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MIL~-Z-399C
19 February 1969

MILITARY SPECIFICATION

TRCONIUY (GRANULAR AND POWDZRED)

This specification is mandatory for use by all Departments
and Agencies of the Department of Defense
1. SCOPE
1.1 Scope. This specification covers two types of zirconium for use
in the manufacture of ordnance materials.

1.2 Class;f‘lcatlo.;. The zirconium shall be of two types as follows:

Each type shalli have 3 classes as indicated in tables I and II.

T- e T = Cranular

’I‘ype II - Powdered

2. APPLICAZLE DOCUMERTS

2.1 The following documents ¢f the 1
form

for bids or reguest for proposal,
extent. specified herein.

SPECIFICATION -
FEDERAL

“RR-S-366 - Sieve, Test

ssue in effect on date of invitation
a part of this specification to the
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STANDARDS
MILITARY

MIL-STD-105 - Sampling Procedures and Tables for Inspection by Attributes

MI1-STD-129 - Marking for Shipment and Storage.

MIL~-STD-1233 - Procedures for Determining Particle Size, Particle Size
Distribution of Packed Density of Powdered Materials

(Copies of specifications, standards, drawings, and publications re-
quired by suppliers in connection with specific procurement functions
should be obtained from the procuring activity or as directed by the
contracting officer.)

2.2 Other publications. The following documents form a part of this
specification to the extent specified herein. Unless otherwise indicated,
the issue in effect on date of invitation for bids or request for proposal
shall apply.

AMERICAN SOCIETY FOR TESTING AND MATERIALS
D 1193 ~ Reagent Water

(Application for copies should be addressed to the American Society for
Te=*ing and Materials, 1916 Race Street, Philadelphia, Pa., 19103.)

(Technical society and technical association specifications and standards
are generally available Tor reference from libraries. They are also
distributed among technical groups and using Federal agencies.)

DEPARTMENT OF TRANSPORTATION

49-CFR Transportation Parts 1-199

(These regulations may be purchased from the Superintendent of Documents,
Government Printing Office, Washington, D. C. 20402.)

3. REQUIREMENTS

3.1 Particle size requirements. Type I girconium shall eonform to the
particle size requirements specified in table I, and_type II zirconium
shall conform to the particle size requirements specified in table II.
The tests for these requirements shall be as specified in L.3.3.
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Table I.

MII~Z-3°99D

Particle size requirements for type I zirconium

Sieve

a
b
[0
[}
N
(9]
b
w
4]
\L)

Thru No. 20 sieve (840 microns),
percent by weight
Thru No. 60 sieve (250 microns),
percent by weight
Thru No. 80 sieve (177 microns),
percent by weight
Thru No. 100 sieve (149 microns),
rcent by weight
Thru No. 170 sieve (88 microns),
percent by weight
Thru No. 200 sieve (74 microns),
percent by weight
Trru No. 325 sieve (L4 microns),
nercent by weight

yyravis A e g

na s a
-

Subsieve

Less than 20 microns, percent by

T nmm dl o VA el aemamen - o ansm mn

L€eSS than 1V microns, percen
— =

o

100
98 min.
100
98 min.

50 max.

25 max.

10.0 max.

2 N
[

-maw
oV MEA-Ne

Table II. Particle size requirements for type II zirconium

Sieve Class 1 Class 2 Class 3
Thru No. 120 sieve (125 microns), -

percent by weight 100 100 99.5 min.
Thru No. 200 sieve (74 microns),

percent by weight 99 min. $9 win.
Thru Buckbee Mears No. 26 sieve,

(20 microns), percent by weight 96 min. 96 min.
Subsieve
Less then 9 microns, percent

by weight 85 min. 85 min.
3 microns, percent by weight 70-90 70-90
0.75 microns, percent by weight 12-30 12-30
Average particle size, microns 2,5%1.0 2,0%£0.3 3.0+«1.0

3.2 Chemical requirements.

requirements as specified in table III.

The girconium shall conform to the chemical
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3.3 Burning time. Type II zirconium, classes 1 and 2, shall have a
burning time between 1.3 and 2.4 seconds (per 10 inches) when determined
as specified in L4.3.13.

L. QUALITY ASSURANCE PROVISIONS

L.1 Responsibility for inspection. Unless otherwise specified in the
contract or purchase order, the sup»lier is responsible for the perf‘omance
of all inspection requiremenis as specified herein. Except as otherwise
specified in the contract or order, the supplier may use his ovm or any
other facilities suitable for the performance of the inspection requirementis
specified hereir, unless disapproved by the Government. The Government
reserves the right to perform any of the inspections set forth in the

5p€C1IlC3‘DiOD where sucn mspecnlo'xs are uéemeu ﬁéCeSsary BO assure
supplies and services conform to prescribed reguirements.

L.l.1 Contractor cuality assurance system. The contractor shall provide
and maintain an adequate quality assurance system acceptable to the Govern-
ment coverin- the supplies under the contract. A current written
description of the system shall be submitted to the contracting officer
prior to initiation of production. The written description will be con-
sidered acceptable when, as a minimum, it provides the quality assurance
required by this specification. The contractor shall notify the Government
and obtain approval for any changes to the written procedure that might
affect the desree of assurance required by this specification or other
annlicable rinnnmn'n*q referenced herein.

] 3 e e o e S maal v oA Caass

4.2 Inspection provisions.

Le2.1 Lot formation. A lot shall consist of one or more batches of
e T Lar mme e Pandiismnse S;m nanandannn with +ha came enani__
Zlrconium proauced oy OnN€ MANULACILULTr, 4ii allUlUuaiilt Wiuwi v osaiiv spohss
fication, or same specification revision, under one continuous set of

r-—v“.v— valil 2 Qlic

operating conditions. Each lot shall conaist of that quantity of
zirconium that has been subjected to the same unit chemical or physical
process intended to make the final product homogeneous.

Le . Sa@llng plans and pwnﬁlnr es for the following
classification of defects shall be in accordance with MIL-STD-105. Also,
at the option of the procuring activity, AQL's and sampling plans may be
applied to the individual characteristics listed using an AQL of 0.25
percent for each major defect and an AQL of 0.40 percent for each minor

QCIBCB.
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4.,2,2,1 Containers for domestic shipment and limited storage, prior

to closing.
——————dd

Method of
Categories Defects inspection Code No.
Critical:
1. Zirconium insufficiently wet (see 5.1) Visual 03001
Major: None defined
Minor: None defined
L.2,2,2 Sealed container.
Method of
Categories Defects inspection Code No.
Critical: None defined
Ma jor:
201. Container leaking Visual 02001
Minor:
"02. Marking misleading or unidentifiable Visual 02002
he2,3 ling. All sampling of individual containers shall be accom-

plished in such & manner that the sample is representative of the entire

contents of the container. Individual or composite samples shall be
identified in such a manner as to provide positive identification as to
the container or containers represented by each sample. A random sample
of filled containers shall be selected from the lot in accordance with
MIL~STD-105. However, when a lot comprises less than 10 containers,

all containers shall be selected. Approximately equal portions shall be
taken from the selected containers in such quantities that the aggregate
weight of such portions shall be approximately eight (8) ounces. (These
portions shall then be thoroughly mixed to form a composite sample which

shall be used for the chemical composition and granular tests. The
Amemneida -ﬂnln1. ahall M ﬂ"aﬁd '{Y\ a .n'if.ﬁh‘lﬂ Pﬂnt&mr- mlﬁ &:ﬂ

UW*JUO-LVV b bl A2 == - . SR N - STECATE @-As

identified.)

L.3 ZTest procedures.

L.3.1 Tests. Except as specified herein, reagent grade chemicals and
distilled water in accordance with ASTM D 1193 shall be used throughout
the tests.
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%.3,2 Samnle preparation. Shake the sample so that the solids are
dispersed as uniformly as possible in the liquid in which the material
is shipped. Quickly pour off an amount of the suspension that will contain
enough of solids for all the tests to be run (approximately 65-70 gm. for
type I gzirconium and 20-25 gm. for type II zirconium) into a Buchner
funnel containing a Whatman 42 fiiter paper. Apply suction and wash with
water, then three times with acetone and twice with ether. Allow the
ether to drain off completely. Transfer the sample to a large watch
glass, spread out the material with a spatula, and allow to dry by
standing overnight. Heat in an oven at 50°C (122°F) for 2 hours. Store
in a stoppered bottle.

L.3.3 Particle size determination.

Le343.1 Type I zirconium.

4.3.3.1.1 Sieve sizing. Weigh 50 gm. of the dry sample into the top
sieve of the specified nest of sieves (see table I) conforming to the
requirements of RR-S-366. Cover the sample and shake for 30 minutes in a
mechanical shaker geared to produce 300 # 15 gyrations and 150 * taps of
the shaker per minute. Weigh the portion retained by each sieve and
calculate the percentage passing through the sieve in question.

..... 2N a2 32_a

%e3.3.1.2 Subsieve. Determine the particle size disiribution on 2.0
gm. of the material that passes through the No. 325 sieve by use of the
Andreassen pipet method (see 6.3). The prescribed medium is as follows:

Triethylene Glycol 90 percent by volume
Distilled water 10 percent by volume
100 percent aerosol 0.2 percent (wt/volume)

Calculations are derived from "Stokes Law" according to the following

formlas:
A
8nh x 10
(1) d= \ /E-
(D2 - ;y)g*

v

(2) k= 18 n

15 - D%f g
() = kh x 107
\J d‘
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where: d = diameter in microns in formular 1 and 3
k = a constant in formulas 2 and 3
t = time of fall in seconds in formulas 1 and 3
n = viscosity in centipoises of dispersing medium at a definite
temperature in formulas 1 and 2
h = distance of fall in cm. in formulas 1 and 3
D, = density of the dispersing medium in a gm cc at the same

temperature as ™" in formulas 1 and 2

D, = density of particle in gm/cc in formula 1; in formula 2, D2
is density of sample ai same temperature as "n"

g = acceleration due to gravity = 980 cm/sec® in formulas 1 and

N

y wt. of withdrawal x 100 Percentage of particles cf
/

Wi. of initial witndrawal =~ iraction passing throuch
No. 325 sieve

[+)

4.3.3.2 Type II zirconium (see 6.9)

L.3.3.2.1 Sieve sizing.

L.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

- e alacem Lo - - sea —~na 3 3
latter sieve is to be used (aé: table II}. Both sieves should be 2 inches

ir. diameter and conform to the requirements of RR-S-366. Wash the sample
with a needle spray of water until no more material passes through the
sieves. Rinse with acetone, allow to air-dry, and then heat at 80°C
(176°F) for 2 hours, cool, and weigh. Calculate the percent of the
material passing through the sieves.

L+3.3.2.3 Buckbee Mears Sieve No. 26. Place a Buckbee Mears Sieve No.
26 (see 6.4) into a funnel over a LOO ml. beaker. For type I, weigh
2 gm. of the fines from 4.3.3.2.2 into a wetich glass; for type II, weigh
2 gm. of the original dried sample into a watch glass, Add a few ml. of
5 percent sodium pyrophosphate solution. Disperse the sample to a smooth
paste with a rubber policeman and wash into the sieve with water from a
wash bottle. Wash the fine particles through the sieve, usipg_diluf.e”
sodium pyrophosphate solution (20 ml. of 5 percent pyrophosphate solutlion
per liter of water) and a camel's hair brush. Wash with acetone and
allow the sieve to dry in the air. Transfer the residue to a tared
weighing bottle, dry at 80°C (176°F) for 1 hour, cool ina desiccator,

and weigh. Calculate the percent of the saterial passing through the sieve,
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h?3.3.2.l; Subsieve. The particle size distribution of type II zir-
conium shall be determined by use of the Eagle-Picher Turbidimeter (see 6.5).

L.3.3.2.4.1 Preparation of sample. Place approximately 0.l gm. of the
pou@er sample on a clean watch glass and add 5 drops of 0.11 molar aqgueous
sodium pyrophosphate solution. Disperse the sample and solution with a

1hiha 5 3
rubber policeman until thoroughly blended, and all aggregates broken down.

Place a 20 micron sieve in a funnel whose stem leads to a 250 ml. graduated
cylinder, fitted with a ground glass stopper. Pour a quantity of saturated
sodium pyrophosphate solution onto the 20 micron sieve sufficient to give
a total of 2.4 ml. of solution on the watch glass and sieve. Wash the
sample carefully from the watch glass and policeman through the sieve,
using water from a wash bottle. A small clean camel's hair brush may be
used to assure that all particles smaller than 20 microns pass the sieve.
Wash the sieve thoroughly with water to remove all the particles from its
bottom. Wash the funnel and remove it. Dilute the sample suspension
contained in the graduated cylinder with water to 100 ml. Shake the sample
contained in the graduated cylinder vigorously to obtain a uniform
suspension. Pour approximately 15-20 ml. of the suspension quickly into a
second 250 ml. glass stoppered graduated cylinder and dilute to 100.0 ml.
The temgerature of the diluted sample shall be held constant to plus or

b

VpveSSewesoe

@minus 1 C
4.3.3.2.4.2 Adjustment of turbidimeter. Turn on the light source at

least 15 minutes before use to achieve stability. Connect the micro-

ammeter. Clean the transmission cell well and place it in the turbidimeter.

Place the copper funnel over the cell and set the light shield in place to

obstruct the passage of light through the cell. Pour 100.0 ml. of water

4nto the cell through an unconstricted glass funnel. Adjust the light

source iris diaphragm until a reading of 100.0 microamperes is obtained

on the microammeter. Allow the turbidimeter to remain undisturbed for

5 minutes and determine that the microammeter reading remains unchanged.

Adjust the cell elevator so that the distance from the surface of the

Water to the center of the light slot is 1.25 cm.
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le3e3.2.4.3 Adjustment of sample concentration. Remove and empty the
dovameml eesAar Aal AR wmarloasns ¢ S, dhoe drimhd Alomnd e DVamm dln oo e
LialiomioodUil CTaa aill ITpialcT 4u 4l Vi vulvdudacives. riace vne copper
funnel over the cell and set the light shield in place to obstruct the

’

3 he ce
passage of light through the transmission cell. Shake the diluted sample
suspension in the graduated cylinder to disperse it completely. Pour the
sample quickly through an unconstricted glass funnel in the transmission
cell, rotating the cylinder as the suspension flows from it. Immediately

after the suspension is poured into the cell, remove the light shield,

i mmd s dlha mlmmmareatan manddes Mn 224207 —facancmodios oA~
dina N0ve€ uvné microammeler FCAULIIE e 4d0€ lldvial WO T4 VeI I'talddip
hould he hetween and 8. If it ie no th y
A4 e A ad X Ld Wv’ .vyw Wi
ing a

vmv b EA A X ] L T 3 -_— s
new sample concentratio
reading is between 60 to 80.

4.3.3.2.4.4 Recording of data. Record the reading of the microammeter
every 0.2 minute. for the first minute; every 0.5 minute for the second

every minute up to ‘U ln:Lnut,es, and then every ) minutes

Plot the percent abso:ption on the linear axis and the time in minutes

on the logarithmic axis. Draw a best fit smooth curve through the data
points extending the curve at the upper end to the 0.05 minute interval.
Dr-w reference marks on the curves at the time at which the microsizes
have fallen past the reading level. The time of fall values are
e diffarant sise narticles., lUsince nrolection a

ias el & W WY Qe Veuwdaww S Ty e W -]

sheets or eguivalent, obtainable from the Joplin Printing Company, Jonlin
Missouri, lay out a graph in the #ight hand section plotting the percwt
" 1ight absorbed values from each particle size from 0.5 to 8.0 microns
inclusive. Draw a smooth curve through the points using a Dietzgen

curve #2152-19 or equivalent and project the curve smoothly to the origin.

u

8

3."‘»1
!

dha £Yewmad ~f muamw 1 afd answnan wanavd ¢tha madinve
4dl ViIIT 14l OV CULUILL Vi VT LURVL 4Tl V GIAL VVAIITE 9 VYV Vv sBMLuUe
intervals listed ip table IV with the smallest radius interval gt. the

and for 8 microns on down from the second greph. The next column (a."s A
is for incremental light absorbed for the stated radius {mterval. It i
obtained by subtraction of the successive prior absorptions of the
mmaviaue anlusm. To find the BY (equivalent hidines). multinly each A A
yacv.l.vua w Jd Wi i @ AV ALAdBA Vasw ami | VYWe Ve A A =

figure by the appropriate light (equivalent hiding) factor in table IV.

Total the EH column and divide each EH figure by the total to determine
the weight percent for the next column. Add the percentage cusulatively
for the last column.
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To determine the final percentage less than 9, 3 and 0.75 microns, select
the approériate figure from the cumulative percent column and multiply
each by the fraction less than 20 microns as follows:
. D(100-A)
Final percent corrected for 20 micron removal = 100

where: D = percent cumulative less than the diameter selected.
A = percent on 20 micron sieve as determined in 4.3.3.2.3.
Table IV. Time of fall values for zirconium powder
(Eagle-Picher Turbidimeter)
Radius interval Time of fall Avg. diameter N
(microns) (minutes) (microns) Light factor
15-20 0.080 35
10-15 0.182 25 33.3
8-10 0.284 18 23.8
6-8 0.525 14 18.7
5-6 0.725 11 14.7
L-5 1.14 9 12.0
34 2.02 7 9.3
2-3 LS54 5 6.67
1-2 18.2 3 4.00
0.5-1 72.6 1.5 2.40
0.25-0.5 290 0.75 1.90
.0-0.25 1161 0.25 1.45

L.3.3.2.5 Average particle size. The average particle size shall be
determined by the Fisher subsieve method as described in MIL-STD-1233,

L.3.4.1.1 Mandelic acid solution (15 percent). Dissolve 75 gm. of

mandelic acid in water and dilute to 500 mi.

L.3.4.1.2 Mandelic acid wash solution. Dissolve 25 gm. of mandelic
acid in 40O ml. of water, add 10 ml. of hydrochloric acid, and dilute to
500 ml.
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4.3.4.2 Procedure. Transfer a 0.23 to 0.25 gm. of the dry sample,
weighed to 0.1 mg. to a large platlnum dish., Add 15-ml. of water, 10 ml.
of sulfuric acid (1 to 1), 5 ml. of nitric ac1d and 2 ml. of perchlorlc
acid. Cover with a plastlc watch glass. aAdd 5 ml. of hydrofluoric acid

in 0.5 ml. portions from a plastic medicine dropper, while swirling the
platlnum dlsh and allowing about 1 mlnute between additions. Aiter the

apul Uco 0Ol ouUl

tch glass, rémé;e_the dish from
wn the sides with water, and

o

swirl. Again evaporate to fumes of sulfuric acid at gentle heat, then
At enm 4L A il L4 VN ada b mndmcnnd A Land AavmA AsrarAsen + o

rails€ une Lemperdbure Ol tneé notv placte L0 moaerateé neéav, 4ark €vaporace

to dryness and the disappearance of fumes. Cool somewhat, add 50 ml.

of water and 10 ml. of hydrochloric acid, swirl, and heat on the hot
plate at zentle heat for 5 to 1.0 minutes untll the solution is clear.
Wash into a 400 ml. beaker and police the platinum dish.

wvimatao y 120 ml put in a stirring rod and heat to about
ve ST v

A ann 1 3
80°C (176°F35n the ho t plate. Adg 75 ml. of mandgllc acid solution
(15 percent) from a graduate over a period of 15 to 30 seconds while
stirring the solution with the stirring rod. Stir frequently during
the next 5 minutes. Cover with a watch glass and allow to stand at
about 80°C {176°F) for L0 minutes while stirring occasionally. Wash
“own the cover list with water, filter through a Whatman No. 40 filter
paper, and collect the filtrate in a clean LOO ml. beaker. Police the
stirring rod and beaker, and wash the filter paper and precipitate with
mandelic acid wash solution. Place the filter paper and precipitate into
a tared platinum crucible and heat on the hot plate at highest heat for
1 hour or more.

Within 30 minutes after the filtration, wash the filtrate into the original
40O ml. beaker, cover with a watch glass (but do not insert a stirring rod),
and heat to about 80°C (176"F) on the .hot plate. Place the beaker in an
oven at about 80°C (176°F), cover with an inverted 1 liter beaker, and

allow to stand overnight. Filter through a Whatman No. 40 filter paper
and transfer and wash with mandelic acid wash solution. Place the filter

paper intc the crucible containing the first precipitate and heat on the
hot plate at the highest heat for 1 hour or more. Burn off the carbona-
ceous material over the low flame of a Meker burner and then heat over

the full flame of the Meker burner until the precipitate is white. Ignite
over a blast burner for 20 minutes, cool in a desiccator; and weigh.
Calculate as follows:
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Percent zirconium = -'-7%%

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

Note: Hafnium is counted with the zirconium.

4.3.5 Determination of calcium (see 6.6).

Le.3.5.1 Reagents.

L.3.5.1.1 Standard calcium solution No. 1 (1 ml. = 1.0 mg. of Ca). Dry
reagent grade calcium caroonate for 3 hours in an oven at 1109C (230°F),
transfer 1.2486 gm. to a covered 400 ml. beaker, add 10 ml. of dilute
hydrochloric acid (1 to 3), wash down the sides of the beaker, boil for
3 minutes, cool, and dilute to 500 ml. in a volumetric flask.

Le3.5.1.2 Standard calcium solution No. 2 (1 ml. = 0.01 mg. of Ca).
Pipet 5 ml. of standard calcium solution No. 1 into a 500 ml. volumetric
flask and dilute to the mark. Prepare fresh daily.

4.3.5.1.3 Methyl orange indidator. Dissolve 0.1l gm. of methyl orange
in 100 ml. of water.

4.3.5.1.4 Murexide solution. Dissolve 40 mg. of good grade murexide
in 75 ml. of water at 10°C (50°F) in a glass stoppered 250 ml. pyrex
bottle and add 175 ml. of 95 percent ethyl alcohol. Store in a
refrigerator at about 10°C (50°F)-

4.3.5.2 Preparation of calibration curve. Transfer 2.0, 4.0, 6.0,
8.0, and 10.0 ml. portions of standard calcium solution No. 2 to 800 ml.
beakers, and add 50 ml. of water, 2 ml. of sulfuric acid, 2.5 gm. of
ammonium chloride, and 3 drops of methyl orange indicator. Carry a
reagent blank through the entire procedure (this is essential). While
swirling the beaker add ammonium hydroxide (1 to 1) until the solution
turns yellow and then add 30 ml. of nitric acid. Boil down without
cover glasses at the highest heat of the hot plate to fumes of sulfuric
acid and continue heating to the complete disappearance of fumes. Allow
to cool, wash down the sides of the beaker from the very top with a wash
bottle, and add 25 ml. of nitric acid and 25 ml. of hydrochloric acid.
Again heat at highest heat of the hot plate to the complete disappearance
of fumes., Allow to cool, wash down the sides of the beaker and boil down
to dryness. Again allow to cool, add 30 ml. of water, and boil down to
20 ml. Add 5 ml. of water and wash into 50 ml. volumetric flasks. Cool
to 10° to 15°C (50° to 59°F) in a cold water bath.

13
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Remove the volumetric flasks from the water baths, add 2.0 mi. of 0.1N
PP Lecdesacedda caVicddae memd coneobh Aare dha a83dac wridlh a4 133470 wend o
SOU L Wi nyuro;u.uc VOLU VLIl alld WaAOll UUWII LVIIT OJ4UTo WA lll da 1100LdAT WwWalTloe
Add 10.00 ml of murexide solution., dilute to the ma and within 30
N AV eVY Hihe Ul UL CALMMET CSULUVAVILY) MaaUVT VU VIIT BERstr g Wi Wa Velaal NV
minutes measure the absgr_egce at 505 nm with a spectrophotometer that
ent transmittance with the reagent blank. Plot

mg. of calcium again absorbence.

4.3.5.3 Procedure. Transfer O.i4 gm. of the sample to a platinum dish
and add 10 ml. of water, 4 ml. of sulfuric acid, and 2 ml. of hydro-
larsAawnisn and” AanAd ewm wl Nawvenr a wansoant hlanlr $+hwanncoh 2811 etance Af
A dAUVL AL ﬂb&u' GiIPd OWLL Ao A d LJ - wawlv Al A Cd M vuuvu.éu e b ovvyu A
the procedure (this is essential). Wash down the sides with water,
evaporate to fumes of sulfuric acid and fume for 2 or 3 minutes.
Allow to cool.

then 0.05 percent, perform a mercury ca r.noue electro;ys:.s, otherwise
mrmannanad ae Sem dha ;macwd enn s meeamb Taw +4ha mawrivwer saadhada alantwmalwvedi e
pchw ao i1 e niexoe PGLGSL“})([. LU VIIT WICAVULY) VEAVUIWVMT TlTL ViVl odioy
dilute the solution to about 150 ml. with water, wash into a mercury

-

markings,

Jilute to about 300 ml., add 5 gm. of ammonium chioride and 3 drops of
i 4LeY meme s 2edfandae med Lecd 42 ab-d S0 4. An0A 19720 4. 10100
mé"nyl Oorange inNAiC&10r, &na neat vo apduv o W V{470 VO AY4 T ).
Da; awma anah haslam Fwnam +ha hat 1-§A dndAdetdnalley and ndd ammAang 19m
SV AI T Vwdd VANV & & VM wite AWV “ m'“m, AN GRS & Sl WAALE
hydroxide (1 to 1) from a buret uit-b vigorous stirring until the first
sign of a precipitate, and then continue the addition dropwise until the

solution just becomes Yellow, _ Dilute to the 350 ml. mark with hot water
(temperature 80° to 90°C (176° to 194°F)) and allow the beaker to stand
near the edge of the hot plate for 5 minutes so that the precipitate
settles. Filter immediately through a Whatman Fo. 41 i“:l‘ ‘f gi‘pé‘x" into

v &)

= 1AA _9 Lo Vo ot Al e feind ol —nelafon - e amcemd &ha s | ~nl
a KN Ole DoANET wiun SI'ICIWDW. ERIRLORD e ULDCAIU VUIT 14i 0 ®Bi. OI
Batlwdd an anmd 2aaTTand 178 ml

eUVLAVI QlAdA VVULAUW Y 4L/ Wke
If the manganese content is greater than 0.05 percent, make a manganese

dioxide precipitation, otherwise proceed as in the next paragraph. To
make the manganese dioxide precipitation, add 10 ml. of bromine water
and 5 ml. of ammonium lwdrcxide (l to 1) to the 175 ml. of solution in

L a 20~ fA~AA0m \ &S VP _ 2 h - BS2Vd ae
the 400 ml. beaker. D:.gost 95-C (<203°F) for 15 minmuuiés, I1iiler
AL L - L4 A PIVdac mnmac donda a SV m) haalkrar and mmas
TATOUEN 8 wixmLamadil NOe “‘ 1ilVET papel 4ivW a Vv =mie Wun Iy &l W&sd
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Add 30 ml. of nitric acid to the solution (contained in a 800 ml. beaker)
and proceed with the evaporations and development of the color as described
under the preparatlon of calibration curve. Convert the reading to mg.

calcium by referring to the calibration curve. Calculate the percent

T - ----_ -
iCium &as

O

- . . A
rercent caicium o—
= 10w

where: A - mg. of Ca as read from curve
W = gme of sample in 50 ml. volume on which color measurements

-t Y oo 1.1 -

are made {ordinarily, W = 1/2 x 0.4 = 0.2 gm.).
(
\

L.3.6.1 Reagents.
4.3.6.1.1 Standard iron solution (1 ml. = 0.100 mg. of Fe). Dissolve
0.1000 gm. of pure iron in 100 ml. of hyurocn.l.orlc acid (1 to 1) by

<V d

warming on the hot plate, cool, and dilute to 1 liter in a volumeiric flask.

Dissolve

ml. of tartaric ac:u.'l solution (50 percent), 1 ml. of twdroxylamne
hydrochloride solution (10 percent), a.nd 5 ml. of ortho—pnenant.nroxme

L £ r a_ 2o e 2o S 2w

solution (0.2 percent). Adjust the pH to about 5.5 to 6.0 with ammonium

hydroxide (1 to 2) using pH paper. Transfer to 100 ml. wolumetric flasks
and dilute to about 90 ml. with water. Heat in a water bath at 60° to
70°¢ (140° to 158°F) for 30 minutes. Cool, and dilute to the mark.
Measure the absorbence at 510 nm in a spectrophotometer that has been set

‘Zmnsmittance with the reagent blank. Plot mg. of iron

X
[
5
3
g
2
(34
:
G
g
:
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4.3.6.3 Procedure. Transfer a 0.5 gm. sample to a platinum dish and
add 15 ml. of water and 7 ml. of sulfuric acid, Add 2 ml. of hydro-
fluoric acidé in 0.5 ml. portions. Evaporate to strong fumes of sulfuric
acid at moderate heat. Add 50 ml. of water, warm to dissolve the salts
if necessary, cool, and dilute to 100 ml. in a volumetric flask. Trans-
fer a 20 ml. aliguot to a 250 ml. beaker. Add 5 ml. of tartaric acid
(50 percent) ani proceed as in the preparation of the calibration curve.
Carry along a reagent blank. Convert the reading to mg. of iron by con-
sulting the calibration curve. Calculate as follows:

. A
Percent iron = 0w

where: A = mg. of iron as read from curve
W = gm. of sample in aliguot

L.3.7 Determination of aluminum (see 6.6).

4L.3.7.1 Reagents.

Le3eT7+lel Standard aluminum solution No. 1 !1 ml, = 0.5 mg., of Al).
Dissolve 0.5000 gm. of pure aluminum metal in 25 ml. of hydrochloric

acid (1 to 1) by heating on a hot plate, cool, and dilute to 1 liter in
a volumeiric flask.

). 3.7.1.2 Standard aluminum solution No. 2 §l ml, = 0.0ZE mg. of Al).
Pipet 2 10 ml. aliquot of standard saluminum solution No. to a ml.

volumetric flask and dilute to the mark. Prepare fresh daily.

Le.3.7.1.4 Sulfuric acid 52 ggrcent). Add 25 ml. of sulfuric acid to
1, and dilute to 500 ml.

4.3.7.1.5 Phenolphthalein solution (0.1 percent). Dissolve 0.5 gm. of
phenolphthalein in & mixture o et ohol (95 percent)

and 250 ml. of water.

4L.3.7.1.6 Benzoic acid solution {10 p ercent). Dissplve
YN

acid in 5uu ml. of methand

16
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Le3.7.1.7 Acetate buffer for aluminon reagent. Cool 950 ml. of
ammonium hydroxide in an ice bath and add . of glacial acetic acid
siowly with stirring. Cool to room temperature and add more acid or
base to bring the pH between 5.25 and 5.35 when the solution is diluted
1 to 20. Dilute to 2 liters with water.

L.3.7.1.82 Gelaitin solution ('1 percent). Add 7 gm. of gelatin to about

e e {easT ULLC LA 2V~ L wliUll - pPSi ) { & [ 8,828
a

500 ml. of warm water while stirring. Warm until clear, cool, and dilute
to 700 ml.

L.3.7.1.9 Composite aluminon reagent. Dissolve 0.7 gm. of aluminon in
about 400 ml. of water, add 140 ml. of benzoic acid solution {10 percent),
and dilute to 700 ml. with water. Add in order, 700 ml. of buffer
solution and 700 ml. of gelatin solution (1 percent). Shake well. Allow
to stand three days before using. Store in a dark bottle.

L.3.7.2 Preparation of calibration curve. Add 0.2, 0.5, 1.0, 3.0, 5.0,
8.0, 10.0, and 12.0 ml. portions of standard aluminum solution No. 2 to
250 ml. plastic beakers. Carry along a reagent blank, Add 75 ml. of water,
15 ml. of sodium hydroxide solution %25 percent), 10 ml, of sulfuric acid
(5 percent), 5 ml. of hydrochloric acid, and 2 or 3 drops of phenol~-
phthalein solution (0.1 percent). Insert a plastic stirring rod, add
hydrochloric acid dropwise from a buret until the solution becomes
colorless and then add 3 drops excess hydrochloric acid. Wash into 200 ml.
volumetric flasks (the volumes after the washings should be about 125 ml.)
and add 25 ml. of composite aluminon reagent measured with a pipet.

Place into 1 liter beakers containing about 900 ml. of tap water that is
boiling vigorously and keep in the boiling water for 15 minutes with the
burners of the hot plate at highest heat. Remove the wolumetric flasks
from the boiling water and dilute to the neck with water. Cool to room

temperature in a running water bath amd dilute to the mark. Within 2

o
hours measure the absorbance at 540 nm with a spectrophotometer that has
been set to 100 percent transmittance with the reagent blank. Plot mg.
of aluminum against absorbance.

L.3.7.3 Procedure. Weigh 1 gm. of the sample into a platinum dish
and add 20 ml. of water, 3 ml. of nitric acid, 5 ml. of sulfuric acid,
and 3 ml. of hydrofluoric acid. Carry along a reagent blank. After the
vigorous reaction has ceased, wash down the sides. Evaporate to fumes
of sulfuric acid and fume for 2 or 3 minutes. Allow to ¢ool, wash down
the sides, and again evaporete to fumes. Allow to cool, add about 50 ml.
of water, warm to dissolve the salts and cool.

17




Downloaded from http://www.everyspec.com

MIT _7_120
Cidir=L=37

~NO

[aY
v

V_If more than 0.3 percent tin is present, electrolyze with a mercury cathode
for 30 mmutgs. Transfer to 100 ml. volumetric flasks and dilute to mark.
Add 30 ml. of sodium nydroxide solution (25 percent) to 500 ml. plastic

bottles that have a mark on the outside :md:.cat.:mﬂ the 200 ml. volume

(thick-walled hydrofluoric acid containers are satisfactory). Place
the pgstic bottles in 1 liter beakers containing 900 ml. of tap water

Liiea 2ol PA N =p weLvld

that is boiling vigorously and keep in the v1gorously b0111ng water for
10 minutes or more, swirling the bottles ocasionally. The large volume
of water is necessary to prevent the plastic bottles from adhering to the
sides of the beakers. HRemove each bottle individually from the boiling
water bath and immediately add by means of a pipet 20 ml. of the sulfuric
acid solution of the sample while swirling the bottle. Dilute almost

to the 200 ml. mark, cool in a running water bath to room temperature,
and dilute to the 200 ml. mark.

X P e = A PO R, - 11 £~ Aen A sees @ emd oo oy e RN - N PPN
Filter through Whatman No. 41H filter papers into 250 ml. plastic beakers
that hav mark on the outside indicating the 100 mi. volume. Discard

the first 25 ml. of filtrate and collect 100 ml. Add 5 ml. of hydrochloric
acid and 2 or 3 drops of phenolphthalein solution, and proceed as described
under preparation of calibration curve. Convert the reading to mg. of
aluminum by referring to the calibration curve. Calculate the percent
aluminum as follows:

Percent aluminum = w“ﬁ
&\

where: A = mg. of Al as read from curve
W = gn. of sample in 200 ml. volume on which color measurements
are made (ordinarily, W = 1/2 x 20/100 x 1 = 0.1 gnm.)

A O Neod = mnd Lo ol herdeams -
«3.8 Determination of hydrogen (aee

F)

4.3.8.1 Apparatus. Hot-vacuum-extraction apparatus, as shown in figure 1.
The apparatus must be constructed with a known volume, Vy, which is used
for calibration purposes. The capacity of this volume should be of the
same order of magnitude as the total volume of the system and must be

calibrated with £ 1 percent prior to incorporation into the apparatus.
Calibration by weighing the bulb empty and filled with water is satisfactory.

1 triple range type, covering O to 50 on the
quadratlc scale and O to 0.5 mm ard O to 5 mu on the two lmear scales.
Any other type of gage that will yie

is satisfactory.

[
o
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4.3.8.2 Reagents.

L 3.8.2.1 FEigh vacuum grease for al1 stopcocks and standard taper
joints not directly in heating zone (Apiezon i grease is satisfactory
o
4

ory

U'l
T
£
-
T
(<)
(7]
L4}
N

4.3.8.2.2 High vacuum wax for all standard-taper joints associated w
heated zones (Apiezon N wax is satisfactory for this purpose).

(a) Assemble the apparatus as shown in figure 1. Evacuate the apparatus,
with both diffusion pumps operating, to O.l micron or less. Isolate the
calibrated volumes from the evacuating diffusion pumps and forepump
Determine the leak rate of the volumes by periodic measurement of the
pressure with the McLeod gase. The leak rate should be less than 0.3
micron per minute,

(b) Introduce hydrogern into the apparatus until a pressure of approxi-
mately 0.25 to 0.5 mm is attained. This may be done by heating a high
hydrogen content sample, preferably zirconium hydride, in the furnace
assembly. (Alternatively hydrogen may be admitted by heating a small
palladlum tube. sealed outside the volume system, with a soft yellow
gas flame.)

(¢) Turn off the furnmace power, allow the furnace to cool, and
measure the hvdrogen pressure in the total volume with McLeod gage.

QUL WiV lquavavA¢ Mo SRS

(d) " Isolate the precalibrated volume by closing the proper stopcock.
Open the remainder of the volume to the evacuatzng diffusion pump and

e s mae Vs Ta~la

forepump and allow the system to pump down to 1 micron or less. Isolate

the volume from the evacuating diffusion pump and forepump and expand

€ €Vva
the egas frnm the precalibrated volume by opening the appropriate stODCOCk-

Viiv RS 4a Vi VeiS e S YO L LG

Measure the pressure in the volume with the McLeod gage.

(e) Repeat this procedure described in paragraph (d) at least eight
more times. Jalculate the total calibrated volume as follows:
I S
=
T P

where: T= total volume
1 s

= initial pre
in microns.

V; = precalibrated volume in ml.

Pq = pressure, in microns,in total volume after expansion

from precalibrated volume

precalibra ted volume

19
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The uncertainty of the mean o7 the calibration values so obtained should not
exceed ¥ 1 percent (95 _percent confidence level). Room temperature should

not vary by more than + 2°¢C (= 3.6°F ) during the calibration and subsequert
anaiytical operations. A temperature correction of 0.3 percent per °C may
be made for larger temperature fluctuations.

4.3.8.4 Procedure.

L.3.8.4.1 Blank rate of apparatus. Insert the crucible assembly in the
furnace and seal the sample receiver to the apparatus with apiezcm N wax.
Load 0.5 gm. samples of the zirconium powder, loosely wrapped in tin foil,

in the cample arms. Seal and evacuate the apparatus to about 0.05 micron.
Outgas the crucible by heating at 1400°C (25520F). When the crucible is _
sufficiently outgassed, lower the temperature to 12000 £ 50°C (2192° £ 90°F)
and evacuate to 0.02 micron or less. Dztermine the blank rate of the

A e - 1 e SV
ed volume in microns per minute by isclating the s,gtem from the
n

ne diffusion

1 o+
g

alll 1U1 'r‘—r' by

gage at intervals of 3 minutes for 10 minutes. If the
blank rate is greater than 0.3 micron per minute, continue the outgassing
procedure until the desired blank rate is obtained.

4.3.8.4.2 Analysis of samples. When tisfactory blank rate is

a2 sa
obtained, open the calibrated volume to the evacuating diffusion pump
and i‘orepump and again evacuate to 0.02 micron or less. Isolate the
volume from the evacuating pumps and nanipulate a sample into the crucible.
Turn on the induction furnace power and heat the crucible and sample at

1200° £ 50°C (2192° % 90OF). Read the pressure on the McLeod gage at
5 minute intervals until the pressure increase equals the blank rate.

This concludes the analysis of the first samle. Open the system to
the evacuating diffusion pump and forepump and again evacuate to 0.02
micron or less. mr:.ng this evacuation, turn off the _power to the
induction coil, allow the crucible to cool for about 3 minutes and then
I~

ther maane af +tha masmmn

by means of the magnetic crucible suspension system, dump the degassed
sample into the lower portion of the furnace head. Repeat the procedure

for successive samples

4.3.8.5 Calculation. Calculate the percent hydrogen as follows:

where: = corrected pressure from Mcleod gage, in microns.
= calibrated volume use, in ml.

molecular weight of hydrogen = 2,016

gas constant (82.05 ml. atmosphere per degree Kelvin mole)
temperature of calibrated volume, in degrees Kelvin

gn. of sample used

N3oTXRAgY
nonoson

g
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4.3.9.1.1 Boric acid solution (5 percent). Dissolve 100 .-gm. of boric
acid in warm water, cool, and dilute to 2 liters.

4.3.9.1.2 Silver nitrate solution (5 percent). Dissolve 25 gm. of
silver nitrate in water and dilute to 500 mi. Store in a dark 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 hydrofluoric acid in 0.5 ml. portions,
swirling vigorously after each addition. Add 2 ml. of nitric acid and
120 ml. of boric ac1d solutlon (5 percent) Pilter through a Whatman
No. 42

fil
of si
1

e e
=t
23
3
-
5
A
-
b q
o
&
I

water (the temperature of the solution in the plastic beaker will rise
to 75° to 80°C (167° to 176°F) 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 glass crucible of
fine porosity, transfer and wash with 1 percent nitric acid and finally
wash once with water. Dry at 125°¢ (2570w\ fnr 1 hour. canl. and weish

Ao 2e: LVaav'© Wavea: WG VTa' s s VUL g VUUL g Quss WO ARl

Carry through a blank. Calculate as follows

Percent chloride = 24.74 (A-B

W
ol manm o A e A a2 2 h Lo S —n Y o
where: A = gm. of precipitate from sample
B = gm., of precipitate from blank
W = gm. of sample

L4.3.10 Determination of silicon (see 6.6).

4.3.10.1 Reagents.

1 a2 1A 1 1 MMerdam @V scmanim amiAd £1A mavnamdt ) NIV ik a A ml A Liand e

e delUelel nyurolriuoric aclu \ LU pCITCily je. vijuve DU mli. Ol IYUIo—

varie acid (1.8 narcant) +n SO0 m] in a nlastic hattle ’
12UCriC acCill ({S PCICClyY,; WO vy Mie AUll a pPaidacoiil UOULULLAC.

4.3.10.1.2 Boric acid solution (0.85M). Dissolve 26.3 gm. of boric acid
in warm water, cool, and dilute to 500 ml. Store in a plastic bottle.

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

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

L.3.10.1.5. Sodium sulfite solution {17 percent). Dissolve 42.5 gm. of
sodium sulfite in water and dilute to 250 ml. Store in a plastic bottle.

This solution will keep for 2 days.

1diio SOLUVLIQI W21l RCEC a2y =2

4.3.10.1.6 Ammonium tartrate solution (4O percent). Dissolve 100 gm.
of ammonium tartrate in warm water, cool, and dilute to 250 ml. Store
in a plastic bottle.

Fuse

4.3.10.1.7 Standard silicon solution (1 ml. = 0.0l mg. of Si).
0.1070 gm. of anhydrous silicon dioxide with 1 gm. of sodium carbonate
in a platinum crucible. Cool the melt, dissolve completely in water,
and dilute to 1 liter in a volumetric flask. Store in a plastic or
paraffin-lined bottle. Transfer a 200 ml. aliquot to a 1 liter volu-
metric flask and dilute to the mark. Store in a plastic or paraffin-
lined bottle.

. 2102 Preh

L.3.10.2 f calibration curve. Transfer 10.0, 20.0, 30.0

D 1 0 1 Y - Tran 0.0, i 30.0,
40.0, and 50.0 ml. portions of standard silicon solution to plastic beakers.
Carry along a reagent blank. Dilute to about 100 ml. and using a pH meter,
adjust pH to 2.5 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 * 0.5 minutes and
add 10 ml. of ammonium tartrate solution (40 percent). Transfer to 200 ml.
volumetric flasks and dilute to the mark. Let stand for 1 hour and
measure the absorbance at 710 nm in a spectrophotometer that has been set
to 100 percent transmittance with the reagent blank. Plot mg. of silicon

against percent transmittance.

i.3.10.3 Procedure. Weigh a 0.5 gm. sample into a plastic beaker.
Carry along a reagent blank. Add 15 ml. of water and 1 ml. of nitric
acid (1 to 2) then add 15 ml. of hydrofluoric acid (10 percent) in 3 ml.

portions. Warm to about 60° to 70°C (140° to 158°F) in a beaker of hot
water to aid solution. Add 150 ml. of boric acid solution (0.65M), mix
thoroughly, and cool. Transfer to a 200 ml. volumetric flask and

dilute to the marks. Pipet a 50 ml. aliquot into a plastic beaker.

Dilute to about 100 ml., adjust the pH to 2.5 by adding ammonium carbonate
solution, and develop the color as described under preparation of calibra-
tion curve. Convert the reading to mg. of silicon by consulting the
calibration curve. Calculate as follows:

A
n

Percent .ilicon = 10w

= mg. of silicon as read from curve
= gm. of sample in aliquot

22
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4.3.11.1.1 Standard potassium iodate solution (0.025N). Dry potassium
iodate (KIO5 ) at 180°C (3560F) for 2 hours. Dissolve 1.7835 gm. in 100
ml. of wave“ contalnlnv 2 gm. of sodium hydroxide and 20 gm. of pot3551um

FS P, DR QU Y S e e oS o

jodide. Dilute to 2 liters in volumetric flask. This

§ a pr.Lmdr

w
'.dlo

4.3.11.1.2 Antimony trichloride solution (2 percent). Dissolve 2 gm.
of antimony trichloride in 50 ml. of hydrochloric acid and dilute to 100
ml. with water.
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L4.3.11.2 Procedure. Transfer a 2 gm. sample to a platinum dish and
add 50 ml. of water and then 10 ml. of hydrofluoric acid in small
portlons. Add 25 mi. of sulfuric acid and evaporate to fumes. Allow

~ < .

to cool, add 50 ml. of water, and wash into a 500 ml. Erlenmeyer flask.
Add 75 ml. of hydrochloric acid and 3 drops of antimony trichloride
solution and dilute to about ‘400 ml. Add 10 em. of zrg,m_xlgted lead

passzng carbon dioxide into the-flask. Cool to below 10°C (50°F) while
passing carbon dioxide into the flask. Add 5 ml. of potassium iodide
solution (10 percent) and 5 ml. of starch solution. Titrate with
standard potassium iodate solution to a permanent blue color. Run a
blank determination. Calculate as followss

. . 5.935 (A-B) C

T l L]
where: A = ml. of potassium iodate solution for titretion of sample
B = ml. of potassium iodate solution for titration of blank
C = normalltv of potassium iodate solution
W = gm. of sample
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4.3.12 Ignition gain. Transfer a 0.2 to 0.3 gm. sample, weighed to
0.1 mg., to @ tared porcelain crucible. Cover with a porcelain 1lid and
heat over a low flame until the ignition appears complete. Open the
cover and heat over the full heat of the Meker burmer for 15 minutes.
Cool in a desiccator and weigh. Calculate as follows:

Percent gain in weighti = -]:e‘,ﬁ
where: A = gm. gain in weight
W = gm. of sample

L.3.13 Burnineg time.

L.3.13.1 Test equipment.

L.3.13.1.1 Mold bar. One inch by 5/8 inch by 30 inches steel bar with
a groove in the center of the one side (the one inch flat side) 1 16 inch
deep and 1/8 inch wide running the length of the bar.

L4.3.13.1.2 Place of transite. 36 inches by 4 inches by 1/4 inch with
a mark 8 inches from each end, giving a 20 inches long timing distance.

4.3.13.2 Procedure. Gently pour the dry sample into the groove, com-
pletely filling same. Handle the material with care (see 6.9). Scrape off
the excess sample with the edge of a plastic spatula so that the zirconium
is level flush with the top of the groove. Do not pack. Flace the
transite board on top of the bar mold so that the powder extends
approximately 5 inches beyond each mark towards 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 sample particles.
Remove bar mold. With stop watch ready in hand, ignite the girconium
at one end with a match. Start timing when the train burns to the
first mark and stop when the burning reaches the record mark. Record
time for 20 inches burning and divide by 2. Run four tests on each
sample, using the first test to warm up the board. Record the average
of the second, third, and fourth tests. Keep the transite board in a
warm place when not in use.
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5. PREPARATION FOR DELIVERY

paobénc‘ level C. The zirconium shall be thoroughly mixed with
to form a siurry containing not less than 25 percent by weight of
water. It must be packed in wooden boxes, Department of Transportation
Specification 154 or 15B, with inside containers of glass or non-carbon
polyeuhjlene hav1ng net weight of not over 10 pounds each. In order to

P N 'S ~rlimatec

prevent 1reez:|.na during shipmént or ure aimaies,
n

- hi +
age in low vempera
I3

a4 vy,
@G vua
ss than 25§ percent by weight of

the zirconium slurry shall contai

4y
methyl alcohol-water solution or other anti-freeze mlxture approved b\
the con.,ractmc officer, and which has a freezing point of -30°F (-34°C

The zirconium shall be packed for shipment in accordance with the latesv
Departmerit of Transportation rules and regulations for the transportation

of hazardous materials.

Pl dd WWiiVaiass

2 Labelinv and markins. Each container should be durably and
bly marked to read:

Zirconium Metal Powder (minimum 25 percent water).
Danger! Flammable solid. May explode if water contenti
is 10 percent or below.

—~
(o -

(¢) Keep wet in storage - dry powier may be ignited by
friction, static electricity, or heat.
{d) Do not attempt tc locsen or remove material from container

Keep away from heat, sparks, and open flame.

Keep from freezing.

In case of spillage, keep wet and remove carefully.

In case of fire, smother with foam-type fire extinguisher

PN~ ~
R O
~— et ot s

or sand.
(i) Do not use carbon tetrachloride, 002 extinguishers or water.
{(j) wear goggies or face shield and fire-retardant clothing when
handling.

6. NOTES
6.1 Intended use. The zirconium covered by this specification is
intended to be used in pyrotechnic and special ignition comnositions.

N)
\S .}
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6.2 Crderin~ d3ita. Procuremert documents should specify the following:

a. Tiile, number and date of this specification
b. Type and clastc of zirconium

6.3 The principle, technique and calculations for the Andreassen pipet

method are described by C. Orr and J. M. Dallavalle in "Fine Particle
ijeasurement: Size, Su fi“'ce and Pore Volume", Macliillan Co., New York, 1959,
Andraassen Pipets may be purchased from Fisher Scientific Company.

I, Buckbee lears Sieve. The Buckbee Mears sieve may be obiained from
+the Buc. .ec nears company, St. Paul, Minnesota.

6.5 A booklet eniitled "Turbidimeiric Particle Size Analysis" by
r. J. S. Muscra—e and H. . Harner may be obiained Irom the Eagle

D s
Picher Co., F. C. Box 47, Joplin, Mo.

.5 A’te hate neunoi o)

calcium, ix‘orxJ aluminum, silicon, and tin.
o > masr alen ha Aata
Cve

iCOU, and tin mdy aiss o€ a
trosraphic or atomic absorption methods.

6.7 This is essentially the procedure recommended by ASTM for the
determlnauo"n of hydrogen in zirconium and zirconium-base alloys in

- i s L e

Alternaite method
Alternave meinoa

for hvd
by a sa..lsfact v combustiio

Ve

ne ydrogen may also be determined

me;hod.

6.9 Zirconium is a hazardous pyrbphoric material, particularly when

PP Dl A2

dry. Handle with care avoiding open flames and unnecessary f{rictiomn.
Type II zirconium is especially pyrophoric.
Custodians: Preparing activity:
Army - MU ATy - MU
Navy - 0OS P
Air Force - 68 Project No. 6810-0%04
Review activities:

Navy OS AS
Air Force - 68

User activities:
fAemeee _ MT [T}
ATWy = fiiy o0
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— Molybdenum crucible. 0—Quarts furnace tube.
lg—-’l‘r‘::sfe:n diffusion pump. P-—Mechanical pump for McLeod gage.
D.—Evacuation diffusion pump. S—Sample tube.
FP—Fore pump. T—Cold tr:xi o
G—1Iron guide tube.

T C—Th DErmoOCOuUpIc gagT.
J—Induction beating coil. ¥, —Small volume.
M—McLeod gage. Vg—Lnge volume.

Fic. 1.—Hot Extraction Apparatus for Determination of Hydrogen in Zirconium.
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