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This specificationis mandatoryfor use by all Departments

and Agenciesof ihe Departmentof Defense

1. SCOPE

1.1 Scope. This specificationcoverstwo typesof
in the mmfac~ure of ordnancematerials.

1.2 Classification. The zirconim,shallbe of two

Each type shall have 3 c’lassesas indicatedin tables

&pe 1 -
!&pe 11=

2. APPLICA=

Granular
Powderei

I)CKmEK’rs

2.1 The follo~g documentsof the issuein effect
for bids or request for propo=l, fom a pafi of *S
extentspecifid hereti.

SPECI=UTIOIJ
.

F’EDmAL

.RR.s-366- Sieve$Test

zirconim for use

typesas follows:
I and II.

on date of invitation
specifimtion to the
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slAmARDs

MILITARY

MGSTW105 - Samplti”gProceduresand Tablesfor Inspectionby Attributes
MGSTB129 - Maz3@g for Shipmentand Stomge.
MIIATD-1233 - Proceduresfor Dete~ g ParticleSize,ParticleSize

Distributionof PackedDensityof PotieredKterials

(Copiesof specifications,standamis,drawings,and publicationsre
quiredby suppliersin connectionwith specificprocurementfunctions
shouldbe obtiinedfrom the procuringactivityor as directedby the
contractingofficer.)

2.2 Otherpublications. The followingdocumentsfoxma part of this
specificationto the extent specifiedherein. Unlessotherwiseindicated,
the issue in effect on date of titivationfor bids or requestfor proposal
shallapply.

AMERICANSOCETY RR I’ESTINGANDMA’HRIALS

D 1193- ReagentMater

(Applicationfor copies should be addressedto the AmericanSocietyfor
Te”+tigand Materials,1916Race Street,Philadelphia,Pa., 19103.) ,=--.

(Technicalsocietyandtechnicalassociationspecificationsandstandmds
●re generallyavaibble Zor referenceftmm lib~ries. Theyareaho
distributedamong technicalgroups= usingFederalagencies.)

DEPARIWZ’JTOF!EULNSPORTATION

49-CR ‘EansportationPatis 1-199

(Theseregulationsmay be purchasedfrom the Superintendentof Documents,
GovernmentPrintingOffice,Washhgton, D. C. 20402.)

3.1 Particlesize requirements. me I zirconiumshdleonfomto the

particlesize requi~ts specifiedin table I, and typ II zircmim
shallconfoxmto the particlesize requiremen~ specifid in table II.
me tests for these requirementsshall be as specifid in k3.3.
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~ble I. Particlesize requirementsfor type I zirconium

Sieve Chss 1 class2 C12SS 3

Ihm No. 20 sieve(~ ~CI’OX@t
pez%entby weight ~ min.

Thru No. 60 6ieve (250 microns),
pezventby weight 5 max.

ThruNo. 80 sieve(177microns),
pemmt by weight

- No. 3-00sieve (M9 ~c~ns) c
pement by weight

Thru No. 170 sieve (88 dcrons) ~
pe~ent by weight

Thru No. 200 sieve(74 micro~)9
pe~ent by might

Tnru No. 325 sieve (M ~cro~) ?
penent by weight

100

98 min.

50 mat.

25 =.

100

98 mine

Subsieve

Less than 20 microns~ percent by weight X)*Omax.
Less than 10 microns,Pexent by weight 2.0m.

Table II. Particlesize requirementsfor type II zimonium

Sieve class1 (mm 2 class 3

TiUWNo.320 sieve (125 microns),‘--
pemxxxtby weight 99*5 min

T&u BIoe200 sieve (74microns),
pement by wight 99 ah. 99 ah

ThruBuckbeeI14earsNo. 26 uievs,
(20 ticmns), pe=ent by wi@t 96-. 96 ah.

Subsieve

Le8sthen 9 microns,pement
by ueight $5 min. 85 ah.

3 dcrons, pe=ent by ueigh~ mm W-w
0.75 microns,penent by weight -30 1230

Average pa z%iclesize,micmns 2.9L0 Zeo● 0.3 3.0● 1.0

3.2 Chemicalre@rements. ~ ZiX’COIli~ SW CCdOl= tO the chemical
requirementsas specifiedin *ble m.

3
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3.3 BurntiFtime. ‘&pe II zirconium,classes1 and 2, shall have a
burningtime beLween1.3 and 2.4 seconds(per 10 inches)when determined
as specifiedin 4.3.13.

4. QUALITYASSURA.N2EPROWHONS

4.1 Responsibilityfor inspection. Unless otherwisespecifiedin the
contractor purchaseorder,the supplieris responsiblefor the performance
of all tispectionrequirementsas specifiedherein. Exceptas otherwise
specifiedin the contractor ofier,the suppliermay use his ovm or any
other facilitiessuitablefor the performanceof the inspectionrequirements
specifiedherein,unlessdisapprovedby the Government. The Government
reservesthe right to performany of the inspectionsset forthin the
specificationwhere such inspectionsare deemednecessaryto assure
suppliesand setices confoxmto prescribedrequirements.

4.101 Contractoro~lity assurancesystem. ‘i’hecontractorshallprovide
and mintain an adequatequalityassumnce systenacceptableto the GoverrJ-
ment coverin:the suppliesunder the contract. A currencwritten
descriptionof the system shall be submittedto the contracttigofficer
prior to initiationof production. The writtendescriptionwill be con-
sideredacceptablewhen, as a minimum,it providesthe qualityassurance
requiredby this specification. The contractorshallnotify the Government
and obtainapprovalfor any changesto the writtenprocedurethat might
affect the deomee of assurancerequiredby this ~ecification or other
applicabledocumentsreferencedherein. -7A

*

4..2 Inspectionprovisions.

4.2.1 Lot formation. A lot shah consistof one or more batchesof
zirconiumproducedby one manufacturer,in accomiancewith the same speci-
fication,or same specificationrevision,mxler one continuousset of
operatingconditions. Each lot shallconsistof that quantityof
zircodw that has been subjectedto the same unit chemicalor physical
pxwcessintendedto make the finalproducthomogeneous.

4.2.2 Examination. San@ngplans and proceduresfor the following
classificationof defects shall be in acco-ce with MILWW105. Also,
at the option of the procuringactivity,AQL’s andqling plans may be
appliedto the individ@ characteristicslistedusingan AQL-of 0.25
percent for each major defect and anAQIJofO.40 pe~~t for *ch*or

defect.

5
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4.2.2.1 Containersfor domesticshipmentand limited storage,p rior
to Closinge

Methodof
Categories Defect8 inspection Code No.

Critical:
1. Zirconium insufficientlyuet(see5.1) Vi8ual OJOO1

Major: None defined
Minor: None deftied

4.2.2.2 swed container.

Method of
Categories Defects inspection Code No.

Critical: None defined

lla~or:
201. Contaimrleaking visual 02001

Minor:
‘J2. Hdcingmisleaciingor unidentifiableVisual

4’2’3 -“
All easplingof Ixx3itiualcontainersshallbe acce

pliuhedb sw a IIWUIWrthat the%saqleis reprwwtative of the entire

contentsof the container. Ixiivifiualor cospositesaqles ahll be
identifiedin awh a mnner as to protie positiveMan~tioQ ●s to
the containeror contatiersrepresentedby eachua@e. A mmdom sa@e
of fUled container88M3 be mlected fmm the lot in aocomiancetith
NIIFSTIMD5.Ihuever,whena lot c0qmi8es lessthanX3 contdiemt
all containersshallbe ?kkted. Appxx@mtely eq@ portions8haU be
takenfromthe selectedcontainersin suchquantitiesthatthe aggre~te
wei@t of 8uch portionsuhallbe app~tely eight($) ounces. (IW3e
portionsSW then be thoroughlymixedto foxma cmposite sampleuhich
shallbe used for the chemicalcompositionad granulartests● The
compositesampleshallbe placedin a suitablecontainer,sealedd
identified.)

L3 lhstrmcedures.

4.3.1 Tests. Except as specifiedherein, reagent
distiJled water in accordance with AS3Y4D 1193 s-
the tests.

gradechemicalsand
be used throughout

6
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4.3.2 Sample pre~aration. Shake the sample so that the solids are
disDersed as unifomly as possible in the liquid in which the matetil
is ‘shippd. Quickly pour bff an amount of the suspension that will contati
enough of solids for all the tests to be mn (appro-tely 65-70 gm. for
type I zirconiumand 2&25 gm. for type 11 zirconium) into a Buchner
funnel containinga Whatman 42 fil*r paper. Apply suction ad wash with
water, then three t~es fith acetone and t~ce ~th ethero Allow the

ether to drain off completely. Transfer the sample to a large watch
glass, spread out the material with a spat-, and allow h dry by
staxding overnight. Heat in an ovenat 50°C(322%7)for 2 hours. Store
in a stopperedbottle.

4.3.3 Particle size detetition.

4.3.3.1 e I zimonium.

4.3.3.1.1Sieve sizin~. Weigh 50 gm. of the dry sanple into the top
sieve of the s~ecified nest of sieves (see table I) conformhg to the
requirements0? m3~60 Cover the sample and shake for 30 minutes M a
mechanical shaker geared to produce300* 15 ~tiom and 150* -5 of
the shaker per minute. Weigh the portion retained by each sieve and
calculate the percen-ge passing through the sieve in questio~

L3.3.I.2 Subsieve. Detexndne the particlesizedistributionon 2.0
gm. of the -~kt passesthroughtheNo. 325 sieve~use of the
A@massenpipetmthti (see6.3). ZheprescnWtim is as follows:

!IkiethyleneGlycol-. 90pement bymlume
Distilledwater lo percentby volume
MO pexwentaerosol 0.2 pemmt (ti/~)

&lctitions are derived from W@kes M@ acco~ to tM following
follulllas:

“)’= ‘V’E5
(2) k-

(3) t=
I!chXlob
~2

7
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where: d =
k=
t=
n=

h=

% -

%?=

e=

(J+)

diameter in microns in foxmlar 1 and 3
a cons~nt in formulas 2 and 3
time of fall in seconds in formulas1 and 3
viscosity in centipoises of disperstigmedium at a definite
tempe~ture in formulas 1 afi 2
distance of fall in cm. in fomulas 1 and 3
density of the dispersing medium in a gm cc at the same
temperatureas %“ in fomtis 1 and 2
density of particle in gin/ccin formula 1; in formula 2, D~
is density of sample at same tempemture as hW

2accelerationdue to gravity = 980 cm/gec in fores 1 ant 2

wt. of withdrawal x 100 Pemen+Age of particles cf
fractionpassing through aW. of initial withdrawal = ._ ...
No. 325 sieve

4.3.3.2 me II zizonium (see 6.9)

4.3.3.2.1 Sieve sizin~.

4.3.3.2.2 Sieves No. 120 and 200. Weigh 10 gm. of the dry sample into
a tared No. 120 sieve. R~st this sieve on a tared No. 200 sieve, if the
latter sieve is to be used (see table II). Both sieves should be 3 inches
kdiameteraxd confom to the requirmnts of ~-S-366. Wash the sample
with a needlesprayof wateruntilno moremiaterialpassesthrough the ‘
sieves. Rinse with acetone, allow to air+iry, and then heat at SO°C
(1?6?) for 2 how, cool,and wigh. Calculatethe pe=ent of the
materialpassingthroughthe sieves.

4.3.3.2.3 ~ckbee MearsSieveNo. 26. Place a BuckbeeHearsSieveNo.
26 (see 6.4)intoa ibnel o-ra m d. beaker. For type 1, weigh
2 gm. of the finesfrom4.3.3.2.2intoa watch@Ass; for type11, weigh
2 gm. of the original dried sample into a watch ghss. Add a few ml. of
5 percent sodium p~phospbte solution. Dispeme the sample to a smooth
paste with a rubber police- ml -sh into the sieve with water from a
wash bottle. Wash the fineparticlesthroughthe sieve,usingdilute
sodiump~hosp~te solution (20 ml~ of 5 percent pyropho~hate solution
per literof water)and a camel’shairbrush. Uash withacetone and
allow the sieve to dry in the air. Tz7ansferthe residueto a tared

weighing bottle, dry at 80°C (1769) for1 hour,cool~a desiccator,
ad weigh. Cdctiate the percent of the material passng through the sieve.
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4.3.3.2.4
Conium shall

Subsieve. The particlesizedistributionof type II zir-
be detemined by use of the Eagle-PicherTurbidimeter(see 6.5).

4.3.3.2.4.1 Preparationof sample. PlaceapproximatelyO.1 gm. of the
pouder sampleon a clean watch glassand add 5 drops of O.11 molar aqueous
sodiump~hosphate solution. Dispersethe samplead solutionwith a
robberpolicemanuntil thoroughlyblended,a!xiall aggregatesbrokendown.
Place a 20 micron sieve in a funnelwhose stem leads to a 250 ml. graduated
cylSmder,fitteduith a groundglass stopper. Pour a quantityof saturated
sodiw p~ophosphate solutiononto the 20 ticron sievesufficienttO give
a total of 2.4 ml. of solutionon the watch glassand sieves Wash the
samplecarefullyfrom the watch glassand policeman through the sieve,
using water from a wash bottle. A smallcleancamel’shair bmsh may be
used to assure that all particlessmallerthan 20 micmns pass the sieve.
Wash the sieve thoroughlyuith waterto xwmoveall the particlesfrom its
bottom. Wash the funnelad removeit. Dilutethe saxplesuspension
con~ined b the graduatedcyltier with water to 100 ml. Shake the sample
containedin the gxadmted cylindervigorouslyto obtitia unifom
suspension. Pour appro-tely 1>~ nil.of the suspensionquicklyinto a
second250 uil.@ass stoppertigraduatedcylinderand dilute to 100*O ml-
The t~emtm of the diluted saupleshallbe held constantto plus or
minus 1 C dining all subsequentoperat-.

4.3.3.2.4.2Ad3ustNnt of turbidhter. !Fum on the light so~e at
least 15 minutes beforeuse to achievestability. Connectthe mcro-
amneter. Clean the transmissioncelluellad placeit in the turbidimeter.
Place the copperfunneloverthecell- setthelightshie~ in placeto
obstmctthepassageof lightthroughthecello Pour 100.O -. ofouater
tito thecellthroughan unconstfi-tedglassfunnel.Adjustthelxght
so-e irisdiapb~ untila readingof 300.0microampereis obtained
on themicroammetero Allow theturbid~-r to rematitiistur&d for
5sLinutesand dete~e that the microamme~r rea~ rmins unck~.
Adjust thecellelevatorso thatthedistancefromthesurfaceof the
Waterto thecenterof thelightslotis 1.25cw

9
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4.3.3.2.4.3Adjustment of sample concentration. Remove and empty the
t=nsmission cell, and replace it in the turbidimeter. Phce the c~~er
funnel over the cell and set the light shield h place to obstxwctt~e
passage of light through the transmissioncell. Shake the diluted sample
suspensionin the graduated cylinder to disperse it completely. Pour the
sample ,quicklythrough an unconstrictedglass funnel in the transmission
cell, rotating the cyltier as the suspensionflows from it. Immediately
after the suspension is poured into the cell, remove the light shield,
and note the microammeter reading. The initial microazmeterreading
should be between 60 ad ~. If it is not, repeat the applicableparts
of above using a new sample concentntion, until the initial microammeter
readtig is between 60 to 80.

4.3.3.2.4.4Recoding of data. Record the reading of the microamrneter
every 0.2 minute. for the first minute; every O.5 minute for the second
and third !ninutes;every minute up to 20 minutes, and then eve~ ~ tiutes
until 80 mhutes have passed.

4.3.3.2.4.5Calculationof results. Using Ketifel and EsserlSo.
&UO (old No. 358-81) graphpaper,or equivalent, plot the data points.
Plot the percentabsorptionon the Mnearaxisad the time inmhutes
on the logarithmicaxis. Drawa best fit swoth curvethroughthedata
~oints extending the curveat the uppererxito the 0.05 tiute interval.
Drwreference narks on the c-s at the time at whichthemicronizes
have fallen past the readinglevel. The timeof fallvaluesare given !i

in tableIV for the differentsiseparticles.Usingpxwjectim and UO*
abets or equivalentobtdnablefroathe JoplinPrhting -, JoP~9
Missouri,layout a graphin the tighthaxxlsectionplottingthepercent
Ught absorbedvaluesfromeachparticleshe fFoQO.5 U 8.O~CWM
hclusive. Draw a smooth cume through the points using a I?ietzgen
curve#21~19 or eguitient d pro#ct the curveemoothlYto the ox.

M the fifltcolumnof the louerlefthad comer, recoxxlthe radius
intervals listed in table IV uith the smallestradius interval at the
top. Recofi the percent absorption values for the different radius
intervals in the next column head PA (prior abso~tion - the pex%ant ab
sorptionpfiorto the titervalin question).The =lues in thiscolumn
above8 micronswillbe takenfromthe originalplot of K & E No. 46-601Q
ad for 8 micronson down froathe secod graph. The next column (A A)
is for ixacr-ntallightabsorbedfor the u=ted radius&terval. It is
obtained by subtractionof the successivepx%orabeoxptionsof the
previouscolumn. To M the El (equivalenthidings), multiply each~ A
flp by the appropfiteMght (equivalentMding) factori-ntableIV.
Totalthe El columnand dirhieeachEM figureby thetotalto dete-e
the weight pertant for the next column. Add the pe~entage cumulatively

for thelastcolumn.

10
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(,

I TO detexmine the final percentage less than 9, 3 ~ 0.75 microns, select
the approfiriatefigure from the cumulativepercent column and ❑ultiply
each by the fraction less than 20 micmns as follows:

2QQHQFinal percent corrected for 20 micron removal = ~~

where: D = percent cumulative less than the diameter selected.
A= percent on 20 micron sieve as detetined in 4.1.3.2.3.

Table IV. Time of fall values for ziwonium potier
(Eagle-PicherTurbidimeter)

Radius titerval Time of fall Avg. diameter .
microns) (tiutes ) (ticrons) Light factor

1>20
l&15 “
8-10
6-8
5-6
bs
34
2-3
1-2
0.5-1
0.2H.5

0.080
0.182
0.284
0.525
0.725
1.14
2.02
4.54
18.2
72.6
290

35
25
18
14
11
9
7
5
3
1.5
0.75

33.3
23.8
18.7
14.7
12.0
9.3
6.67
l@oo
2.40
1.90

0.0-0.25 u61 0.25 1.45

4.3.3.2.5Awxwe particlesize. me avemge particlesizeshallbe
dete-ed by the Fishersubsieyemethodas described iIIMH~~33,
method 100*

4.3.4 Determination of zirconium.

4.3.4.1 Reagents.

4.3.4.1.1Mandel$c acid solution (15 Penent). Dissolve 75 gm. of
mndelic acid in water and dilute to 500 ml.

4.3.4.1.2 Mandelic acid wash solution. Dissolve 25 gm. of mandelic
acid in @Cl ti. of water, add lb ml. of hydrochloricacid, and dilute to
500 ml.

11
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I 4.3.4.2Procedure. Transfera 0.23 to 0.25 gm. of the dry sample;
weighedto 0.1 mg. to a large platinumdish. Add 15-ml.of kter, 10 ml.
of sulfuricacid (1 to 1), 5 ml. of nitricacid and 2 ml. of perchloric
acid. Cover with a plasticwatch glass. Add 5 ml.of hydrofluoricacid
in 0.5 ml. portions from a plastic medicinedropper,while swirlingthe
platinumdish and allowingabout 1 minute betweenadditions. After the
finaladdition,allow to stand for five minutesto completesolution,
then wash down the watch glass with water. Emporate to fumesof sul-
furicacid at gentle heat withoutthe watchglass,removethe dish from
the hot plate, cool it h water, wash down the sideswith water,and
swirl. Again evaporateto fumes of sulfuricacid at gentleheat, then
raisethe temperatureof the hot plate to moderateheat,and evaporate
to drynessand the disappearanceof fumes. Cool somewhat,add 50 ml..
of water and 10 ml. of hydrochloricacid, swirl,and heat on the hot
plate at gentleh-t for 5 to 1.0minutesUtil the solutionis clear- .
V/ashtito a 400 ml. beakerand police the platinumdish.

Diluteto a proximately120 ml.,
7

put in a stirringrod, and heat to about
80°C (1’7’b°Fon the hot plate. Add 75 ml. of mandelicacid solution
(lj percent)froma graduateover a period oflj to30 secondswhile
stirringthe solutionwith the stirringrod. Stir frequentlyduring
the nextojminutes. Cover with a watch glassad allow to standat
about 80 C (176°F)for 40 minuteswhile stirringoccasionally. Wash
‘own the cover list with water, filterthrougha WhatmanNo. 40 filter
paper, and collect the filtrateh a clean 400 ml. beaker. Policethe
stirringrod and beaker,and wash the filterpaper and precipitatewith
mandelicacid wash solution. Place the filterpaper and precipitateinto
a taredplatinumcrucibleand heat on the hot plate at highestheat for
1 hour or more.

WithinN mhutes after the filtration,wash the filtrateinto the original
fQOml. beaker,cover witha watch glass (but do nothsertastix d),
and heat to about KI°C (176%) on the-hotplate. Pbce the beakerh m
oven at about 80°C (176~),coverwithan invertd1 literM=ker, -
allow to stand overnight. Filter througha WhatmanNo. 40 filterpaper
and transferand wash with mandelicacid wash solution. Place the fflter
paper intc the cmcible containingthe firstprecipitatead heat on the
hot plate at the highestheat for 1 hour or more. Burn off the carbona-
ceous mater~ over the low flame of a Meker burnerand then heat over
the full flame of the Meker burner until the precipitateis white. Ignite

over a blast burner for 20 minutes,COO1 in a desiccator?~ weigh.
Calculateas follows:

lz
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74.03A

Pement zimonium = ~

where: A = gr~.of precipitate
W = gm. of sample

Note: Hafnium is counted with the zixvonium.

4.3.5 Dete*tion of calcium (see 6.6).

403.5.1R-gents.

4.3.5.1.1 Standaficalcim solutionNo* 1 (1 XL = 1.0 IIIg.of @ ~Y
reagent grade calcium car”~na~e for 3 hours h an oven at llOUC 230°F),
transfer 1.2486gm. to a covered@ ~~ ~~er~ add 10 ~. Of d~ute
hydrochloricacid (1 to 3),=sh down the sides of the beaker, boil for
3 mhutes, cool,and dilute to 500 ml. in a volumetric flask.

Pipet5 ml. of standaticalciumsolutionNo. 1 into a 500 ml. volumetric
flask and dilute to the =rk. Preparefreshdaily.

4.3.5.1.3Methyl omnge indicator. Dissolve 0.1 gm. of methyl orange
in 100 nil..of water.

4.3.5.1.4 Mxexide solution. Dissolve40mg. of goodgrademurexide
in 75 ml. of waterat 10UC (50~) in a glassstoppered250 ml. pyrex
bttle ard add 175IL of 95 petient et@ ~coh~~ StOre~ a
refrigeratoratabout10°C (509].

4.3.5.2 P=P aration of calibrationcurve. Transfer2.0, 4.0,6.o,
8.0,and 10.0ml. portions of standafi C* illlllsolution NO. Z tO SW RiL.
beakers,and add 50 ail.of uater,2 atl.of sulfuricacid,2.5 gm. of
amnotium chloride, and 3 drops of methyl omnge indicator. Carry a

[
reagent blank through the entire procedure this is essential). WMle

swirling the beaker add ammonium @droxbie 1 to 1) until the solution
turns yellow and then add 30 ml. of titrfi acid. Bofi do~ ~t~ut
cover glasses at the highest heat of the hot plate to fumes of sulfuric
acid and continue heating to the complete disappea-e of fumes. Allow

to cool, wash down the sides of”the beaker from the very top with a wash
bottle, - add 25 IL Of nitricacidand 25 il. of hydrodll-ortiacid.
AgainMat at highest heat of the hot plate to the complete disappearancee
of fumes. Allow to cool, wash doun the sides of the beaker and boil down
to dryness. Again allow to cml, add 30 ail.of water~ ~d bofl down to
20 ml. Add

z
ml. of water and wash into 50 EL. volmtric ~sks. Cool

to 10° to 15 c (50°to 59°F)~ a co~ =ter ~th”

13

Downloaded from http://www.everyspec.com



MGZ-399D

Remove the volumetric fhsks from the water baths, add 2.0 ml. of O.lX
sodium hydroxide solution and wash down the sides with a little water.
Add 10.00 ml. of murexide solution,dilute to the mark, and ktithin30
minutes measure the absorbance at 50~ m with a Spectrophotometerthat
has been set to 100 penent transmittancewith the reagent blank. Plot
mg. of calcium a~tist absorbance.

&3.5.3 Procedure. !kansfer0.4 gm. of the sampleto a platinumdish
and add 10~ter, 4 ml. of sulfuricacid, and 2 ml. of hydr-
fluoric acid, and swirl. Car~ a reagent blank through all steps of
the procedure (this is essential). Washdown the sides k~th -ter,
evapoxate to fumes of sulfuric acid ad fume for 2 or 3 tiutes.
Allow to COO1.

If heavy metals such as copper or nickel are present in amounts greater
then 0.05 percent, perform a memury cathode dectxwlysis, otherwise
proceei as in the next Parag=ph. For the mem~ cathodeelectrolysis,
dilutethe solutionto about 150 ml. with ~ter, wash into a mercury
cathode cell, and electrolyteat 5 volts for 45 mixiutew.Filter through
a Whatman No. @ filterpaper intoa W IL beakerthathas graduated
“Markings.

3ilute to about w ml., add 5 ~. ofammoniumchlotie and 3 drops of
me+hyl orange indicator, and heat to about 80° to 90°C (176°to 19A+%).
WLmie each beakerfromthe hot plateindividually,and adclasmonium
hydro3cLde(1 to 1) froma buretwithvigoroussti- untilthe first
signof a precipitate,ad thencqntinuethe additiondropwiseuntilthe
solutionjustbecomes ellow.

g
Diluteto the 350 ml. -a tithhot water

(temperature80° to 90 C (176°to 1940F))andallowthe beakerto stand
nearthe edge of the hot platefor 5 dnutes so thatthe precipitate
settles. Filter immediatelythrougha UhataanNo. U futer Pper ~to
a f@O d. beakerwith graduatedrn~a. =- - -t 25 ~. of
solutionand collect175IL

If the manganese contentis greater than 0.05percent, make a manganese
dioxide p~cipitation, otherwise proceedas in the next panigxaph. To
tie the manganese dioxide precipitation,add U d. of bromine water
and 5 ML of anmboniumW=tie (1 to 1) to W 175figof’solution~
the400ml.beaker. Mgeat to 9yC (2030F)for 15 minutw, filter
througha Uhatwm No. Q filter~per tito a ~ ~. ~erv ~ ~sh
with water.

u
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Add ~ ml..of nitric acid to the solution (containedin a 800 ml. beaker)
and proceed with the evaporationsand development of the color as described
under the preparation of calibration curve. Convert the reading to mg.
of talcium-
calcium as

by-referring to the calib=tion curve. Calculatethe pement
follow :

A
Percent calcium= ~

where: A - mg. of W as read from curve
i?= gm. of sample in 50 ml. volume on whith color measurements

are rmde (ordinarily,W = 1/2 x 0.4 = 0.2 gmo).

4,3.6 Determinationof iron (see 6.6).

4.3.6.1 Reagents.

4.3.6.1.1Standafi iron solution (1 ~. = O.lW mg. of Fe). Dissolve
0.1000 gm. of pure iron in 100 ml..of hydrochloricacid (1 to 1) by
wazming on the hot plate, cool, and dilute to 1 liter in a volumetric flask.

4..3.6.1.2~ydrowhmine hydrochloride solution (lope~ent]. ~ssolve
50 gm of hydroxylminehydrocUorideh waterti diluteto ~ ml.

4..3.6.1.3Tartaricacid solution(50P ezvent)0 Dimolve250 gm.of
tartaricacid in waterand diluteto 500ml.

L3.6.1.4 Orth-Phemt-ltie solution(0.20Penent . Dissolve1 ~
of orth-phenantbo-e monohydratein uaterat 50”C(E 4) , COO1, and

dilute to 500 ml.

4.3.6.2~repamtion of calibration curve. Transfer0.5,1.0,2.0,
3.0,and 3.5 ml. portionsof standardiron solutionto 250 ml. beakers.
Car~ along a reagentblank. Dilute to about50 ml. withwaterand add
5 I& of tartanc acid solution(50percent),1 ml. of hydroxyUtie
hydrochloridesolution(10pement), and ~ ml. of ort~h-tbltie
solution(O.2 percent). Adjustthe pH to about 5.5to 6.o with ammonium
hyd~e (1 to 2) using pH paper. Transfer to 100 ml. volumetric flasks
ad dilute to about 90 u&. with water. Heat in a water bath at 60° to
70°C (l&O” to 158%) for x minutes.
Measu= the absorbance at 510 nm in a
to 100 pement transmittancewith the
againstpertent transmittance.

15

Cool, and diluteto the maSc.
spwt~hot-ter thathas beenset
reagentblank. Plotmg. of imn
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4.3.6.3procedure. Txansfera 0.5 gm. sampleto a platinumdish and
add 15 ml.of waterand ‘7ml. of sulfuticacid. Add 2 ml. of hydr-
fluoricacid irA005 ml. portions. Evaporateto stron~fumesof sulfuric
acid at moderateheat. Add 50 ml. of water,warm to dissolvethe salts
if necessary,cool,and dilute to 100 ml. in a volumetricflask. Trans-
fer a 20 ml. aliquotto a 250 ml. beaker. Add 5 ml. of tirtaricacid
(50 percent) an~ proceedas in the preparationof the calibrationcurve.
Carry along a reagentblank. Convertthe readingto mg. of iron by con-
sultingthe calibrationcurve. Calcukte as follows:

A
Percent iron = ~

where: A = mg. of iron as read from curve
W = gm. of samplein aliquot

4.3.7 Determinationofahminum (see 6.6).

4.3.7.1 Reagents.

4.3.7.1.1StandamlaluminumsolutionNo. 1 (1 ml. = 0.5mg of Al).

Dissolve0.5W0 gm. of pure aluminummetal in25 ml. of hydrokonc
acid (1 to 1) by beatingon a hot plate, cool,and diluteto 1 liter in
a volumetricflask.

Pi@ alOnL aliquotof staniazdaluminumsolutionNo. 1 in
volumetricflaskand diluteto the mafi. Preparetreshdaily.

..

4.3.7.1.3Sodium DissolveM5 gm
of reagentgradesodiumhydroxide pellets(prefersblyo~fiaa
freshunopenedbottle)in about~ nil.of -ter containedh a 500ml.
plasticbottle,cool, addQuti to500d.

4.3.7.1.4Sulfuricacid (5 wrcent~. Add 25 ml. of 6dfUXZiC aCid to
water,cool? - Wute to ~ ~0

ft.3.7.l.5Phenol.pht*le~ solution:Oi ● Dissolve005gm.of

phemlphthaleti in a mixtureof 250 d alcohol(95 percent)

ad 250ml..ofuater.

4.3.7.1.6Benzoicactisolution(lopenat~. MUWIW 50 q. of t=zoic
acidin 500de of lnethSn610

16
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403.7.1*7Acetitebuffer for al-on reagent. Cool 950 d. Of

ammonium hydroxide in an ice bath and add 860 ml. of glacial acetic acid
slowly with stirring. Cool to room temperatureand add more acid or
base to bringthe pH between 5.25and 5.35 when the solutior~is dilutd
1 to 20. Dilute to 2 liters with water.

4.3.7.1.8Gelatin solution (1 pement)o Add 7 gm. of gelatin to about
500 ml. of wam water while stirring. Warm until clear, cool, and dilute
to 700UI.

4.3.7.1.9 Composite aluminon reagent. Dissolve 0.7 gm. of alum=hon in
aboutMXI ml. of wter? add W ~. of benzoic acid solution (10 PWCeIIt)t
and dilute to ?Oo ~. ~th ~tero Add in o@er~ 700 ~0 of ~ffer
solution and 700 ml. of gelatfi solution (1 percent).Shakewell. AUOW
to standthree days before using. Store in a dark bottle.

4.s.’7.2 Preparation of calibration curve. AddO.2, 0.5, 1.0, 3.0, 5.0,
8.0, 10.0, and 12.0 ml. portions of standafialuminumsolutionNo. 2 to
250”ml.plasticbeakers. Ca~alon a reagentblank. Add 75 ml. of water,
15 d. of sodium hydroxide solution f25 percent), 10 ml. of sulfuric acid

(5 pement), 5 uil.of hflrochlotic acid, and 2 or 3 drops of phenol-
phthalein solution (0.1 percent). Insert aplastic stirringmd, add
hydrochloricacid dropwise froma buret until the solution becomes
colorless and then add 3 drops excess hydrochloricacid. Wash into 200ml..
mlumetric flasks (the volumes after the washings should be about 125 ml..)
and add 25 nil.of composite aluminon reagent measured uitha pipet.
Place into 1 liter beakers containing about wniLe of tap =ter that is
boiling vigorously and keep in &he boiling uater for 15 minutes with the
burners of the hot plate at highest heat. Remove the volumetricflasks
from the boiling water and dilute to the neck with water. Coolto room
temperatureim a mnning waterbathand diluteto the ma~. Uithin2
hoursmeasurethe absorbance at 5&0nmuitha spectrophot-ter that has
been set to 100 pexwenttransmitticewith the reagentblzu& Plot mg.
of aludmm against absorbance~

k3.7.3 Procedure. Weigh1 =. of the sampleintoa platinumdish
d add 20~ter, 3 ml. of nitficacfit5 ~. of sfifufic acid$
and 3 ml. of hydrofluoricacid. Carrya&~ a r-gent blank. Afterthe
vigorous reaction has ceased, wash down the sides. Evaporateto fumes
of sulfuricacid and fume for 2 or 3 minutes.A~owtO Cool,=sh down
the sides,and againevapomte to fumes. Mto cool, add about 50u&.

of water, uam to dissolve the salts and cod.
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If more than 0.3 percenttin is present,electrol~e with a mercurycathode
‘for30 minutes. ‘lhnsferto 100 ml. volumetricflask “knddiluteto mark.
Add 30 ml. of”sodiumh~roxide solution(25 percent)to J03 ml. plastic
bottlesthat ha-~ea mati on the outsideindicatingthe 2Ml ml. volume
(thick-walledhwydrofluoricacid containersare satisfactory).Place
the pbstic bottlesin 1 liter beakerscontaining~ d. of tap water
that is boilingvigorouslyand keep in the vigorouslyboilingwater for
10 mtiutesor more, swirlingthe bottlesoccasionally.The large volume
of water is necessa~ to preventthe plasticbottlesfrom adheringto the
sides of the beakers. Remove each bottleindividuallyfrom the boiling
=ter bath and immediatelyadd by means of a pipet 20 nil.of the sulfuric
acid solutionof the samplewhile swirlingthe bottle. Dilutealmost
to the 200 ml. ma~, cool in a runningwaterbath to room temperature,
and dilute to the 200 ml. mark.

Filter throughWhatmanNo. 41H filterpapersinto 250 ml. plasticbeakers
that have a mark on the outsideindicatingthe 100 ml. volume. Discard
the first 25 ml. of filtratean~ collect
acid and 2 or 3 drops of phenolphthalein
underpreparationof calibrationcurve.
aluminumby referringto the calibration
aluminum as follous:

Percentaluminum=

were: A . ~. of Al as read from curve

100 ml. Add 5 ml. of lqdrochloric
solution,and proceedas described
Convert
curve.

A
m

ther&ding to mg.of
Calculatethe percent

w= gi.of samplein200 ml. volumeon WhiCh
&e made (ofiinarily,W = 1/2x 20/100x

colormeasurements
1-0.1 gin.)

&3.8 Detemimation of hydrogen (see 6.7 d 6.8)

L+.3.8.1APW ratus● Hot+ficuum+xtractionapparatus,as shown in figure1.
The apparatusmust be constructedtitha knounvolme, V , whichis used
for calibmtion purposes. LThe capacityof this volwoes tid be of the
same order of magnitudeas the total volumeof the system- must be
calibratedwith * 1 percentprior to i.nco~orationinto the appamtus.
Calibmtion by weighingthe bulb empty and ffflalwith water is satisfacto~.
The McLeod gage is of the triple mnge type,cove~O to 50 on the
quadraticscale,andOtoO.5mtiOto 5montMtwlti-r=ales.
Any other type of gage that will yield readingsof comparableaccuracy
is satisfactory.

18
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4..3.8.2Reagents.
.

A.3.8.2.l 14i~hncuum ~rease for all stopcocksand standardtaper
jotitsnot directlyin hea~tiigzone (ApiezonH greaseis satisfactoq-
for this purpose).

4.3.8.2.2 Hi h vacuum wax for all standati-taperjointsassociatedktith
~“heated zones Ap~ezon}.wax 1s satisfacto~ for this purpose).

4.3.8.3 Calibrationof volume.

(a) Assembletheappamtus asshominfitWel. hacuate the apparatus,
with both diffusionpunps operating,to 0.1 micnn or less. Isolatethe
calib~ted volumesfrom the evacuattigdiffusionpumps and forepump.
Determinethe leak nte of the volumesby periodicmeasurementof the
pressurewith the McLeod gage. The leak mte shouldbe less than 0.3
micronper minute.

(b) Introduceh@rogez into the apparatusuntil a pressureof approxi-
mately0.25 to 0.5 mm is attained. This my be done by heatinga higk,
hydrogencontentsample,preferablyZi~O~UM hYdride~~ fie f~ce
assembly. (Alternativelyhydrogen=yMatitt@byhat~a sma~
pall.adiumtube, sealed outside the volumesystem,uitha soft yellow
gas fkne.)

(c) -off the furnacepower,allowthefurnaceto cool,and
measurethehydrogenpressurein thetotalvolumewithMcLeodgage.

(d) Isol.atethepmcdibmtedvol- by clo~-propers~cock.
Open the remainderof the volume b the evacuatingdiffusimp~ and
forepumpand allow the system to pump down to ltic- or less. IsoMte
the volumefrom the evacuatingdiffusionp~ ad fo~~ W ~~
the gas from the precalibmtd volumeby openingthe appropriatestopcock.
Measure the pressurein the volumewith the i4cLeodgage.

(e) Re~eat this Proceduredescribedinpaxagmph (d) at least eight
mo;e’time’s.

where: VT =
Pl =

V1 =
PT =

;alcul~tethe total calibratedvolumeas follows:

total volume,~cl~ing the McL~ @gel ~ ~0
initialpressure reading-pressurein precalibratedvolume
h microns.
precalibnted volumein ml.
pressure,in micnns,i.ntotalvolumeafter expansion
from precalibratd volume

19
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The uncertaintyof the mean o? Lhe calibmtion valuesso obtainedshouldnot
exceed* 1 percent (95 percentconfidencelevel). Room tenpemture sho~d
not =ry by more than * 2°C (~ 3.6%) durtigthe calibrationand subsequent
analyticaloperatiorAs.A temperaturecorrectionof 0.3 percentper ‘c my
be made for larger temperaturefluctuations.

4.3.8.4Procedure.

4.3.8.4.1Blank rate of apparatus. ~sert the crucibleassemblyti the
furnaceand seal the sample receiverto the appaxatuswith ApiezonN wax.
Load 0.5 gm. samplesof the zirconiumpotier,looselywrappedin tin foil,
in the camplearms. Seal and evacuatethe apparatusto about0.05 micron.
Outgasthe crucibleby heatingat l~°C (2552%). When the crucibleis
sufficientlyoutgassed,lower the te~enture to @ * 50°C (2192°~ W%)
and evacuateto 0.02 micron or less. Detemine the blnk nte of the
calibratedvolume in micronsper minute by isolatingthe systemfrom the
evacuatingdiffusionpump and forepump. Measurethe pressureincrease
with the McLeod gage at internalsof 3 tiutes for 10 minutes, If the
blank rate is greaterthan 0.3 micronper minute,continuethe outgassing
procedureuntil the desiredblank rate is obtained.

4.3.8.L.2Analysisof samples. When a satisfactoryblankrate is
obtained,open the calibratedvolume to the e=cuating difihsionpump
and fore@@ and again ewcuate to 0.02 micronor less. Isolatethe
nlume from the evacuatingpumps and maniptite a sampleinto the crucible.
Turn on the inductionfurnacepower and heat the crucible and sanpleat
lJDOO* 50°C (21920* 900F). Read the pressureonthe14cLeod gage at
5 minuteintervalsuntil the pressureincreaseequalsthe blank rate.
This concludesthe analysisof the first sanple. Open the ~tem to
the evacuatingdiffusionpuq and fo~uup arriagain evacuate to 0.02
micnn or less. Duringthisevacuation,turn off the pouerto the
inductioncoil, allow the crucibleto cool for about 3 minutesand then
by means of the magneticcmcibl.esuspensionsystem, duq the degassed
sample tito the lower portionof the furnacehead. I&peatthe pmc~ure
for successivesamples.

&.3.8.5 Calculation. Calculatethe percenthydrogenas follows:

Pement hydrogen- *

where: P =
v.
M.
R=
T.
w.

correctedpressure from R4cImd ga~e$in m.ic~.
calibmted volumewe, in ml.
molecularwei ht of hydrogen= 2~016

t~S c~s-t 82.o5d. atmosphereper deveeKel*-le)
teqemture of calibratedmime, indegreesKelfi
gm. of sampleused

20
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4 4.3.94Detetination of chloride.

4.3.9.1 Reagents.

4.3.9.1.1 Boricacid solution (5 percent). DissolveIOOgm. of boric
acid in warm water, cool, and dilute to liters.

4.3.9.1.2 Silver nitrate solution (5 percent). Dissolve 25 gm. of
silver nitrate in water and dilute to 500 ml. Store in a da~ bottle.

4.3.9.2 Procedure. Weigh a 2 gm. sample into a plastic bottle and
add 20 ml. of water. Add 3 ml. of h~rofluoric acid in 0.5 ml. portions,
swirling vigorouslyafter each addition. Add 2 ml. of nitric acid and
120 ml. of boric acid solution (5 percent). Filter through a Wtrman
No. &! filter paper into a plastic beaker and wash with water. Add 5
ml. of silver nitrate solution (5 percent) and place the plastic beaker
into a 1 liter beaker containing about 700 ml. of tap water that is
boilin on the hot plate.

?
Allow to stand for 15 minutes in the boiling

water the temperature of the solution in the plastic beaker will rise
to 75° to 80°C (167° to 176%) during this time. Remove the plastic
beaker, cover with a watch glass and allow to stand for 3 or more hours
in a dark place. Filter through a tared sintered @ass crucible of
fine porosity~ transfer and wash with 1 percent nitric acid and finally
wash once with water. Dry at 125°C (257°F) for 1 hour, cool, and weigh.
Carry through a blank. Calculate as follows:

Percent chloride = 24.74 (A-B)
w

where: A = gm. of precipitate from sample
B= gin.of precipitate from blank
W=gm.ofsample -

4.3.10 Wtermination of silicon (see 6.6).

4.3.10.1 Reagents.

4.3.10.1.1 Hydrofluoric acid (10 percent~. Dilute 50 rriL.of h@ro-
fluoric acid (f@ percent) to 500 ml. in a plastic bottle.

4.3.10.1.2 Boric acid solution (0.85M~. Dissolve 26.3 gm. of boric acid
in Wam water, cool, and dilute to 500 ml. Store in a plas$ic bottle.

4.3.10.1.3Ammoniumcarbonate solution (20 percent). Dissolve 50 W.
of ammonium carbomte in water and dilute to 250 ml. Store in a plastic
bottle. Prepare fresh daily.

21
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4.3.10.1.4 Ammonium molybdate solution (10 percent). Dissolve 25 gm. of
ammonium rnolybdateip water and dilute to 250 ml. Store in a plastic
bottle. This solutionwill keep 3 or 4 days.

4.3.10.1.5. Sodium sulfite solution (17 percent~. Dissolve 4.2.5gm. of
sodium sulfite in water and dilute to 250 ml. Store in a plasticbottle.
This solution will keep for 2 days.

4.3.1o.1.6 Ammoniumtartratesolution(4o percent). Dissolve100 gm.
of ammoniumtartratein warm water,cool, and dilute to 250 ml. Store
in a plasticbottle.

4.3.10.1.7Standafisiliconsolution(1 ~. = 0.01 mg. of Si~. Fuse
0.1070 gm. of anhydrous silicon dioxide with 1 gm. of sodium carbonate
in a platinumcrucible. Cool the melt, dissolvecompletelyin water,
and dilute to 1 liter in a volumetricflask. Store in a plasticor
paraffin-linedbottle. Transfera 200 ml. aliquotto a 1 liter volu-
metric flaskand dilute to the mark. Store in a plasticor paraffin-
ltied bottle.

4.3.10.2 Preparationof calibrationcurve. ‘hansfer10.0,20.0, 30.0,
40.0,and 50.0 ml. portionsof standardsiliconsolutionto plasticbeakers.
Carryalong a reagentblank. Diluteto about 100 ml. and using a pH meter,
adjust pH to 2.s by adding ammonium carbonate solution (20 percent). Add
5 ml. of ammonium molybdate solution (10 percent). Adjust the pH to 2.3
by adding hydrochloric acid (1 to 1). Let stand for 10 f 0.5minutesand
add 10 ml. of ammoniumtartratesolution(4.0percent). Transferto 200 ~a
volumetricflasksand dilute to the mark. Let stand for 1 hour and
measurethe absorbnce at 710 nm in a spectrophotometerthat has been set

( to 100 percent transmittancewith the reagentblank. Plot mg. of silicon
againstpercent transmittance.

L.3.1O.3Procedure. Weigh a 0.5 gm. sampleinto a plasticbeaker.
Carry along a reagentblank. Add 15 d. ef waterand 1 ml. of nitric
acid (1 to 2) then add 15 nil.of hydrofluoricacid (10 percent)in 3 rril.
portions. Warm to about 60° to 70°C (140° to 158%?)in a beakerof hot
-ter to aid solution. Add 150 ml. of boric acid solution(0.6x), mix
thoroughly,and cool. Transferto a 200 ml. volumetricflaskand
dilute to the mrks. Pipet a ~ ml. aliquot into a plasticbaler.
Dilute to about 100 ml., adjust the pH to 2.5 by a~dinga~oni~ car~mte
solution,and develop the color as describedunderpreparationof calibra-
tion curve. Convertthe readingto mg. of siliconby consultingthe
calibration curve. Calculate as follows:

Percent .ilicon = &

where: A = mga of silicon as read from
I“/=gm. of sample in aliquot

22
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4.3.11 Determiriationof tin (see 6.6).

4.3.11.1 Rea?ents.

4.3.1101.1Sti iumiodate solution(0.025N).Drypotassim
iodate (KI02) at for hours. Dissolve 1.7835 grt.in 103
ml. of’~ze<-contati’ing-2gm. of sodium ?@roxide and 20 gm. of potassium
iodide. Dilute to 2 liters in a volumetric flask. This is a primary
s’endari.

4.3.11.1.2Antimony trichloride solution (2 percent]. Dissolve 2 gm.
of antimony trichloride in ~0 ml. of hydrochloricacid and diluie to 100
ml. with water.

L.3.11.1.3PotassiuT iodide solution (10 percent~. Dissolve 10 ~.
of potassium ioiiie in water and dilute to 100 ml. Prepare fresh daily.

4.3.11.1.4 Starch solution. Dissolve 1 gm. of soluble starch in 90
ml. of boiling water, boil for 5 minutes, cool, and dilute to 100 ml.

A.3.IL2 Procedure. IYansfer a 2 gm. sampleto a platinumdishand
add 50 ml. o~ad then10 ml. of hydrofluoricacidin small
portions. Add 25 ml. of sulfuric acidand evaporateto fumes. Allow
to cool, add 50 ml. of water,and washintoa 500d. Erlenmeyerflask.
Add 75ml.of hydrochloricacid ad 3 dropsof antimonytrichloride
solutionand diluteto about300 ail.Add 10 gm. of granulatedl-d
(alsoknownas testlead). Boilmode=tely for 45mhutes while
passingcarbon dioxide into the-ask. bol to belowlo”c (50°F)Wme
passingcarbondioxideintothe flask. Add 5ml. of potassiumiodide
solution(10percent) and 5 ml. of s’tarchsolution. Titrate with
standafipotassium iodate solution to a permanent blue color. Run a
blank determination. Calculate as follows:

Percent tin = 5.935(A-B) C
w

where: A =
B=
c.
w=

ml. of potassium iodatesolutionfor titmtion of sample
ml. of potissium iodate solution for titration of blank
normality of potassium iodate solution
gm. of sample
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4.3.12 Ignition gain. Transfer a 0.2
0.1 reg.,to a tared po~elain cmCible.
heat over a low flame until the igriition
cover and heat over the full heat of the

to 0.3 gm. mnple, weighed to
Cover with a porcelaim lid and
appears complete. Open the
Meker burner for 15 minutes.

Cool in a desiccator and weigh. Calculateas follows:

100A
Percent gain in weight = ~

where: A = ~. gain in weight
N = gm. of sample

4.3.13 Burning time.

&.3.13.l Test equipment.

4.3.13.1.1Mold bar. One inch by 5~8 inch by 30 inches steel bar with
e the one side (the one inch flat side) 1 16 incha groove in th-r o.

deep and 1/8 tich wide running the length of the bar.

4.3.13.1.2 Place of transite. 36 inches by 4inches byl/4inchwith
a mark 8 inches from each end, gi~ a Xl inches long timing distance.

4.3.13.2 Procedure. Gently pour the dry sampleinto the groove, com-
pletely fil~- Handlethe materialwithcare (see6.9). Scrapeoff
the excess sample with the edgeof a plastic spatula so that the zirconium
is level flush with the top of the groove. Do not pack. Place the
tmnsite board on top of the bar mgld so that the po~er extends
appmdmately 5 inches beyond each ma~ towatis each end. Hold board
and bar mold with handle together and invert. Place on bench and tap
bottom of bar mold with handle of spatula to loosen sa~le particles.
Remove bar mold. With stop watch ready in hand, ignite the Arconium
at one end with a match. Start timing when the train bums to the
first ma~ and stopwhen the burning reaches the record =*. Record
time for 20 inches burning and divide by 2. Run four tests on each
sample, using the first test to mm up the bomi. Recoti the avemge
of the second, third, ad fourth tests. Keep the transite boafi in a
warm place when not in use.

24
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5. PREPARATION FOR DEL~Y

5.1 Packin~, level C. The zirco~ium shall be thoroughly retiedwith
water to form a slurry contacting not less than 25 penent by weight of
water. It must be packed h wooden boxes, Departmentof l’Yansportation
Specification15A or 15B, with insme containersof glass or non-carbon
pol~thylene hating net weigh~ of not over 10 pounds =ch. In order to
prevent freezing durin~ shipment or storage in low temperaturec~tes,
the zirconium slurry shall contain not less than 25 percent by weight of
methyl alcohol-water solution or other anti-freezemixtureapprove~b~-t).
the contracting officer? and w~ch has a freezingPoint of ‘30°F (-34 “)0
The zirconium shall be packed for shipmentin accordance with the latest
Department of Transportationrules and reg~ations for the transpofiation
of hazafious materials.

5.2 labelin~ and markin~. Each container should be durably and

legibly marked to read:

( )a
(b)

( )c

(d)

( )e
(f)
(g)
(h)

( )i
(j)

Zirconium Metal Potier (minimum25 percent water).
Danger! Flammable solid. May e~lode if water content

is 10 percentor below~
Keep wet in storage- dry powdermay be ignitedby
friction,s~tic electricity,or heat.
Do not attemptto loosenor removemterial fromcontainer
with any tOOIO
Keep away fromheat,sparks,- openflame.
Keep from freezing._
ti case of spillage,--keqwet and removecarefuUy.
In case of fire,smotheruithf-type fireutinguisher
or sand.
Do not use carbontetrachlofle,~2 extinguishersor uater.
Wear gogglesor faceshieldand fir+retiht clot- when
handling.

In additionto any specialnwkixw, maxkingshdd be in acco-ce with
mL-sTLu9.

6. NOTES

6.1 ~tended use. The zirconiumcovetim
ixkandd~ inpyrotec~c and special

this qectiicationis
ignitioncqositions.
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6.2 C#. erin - ~sta. Procurementdocumentsshouldspecifythe following:

a. Ti:letnumberarxld~te of this specification.
b. Type anticlass of zirconium

6.3 The principle,techniqueand calculationsfor the Andmassen pipet
methodare describedby C. Orr and J. M. Dallavallein ‘l~e Particle
?!~suremer.t:Size, Surfaceand Pore Volumecl,Macl;i.llanCo.,New York,1959,
Andr=assen?ipets may be purchasedfrom FisherScientificCompany.

6.4 BuckbeeMears Sieve. The BuckbeeMears sievemy be obiainedfrom
the Buc.:.xei,kars ‘CompanyTSt. Paul?Mfiesob.

6.5 .1booklet en:itled‘IhrbidimetricParticleSize Analysis’tby
Dr. J. 3. ]~us~ra--eand H. 2. Harriermy be ob’tainedfrom the Eagle
Picher ;o., P. C. ~X f+’?,JoplLn,Mo.

6.6 Alternate mezhoqs ~or calcium,iron,aluminum,silicon,and iti.

Calcium,iro~.,alumimm~silicon, and tin may aiso be aete~ed by
satisfactoryspectro~=phic or atomic abso@ion methods.

6.7 This is essentiallytheproceduremcomexxledbyAS’lMfor the
determinationof hydrogenin zinonium and zimonium-basealloysb
E 14&65T.

6.s Alternatemethod for hydrogen. The hydrogenmay also bedetemhed
by a satisfactorycombustionme~hod.

6.9 Zirconiumis a ha~amious
d~. Handle with care avoiding
me II zirconiumis especially

Custodians:
Anuy-MU
Navy- OS
Air Force - 68

Retiew activities:
Amy - MD, MU
Navy-OS, AS
AirFo~e - 68

User activities:
Army - MI, w

p~phoric mterfil, patiictirly when
open flamesand unnecessa~ friction.
pymphoric.

prepa~activitfi
Aw-HU
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