re ten t ion  of j o in t  s t r eng th  during the three-year exposure a t  a l l  
s i t e s  o ther  than Panama. After  two years ,  the Panama jo in t s  had l o s t  more 
than 50% of t h e i r  o r ig ina l  s t reng th  due t o  corrosion of the aluminum; a f t e r  
th ree  years  they were so badly corroded t h a t  they f e l l  apar t  i n  the racks. I n  
general ,  the j o in t s  formed with a 2500F (1210~.)  curing, one-compnent 
epoxy paste adhesive (#3) showed a good re ten t ion  of the o r i g ina l  bond 
s t rength .  However, here again,  t he  higher-humidity s i t e s  appeared t o  have an 
adverse e f f e c t  a f t e r  three  years. This e f f e c t  was a l so  noted on the jo in t s  
made with the plyamide-modified e p x y  (#4). 
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The j o i n t s  wi th  t h e  two-part epoxy-anhydride adhesive (#5), the  two-part 
a l i pha t i c -mine -cu red  polysulf ide-modif ied epoxy (#6), and t h e  two-part 
mixed-amine-cured, f i l l e d  epoxy (#7) f e l l  a p a r t  on the racks a t  t h e  Panama 
s i t e .  Numbers 5 and 7 both f e l l  a p a r t  dur ing  the  second y e a r  of  t he  program. 
The #6 adhes ive  j o i n t s  f e l l  a p a r t  dur ing  the  t h i r d  year ,  and a l s o  showed a 
sha rp  decrease  i n  s t r e n g t h  a f t e r  t h r e e  y e a r s  a t  t he  P ica t inny  s i t e .  J o i n t s  
#8, 9, 10, and 11 re t a ined  b e t t e r  t han  50% of t h e i r  o r i g i n a l  j o i n t  s t r e n g t h  
a f t e r  t h r e e  y e a r s  a t  a l l  t e s t  t empera tures  and s i t e s .  For some unknown 
reason,  t h e  three-year  l a b o r a t o r y  c o n t r o l  of #11 f e l l  sharply t o  36% r e t e n t i o n  
a t  73OF (23Oc), 

The j o i n t s  made using t h e  epoxy-nylon f i l m  adhesive (#12) f e l l  a p a r t  on the  
r acks  i n  Panama due t o  c r e v i c e  and e x f o l i a t i o n  corrosion.  The epoxy-phenolic 
f i l m  adhes ive  (#13) and the  n i t r i l e - p h e n o l i c  f i l m  adhesive ($14) re ta ined  
b e t t e r  t han  50% of t h e i r  o r i g i n a l  j o i n t  s t r e n g t h  with average j o i n t  s t r e n g t h s  
of approximately 3000 p s i  (13.8 M P ~ )  under a l l  t e s t  condi t ions  a f t e r  exposure 
t o  t h e  environments of a l l  t h e  t e s t  s i t e s .  The j o i n t s  made with the  RTV 
s i l i c o n e  rubber  adhesive (#15) showed a gene ra l  i nc rease  i n  bond s t r eng th  i n  
t h e  e a r l y  s t a g e s  of exposure, probably due to, f u r t h e r  cure. They a l s o  
demonstrated a gene ra l  r e t e n t i o n  of t h e  i n i t i a l  bond s t r e n g t h  throughout t he  
three-year  period. The j o i n t s  made with polyurethane (#16) showed s igns  of 
deg rada t ion  a t  a l l  t h e  outdoor  s i t e s .  The j o i n t s  made with t h e  polystyrene- 
modified unsa tura ted  p o l y e s t e r  f e l l  a p a r t  i n  Panama a f t e r  two y e a r s  exposure. 
The pane l s  a t  the  o t h e r  s i t e s  g e n e r a l l y  r e t a ined  a f a i r  percentage of t h e i r  
o r i g i n a l  j o i n t  s t r eng th .  (26)  

I n  summary, t h e  j o i n t s  t h a t  r e t a i n e d  b e t t e r  than  50% of t h e i r  o r i g i n a l  bond 
s t r e n g t h s  a t  a l l  t e s t  temperatures  a f t e r  exposure t o  three  y e a r s  a t  any of t h e  
t e s t  s i t e s  were #8, 10, 13, and 14. O f  t h e s e ,  only #13 and #14 r e t a ined  
approximately 2000 p s i  (13.8 m a )  shea r  s t r e n g t h  a t  a l l  t e s t  temperatures 
a f t e r  t h r e e  yea r s  a t  any of t he  t e s t  s i t e s .  Five of t he  j o i n t s  re ta ined  
b e t t e r  t han  50% of t h e i r  o r i g i n a l  bond s t r e n g t h  and approximately 2000 p s i  
(13.8 M P ~ )  shea r  s t r e n g t h  a t  a l l  t e s t  temperatures  a f t e r  exposure t o  
MIL-STD-304 cycl ing.  These were #1, 2, 3, 13 and 14. Subjec t ion  of bonded 
pane l s  t o  t h e  temperature and humidity aging of MIL-STD-304 does,  i n  gene ra l ,  
tend t o  show up those adhesive systems which w i l l  not  form j o i n t s  t h a t  w i l l  
g ive  s a t i s f a c t o r y  performance i n  h i g h l y  humid atmospheres. (26)  

1506.4 Aus t r a l i an  S tudies .  I n  ano the r  experiment c a r r i e d  out  i n  Aus t r a l i a  
i n  con junc t ion  with P ica t inny  Arsenal ,  s t u d i e s  were c a r r i e d  out  under hot/wet 
and hot/dry condi t ions .  A room-temperature vulcaniz ing  (RTV) s i l i c o n e  showed 
e x c e l l e n t  weather r e s i s t a n c e ,  e s p e c i a l l y  if no t  heavi ly  loaded. A room- 
temperature-curing a c r y l i c  adhesive showed r e l a t i v e l y  small  d e c l i n e s  i n  
p r o p e r t i e s  upon weathering. A room-temperature-curing modified epoxy adhesive 
weathered wel l  under hot /dry cond i t i ons ,  bu t  r e s u l t s  under a hot/wet 
environment were incons i s t en t .  A room-temperature-cured polyamide-epoxy 
weathered poorly under hot/wet cond i t i ons .  The hot /dry r e s u l t s  were somewhat 
anomalous. General ly ,  t h i s  system would not  be recommended f o r  outdoor use. 
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15.7 Chemicals and s o l v e n t s .  Most o r g a n i c  adhes ives  t e n d  t o  be s u s c e p t i b l e  
t o  chemica l s  and s o l v e n t s ,  e s p e c i a l l y  a t  e l e v a t e d  t empera tu res .  Among t h e  
s t a n d a r d  test f l u i d s  and immersion c o n d i t i o n s  ( o t h e r  t h a n  water, high humidity 
and s a l t  s p r a y )  a r e  t h e  f o l l o w i n g :  

7 days  i n  JP-4 jet e n g i n e  f u e l  
7 days  i n  a n t i - i c i n g  f l u i d  ( i s o p r o p y l  a l c o h o l )  
7 days  i n  h y d r a u l i c  o i l  (MIL-H-5606) 
7 days  i n  HC tes t  f l u i d  (70/30 v/v i s o o c t a n e / t o l u e n e )  

U n f o r t u n a t e l y ,  exposure  tests l a s t i n g  less t h a n  30 days  a r e  no t  a p p l i c a b l e  
t o  many s e r v i c e - l i f e  requ i rements .  P r a c t i c a l l y  a l l  a d h e s i v e s  a r e  r e s i s t a n t  t o  
these f l u i d s  over  s h o r t  t i m e  p e r i o d s  and a t  room tempera tu res .  Some epoxy 
a d h e s i v e s  even show an  i n c r e a s e  i n  s t r e n g t h  d u r i n g  aging i n  f u e l  o r  o i l  (1). 
Hysol D i v i s i o n  (Dexter  C o r p o r a t i o n )  r e p o r t e d  s t u d i e s  i n  t h e i r  Aerospace 
Adhesive  EA 929, a f a s t - c u r i n g ,  one-par t  t h i x o t r o p i c  epoxy p a s t e  adhesive .  
With g a s o l i n e  a t  7s0F (24OC) and g e a r  o i l  a t  2 5 0 O ~  (121°C) t h e r e  was a 
d e f i n i t e  i n c r e a s e  i n  2 5 0 O ~  (121%) t e n s i l e  s h e a r  s t r e n g t h  i n  e t c h e d  
2024-T3 A 1  c l a d  cured  20 minu tes  a t  40O0F' ( 2 0 4 O ~ ) .  T h i s  i n c r e a s e  tended 
t o  l e v e l  off a f t e r  4-6 months immersion. (27)  T h i s  e f f e c t  is p o s s i b l y  due t o  
p o s t c u r i n g  o r  p l a s t i c i z i n g  of t h e  epoxy by t h e  o i l . ( l )  

Epoxy a d h e s i v e s  a r e  g e n e r a l l y  more r e s i s t a n t  t o  a wide v a r i e t y  of l i q u i d  
environments  t h a n  o t h e r  s t r u c t u r a l  a d h e s i v e s .  However, t h e  r e s i s t a n c e  t o  a 
s p e c i f i c  environment is g r e a t l y  dependen t  on t h e  t y p e  of epoxy c u r i n g  agen t  
used. Aromatic m i n e s ,  s u c h  as metaphenylene diamine,  c u r e d  systems a r e  
f r e q u e n t l y  p r e f e r r e d  f o r  long-term chemica l  r e s i s t a n c e .  ( 1) 

Ure thane  a d h e s i v e s  g e n e r a l l y  show good r e s i s t a n c e  t o  most chemicals ,  
s o l v e n t s ,  o i l s  and g r e a s e s .  

T h e r e  is no g e n e r a l l y  ' b e s t "  a d h e s i v e  f o r  a l l  chemical  environments.  A s  an 
example, maximum r e s i s t a n c e  t o  bases a l m o s t  a x i o m a t i c a l l y  means poor  
r e s i s t a n c e  t o  a c i d s .  I t  is r e l a t i v e l y  e a s y  t o  f i n d  an  a d h e s i v e  t h a t  is 
r e s i s t a n t  t o  one p a r t i c u l a r  chemica l  environment.  G e n e r a l l y ,  adhes ives  which 
a r e  most r e s i s t a n t  t o  h igh  t e m p e r a t u r e  have t h e  b e s t  r e s i s t a n c e  t o  chemicals  
and s o l v e n t s .  ( 1) 

The t e m p e r a t u r e  of t h e  immersion medium is a s i g n i f i c a n t  f a c t o r  i n  t h e  aging 
p r o p e r t i e s  of adhesives .  A s  t h e  t e m p e r a t u r e  i n c r e a s e s ,  more f l u i d  is 
g e n e r a l l y  adsorbed by t h e  a d h e s i v e  and t h e  d e g r a d a t i o n  r a t e  i n c r e a s e s .  I n  
summary ( 1) : 

o Chemical r e s i s t a n c e  tests a r e  n o t  uniform i n  c o n c e n t r a t i o n s ,  
t empera tu re ,  time, o r  p r o p e r t i e s  measured. 

o Genera l ly ,  c h l o r i n a t e d  s o l v e n t s  and ke tones  a r e  s e v e r e  
environments.  

o High-boi l ing s o l v e n t s ,  such  a s  dimethylformamide,  d imethyl  
s u l f o x i d e ,  and Skydro l  (Monsanto Corp , )  a r e  s e v e r e  environments. 

o A c e t i c  a c i d  is a s e v e r e  environment .  
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o Amine cu r ing  agen t s  f o r  epoxies  a r e  poor i n  contac t  with 
ox id i z ing  a c i d s .  

o Anhydride cu r ing  agen t s  a r e  poor i n  contac t  with caus t i c s .  

ASTM D896-84, "Standard Tes t  Method f o r  Res is tance  of Adhesive Bonds t o  
Chemical Reagents" ( s ee  13.2.2) covers  t he  t e s t i n g  of a l l  types of adhesives 
f o r  r e s i s t a n c e  t o  chemical reagents .  The s tandard  chemical reagents  a r e  t hose  
l i s t e d  i n  ASTM D 543 and t h e  s tandard  o i l s  and f u e l s  a r e  given i n  ASTM D 471. 
Addi t iona l  supplementary r eagen t s ,  f o r  which t h e  formulat ions a r e  given, a r e :  
Hydrocarbon Hixture  No. 1, Standard Test  Fue l  No. 2, and S i l i cone 'T lu id  
( ~ o l y d i m e  thy l s i l oxane )  . 

15.8 Vacuum. The a b i l i t y  of a n  adhesive t o  withstand long periods of 
exposure t o  a vacuum i s  of primary importance f o r  m a t e r i a l s  used i n  space 
t r a v e l .  The degree of adhes ive  evaporat ion is  a func t ion  of i t s  vapor 
pressure  a t  a g iven  t e m p r a t u r e .  Loss of low-molecular-weight c o n s t i t u e n t s  
such a s  p l a s t i c i z e r s  o r  d i l u e n t s  could r e s u l t  i n  hardening and porosi ty  of 
adhes ives  o r  s ea l an t s .  S ince  most s t r u c t u r a l  adhesives a r e  r e l a t i v e l y  high- 
molecular  weight polymers, exposure t o  p re s su re s  a s  low a s  10-9 t o r r  (1.33 x 
10-7 pa)  i s  no t  harmful. However, high temperatures ,  nuc l ea r  r ad i a t ion ,  o r  
o t h e r  degrading environments may cause t h e  formation of low-mo ecular-weight 
fragments which tend t o  bleed o u t  of t he  adhesive i n  a vacuum.il) 

The space vacuum i s  one of t h e  more important  components of t he  space 
environment. Although, v o l a t i l i t y  of m a t e r i a l s  a t  high vacuum i s  c e r t a i n l y  an  
important  cons idera t ion ,  v o l a t i l i t y  of t he  polymer is  usua l ly  not  high enough 
t o  be s i g n i f i c a n t .  Polymers, i pc lud ing  adhes ives ,  w i l l  not  v o l a t i l i z e  a s  a 
r e s u l t  of vacuum alone. Incomplete polymerizat ion o f t e n  r e s u l t s  i n  t h e  
presence of r e s i d u a l  lower-molecular-weight specimens, which, i n  t u rn ,  a r e  
r e spons ib l e  f o r  observed outgass ing  of polymeric ma te r i a l s .  The vacuum is  no 
r e a l  problem i n  i t s e l f  when t h e  molecular weight of the  polymer is  reasonably 
high and the  polymer i s  f r e e  o f  low-molecular-weight components- The e f f e c t  
of vacuum on polymers is  not  one of  evaporat ion o r  subl imation,  but i s  a 
degrada t ion  caused by t h e  breaking down of t h e  long-chain polymers i n t o  
sma l l e r ,  more-volat i le  fragments.  Chain l eng th ,  (molecular weight),  ex t en t  of 
branching, and c ros s - l i nk ing  have a d i r e c t  e f f e c t  upon the  r a t e  of 
decomposition. (28)  

. Polymers which show high  decomposition r a t e s  i n  vacuum near  room temperature 
a r e  nylon, po lysu l f ides  and neoprene. (28) 

Douglas A i r c r a f t  c a r r i e d  out  a s tudy  (29) on outgassing of commercially 
a v a i l a b l e  - s t r u c t u r a l  adhes ives ,  s e a l a n t s  and s e a l  m a t e r i a l s  a t  10-9 t o r r  
(1.33 x 10-7 pa).  Disks of 1-inch diameter  were punched from nine teen  
adhes ives ,  s e a l a n t s  and s e a l  ma te r i a l s .  The d i s k s  were d r i ed  i n  a d e s i c c a t o r  
over  phosphorous-pentoxide, weighed on an  automatic  balance, and placed i n  a 
vacuum a t  10'9 t o r r  (1.33 x 10-7 pa)  f o r  7 days. A t  t h e  conclusion of t h e  
exposures ,  each specimen was immediately placed i n  a d e s i c c a t o r  and reweighed 
f o r  de te rmina t ion  of any weight change. A f t e r  t h i s  second weighing t h e  
specimens were exposed t o  t h e  atmosphere f o r  one week and aga in  weighed t o  
determine any a d d i t i o n a l  weight change. Table L V I I I  shows a few r e s u l t s  of 
t h i s  s tudy  and i n d i c a t e s  t h a t  under ambient cond i t i ons  a h igh  vacuum does not  
cause s i g n i f i c a n t  weight l o s s  i n  t h e  ma te r i a l s .  
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TABLE L V I I I  ~ f f e c t  of 10-7 Torr (1.33 x 10'5 pa) on commercial 
adhesives/sealants.(29) 

Weight Hoisture 
change change, 

Adhesive Type % % 

Lefkoweld 109 Modified epoxy -0.03 +O. 60 
~~2216B/A Flexibi l ized epoxy -0.06 +0.61 
Adiprene L-100 + Moca Polyurethane +O .01 +O -38 
PR1535 Polyurethane +O .01 +O 0 44 
EC1605 Polysulfide -0.23 +o 39 

15.8.1 Higher temperature and vacuum. To show the  s i gn i f i c an t  e f f ec t  of 
temperature on the  r a t e  of decomposition and vo l a t i l i z a t i on ,  over.vacuum, the  
same experiment a s  described above was conducted a t  2250F ( 1 0 7 0 ~ )  on the 
two polyurethane materials .  The Adiprene L-100 and Moca formulation now 
showed a weight change of -0.75% and the  PR 1535 showed a weight change of 
1 45%. The 2 2 5 ° ~ ( 1 0 7 0 ~ )  t e s t  temperature was considerably higher than 
intended fo r  the urethane formulas ava i lab le  a t  the  time of tes t ing. (29)  

15.9 Radiation. High-energy pa r t i cu l a t e  and electromagnetic radia t ion 
including neutron, e lec t ron ,  and gamma radia t ion,  have s imi la r  e f f e c t s  on 
organic adhesives. Radiation causes molecular-chain s c i s s ion  of polymers used 
i n  s t r u c t u r a l  adhesives, which r e s u l t s  i n  weakening and embrittlement of the 
bond. This condit ion is  worsened when the  adhesive is  simultaneously exposed 
to  elevated temperatures and radia t ion.  Figure 58 shows the e f f e c t  of 
rad ia t ion  dosage on the t e n s i l e  shear s t reng th  of s t r u c t u r a l  adhesives. 
Generally, heat- res is tant  adhesives have been found t o  r e s i s t  r ad ia t ion  be t t e r  
than l e s s  thermally s t ab l e  systems. Fibrous reinforcements, f i l l e r s ,  curing 
agents,  and reac t ive  d i luen ts  a f f e c t  the rad ia t ion  res is tance of adhesive 
systems. I n  epoxy-based systems, aromatic cur in  agents o f f e r  g rea te r  
rad ia t ion  res is tance than a l i pha t i c  types. (1)  (30 f 

FIGURE 58. Effect  of nuclear rad ia t ion  (namma ravs)  
dosage on s t r u c t u r a l  adhesives. (1)(30) 

Downloaded from http://www.everyspec.com



ASTM D1879-70 (1981),  "Standard P r a c t i c e  f o r  Exposure of Adhesive Specimens 
t o  High Energy Radia t ion"  i s  the  t e s t  method c u r r e n t l y  i n  use. This  method 
was o r i g i n a l l y  adopted i n  1961. It i s  described b r i e f l y  i n  13.2.42. 
P o l y e s t e r  r e s i n s  and cured anaerobic  products have h igh  r a d i a t i o n  r e s i s t a n c e  
based on a r a d i a t i o n  spectrum f o r  e l e c t r i c a l  i n s u l a t i o n  and ma te r i a l s .  
Research surveys  c l a s s  anaerobic  r e s i n s  i n  a r a d i a t i o n  exposure ca tegory  with 
a l l  dose r a t e s  based on 100 hours  up  t o  1000 Mrad wi th  a dose r a t e  of 106 t o  
107 rads/hour,  o r  1011 t o  1012 neutrons/hour.  Thread-locking grades  of 
anaerobic  adhes ives  have s u s t a i n e d  2 x 107 rads  without  molecular  change o r  
l o s s  i n  locking  torque. Anaerobic threaded connect ions have been exposed t o  
r a d i a t i o n  i n  a r e a c t o r  f o r  s e v e r a l  y e a r s  with no apparent  l o s s - . i n  holding 
s t r e n g t h .  (31)  

Adhesives gene ra l ly  r e a c t  t o  r a d i a t i o n  i n  much the  same manner as the  
p l a s t i c s  o r  e las tomers  from which they  a r e  der ived.  General ly ,  those 
con ta in ing  aromatic  compounds show good r e s i s t a n c e  t o  r a d i a t i o n .  F i l l e r s  and 
r e i n f o r c i n g  m a t e r i a l s  improve t h e  r a d i a t i o n  s t a b i l i t y  of t h e s e  products 
s u b s t a n t i a l l y ,  while a l s o  improving ~ t h e r  p rope r t i e s .  ( 3 2 )  

The fo l lowing  conclus ions  were made by B a t t e l l e  workers on s t e r i l i e i n g -  
r a d i a t i o n  e f f e c t s  on polymers t h a t  might be used i n  adhes ives  (32): 

Polysul fones  - can withstand r a d i a t i o n  doses g r e a t e r  t han  1000 Mrads 
wi thout  s i g n i f i c a n t  e f f e c t  

Phenol-formaldehyde o r  Urea-formaldehyde - t he se  a r e  u s u a l l y  f i l l e d  o r  
re inforced .  The a d d i t i o n  of minera l  f i l l e r s  i n c r e a s e s  t h e  r a d i a t i o n  
s t a b i l i t y  s i g n i f i c a n t l y ,  by as much a s  100 fo ld .  F i l l e d  r e s i n s  of t h i s  
type  u s u a l l y  show good r ad=a t ion  r e s i s t a n c e  up t o  500 Mrads o r  h igher  
(General  r a d i a t i o n  r e s i s t a n c e  - good) 

Epoxies - t he se  m a t e r i a l s  a r e  above average i n  r a d i a t i o n  r e s i s t a n c e  of 
polymers, a l though t h i s  may be v a r i e d  somewhat, depending upon t h e  
hardeners  used. Res ins  u s ing  aromatic  cur ing  agen t s  g e n e r a l l y  a r e  more 
s t a b l e  t han  those  us ing  a l i p h a t i c  hardeners.  These polymers a r e  s t a b l e  t o  
r a d i a t i o n  doses above 1000 Mrads. ( ~ e n e r a l  r a d i a t i o n  r e s i s t ance -exce l l en t )  

Unsaturated Po lyes t e r s  - t he se  thermoset m a t e r i a l s  have q u i t e  good 
r a d i a t i o n  r e s i s t a n c e ,  e s p e c i a l l y  i f  they con ta in  minera l  f i l l e r s  o r  g l a s s  

, f i b e r s .  They can be expected t o  withstand g r e a t e r  than  1000 Mrads. 
(General  r a d i a t i o n  r e s i s t a n c e  - good) 

Polyimides - t he se  m a t e r i a l s  a r e  well-known f o r  t h e i r  very  h igh  thermal 
and r a d i a t i o n  r e s i s t ance .  They can be expected t o  withstand r a d i a t i o n  
doses  of  about  1000 Mrads a t  h igh  temperatures  (5000 F o r  2 6 0 0 ~ ) .  
( ~ e n e r a l  r a d i a t i o n  r e s i s t a n c e  - e x c e l l e n t )  

Polyurethanes - t h e i r  p r o p e r t i e s  vary from those of an e las tomer  t o  those 
of hard ,  r i g i d  c ross - l inked  polymers whose mechanical p r o p e r t i e s  show no 
r educ t ion  a f t e r  an  exposure t o  1000 Mrads. ( ~ e n e r a l  r a d i a t i o n  r e s i s t a n c e  
- e x c e l l e n t ) .  
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I n  1962 a s tudy was c a r r i e d  out  on t h e  e f f e c t s  of  amma r a d i a t i o n  on the  
performance of s e v e r a l  s t r u c t u r a l  adhes ive  bonds. (337 The g e n e r a l  
conclus ions  were : 

o Ni t r i le -phenol ic  adhes ives  a r e  more r e s i s t a n t  t o  r a d i a t i o n  damage than 
epoxy-based adhesives 

o The peel  s t r e n g t h  of adhes ives  d e t e r i o r a t e s  more r a p i d l y  than  o t h e r  
pro p e r t i e s  

o Thick adhesive l a g e r s  r e t a i n  u s e f u l  s t r e n g t h  b e t t e r  than  t h i n  g lue  l i n e s .  
Ten m i l s  (0.01 inch  o r  0.25 mm) is recommended a s  t h e  minimum glue- l ine  
th ickness .  

F igu re  59 shows t h e  e f f e c t  of r a d i a t i o n  on t h e  ove r l ap  s h e a r  s t r e n g t h  of 
f o u r  r i g i d  adhesives used p r i m a r i l y  f o r  metal-to-metal bonding i n  1962. 
Radia t ion  does not  appear  t o  have s e r i o u s  e f f e c t s  on the  o v e r l a p s h e a r  
s t r e n g t h  of these  h ighly  c ross - l inked  adhesives.  I n  each c a s e  they  seem t o  
b e n e f i t  s l i g h t l y  from t h e  a d d i t i o n a l  c ros s - l i nk ing  caused by t h e  low o rde r s  of 
i r r a d i a t i o n ,  but even tua l ly  begin  t o  degrade a f t e r  500-600 megarads. The 
p r i n c i p a l  e f f e c t  noted was embr i t t l ement  due t o  h igh  (800-900 megarads) 
amounts of rad ia t ion .  Very probably t h e r e  is a l o s s  of cohesive s t r e n g t h  i n  
t h e  adhes ive  due t o  a cons ide rab le  amount o f  cha in  s c i s s i o n ,  as we l l  a s  
c ross - l ink ing .  (33)  

F igure  60 shows the  e f f e c t  of r a d i a t i o n  i n  t he  bond performance over  a wide 
temperature range* The high-temperature performance of s t r u c t u r a l  adhesives 
appears  t o  f a l l  o f f  i n  a manner p r a l l e l  t o  t h e  room-temperature performance. 
The modified-epoxy adhesive ma in t a ins  i t s  p r o p e r t i e s  u p  t o  about  600 megarads 
and t h e  modified phenolic i s  r e l a t i v e l y  unaf fec ted  by very  h igh  doses o f  
r a d i a t i o n .  The elastomer-phenolic f i l m s ,  a s  might be expected, a r e  more 
g r e a t l y  a f f ec t ed  by r a d i a t i o n ,  s i n c e  they  have a g r e a t e r  f l e x i b i l i t y  and more 
s i t e s  f o r  cross- l inking.  These f i l m s  main ta in  t h e i r  performance a t  room 
temperature up t o  400 megarads, b u t  f a l l  below t h e  old MIL-A-5090D, type I1 
requirements of 2,250 p s i  (15.5 M P ~ )  a f t e r  about 100 megarads o f  r ad i a t ion .  
(33) 

A s  'long a s  an  adhesive main ta ins  i t s  adhesion t o  t he  s u b s t r a t e  and a c e r t a i n  
amount of cohesive s t r e n g t h ,  its performance i s  r e l a t i v e l y  unaf fec ted  by 
r ad ia t ion .  The r e s u l t s  ob ta ined  wi th  a more complex mechanical response l i k e  
g e l  s t r e n g t h  a r e  shown i n  Table LIX. 

The ques t ion  a r i s e s  as t o  what t h e  probable r a d i a t i o n  dose w i l l  be f o r  
exposure t o  t he  space environment. I n  o u t e r  space unshielded s t r u c t u r e s  might 
be exposed t o  as much a s  3500 megarads per day dur ing  a s o l a r  s t o m .  Organic 
s t r u c t u r e s  with t h e  minimum amount of s h i e l d i n g  w i l l  be exposed t o  perhaps 10 
t o  50 rads  per hour. Even a t  t h e  upper  l e v e l  of 50 rads  per  hour (van Allen 
b e l t ) ,  i t  would take  two m i l l i o n  hour s  t o  reach t h e  100-megarad dosage l e v e l ,  
and i t  i s  expected t h a t  most miss ions  would be completed by t h a t  time. (33)  

Most s t r u c t u r a l  adhes ives  w i l l  p e r f o m  w e l l  under r a d i a t i o n  encountered i n  
o u t e r  space over any reasonable  t ime period. The r i g i d  metal-to-metal 
adhes ives  w i l l  perform under  f a i r l y  h igh  r a d i a t i o n  dosages, a l though it  i s  no t  
recommended t h e t  they  be exposed d i r e c t l y  t o  t h e  space environment. The o t h e r  
major requirement f o r  r a d i a t i o n  r e s i s t a n c e  of adhes ives  i s  f o r  nuc lea r  r e a c t o r s  
and r e l a t e d  equipment wi th  high r a d i a t i o n - f l u x  zones. (33)  

370 
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FIGURE 59. E f f e c t  of gamma r a d i a t i o n  on over lap  shea r  s t r e n g t h  of  
s t r u c t u r a l  adhesive bonds a t  7 5 0 ~  ( 2 4 0 ~ ) . ( 3 3 )  -- 
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ENOLIC FILM 75' F (24'C) 

PHENOLIC FILM 3@0° F (149'~)  

FIGURE 60. Effect of gamma radiation on structural adhesive bonds over 
temperature range 75-300°~ (24-149°~).(33) - 

TABLE LIX. Effectof gamma radiation on T-peel strength of elastomer-phenolic 
film adhesives.(33) 

Radiation dose, meqarads 
Adhesive 0 100 3 00 600 900 

AF-30 4 
AF-31 (most rigid) 
AF-32 

48.5 pli.. 34pli ... $2 pli 5 pli 5 pli 
*< 

30 pli' 20 pli 8 pli 4.5 pli 4 pli 
34 pli 10pli 4 pli 3 pli 3 pli 
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15.10 Bio log ica l .  

15.10.1 General. Adhesives i n  bonded j o i n t s  may o r  may not  be a t tacked  and 
degraded by b i o l o g i c a l  organisms (fungi ,  b a c t e r i a ,  i n s e c t s  and rodents ) ,  
depending on how a t t r a c t i v e  t h e  adhesives a r e  t o  t h e s e  forms. Adhesives based 
on animal  o r  p l a n t  m a t e r i a l s  (animal o r  f i s h  g l u e s ,  s t a r c h ,  d e x t r i n s )  a r e  much 
more l i k e l y  t o  be a f f e c t e d  than syn the t i c  adhesives.  Fungi and bac te r i a  a r e  
c l a s s i f i e d  as microorganisms, a l though t h e  former may c o n s i s t  of forms r e a d i l y  
v i s i b l e  t o  t h e  naked eye (mycel ia)(34,  35). 

It is known t h a t  polyurethane r e s i n s  based on polye ther  po lyo l s  a r e  
moderately t o  h i g h l y  r e s i s t a n t  t o  fungal  a t t a c k ,  while  a l l  po lyes t e r  urethane 
r e s i n s  a r e  h i g h l y  s u s c e p t i b l e  t o  such a t t a c k  . This  s u s c e p t i b i l i t y  is  r e l a t e d  
t o  t h e  number of  ad j acen t  unbranched methylene groups i n  t he  polymer chain. 
A t  l e a s t  two and p r e f e r a b l y  t h r e e  such groups a r e  requi red  f o r  apprec iab le  
a t t a c k  t o  occur. The presence of s i d e  cha ins  on t h e  d i o l  moiety of the 
polyurethane reduces s u s c e p t i b i l i t y  t o  a t t a c k .  With the  polye thers ,  a t t a c k  is  
dependent on t h e  d i o l  and d i i socyanate  used. Adipic ac id  and d ie thylene  
g lyco l ,  used i n  making po lyes t e r ,  a r e  a b l e  t o  support  mold development. It is  
not  always easy  t o  determine whether d e t e r i o r a t i o n  of polyurethane i s  caused 
by h y d r o l y t i c  r e v e r s i o n  o r  by fungal  a t t ack .  However, a  magnifying l ens  can  
be used t o  d e t e c t  channel - l ike  l e s i o n s  on t h e  s u r f a c e  of the  polyurethane 
( t h i s  is  more d i f f i c u l t  with adhes ives) ,  and below t h e  s u r f a c e  tubu la r  
formations branch out  i n  d i f f e r e n t  d i r e c t i o n s .  This network of  tunnels  is 
f r e q u e n t l y  seen  t o  r a d i a t e  from a s i n g l e  po in t .  The tunnels  con ta in  
i n d i v i d u a l  mold hyphae o r  hyphal s t r a n d s  of vary ing  th icknesses .  Over 
a  long per iod ,  and more r ap id ly  when exposed t o  high temperature,  humidity, 
and l i g h t ,  t he  damaged m a t e r i a l  s o f t e n s  i nc reas ing ly .  Eventual ly,  a f t e r  
s e v e r a l  months it  becomes a  ge l a t inous  mixture of degrada t ion  products and 
funga l  hyphae. Of t h e  mold spec i e s  a t t a c k i n g  po lyes t e r  pol,vurethane, 
Stemphylium i s  one t h e  most a c t i v e .  B iode te r io ra t ion  can be slowed down by 
the  u s e  of hydro lys i s  i n h i b i t o r s  ( s t a b i l i z e r s )  and/or c e r t a i n  fungic ides ,  such 
a s  8-hydroxyquinoline. 

15.10.2 Tes t  Methods. ASTM Committee D-14 on Adhesives has  fou r  t e s t  
methods publ ished t h a t  a r e  a p p l i c a b l e  t o  b i o l o g i c a l  a t t a c k .  They a r e  a s  
fo l lows  : 

o ASTM D1382-64 (1981) Standard Tes t  Method f o r  SUSCEPTIBILITY OF 
DRY ADHESIVE FILMS TO ATTACK BY ROACHES (see  13.2.25) 

o ASTM D1383-64 (1981) Standard Tes t  Method f o r  SUSCEPTIBILITY OF 
DRY ADHESIVE FILMS TO ATTACK BY LABORATORY RATS ( s e e  13.2.26). 

o  ASTM D4299-84 Standard Test  Method f o r  EFFECT OF BACTERIAL 
CONTMINATION ON PERMANENCE OF ADHESIVE PREPARATIONS ANI) ADHESIVES 
FILMS ( see  13.2.17) 

o ASTM D4300-84 Standard Test Methods f o r  EFFECT OF MOLD 
CONTAMINATION ON PERMANENCE OF ADHESIVE PREPARATIONS AND ADHESIVES 
FILMS ( s e e  13.2.20) 
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CHAPTER 16 

AN OUTLINE FOR A BONDING PROCESS SPECIFICATION 

16.1 Introduction Every adhesive-bonding process should have a process 
spec i f i ca t ion .  This is espec ia l ly  t rue  of a process a s  c r i t i c a l  a s  tha t  
required f o r  s t r u c t u r a l  adhesive bonding. This cha t e r  presents  a general 
ou t l ine  f o r  a process spec i f i c a t i on  of t h i s  type. (17 

16.2 An out l ine  f o r  a bonding process speci f ica t ion.  

Scope 

1. Describe the app l i c ab i l i t y  of the  speci f ica t ion.  

2. Describe the appl icable  adhesive. 

3 .  Resolve c o n f l i c t s  with o ther  appl icable  documents such a s  engineering 
drawings, mi l i t a ry  spec i f i ca t ions ,  other in t ra -p lan t  documents, e tc .  

Related speci f ica t ions .  L i s t  a l l  applicable documents, engineering 
drawings, speci f ica t ions .  

Mater ia ls  Control. Provide descr ip t ion,  and source of a l l  materials  and 
equipment used i n  production, along with batch and l o t  numbers, a s  well a s  
dates when produced. 

1. Production Pilaterials 

These are  mater ia ls  which a r e  incorporated i n  the product. 

a. S t ruc tu ra l  adhesives 
b. Sealants 
c. Primers 
d. Paints  
e.  Additives such a s  f i l l e r s  

2. Eon-production Materials  and Equipment 

These a r e  mate r ia l s  which a r e  not incorporated i n  the product, and 
equipment employed i n  the production process. 

a. Abrasive wheels 
be  Finishing paper 
c. Alumina o r  s i l i c a  g r i t  
d .  Chemicals 
e. Par t ing agents 
f. Solvents 
g. Miscellaneous items 
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F a c i l i t i e s  Control  Describe a l l  f a c i l i t i e s  completely. L i s t  con t ro l s  f o r  
i n d i v i d u a l  a r e a s ;  m a t e r i a l s  of c o n s t r u c t i o n  of processing tanks;  r i n s e  water 
t o  be used; ovens, p re s ses ,  au toc l aves ,  e t c .  a v a i l a b l e  f o r  cur ing  adhesives;  
t e s t i n g  f a c i l i t i e s .  

1 - Bonding Area Environment 

a. Humidity c o n t r o l  
b e  Contamination cont ro l :  S l i g h t l y  p o s i t i v e  pressur ized  room, 

r e s t r i c t i o n s  on e a t i n g ,  smoking and using s i l i c o n e  r e l ea se  agents ,  
e t c .  

c. Temperature (between 700F ( 2 1 0 ~ )  and 85OF ( 2 9 0 ~ j ' )  

2. Compressed A i r  

a. F i l t e r  requirements 

3. Tooling 

4. Processing tanks  

5. F a c i l i t i e s  f o r  mechanical c l ean ing  of g lass - re inforced  p l a s t i c s  

6. F a c i l i t i e s  f o r  su r f ace  p repa ra t ions  and p l a t i n g s  

Manufacturing Control  

1 - Personnel:  C e r t i f i c a t i o n s ,  g rades ,  e t c .  

2. General r e s t r i c t i o n s  

a. No markings of s u r f a c e s  
b. No s i l i c o n e  spray  on t o o l s  

3. Cleaning and su r f ace  t rea tment  

a .  General requirements 

Work g loves  
Handling and s t o r i n g  of p a r t s  

b. Mechanical methods 

Desc r ip t ion  of maintenance of ab ra s ives  
E s t a b l i s h  gu ide l ines  f o r  opera t ions  

c *  Chemical methods 

Desc r ip t ion  of  p repa ra t ion  and maintenance of ba ths  
S p e c i f i c a t i o n  of t rea tment  and type of adherend. 
Time l i m i t  s e t  f o r  each s t e p  
Specify rework procedures  
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4. Adhesive preparation 

a. General 
b. Liquids, multicomponent 
c. Tapes, frozen 

5. Adhesive application 

a. General instructions 
b. Liquid adhesive applications 
c. Tape or film-adhesive application 
d. Removal of excess uncured adhesive 

6. Curing adhesive bonds 

a. Description for each system 
b. Cure pressure 
c. Cure temperature 
d. Heat requirements (time periods) 
e. Special instructions 

7. Finishing or post-bonding operations 

a. Removal of excess cured adhesive 

Tools 
Limitations 
Heat 
Solvents 
Strippers 

b. Machining 
c. Sealing 
d. Painting 

Quality Control 

1. Definitions 

2. Procurement controls for adhesives 

Control prior to release to production 
Storage life 
Identification 
Packaging 
Physical properties 
Vendor inspection 
Purchaser inspection 
Description of specimens used and quantitylof each specimen 
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3. Process control  

a. Heat and pressure surveys 
b. Solution controls  
c. Temperature-control char t s  
d. Process-control t e s t i ng  of adhesives 
e. Cleaning and surface treatments 

Physical appearances a s  an indicator  f o r  inspection 
Pla t ing thickness and adherence 
Control specimens 
Chart frequency of sampling 
Data spread 
Acceptance c r i t e r i a  
Rejection procedure 
Preparation and appl icat ion of adhesives on specimens t o  
accompany production pa r t s  

f. F i r s t  qua l i f i ca t ion  and periodic requa l i f i ca t ion  t e s t s  of 
production f a c i l i t i e s  including tooling,  j igs ,  t r e a t i ng  solut ions ,  
ovens, presses,  e t c  

F i r s t  qua l i f i ca t ion  
Periodic requa l i f i ca t ion  

g. Par t s  inspection 

Bond-line appearance 
Nondestructive te'sting 
Records 
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CHAPTER 17 

SPECIFICATIONS 

17.1 Organizat ion.  This  c h a p t e r  covers  t h e  following s p e c i f i c a t i o n s :  ASTM, 
Fede ra l  ( i nc lud ing  Commercial I tem Desc r ip t ions ) ,  M i l i t a r y ,  and Aeronaut ical  
M a t e r i a l s  S p e c i f i c a t i o n s  (MIS ' s ) .  A t o t a l  of 140 s p e c i f i c a t i o n s  a r e  covered, 
some DOD adopted and some not .  There a r e  18 ASTM Spec i f i ca t ions ,  34 Federa l  
S p e c i f i c a t i o n s  and Commercial Item Desc r ip t ions ,  and 23 Aeronaut ical  Mater ia l s  
S p e c i f i c a t i o n s .  Where DOD approved, t he  Fede ra l  Supply C l a s s i f i c a t i o n  (FSC) 
is g iven ,  a long with t h e  code f o r  t h e  Prepar ing  Act iv i ty .  

17.2 ASTM S p e c i f i c a t i o n s  ( 2 ) .  

17.2.1 ASTM C557-73 (1985). Standard S p e c i f i c a t i o n  f o r  ADHESIVES FOR 
FASTENING GYPSUM WALLBOARD TO WOOD FRAMING, 7 pp., (DOD ~ d o p t e d )  ASTM 
Committee C - 1 1  on Ce i l i ngs  and Walls. FSC- 8 0 4 6 - ~ ~  

- 

Thi s  s p e c i f i c a t i o n  covers  minimum s t anda rds  f o r  bonding t h e  back su r f aces  of 
gypsum wallboard t o  wood framing members. It a l s o  covers t e s t  requirement and 
t e s t  methods f o r  t he  adhes ive  used f o r  t h e  a p p l i c a t i o n  of a l l  th icknesses  of 
gypsum wallboard. Organic adhes ives  a r e  requi red .  

17.2.2 ASTM F656-80. Standard S p e c i f i c a t i o n  f o r  PRIMERS FOR USE I N  SOLVENT 
CEMENT JOINTS OF POLY('VINYL CHLORIDE) (PVC) PLASTIC PIPE AND FITTINGS, 2 pp., 
ASTM Committee F-17 on P l a s t i c  P ip ing  Systemso 

This  s p e c i f i c a t i o n  provides g e n e r a l  requirements f o r  primers f o r  use with 
poly(v iny1  ch lo r ide )  (PVC) pipe and f i t t i n g s  t h a t  a r e  t o  be joined by PVC 
s o l v e n t  cements meeting t h e  requirements  of S p e c i f i c a t i o n  D2564. These 
pr imers  a r e  recommended f o r  u se  i n  p re s su re  and nonpressure app l i ca t ions  with 
e i t h e r  plain-end pipe and socket- type f i t t i n g s  o r  bell-end pipe. The primers 
s h a l l  be organic  l i q u i d s  wi th  wa te r - l i ke  v i s c o s i t i e s  and s h a l l  not  conta in  any 
undissolved p a r t i c l e s .  The s o l v e n t  system t o  be used i s  not  spec i f ied .  

17.2.3 ASTN E865-82. Standard S p e c i f i c a t i o n  f o r  STRUCTURAL F I M  ADHESIVES 
FOR HONEYCOMB SANDWICH PANELS, 6 pp., (WD ~ d o ~ t e d )  Committee E-6 on 
Performance of Building Cons t ruc t ion .  

This  s p e c i f i c a t i o n  covers  f i l m  adhes ives  f o r  bonding of honeycomb sandwich 
pane l s  used i n  t a c t i c a l  s h e l t e r s .  The adhes ives  may be used f o r  new 
product ion  o r  depot r epa i r .  The adhes ives  should be s u i t a b l e  f o r  forming 
bonds t h a t  can  withstand long exposures  t o  temperatures  from 67 t o  2OOoF 
(-55 t o  93OC) and a l s o  withstand t h e  combinations of s t r e s s ,  temperature,  
and r e l a t i v e  humidity expected t o  be encountered i n  serv ice .  The adhesives 
a r e  f o r  use i n  bonding aluminum a l l o y  f ac ing  t o  non-metallic core ,  i n s e r t s ,  
edge at tachments  and o t h e r  components of  a sandwich panel. The adhesive 
cove r s  thermose t t ing  f i l m s  only. 
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17.2.4 ASTM E866-82. Standard Specification for CORROSION-INHIBITING 
ADHESIVE PRIMER FOR ALUMINUM ALLOYS TO BE ADHESIVELY BONDED IN HONEYCOMB 
SHELTER PANELS, 6 pp., (DOD Adopted) Committee E-6 on Performance of Building 
Construct ion, 

This specification covers sprayable, pigmented liquid primers for use on 
aluminum alloys that are to be adhesively bonded in the fabrication of 
honeycomb sandwich panels for tactical shelters. When applied to a properly 
cleaned surface of aluminum alloy, the primer imparts corrosive resistance and 
forms a surface suitable for structural bonding using adhesives complying with 
Specification E865 and for coating with shelter paint finishes. The primer is 
a pigmented liquid composed of a modified epoxy resin system, compounded so 
that it can be spray-applied to produce a continuous uniform coating without 
addition of solvent. 

17.2.5 ASTM 01580-60 (1984). Standard Specification for LIQUID ADHESIVES 
FOR AUTOMATIC MACHINE LABELING OF GLASS BOTTLES, 2 pp. 

This specification covers starch, dextrin, casein, animal gelatin, and other 
liquid adhesives (except pressure-sensitive types) used for applying paper 
labels to glass bottles. It includes provisions for adhesive selection based 
on satisfactory machining characteristics on specific labeling equipment, and 
adequate adhesion under specified storage conditions. It also provides for 
the control of uniformity between lots of an adhesive selected on the above 
bases by limiting variations in nonvolatile content and viscosity. 

17.2.6 ASTM D1779-65 (1983). Standard Specification for ADHESIVE FOR 
ACOUSTICAL MATERIALS, 3 pp., (DOD Adopted) (ANSI Approved). FSC 8040 YD 

This specification covers an adhesive for bonding prefabricated acoustical 
materials to the inside walls and ceilings of rooms in buildings. The 
adhesive must maintain a specific tensile adhesion (bond strength) for a long 
period of time under the temperature and moisture conditions likely to be 
encountered, and to maintain sufficient plasticity to allow for movement of 
parts of the building as it ages. 

17.2.7 ASTM D1874-62 (1981). Standard Specification for WATER- OR SOLVENT- 
SOLUBLE LIQUID ADHESIVES FOR AUTOMATIC MACHINE SEALING OF TOP FLAPS OF 
FIBERBOARD SHIPPING CASES, 2 pp. 

This specification covers starch, dextrin, casein, resin-base, and other 
liquid adhesives (except pressure-sensitive types) used for sealing the top 
flaps of fiberboard shipping cases. It includes provisions for adhesive 
selection based on: (1) satisfactory-machining characteristics on specific 
equipment, and (2) adequate adhesion under specified storage conditions. It 
also provides for the control of uniformity between lots of an adhesive. 

17.2.8 ASTM D2235-81. Standard Specification for SOLVENT CEMENT FOR 
AaYLONITRILE-BUTADIENE-STYRENE (ABS) PLASTIC PIPE AND FITTINGS, 5 pp., (ANSI 
Approved) ASTM Committee F-17 on Plastic Piping Systems 
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This specification provides general requirements for solvent cement for use 
in asssembling acrylonitrile-butadiene-styrene (ABS) plastic pipe and 
socket-type fittings. The cement is intended for application by brush or 
other suitable applicator. Recommended procedures for using the cement 
covered in this specification to obtain satisfactory joints with ABS pipe and 
fittings are given in an Appendix. The ABS cement shall be a solution of ABS 
in methyl ethyl ketone (ME#). 

17.2.9 ASTM D2559-84. Standard Specification for ADHESIVES FOR STRUCTURAL 
LAMINATED WOOD PRODUCTS FOR USE UNDER EXTERIOR (WET USE) EXPOSURE CONDITIONS, 
7 PP* 

This specification covers adhesives suitable for bonding of wood, including 
treated wood, into structural laminated wood products for general 
construction, for marine use, or for other uses where a high-strength, 
waterproof adhesive bond is required. The adhesive shall be classified by the 
manufacturer as to general type, such as resorcinol, phenol-resorcinol, 
phenol, and melamine. 

17.2.10 ASTM D2560-80. Standard Specification for SOLVENT CEMENTS FOR 
CELLULOSE ACETATE BUTYRATE (CAB) PLASTIC PIPE, TUBING, AND FITTINGS, 5 pp., 
ASTM Committee F-17 on Plastic Piping Systems (ANSI Approved) 

This specification provides the general requirements for cellulose acetate 
butyrate (CAB) solvent cements to be used in joining cellulose acetate 
butyrate pipe, tubing, and fittings. A recommended procedure for joining CAB 
pipe, tubing, and fittings with the solvent cements specified is given in an 
Appendix. 

17.2.11 ASTM D2564-84. Standard Specification for SOLVENT CEMENTS FOR 
POLY(V1NYL CHLORIDE) (PVC) PLASTIC PIPE AND FITTINGS, 5 pp., Committee F-17 on 
Plastic Piping Systems (Supersedes MIL-A-22010A) 

This specification provides general requirements for poly(viny1 chloride) 
(PVC) solvent cements to be used in joining poly(viny1 chloride) pipe and 
socket-type fittings. An appendix on PVC solvent cement selection is included. 

17.2.12 ASTM D2851-70 (1981). Standard Specification for LIQUID OPTICAL 
ADHESIVE, 3 pp. 

This specification covers liquid optical adhesive for use in bonding glass 
to glass or other transparent adherends. The adhesive must be liquid and free 
from solvent. Each component must be completely reactive (without residual 
volatile products), The adhesive may be heat-, catalyst-, or radiation-cured. 

17.2.13 ASTM 03024-84ee Standard Specification for PROTEIN-BASE 
ADHESIVES FOR STRUCTURAL LAMINATED WOOD PRODUCTS FOR USE UNDER INTERIOR (DRY 
USE) EXPOSURE CONDITIONS 5 pp. 

This specification covers powder-form adhesives suitable for the bonding of 
wood into structural laminates where the use environment will not produce in 
the wood an equilibrium moisture content in excess of 16%. The specification 
covers vegetable or animal protein, such as isolated soy protein and casein. 
The adhesive must be mold-and water-resistant. 

Downloaded from http://www.everyspec.com



17.2.14 ASTM D3110-82. Standard S p e c i f i c a t i o n  f o r  ADHESIVES USED I N  
NONSTRUCTURAL GLUED LUMBER PRODUCTS, 14 pp. 

This  s p e c i f i c a t i o n  e s t a b l i s h e s  acceptable  performance l e v e l s  f o r  g lues  o r  
adhesives t o  be used i n  nons t ruc tu ra l  glued lumber products,  inc luding 
i n t e r i o r  and e x t e r i o r  moldings, window and door s tock,  and glued lumber panels .  
The s p e c i f i c a t i o n  i s  used t o  evalua te  only the  adhesives, no t  the  glued wood 
product made with the  adhesives.  Two types ,  of j o i n t s  a r e  covered - laminate 
j o i n t s  and f i n g e r  j o i n t s .  Two bas ic  types of exposure condi t ions  a r e  
prescribed - wet use and dry  use. 

17.2.15 ASTM D3122-80.(1985) Standard s p e c i f i c a t i o n  f o r  SOLVENT CEMENTS 
FOR STYRENE-RUBBER (SR) PLASTIC PIPE AND FITTINGS, 5 pp., (ANSI Approved) 
Committee F-17 on P l a s t i c  Piping Systems. 

This  s p e c i f i c a t i o n  provides genera l  requirements f o r  styrene-rubber so lven t  
cements t o  be used i n  jo in ing  styrene-rubber (SR) p l a s t i c  p ipe  and f i t t i n g s .  
A recommended procedure f o r  jo in ing  styrene-rubber pipe and f i t t i n g s  i s  given 
i n  the  Appendix. The so lven t  s h a l l  be methyl e t h y l  ketone o r  toluene. The 
rubber s h a l l  be of  t h e  pdlybutadiene o r  butadiene-styrene type. 

17.2.16 ASTM D3138-83. Standard Spec i f i ca t ion  f o r  SOLVENT CEHENTS FOR 
TRANSITION JOINTS BETWEEN ACRYLONITRILE-BUTADIENE-STYRENE (ABS) AND POLY (VINYL 
CHLORIDE) (PVC) NON-PRESSURE PIPING COMPONENTS, 5 pp. , Commit t e e  F17 on 
P l a s t i c  P ip ing  Systems 

This  s p e c i f i c a t i o n  provides genera l  requirements f o r  so lven t  cements used i n  
joining acrylonitrile-butadiene-styrene (ABS) p l a s t i c  pipe o r  f i t t i n g s  t o  
poly( v inyl  c h l o r i d e )  (PVC) p l a s t i c  pipe o r  f i t t i n g s .  These cements a re  
intended f o r  use i n  cementing t r a n s i t i o n  j o i n t s  between ABS and PVC mate r i a l s  
i n  non-pressure a p p l i c a t i o n s  only (170 kPa o r  25 p s i  o r  l e s s ) .  The intended 
app l i ca t ion  i s  f o r  jo in ing  ABS bui ld ing  d r a i n  t o  a PVC sewer-pipe system. 
A recommended procedure f o r  jo in ing  ABS t o  PVC pipe and f i t t i n g s  f o r  
non-pressure a p p l i c a t i o n s  i s  given i n  the  Appendix. 

17.2.17 ASTM D3498-76 (1981). Standard Spec i f i ca t ion  f o r  ADHESIVES FOR 
FIELD-GLUING PLYWOOD TO LUMBER FRAMING FOR FLOOR SYSTEMS, 13 pp. 

This  s p e c i f i c a t i o n  covers  minimum performance standards and t e s t  
requirements f o r  g a p - f i l l i n g  cons t ruc t ion  adhesives f o r  bonding plywood t o  

' lumber framing, p a r t i c u l a r l y  f l o o r  j o i s t s ,  a t  t he  cons t ruc t ion  s i t e .  The 
s p e c i f i c a t i o n  provides a b a s i s  f o r  ensuring t h e  q u a l i t y  of t h e  adhesives and 
is  not  intended a s  an  a p p l i c a t i o n  spec i f i ca t ion .  The adhesive must be 
g a p - f i l l i n g  and must s e t  a t  temperatures a s  low a s  400F ( 4 . 4 0 ~ ) .  

17.2.18 ASTM D3930-85. Standard S p e c i f i c a t i o n  f o r  ADHESIVES FOR WOOD-BASED 
MATERIALS FOR CONSTRUCTION OF P~ANUFACTURED HOKES, 23 pp. 

This  very lengthy s p e c i f i c a t i o n  provides a s tandard 40r measuring and 
evalua t ing  t h e  performance of adhesives t h a t  w i l l  be used i n  j o i n t s  of 
wood-based m a t e r i a l s  i n  cons t ruc t ing  manufactured homes. The wood, a s  used 
here ,  inc ludes  lumber, plywood, p a r t i c l e  board, gypsum board, and a l l  
m a t e r i a l s  having wood-based su r faces  a t  t he  bondline. The adhesives a r e  
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c l a s s i f i e d  i n t o  types and groups. C l a s s i f i c a t i o n s  a r e  based on: (1) 
r e s i s t a n c e  t o  deformation,  (2) r e s i s t a n c e  t o  water  and water  vapor, and ( 3 )  
g a p - f i l l i n g  a b i l i t y .  Group A i s  s t r u c t u r a l  and Group B is semi-s t ruc tura l .  
There a r e  3 t ypes ,  based on s p e c i f i c  app l i ca t ions .  

17.3 General Se rv i ces  Administrat ion.  Federa l  S p e c i f i c a t i o n s  and 
Commercial I tem Descr ip t ions  (7 ) .  

17.3.1 MMM-A-loOD, February 7, 1978. ADHESIVE, ANIMAL GLUE, 15 pp. 
FSC 8040 GSA-FSS 

Th i s  s p e c i f i c a t i o n  covers  animal g lues  f o r  use  i n  woodworking. There a r e  
two types ,  as follows: 

Type I - Dry form ( f l a k e ,  ground, o r  powdered, a s  s p e c i f i e d )  

Grade 31 - lower v i s c o s i t y  and j e l l y  s t r e n g t h  
Grade 52 - h ighe r  v i s c o s i t y  and j e l l y  s t r e n g t h  

Type I1 - Liquid Form 

Type I, grades  J1 and 32 adhesive,  i s  intended f o r  use  f o r  edge j o i n t s  
i n  f u r n i t u r e ,  e t c .  Type I1 l i q u i d  form i s  intended f o r  use i n  edge j o i n t s ,  
veneering and doweling i n  f u r n i t u r e .  It may a l s o  be used when s h o r t  assembly 
pe r iods  o r  h igh  f a b r i c a t i n g  temperatures  a r e  involved.  

17.3.2 M-A-105,  June 23,  1967. ADHESIVE AND SEALING COMPOUNDS, CELLULOSE 
NITRATE BASE, SOLVENT TYPE, 10 pp. FSC 8040 AR 

T h i s  s p e c i f i c a t i o n  e s t a b l i s h e s  t he  requirements  f o r  c e l l u l o s e  n i t ra te -based  
adhes ive  and s e a l i n g  compounds d isso lved  o r  d i spe r sed  i n  organic  so lvents .  
There a r e  two types,  a s  fol lows:  

Type I - Label adhesive 

Type I1 - Adhesive and s e a l e r ,  general-purpose 

Type I is  f o r  use i n  a t t a c h i n g  p r in t ed  paper l a b e l s  t o  sh ipping  
con ta ine r s .  Appl ica t ion  of a d d i t i o n a l  compound t o  the  top  s u r f a c e  of the  
l a b e l  w i l l  make it water - res i s tan t .  Type I1 compound is  f o r  u se  i n  r epa i r ing  
and mending many m a t e r i a l s ,  inc luding  g l a s s ,  meta ls ,  l e a t h e r ,  t e x t i l e s ,  paper, 
c h i n a ,  and some types of p l a s t i c s ,  a s  we l l  a s  i n  anchoring g l a s s ,  metal and 
some p l a s t i c  l abo ra to ry  equipment. 

17.3-3 MF4M-A-llOB, IHT AMD-2, January 12,  1976. ADHESIVE, ASPHALT, 
CUT-BACK TrPE (FOR ASPHALT AND VINYL ASPESTOS TILES), 6 pp and 2 pp 
amendment. FSC 8040 MR 

Thi s  s p e c i f i c a t i o n  covers  one cut-back type  of a s p h a l t  adhesive s u i t a b l e  f o r  
t h e  i n s t a l l a t i o n  of a s p h a l t  and v inyl -asbes tos  t i l e s .  The adhesive c o n s i s t s  
of an a s p h a l t i c  base ma te r i a l ,  a v o l a t i l e  so lven t ,  and an a sbes tos  f i b e r  or  
o t h e r  minera l  f i l l e r  modified t o  meet t h e  requirements  of t h i s  s p e c i f i c a t i o n .  
The adhesive is  intended f o r  adhering a s p h a l t  t i l e  and v inyl -asbes tos  t i l e  t o  
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primed and unprimed concrete subfloors, either suspended, on grade, or below 
grade. It may also be used for bonding these floor coverings to steel or 
other metal -subfloors and suspended plywood or hardwood subfloors that have 
been properly primed. 

The basic specification spells out authorized combinations of solvents 
permissable, and the amendment modifies this list for temporary use to meet 
emission requirements. 

17.3.4 MPIIM-A-l15C, AUqUSt 6 ,  1979. ADHESIVE, ASPHALT, WATER EMULSION TYPE 
(FOR ASPHALT AND VINYL ASBESTON TILE),..5 pp. FSC 8040 YD 

This specification covers a clay-dispersed water-emulsion type of asphalt 
adhesive suitable for the installation of asphalt and vinyl-asbestos tiles, 
The adhesive is intended for adhering asphalt tile and vinyl-asbestos tile to 
concrete subfloors, either suspended, on grade, or below grade. It may also 
be used for bonding these floor coverings to steel or other metal subfloors 
and suspended plywood or hardwood subfloors. 

17.3.5 MMM-A-121, December 16, 1966. ADHESIVE, BONDING VULCANIZED 
SYNTHETIC RUBBER TO STEEL* 10 pp. FSC 8040 SH 

This specification covers nonstructural adhesives for bonding vulcanized 
synthetic-rubber gaskets, matting and similar items to steel. -Bond strengths 
are low (about 5 pounds per inch of width). This is a performance 
specification. Material type is not specified. A Qualified Products List 
(QPL) is available. 

17.3.6 MMM-A-122C, October 30, 1978. ADHESIVE, BUTADIENE-ACRYLONITRILE 
BASE, MEDIUM SOLIDS, GENERAL PURPOSE, 6 pp. FSC 8040 MR 

This specification covers a high-strength general-purpose adhesive 
specifically for use where resistance to oil, gasoline, and aromatic fuel is 
essential. The adhesive is a butadiene-acrylonitrile base material. 
Permissable solvents, including percentages, are specified to meet emission 
requirements. The adhesive is intended for high-strength bonding of a wide 
variety of materials, including metal, glass, plastics, and synthetic rubber, 
particularly the nitrile types. It may also be used as a primer for other 
adhesives. 

' 17.3.7 MMM-A-125C, March 18, 1969. ADHESIVE, CASEIN-TYPE, WATER AND MOLD 
RESISTANT, 10 pp. FSC 8040 MR 

This specification covers casein types of adhesives for adhering wood 
surf aces. The adhesive must be in the form of a dry, uncaked powder, and in 
Such condition that it can be mixed with water. There are two types, as 
follows : 

Type I - Water-resistant 
Type I1 - Water- and mold-resistant 

Type I is for use primarily in the woodworking industry, while Type I1 
is used primarily for lumber laminating. Requirements include plywood shear 
tests (dry shear and wet ahear), block-shear test, working life, setting 
properties, and mold resistance. 
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17.3.8 HMM-A-13OBt INT AMD-3, April 7, 1976. ADHESIVE, CONTACT. FSC 8040 
ME 

This specification covers two types of flexible adhesive for contact bonding 
of plastic decorative laminates to clean, dry, and smooth wood and metal 
surfaces. The adhesives will firmly bond such materials as leather, wood, 
fabrics, unglazed ceramics, wallboards, and carpet to themselves and to each 
other. The adhesive may be used to install cove-base corners and roll-edge 
counter-top material. There are two types as follows: 

Type I - Volatile-~rganic~solvent type 
Type I1 - Water-dispersion type 

The adhesive is composed of polychloroprene (neoprene) rubber and synthetic 
resins. Permitted solvent formulations are given, including percentages, for 
Type I. 

17.3.9 MHM-A-131A, January 6, 1966. ADHESIVE, GLASS-TO-METAL (FOR BONDING 
OF OPTICAL ELEMENTS), 9 pp. FSC 8040 AR 

This specification covers solvent-type, synthetic-resin adhesives in a 
two-part liquid form and in dry-film classes suitable for bonding glass to 
metal, using heat and pressure. Applications include glass prisms and other 
optical glass elements for bonding to metal supports in optical fire-control 
instruments. The classification is as follows: 

Type I - Liquid adhesive (two-part thermosetting resin) 
Class 1 - Phenolic-neoprene 
Class 2 - Phenolic-polyamide 

Type 11 - Dry-film adhesive 
Class 1 - Fiberglass (loosely woven) carrier supporting phenolic 

neoprene fabric 
Class 2 - Polyamide (nylon) carrier supporting phenolic polyamide 
A Qualified Products List (QPL) is available. 

,, 17.3.10 HMM-A-132A (3), April 12, 1984. ADHESIVES, HEAT RESISTANT, 
AIRFRAME STRUCTURAL, METAL-TO-METAL, 26 pp plus a 2-pp amendment. FSC 8040 AS 

This specification covers heat-resistant adhesives for use in bonding 
primary and secondary strvctural and external mefallic airframe parts which 
will be exposed to temperatures within the range of -670 to 500°~ (-55O 
to 260°c). The following types and classes, all for long-term exposure, 
except as noted, are specified: 

Type I - for -670 to 180°F (-550 to 820C) 

Class 1 - High T-peel and blister detection 
Class 2 - Normal T-peel and blister detection 
Class 3 - No T-peel and no blister detection 
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Type I1 - f o r  -670 t o  300°F (-55O t o  14g0c) 

Type 111 - f o r  -67O t o  300°F (-55O t o  14g0c) and f o r  short-term 
exposures t o  3000 t o  5000F (1490 t o  2 6 0 0 ~ )  

Type I V  - For -670 t o  5000F (-550 t o  2 6 0 0 ~ )  
Form F - f i lm  
Form P - pas te  

The adhesive must be thermoset t ing,  but there  a r e  no r e s t r i c t i o n s  a s  t o  t h e  
chemical na ture  of the adhesive- Curing agents  must be suppl ied ,  o r  must be 
incorporated i n t o  the  adhesive. F i l l e r s ,  high-moisture and corrosion- 
r e s i s t a n t ,  a r e  permitted. Primers may be furnished with t h e  adhesive. A 
Q u a l i f i e d  Products L i s t  (QPL) is a v a i l a b l e .  

17.3.11 MMH-A-134, August 17, 1970. ADHESIVE, EPOXY RESIN, METAL-TO-HETAL 
STRUCTURAL BONDING, 29 pp- FSC 8040 AS 

This  s p e c i f i c a t i o n  covers epoxy r e s i n  adhesives f o r  s t r u c t u r a l  bonding, such 
a s  i n  the  f a b r i c a t i o n  and r e p a i r  of a i r f rame p a r t s ,  components, and o t h e r  
app l i ca t ions  requi r ing  bonding of a s i m i l a r  qua l i ty .  There a r e  th ree  types, 
a s  follows: 

Type I (two-part) - Room-temperature s e t t i n g  
Type I1 (two-part) - Intermediate-temperature s e t t i n g  
Type I11 (one-part, f i l m  o r  wet form) - High-temperature s e t t i n g  

These adhesives a re  p r ima l i ly  f o r  use  i n  c lad  aluminum a l loys .  A Q u a l i f i e d  
Products L i s t  (QPL) is  ava i l ab le .  

17.3.12 MMM-A-137D, August 4, 1976. ADHESIVE, RESILIENT FLOORING (WATER 
SOLUBLE) , 9 pp . FSC 8040 MR 

This  s p e c i f i c a t i o n  covers two c l a s s e s  of adhesive f o r  secur ing  r e s i l i e n t  
f l o o r i n g  t o  above-grade f loo r s .  I t  is intended f o r  use i n  t h e  i n s t a l l a t i o n  of 
opaque o r  t rans lucent  vinyl-surface f l o o r  coverings with backing, and linoleum 
and o t h e r  r e s i l i e n t  f loor ings .  I t  i s  not  recommended f o r  i n s t a l l a t i o n  of 
coverings on s t e e l  o r  o the r  metal subf loors .  There a r e  two c l a s s e s  a s  follows: 

Class  1 - High v i scos i ty ,  f o r  t rowel  app l i ca t ion  (80,000 - 250,000 CP) 
Class 2 - Low v i s c o s i t y ,  f o r  sp ray  app l i ca t ion  (40,000 - 120,000 CP) 

The adhesive cons i s t s  of a binder  i n  a water-base suspension, in t ima te ly  
mixed with inorganic f i l l e r  and o t h e r  d e s i r a b l e  add i t ives  t o  c o n t r o l  odor and 
p r o h i b i t  mold growth. 

17.3.13 M M M - A - ~ ~ ~ A  ( I ) ,  June 19, 1975. ADHESIVE, METAL TO WOOD, STRUCTURAL, 
12 pp p lus  l -p amendment. FSC 8040 AS 

This s p e c i f i c a t i o n  covers s y n t h e t i c - r e s i n  adhesives f o r  t h e  s t r u c t u r a l  
bonding of c lad  aluminum a l l o y  t o  wood. There a r e  two types a s  follows: 

Type I - Single-adhesive system 
Type I1 - Two-adhesive system 
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Condition A - Primary adhes ive  with RT 75 - 900F (24 -320~)  
s e t t i n g  secondary adhes ive  
Condition B - Primary adhes ive  with intermediate- temperature 
90 - 180°F (32 - 8 2 O ~ )  s e t t i n g  secondary adhesive.  

The adhesive c o n s i s t s  of  a r e s i n  o r  r e s i n s  furn ished  i n  l i q u i d  o r  j e l l y  
form, wi th  o r  without hardener ,  o r  i n  s o l i d  form, as s t i c k ,  powder, o r  f i lm.  
The chemical na tu re  of t h e  adhes ive  is  not  s p e c i f i e d .  The Type-I adhesive is  
intended p r imar i ly  f o r  u se  i n  t h e  s t r u c t u r a l  bonding of aluminum a l l o y  t o  
wood. It is not  t o  be used f o r  s t r u c t u r a l  bonding. The Type-I1 ahesive i s  
in tended  primari lx .  f o r  use  i n  f a b r i c a t i n g  aluminum-wood-aluminum s t r u c t u r a l  
sandwich panel  cons t ruc t ions ,  e s p e c i a l l y  where low-density wood co res  a r e  
used, a s  wel l  a s  f o r  t he  s t r u c t u r a l  bonding of aluminum-to-wood attachments 
not  of sandwich-type cons t ruc t ion .  Type 11, Condit ion A adhes ive  is  f o r  
a p p l i c a t i o n s  where smal l  a r e a s  a r e  involved,  o r  where hea t  cannot  be used i n  
t h e  f i n a l  assembly. Type 11, Condit ion B adhesive i s  f o r  use  i n  cases  where 
t h e  f a b r i c a t i o n  o f  l a r g e  i t ems  n e c e s s i t a t e s  a f i n a l  assembly time exceeding 
t h a t  permissable  with Condit ion A adhesive. Requirements i nc lude  working l i f e  
of adhesives i n  l i q u i d  o r  j e l l y  form, f i lm  form composition, a c c e l e r a t o r  o r  
hardener  o r  modi f ie r ,  s o l u b i l i t y ,  a p p l i c a t i o n ,  cur ing  cond i t i ons ,  s torage  
l i f e ,  and shea r  s t r e n g t h  ( i n i t i a l ,  a f t e r  high-temperature exposure, immersion 
i n  sa l t  water,  immersion i n  f r e s h  water ,  and immersion i n  hydrocarbon t e s t  
f l u i d ) ,  and pH value. A Q u a l f i e d  Products  L i s t  (QPL) is a v a i l a b l e .  

17.3.14 MMM-A-l39A(l), January 31, 1977. ADHESIVE, NATURAL OR 
SYNTHETIC-NATURAL RUBBER,'17 pp p l u s  2 pp amendment. FSC 8040 AS 

Th i s  s p e c i f i c a t i o n  covers  n a t u r a l  o r  synthe t ic -na tura l - rubber  adhesives,  
p r i m a r i l y  f o r  t h e  manufacture and r e p a i r  of a r t i c l e s  made of m a t e r i a l s  cured 
wi th  n a t u r a l  o r  s y n t h e t i c  n a t u r a l  rubber.  The c l a s s i f i c a t i o n  i s  a s  follows: 

C l a s s  1 - Heat cu re  f o r  manufacture 
C la s s  2 - Room-temperature c u r e  f o r  manufacture 
Class  3 - Room-temperature cu re  f o r  r e p a i r  

There is  c u r r e n t l y  only one form - a two-part system c o n s i s t i n g  of the  base 
compound and sepa ra t e  a c c e l e r a t o r .  These adhesives a r e  in tended  f o r  adhering 
n a t u r a l  o r  s y n t h e t i c - n a t u r a l  rubber ,  and i n  p a r t i c u l a r ,  f o r  t h e  manufacture 
and r e p a i r  of a r t i c l e s  f a b r i c a t e d  from natural-rubber-coated f a b r i c s .  They 
must n o t  be used f o r  bonding nylon. Class-3 adhesive is  f o r  use  only i n  
bonding na tura l - rubber  i tems  i n  t h e  r e p a i r  of l i f e - sav ing  equipment. A 
Q u a l i f i e d  Products  L i s t  (QPL) is  a v a i l a b l e  f o r  t h i s  c l a s s  only. 

17  - 3.15 MMM-A-00150B (GSA-FSS ) , A p r i l  29, 1976. ADHESIVE FOR ACOUSTICAL 
MATERIALS, 9 pp. FSC 8040 GSA-FSS 

Th i s  i n t e r im  s p e c i f i c a t i o n  covers  one type of adhesive f o r  bonding 
p re fab r i ca t ed  a c o u s t i c a l  m a t e r i a l s  t o  t h e  i n s i d e  w a l l s  and c e i l i n g s  of rooms 
i n  bui ld ings .  The adhesive i s  not  recommended a s  the  s o l e  means of bonding 
a c o u s t i c a l  m a t e r i a l s  weighing more than 2 1/2 pounds per  squa re  f o o t  t o  
c e i l i n g  sur faces .  The adhes ive  c o n s i s t s  of a r e s i n  i n  a v o l a t i l e  solvent .  
Requirements on so lven t  composition a r e  g iven  t o  meet emiss ion  c o n t r o l  
requirements.  
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17.3.16 NMM-A-l79B, August 18, 1982. 
PSC 8040 MR 

ADHESIVE : PAPER LABEL, 16 PP* 

This s p e c i f i c a t i o n  supersedes MMM-A-178A, Adhesive, Paper Label, Water 
R e s i s t a n t ,  a s  wel l  a s  MMM-A-179A. It covers the  requirements f o r  water- 
r e s i s t a n t ,  water-emulsion adhesives s u i t a b l e  f o r  adhering pr in ted  paper l a b e l s  
t o  va r ious  s u b s t r a t e s ,  such a s  s o f t  wood, s o l i d  f iberboard ,  hot - ro l led  
low-carbon s t e e l  with a black i r o n  oxide coat ing  ("black i ron" ) ,  g l a s s ,  
t in-coated s t e e l ,  and enamel-painted metal. There a r e  two types,  a s  follows: 

Type I --.Water r e s i s t a n t  
Type I1 - Water r e s i s t a n t ,  water  emulsion 

La t i tude  i s  permitted i n  the  s e l e c t i o n  of raw mate r i a l s  f o r  these  adhesives. 

17.3.17 MMM-A-180C, August 6, 1979. ADHESIVE, POLYVINYL ACETATE QUIULSION, 
5 PP* FSC 8040 AS 

This  s p e c i f i c a t i o n  covers  two types of polyvinyl a c e t a t e  emulsion adhesives, 
a s  fol lows:  

Class  A - General purpose adhesive 
Class B - Wood adhesive 

The Class A adhesive i s  f o r  bonding l e a t h e r  t o  such ma te r i a l s  a s  metal, 
wood, c l o t h ,  paper, e t c .  and f o r  t h e  genera l  bookbinding i n  hand operations. 
The Class  B adhesive i s  f o r  assembly g lu ing  of  wood i tems which a r e  placed o r  
s t o r e d  i n  normal indoor-tempepture s e r v i c e  condi t ions  where t h e  RH is not  
high and does not  f l u c t u a t e  excessively.  It i s  intended f o r  such j o i n t s  a s  
dowel, mortise-tenon, lock ,  and f i n g e r  i n  the  assembly wood pa t t e rns  and 
models. It i s  not s u i t a b l e  f o r  edge g lu ing  and laminat ing f o r  f u r n i t u r e  par ts .  

17.3.18 HMM-A-181D, January 23, 1980. ADHESIVES, PIEIIOL, RESORCINOL, OR 
MELAMINE BASE, 13 pp. FSC 8040 MR 

This  s p e c i f i c a t i o n  covers  general-purpose, two-part adhesives,  o r  
o p t i o n a l l y ,  a one-part adhesive f o r  Type 111, f o r  wood assembly gluing. The 
adhesives a r e  f o r  use i n  t h e  manufacture of laminated members and o ther  wooden 
a r t i c l e s  where a high-strength,  durable  adhesive i s  required.  The 
c l a s s i f i c a t i o n  i s  a s  fol lows:  

Type I - Room-temperature-setting (75 t o  9 5 0 ~ )  (24 t o  3 5 0 ~ )  glue-l ine 
temperature 

Grade A - Two y e a r s  s to rage  l i f e  
Grade B - Six  months s to rage  l i f e  

Type I1 - Intermediate-temperature-setting (95 t o  1 9 0 0 ~ )  (35 t o  88OC) 
g lue- l ine  temperature 

Grade C - Six months s to rage  l i f e  

Class  1 - ~ i ~ u i d l  
Class  2 - powder1 
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Type 111 - High-temperature-setting (190 t o  3 0 0 0 ~ )  (88 t o  14g0c) 
g lue - l ine  temperature 

Class 1 - ~ i ~ u i d l  
Class  2 - powder1 

The ma te r i a l  s h a l l  be furnished a s  a l i q u i d  with a sepa ra te  hardener, or,  
when s p e c i f i e d ,  a s  a powder with a sepa ra te  hardener.  The hardener f o r  the  
Qpe I11 adhesive may be incorporated a s  a component p r t  of the  resin.  Only 
r e s i n s  based on phenol, melamine o r  r e s o r c i n o l  may be used. These three  
r e s i n s  a r e  formulated with formaldehyde, and the  D r ev i s ion  contains a 
caut ionary  n o t e  on the h e a l t h  hazards of formaldehyde compounds. 

17.3.19 MMM-A-182A, October 6, 1967. ADHESIVE, RUBBER, 6 pp. FSC 8040 EA 

This  s p e c i f i c a t i o n  covers  a cold-bonding rubber adhesive f o r  use with 
n a t u r a l  o r  s y n t h e t i c  rubber. It is commercially known a s  rubber cement f o r  
cold  p t c h i n g .  There a r e  two types a s  fol lows:  

Type I - Adhesive with a minimum of 6% rubber 
Type I1 - Adhesive with a minimum of 10-12$ rubber 

The rubber used i n  making t h e  adhesive s h a l l  be f i r s t - q u a l i t y  smoked sheet ,  
pa le  crepe,  o r  f i n e  Para. It  s h a l l  be p l a s t i c i z e d  only enough t o  provide good 
brushing q u a l i t i e s .  Modifying r e s i n s  may be added t o  permit the  requirements 
of t h e  s p e c i f i c a t i o n  t o  be met. The so lven t  used i s  naphtha. The Type I 
adhesive i s  f o r  use i n  cold patching of t i r e  i n n e r  tubes and s i m i l a r  rubber 
i tems.  The Type I1 adhesive is pr imar i ly  f o r  bonding of components of na tu ra l  
rubber i n  the  assembly of p ro tec t ive  masks. 

17-3-20 MEM-A-185, I n t  Amd 2, Apr i l  16,  1975. ADHESIVE (FOR PAPER BONDING) 
8 pp plus 1~ i n t  ammendment. FSC 8040 AS 

This  s p e c i f i c a t i o n  covers  one type of rubber adhesive,  commonly known a s  
rubber cement, s u i t a b l e  f o r  mounting photographic p r i n t s ,  maps, drawings and 
c h a r t s ,  and f o r  genera l  paper-to-paper bonding. The adhesive i s  crepe n a t u r a l  
rubber o r  synthetic-rubber-base m a t e r i a l  modified t o  meet the  requirements of 
t h i s  s p e c i f i c a t i o n .  Permissable so lven t s ,  inc luding percentages, a r e  
spec i f i ed  t o  meet emission requirements. Appl ica t ion  t o  only one surface w i l l  
'provide only temporary joining. I f  more permanent jo in ing  i s  des i red ,  both 
su r faces  should be coated l i b e r a l l y  with t h e  adhesive,  allowed t o  dry, and 
then brought together  under f i rm pressure.  

17.3.21 M - A - 1 8 7 B , M M S e p t e m b e r  11,1974.SIVE, EPOXY RESIN BASE, LOW AND 
INTERMEDIATE STRENGTH, GENERAL PURPOSE, 7 pp. FSC 8040 AS 

This s p e c i f i c a t i o n  covers  two types  of epoxy-resin-based adhesive f o r  
general-purpose app l i ca t ion :  

Type I - Low-strength, paste  form 
Type I1 - Intermediate-strength,  pas t e  o r  l i q u i d  form 

'unless otherwise spec i f i ed ,  Class 1 w i l l  be supplied.  
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T h i s  a d h e s i v e  is a  two-part  sys tem c o n s i s t i n g  of a base polymer of t h e  epoxy 
t y p e  and a  s u i t a b l e  a c c e l e r a t o r .  The two p a r t s  a r e  f u r n i s h e d  i n  a  k i t .  I n  
Type I ( p a s t e  form) t h e  r e s i n  and c u r i n g  a g e n t  are of d i f f e r e n t  c o l o r s  t o  a i d  
i n  d e t e r m i n i n g  when mixing is complete.  Equal  p a r t s  of r e s i n  and c u r i n g  a g e n t  
a r e  t o  be used.  I n  Type I1 ( p a s t e  form) t h e  requirement  is s i m i l a r ,  excep t  
t h a t  e q u a l  p a r t s  a r e  n o t  r e q u i r e d .  The a d h e s i v e  s p e c i f i e d  is in tended  f o r  use  
i n  t h e  r e p a i r  o p e r a t i o n s ,  o r  i n  t h e  bonding of meta l s ,  p o r c e l a i n ,  ceramic  
m a t e r i a l s ,  l e a t h e r ,  wood, and v a r i o u s  porous  and nonporous m a t e r i a l s  t o  
themse lves  and t o  e a c h  o t h e r .  

17.3.22 HMM-A-188Ct January 2, 1975. ADHESIVE, UREA-RESIN-TYPE ( L I Q U I D  AND 
POWDER), 6 pp. FSC 8040 AS 

T h i s  s p e c i f i c a t i o n  c o v e r s  a  urea-formaldehyde t h e r m o s e t t i n g  r e s i n  a d h e s i v e  
f o r  t h e  assembly g l u i n g  of wood items and t h e  bonding of p l a s t i c  l a m i n a t e  
s h e e t s  t o  plywood. The a d h e s i v e  is i n t e n d e d  f o r  use  where moderate water  
r e s i s t a n c e  is r e q u i r e d .  It  is n o t  a f u l l y  waterproof  adhesive .  The t y p e s  a r e :  

Type I - Powder ( w i t h  s e p a r a t e  c u r i n g  a g e n t )  
Type 11 - Powder ( w i t h  i n c o r p o r a t e d  c u r i n g  a g e n t )  
Type 111 - L i q u i d  ( w i t h  s e p a r a t e  c u r i n g  a g e n t )  

17.3.23 HMM-A-189B, November 12,  1975. ADHESIVE, SYNTHETIC RUBBER, 
THERMOPLASTIC, GENERAL PURPOSE, 17  pp. FSC 8040 MR 

T h i s  s p e c i f i c a t i o n  c o v e r s  o rgan ic - so lven t -base  s y n t h e t i c  rubber  
t h e ~ m o p l a s t i c  a d h e s i v e s  f o r  genera l -purpose  use. The c l a s s e s  a r e  a s  f o l l o w s :  

C l a s s  1 - 20% n o n v o l a t i l e  c o n t e n t  
C l a s s  2  - 30% n o n v o l a t i l e  c o n t e n t  

The a d h e s i v e  is d i s s o l v e d  i n  a n  o r g a n i c  s o l v e n t  o r  blend of s o l v e n t s .  
Pe rmissab le  s o l v e n t s ,  i n c l u d i n g  p e r c e n t a g e s ,  are s p e c i f i e d  t o  meet emiss ion  
requ i rements .  S i n c e  t h e s e  a d h e s i v e s  a r e  t h e r m o p l a s t i c ,  t h e y  a r e  n o t  
recommended f o r  a p p l i c a t i o n s  where t h e y  w i l l  be s u b j e c t  t o  e i t h e r  con t inuous  
h igh  s t r e s s ,  o r  s t r e s s  a t  a n  e l e v a t e d  t empera tu re .  The C l a s s  2  adhes ive ,  w i t h  
i ts h i g h e r  s o l i d s  c o n t e n t ,  forms h e a v i e r  f i l m s  w i t h  c o n t r o l l e d  p e n e t r a t i o n  and 
is used f o r  porous  s u r f a c e s .  

17.3.24 MMM-A-250C(l), August 12 ,  1976. ADHESIVE, WATER-RESISTANT (FOR 
CLOSURE OF FIBERBOARD BOXES), 10 pp  p l u s  1 p  amendment. FSC 8040 MR 

T h i s  s p e c i f i c a t i o n  c o v e r s  w a t e r - r e s i s t a n t  a d h e s i v e s  in tended  f o r  c l o s u r e  of 
f i b e r b o a r d  boxes, c a r t o n s ,  and c a s e s .  The a d h e s i v e s  a r e  of t h e  f o l l o w i n g  
types : 

Type I - For a p p l i c a t i o n  by a u t o m a t i c  box-clos ing equipment 
Type I1 - For  hand a p p l i c a t i o n ,  by b r u s h i n g  
Type I11 - For  hand a p p l i c a t i o n ,  from p r e s s u r i z e d  c o n t a i n e r  ( a e r o s o l )  

The a d h e s i v e  must n o t  c o n t a i n  t o x i c  m a t e r i a l s ,  i n c l u d i n g  p o l y - c h l o r i n a t e d  
b i p h e n y l s  (PCB's) .  
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17.3.25 MMM-A-260Bt May 10, 1984. ADHESIVE, WATER-RESISTANT (FOR SEALING 
WATERPROOFED PAPER), 15 pp FSC 8040 MR 

This specification covers water-resistant adhesive intended for application 
to the seams in the manufacture and closure of waterproofed paper bags, 
wrappers, and case liners. It may also cover other applications. The 
following types, grades, and classes are specified: 

Type I - For application by machine 
Type I1 - For hand application, by brushing 

Grade A - For subsistence items 
Grade B - For other than subsistence items 
Class 1 - Solvent-base adhesive 
Class 2 - Water-emulsion adhesive 
Class 3 - Hot-melt adhesive 

This specification supersedes MIL-A-140A (November 23, 19511 and 0-A-166 
(GSA-FSS) (January 18, 1962). 

17-3-26 A-A-342A1 January 8, 1980. ADHESIVE, SEMI-SOLID, STICK FORM, WITH 
DISPENSERS, 1 p PSC 8030 GSA-FSS 

This is a Commercial Item Description (CID). GSA has authorized its use in 
lieu of Interim Federal Specification MMM-A-002015, described below. 

The adhesive is a nontoxic, mold-resistant, even-spreading material housed 
in an impact-resistant container with a cap. It must have a pleasant odor and 
a smooth uniform consistency. The container must have a mechanism which 
allows the adhesive stick to be mechanically advanced or retracted without 
making contact with the adhesive. There are a few simple requirements for 
nonvolatile content, adhesion, freeze-thaw, and workmanship. The CID is 
complete on one page. 

17.3.27 A-A-529, September 25, 1979. ADHESIVE AND SEALING COMPOUND, 
CELULLOSE NITRATE BASE, SOLVENT TYPE, 1 p. FSC 8040 GSA-FSS 

This is a CID. GSA has authorized its use in lieu of Federal Specification 
WMM-A-105, described above. 

The CID covers a cellulose nitrate-base adhesive and sealing compound 
intended for use in attaching paper labels, waterproofing, and as a general- 
purpose adhesive. 

17.3-28 MMM-A-1058A, Int AMD 1, January 26, 1978. ADHESIVE, RUBBER BASE 
(IN PRESSURIZED DISPENSERS), 7 pp plus 3 pp amendment. FSC 8040 AS 

This interim amendment covers one type of rubber-base adhesive, a regular 
(high-solids) type, which is relatively colorless, fast-drying, and packaged 
in an aerosol dispenser. No chlorofluorocarbons or vinyl chloride may be used 
in the aerosol propellant. The adhesive is intended to provide a quick, 
convenient method for bonding a wide variety of adherends such as paper, 
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g l a s s ,  cardboard,  c l o t h ,  wood, p l a s t i c  f i l m ,  metal,  and foam rubber  t o  
themselves,  t o  one another ,  o r  t o  o t h e r  mater ia l s .  It i s  not  intended f o r  
s t r u c t u r a l  use ,  o r  f o r  bonding c e r t a i n  e q u i p e n t  components where such 
c r i t i c a l  p r o p e r t i e s  a s  h igh-pressure  o r  d i e l e c t r i c  s t r e n g t h  may be required.  

17.3.29 HPDI-A-1617(2), June 18, 1981. ADHESIVE, RUBBER BASE, GENERAL 
PURPOSE, 14 pp, p lus  2-pp amendment. FSC 8040 AS 

Th i s  s p e c i f i c a t i o n  covers  n a t u r a l -  and synthetic-rubber-base adhesives 
intended f o r  n o n c r i t i c a l  u s e s  i n  a p p l i c a t i o n s  where t h e  u n i t  s t r e s s  on t h e  
adhes ive  i s  not  apprec iab le .  The adhes ive  must no t  be used f o r  s t r u c t u r a l  
purposes,  o r  f o r  l i f e  r a f t s ,  i n f l a t a b l e  boots ,  radome covers ,  pontoons, d e i c e r  
boot manufacture,  o r  r e p a i r .  These adhes ives  w i l l  bond duck, l e a t h e r ,  f e l t ,  
cork ,  and similar r e l a t i v e l y  porous m a t e r i a l s  t o  themselves o r  t o  each o the r ,  
o r  t o  r e l a t i v e l y  nonporous m a t e r i a l s ,  such a s  wood, aluminum, s t e e l ,  rubber ,  
and p l a s t i c s .  The fo l lowing  types  a r e  s p e c i f i e d :  

Type I - Natural-rubber base,  s y n t h e t i c  n a t u r a l  (po ly isoprene) ,  s t y r e n e  
butadiene (sBR) , rec la im,  o r  combinations the reo f ;  non-oil 
r e s i s t a n t  

Type I1 - Polychloroprene rubber-base, o i l - r e s i s t a n t  
Type I11 - Butadiene a c r y l o n i t r i l e  ( n i t r i l e )  rubber-base; f u e l - r e s i s t a n t  

A QPL is ava i l ab l e .  

17.3.30 0 3 .  ADHESIVE AND SEALING COHPOUND, EPOXY, 
NETAL FILLED, 7 pp. FSC 8040 AS 

Th i s  s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  requirements f o r  one type of  metal- 
f i l l e d ,  room-temperature-curing, two-part  epoxy adhesive and s e a l i n g  
compound. The m e t a l - f i l l e r  p a r t i c l e s  may be aluminum, s t e e l ,  o r  both. Other  
f i l l e r s  may be used a s  needed. The a c t i v i t o r  s h a l l  be of t h e  polyamide type. 
The base  polymer must be a pas t e ,  wh i l e  t h e  a c t i v a t o r  may be p a s t e  o r  l i q u i d .  
The c o l o r s  of t h e  two components must be d i f f e r e n t ,  r e s u l t i n g  i n  a n e u t r a l  
g r a y  when uniformly mixed. 

Th i s  adhesive can be used as a n  edge s e a l i n g  o r  molding compound f o r  both 
general-purpose and s t r u c t u r a l  a p p l i c a t i o n s ,  such a s  on f a i r i n g  sur faces .  The 
cured adhes ive  can be sanded, f i l e d ,  o r  machined with convent ional  t oo l s .  The 
adhes ive  w i l l  bond t o  s t e e l ,  i r o n ,  aluminum, g l a s s  (no t  Pyrex),  concre te ,  
ceramics ,  porce la in ,  t i l e ,  marble,  wood, and thermoset t ing p l a s t i c s  such a s  
phenol ic ,  po lyes t e r ,  o r  epoxy. It w i l l  bond with l e s s  s t r e n g t h  t o  b ra s s ,  
copper ,  and lead.  It is  no t  recommended f o r  n i cke l ,  t i n ,  z inc ,  o r  
t he rmop las t i c s ,  such a s  polyethylene.  

17.3.31 MMM-A-1931, September 19, 1975. ADHESIVE, EPOXY, SILVER FILLED, 
CONDUCTIVE, 7 pp. FSC 8040 AS 

Th i s  s p e c i f i c a t i o n  covers  t h e  requirements  f o r  two types of s i l v e r - f i l l e d ,  
conduct ive ,  two-part, room-temperature-curing adhesives.  These m a t e r i a l s  a r e  
used p r imar i ly  t o  i n s t a l l  s t a t i c  d i s c h a r g e r  bases t o  e x t e r i o r  a i r c r a f t  
su r f aces .  They are a l s o  s u i t e d  f o r  a p p l i c a t i o n s  such as conduct ive paths on 
c i r c u i t  boards,  o r  grounding and bonding meta l  components without  welding, 

Downloaded from http://www.everyspec.com



brazing,  o r  so lder ing .  The adhes ives  may be used where hot  so lde r ing  is not 
p r a c t i c a l ,  such a s  t o  nichrome wire o r  conductive p l a s t i c s ,  o r  i n  loca t ions  
which cannot be subjec ted  t o  h igh  temperatures. The adhesives may be used i n  
preparing e l ec t rodes  on specimens used t o  measure capaci tance and l o s s  
c h a r a c t e r i s t i c s .  The types  a r e  a s  follows: 

Type I - Volume r e s i s t i v i t y  0.010 ohm/cm 
Type I1 - Volume r e s i s t i v i t y  0.003 ohm/cm 

The base polymer, i n  pas t e  form, conta ins  the s i l v e r  p a r t i c l e s ,  but must not 
con ta in  copper o r  o t h e r  me ta l s ,  and s h a l l  contain no f i l l e r s  o r  extenders. 
The cu r ing  agent  s h a l l  c o n t a i n  no meta ls ,  extenders ,  o r  f i l l e r s .  The curing 
agent  may be paste  o r  l i q u i d .  

17.3.32 ~ @ ~ M - A - O ~ ~ ~ ~ ~ ( G S A - F S S ) ,  February 28, 1978. ADHESIVE, EPOXY, 
FLEXIBLE, FILLED (FOR B I N D I N G ,  SEALING, AND GROUTING), 6 pp. FSC 8040 AS 

This  In te r im Federal S p e c i f i c a t i o n  covers a  two- o r  three-component, mineral- 
f i l l e d ,  flexible-epoxy-resin-base adhesive t o  be used i n  binding, sea l ing ,  and 
g rou t ing  concrete.  These adhesives a r e  intended t o  be used t o  r e p a i r  s p a l l s  
and o t h e r  d e f e c t s  i n  p r t l a n d  cement pavements. I n  many cases ,  40-mesh sand 
should be added t o  the  adhesive i n  a  proportion t h a t  achieves an  optimum 
balance between performance c h a r a c t e r i s t i c s ,  heat  of mixing, and cos t .  The 
types  a r e  as follows: 

Type I - A two-compnent system, with mineral f i l l e r  pre-mixed i n t o  each 
component 

Type I1 - A three-component system, including the  epoxy r e s i n ,  curing 
agent,  and mineral  f i l l e r  

The i n e r t  f i l l e r  i s  a  f i n e l y  divided quartz  s i l i c a  f l o u r  o r  f e ldspa th ic  
aluminum s i l i c a t e  f lou r .  

17.3.33 MMM-A-OO~O~~(GSA-FSS),  Apr i l  6 ,  1977. ADHESIVE, SEMI-SOLID, STICK 
FORM, WITH DISPENSERS, 7  pp. FSC 8040 GSA-FSS 

This  In ter im Federal S p e c i f i c a t i o n  covers a  convenience-type, quick-set t ing 
o f f i c e  adhesive i n  s t i c k  form, s u i t a b l e  f o r  bonding paper, photographs, and 
f a b r i c s .  It  is intended f o r  mounting photographic p r i n t s ,  maps, drawings, and 
Char ts -  It i s  a l s o  s u i t a b l e  f o r  bonding f a b r i c s  i n  cases where high s t r eng th  
i s  no t  required.  ( s e e  A-A-342A f o r  a  Commercial Item Descript ion (cID) which 
may be used t o  spec i fy  t h i s  m a t e r i a l ) .  

17.3.34 MMM-A-OO~~O~(GA-FSS) ,  Apr i l  1, 1978. ADHESIVE, FIRE-RESISTANT, 
THERMAL INSULATION. FSC 8040 GSA-FSS 

This  in t e r im Federal  S p e c i f i c a t i o n  covers f i r e - r e s i s t a n t  adhesive f o r  
secur ing  c l o t h  and tape  t o  c e r t a i n  thermal i n s u l a t i o n s  and f o r  securing 
c e r t a i n  thermal i n s u l a t i o n s  t o  metal  sur faces .  There a r e  t h r e e  c l a s s e s  a s  
fol lows:  

Class  1 - For bonding f ib rous -g las s  c l o t h  t o  unfaced f i b r o u s  g la s s  
i n s u l a t i o n  
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For bonding cot ton b r a t t i c e  c loth  to faced and unfaced 
fibrous-glass insu la t ion  board 
For sea l ing  the  edges of ,  and bonding fibrous-glass tape t o  
the j o in t s  of f ibrous-glass board 
For bonding lagging c loth  t o  thermal insu la t ion  

Class 2 - For a t taching fibrous-glass insula t ion t o  metal surfaces 
Class 3 - For a t t ach ing  cork and fibrous-glass insu la t ion  t o  metal 

surfaces 

17.4 Department of Defense (DOD) . Mili tary  Specifications (7). 

17.4.1 MIL-G-413B, October 9, 1963. GLUE, MARINE AND AVIATION MARINE 
(WATERPROOF), 5 pp. FSC 8040 SH 

This specif icat ion covers mate r ia l  f o r  fastening sheeting between inner and 
outer  wood skins  of f l o a t s  and flying-boat hu l l s  and f o r  faying wooden seams 
of s h i p  decks. There a r e  two c l a s se s ,  a s  follows: 

Class 1 - Aviation marine glue f o r  fastening sheeting i n  built-up skins  
of f l o a t s ,  flying-boat hu l l s ,  and double-plank construction 
on wood boats 

Class 2 - Marine glue  f o r  faying wooden seams of s h i p  decks 

The Class 1 glue s h a l l  contain ros in ,  pine t a r ,  denatured alcohol, and a 
drying o i l .  The drying o i l  s h a l l  be tung o i l ,  rosin o i l ,  o r  linseed o i l .  ' The 
Class 2 glue sha l l  contain no mater ia ls  of coal t a r  origin.  

17.4.2 HIL-C-2399~(2), December 10,  1975. CEMENT, L I Q U I D ,  TENT PATCHING, 
11 pp. plus 3-pp amendment. FSC 8040 GL 

This specif icat ion covers a l i qu id ,  synthetic-rubber-base cement fo r  use i n  
patching tentage. The adhesive i s  based on copolymers of butadiene and 
a c r y l o n i t r i l e  i n  a solvent blend of petroleum naphtha, to luo l ,  xylol, acetone, 
methyl e thy l  ketone, o r  methyl i sobutyl  ketone. Solvent formulations, with 
allowable percentages a r e  s p c i f i e d  t o  meet emission requirements. 

17.4.3 MIL-A-3167~(0~), January 5, 1976. ADHESIVES (FOR PLASTIC 
INHIBITORS), 11 pp. FSC 8040 OS 

This limited-coordination Navy spec i f ica t ion  covers adhesives f o r  use with 
e thy l  ce l lu lose  o r  ce l lu lose  ace t a t e  molded p l a s t i c  inh ib i to rs .  These 
adhesives a r e  intended f o r  use i n  adhering web and end p l a s t i c  inhibi tors  to  
cruciform-shape double-base-powder grains.  The c l a s s i f i c a t i on  is  as  follows: 

Type I - Cellulose n i t r a t e ,  2 c l a s se s  
Type I1 - Cellulose ace t a t e ,  4 c lasses  
Type 111 - Solvent adhesive, 2 c lasses  

The Type I, c lasses  1 and 2 adhesives a r e  fo r  use in'adhering e thyl  
c e l l u lo se  inh ib i to rs ,  a s  spec i f i ed  i n  MIL-1-3166. The Type I, c lass  2 
adhesives may be diluted with up t o  30% by weight o f  butyl aceta te .  A l l  the 
Type I1 adhesive classes a r e  f o r  use i n  adhering ce l lu lose  ace ta te  inh ib i to rs ,  
a s  specif ied i n  MIL-1-3166. Class 1 may be di lu ted up t o  20% by weight with 
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acetone.  Type 111, c l a s s  1 adhes ive  may be used t o  adhere e i t h e r  e thy l  
c e l l u l o s e  o r  c e l l u l o s e  a c e t a t e  i n h i b i t o r s ,  a s  s p e c i f i e d  i n  MIL-1-3166. The 
Type 111, c l a s s  2 adhes ive  is in t ended  f o r  cementing e t h y l  c e l l u l o s e  p l a s t i c  
t o  p rope l l an t  powder, o r  t o  o t h e r  e t h y l  c e l l u l o s e  p l a s t i c .  

The composition of t h e  v a r i o u s  types  and c l a s s e s  is  g iven  i n  a  tab le .  
Another t a b l e  g i v e s  t h e  requi rements  f o r  non-volat i le  con ten t ,  v i s c o s i t y ,  and 
s p e c i f i c  g r a v i t y  of  t h e  adhes ives .  

17.4.4 ~ 1 ~ - ~ - 3 3 1 6 B ( 6 ) ,  October  22, 1979. ADHESIVES, FIRE-RESISTANT, 
THERMAL INSULATION, 14  ppe p l u s  4  pp amendment FSC 8040 SH. 

This  s p e c i f i c a t i o n  cove r s  f i r e - r e s i s t a n t  adhesives f o r  secur ing  c l o t h  and 
t ape  t o  c e r t a i n  thermal  i n s u l a t i o n s  and f o r  secur ing  c e r t a i n  thermal 
i n s u l a t i o n s  t o  meta l  s u r f a c e s .  The c l a s s i f i c a t i o n  is a s  fol lows:  

C la s s  1 - ( f o r  brush a p p l i c a t i o n )  
For  bonding f ib rous -g l a s s  c l o t h  t o  unfaced f ibrous*glass  
c l o t h  i n s u l a t i o n  
For  s e a l i n g  t h e  edges o f ,  and bonding f ib rous -g l a s s  tape t o  
t h e  j o i n t s  of  f i b r o u s - g l a s s  board 
For  bonding l agg ing  c l o t h  t o  thermal i n s u l a t i o n  

Grade A - Pigmented whi te  
Grade B - Pigmented Red ( s e a l e r  coa t ing  t o  i d e n t i f y  asbes tos- f ree  

system) 

Class  2  - For  attaching.lfibrous-glass i n s u l a t i o n  t o  meta l  sur faces  

Grade A - Pigmented whi te  

Class  3 - For  a t t a c h i n g  cork  and f ib rous -g l a s s  i n s u l a t i o n  board t o  
metal  s u r f a c e s  

The adhes ives  s p e c i f i e d  must be e f f e c t i v e  f o r  t he  purpose intended without 
h e a t i n g  o r  t he  a d d i t i o n  of  o t h e r  i ng red ien t s .  A QPL i s  ava i l ab l e .  

17.4.5 MIL-A-3562B, October  2, 1959. ASHESIVE, SEALING (FOR FILTERS), 4 pp. 
FSC 8040 EA 

This  s p e c i f i c a t i o n  covers  a  thermose t t ing  l i q u i d  r e s i n  adhesive f o r  bonding 
o p t i c a l  elements f o r  u se  i n  m i l i t a r y  o p t i c a l  instruments .  The s p e c i f i c a t i o n  
r e p l a c e s  MIL-C-3469, Canada Balsam. There is no r e s t r i c t i o n  on t h e  chemical 
type.  If necessary ,  a n  a c t i v a t o r  may be used t o  cure  the  adhesive. 

17.4.6 M I L - A - ~ ~ ~ o B ( ~ ) ,  December 28, 1973. ADHESIVE, POLYCHLOROPRENE, 16 PP 
plus  2  pp amendment. FSC 8040 AS 

This  s p e c i f i c a t i o n  covers  neoprene adhesives f o r  jo in ing  neoprene-coated 
f a b r i c  t o  i t s e l f  and t o  nylon. The adhesive i s  f o r  use where adherence t o  
polychloroprene-coated f a b r i c  i s  requi red ,  such a s  i n  t he  manufacture and 
r e p a i r  of l i f e  v e s t s ,  decoy t a r g e t s ,  and pontoons ( ~ o t e :  polychloroprene is 
so ld  commercially a s  neoprene).  The c l a s s e s  a r e  as fol lows:  
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Class 1 - Heat cure for manufacture (coating-to-coating, heat stable 
to 140°~ ( 60°c) 

Class 2 - Room-temperature-cure for manufacture (coating-to-coating, 
heat stable to 140°~ (60°c) 

Class 3 - Room-temperature-cure for repair (coating-to-coating, heat 
stable to 140°p (60'12) 

Class 4 - Beat cure for manufacture (coating-to-nylon) 
Class 5 - Room-temperature-cure for repair (coating-to-nylon) 

All five classes must be furnished as Form A or B: 

Form A - One-part adhesive 
Form B - Two-part adhesive 

A QPL is available. 

17.4.7 MIL-A-8576(2)1 AUqUSt 12, 1969. ADHESIVE, ACRYLIC BASE, FOR ACRYLIC 
PLASTIC, 14 pp. plus 4 pp amendment. FSC 8040 AS 

This specification covers acrylic-monomer-base adhesives intended for use in 
bonding acylic plastics. There are three types, as follows: 

Type I - Solvent type 
Type 11 - Non-solvent, high viscosity 
Type 111 - N ~ n - ~ ~ l ~ e n t ,  medium viscosity 

A catalyst is to be furnished as a separate ingredient with each container 
of adhesive. The base resin must contain an inhibitor to retard 
polymerization until ready for use. Type I is intended for use in bonding 
acrylic plastic conforming to MIL-P-5425 and may be used with suitable 
precautions in bonding other acrylics. It should not be used for bonding 
material conforming to MIL-P-8184. Type I adhesive shall contain methylene 
chloride as solvent. Type I1 shall contain a promoter in a separate 
container. The promoter is to be added to the resin, followed by the 
catalyst, to aid in polymerization initiation. 

17 -4.8 MIL-A-9117D, April 19, 1971. ADHESIVE, SEALING, FOR AROMATIC FUEL 
CELLS AND GENERAL REPAIR, 4 pp. FSC 8040 84 

This specification covers a one-part synthetic elastomeric adhesive for fuel 
cell repair and for other general repair work where resistance to aromatic 
fuel is required. The classification is as follows: - . 

Class G - For use under normal circumstances 
Class L - For use where Air Pollution Regulations are enforced 

Both classes must have a nonvolatile content in the range of 14-30%. 

17.4.9 MIL-A-13374Dp AuquSt 8,  1975. ADHESIVE, DEXTRIN, FOR USE IN 
AMMUNITION CONTAINERS' 10 pp. FSC 8040 MR 
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Thi s  s p e c i f i c a t i o n  covers  f o u r  c l a s s e s  of vege tab le  d e x t r i n  adhesives 
produced from s t a r c h  and intended f o r  use  i n  t h e  manufacture of s p i r a l l y  wound 
c o n t a i n e r s ,  and i n  t he  f a b r i c a t i o n  of chipboard spacers  t o  be used i n  such 
c o n t a i n e r s ,  f o r  use i n  packing ammunition and components. The c l a s s e s  a r e  as 
f 01 lows : 

Class 1 - A l i q u i d  adhesive i n  prepared form 
Class 2 - A cold-water-soluble type which must be mixed with water 

before  use 
Class 3 - A prepared dry adhes ive  which must f i r s t  be cooked with water  

before use 
C l a s s  4 - Dextr in base i n  d r y  form t o  which a d d i t i o n a l  op t iona l  chemical 

i n g r e d i e n t s  may be added dur ing  prepara t ion  with water before  
use. 

Opt iona l  i n g r e d i e n t s  i n  f o u r  groups may be added a s  follows: 

Group A - Alkal ine  chemicals  
Group B - F i l l e r s .  
Group C - Prese rva t ives  
Group D - Defoamers 

17.4.10 NIL-A-14064C, Nay 5, 1980. ADHESIVE: G R I N D I N G  DISK, 7 pp. 
FSC 8040 MR 

Thi s  s p e c i f i c a t i o n  covers  one g rade  of g r ind ing  d i s k  adhesive intended f o r  
use  f o r  t h e  bonding of ab ra s ive  d i s k s  t o  metal  d i sks .  La t i t ude  i s  allowed i n  
t h e  m a t e r i a l s  t o  be used, s i n c e  t h i s  i s  a performance spec i f i ca t ion .  

17.4.11 MIL-A-17682E, March 11, 1982. ADHESIVE, STARCH, 9 pp. FSC 8040 MC 

This  s p e c i f i c a t i o n  covers  requirements  f o r  one type  of adhesive used f o r  
mounting paper  o r  c l o t h  t a r g e t s .  The adhes ive  may conta in  reclaimed 
m a t e r i a l s .  The base m a t e r i a l  f o r  t h e  adhesive must be pure wheat, i n  f i n e  
powder f o m ,  conforming t o  Federa l  S p e c i f i c a t i o n  N-F-481, conta in ing  
s u f f i c i e n t  p r e s e r v a t i v e s  t o  prevent decomposition, weevil and mold growth i n  
t h e  package, and fe rmenta t ion  a f t e r  mixing wi th  water. 

17.4.12 MIL-A-21016E, January 26, 1967. ADHESIVE, RESILIENT DECK COVERING, 
6, pp* FSC 8040 SH 

Th i s  s p e c i f i c a t i o n  covers  adhesives f o r  secur ing  r e s i l i e n t  coverings t o  
decks. The adhesive is a water-base l a t e x ,  f r e e  of a l l  i ng red ien t s  which may 
a f f e c t  t h e  s e r v i c e a b i l i t y ,  o r  have a d e l e t e r i o u s  e f f e c t  on metal  o r  r e s i l i e n t  
covering.  The adhesive must be t rowelable .  A QPL is  ava i l ab l e .  

17.4.13 M I L - A ? ~ ~ ~ ~ ~ A ( s H I P ~ ) ,  February 16, 1966. ADHESIVE, FOR BONDING 
PLASTIC TABLE TOP MATERIAL, 10  pp. FSC 8040 SH 

Th i s  l imi ted-coord ina t ion  Navy s p e c i f i c a t i o n  covers  a one-part  f l e x i b l e  
adhes ive  f o r  bonding thermoset t ing p l a s t i c  t a b l e  t o p  ma te r i a l  conforming t o  
NIL-T-171 t o  aluminum a t  room temperature wi th  only nominal pressure.  It may 
be a neoprene r e s i n  o r  o t h e r  combination of i n g r e d i e n t s .  
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17.4.14 MIL-A-22397, INT AMD  SHIPS), June 12, 1964. ADHESIVE, PHENOL AND 
RESORCINOL RESIN (FOR MARINE SERVICE USE), 12 pp* plus 5 pp amendment. 
FSC 8040 SH 

This specif icat ion covers adhesives f o r  bonding wood where an adhesive bond 
with high strength,  res is tance t o  s a l t  water, extreme shrinking and swelling 
res i s tance ,  and long-time du rab i l i t y  is  required. These adhesives a r e  
pa r t i cu l a r l y  su i tab le  f o r  use i n  fabr ica t ing  wood laminates f o r  sh ip  and boat 
use and f o r  o ther  severe ex t e r i o r  service.  Use of these adhesives i n  
laminating various species of wood is covered by separate laminate 
spec i f ica t ions .  There a r e  two grades, a s  follows: 

Grade A - One-year s torage l i f e  
Grade B - Two-month storage l i f e  (immediate use) 

The res ins  used i n  making the adhesive must be based on phenol, resorcinol,  
o r  a combination of both. The hardener s h a l l  be provided i n  e i t h e r  powder or  
l i q u i d  form. When i n  powder form, it may be combined with par t  o r  a l l  of the  
f i l l e r .  The f i l l e r ,  when used, must be an i n e r t ,  insoluble powder. It may be 
combined with the res in  o r  supplied separate ly .  Amylaceous f i l l e r s ,  such a s  
f l o u r  o r  s tarch,  and protein f i l l e r s  a r e  not permitted. A QPL i s  available.  

17.4.15 M I L - ~ - 2 2 4 3 4 ~ ( ~ ' ~ ) ,  March 7, 1961. ADHESIVE, POLYESTE3, 
THIXOTROPIC, 13 pp. FSC 8040 OS 

This limited-coordination Navy spec i f ica t ion  covers a thixotropic polyester  
adhesive f o r  use i n  bonding glass-cloth epoxy r e s in  laminate r ings  t o  metal 
components of warhead assemblies, where spec ia l  application and assembly 
techniques a re  involved. The adhesive must bridge voids up t o  0.020 inches 
when applied to  ve r t i c a l  and hor izontal  surfaces.  The adhesive is a 
homogeneous compound prepared by combining co l l o ida l  s i l i c a  with a l iqu id  
unsaturated alkyd-styrene type thermosetting res in .  Methyl e thy l  ketone 
peroxide is used a s  the ca t a ly s t  and cobal t  naphthenate a s  the  accelera tor  t o  
p lymer ize  the resin.  Suggested sources of the  specified ingredients are  
given. 

17.4.16 MIL-S-22473E, April  12, 1983. SEALING, LOCKING AND RETAINING 
COMPOUNCS : (SINGLE COMPONENT), 22 pp. FSC 8030 MR 

, This specif icat ion f o r  anaerobic sea lan t s  covers single-component compounds 
and t h e i r  primers su i t ab l e  f o r  seal ing,  locking, and re ta ining metal parts .  
The components a re  normally l iqu id  and a r e  converted to  an in fus ib le ,  
insoluble  s t a t e  when confined between c lose ly  f i t t i n g  metal surfaces. The 
compounds a r e  intended f o r  use i n  sea l ing  threaded fas teners ,  plugs, and other 
threaded f i t t i n g s  against  f l u i d  pressure, f o r  locking such threaded assemblies 
aga ins t  working loose under shock and vibrat ion (threaded fas teners ) ,  and f o r  
re ta in ing  ex i s t ing  o r  replacement b a l l  bearings i n  worn housings, thereby 
obviating the  need f o r  es tabl ishing a press f i t .  Thirteen examples of end-use 
app l ica t ions  of these mater ia ls  a re  given. Fi f teen grades a r e  specified,  each 
with varying viscosi ty  and locking torque. Different  colors a re  used to  
d i s t ingu ish  these grades, although there  is  duplication of colors. Each 
compound must be v i s ib le  under u l t r a v i o l e t  l i g h t  when tes ted a s  specified. 
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17.4.17 MIL-A-22895(1) (SHIPS), June 25, 1962. ADHESIVE, METAL 
IDENTIFICATION PLATE, 6 pp. p lus  2 pp amendment. FSC 8040 SH 

Th i s  l imi ted-coord ina t ion  Navy s p e c i f i c a t i o n  covers  adhesives f o r  use i n  
bonding, without  hea t  o r  pressure ,  of metal  i d e n t i f i c a t i o n  p l a t e s  t o  p i n t e d  
o r  unpainted sur faces .  The adhes ive  is  used i n  place of mechanical attachment 
and must be r e s i s t a n t  t o  severe-use cond i t i ons  of i n t e r i o r  o r  e x t e r i o r  
exposure t o  v i b r a t i o n  and shock. There a r e  two c l a s s e s ,  a s  fo l lows:  

Class A - Two-component l i q u i d  p l y s u l f i d e  adhesive,  c h a r a c t e r i s t i c a l l y  
non-solvent, g a p f i l l i n g ,  and completely r e a c t i v e ,  f o r  k n i f e  
a p p l i c a t i o n  t o  meta l  i d e n t i f i c a t i o n  p l a t e s  up  t o  0.048 inch  
thick.  The s e r v i c e  temperature range i s  up  t o  2500F, 
( 1 2 1 0 ~ )  bu t  must wi ths tand  4000F ( 2 0 5 0 ~ ) f o r  short- t ime 
emergency condi t ions .  

Class B - Single-component, neoprene o r  n i t r i l e  rubber adhesive i n  a  
v o l a t i l e  so lven t  f o r  brush a p p l i c a t i o n  t o  metal  
i d e n t i f i c a t i o n  p l a t e s  not  exceeding 0.030 inch  thickness .  
This  adhesive r e q u i r e s  smooth su r f aces  and has  a  s e r v i c e  
range up t o  200°F ( 9 3 0 ~ ) .  The so lvent  must no t  exceed 
65% by weight. 

17.4.18 M I L - C - ~ ~ O ~ ~ B ( S H I P S ) ,  February 26, 1976. CEMENT, NATURAL RUBBER, 
MAGNETIC MINESWEEPING CABLE REPAIR, 6 pp. FSC 8040 SH 

This  l imi ted-coord ina t ion  Navy s p e c i f i c a t i o n  covers a  na tura l - rubber  cement 
f o r  making vulcanized and unvulcanized bonds of n a t u r a l  o r  s y n t h e t i c  rubber 
f o r  t h e  repair of magnetic minesweeping cable .  The cement is d isso lved  i n  a 
s o l v e n t .  No reclaimed rubber  i s  permitted. 

17 4.19 MIL-A-23940(1) ( A S ) ,  September 1, 1966. ADHESIVE, SILICONE RUBBER, 
6 pp p l u s  2 pp amendment. FSC 1336 AS 

This  l imi ted-coord ina t ion  Navy s p e c i f i c a t i o n  e s t a b l i s h e s  t he  minimum 
requi rements  f o r  a  general-purpose room-temperature-vulcanizing s i l i c o n e  
rubber  adhes ive  f o r  use i n  rocket-motor i g n i t e r s .  

17.4.20 M I L - ~ - 2 3 9 4 1 ~ ( ~ ~ ) ,  September 1, 1966. ADHESIVE, EPOXY TYPE, TWO 
PART, 7 pp. FSC 1336 AS 

Th i s  l imi ted-coord ina t ion  Navy s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  requirements 
f o r  a  two-part  epoxy adhesive. No o t h e r  r e s t r i c t i o n s  a r e  e s t ab l i shed  on the  
chemical  o r  phys ica l  na tu re  of  t h e  adhesive.  

17.4.21 MIL-A-~~~?~A(sHIPs) ,  May 12,  1980. ADHESIVE, FLEXIBLE 
UNICELLULAR-PLASTIC THERMAL INSULATION, 11 pp plus  2-pp amendment. FSC 8040 SH 

Th i s  l imi ted-coord ina t ion  Navy s p e c i f i c a t i o n  covers  high i n i t i a l  s t r eng th ,  
hea t -  and wa te r - r e s i s t an t ,  contact- type adhesives f o r  bonding f l e x i b l e  
u n i c e l l u l a r  p l a s t i c  thermal i n s u l a t i o n  t o  i t s e l f  and t o  metal  su r f aces .  The 
t y p e s  and c l a s s e s  a r e  a s  fol lows:  
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Type I - Dispersed i n  water  
Type 11 - Dispersed i n  nonhalogenated organic so lvent  

Class 1 - Low f l a s h  poin t  
Class  2 - Intermediate f l a s h  point  

Type I11 - Dispersed i n  nonflammable organic so lven t  

A QPL is ava i l ab le .  

17.4.22 MIL-A-24456(3) (SHIPS), June 15, 1979. ADHESIVE FOR PLASTIC 
VIBRATION-DAMPING TILES, 10 pp. plus 2 pp amendment. FSC 8040 SH 

Th i s  l imited-coordinat ion Navy s p e c i f i c a t i o n  covers a two-part e p o q  
adhesive f o r  bonding p l a s t i c  v i b r a t i o n  damping t i l e s  t o  metal s t r u c t u r e s  on 
board ships.  The vibration-damping t i l e s  a r e  of the  type s p e c i f i e d  i n  
MIL-P-23653- The ma te r i a l  s h a l l  be supplied i n  the  form of a two-part epoxy 
system. A QPL is ava i l ab le .  

17.4.23 MIL-A-25463B, March 31, 1982. ADHESIVE, FILM FORM, METALLIC 
STRUCTURAL SANDWICH CONSTRUCTION, 15 pp. FSC 8040 AS 

This  s p e c i f i c a t i o n  covers  t h e  requirements f o r  adhesives i n  f i l m  form f o r  
bonding metal facings t o  metal cores  and t o  metal components of  sandwich 
panels  intended f o r  use i n  primary and secondary s t r u c t u r a l  a i r f rame p a r t s  
t h a t  may be exposed t o  temperatures up  t o  5000F ( 2 6 0 0 ~ ) .  Included i n  t h i s  
s p e c i f i c a t i o n  is t h e  bonding of metal fac ings  t o  metal components wi th in  the  
sandwich p n e l s  which must be!cured under the  same condi t ions  a s  t h e  sandwich 
panel. Fabr ica t ion  and inspec t ion  must be i n  accordance with MIL-A-83377. 

Adhesives covered by t h i s  s p e c i f i c a t i o n  can be used f o r  sandwich 
cons t ruc t ion  o the r  than metal-to-metal (such a s  p las t ic - to-meta l ) ,  provided 
t e s t i n g  proves such use i s  possible.  C l a s s i f i c a t i o n  is a s  follows: 

Type I - For long-time exposure t o  t e m p r a t u r e s  from -670 t o  180°F 
(-55Ot0 8 2 O ~ )  

Type I1 - For long-time exposure t o  temperatures from -670 t o  300°F 
(-55O t o  14g0c) 

Type I11 - For long-time exposure t o  temperatures from -670 t o  300°F 
(-55O t o  14g0c) and short- t ime exposure from 300° t o  
5000F (14g0 t o  2 6 0 ~ ~ )  

Type I V  - For long-time exposure from -670 t o  500°F (-55O t o  260°C) 

Class  1 - For bonding metal  f ac ings  to.metal co res  only  
Class  2 - For bonding metal fac ings  t o  metal cores,  i n s e r t s ,  edge 

at tachments ,  and o t h e r  components of completed sandwich 
s t r u c t u r e s  

Cure temperature groups a r e  a s  fol lows:  

Group 1 - lOOoF ( 3 8 0 ~ )  o r  l e s s  
Group 2 - Over lOOOF (380C) t o  2000F (930'2) 
Group 3 - Over 2000F ( 9 3 0 ~ )  t o  3000F (1490) 
Group 4 - Over 3000F (14g°C) 
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The adhes ives  must be thermose t t ing  and must not  have a d e l e t e r i o u s  e f f e c t  
on t h e  metal  s u r f a c e s  being bonded over  t he  range of temperatures  st which i t  
w i l l  be used. There a r e  no i n g r e d i e n t  r e s t r i c t i o n s  o t h e r  t han  those posed by 
t h e  t e c h n i c a l  requirements.  Class  2 adhesives must meet t h e  requirements o f  
MMM-A-132, as a p p l i c a b l e  t o  t h e  type ,  plus  t h e  requirements  spec i f i ed .  The 
adhes ive  s h a l l  be i n  f i l m  form and s h a l l  c o n s i s t  e i t h e r  e n t i r e l y  of adhesive, 
o r  of a c a r r i e r  impregnated with adhesive. A l i 'quid primer may be furnished 
f o r  use wi th  the  adhesive. A QPL i s  ava i l ab l e .  

17.4.24 ~ 1 ~ - ~ - 4 3 3 1 6 ~ ( 1 )  (GL) , December 29, 1969. ADHESIVE, PATCHING FOR 
CHLOROPRENE COATED OR CHLOROSULPHONATED FIBRICS, 11 pp. p lus  2-pp amendment. 

This  l imi ted-coord ina t ion  Army s p e c i f i c a t i o n  covers  requirements f o r  one 
type  of  so lven t  adhes ive  f o r  patching coated f a b r i c s .  It i s  intended f o r  use  
i n  r e p a i r  and patching of i n f l a t e d  dual-wall  s h e l t e r s  and o t h e r  i tems t h a t  a r e  
a l s o  made of chloroprene-base-coated, chlorosulphonated polyethylene top- 
coated s y n t h e t i c  f a b r i c .  The adhes ive  i s  required t o  e f f e c t  r e p a i r s  i n  a wide 
temperature range, i nc lud ing  -40°F ( - 4 0 0 ~ ) ,  when appl ied i n  t h e  spec i f i ed  
manner. The adhes ive  is based on a n  o i l  r e s i s t a n t  e las tomer  i n  a so lvent  
blend of petroleum naphtha, t o l u o l ,  x y l o l ,  o r  ketones.  

17.4.25 MIL-A-45059C9 December 2, 1983. ADHESIVE FOR BONDING CHIPBOARD 
TO TERNEPLATE, TINPLATE, AND ZINCPLATE, 8 pp. FSC 8040 MR 

This  s p e c i f i c a t i o n  covers  a one-part ,  ready-to-use brushable adhesive f o r  
use  i n  bonding chipboard t o  t e r n e p l a t e ,  t i n p l a t e ,  and z i n c p l a t e  i n  t he  
manufacture o f  f i b e r  ammunition c o n t a i n e r s  and s i m i l a r  a p p l i c a t i o n s  where 
r e s i s t a n c e  t o  water ,  o i l ,  mold, e t c . ,  i s  not  required.  The adhesive is 
intended p r imar i ly  t o  provide a bond between chipboard and t h e  metal  between 
t ime of  manufacture and loading  o f  t h e  ammunition i n t o  the  f i b e r  conta iners .  

17.4.26 M I L - G - ~ ~ o ~ o D ( M R ) ,  September 28, 1978. GLUE, ANIMAL (PROTECTIVE 
COLLOID), 9 pp. FSC 8040 MR 

This  l imi ted-coord ina t ion  Army s p e c i f i c a t i o n  covers  one type  of animal g lue  
f o r  u se  a s  a p r o t e c t i v e  c o l l o i d  i n  t h e  manufacture of p rope l l an t s .  The g lue  
must be made from raw m a t e r i a l s  of animal o r ig in .  I t  i s  intended f o r  use i n  
t h e  hardening ope ra t ions  i n  b a l l  p rope l l an t  manufacture. The g lue  is i n  
g ~ a n u l a r  o r  p e l l e t i z e d  form and must meet a s i e v e  requirement. 

17-40 27 MIL-A-46050C( 2 ) ,  February 3, 1985. ADHESIVES, CYANOACRYLATE, RAPID 
ROOM TEMPERATURE CURING, SOLVENTLESS, 13 pp p lus  1 p amendment, FSC 8040 MR 

This  s p e c i f i c a t i o n  covers  s o l v e n t l e s s ,  room-temperature-curing cyanoacrylate  
adhes ives  f o r  use  wi th  o r  without  an a c t i v a t o r ,  when speed of cur ing  is a 
primary cons ide ra t ion .  It a l s o  covers  t he  a c t i v a t o r ,  which may be used t o  
provide s t i l l  f a s t e r  cu r ing  and t o  enable t he  adhesives t o  bond t o  otherwise 
i n h i b i t i n g  su r f aces .  These adhes ives  a r e  used f o r  n o n s t r u c t u r a l  app l i ca t ions  
r e q u i r i n g  one-component bonding of small, well-mated s u r f a c e s  where hea t  
and/or  p re s su re  cannot be app l i ed .  
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Cyanoacrylate adhesives are normally used to adhere plastics, elastomers, 
metals, and combinations of these. Generally, Type I is preferred for 
metal-to metal applications, and Type I1 for rubber, plastics, and 
rubber/plastics-to-metal applications. The material is not to be used for 
adhesive bonds in aerospace vehicles for primary or secondary structures where 
the adhesive is expected to perform a structural function. Setting time is 
viscosity-related. Lower viscosities will set more rapidly than higher 
viscosities. Class 1 will set more rapidly than Class 2 or 3. Not all types 
may be commercially available in all classes. 

The types and classes are as follows: 

Type I - Methyl-2-cyanoacrylate 
Type 11 - Ethyl-2-cyanoacrylate 
Type I11 - Isobutyl-2-cyanoacrylate 
Type IV - n-Butyl-2-cyanoacrylate 
Type V - Allyl-2-cyanoacrylate 

Class 1 - Low viscosity 
Class 2 - Medium viscosity 
Class 3 - Medium-high viscosity 
Class 4 - High viscosity 
The surface activators shall be of the following types as specified: 

Type IA - for use with Type I 
Type IIA - for use with Type I1 
Type IIIA - for use with Type I11 
Type IVA - for use with Type IV 
(Note: Type VA is not listed) 

17.4.28 MIL-A-46091B, July 22, 1981. ADHESIVE, BRAKE LINING TO METAL, 10 
pp. FSC 8040 MR 

This specification covers one type of thermosetting, one-component adhesive 
for use in bonding brake linings and clutch facings to steel and aluminum. 
There ,are two forms, as follows: 

Form I - Liquid 
Form I1 - Film 

The material must be a one-component, heat-curing material. There are no 
restrictions on the chemical type or physical nature of the materials. The 
film form shall consist of unsupported film, protected by a liner. The film 
thickness range is specified. If a solvent is required as a separate thinner 
or activator, it must be furnished by the adhesive manufacturer. 

17-4-29 MI~-~-46106A(2), February 11, 1974. ADHESIVE-SEALANTS, SILICONEt 
RTV, GENERAL-PURPOSE, 2 4  pp. plus 2 pp amendment. FSC 8040 MR 
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This specification covers two types of one-part, room-temperature- 
vulcanizing (RTV), nonfuel-resistant silicone compounds which cure to durable 
rubber sealants and adhesives upon contact with moisture in the air. The 
specification also covers primers. These compounds are available as 
thixotropic pastes, or as self-leveling liquids, and so they can be used for a 
variety of application techniques. They can be used in the automotive, marine- 
appliance, metal working, aerospace, aircraft, building construction, 
communication, computer, electrical/electronic and other industries. The 
specification suggests a large number of typical uses. The compounds are not 
resistant to many types of fluids, such as fuel and hydraulic fluid. When 
cured in contact with certain metals such as copper and other sensitive 
metals, a slight corrosion may result. Primers are recommended for optimum 
results when the silicone compounds will be exposed to water, high humidity, 
and elevated-temperature conditions. Two types of silicone compounds are 
specified: 

Type I - Soft spreadable thixotropic paste 
Type 11 - Self-leveling liquid 
(The primer, if required, shall also be Type I or 11) 

17.4.30 MIL-A-46146A(2), Novemer 25, 1981. ADHESIVE-SEALANTS, SILICONE. 
RTV@ NONCORROSIVE (FOR USE WITH SENSITIVE METALS AND EQUIPMENT), 24 pp. plus 
2 pp amendment. FSC 8040 MR 

This specification covers three types of one-part, room-temperature 
vulcanizing, non-fuel resistant silicone compounds which cure to durable 
rubber sealants and adhesives upon contact with moisture in the air. It also 
covers primers for use with the silicone compounds. 

Since these compounds are available as thixotropic pastes or as self- 
leveling liquids, they lend themselves to a variety of application techniques 
which are easily adapted to specialty uses, as well as to production-line 
methods. These materials are noncorrosive to copper and other sensitive 
metals and are therefore gaining wide acceptance as preferred adhesives and 
sealants where delicate electronic devices are involved. They are used in 
sealing electronic devices, as terminal sealants, for potting electronic 
components, and as high-temperature sealants. There are three types, as 
follows : 

Type I - Soft, spreadable thixotropic paste 
Type I1 - Self-leveling liquid 
Type I11 - High-strength, noncorrosive 

The primer, if required, shall be Type I or 11, as recommended by the 
manufacturer of the silicone compound. The silicone compound must vulcanize 
at room temperature to produce a rubbery compound. The primer must be an air- 
drying liquid, 

17.4.31 MIL-A-46864A(MI), December 20, 1983. ADHESIVE, EPOXY, MODIFIED, 
FLEXIBLE, TWO COMPONENT, 14 pp. FSC 8040 MI 
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This limited-coordination Army specification covers a two-component modified- 
epoxy adhesive system capable of curing at room temperature. The adhesive is 
intended primarily for use as a room-temperature-curing, flexible adhesive and 
sealant system for heat-shrinkable sleeving and molded components. This two- 
part system may also be employed in areas where bonding to rubber, metals, 
plastic, or combinations thereof, is required. Curing conditions for 
laboratory preparation and for field use are given separately. 

17.4032 HIL-A-47040(1)(MI), October 41 1976. ADHESIVE-SEALANT, RTV HIGH 
TEMPERATURE, 18 pp. plus 2 pp amendment. FSC 8040 MI 

This limited-coordination Army specification covers one type of single- 
package, high-strength thixotropic vulcanizing silicone rubber for use in the 
-8S0p (-65O~) to 600°E' (315OC) range. This adhesive is for use in the 
aerospace industry. The adhesive must vulcanize at room temperature to 
produce a rubber compound to meet the physical and electrical requirements of 
the specification. This compound is not resistant to many types of fluids, 
such as fuel and hydraulic fluid. When cured in contact with certain metals, 
such as copper and other sensitive metals, a slight corrosion may occur. 
Material meeting this specification utilizes atmospheric moisture and 
liberates acetic acid during cure, which may result in corrosion. This type 
material can also cause fracture of stressed high-strength steel when applied 
at high relative humidity. Particular care should be taken if this material 
is to be used in electrical equipment, especially when in close proximity to 
small-gauge wire and electrical contacts. 

17.4.33 MIL-C-47072(MI), May 10, 1974. CURING AGENT, EPOXY RESIN, 8 pp. 
FSC 8040 MI 

This limited-coordination Army specification covers the requirements for a 
room-temperature-curing agent for epoxy resins conforming to ASTM D1763, Type 
I, Grade 2. The curing agent must be a liquid formulation capable of curing 
epoxy resin compounds at room temperature. 

17.4.34 MIL-A-47074A(MI), March 2, 1983. ADHESIVE SYSTEM, EPOXY, FOR 
DISSIMILAR METAL BONDING, 11 pp. FSC 8040 MI 

This limited-coordination Army specification covers two types of epoxy resin 
adhesive systems for bonding of dissimilar metals, or similar metals, and 
where dimensional stability is required. There are two types and two classes, 
as follows: 

Type I - ~lowablel 
Type 11 - Nonflowable 

Class 1 - High peel strength2 
Class 2 - No peel strength required 

The materials for both Type I and Type I1 shall consist of nitrile-phenolic 
primer and a thixotropic epoxy-based adhesive compound. The adhesive shall be 
a two-part epoxy-resin-based 100%-solids system, consisting of Part A, which 
contains epichlorohydrin-bisphenol A-type resin plus iron oxide filler, and 
Part B, which contains a polyamide resin plus titanium dioxide, In the case 
of Type 11 compound, a colloidal silica filler is added to increase viscosity. 
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17.4.35 HIL-A-47089(MI) , May 1, 1984. ADHESIVE, METAL FILLED, CONDUCTIVE, 
ELECTRICAL AND THERMAL, 11 pp. FSC 8040 M I  

This  l imi ted-coordina t ion  Army s p e c i f i c a t i o n  covers one type of e l e c t r i c a l l y  
conductive me ta l - f i l l ed  adhesive. The adhesive is  intended t o  be used i n  
making e l e c t r i c a l  connections when hot  so lder ing  is  imprac t i ca l ,  and i n  
f i l l i n g  voids  where e l e c t r i c a l  conduct iv i ty  must be maintained. The adhesive 
is  a s i l v e r - f i l l e d  epoxy-type r e s i n  with a  separa te  hardener. Cure i s  
e f f e c t e d  by c a t a l y t i c  a c t i o n  and does not  depend on evaporation. 

17.4.36 ~ 1 . ~ - ~ - 4 7 1 2 5 ( 1 )  (MI), May 7, 1976. PRIMER FOR SILICONE RUBBER 
INSULATING MATEIRIAL, 6 pp. plus 1-p amendment. FSC 8040 M I  

This  l i m i t e d  coordinat ion Army s p e c i f i c a t i o n  prescr ibes  t h e  requirements f o r  
one type  of primer used t o  promote adhesion of the  s i l i c o n e  i n s u l a t i n g  
m a t e r i a l  spec i f i ed  i n  MIL-1-47096 (Note: This s p e c i f i c a t i o n  i s  no longer i n  
use)  t o  nons i l icone  subs t r a t e s .  The primer s h a l l  be room-temperature-drying 
and c a p b l e  of accepting an  acce le ra t ed  cure  by heat ing ,  along with a  minimum 
of 30% RH, and s h a l l  be compatible wi th  t h e  ma te r i a l  s p e c i f i e d  i n  MIL-1-47096. 
It may be appl ied  by dipping,  brushing, spraying, o r  ro l l ing .  

17.4.37 M I L - A - ~ ~ ~ ~ ~ ( M I ) ,  May 24, 1974. ADHESIVE (VISCOUS), EPOXY RESIN, 
METAL-TO-METAL BONDING AND SEALING, 6 pp. FSC 8040 M I  

This  l imi ted-coordina t ion  Army s p e c i f i c a t i o n  covers a  viscous bonding 
m a t e r i a l  composed of an epoxy r e s i n  and a c t i v a t o r .  It i s  intended f o r  bonding 
metal-to-metal parts i n  manufacturing t o  produce high-strength parts. The 
adhesive i s  two-part and the  r a t i o  of a c t i v a t o r  t o  r e s i n  is  4.50 pbw: 100 pbw. 

l ~ n l e s s  otherwise spec i f i ed ,  Type I1 s h a l l  be fuslshed.  

2 ~ n l e s s  otherwise spec i f i ed ,  c l a s s  2 s h a l l  be used. 

17 -4 -38  MIL-P-47170(1)(~1), August 17, 1976. PRIMER, SILICONE RUBBER 
SEALANT, 5 pp, plus 1-p amendment. FSC 8040 M I  

This  l imited-coordinat ion Army s p e c i f i c a t i o n  covers a  room-temperature- 
drying s i l i c o n e  rubber s e a l a n t  primer. The primer may be used t o  promote 
adhesion of t h e  sea lan t  covered by MIL-S-47162 ( ~ o t e :  This s p e c i f i c a t i o n  i s  no 
longer  i n  use )  and s i m i l a r  hard-to-bond su r faces  (such a s  MIL-A-46106, Type I . )  
The primer may be applied by dipping,  brushing, o r  spraying. The primer and 
s e a l a n t ,  used a s  a  system, s h a l l  be manufactured by the  same company. 

17.4- 39 MIL-L-47274(1) (MI), November 1, 1976. LIQUID IMINE CURING AGENT, 
11 pp, p lus  2-pp amendment. FSC 8040 M I  

This  l i m i t e d  coordinat ion Army s p e c i f i c a t i o n  covers  two types  of l i q u i d  
imine cur ing  agent.  It is intended f o r  use a s  a  c a t a l y s t  f o r  f l e x i b l e  
a b l a t i v e  i n s u l a t i n g  compounds and a s  a c a t a l y s t  f o r  i n s u l a t i n g  adhesive f o r  
bonding i n  rocket  motors. The t y p s  a r e  a s  follows: 

Type I - Low f u n c t i o n a l i t y  
Type I1 - High f u n c t i o n a l i t y  
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17.4.40 MIL-P-47275(1)(MI), June 15, 1977. PRIMER, SILICONE, 7 pp, plus 2 
pp amendment. FSC 8040 M I  

This limited-coordination Army spec i f ica t ion  covers one type of s i l i cone  
primer system used t o  insure  adhesion of s i l i cone  rubber t o  surfaces a f t e r  
vulcanization. It is  intended f o r  use a s  the  primer system t o  insure adhesion 
of a silicone-rubber-gasket s e a l  t h a t  i s  vulcanized t o  aluminum alloy.  For 
best  r e s u l t s  bonding operations should be completed i n  the  24 hours following 
primer application.  The primer must be su i t ab l e  f o r  service  temperatures 
between -1800 t o  4000F (-100° t o  2040~) .  The primer s h a l l  be supplied 
a s  a oae-component system. The d i luen t  s h a l l  be methanol o r  ethanol (one- art 
primer and up t o  f i ve  par t s  of d i luent . )  

17.4.41 MIL-P-47276(1) (MI), August 17, 1976. PRIMER, BONDING, 11 pp. plus 
2-pp amendment. FSC 8040 M I  

This limited-coordination Army spec i f ica t ion  covers one type of l iquid 
organic ni t r i le-phenol ic  r e s i n  primer. It i s  intended f o r  use with an 
adhesive tape which w i l l  be pressed between two metal surfaces  primed a s  
specified.  

17.4.42 MIL-P-47279(1)(~1), June 17,  1977. PRIMER, SILICONE ADHESIVE, 6 
pp, plus 2-pp amendment. FSC 8040 M I  

This limited-c.oordination Army spec i f ica t ion  covers the requirements f o r  a 
room-temperature-drying s i l i cone  adhesive primer. It is  intended f o r  use i n  
obtaining maximum adhesion when adhesive conforming to  MIL-A-25457, (Note: 
This spec i f i ca t ion  is  no longe,r i n  use) is applied t o  metal, g lass ,  ceramics 
and p las t i cs .  The primer may be applied by dipping, brushing, o r  spraying. 
The primer and s i l i cone  adhesive used as a system should be manufactured by 
the  same conpany. 

17 4.43 MIL-A-47280(~1), August 9, 1974. ADHESIVES, EPOXY, 11 pp. 
FSC 8040 AR 

This limited-coordination Army spec i f ica t ion  covers two types of room- 
temperature-curing epoxy adhesive intended f o r  use i n  bonding metal-to metal, 
metal- to-plast ics,  p las t i cs - to -p las t i cs ,  and e lect ronic  components to boards 
o r  metal surfaces  where excel lent  physical and e l e c t r i c a l  proper t ies  a r e  
required. There a re  two types, a s  follows: 

Type I - High v i scos i ty  
Type I1 - Low v iscos i ty  

The adhesive s h a l l  consis t  of an epoxy r e s i n  and an act ivator .  The curing 
time i s  specified fo r  77OF ( 2 5 0 ~ ) ,  14g°F ( 6 5 0 ~ )  and 2120F ( ~ O O ~ C . )  

17 04-44 MIL-A-47284( 1 )  (MI), November 1, 1976. ADHESIVE, EPOXY RESIN BASE, 
7 pp, plus 2 pp amendment. FSC 8040 MI 
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This  l imi ted-coord ina t ion  Army s p e c i f i c a t i o n  covers  one type of adhesive 
c o n s i s t i n g  of an  epoxy-resin base and an  amine-type cur ing  agent .  The epoxy 
r e s i n  con ta ins  an  inorganic  f i l l e r .  The adhesive i s  intended f o r  bonding 
metal-to-metal. Other  c o n s t r u c t i o n s ,  such a s  meta l - to-p las t ic ,  o r  
p l a s t i c - t o - p l a s t i c ,  may be bonded, provided t h e  use of the  adhesive i s  
s u b s t a n t i a t e d  by t e s t i n g .  

17.4.45 MIL-A-48611~(2), A p r i l  14 ,  1983. ADHESIVE SYSTEM, EPOXY- 
ELASTOMERIC, FOR GLASS TO METAL, 1 2  pp, p lus  1-p amendment. FSC 8040 AR 

' This  s p e c i f i c a t i o n  covers  elastomer-modified-epoxy r e s i n  adhesive bonding 
systems f o r  t h e  s t r u c t u r a l  j o i n i n g  of o p t i c a l  g l a s s  prisms t o  metal ,  t he  
s e a l i n g  of g l a s s  and meta l  components, and o t h e r  a p p l i c a t i o n s  r equ i r ing  
bonding of  a s i m i l a r  na ture .  The m a t e r i a l s  t o  be bonded inc lude  g l a s s  prisms 
and o t h e r  o p t i c a l  elements which a r e  bonded t o  t h e i r  metal suppor t s  i n  o p t i c a l  
f i r e - c o n t r o l  instruments.  Fo r  maximum r e l i a b i l i t y  and environmental 
r e s i s t a n c e ,  e s p e c i a l l y  t o  humid c o n d i t i o n s ,  t he  Type I adhesive system i s  
recommended. Both Types I and I1 adhes ive  systems may be used f o r  general-  
p r p o s e  bonding of m a t e r i a l s  such as aluminum, s t a i n l e s s  s t e e l ,  b rass ,  bronze, 
p l a s t i c s ,  g l a s s  e t c . ,  t o  themselves o r  i n  d i s s i m i l a r  combinations. Various 
bond-line th icknesses  may be used f o r  bonded assemblies.  However, f o r  t h e  
s t r u c t u r a l  bonding of g l a s s  prisms t o  metal  mounts, a bond-line th ickness  of 
0.036 t o  0.41 em is  recommended. The adhesive i s  a l s o  used f o r  mir ror  
assemblies .  

The types  a r e  a s  fol lows:  

5 p e  I - System composed of a n  epoxy primer component and a n  epoxy 
adhesive component 

Type I1 - System composed of a n  epoxy adhesive component 

The adhesive must be a t he rmose t t i ng  r e s i n  based on ep ich lorokydr in  
bisphenol  A-type epoxy r e s i n ,  modified wi th  ac ry lon i t r i l e -bu tad iene  rubber. 
Various add i t i ves ,  modi f ie rs ,  o r  f i l l e r s  may be included. The primer is  a two- 
component room-temperature-curing l i q u i d  epoxy. Recommended procedures such 
as sur face  prepara t ion ,  component mixing and app l i ca t ion ,  and work-area 
environment s t a b i l i z a t i o n  t o  be followed dur ing  the  use of bonding systems 
conforming t o  t h i s  s p e c i f i c a t i o n  a r e  contained i n  MIL-B-48612. The adhesive 
system described i n  t h i s  s p e c i f i c a t i o n  should be used i n  place of t h a t  covered 
by MMM-A-131 f o r  m i l i t a r y  a p p l i c a t i o n s .  

17.4.46 MIL-B-48612(~~) ,  January 27, 1977. BONDING WITH EPOXY-EJ.ASTOMERIC 
ADHESIVE SYSTEM, GLASS TO METAL, 9 pp. FSC 12GP AR 

Thi s  l imited-coordinat ion Army s p e c i f i c a t i o n  covers t h e  bonding of g l a s s  
o p t i c a l  components t o  metal  mounts f o r  use  i n  m i l i t a r y  instruments .  Bonding 
th i cknesses  of 0.014 t o  0.016 inch  a r e  recommended f o r  most bonds, e s p e c i a l l y  
where aluminum i s  the  meta l  mounting ma te r i a l .  Other bondline th icknesses  may 
be used,  however. The bonding of m i r r o r s  and s i m i l a r  components by t h i s  
s p e c i f i c a t i o n  i s  not  recommended wi thout  confirmatory t e s t s  f o r  o p t i c a l  
q u a l i t y .  There a r e  two types ,  a s  fo l lows:  

Downloaded from http://www.everyspec.com



Type I - Bond with Type I adhesive, MIL-A-48611 
Type 11 T Bond with Qpe I1 adhesive, MIL-A-48611 

The qua l i ty  of a bonded assembly s h a l l  be of the  following two grades: 
0 

Grade A - Bonds f o r  prism assemblies o r  s im i l a r  components on opt ical  
instruments where high qua l i ty  i s  mandatory 

Grade B - Bonds f o r  nonc r i t i c a l  bonded assemblies (Grade A sha l l  apply 
t o  a l l  bonded prism assemblies where grade qua l i ty  is not 
specified.)  

This is a process specif icat ion.  Topics covered, include assembling 
components, cleaning, primer preparation, primer appl icat ion,  adhesive 
preparation,  adhesive appl icat ion,  bond f i x tu r e ,  adhesive curing, performance 
requirements, and bond l i f e  requirements. 

17.4.47 MIL-A-50926A(PA), June 10,  1975. ADHESIVE MR-23 (FOR USE I N  
AMMUNITION), 7 pp. FSC 1376 AR 

This limited-coordination Army spec i f ica t ion  covers one type of adhesive, 
MR-23, f o r  use a s  an adhesive i n  nonmetallic ca r t r idge  cases. The adhesive, 
MR-23, is intended f o r  use i n  the 152-mm ammunition system. The adhesive is  a 
uniform mixture of n i t roce l lu lose  and ni t roglycer ine  i n  acetone and 
n i t  rome thane. 

17.4.48 M I L - ~ - 5 2 1 9 4 ~ ( ~ ~ ) ,  January 16, 1967. ADHESIVE, EPOXY (FOR BONDING 
GLASS REINFORCED POLYESTER), 10 pp. FSC 8040 MR 

This limited-coordination Army spec i f ica t ion  covers the requirements f o r  a 
two-part epoxy-based adhesive su i t ab l e  f o r  bonding glass-reinforced polyester 
where no peel o r  cleavage is  ant ic ipated.  Both the r e s in  and the hardener must 
be i n  paste form. This spec i f i ca t ion  was prepared t o  cover material  f o r  
bonding the  two halves of p l a s t i c  gunstocks. The adhesive i s  intended fo r  use 
i n  app l ica t ions  where its paste consistency i s  necessary (1 )  t o  prevent 
adhesive drain-off during cure, o r  (2)  t o  bond adherend surfaces  that  are  not 
plane. The adhesive i s  not intended f o r  use where se rv ice  temperatures exceed 
200°F .( 93O~).  

17.4.49 MIL-A-52685, May 11, 1970. ADHESIVE: BONDING, CHLOROPRENE, A I R  
FIELD MEMBRANE SURFACING, 9 pp. FSC 5610 ME 

This spec i f i ca t ion  covers one type of adhesive f o r  bonding chloroprene- 
coated fabr ics .  It i s  intended t o  be used f o r  the  joining,  by bonding, of 
a i r f i e l d  surfacing membranes. Ths adhesive i s  a rulber-based adhesive of 
noncuring-polychloroprene type, modified with a cyc l ic  unsaturated hydrocarbon 
res in ,  usable without heating o r  addi t ives .  

17.4.50 MIL-A-60091(1) (AR) , April  29, 1981. ADHESIVE FOR BONDING DEMOLITION 
CHARGES TO STRUCTURAL SURFACES, 7 pp, plus 5-pp amendment. FSC 1375 AR 
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This limited-coordination Army specification covers a one-part, ready-to-use 
adhesive suitable for use in bonding demolition charges to dry, wet, and 
underwater surfaces of structural materials under all weather conditions. It 
may also be used in other bonding applications. The adhesive is a synthetic 
elastomer solvent-type material, with required pigment (olive drab). Its 
consistency is such that it can be dispensed readily from its collapsible 
metal tube container by being squeezed by hand. It must be spreadable by 
means of a wooden tongue depressor. 

17.4.51 MIL-A-81236(2)(OS), September 9, 1968. ADHESIVE: EPOXY RESIN WITH 
POLYAMIDE CURING AGENT, 7 pp 4 pp amendment, FSC 8030 OS 

This limited-coordination Navy specification covers one type of adhesive 
consisting of an epoxy resin bnd a polyamide curing agent for general use 
under normal circumstances. It provides for an additional type of material 
for use under Air Pollution Regulations. The classification is as follows: 

Type I - For general use under normal circumstances 
Type I1 - For use where Air Pollution Regulations are enforced 

The material is a two-part thermosetting epoxy adhesive with a polyamide 
curing agent. The solvent in Type I shall be of the type normally used when 
the finished product is for general use under normal circumstances. For Type 
I1 adhesive the solvent shall be of a nonphotochemically reactive solvent. 

17-4-52 MIL-C-81247(WP), March 1, 1965. CURING AGENT, BICYCLO ANHYDRIDE 
TYPE, 7 pp. FSC 8040 OS 

This limited-coordination ~ a b ~  specification covers one type of bicyclo 
anhydride curing agent intended for use in epoxy resin systems using amine 
accelerators. The material must conform to the infrared spectrum given in the 
specification, exhibiting minimum transmittance bands only at the same 
wavelength. 

17.4.53 MIL-A-81253(1)(OS), November 16, 1966. ADHESIVE, MODIFIED EPOXY 
RESIN WITH WLYAMINE CURING AGENT, 6 pp, plus 1 p amendment. FSC 8040 OS 

This limited-coordination Navy specification covers one kind of low 
viscosity, modified-epoxy-resin adhesive. The material is intended for use as 
an adhesive in rocket motor systems. It includes a triethylenetetramine 
curing agent. 

17.4,54 MIL-A-81270(1)(OS), September 9, 1968. ADHESIVE, SYNTHETIC RUBBER 
5 pp. plus 2 pp amendment. F X  8040 OS 

This limited-coordination Navy specification covers one type of general- 
purpose nitrile-phenolic synthetic-rubber adhesive for general use under 
normal circumstances. 

It provides for an additional type of material suitable for use under Air 
Pollution Regulations. It is intended for use in rocket motors. The 
classification is as follows: 
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Type I - For general use under normal circumstances 
Type I1 - For use where Air Pollution Regulations are enforced 

The solvent content of Type I adhesive shall be of the type normally used 
when the finished product is for general use under normal circumstances. For 
Type I1 adhesive a nonphotochemically reactive solvent shall be used. 

17.4.55 MIL-A-81786/11(AS), April 20, 1972. ADHESIVE, EPOXY, FLEXIBLE, 1 p. 
FSC 4940 AS 

This a Military Specification Sheet. The complete requirements for 
procuring the adhesive described consist of this document and the issue in 
effect of MIL-K-81786(AS) (described below). The whole text is as follows: 

'The adhesive shall be a two part flexible epoxy type which conforms to 
the requirements of NAVSHIPS Procurement Specifications 0967-221-1010 
(Appendix H) and shall be packaged in containers which separate the two 
components. Each container shall weigh 2.8 grams.. 

17.4.56 MIL-K-81786Af SUpp. l(AS), August 2, 1973. KIT, MAINTENANCE, 
ELECTRICAL-ELECTRONIC, CABLE AND CABLE HARNESS, 35 pp. plus 2 pp supplement. 
FSC 4940 AS 

This limited-coordination Navy specification covers an electrical-electronic 
maintenance kit containing consumable components, tools, and equipment 
designed for use by shore based and shipboard personnel to maintain, modify 
and repair electronic cables and cable harnesses. MIL-K-81786/11(AS) 
described above describes an adhesive required for this kit. 

17.4.57 MIL-A-82484, June 13, 1967. ADHESIVE AND SEALING COMPOUNDS, 
CELLULOSE NITRATE BASE, SOLVENT TYPE (FOR ORDNANCE USE), 11 pp. FSC 8040 OS 

This specification covers cellulose nitrate-based adhesive and sealing 
compounds suitable for ordnance use. The classification is as follows: 

Type I - Adhesive, Ordnance (38 to 42% solids) 
Type I1 - Adhesive, Ordnance (low-viscosity) 
Type I11 - Sealing compound, Ordnance (clear or colored by dye) 

Types I and I1 are intended for general ordnance use in ammunition. General 
use does not imply that the compounds are to be used as all-purpose adhesives; 
they are not recommended for use with concrete, wood, rubber, ceramics, or 
paper. Types I and I1 may be used to provide good bonds for glass, leather, 
metals, textiles, and some types of thermoplastics. Type 111 compound is 
intended for use as a sealing compound in the manufacture of ammunition. 

The compositions of Types I and I1 adhesive are given in a table of 5 
ingredients with percentages specified. Type I11 material must be a uniform 
solution or homogeneous dispersion of cellulose nitrate of different 
viscosities and organic plasticizers in relatively low-boiling organic solvent 
mixtures, so formulated as to meet all the applicable requirements of this 
specification. Color may be specified for Type 111. No benzene or 
chlorinated solvent shall be permitted in any type. 
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17.4.58 ! 4 1 ~ - ~ - 8 2 5 6 9 ( 0 ~ ) ,  January 12,  1969. ADHESIVE, NEOPRENE BASE, MEDIUM 
VISCOSITY, 6pp. FSC 1336 OS 

This  l imited-coordinat ion Navy s p e c i f i c a t i o n  covers one type of medium 
v i s c o s i t y  neoprene-base adhesive, using aromatic  so lvents  a s  the  vehic le .  The 
adhesive i s  intended f o r  use i n  rocket  motors. 

17.4.59 ~ 1 ~ - ~ - 8 2 6 3 6 ( 0 ~ ) ,  December 23, 1984. ADHESIVE, BUTYL, TWO-COMPONENT, 
5pp. FSC 8040 OS 

This  l imited-coordinat ion Navy s p e c i f i c a t i o n  covers a  two-component buty l  
adhesive intended f o r  use i n  bonded-seam cons t ruc t ion  of chemical-agent 
p r o t e c t i v e  c lo th ing .  The product s h a l l  be a solvent-dispersed ma te r i a l  
s u i t a b l e  f o r  a p p l i c a t i o n  by pa in t  brush of  n a t u r a l  o r  syn the t i c  f ibe r s .  The 
adhesive s h a l l  be capable of being cured i n  a i r  without heat  o r  pressure. 

17.4.60 D 0 ~ - ~ - 8 2 7 2 0 ( 0 ~ ) ,  March 9, 1982. ADHESIVE, MODIFIED EPOXY, FLEXIBLE, 
TWO-PART (METRIC), 10 pp. FSC 8040 OS 

This  l imited-coordinat ion Navy s p e c i f i c a t i o n  covers one type of room- 
temperature-curing, two-part, f l e x i b l e ,  modified-epoxy adhesive intended f o r  
use i n  assembly of the  a f t  c losu re  o f  t h e  MK 56 DTRM used on the  s tandard (MR) 
su r face - to -a i r  miss i le .  The m a t e r i a l  s h a l l  be a  s t r u c t u r a l ,  thermoset t ing,  
f l e x i b l e ,  modified-epoxy adhesive cabable of being used a t  590 t o  950F, 
(15O t o  350c.) The adhesive s h a l l  c o n s i s t  of two l iqu id  components, an 
a c c e l e r a t o r  hardener  o r  cu ra t ive  des ignated  a s  Component A, and a base r e s i n  
des ignated  a s  Component B, furn ished i n  a  k i t .  The two components, must be 
completely miscible.  

17.4.61 # I L - A - ~ ~ ~ ~ ~ A ( u s A F ) ,  June 28, 1978. ADHFSIVE BONDED METAL FACED 
SANDWICH STRUCTURES, ACCEPTANCE CRITERIA, 12  pp. FSC 8040 20 

This  l imited-coordinat ion Navy s p e c i f i c a t i o n  covers adhesive bonded sandwich 
s t r u c t u r e s ,  inc luding the  metal-to-metal bonding found i n  these  s t r u c t u r e s .  
The s p e c i f i c a t i o n  i s  intended t o  de f ine  acceptance c r i t e r i a  of bonded-metal- 
faced sandwich assemblies used i n  a e r o s p c e  s t r u c t u r e s .  Two types a r e  
c l a s s i f i e d  a s  follows: 

Type I - Components which a r e  f r a c t u r e -  o r  f a t i g u e - c r i t i c a l ,  a s  defined i n  
MIL-1-6870 components, t h e  s i n g l e  f a i l u r e  of which would cause 
s i g n i f i c a n t  danger t o  opera t ing  personnel, o r  would r e s u l t  i n  an 
opera t ional  penalty. This  inc ludes  l o s s  of major components, 
l o s s  of con t ro l ,  un in ten t iona l  r e l ease ,  i n a b i l i t y  t o  r e l ease  
armament s t o r e s ,  o r  f a i l u r e  of weapon i n s t a l l a t i o n  components. 

Type I1 - A 1 1  components not c l a s s i f i e d  a s  Type I. Defects covered i n  
t h i s  s p e c i f i c a t i o n  a r e  defined.  

17  4.62 MIL-A-83377B, October 6, 1978. ADHESIVE BONDING (STRUCTURAL) FOR 
AEROSPACE AND OTHER SYSTEMS, REQUIREMENTS FOR, 15  pp. FSC 8040 20 
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Thi s  document covers  requirements  a p p l i c a b l e  t o  s t ruc tura l -adhes ive  bonding 
of  me ta l ,  composite and c o r e  m a t e r i a l  i n  any combination. It and the  e a r l i e r  
r e v i s i o n s  rep laced  MIL-A-9062. It i s  in t ended  t h a t  the  requirements of  t h i s  
document be mandatory f o r  u se  by c o n t r a c t o r s  t o  a s su re  the  r e l i a b i l i t y  of . 
adhesive-bonded s t r u c t u r a l  components used i n  aerospace and o t h e r  systems. 

The c l a s s i f i c a t i o n  is a s  fol lows:  

Type I - Primary s t r u c t u r e .  Components which a r e  f r a c t u r e -  o r  f a t i gue -  
c r i t i c a l ,  a s  def ined  i n  MIL-1-6870, components t h e  s i n g l e  
f a i l u r e  of which would cause  s i g n i f i c a n t  danger t o  opera t ing  
personnel ,  o r  would r e s u l t  i n  a n  opera t iona l  penal ty.  This  
i nc ludes  l o s s  of  major  components, l o s s  of c o n t r o l ,  
u n i n t e n t i o n a l  r e l e a s e ,  i n a b i l i t y  t o  r e l ea se  armament s t o r e s ,  
o r  f a i l u r e  of  weapon i n s t a l l a t i o n  components. 

Type I1 - Secondary s t r u c t u r e .  A l l  components not  c l a s s i f i e d  as Type 
I. This  i s  a process- type document t o  be used as a guide i n  
prepar ing  a process  s p e c i f i c a t i o n .  Def in i t i ons  of terms 
covered a r e  given.  

17.4.63 N I L - ~ - 8 3 4 3 2 ( ~ ~ ~ ~ ) ,  January 7,  1974. SEALING COIUIPOUNDS, ADHESIVE 
BONDED STRUCTURE, l3pp. FSC 8030 20 

T h i s  l imi ted-coord ina t ion  A i r  Force s p e c i f i c a t i o n  covers s e a l i n g  compounds 
t h a t  are s u i t a b l e  f o r  s e a l i n g  and moisture-proofing adhesive bonded 
s t r u c t u r e s .  These compounds a r e  t o  be used t o  prevent  t he  e n t r y  of moisture 
i n t o  adhesive-bonded s t r u c t u r e s .  They a r e  s u i t a b l e  f o r  use i n  a s e r v i c e  
tempera ture  range from -670to 300°F (-550 t o  1 4 9 0 ~ ) .  C l a s s i f i c a t i o n  
is  as fol lows:  

Type I - Spray a p p l i c a t i o n  
Type I1 - Brush a p p l i c a t i o n  
Type I11 - Gun o r  s p a t u l a  a p p l i c a t i o n  

The s e a l i n g  compounds whal l  be two-part epoxy po lysu l f ide  m a t e r i a l s  capable 
of  be ing  cured  a t  s p e c i f i e d  cond i t i ons .  

17.4.64 X I L - A - ~ ~ I ~ ~ ( u s A F ) ,  June 20, 1978. ADHESIVE, CONTACT, FOR CUSTOM 
PIT HELMET LINERS, 10 pp- FSC 8040 20 

T h i s  l imi ted-coord ina t ion  A i r  Force s p e c i f i c a t i o n  covers a f l e x i b l e  adhesive 
i n  a v o l a t i l e  organic  so lven t  f o r  c o n t a c t  bonding of l e a t h e r  t o  polyurethane 
foam custom-fit  - l i n e r s  i n  p i l o t s '  helmets.  It w i l l  a l s o  bond o t h e r  ma te r i a l s ,  
such as p l a s t i c  deco ra t ive  lamina tes ,  f a b r i c s  and wood. The foam i s  covered 
by MIL-P-83379. The requirements  of  t h i s  s p e c i f i c a t i o n  a r e  equiva len t  t o  
t h o s e  of  W,-A-130, except  t h a t  t h e  ke tones  and o t h e r  so lven t s  which a t t a c k  
polyure thane  foam a r e  p roh ib i t ed .  The m a t e r i a l  s h a l l  c o n s i s t  of 
po lychloroprene  (neoprene) rubber  and s y n t h e t i c  resin. '  The s o l v e n t s  must not  
a t t a c k  polyether-based, Freon-blown, r i g i d  polyurethane foam. Ketones, 
halogenated compounds, and beneene may no t  be used. 

17.4.65 E I L - ~ - 8 7 1 3 5 ( ~ ~ ~ ~ ) ,  February 16 ,  1979. ADHESIVE, NONCONDUCTIVE, FOR 
ELECTRONICS APPLICATION, 7 pp* FSC 8040 20 
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This limited-coordination Air Force specification establishes the 
requirements for a moderately fast-curing adhesive used for bonding components 
to printed wiring assemblies to prevent vibration damage. The adhesive 
materials must have no adverse effect on the materials used in the substrate 
or components attached thereon, and shall be formulated from resins, 
elastomers, plasticizers, catalysts, and other ingredients which meet the 
requirements of this specification, 

17.5. Society of Automotive Engineers (SAE) ( 6 ) .  

17.5.1 Aerospace Materials Specifications (AMS). 

17.5.1.1 AMS 2491C, October 1, 1981. SURFACE TREATMENT OF 
POLYTETRAFLUOROETHYLENE, 5 pp (DOD Adopted). FSC MFFP MR 

This specification, which is really a process specification, covers the 
engineering requirements for preparing surfaces of polytetrafluoroethylene 
(PTFE) for bonding. It also covers the properties resulting from the 
treatment. The bonding preparation described may adversely affect the 
electrical properties of the PTFE. A solution of sodium or other alkali metal 
in anhydrous liquid ammonia or tetrahydrofuran naphthalene or other suitable 
solvent is used under prescribed conditions. Test requirements are given for 
use of the preparation with a specific epoxy adhesive type on aluminum. These 
tests cover tensile strength and shear strength. 

17.5.1.2 AMS 3106A, April 1, 1983. PRIMER, ADHESIVE, CORROSION-INHIBITING, 
-670 to +20O0F (-550 to 950~), 1 p. (DOD ~dopted). FSC 8040 AS 

The requirements of this specification are embodied in the latest issue of 
AMS 3107 (see below). 

17.5.1.3 AMS 3107, April 1, 1983. PRIMER, ADHESIVE, CORROSION-INHIBITING, 
FOR HIGH DURABILITY STRUCTURAL ADHESIVE BONDING, 14 pp (DOD Adopted). 
FSC 8040 AS 

This specification supersedes AMS 3106A, dated March 1, 1974, The 
specification and its four supplementary detail specifications cover 
corrosion-inhibiting, modified-epoxy primers in the form of ready-to-use 
sprayable liquids. The adhesive primers are for use primarily in metal 
surfaces in preparation for high-durability structural adhesive bonding of 
sandwich panels and metal-to-metal attachments. They may also be used as 
primers in preparation for final paint-type finishing. The primer should be a 
sprayable liquid composed of a resin or resin mixture, pigmented and 
compounded to be compatible with epoxy-base film or paste adhesives. The 
primer must impart corrosion resistance and contribute to the adhesive 
properties of the primer and adhesive system. 

The primer is useful over the temperature range specified in the applicable 
detail specification following. Requirements for the uncured primer include: 
color, solids content, inhibitor content, weight per volume, viscosity, 
sprayability, and pot life. Requirements for the cured film applied to panels 
include: adhesion, flexibility, impact resistance, hardness, fluid resistance, 
corrosion resistance, heat resistance, low-temperature shock, compatibility 
with sealant, and compatibility with top coat. Requirements for the cured 
primer used with the adhesive specified in the applicable detail specification 
include: room-temperature lap shear and metal-to-metal peel. 

417 
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17.5.1.4 AMS 3107/1, April 1, 1983. PRIMER, ADHESIVE, CORROSION 
INHIBITING, HIGH DURABILITY EPOXY, -650 to +200°~ (-550 to +950~), 4 
pp (DOD ~ d o ~ f  ed) . FSC 8040 AS 
This material must meet the requirements of the basic specification, AMS 

3109, above. It must also be compatible with the AMS 3695/1 epoxy film 
adhesive (see below) and MIL-C-83286 polyurethane coating. Detailed 
requirements are given for a large number of properties (19, with some 
subdivisions), 

17.5.1.5 AMS 3107/2, April 1, 1983. PRIMER, ADHESIVE, CORROSION- 
INHIBITING, HIGH DURABILITY EPOXY, -65O to +250°F (-5S0 to +120g~), 4 
pp (DOD Adopted). FSC 8040 AS 

This material must meet the requirements of the basic specification, 
AMS 3107, above. It must also be compatible with the AMS 3695/2 epoxy film 
adhesive (see below) and MIL-C-83286 polyurethane coating. Detailed 
requirements are given for a large number of properties (19, with some 
subdivisions). 

17.5.1.6 AMS 3107/3, April 1, 1983. PRIMER, ADHESIVE, CORROSION-INHIBITING, 
HIGH DURABILITY EPOXY, -6S0 to +350°F (-55O to +175O~), 5pp (DOD 
Adopted). FSC 8040 AS 

This material must meet the requirements of the basic specification, AMS 
3107, above. It must also be compatible with the AWS 3695/3 epoxy film 
adhesive (see below), and silicone-resin-based top coat. Detailed 
requirements are given for a large number of properties (19, with some 
subdivisions) . 
17.5.1.7 AMS 3107/4, April 1, 1983. PRIMER, ADHESIVE, CORROSION-INHIBITING, 

HIGH DURABILITY EPOXY, -650 to +4200F (-55O to +2150C), 4 pp (DOD 
Adopted). FSC 8040 AS ' 

This material must meet the requirements of the basic specification, AMS 
3107, above. It must also be compatible with the AMS 3695/4 epoxy film 
adhesive (see below), and silicone-resin-based top coat. Detailed 
requirements are given for a large number of properties (19, with some 
subdivisions), 

17.5-1.8 AMS 3681B, July 1, 1983. ADHESIVE, ELECTRICALLY CONDUCTIVE, 
S I LVER-ORGAN1 C BASE , 6 pp. 

This specification covers an electrically conductive adhesive supplied in 
two components: a paste of silver-filled epoxy-base adhesive, and a separate 
curing agent which may be paste or liquid. The adhesive is to be used 
primarily to provide an electrically conductive bond between metallic, 
thermosetting plastic, and ceramic surfaces, and as an electrically conductive 
sealing compound. The silver may be in the form of powder, flakes, or balls. 
The curing agent shall be an amine-type material. Shelf life must be at least 
6 months. Requirements are given for the mixed adhesive for pot life, 
corrosive or noxious vapors, anti consistency. Requirements for the cured 
adhesive are lap-shear strength (aluminum specimens), volume resistivity, salt- 
spray resistance, fungus resistance, and corrosivity. 
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17.5.1.9 AMS 3685Ap December 1, 1951. ADHESIVE, SYNTHETIC RUBBER, BUNA N 
TYPE, 3 pp. 

This specification covers a Buna N synthetic rubber-base stock dispersed or 
dissolved in suitable solvents to form a homogeneous product, ready for use 
without additions other than solvents for thinning with no more than 7.4% by 
volume of solvent. Requirements are given for brushing characteristics, 
weathering, corrosion, skinning, package stability, and toxicity. 
Requirements also cover: adhesion strength in tension, adhesion strength in 
shear (aluminum to synthetic rubber) adhesion strength in shear (aluminum to 
cotton webbing), adhesion strength (stripping method), bonding range, aromatic 
fuel resistance, water resistance, lubricating-oil resistance, cold flow, and 
sof tening point. 

17.5.1.10 AMS 3686, September 15, 1975. ADHESIVE, POLYIMIDE RESIN, PILM 
AND PASTE, H I G H  TEMPERATURE RESISTANT, 6000~ or 31s0c 8 pp (DOD Adopted). 
FSC 8040 AS 

This specification covers a high-temperature, electrical-grade, polyimide 
resin adhesive in the form of film or paste. The adhesive is used primarily 
for bonding polyimide-laminate-faced sandwich structures for use as radar- 
transparent assemblies. It is useful over the temperature range of -670 to 
600°F (-55O to 315OC.I The adhesive is a polyimide resin system 
supplied in sheets, rolls of film or in paste form. It must be suitable for 
use in electrical applications and shall contain no metal fillers or other 
inorganic additives, except for anti-oxidants and thixotropic agents of not 
more than 35% by weight, total, based on cured-resin solids. When in film 
form, the carrier shall be mEm glass cloth. Storage life must be at least 6 
months. Requirements for the uncured adhesive cover: solids content of paste 
adhesive, volatile content of film adhesive, and weight of film adhesive. 
Requirements for the cured adhesive include: tensile shear at six different 
exposure conditions, and flatwise tensile at three different exposure 
conditions. 

17.5.1.11 AMS 3687, March 1, 1974. ADHESIVE PILM HUMIDITY-RESISTANT, FOR 
SANDWICH PANELS, -670 to 2 0 3 ~ ~  (-550 to 950~). 

This specification covers a high-humidity resistant, modified-epoxy adhesive 
in the form of film. It is used primarily for bonding aluminum-faced sandwich 
panels in the construction of lightweight portable shelters. The adhesive is 
useful in the temperature range specified in the title. The adhesive is a 
modified-epoxy film supplied in sheets or rolls, consisting entirely of 
adhesive material, or of a carrier impregnated with adhesive, with a suitable 
nonadhering separator film on both surfaces. The adhesive must possess high 
humidity resistance, be compatible with AMS 3106 corrosion-inhibiting primer 
(now superseded by AMS 3107 primer), and must not have a deleterious effect on 
the surfaces or ~aterials being bonded. The storage life must be at least 6 
months. Requirements for the uncured adhesive include tack, volatile content, 
and color. Requirements for the cured adhesive (2 hour maximum cure at 
347Oi? ( 1 7 5 ~ ~ )  and 20 psi pressure) include tensile shear (5 tests at 
various conditions), fatigue strength, creep rupture (2 tests at various 
conditions), blister detection, tensile shear, sandwich peel (3 tests at 
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various condi t ions) ,  f la twise- tensi le  s t rength  (4  t e s t s  a t  various 
condit ions),  f l exura l  s t reng th  ( t o t a l  load) ( 4  t e s t s  a t  various conditions, 
creep def lec t ion  i n  f lexure  ( 2  t e s t s  a t  various conditions), with a t o t a l  of 
21 t e s t s .  The humidity requirement is f o r  95% t o  100% RH a t  2030F ( 9 5 0 ~ ) .  

17.5.1012 AMS 3688A, October 1, 1981. ADHESIVE, FOAMING, HONEYCOluIB CORE 
SPLICE, STRUCTURAL, -670 t o  +1800F (-550to + 8 0 0 ~ ) ,  11 pp (DOD ~ d o p t e d ) .  

- - - 
FSC 8040 AS 

This spec i f i ca t ion  covers a foaming-type, heat-curing, resin-base adhesive 
i n  the  form of a paste o r  sheet-  It is  used primarily i n  sp l ic ing  aluminum 
a l l o y  o r  nonmetallic honeycomb core, and f o r  providing a shear t i e  between 
core edges and i n s e r t s  o r  edge members i n  honeycomb assemblies f o r  use over 
the temperature range specif ied i n  the  t i t l e .  It i s  useful  f o r  f i l l i n g  gaps 
between core faces  which a r e  inser ted i n t o  channels o r  s imi la r  areas  where 
bonding pressure cannot be obtained. The adhesive i s  a heat-curing, nominally 
2500F (1200C), r e s in  system containing f i l l e r s  and foaming agents a s  
n e c e s s a q  t o  meet the requirements specified.  The adhesive must have low 
sagging propert ies t o  ensure complete f i l l i n g  of core sp l ice  gaps when sp l i ce s  
a r e  cured i n  a ve r t i c a l  position. The adhesive must be su i tab le  f o r  sp l ic ing  
nonperforated honeycomb core without damage t o  core node bonds located 
adjacent to  the  spl ice .  When supplied a s  a sheet ,  the sheet  s h a l l  be 
unsupported and be provided with a su i t ab l e  nonadhering separator  f i lm on both 
surfaces.  When i n  paste form the paste s h a l l  be a thixotropic,  s ing le  
component, o r  two-part system su i t ab l e  f o r  extrusion from a disposable 
ca r t r i dge  o r  caulking gun. The uncured adhesive, when supplied a s  a s ing le  
component, s h a l l  have a s torage l i f e  of a t  l e a s t  3 months a t  003' (-180C.) 
When supplied a s  a two-part paste system, the  storage l i f e  a t  the  time and 
temperature specified by the  manufacturer, sha l l  be a t  l e a s t  3 months. 
Requirements a r e  a l so  given f o r  working l i f e .  Requirements f o r  the cured 
adhesive a re  given f o r  sagging, expansion r a t i o ,  peak exotherm, density,  and 
beam shear a t  -670F (-55W, ) 7503' ( 2 4 0 ~ ) ~  and 1800F (82%'. ) 

17.5.1.13 AMS 36898, October 1, 1981. ADHESIVE, FOAMING, HONEYCOMB CORE 
SPLICE, STRUCTURAL, -670 t o  +3500F (-550 t o  +1750~) ,  11 pp (DOD 
~ d o p t e d ) .  FSC 8040 AS 

This spec i f ica t ion  is  s imi l a r  i n  a l l  respects to  AMS 3688A above, except f o r  
the  curing temperature of 3500F ( 1 7 5 0 ~ ) ,  and the range of usefulness. 

17.5.1.14 MS 3690, January 15, 1960. ADHESIVE COMPOUND, EPOXY, ROOM 
TEMPERATURE CURING, 3 pp. 

This spec i f i ca t ion  c a l l s  f o r  an epoxy-resin adhesive consist ing of two 
components, an epoxy r e s i n  and a hardener. F i l l e r s  and modifiers may be 
included i n  e i t h e r  component- The adhesive i s  f o r  general-purpose use f o r  
nonstructural  bonding of aluminum, corrosion-resistant  s t e e l ,  brass,  and many 
thermosetting p l a s t i c s  t o  themselves and t o  each other. It is  primarily 
intended a s  an adhesive f o r  e l e c t r i c a l  components and devices operating a t  
temperatures no higher than 1850F ( 8 5 0 ~ ) .  Requirements cover curing, pot 
l i f e ,  cor ros iv i ty ,  tensi le-shear  s t reng th  a t  various conditions, including 
temperature extremes and thermal cycling,  and f l u id  resistance.  
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17.5.1.15 AMS 3691, January 15,  1960. ADHESIVE COMPOUND EPOXY, MEDIUM 
TEMPERATURE APPLICATION, 3 pp. 

This  s p e c i f i c a t i o n  i s  s i m i l a r  t o  AMS 3691 above, except f o r  t h e  maximum-use 
temperature of  250°F ( 1 2 0 ~ ~ )  and curing condi t ions  which c a l l  f o r  t e s t i n g  
cu res  c a r r i e d  out a t  no higher  than 2500F ( 1 2 0 ~ ~ )  with l e s s  than 10 p s i  
pressure.  

17.5.1.16 AMS 3692, January 15, 1960. ADHESIVE COMPOUND, EPOXY, HIGH 
TEMPERATURE APPLICATION 3 pp. 

This  s p e c i f i c a t i o n  i s  s i m i l a r  t o  AMS 3690 above, except f o r  t h e  maximum-use 
temperature of 500°F ( 2 6 0 ~ ~ )  and curing condi t ions  which c a l l  f o r  cure 
c a r r i e d  out  according t o  the  manufacturer 's recommendations, with l e s s  than 10  
p s i  pressure .  

17.5.1.17 AMS 3693B, Ju ly  1, 1983. ADHESIVE MODIFIED EPOXY, MODERATE HEAT 
RESISTANT,, 250°F ( 1 2 0 ~ ~ )  CURING,  FILM TYPE, 7 pp.  his s p e c i f i c a t i o n  is  
similar t o  Federa l  Spec i f i ca t ion  MMX-A-132, Type 1, Class 2 and Mi l i t a ry  
S p e c i f i c a t i o n  MIL-A-25463, Type 1, Class 2, which a r e  described below.) 

Th i s  s p e c i f i c a t i o n  covers a modified epoxy adhesive i n  the  form of supported 
f i l m  supplied i n  r o l l s  o r  sheets .  It is intended pr imar i ly  f o r  s t r u c t u r a l  
bonding of  m e t a l l i c  a l l o y s  and r i g i d  nonmetallic su r faces  t o  themselves and t o  
each o t h e r ,  and f o r  bonding of i n t e r n a l  and ex te rna l  s t r u c t u r a l  honeycomb 
components ope ra t ing  i n  the  range of -650 t o  +1800F (-550 t o  +800C). 
A l i q u i d  primer s u i t a b l e  f o r  spray o r  brush app l i ca t ion  may be required f o r  
use wi th  t h e  adhesive. The ma te r i a l  c o n s i s t s  of a supported-film adhesive 
with p r o t e c t i v e  l i n e r s .  Uniformly dispersed f i l l e r s  may be included i n  the  
f i lm.  The r e s i n  s h a l l  conform t o  MMM-A-132, Type 1, Class 2,  and MIL-A-25463, 
Type 1, Class  2. Shelf l i f e  must be a t  l e a s t  6 months a t  OoF ( - 1 8 0 ~ ) .  
Cured-product requirements cover t e n s i l e  shea r  s t r e n g t h  a t  t h r e e  d i f f e r e n t  
temperatures up t o  180°F (80°c), and a f t e r  sa l t - sp ray  exposure, humidity 
exposure, and f u e l  immersion, f l a t w i s e  t e n s i l e  s t r eng th  and f l e x u r a l  s t r eng th  
a t  var ious  temperatures, T-peel s t r eng th  a t  750F (24OC), sandwich-peel 
s t r e n g t h  a t  t h r e e  d i f f e r e n t  temperature condit ions up t o  1800F ( 8 0 0 ~ ) ,  
c reep  deformation and co r ros iv i ty .  The adhesive f i lm  i n  each r o l l  o r  sheet  
must be p ro tec ted  on one o r  both s i d e s  by nonadhering sepa ra to r  f i l m .  

+ 17.5.1.18 AMS 3695, Apr i l  1, 1983. ADHESIVE FILM, EPOXY-BASE FOR HIGH 
DURABILITY STRUCTURAL ADHESIVE BONDING, 14 pp. 

This  s p e c i f i c a t i o n  and i t s  supplementary d e t a i l  s p e c i f i c a t i o n s  cover f i lm 
adhesives compounded from modified-epoxy r e s i n s  i n  the  form of  ready t o  use 
s h e e t ,  suppl ied  i n  r o l l s ,  e i t h e r  supported by mat o r  by woven monofilaments, 
o r  unsupported, It i s  intended pr imar i ly  f o r  bonding metal t o  metal o r  
aluminum honeycomb sandwich assemblies f o r  se rv ice  usage over t h e  temperature 
range s p e c i f i e d  i n  the  appl icable  d e t a i l  s p e c i f i c a t i o n s  following. The 
adhesive s h a l l  be a modified-epoxy f i lm  i n  s h e e t s  o r  r o l l s ,  c o n s i s t i n g  
e n t i r e l y  of adhesive mater ia l ,  o r  of a c a r r i e r  impregnated with adhesive, with 
a s u i t a b l e  nonadhering separa tor  f i l m  on both sur faces .  The adhesive s h a l l  be 
used wi th  mS 3107 corros ion- inhib i t ing  primer and cured i n  accordance with 
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t h e  app l i cab le  d e t a i l  s p e c i f i c a t i o n  t o  form an adhesive-primer system. The 
adhesive must not have a d e l e t e r i o u s  e f f e c t  on t h e  sur face  of ma te r i a l s  being 
bonded. 

Requirements f o r  the  uncured adhesive cover co lo r ,  s o l i d s  content ,  weight, 
t h i ckness  and working l i f e .  Requirements f o r  t h e  cured adhesive f o r  
metal-to-metal app l i ca t ions  cover t e n s i l e  s h e a r  (dry,  and a f t e r  exposure t o  
humidity, s a l t  spray, aromatic f u e l ,  JP-4 f u e l ,  phosphate e s t e r  f l u i d ,  
hydrau l i c  f l u i d ,  an t i - i c ing  f l u i d ,  d i e s t e r  l u b r i c a t i n g  o i l ,  and polyol e s t e r ) ,  
f a t i g u e ,  creep-rupture deformation, climbing pee l  (dry, a f t e r  humidity 
exposure, and a f t e r  sa l t - sp ray  exposure),  crack extension t e s t  (2-edge t e s t ) ,  
and sus ta ined  s t r e s s  loading. Requirements f o r  the  cured adhesive f o r  meta ls  
to-honeycomb app l i ca t ion  cover climbing pee l  (dry)  and f l a twise - t ens i l e  
s t r eng th .  

17.5.1.19 AMS 3695/1, Apr i l  1, 1983. ADHESIVE FILN EPOXY BASE, HIGH 
DURABILITY, FOR 2000F (950C) Service ,  9 pp. 

This  adhesive is intended f o r  use with t h e  AMS 3107/1 corros ion- inhib i t ing  
primer (above) t o  form an adhesive/primer system meeting t h e  requirements 
s p e c i f i e d  i n  the  basic  s p e c i f i c a t i o n ,  AMS 3695 (above). Detai led requirements 
a r e  given f o r  a l a rge  number of p r o p e r t i e s  (15, with subdivis ions) .  

17.5.1.20 AMS 3695/2, Apr i l  1, 1983. ADHESIVE FILM, EPOXY-BASE, HIGH 
DURABILITY, FOR 2500F ( 1 2 0 ~ ~ )  Service ,  9 pp. 

Th i s  adhesive is  intended f o r  use with t h e  AMS 3107/2 corros ion- inhib i t ing  
primer (above) t o  form an adhesive/primer system meeting the  requirements 
s p e c i f i e d  i n  the basic  s p e c i f i c a t i o n ,  AMS 3695 (above). Detai led requirements 
a r e  given f o r  a la rge  number of p r o p e r t i e s  (15 with subdivis ions) .  

17.5.1.21 AMS 3695/3, Apr i l  1, 1983. ADHESIVE FILM, EPOXY-BASE, HIGH 
DURABILITY, FOR 3500F (175O~) Service ,  10 pp. 

This  adhesive is intended f o r  use with the  AMS 3107/3 corros ion- inhib i t ing  
primer (above) t o  form an adhesive/primer system meeting the  requirements 
s p e c i f i e d  i n  the basic s p e c i f i c a t i o n ,  AMS 3695 (above) . Detai led requirements 
a r e  given f o r  a l a rge  number of p r o p e r t i e s  (15, with many subdivis ions) .  

17.5.1.22 AMS 3695/4, Apr i l  1, 1983. ADHESIVE FILM, EPOXY-BASE HIGH 
'DURABILITY, FOR 420°F (215O~)  Service ,  10 pp 

This  adhesive is intended f o r  use with t h e  AMS 3107/4 corros ion- inhib i t ing  
primer (above) t o  form an adhesive/primer system meeting t h e  requirements 
s p e c i f i e d  i n  the  basic s p e c i f i c a t i o n ,  AMS 3695 (above). Detai led requirements 
a r e  given f o r  a l a rge  number of p r o p e r t i e s  (15, with many subdivis ions) .  

17-5.1.23 AMS 3698, October 15, 1979. ADHESIVE FILPI, HOT-MELT, 
ADDITION-TYPE POLYIMIDE, FOR FOAM SANDWICH STRUCTURE, d670 t o  +4500F 
(-55O t o  +230°c), 11 pp. 
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Thi s  s p e c i f i c a t i o n  covers  one type  of hot-melt ,  polyimide adhes ive  i n  t he  
form of supported f i l m  fu rn i shed  i n  r o l l s  o r  c u t  shee t s .  It i s  intended 
p r i m a r i l y  f o r  s t ruc tu ra l - adhes ive  bonding of foam sandwich and g l a s s  f i b e r ,  
honeycomb-core sandwich assembl ies  r e q u i r i n g  high s t r e n g t h ,  e x c e l l e n t  
e l e c t r i c a l  p r o p e r t i e s ,  and h e a t  r e s i s t a n c e  up t o  450°F ( 2 3 0 ~ ~ ) .  The 
m a t e r i a l  must be a bis-maleimide, hot-melt ,  addi t ion-type,  polyimide adhesive 
compounded t o  meet t h e  requi rements  s p e c i f i e d ,  and suppl ied i n  f i l m  form wi th  
a n  E-glass scr im c a r r i e r ,  such as S t y l e  112, coupling with AMS 3824, i n  r o l l s  
o r  as c u t  s h e e t ,  with a s u i t a b l e  nonadhering s e p a r a t o r  f i l m  on both sur faces .  

Requirements a r e  g iven  f o r  s t o r a g e  l i f e  and working l i f e  of  t h e  uncured 
adhesive.  The adhesive must be compatible  with,  and capable of being co-cured 
wi th ,  t h e  hot-melt, addi t ion- type  polyimide-resin-impregnated c l o t h  conforming 
t o  AMS 3844 o r  AMS 3849. Requirements f o r  t h e  cured adhesive cover  co-cured 
f a c i n g s  and precured f a c i n g s  sepa ra t e ly .  The fol lowing p r o p e r t i e s  a r e  covered 
f o r  t h e  uncured adhesive: c o l o r ,  s o l i d s  con ten t ,  weight, t h i c k n e s s ,  t ack ,  and 
drape. For t he  co-cured and precured f a c i n g s  t h e r e  a r e  requirements  f o r  
f l a t w i s e - t e n s i l e  s t r e n g t h  a t  t h r e e  d i f f e r e n t  temperatures up t o  4500F 
(232O~).  Honeycomb cl imbing-peel  t e s t s  a r e  required f o r  t he  precured f a c i n g s  
a t  two d i f f e r e n t  temperatures  and t e n s i l e - s h e a r  ( l a p )  t e s t s  a r e  requi red  f o r  
aluminum-alloy fac ings .  The adhes ive  f i l m  i n  each r o l l  o r  s h e e t  must be 
p ro t ec t ed  on both s i d e s  by nonadhering s e p a r a t o r  f i lm.  
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APPENDIX 

GLOSSARY OF TERMS 

The d e f i n i t i o n s  g iven  i n  t h i s  Appendix a r e  taken from a number o f  sources,  
which have been c i t e d .  They inc lude  t h e  l a t e s t  ASTM Committee D-14 and IS0 TC 
6 1  d e f i n i t i o n s .  I n  some cases  s e v e r a l  O e f i n i t i o n s  a r e  given. A few 
d e f i n i t i o n s  found i n  l i t e r a t u r e  sou rces  have been used t o  supplement o r  
r e p l a c e  more complicated d e f i n i t i o n s  from g l o s s a r i e s .  

A-Stage. An e a r l y  s t a g e  i n  t h e  r e a c t i o n  of c e r t a i n  t h e e g o s e t t i n g  r e s i n s  i n  
which t h e  m a t e r i a l  i s  f u s i b l e  and s t i l l  so lub le  i n  c e r t a i n  l i q u i d s .  Sometimes 
r e f e r r e d  t o  as Resol. ( s ee  a l s o  B-stage and C-stage)  (1 )  

abhesive.  A m a t e r i a l  which is  adhes ive - r e s i s t an t  and a p p l i c a b l e  a s  a 
nons t i ck ing  s u r f a c e  coa t ing ;  r e l e a s e  agent .  (2)  

adhe re ,  v. To cause two s u r f a c e s  t o  be he ld  toge the r  by adhesion (q.v. ). ( 1 )  

adherence. The s t a t e  i n  which two s u r f a c e s  a r e  he ld  toge the r  by i n t e r f a c i a l  
f o - m  

adherend. A body which i s  held t o  ano the r  body by an adhesive ( a  narrower 
term than  s u b s t r a t e ,  q.v.). ( 1 )  

adhesion.  The s t a t e  i n  which two s u r f a c e s  a r e  held toge the r  by chemical, o r  
p h y s i c a l  f o r c e s ,  o r  both, with t h e  a i d  of an  adhesive. (3)  

adhesive.  A substance capable of ho ld ing  m a t e r i a l s  t oge the r  by su r f ace  
a t tachment .  Adhesive is the  gene ra l  term and inc ludes ,  among o t h e r ,  cement, 
g l u e ,  mucilage, and p a s t e  (q.v.) . A l l  of t h e s e  terms a r e  used interchangeably.  

adhes ive ,  anaerobic.  An adhesive t h a t  c u r e s  spontaneously i n  t h e  absence of 
oxygen, t h e  c u r i n g  being i n h i b i t e d  by the  presence of oxygen and ca ta lysed  by 
m e t a l l i c  ions.  (3 )  

adhes ive ,  co ld-se t t ing .  An adhes ive  t h a t  s e t s  a t  temperatures  below 6 8 0 ~  
( 2 0 0 ~ ) .  (1)  

adhes ive ,  contac t .  An adhes ive  t h a t  i s  apparent ly  dry t o  t he  touch and 
which w i l l  adhere t o  i t s e l f  i n s t an t aneous ly  upon con tac t ;  a l s o  c a l l e d  contac t -  
bond adhesive. ( 1 )  ,An adhesive t h a t  i s  app l i ed  t o  both adherends and allowed 
t o  become dry and then  develops a bond when t h e  adherends a r e  brought t oge the r  
wi thout  sus t a ined  pressure .  (3) 

adhes ive ,  d i s p e r s i o n  ( o r  emulsion).  A two-phase system with one phase ( t h e  
adhes ive  m a t e r i a l )  i n  a l i q u i d  suspension. (3)  

adhes ive ,  encapsulated.  An adhes ive  i n  which the  p a r t i c l e s  o r  d r o p l e t s  of 
one of t he  r e a c t i v e  components a r e  enclosed i n  a p r o t e c t i v e  f i l m  - 
(microcapsules)  t o  prevent  cure  u n t i l  t he  f i l m  is  destroyed by s u i t a b l e  means. 
(3 )  
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adhesive, film. An adhesive i n  f i lm form, with o r  without a c a r r i e r ,  
us-eans of heat  and pressure. ( 3 )  The main advantage is  
uniformity of g luel ine  thickness. 

adhesive, g a p f i l l i n g .  An adhesive subject  t o  low shrinkage i n  se t t ing ,  
employed a s  a sealant .  (2)  

adhesive, heat-activated. A dry adhesive t ha t  i s  rendered tacky or  f lu id  by 
app l ica t ion  of heat ,  o r  heat  and pressure, t o  the assembly (1)(3)  

adhesive, heat-sealing. A thermoplastic f i lm adhesive which is  melted 
between the adherend surfaces  by heat  appl ica t ion t o  one o r  both of the 
adjacent  adherend surfaces.  (2)  

adhesive, hot-melt. A thermoplastic adhesive tha t  is  applied i n  a molten 
s t a t e  and forms a bond on cooling t o  a so l i d  s t a t e .  

adhesive, hot-set t ing.  An adhesive tha t  s e t s  a t  temperatures above 680F 
( 2 0 0 ~ ) .  (1) 

adhesive, intermediate-temperature se t t ing .  An adhesive t ha t  s e t s  i n  the 
temperature range from 870 to  211°F (310 t o  9 9 0 ~ ) .  (1) 

adhesive, l a tex .  An emulsion of rubber o r  thermoplastic rubber t o  water. ( 2 )  

adhesive, one-component. An adhesive material  incorporating a l a t en t  
hardener o r  c a t a ly s t  ac t ivated by heat .  Usually r e f e r s  t o  thermosetting 
mate r ia l s ,  but a l so  describes anaerobic, hot-melt adhesive, o r  those dependent 
on solvent  l o s s  f o r  adherence. (2)  Thermosetting one-component adhesives 
require  heat t o  cure. 

adhesive, pressure-sensitive. An adhesive which, i n  the dry s t a t e ,  is 
aggressively and permanently tacky a t  room temperature and f i rmly adheres t o  a 
va r i e t y  of d i s s imi la r  surfaces upon contact  without the need f o r  more than 
f i n g e r  o r  hand pressure. 

adhesive, room-temperature se t t ing .  An adhesive t ha t  s e t s  i n  the 
temperature range from 680 t o  860F (200 t o  300C). 

adhesive, solvent. An adhesive having a vo l a t i l e  organic l i qu id  a s  a 
ve- excludes water-based adhesives. (1)  

adhesive, solvent act ivated.  A d ~ y  adhesive o r  adherend t ha t  i s  rendered 
tacky j u s t  p r i o r  t o  use by app l ica t ion  of a solvent (3 ) .  

adhesive, s t ruc tu ra l .  An adhesive of proven r e l i a b i l i t y  i n  engineering 
s t r u c t u r a l  appl ica t ions  i n  which the  bond can be s t ressed t o  a high proportion 
of i t s  maximum f a i l i n g  load f o r  long periods without f a i l u r e .  (3) 

adhesive, two-component. An adhesive supplied i n  two par t s  which are mixed 
before applicat ion.  ( 2 )  Such adhesives usually cure a t  room temperature. 

adhesive, warm-setting. A term tha t  i s  sometimes used a s  a synonym f o r  
intermediate-temperature-setting adhesive (q.v. ). (1 )  
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amylaceous, a d j .  - P e r t a i n i n g  t o 9  o r  o f ,  t h e  na tu re  of s t a r c h ;  s ta rchy* (1 )  

- 0  ( f o r  adhesive) .  A group of m a t e r i a l s  o r  p a r t s ,  i nc lud ing  
adhes ive ,  which has been placed t o g e t h e r  f o r  bonding, o r  which has been bonded 
toge the r .  (1) (3)  

autoc lave .  A closed con ta ine r  which provides con t ro l l ed  hea t  and pressure  
cond i t i ons .  (2 )  

B-stage. An in te rmedia te  s t a g e  i n  t h e  r e a c t i o n  of c e r t a i n  thermoset t ing 
r e s i n s  i n  which t h e  m a t e r i a l  s o f t e n s  when heated t o  a rubbery s t a t e  and s w e l l s  
when i n  c o n t a c t  with c e r t a i n  l i q u i d s ,  but  may not e n t i r e l y  f u s e  o r  d i s so lve  i n  
some of t h e  s o l v e n t s  which w i l l  d i s s o l v e  r e s i n s  i n  t he  A-stage. The r e s i n  i n  
a n  uncured thermose t t ing  adhes ive  i s  u s u a l l y  i n  t h i s  s tage.  Sometimes 
r e f e r r e d  t o  as Res i to l .  ( 1 ) ( 2 )  

backing. The f l e x i b l e  suppor t ing  m a t e r i a l  f o r  an adhesive. Pressure-  
s e n s i t i v e  adhes ives  a r e  commonly backed with paper ,  p l a s t i c  f i l m s ,  f a b r i c ,  o r  
meta l  f o i l ;  heat-curing thermose t t ing  adhesives a r e  o f t e n  supported on g l a s s -  
c l o t h  backing. 

bag molding (b lanket  molding). A method of molding o r  bonding involving the  
a p p l i c a t i o n  of f l u i d  p re s su re ,  u s u a l l y  by means of a i r ,  steam, water  o r  
vacuum, t o  a f l e x i b l e  cover  which, sometimes, i n  conjunct ion with the  r i g i d  
d i e ,  completely enc loses  t he  m a t e r i a l  t o  be bonded. ( 1 )  

bag, vacuun. A f l e x i b l e  bag by which p re s su re  may be appl ied  t o  an assembly 
i n s i d e  t h e  bag by means of evacuat ion  of t h e  bag. (3) 

b inder .  A component of an adhesive composition t h a t  i s  p r imar i ly  
r e spons ib l e  f o r  the  adhesive f o r c e s  which hold two bodies toge ther .  

b i t e ,  n. The pene t r a t ion  o r  d i s s o l u t i o n  of adherend su r f aces  by an 
adhesive.  (2 )  

body. The cons is tency  of an  adhesive which i s  a func t ion  of v i s c o s i t y ,  - 
p l a s t i c i t y ,  and rheologica l  f a c t o r s .  ( 2 )  

, bond, v. The union o r  jo in ing  of  m a t e r i a l s  by adhesives.  ( 1 ,  modified) 

bond l i n e .  See g lue  l i n e .  

bond s t r e n g t h .  The u n i t  load ( f o r c e )  suppl ied i n  tens ion ,  compression, 
f l e x u r e ,  pee l ,  impact, c leavage,  o r  shea r ,  requi red  t o  break a n  adhesive 
assembly, wi th  f a i l u r e  occurr ing  i n  o r  nea r  t h e  plane of t he  bond ( t h e  
i n t e r f a c e ) .  The term adherence (q.v.)  i s  f r equen t ly  used i n  p l ace  of bond 
s t r e n g t h .  (1 ,  modified]- 

bond, s t r u c t u r a l .  See s t r u c t u r a l  bond. 
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C-stage. The f i n a l  s t a g e  i n  t h e  r e a c t i o n  of c e r t a i n  thermose t t ing  r e s i n s  i n  
which t h e  m a t e r i a l  is r e l a t i v e l y  i n s o l u b l e  and i n f u s i b l e .  C e r t a i n  
t he rmose t t i ng  r e s i n s  i n  a f u l l y  cured adhesive l a y e r  a r e  i n  t h i s  s tage .  
Sometimes r e fe r r ed  t o  as Res i t e .  ( 1 )  

c a t a l y s t .  A substance t h a t  markedly speeds up t h e  cure  of  an adhesive when 
added i n  minor quan t i t y ,  a s  compared t o  t h e  amounts of the  primary reac tan ts .  
( 1 )  Ma te r i a l  which promotes c r o s s  l i n k i n g  i n  a polymer o r  a c c e l e r a t e s  drying. 
(2 

cement, n. (See adhesive and s o l v e n t  cement. ) . A synonym f o r  adhesive. 

cement, v. To bond with a cement. 

cohesion. The s t a t e  i n  which the  p a r t i c l e s  of a s i n g l e  subs tance  a r e  held 
t o g e t h e r  by primary- o r  secondary-valence fo rces .  I n  adhes ives ,  cohesion i s  
the s t a t e  i n  which t h e  p a r t i c l e s  of t h e  adhesive o r  adherend a r e  held 
toge the r .  ( 1 )  

co l l agen .  The p r o t e i n  derived from bone and s k i n  used t o  prepare  animal 
g l u e  and g e l a t i n .  (2)  

colophony. The r e s i n  obtained from va r ious  s p e c i e s  of pine t r e e s .  (2 )  

c o n t a c t  bonding. The depos i t i on  of  cohesive m a t e r i a l s  on both adherend 
s u r f a c e s  and t h e i r  assemby under p re s su re .  (2) 

copolymer. See polymer. 

copolymerizat ion.  See polymer iza t ion .  

core .  The honeycomb s t r u c t u r e  used i n  sandwich-panel cons t ruc t ion .  - 
co r ros ion .  The chemical r e a c t i o n  between t h e  adhesive o r  contamination and 

t h e  adherend su r f aces ,  due t o  r e a c t i v e  components i n  the  adhesive f i lm ,  
l e a d i n g  t o  d e t e r i o r a t i o n  of t h e  bond s t r eng th .  (2 )  

coverage. The spreading power of an adhesive over  t he  s u r f a c e  a r e a  of t he  
,adherend. (2,  modified) 

c ros s - l i nk ing  ( c ros s l ink ing ) .  The union of ad jacent  molecules of uncured 
adhes ive  ( o f t e n  e x i s t i n g  as long polymer cha ins)  by c a t a l y t i c  o r  cur ing  
agen t s .  (2)  

cu re ,  v. To change t h e  p h y s i c a l  p r o p e r t i e s  of an adhesive,  u sua l ly  by 
chemical r eac t ion ,  which may be condensat ion,  polymerizat ion,  vu lcan iza t ion ,  
o r  c ros s l ink ing .  Such change i s  u s u a l l y  accomplished by t h e  a c t i o n  of h e a t  
and c a t a l y s t ,  a lone o r  i n  combination, wi th  o r  without ,pressure.  ( 1 ,  modified) 

c u r e  ( cu r ing )  temperature. The temperature t o  which an adhesive o r  an 
assembly is subjected t o  cure  t h e  adhesive.  (2)  
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cu re  ( cu r ing )  time. The per iod  of time necessary f o r  an adhesive o r  an 
assembly t o  cu re  under s p e c i f i e d  cond i t i ons  of temperature,  o r  pressure ,  o r  
both. ( 2 )  

cu r ing  agent  (hardener ) .  A subs tance  o r  mixture of subs tances  added t o  an 
adhes ive  t o  promote o r  c o n t r o l  t h e  cur ing  r eac t ion .  An agen t  which does not  
e n t e r  i n t o  t h e  r e a c t i o n  is known a s  a c a t a l y t i c  hardener  o r  c a t a l y s t .  A 
r e a c t i v e  cu r ing  agent  o r  hardener  is  g e n e r a l l y  used i n  much g r e a t e r  amounts 
t han  a c a t a l y s t ,  and a c t u a l l y  e n t e r s  i n t o  the  reac t ion .  (5)  

degrease.  To remove o i l  and grease  from adherend su r f aces .  ( 2 )  

dex t r ine .  A water-based product  der ived from the  a c i d i f i c a t i o n  and/or 
r o a s t i n g  of s t a r c h .  (2) 

d i e l e c t r i c  cur ing .  The use  of  a high-frequency e l e c t r i c  f i e l d  through a 
j o i n t  t o  cu re  a s y n t h e t i c  thermose t t ing  adhesive. A cu r ing  process  f o r  wood 
and o t h e r  nonconductive j o i n t  ma te r i a l s .  

d i l u e n t *  A l i q u i d  a d d i t i v e  whose s o l e  func t ion  i s  t o  reduce t h e  
concen t r a t ion  of  s o l i d s  and t h e  v i s c o s i t y  of  an adhesive composition. 

d i l u e n t ,  r e a c t i v e .  A low-viscos i ty  l i q u i d  added t o  a h igh-v iscos i ty  so lvent -  
f r e e  thermose t t ing  adhesive which r e a c t s  chemically with t h e  adhesive during 
curing.  The advantage of lowered v i s c o s i t y  is  gained with minimum l o s s  of 
o t h e r  p r o p e r t i e s .  ( 3 )  

doc to r  r o l l .  A r o l l e r  mechanism t h a t  revolves a t  a d i f f e r e n t  su r f ace  speed, 
i n  a d i r e c t i o n  oppos i te  t o  t h a t  of t h e  spreader  r o l l ,  r e s u l t i n g  i n  a wiping 
a c t i o n  t o  c o n t r o l  t he  amount of adhes ive  suppl ied  t o  t he  sp reade r  r o l l .  ( 1 ) (2 )  

dry ,  v. To change t h e  phys i ca l  s t a t e  of an  adhesive o r  a n  adherend by the  
l o s s  of so lven t  c o n s t i t u e n t s  by evapora t ion ,  o r  absorp t ion ,  o r  both. (1) 

e l a s t i c i t y ,  modulus of .  The r a t i o  of s t r e s s  t o  s t r a i n  i n  e l a s t i c a l l y  
deformed ma te r i a l .  (2)  

e lastomer.  A macromolecular m a t e r i a l  which, a t  room temperature,  is  capable 
of recovering s u b s t a n t i a l l y  i n  s i z e  and shape a f t e r  removal of deforming 
fo rce .  (1)  

extender .  A subs tance ,  g e n e r a l l y  having some adhesive a c t i o n ,  added t o  an 
adhes ive  t o  reduce t h e  amount of t h e  primary b inder  requi red  pe r  u n i t  area.  ( 1 )  

f a i l u r e ,  adherend. J o i n t  f a i l u r e  by cohesive f a i l u r e  of t h e  adherend. ( 2 )  

f a i l u r e ,  adhesive.  Rupture of an adhesive bond a t  t h e  i n t e r f a c e  between t h e  
adhes ive  and adherend. (1 ,  modif ied)  

f a i l u r e ,  cohesive.  Rupture of an  adhesive bond i n  such a way t h a t  the 
s e p a r a t i o n  appears  t o  be w i t h i n  t h e  adhesive. (1, modif ied)  
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f a i l u r e ,  con tac t .  The f a i l u r e  of an  adhesive j o i n t  a s  a r e s u l t  of 
incomplete c o n t a c t  dur ing  assembly, between adherend and adhesive su r f aces  o r  
between adhesive s u r f a c e s .  (2)  

The s u r f a c e  of  a n  adherend which makes con tac t  with another  
adherend. 

f ea the r ing .  The t a p e r i n g  of a n  adherend on one s i d e  t o  form a wedge 
s e c t i o n ,  a s  used i n  a s c a r f  j o i n t .  ( 2 )  

f i l l e r .  A r e l a t i v e l y  nonadhesive substance added t o  an  adhesive t o  improve 
the  working p r o p e r t i e s ,  permanence, s t r e n g t h ,  o r  o t h e r  q u a l i t i e s .  (1) 

f i l le t .  That p o r t i o n  of  a n  adhes ive  which f i l l s  t he  corner  o r  angle  formed 
where two adherends a r e  joined. (1 )  The t e r n  f o r  junc t ion  of t h e  ou te r  s k i n  
and i n n e r  core  i n  honeycomb assemblies .  (2 )  

g lue ,  n. O r i g i n a l l y  a hard g e l a t i n  obtained from hides ,  tendons, c a r t i l a g e ,  
bones, e t c .  o f  animals.  Also, a n  adhesive prepared from t h i s  substance by 
hea t ing  with water.  Through g e n e r a l  use t h e  term is now synonymous with t h e  
term "adhesive." (1)  The term i s  most commonly used f o r  wood adhesives,  
however. 

g lue  l i n e  (bond l i n e ) .  The l a y e r  o f  adhesive which a t t a c h e s  two adherends. 
(1) The i n t e r f a c e  between an  adhesive and an  adherend. (3)  

green s t r eng th .  The a b i l i t y  of an adhesive t o  hold two s u r f a c e s  together  
when brought i n t o  c o n t a c t  and before  t h e  adhesive develops its u l t ima te  bond 
p r o p e r t i e s  when f u l l y  cured.  (6)  

gum. Any of a c l a s s  of c o l l o i d a l  substances exuded by, o r  prepared from - 
p l a n t s .  S t i c e  when moist ,  composed of complex carbohydrates  and organic 
a c i d s  which a r e  so lub le  o r  s w e l l  i n  water.  (1)  

hardener.  A substance o r  mixture of substances added t o  an  adhesive t o  
promote o r  c o n t r o l  t h e  c u r i n g  r e a c t i o n  by tak ing  p a r t  i n  i t  by c a t a l y s i s  o r  
c ross l ink ing .  

h e a t  r eac t iva t ion .  The use  of h e a t  t o  e f f e c t  adhesive a c t i v i t y ,  e.g., 
' 

hot-melt adhesive;  completion of  t h e  cu r ing  process  of a 3-staged res in .  (2)  

honeycomb core.  A s h e e t  m a t e r i a l ,  which may be metal ,  foamed i n t o  c e l l s  
(u sua l ly  hexagonal) and used f o r  sandwich cons t ruc t ion  i n  s t r u c t u r a l  
assemblies ,  e s p e c i a l l y  i n  a i r c r a f t  cons t ruc t ion .  (2 ,  modified) 

i n h i b i t o r .  A substance t h a t  slows down chemical r eac t ion .  I n h i b i t o r s  a r e  
sometimes used i n  c e r t a i n  adhes ives  t o  prolong s to rage  o r  working l i f e .  (1 )  

i n t e r f a c e .  The con tac t  a r e a  between adherend and adhesive sur faces .  (2 )  

Jig* A former used t o  hold a bonded assembly u n t i l  t h e  adhesive has cured. 
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j o i n t .  The l o c a t i o n  a t  which two adherends a r e  held toge the r  with a l a y e r  
of adhesive.  ( 1 )  

j o i n t ,  b u t t .  A j o i n t  made by bonding two s u r f a c e s  t h a t  a r e  perpendicular  t o  
t he  main s u r f a c e  of t h e  adherends. ( 3 )  

j o i n t ,   la^. A j o i n t  made by p lac ing  one adherend p a r t l y  over  another  and 
bonding t o g e t h e r  t h e  po r t ions  of t h e  adherends. Double-lap j o i n t s  involve the  
over lapping  by opposing f a c e s  of one adherend. (2)  

j o i n t ,  scar f - . ,  A j o i n t  made by c u t t i n g  away s i m i l a r  segments of two 
adherends a t  an ang le  l e s s  than 45 degrees  t o  t h e  major a x i s  of  two adherends 
and bonding t h e  adherends with t h e  c u t  a r e a s  f i t t e d  toge the r  t o  be coplanar. 
(1 )  (3) 

j o i n t ,  s ta rved .  A j o i n t  t h a t  has  a n  i n s u f f i c i e n t  amount of  adhesive t o  
produce a s a t i s f a c t o r y  bond. This  cond i t i on  may r e s u l t  from t o o  t h i n  a spread 
t o  f i l l  t h e  g a p  between the  adherends, exces s ive  pene t r a t ion  of t h e  adhesive 
i n t o  t h e  adherend (when porous),  t oo  s h o r t  a n  assembly time, o r  t h e  use of 
exces s ive  pressure .  (1 ,  modified) 

lamina te ,  n o  A product made by bonding t o g e t h e r  two o r  more l a y e r s  of 
m a t e r i a l  o r  m a t e r i a l s .  ( 1 )  

lamina te ,  v. To u n i t e  l a y e r s  of m a t e r i a l  wi th  adhesive. (1)  

lamina te ,  c r o s s ,  n. A laminate  i n  which some of t h e  l a y e r s  of ma te r i a l  a r e  
o r i e n t e d  a t  r i g h t  ang le s  t o  the  remaining l a y e r s  wi th  r e spec t  t o  the  g r a i n  o r  
s t r o n g e s t  d i r e c t i o n  i n  tension.  (1 ,  modif ied)  

lamina te ,  p a r a l l e l ,  n. A laminate  i n  which the  g r a i n  of a l l  l a y e r s  of 
m a t e r i a l  a r e  o r i e n t e d  approximately p a r a l l e l  t o  each o ther .  (2 )  

legging.  The drawing of f i l amen t s  o r  s t r i n g s  when adhesive bonded 
s u b s t r a t e s  a r e  separated.  (1)  

matr ix.  The pa r t  of an  adhesive which surrounds o r  engul fs  embedded f i l l e r  
o r  r e i n f o r c i z g  p a r t i c l e s  and f i laments .  ( 1 )  

modif ier .  Any chemical ly i n e r t  i n g r e d i e n t  added t o  an adhesive formulation 
t h a t  changes i t s  p rope r t i e s .  (1 )  

moduluso See e l a s t i c i t y ,  madulus of .  

monomer. A r e l a t i v e l y  simple compound which can r e a c t  t o  form a polymer. (1 )  

mucilage. An adhesive prepared from a gum and water.  Also, i n  a more 
g e n e r a l  sense,  a l i q u i d  adhesive which has a low o rde r  of bonding s trength.  ( 1 )  

Newtonian f l u i d .  A f l u i d  i n  which t h e  shea r ing  r a t e  is d i r e c t l y  propor t iona l  
t o  t h e  app l i ed  torque.  (2 )  

novalak. A phenolic-aldehydic r e s i n  t h a t ,  u n l e s s  a source of methyleae 
groups is  added, remains permanently thermoplas t ic .  (1 )  
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open time. See open assembly t ime under t ime, assembly, 

p a s t e ,  n. An adhesive composition having a c h a r a c t e r i s t i c  p l a s t i c - type  
cons is tency ,  t h a t  i s ,  a high o r d e r  of  y i e l d  va lue ,  such as t h a t  of an adhesive 
prepared by hea t ing  mixture of s t a r c h  and water  and subsequent ly cool ing  t h e  
hydrolyzed product.  (1,  modif ied)  

p e n e t r a t i o n .  The passage of a n  adhes ive  i n t o  an  adherend. (2)  

ermanence. The r e s i s t a n c e  of a n  adhes ive  bond t o  d e t e r i o r a t i n g  in f luences .  
( 1- 

p l a s t i c i t y .  A proper ty  of adhes ives  t h a t  a l lows  the  m a t e r i a l  t o  be deformed 
cont inuous ly  and permanently without  rup tu re  upon t h e  a p p l i c a t i o n  of a f o r c e  
t h a t  exceeds t h e  y i e l d  va lue  of t h e  m a t e r i a l .  ( 1 )  

p l a s t i c i z e r .  A m a t e r i a l ,  such as a high-boi l ing-point  organic  so lven t ,  
incorpora ted  i n  a n  adhesive t o  i n c r e a s e  i ts  f l e x i b i l i t y ,  workabi l i ty ,  o r  
d i s t e n s i b i l i t y .  (1 )  

polymer. A compound formed by t h e  r e a c t i o n  of simple molecules having 
func t iona l  groups which permit t h e i r  combination t o  proceed t o  h ighe r  
molecular  weights under s u i t a b l e  cond i t i ons .  (1)  

polymerizat ion.  A chemical r e a c t i o n  i n  which t h e  molecules o f  a monomer a r e  
l i nked  t o g e t h e r  t o  form l a r g e  molecules  whose molecular  weight is a mul t ip l e  
of t h a t  i n  t he  o r i g i n a l  substance.  When two o r  more monomers a r e  involved,  
the  process  i s  c a l l e d  copolymerizat ion o r  heteropolymerizat ion.  (1 )  

poros i ty .  The a b i l i t y  of an adherend t o  absorb an adhesive. ( 2 )  

p o s t  cure ,  v. To expose an adhes ive  assembly t o  an  a d d i t i o n a l  cure,  
fol lowing t h e  i n i t i a l  cu re ,  f o r  t h e  purpose of modifying s p e c i f i c  p rope r t i e s .  
(1)  

pos t -vulcaniza t ion  bonding. Conventional adhesive bonding of previously 
vulcanized e las tomer ic  adherends. 

p o t  l i f e  (working l i f e ) .  The per iod  of t ime dur ing  which a n  adhesive o r  
r e s i n  prepared f o r  a p p l i c a t i o n  a f t e r  mixing wi th  c a t a l y s t ,  so lvent ,  o r  o t h e r  
compounding i n g r e d i e n t s ,  remains usable .  ( 1 ) ( 3 )  

prebond t reatment .  See sur face  p repa ra t ion .  

p r e s s u r e - s e n s i t i v e  adhesives (PSA'S). Adhesive m a t e r i a l s  which bond t o  
adherend s u r f a c e s  a t  room temperature immediately a s  low pressure  is  appl ied.  
( 3 )  

pr imer .  A coa t ing  appl ied  t o  a s u r f a c e  of a n  adherend p r i o r  t o  t he  
a p p l i c a t i o n  o f  an  adhesive t o  improve adhesion and/or d u r a b i l i t y  of the  bond. 
( 3 )  
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release agent. An adhesive material which prevents bond formation. ( 2 )  

resite. An alternative term for C-stage (q.v.). (1) 

resitol. An alternative term for 8-stage (q.v.1. (1) 

resol. An alternative term for A-stage (q.v.1. (1) 

sagging. Run or flow-off of adhesive from an adherend surface due to 
application of excess or low viscosity material. ( 2 )  

sandwich panel. An assembly composed of metal skins (facings) bonded to 
both sides of a lightweight core. (2) 

sealant. A gap-filling material to prevent excessive absorption of 
adhesive, or penetration of liquid or gaseous substances. (2) 

self-vulcanizing, adi. Pertaining to an adhesive that undergoes 
vulcanization without the application of heat. (1) 

service conditions. The environmental conditions to which a bonded 
structure is exposed, e.g., heat, cold, humidity, radiation, vibration, etc. 
(2) 

set, v. To convert an adhesive into a fixed or hardened state by chemical 
or physical action, such as condensation, polymerization, oxidation, 
vulcanization, gelation, hydration, or evaporation of volatile constituents. 
(1) The term is usually used for thermoplastic adhesives, unless a chemical 
process, such as polymerization, is involved. ( 7 )  

shear, tensile. The apparent stress applied to an adhesive in a lap joint. 
( 2 )  

shelf life. See storage life. 

shrinkage. The volume reduction occurring during adhesive curing, sometimes 
expressed as a percentage volume or linear shrinkage: size reduction of 
adhesive layer due to solvent loss or catalytic reaction. ( 2 )  

, slippage. The movement of adherends with respect to each other during the 
bonding process. (1) 

solids content. The percentage by weight of the nonvolatile matter in an 
adhesive. (1) 

solvent bonding. See solvent welding. 

solvent cement. An.adhesive utilizing an organic solvent as the means of 
depositing the adhesive constituent. ( 2 )  

solvent cementinq. See solvent welding. 

Downloaded from http://www.everyspec.com



s o l v e n t  r e a c t i v a t i o n .  The a p p l i c a t i o n  of  so lven t  t o  a  dry  adhes ive  l a y e r  t o  
r egene ra t e  i ts wett ing p r o p e r t i e s .  (2)  

s o l v e n t  welding ( so lven t  bonding) ( s o l v e n t  cementing). The p roces s  of 
j o in ing  a r t i c l e s  made of t he rmop las t i c  r e s i n s  by applying a s o l v e n t  capable of 
s o f t e n i n g  t h e  su r f aces  t o  be jo ined ,  and p r e s s i n g  the  sof tened  s u r f a c e s  
t oge the r .  Adhesion is  a t t a i n e d  by means o f  evapora t ion  of t h e  s o l v e n t ,  
abso rp t ion  of  t h e  so lvent  i n t o  a d j a c e n t  m a t e r i a l  and/or polymerizat ion of t he  
s o l v e n t  cement. ( 5 )  

squeeze-out. Excess adhes ive  pressed  ou t  a t  t h e  bond l i n e  due t o  pressure  
app l i ed  i n  t h e  adherends. ( 1 ,  modif ied)  

s t a b i l i z e r .  An adhesive a d d i t i v e  which prevents  o r  minimizes change i n  
p r o p e r t i e s ,  e.g., by adherend abso rp t ion ,  demuls i f ica t ion ,  o r  r a p i d  chemical 
r eac t ion .  

s t o r a g e  l i f e .  The per iod  of t ime du r ing  which a  packaged adhes ive  can be 
s t o r e d  under s p e c i f i e d  temperature c o n d i t i o n s  and remain s u i t a b l e  f o r  use.  
Sometimes c a l l  s h e l f  l ife.  (1 )  Re f r ige ra t ed  s torage  o f t e n  ex tends  s to rage  
l i f e  considerably.  

s t r e n g t h ,  cleavage. The t e n s i l e  l oad  expressed i n  f o r c e  p e r  u n i t  of width 
of bond requi red  t o  cause c leavage  s e p a r a t i o n  of a  t e s t  specimen of u n i t  
l ength .  (2)  

s t r e n g t h ,  f a t i gue .  The maximum load  t h a t  a  j o i n t  w i l l  s u s t a i n  when 
subjec ted  t o  repeated s t r e s s  a p p l i c a t i o n  a f t e r  drying,  o r  a f t e r  a  condi t ion ing  
period under s p e c i f i e d  cond i t i ons .  (2 )  

s t r e n g t h ,  impact. A b i l i t y  of  an  adhes ive  m a t e r i a l  t o  r e s i s t  shock by a  
sudden phys i ca l  blow d i r e c t e d  a g a i n s t  it. Impact shock is t h e  t ransmiss ion  of 
s t r e s s  t o  an adhesive i n t e r f a c e  by sudden v i b r a t i o n  o r  j a r r i n g  blow of t h e  
assembly, measured i n  work u n i t s  pe r  u n i t  a rea .  (2)  

s t r e n g t h ,  l ong i tud ina l - shea r  ( l a p - j o i n t  s t r e n g t h ) .  The f o r c e  necessary t o  
r u p t u r e  an  adhesive j o i n t  by means o f  s t r e s s  appl ied p a r a l l e l  t o  t h e  plane o f '  
t he  bond. (3) 

, s t r e n g t h ,  pee l .  The f o r c e  p e r  u n i t  width necessary t o  b r i n g  a n  adhesive t o  
the  p o i n t  of f a i l u r e  and/or t o  ma in t a in  a  s p e c i f i e d  r a t e  of f a i l u r e  by means 
of a s t r e s s  app l i ed  i n  a  p e e l i n g  mode. ( 2 )  

s t r e n g t h ,  shear .  The r e s i s t a n c e  o f  a n  adhesive j o i n t  t o  s h e a r i n g  s t r e s s e s ;  
t h e  fo rce  pe r  u n i t  a r ea  sheared ,  a t  f a i l u r e .  ( 2 )  

s t r e n g t h ,  t e n s i l e .  The r e s i s t a n c e  of a n  adhesive j o i n t  t o  t e n s i l e  s t r e s s ;  
t h e  fo rce  per  u n i t  a r ea  under t e n s i o n  a t  f a i l u r e .  (2)  

s t r u c t u r a l  adhesive. See adhes ive ,  s t r u c t u r a l  and s t r u c t u r a l  bond 
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s t r u c t u r a l  bond. A bond which s t r e s s e s  the  adherend t o  t he  y i e l d  poin t ,  
thereby  tak ing  f u l l  advantage of  t h e  s t r e n g t h  of t he  adherend. On the b a s i s  
of t h i s  d e f i n i t i o n ,  a d e x t r i n  adhes ive  used with paper  (e.g., postage stamps, 
envelopes,  e t c . )  and which causes  f a i l u r e  of t h e  paper,  forms a s t r u c t u r a l  
bond. The s t r o n g e r  t he  adherend, t h e  g r e a t e r  t he  demands placed on the 
adhesive.  Thus, few adhes ives  q u a l i f y  a s  " s t r u c t u r a l "  f o r  meta ls .  A f u r t h e r  
requirement f o r  a s t r u c t u r a l  adhes ive  is  t h a t  i t  be a b l e  t o  s t r e s s  the  
adherend t o  i t s  y i e l d  po in t  a f t e r  exposure t o  i t s  intended environment. (8) 

s u b s t r a t e .  A m a t e r i a l  upon t h e  s u r f a c e  of which an  adhesive-containing 
subs tance  is spread f o r  any purpose,  such a s  bonding o r  coa t ing .  A broader 
term than  adherend, q.v. ( 1 )  

su r f ace  p repa ra t ion  ( s u r f a c e  t rea tment ) .  A phys ica l ,  o r  chemical 
p repa ra t ion ,  o r  both,  o f  a n  adherend t o  render  i t  s u i t a b l e  f o r  adhesive 
jo in ing .  (1)  The term prebond t rea tment  i s  sometimes used, bu t  is  deprecated. 
(2) 

t ack .  The proper ty  of a n  adhes ive  t h a t  enables  i t  t o  form a bond of 
measurable s t r e n g t h  immediately a f t e r  adhesive and adherend a r e  brought i n t o  
con tac t  under low pressure .  (1 )  

t a c k ,  aggressive.  See t a c k ,  dry. 

t a c k  dry ,  n. The p rope r ty  of c e r t a i n  adhes ives ,  p a r t i c u l a r l y  nonvulcanizing 
rubber  adhes ives ,  t o  adhere on con tac t  t o  themselves a t  some s t a g e  i n  the 
evapora t ion  of v o l a t i l e  c o n s t i t u e n t s ,  even though they  seem d r y  t o  the touch. 
Sometimes c a l l e d  aggres s ive  tack.  (1 )  ( 3 ) .  

tack-dry ( tacky-dry) ,  ad j .  The s t a t e  of an adhesive which has  l o s t  
s u f f i c i e n t  v o l a t i l e s  (by evapora t ion  o r  absorp t ion  i n t o  t h e  adherend) t o  leave  
i t  i n  t he  requi red  s t i c k y  ( t acky)  condi t ion .  (3) 

t a c k i f i e r .  An a d d i t i v e  in tended  t o  improve t h e  s t i c k i n e s s  of a c a s t  
adhes ive  f i l n ;  u sua l ly  a c o n s t i t u e n t  of rubber based and s y n t h e t i c - r e s i n  
adhesives.  ( 2 )  

t a c k  range ( t ack  s t a g e ) .  The period of time i n  which an adhes ive  w i l l  
remain i n  t h e  tacky-dry c o n d i t i o n  a f t e r  a p p l i c a t i o n  t o  a n  adherend under 
s p e c i f i e d  cond i t i ons  of  temperature and humidity. (1)  (2)  

tape .  A film form of  adhes ive  which may be supported on c a r r i e r  mater ia l .  
( 2 f - -  

t empera ture ,  curing. The temperature t o  which an adhes ive  o r  a n  assembly is 
sub jec t ed  t o  cure  t h e  adhesive.  The temperature a t t a i n e d  by t h e  adhesive i n  
t h e  process  of  cur ing  i t  (adhes ive  cur ing  temperature) may d i f f e r  from the  
temperature of the  atmosphere surrounding the  assembly (assembly cur ing  
temperature) ,  (1)  
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temperature, drying. The temperature t o  which an adhesive on an  adherend, 
o r  i n  an assembly, o r  the  assembly i t s e l f ,  is subjected t o  dry the adhesive. 
The temperature a t t a ined  by the  adhesive i n  the  process of drying it (adhesive 
drying temperature) may d i f f e r  from the temperature of the  atmosphere 
surrounding the  assembly (assembly drying temperature). (1) 

temperature, se t t ing .  The temperature t o  which an adhesive assembly is  
subjected t o  s e t  the adhesive. The temperature a t t a ined  by the  adhesive i n  
the process of s e t t i n g  i t  (adhesive s e t t i n g  temperature) may d i f f e r  from the  
temperature of the atmosphere surrounding the assembly (assembly s e t t i ng  
temperature). (1)  

t e s t s ,  des t ruct ive .  Tests  involving the des t ruct ion of assemblies i n  order 
t o  'evaluate the  maximum performance of the adhesive bond. ( 2 )  

t e s t s ,  nondestructive. Inspection t e s t s  f o r  the  evaluation of bond qual i ty  
without damaging the assembly, e.g., u l t r ason ics ,  v i sua l  i n s p c t i o n ,  e tc .  (2)  

thermoplast ic,  adj.  Capable of being repeatedly softened by heat and 
hardened by cooling. (1)  

thermoset ( thermosett ing),  ad j. Having the  property of undergoing a 
chemical react ion by the ac t ion  of heat ,  c a t a l y s i s ,  u l t r a v i o l e t  l i g h t ,  e t c .  
leading t o  a r e l a t i ve ly  in fus ib le  s t a t e .  (1, modified) 

t h inq l e r ,  n. A v o l a t i l e  l iquid  added t o  an adhesive t o  modify the 
consistkncy o r  other propert ies.  (1 )  ( a l so  ca l l ed  d i l uen t )  

th ixotropic ,  adj.  A term applied t o  mater ia ls  having the  property of 
thixotropy (q.v. ) . 

thixotropy. A property of mate r ia l s  which display a reduction i n  v iscosi ty  
when a shearing ac t ion  i s  applied. Some adhesive systems become thinner  i n  
consistency on ag i t a t i on  and th icker  again when l e f t  undisturbed. (2) 

time, assembly, The time i n t e r v a l  between the spreading of the  adhesive on 
the  ad.herend and the appl ica t ion of pressure o r  hea t ,  o r  both, t o  the 
assembly. For assemblies involving mult iple l ayers  o r  pa r t s ,  the  assembly 
time begins with the spreading of the  adhesive on the f i r s t  adherend. 
Assembly time is  the  sum of the open and closed assembly times. Open assembly 
time i s  the time i n t e rva l  between the spreading of the adhesive on the 
adherend and the completion of the assembly of t he  pa r t s  f o r  bonding. During 
t h i s  period the  adhesive-coated surfaces  a r e  exposed t o  the  a i r  before being 
brought i n t o  contact.  Closed assembly time is the  time i n t e r v a l  between 
completion of assembly of the pa r t s  f o r  bonding and the  appl ica t ion of 
pressure o r  hea t ,  o r  both, t o  cure o r  s e t  the  adhesive. (1,  modified) (3) 

time, curing. The period of time during which an assembly i s  subjected to  
heat  o r  pressure, o r  both, t o  cure the  adhesive. Fur ther  cure may take place 
a f t e r  removal of the assembly from the  condit ions of heat ,  o r  pressure, o r  
both. (1) 
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t ime,  drying.  The period of t ime dur ing  which an adhesive on an adherend o r  
an  assembly is allowed t o  dry with  o r  without  the  a p p l i c a t i o n  of hea t ,  o r  
p r e s s u r e ,  o r  both. (1)  

t ime,  jo in t -condi t ion ing .  The time i n t e r v a l  between the  removal of the 
j o i n t  from t h e  cond i t i ons  of h e a t ,  o r  p re s su re ,  o r  both, used t o  accomplish 
bonding and t h e  a t ta inment  of  approximately maximum bond s t r eng th .  Sometimes 
c a l l e d  j o i n t  ag ing  time. ( 1 )  

t ime,  s e t t i n g .  The period of time dur ing  which an assembly i s  subjected t o  
h e a t ,  o r  p re s su re ,  o r  both,  t o  s e t  t he  adhesive. (1 )  

veh ic l e .  The c a r r i e r  medium ( l i q u i d )  f o r  an  adhesive m a t e r i a l  which 
improves i ts  e a s e  of a p p l i c a t i o n  t o  adherends; so lven t  component of an 
adhesive.  (2 )  

v i s c o s i t y .  A measure of t he  r e s i s t a n c e  t o  flow of a l i q u i d .  For Newtonian 
l i q u i d s ,  t he  s h e a r  r a t e  is p ropor t iona l  t o  t he  s h e a r  s t r e s s  between laminae of 
moving f l u i d ;  f o r  non-Newtonian l i q u i d s  i t  i s  not  propor t iona l .  (2)  

vu lcan iza t ion .  A chemical r e a c t i o n  i n  which t h e  phys i ca l  p rope r t i e s  of a 
rubber  a r e  changed i n  t h e  d i r e c t i o n  of decreased p l a s t i c  flow, l e s s  sur face  
t a c k i n e s s ,  and increased  t e n s i l e  s t r e n g t h  by r e a c t i n g  i t  wi th  s u l f u r  o r  o t h e r  
s u i t a b l e  agents .  (1 )  

weldbonding. A process  i n  which a j o i n t  i s  formed by spo t  welding through 
an  uncured adhesive bond l i n e ,  o r  by f lowing an adhesive i n t o  a spot-welded 
j o i n t .  ( 4 )  

wet t ing .  A su r f ace  is s a i d  t o  be completely wet by a l i q u i d  i f  the  contac t  
ang le  is  zero ,  and incompletely wet i f  i t  i s  a f i n i t e  angle.  Surfaces a r e  
commonly regarded a s  unwettable  i f  the  angle  exceeds 90 degrees.  (2)  

working l i f e .  See pot  l i f e .  
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