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SUPE=EDING
(See section 6)

MSLITARY SPEC!IFICATI(M

=SIN , EPOXY

7%isspecificationis approvedfor useby the Abval Sea$wtems Cbmnumd,lkpartment of theN@v,
and b avaikble for useby all dqartments and qencks of the Departmentof Def~.

1. S~PE

1.1 This specification
coqound used in ordnance

2. APPLICABLE DOCUMENTS

covers one type of
applications.

thegmosetting epoxy resin

* 2.1 Issues of documents. The following documents
effect on the date of invitation for bids or request
a part of this specification to the extent specified

of the issue in
for proposals form
herein. In the event

of conflict between this specification and other documents referenced
herein, the requiramenta of this specification shall apply.

SPECIFI(!ATI(XW

Federal

PPP-C-96 Cans , Metal, 28 Gage and lighter

PPP-D-729 Drams, Shipping and Storage, Steel, 55-GaUon

PPP-D-760 Drums and Pails, Metal {5 and 16.64 Gallon)

Beneficialcomments(recommendations,additions,deletions)andanypertinentdatawhichmaybeof
usein improvingthisdocumentshouldbe a{dressedto: NavalOrdnanceStation,AttrxStandardization
Division(61 1), IndianHead,Md.20640, by wing the self+ddressedStan&rdizationDocument
ImprovementProposal(Dl) Form1426) appearingat the end of this dment orbyletter.

“M .
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STANDARDS

Fede*al

JmD-sTD-406 Plastics, Organic; General Specificatiom~
Test Methods

Military

iiiL-si&29.. ,. ,. Marking

(Copies of specifications and

. ~.. . . .
..

.for,Shipment and Storage

standards requestid by contractors in

connection with specific procurement functions should be obtained from
the procuring act~vity or-as directed by the contracting officer.)

* 2.2 Other p~liaationso The following documents form a part of this

mecification to the extent specified herein. Unless othemdse indicated,

&e issue in effect
posals shall apply.
and o~er docments
cation 8hall apply.

on the date of invitatim for bids or request for pro-
In the event of conflict between this specification
referenced herein, the requirmenti of this specifi- ,

Am&ican S“ocie@ for Testinq and Materials (ASTl@

for

ASTM D 256 Methods of Test for Impact Resistance of Plas-
tics and Electrical Insulating Matezials

ASTM D 621 MeMod of Test for Deformation of Plastics
Under Load

(Application for copies should be addressed to the American Society
Tes~ng and Materials, 1916 Race Street, Philadelphia, Pa. 19103.)

3. REQUIREMENTS

3.1 $late%ials. The
The ing~of the
shall not be corrosive

material shall be a thermosetting epoxy resin.
catalyzed resin shall be suoh that the cured resin
to metals.

3.1,1
physical

Unoatalymd resin. The uncataly=d epoxy resin shall have the

propefiies listed in table I.

●
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TABLE I. ~ical. ~operties of uncat.alyzedliquid resin.

Values
Property Test method Min. Max.

%.
Spe;ific gravity 4*3*1.1 1.15” 1.25
Viscosity, centipoises 4.3.2 7,000 20,000
Refractive index 4.3.3 1.560 1.590
Epoq number 4.3.4 165 200

3.1.2 Catalyzed and cured resin. The resin, when cured in accordance
with 4.S.1, shall have the physical”properties listed in table II.

TAEIE II. Phvsical nramerties af cured resin.————— —. ——.——— _ _ . —_—— ___ -.. .

Values
Property Test uthod Min ● Max.

Specific gravity 4.3.1.2 1.20 1.30
Tensile strength, psi 4.3.5 9,000 ----

Impact strength, ft-lb/inch 4.3.6 0.40 -—-
Fhudness, Rockwell M 4.3.7 100 120
Deformation under load, % 4.3.8 —.- 0.5
Water absorption, % 4.3.9 — -- 0.2
Peak exotherm in 6 hours, ‘F 4.3.10.1 “-— 25
Gel time, hours 4.3.10.2 6
Volum resistivity, ohm cm 4.3.11 5X1*” =

3.2 Instruction sheet. The manufacturer shall provide, with each
resin submitted for approval, two copies of an approved instruction sheet
containing the following:

a. &xixnum usable storage life of the uncatalyzed resin.

b. Any other pertinent information on stoLage handling of the resin
such as most suitable containers and precaution to be taken in handling
resin and catalyst. a - .... . ----

4. QUALITY ASSURANCE PIKWISIONS

* 4.1 Responsibility for inspection. unless otherwise specified in the
contract or purchase order, the contractor is responsible for the perfor-
mance of all inspection requirements as specified herein. Except as
otherwise specified in the contract or order, the contractor may use his

3
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mm or my other facilities
tion requixeEkntsspecified
The Government reserves the

suitablefox the pesf ommtce of the inspec-
hesein”,~less disapproved by me Government.
right to perform any of the inspections set

forthin the specif~cationwhere-such inspections are deemedneoessary
to assures~plies and servioesconform to prescribed requirements...

?
. .

* 4.2. Qualiw confo&09 inspection. Quality confornuuwe itipection
shall be performed on each lot of resin sdxnitted for acceptan= ~d” ‘..- “ - ‘“”
shall oonsistof all the examinations and tests as specified herein.
Inspe&on an4 test procdures shall be submitte~for Governmentapproval
prioz‘tocadmwakt of pmduotion. Paflb of the resin to meet the
requirementsof &is specificationshallbe cause for the rejeotion of
tie lot repmmentid.

* 4.2.1 Lot fomatione
of an integralq-ti~
cycle. ;Amanufacturing

,

.
.

.

Fox the purpose of sampling, a lot shall consist
of the matexial produced in-one manufacturing
cycleshallbe limited to 30,000pounds of resin.

.

* 4.2.2 S~. FOX purposesof sanpling a lot or shi~ent in the
form of paokage lots (cans,drums,barrels,or boxes)shallbe limited
to 30~000pounds.of Xesin. For each lot the nuuber of indiddual packages
to be selected at-zandnm shal~ be as specified in table III. The ccm-

,posite weight of-the uncatalyzed resin removed from the seleotedshipping
containersshaU be at least 10 pement gxeater than that required to
fulfill total test speaimen needs of 4.3. The totalweight is calculated
fmm tie main density~ weight equals total specimen volume times density.
Withdrawequalweight portionsfrom each selected container such that
the total wei~t removed will resetthe composite test specimen weight
xequizants. AU of the resin required fox the tests of 4.3 shall be

taken from the composite saqle which is representative of the lot.

..

. - -TAB% XXX:. Minimw numbexof packagesto be selectedfcsx-s~ linq.- ‘--- *“-- a“
.-

Ntnnberof patiages
in the lot

lto3
4t064

65 to~125
126 to 216
217 to 343
344 to 532

NMbez? of paokages
to be sampled

all
4

. 5
6
7
8

“4,i“%... .

t
. . ...> .:

L -;
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4.2.3 Test renditions. Standardtest conditicms shallbe 23° i 1° c
(73° ~ 2° F) -d 50 t 4 pe~~nt ~~a~~ h~~ty, spe=~ns ~hal~ be
tested aftes being exposed to this temperature and hmidity for 2 days.

.
* 4.2.4 ~aration of test sJcimens and pe@ exotherm and gel time
tests. Weigh to the nearest gram approximately 1400 grams of uncatalyzed
resin and heat to 160° k 2° F. Heat, in a ventil-atecihood, a stoiohio-
=tric amount of purified mstaphenylenediamine (hating a melting point
of 145° F) to 150° ~ 2° F. The stokhiometric amount of metaphenylene-
diaxnine is derived from the epoxy number (see 4.3.4), and quantitatively
utilized in accordance with table IV. Into the meltedmetaphenylenedia-
xnineinsert a variable speed, mechanical stirrer,and add the heated
uncatalyzed resin. After the uncatalyzed resin has been added continue
stirring for 90 t 30 seconds at a speed which will minimize aix entrap-
-nt. Immediately place the container with the hot resin solution into
a room temperature wates bath and continue stirring mtil the solutia
texsperatureis bwered to 105* F. Pour part of the cooled solution into
a 12- by 4- by l-inch-deep mtal pan to a depth of 0.75 inch. The remain-
der of the solution is set aside at room temperature to be used later fox
the peak exotherm and gel time test (see 4.3.10)and the volumeresistivity
test (see 4.3.11)0 Allow the solution in the pan to cure for 24 hours at
standard laboratory (ambient temperature) condition. Post CUre for 4 hours
at 194° * 2° F. After post curing, cool the casting to rocm temperature~
machine desired test specimens as prescribed in 4.3.1.2, 4.3.5 through
4.3.9, and 4.3.11, and condition test specimens as prescribed in 4.2.3.

4.3 Test procedures.

4.3.1 Specific gravity.

4.3.1.1 Uncataly.=d resin. The specific gravity of the uncatalyzed
liquid resin shall be me~ured witi an accurate balance. The average of
three determinations shall be reoorded. The specific gravity shall be
expressed as the ratio of the weight of a given volume of the resin at
25° C to that of an equal nl~ of water at the same temperature.

* 4.3.1.2 Cast resin. lhe specificgravityof the cast resin shall be
determined ~5011 of FED-sTD-406, on three specimens. The average
of the three determinations shall be reported.

4.3.2 Viscosity. The viscosity in centipoises of the uncatalyzed
resin shall be determined with an accurate viscosimeter.

b

5
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TABLE IV. stoichi~tiic amount of metaphenyleneti~ne at determined
nnnmr =t~i~ HMUid fam uuantitv “of uncatalvzed resin.-y w-~ -e —w-- -- — ---- --- x ——- .— — —

Number of grams of metaphenyleneMdne

EpOW: nuw@e~ per 100 grams of uncatalyzed resin
:..

16.39165. . ,.
;.167 16.19

,a ,:99..’.,:,,, “.,.:,,..,, .*~ - -“- ............ ---MAO*Q ●***-** “
-w.. -“ - “ Z5.81 ~

“.:>73. . , - 15.63

175- --- .. 15.45 b

,’.177 ~~ . . ., “ :.. . 15.28.
179-” . ~ - .. 15•11

14.94181 .-’
..i83 - .. 14.78

185 . - 14.62

. 18; 14.46

.189 14.31

.191 - ~ 14.16

193 . 14.01

195 13.87

,. 197. .. 13.72.
.,199 “ 13.59

.. - ,... .

4.3.3
shall be

“.:, . .- . . . .

Refractive index. The refractive index of the uncatalyzed resin

determined by a refractmter.

.

. . . .,-

4ii“.

4.3.4 Epo~ nmber. Zhe epoxy nunber of the uncatalyzed resin is the

number of grams of resin containing one epoxy equivalent ●

It shall be

determined as folbws: .

a. In a 125=millilitez, ground-glass stbppemd Erlenmeyer flask dis-
. solve 0.5000 “gramof uncatdyzed resirr--im.25.00mi~li~tirs- of hydroc~to--<‘ ‘-

..-----

ric acid-p-dioxane reagent. This reagent shall be prepared by pipetting
4.00 milliliters of reagent grade concentrated hydrochloric acid into a
250-IniUilitex volumetric flask and fillingto the markwith p-dioxane
having a melttngpoint of 11~5° C.

b. The resin solution as prepared above shall be allowed to stand for
20 minutes, with occasional shaking.

c. After standing, wash into a 250-milliliterbeakerwith 50 milli-
litersof distilledwater followedwith 40 millilitersof acetone.

d. To the wash add 5 milliliters of reagentgradenitricacid and
0.2 gram of gelatin.
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.,..~,,.+.....
“’3?

L

.-. .,..,

e. With continuous stirring, the mixture in the beaker shall be
titrated with 0.1000 normal silver nitrate solution, using a calomel
(saturated)-silver electrode system (see figure 1) containing a 0.05-molar
ammonium nitrate bridge, to deteot the equivalence point potentiometri-
cally. Reagent grade silver nitrate shall be used. The end point of

--the=ti--tratian”shall be determined by adding the’silver nitrate ‘dropwise- -
near the equivalence point and choosing the volume where the greatest
change in potential occurs.

AMMONILIM NITRATE SALT BRIOGC
I

T POTENTIOMETER

.

L CAlmOMEL ELECTRODE

AMMONIUM

Y F

— , —

1

SILVER ELECTRODE

T
FIGURE

SOLUTION TO BE 71TRATED~

x. Titration assembly.

7
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.

f. The epoq n~ex shallbe calculatedas follows:

vei~k of &sin saqple X 100
EpoxyNo. =

0.0001(mlof O.3N AgN03 for blank) - (tiof AgN03 foz (HCL)

* 4.3.5 Tensilestrength The tensilestrengthof the c8talyzedend
. -ed resinshall be dete&ined by method lQ1l of FED-STD-406m test -. .. . . .. ....

specimens constructedin awordinm wit% figu&e2. The zate of head

t~avelfor tie tensiletestingmaohineshallbe not greatetthan
0.05 inoh per minutewhile eactensane~rreadingsare made. The average
of fi~ de-tizminatione~all be reoorded.

r
.-

1.000”

..

b!!ii!rt,

.- --J
FIWRE 2. TensUe tept upeciwn.

..*..*

L
. .-.....:.t...

Downloaded from http://www.everyspec.com



tii?

. .

v.

MIkR-2193U(OS)

4. 3.6 ~act Strength. The impact strength of we cured resin shall
be determined in accordance with ASTM D 256 a 2.5- by 0.5- by 0.25-indh
specimns. The average of five determinations shaZlbe recox-&d.

.. .- .0

* 4.3.7 Hardness. Rockwell M hardnesson the cured specimensshallbe
determine~scribed by method 1081 of FED-STD-406, The averageof
four readings per casting shall be reported.

4.3.8 Deformation -ynderIoaa. Deformationunder a 2 ,OOO-poun+per-
square-inch (psi) load and 160° * 2° F of a 0.5-indh-ctie cured resin
specimen shall be determined as prescribed in ASTM D 621, The average ●

of two measurements shall be recorded.

* 4.3.9 Water absorption. Water absorption of the cured resin shall
be determined as prescribed in ~tiod 7031 of FED-STD-406. The average
of three measurements shall be recorded.

4.3.10 Peak exothem and qel time. The sam sample shall be used for
the peak exotherm and the gel time ~asurements.

4.3.10.1 Peak exothem. The peak exothwm shall be determined as
follows: 300 k 5 grams of the catalyzed resin as prepared in 4.2.4, and
cooled to 105° F, shall be poured into a standard n-ex 1 @ll % 4.00)
can immediately. A thermocouple shall be mounted securely and orien-
tated in the exact cente%, vertically and horizontally of the liquid
resin. The temperature of the reaction mixture shall be =asured period-
ically every 5 to 15 minutes over a 6-hour period. The peak exotherm
shall be reported as the maximum temperature rise above 105° F. The
ambient room temperature shall be 750 k 2° F. .

.

4.3.10.2 -1 time. The gel time shall be reported as the time required
for the Samp-3. 10.1 to become stringy as determined by the lower-
ing and mising of a thin wire into the reaction mixture.. . 7

0‘u “,..,
4“‘

9
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4.3.11 volume resistivity. The volume resistivity measurement is made

as follolk

“4.3.11.1ADlmratUs. -

a,
b.
c*
d.’“.
e.

--

Strip electrode ass-ly (see figure 3)
Top cover plate (see figure 4A)
Strip-electrode spacez (seefigure 4B) --, .. ,.~ - ...“-.

Standar& number 1 can
..

Keih.ley ~de$ 2008 shunt attachment (see figure 5)
. ~
f. “45-tilt-ktandardbattezy.

..-. .
-...

4.3.11.2 Monitoring device (fabrication and assembling).

a. The strip electrode asse&ly shall be fabricated as specified in
figure 3 and shall consist of two brass stip electrodes, two Teflon
strip electrodes, two Teflon strip electrode spacers (see figure 0) ?
and a lucite or polystyrene top cover plate (see figme 4A).

b. The strip electrode assembly is placed in the standard number 1
can with the cover plate being supported by the top of the can, and two
~rxninal~ connected to the current monitoring deviceas shown in figure 5.

.

~e’.ovemll monitoring de~ce consists of a Keithley model 2008 decade
shunt atta~ent and a 45-volt batte~.

.

4..3.U”.3 Resin preparation. The catalyzed resin, as p%epared in 4.2.4
and coaled to lC)50F shall be poured into the number 1 can to a depth of
at least 1 centimeter”above the electrode strips. The catalyzed resin

shall be cured for 24 hours at standard conditions- Postcure the casting

in the can by reheating to a temperature of 194° ~ 2° F throughout the
resin and holding this temperature for 4 hours. Cool the resin to stan-

= &rdcondition before-testing:..... .. ii .-- ..- ............ ... ... , .......... ..r~

4.3.11.4 Prooedure. The monitoring device shall be turned on and
allowed to warm up for about one-halfhour. The resistivityshallbe
measured at a field strengti of approximately 200 voltsper centimeter.
‘Ihevoltagedrop acrossthe sample and the currentin amperesshallbe
read direotly from the electrometer and the volume resistivity, P ? cal-
culated from the following equation:

A (Eb - Ed)
p=~

LI
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where:

2
A = surface area in cm of the electrode
L = current pa~h length in centimeters of the material

A/L = 86 for electrode described

‘b = battery voltage
Ed = voltage drop across the sample

I = current in amperes.
... . . . . . ● .- . . .. . .

“@4.

s .

* 4.4 ~ an. The packaging of the resin shall be
examined for conformnue”ko the requirements of section 5.

4.5 Resubmission pnd retest. Resin which has been rejected may be
reworked or replaced to correct the defects and resubmitted for accept-
ance, Before resubmitting, full particulars concerning previous rejec-
tion and the action taken to correct the defects found in the original
shall be furnished to the procuring activity, Resin rejected after
retest shall not be resubmitted without the specific approval of the pro-
curing activity. .

* 5.

* 5,1
C, as

PACKAGING

Packaging md packing, Packaging and packipg shall be level A or
specified in the contract (see 6.2).

. *

5 5.1.1 Level A. Unless otherwise specified, the uncatalyzed epoxy
resin sha~aokaged or packed in 5-pound, 5-gallon, 120-pound steel
containers, or 55-gallon steel open head drums as designated by the pro- “
curing activity. Five-pound containers shall conform to type V, class 2,
of PPP-C-96 and shall be packed for the level of shipment in accordance
with the appendix thereto. When containers are manufactured from electro-
lytic tin plate, the containers shall be made from O.SO-pound material.
Interior and plan B exterior coatings shall be required. 8Five~allon
and 120-pmnd steel containers shaU ccmform to type II (class 2, 5-gal-
lon lug cover pails) and type III, class I (120-pound (16.64-gallon) lug
cover drums) of PPP-D-760, respectively. Packing for shipments will not
be required. Fifty-five gallon drums shall conform to type III or IV of
PPP-D-729 and shall have a full removable head with bolted ring or level
locking devices. Drmm shall not require overpacking for ship .Ats.
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I(EITHLEY MODEL 2008
.. . -0------ - . .. .... w..-.-., “.,s,.4,,w.e ●m.?. %-.. .--b%.SHUNZ.U)hQ. LO’.2=OMMS. . .......=-...-.....:.“.’

/

/

i

\

1
\

\-

SAMPLE CELL

. .

-\
\

--,, @-

A

/ ELECTROMETER

/ KEITHLEY MODEL 2!0

/
/

OUTPUT FED TO I MA

ESTERLINE -ANGUS

RECORDER

BATTERY,V~

WI R lNG DIAGRAM OF MONITORING DEVICE

FIGURE 5 ● Wiring diagraxnof monitoring device.

.
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Q’ Q.“....

* 5.1.2 Level C. The epo~ resin shall be packed in a manner which will
provide p-on from damage during direct shipment from the contractor
or supply source to the first receiving activity for immediate use. The
type of containers used shall conform to applicable carrier rules and
regulations.

5.2 Mark$nq. In
. tzact or order, all

60 NOTES

addition to any spec~al marking required by the con-
marking shall be in accordance with MIL-STD-129: -

6.1 ~ntended use. This epoxy resin is intended for use in ordnanoe
applicatiens.

6.2 Orderin-. Procurement documents should specify the following:

a. Title, nunber, and date of this specification
b Lot and code number
c. Quantity required
d. Size of container
e. Level of packaging

* 6.3 Supersession data.
of MIL-R-21931(Wep) , dated
2 October 1957.

* 6.4 The margins of this

and packing.

This specification includes the requirements
17 February 1959, and NAVORD OS 8095, dated

.

specification are marked with asterisks to
indicate where changes (additions, modifications, corrections, deletions)
from the previous issue were made. This was done as a convenienceonly

> and the“Governmentassmnesno liabilitywhatsoever for any inaccuracies-’ -
in these notations. Bidders and contractors are cautioned to evaluate
the requirements of this document based on the entire content irrespec-
tive of the marginal notations and relationship to the last previous
issue.

Review activity~ Preparing activity: “

ARMY-EA NAVY - OS
(ProjectNo. 9330-N773)

(G“ —.- ..-.— -.-——- .—— — .—-.— .—
I
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STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL (X#3#f&?’Bl
,-

1NSTRUCTIONS:Thepurpose of this form is to solicit beneficial comments which will help achieve prwure—
ment of suitable products at reasonable cost and minimum delay, or will otherwise enbanca use of the docurne:
DoD contractors, government activities, or manufacturers/vendors who are prospective suppliers of the produc
areinvitedtostibmitcomments to the government. Fold on lines on reverse side, staple in comer, and send t~
preparing activity, Comments submitted on this form do not constitute or imply authorization to waive any
portion of the referenced document(a) or to amend contractual requirements, Attach any pertinent data which
may be of use in improving this document. If there are additional papers,attach to form and place both in an
envelope addressed to preparing ●ctivity.

DOCUMENT tDENTIFIER AND TITLE

MIL-R-21932 Resin, EPO.YW
NAME OF ORGANIZATION ANO ADDRESS CONTRACT NUMBER

. _-

MATERIAL PROCURED UNDER A

O DIRECT GOVERNMENT CONTRACT o SU8COt$JTRAC

1. HAS ANY PART OF THE DOCUMENT CREATED PROBLEMS OR REQUIRED INTERPRETATION IN PROCUREMENT
USE? .
A. GIVE PARAGRAPH NUMBER AND WORDING.

B. RECOMMENDATIONS FOR Correcting THE DEFICIENCIES

COMMENTS ON ANY DOCUMENT REQUIREMENT CONSIDERED TOO RIGID

IS THE DOCUMENT RESTRICTIVE? *

o YES m NO @f ●“Y08*”, h what way?)

REMARKS

JBMITTED BY (Prfntod of typed nune -d address - Optional) TELEPHONE NO.

DATE

— —
SIN 0! 02-014-1002

REPLACES ED!TION OF 1 JAN 88 WHICH MAV BE USED

.
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CommandingOfficer
Naval Ordnance Station
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Indian Head, Md. 20640
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