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1 Decg%g;; 1927
EDING

MIL-5-10699A(0rd)
24 June 1958

MILITARY SPECIFICATION
SALTS, HEAT-TREATING (FOR METALS)

This specificacion s approved
for use by all Departments and
Agencies of the Department of’
Defense. ’

1. SCOPE

1.1 Scope. This specification covers crystalline heat-treating salts
suitable for use in the molten state for normalizing, annealing, har-
dening and tempering, cyclic annealing, process annealing, martemper-
ing and austempering of carbon and alloy steels, hardening of high
speed steel, heat-treatment of light alloys, annealing and stress-re-
lieving of cold-wdrked copper and copper-base alioys (see 6.1).

1.2 Classification. The salgs shall be of the following classes as
specified in the contract or order (see 3.5 and 6.1).

Working Range (°C)

(2]
i
[
n
"]

163-593 : .
288-593
621-927
593-899
552-760
704-899
899-1093
(see table 1) 1038-13)6 .
899-1288 °*

NN '

Benaficial comments {recomnaendatipns, additions, deletions), and any pertinent data
which may be of use in improving this document,should be sddressed to: Commander,
US Army Armsment Research and Development Command. ATTN: DRDAR-TST-S,
Dover, New Jersey 07801, by using the self.a Jdressed Standardization Document
‘I’mplrovement Propozal (DD Form 1428), appearing ot the end of this document, or
y letier. . .
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2. APPLICABLE DOCUMENTS
2.1 1lssues of documents. The follow ing documents, of the issue in

effect on date of invitation for bid:, form a part of this gpecifi-
cation.

SPECIFICATIONS
FEDERAL
PPP-C-301 - Chemicals, Dry and Paste: ‘Packaging and
Packing of
STANDARDS
FE JERAL

. Fed. Test Method Std. No. 151 - Metals; Test Methods.

MILITARY
MIL-STD-105 - Sampling Procedures and Tables for Inspection
by Attributes.
MIL-STD-109 - Quality Assurance Terms and Definitioms.
MIL-STD-129 - Marking for Shipment and Storage.

(Copies of specifications and standards, regquired by contractors
in connection with specific procurement functions, sbould be obtained

______ conitra PR g EEd

from the procuring activity or as directed by the contractimg cfficer.)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASIH)'STANDARDS

b 1193 - Reagent Water . .
(The ASTM tnst methods listed above are'includéd in Part 20, 21, ..
22, 29, 31, 37, 40 of the Annual Book of ASTM Standards and are alsc '
available separately. Application for copies should be addressed tc

the American Sociery for Testing and Materials, 1916 Race Street,

Riie faive anfi dWwaenR) eVe SRS Ry =T sSRTSaSao pt =l ol =

Philadelphja, Pennsylvania 19103.)
DEPARTMENT OF TRANSPORTATION

49 CFR 171-178 - Department cf Transportation rules and regula-
ttons for the transportation of hazarcous meterials. .
(These regulations may be purchased from the Superintendent of
Documents, Govermment Printing Office, Washington, D.C. 20402.)
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3. REQUIREMENTS -

3.1 Chemical composition. The compositional range of the salts ghall

-------------------

3.2 Impurities. The amount of impur tiecs in the salcs shall be within

-

the limits specified in cable II.

3.3 Physical requirements. The salts shall conform to the physical
requirements gpecified in table IIl. :

Pty e R

. e W A A A R Y e - e e Sk AR M TR w e S &G =S sd o= ==

Working : Melting Temperature at
Range Range which galt shall
Class ocC oC be a clear }ligquid,
oc

1 163-593 - 135-143 146
2% 288-593 221-236 232
3 621-927 560-588 621
4 593-899 560-577 - 593
4A 552-760 496~524 . 538
5 704-699 649-677 677
] - 899-1093 760-843 871
7 1638-1316 §54-982 982
8 £99-1288 830~857 871

. mm  E Al e m  E  Em  E E  age— E TEMR TAR R M R S S SRS S S S - ..

*Sec 6.3 for care in use of nictrate salc baths.

3.4 Certified test report. Thé contractor shall furnish at the time of
delivery a report of detailed test results certifying that the material
supplied conforms to the chemical and physical properties spe;ified in
tables I, II and Il1L.

fe

3.5 Black stain. Salts of class 1 end 2 shall not produce black stain
2 Eooo o P By S S o

on cartridge brass when heated to 5669C for five minutes, vhen tested &s.
specified 1in 4.6.2.2.

3.6 Decarbuiization, scaling and pitting. Salts of classis 4,5,6 and 7

shall not caise decarburizing, scaling or pitring of the work being
treated in the salts during heat treatment, vhen tested as specified in °

4:6.2.1.

3.7 Mater solubiljty. The salcs with the exception of classes 7 and 8

---------------

shall be water solublie.
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3.8 Appearance. Clasc 1 and 2 salts shall have a yellow, pink or red }

color for precautionary purposes {see 6.3). All other classes of salts
shall be characteristic white crystals. )

3.9 Granculatior. The salts shall be grandular and free from lumps.

LI N e Y

Class GA salt may contain anhydrous calcium chloride in pellet form.

3.10 Workmanship. The salts shall be uniform mixture, free from dirt,
grit and foreign matter. Class 1 and 2 salts shall be free from carbon-
acaous materials. Salts shall be free ylowing and shall show no evidence

of caking or hardening.

4. QUALITY ASSURANCE PROVISIONS

ance of all inspection requirements as Specified herein. Except as
otherwise specified in the contract or order, the supplier may use his
own or any ocher facilities suitable for the perfornance of the inspec-
tion requirements specified herein, unless disapproved by the Governaent.
The Government reserves the right to perform iny of the inspections set
forth i{n the specification where such inspections are deemed necessory
to assure suppligs and services conform to the specified requirements.

. e e W A E e o

e B kA e

L]

4 3.1 Aggggggggg_gégg&qg. All examination and testing shall be to deter-
m:ne conformance to the requirements of this specification to serve as a
bisig for acceptance, : . .
4 4 Lot. Unless otherwise specified, an inspection lot shall consist of_'
all salt of the same class submitted at one time by a supplier, exceprt . .

tnat the loc shall not axceed 15,000 pounds.
4.5 Sampling.

4.5.1 E:d item inspection. Each lot shall te sampled in accordance with
MIL-STD-105, inspectior level I, acceptance quality level {AQL) 2.5 per-
cxnt defective, and exsmined for weight, closure and visual ruquirements
(zee 4.5.2) and shall ceet all the requirements cited in sect:on 3 of

tnhis specification.

4.5.2.1 Visual. Examination shall be made for :ompliance wich the appear-

ance (se¢ 3.8), granulation (see 3.9) and workm.nship (see 3.10} require-
ments. :
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4.6 Tesats.

......

4.6.1 Chemical tests. The saoples shall be oixed thoroughly hefore con-
duccing the chemical tests. Wacer in sccordance with ASTY D119) (Type
1I1) and reagent grade chemicals shall be used. Blank determinacions
shall be run and corvections spplied vhere significanc. The tescs shall
be conducted as follows: 'If other cethods of analysis are desired, they
shall be as agreed upen by the contractor and "tho-procuring cccivicy!

In case of dispute the chesical nechods specified herein shall de used.

P A A -
PR iR A A A A R e L
------------------

o

£.6.1.1.1.1.1.1 Aluninun chloride solution (53). Rissolve 5 g of AlCl,

--------------------- s eesesuea

fn 100 ml of water.

£.6.1.1.1.1.1.2 Sodium tetraphenylboron solution (JX)}. Dissclve 9 g
of sod{um tecraphenylboron in )00 ml of wsrer, add 2 ol of aluninum
chloride aolution (51), scir, allow to stand 30 minutes, and (ilcer into
s polyethylene or Pyrex container. On prolonged scanding, the soluting
nay bzcome turbis 4f it doss, refileer before useing. :

F weL ai a% .

a 400-cl beaker. Add abouc 200 ml of water. stir zo dissolve, and dilute
to 1l liter in 8 volumeeric flask.. Pipet a 10-m1 aliquot inte a 250-ml
beaker. {Save the solutfion in the volumectric flask for the determinatieon
of sodfum nicrite-(4.6.1.1.1.2).) Dilute to 150 ml and add 5 drops of
aluninum chloride solutfon (5X) and 20 m1 of tetraphenylboron solution
while stirring vigorously. Allow to stand 5-10 minutes. Fllcer chrough
a tared sintered glass crucible of mediun porosity, being careful ‘that

" the crucible does not run dry during the filcration. Transfer the pre-

v

cipitate to the crucible and wash wich water. Dry at 120°C for &S minuces.

cool in a desiccator, and weigh. Calculacte the percent potassium nitrace
as follovs:

-------

~

q

Where: P = g of precipitace. . [
Q - g of sample in aliquot.

a

A Y
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4.6.1.1.1.2 Sodium nitrace.

4.6.1.1.1.2.1 Reagencs.

b.6.1.1.1.2.1.1 Scandard 0.lN pocassium permanganate solucion.

4.6.1.1.1.2.1.2 O.1N ferrous ammemium sulfate sclution. Dissolve 9.2 g
_of Fe(NK,)2(504)2.6H30' in about 500 ml of diluce sulfuric acid (5 to 93)
at room ‘temperature and di{lute to 1 liter vich dilute sulfuric acid {3 to

95).

4.6.1.1.1.2.2.1 Procedure. Toc 300 ml of water in a 600-ml beaker add
10 ml of sulfuric acid (1 ro 1). Carefully add standard 0.IN potassium
permanganate solution dropuvise until a pink color just appears and then
add 40.00 ml of the permanganate. Transfer a 25-ml aliquot of the solu=
tion from the volumerric flask from the potassium nitrace determination
(4.6.1.1.1.1.2), allowing the pipet to dip just below the surface {the
solution should remain pink: {f it does not remain pink, srart anev and
take a smaller ‘liquor). -Add 20.00 =l of 0.1N ferrous -azmonium sulfate
solucion while stirring and allow to stand 5 minutes (the scolurion should
turn colorless; 11 't does not, add an additjonal measured amount of fer-
‘rous ammonium sulfaite solucion). Ticrate with scandard 0.1N pocrassium
permanganace solution to a pink color. Determine the equivalent strengths
of ‘the ferrous ammonium sulfate and potassium permanganate solucions by
adding 20.00 ml of ferrous ammonium sulface solution to 300 ml of water
and 10 ml of sulfuric acid (1l to 1) and ticrating wicth porassium perman-
ganate solution. Calculace che percenc sodium nitrace as follows:

v . L2 .

. ———— - e .

T " .-.% NaNO, -\J.bSO {A-B)N - -
. K q
* where: A = total ml of porassium permanganage solution
' required. ) -
Beml of potassium parmanganate solurjion egquivalent
toe 20.00 ol of ferrous ammonium sulfate solution
_(for 2 larger amount of ferrous armonium sulfate
solution use the appropriate equivalency).
N= normalicy of potassium permanganate solution.
Q= g of sample in aliquot.

4.6.1.1.1.3 Sodium nicrate. Calculate the percent sodium nicrace by

difference as follows:
" - * - " .
‘% NaNO3.= 100 - X KNOj - 2 KaNO3 - 2 moisture (as decemmined 4.6.1.2.1)

EwmEEEEES EEEmE =

-4.6.1.1.2.1 Potassium nitrate. Proceed as for potassium nitracte {n class

1 {4.6.1.1.1.1).
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6§.6.1.1.2.2 Sodium nitrate. Calculate the percenc sodium nitrate by

...............

difference as follows:
1 NaNOy = 100 - I KNO4 - 2 coisture (as determined ta 4.5.1.2.1)

4.6.1.

1.2 Ma{or conscituents of class 2.

LI e e e N L o ]

4.6.1.1.2.1 " Potassium nitrate. Proceed as for potassium nitrate in

tlags 1 (G T LT D)

er vy .

%.6.1.1.2.2 Sodium mnitrate.. Calculace the percent sodfum hi:ra:e:by

---------------

difference as follows:

Y
-

X NaNOj = 100 - X KNOy - I moisture (as determined In &4.6.1.2.1)

£.6.1.1.) Major conscituents of class ).

L R i A A A A T

4.6.1.1.3.1 Potassium. chloride. Proceed as for potassium nitrace in

. class 1 (4.6.1.1.1.1) and calculate the percent poctassium chloride as
' (ollowa: ) ’

- R I KCl1 = 20.81P

» . q

v " " where: P - g of precipitace. .

Q = g of sample in aliquot.

£.5.1.1.3.2 Sodilun cardonaze. -

4.6.1.1.3.2.1 --Reagents. -’

4.6.1.1.3.2.1.1 Perchloric acid (approximately 1.2N). Add 400 ol of

perchloric acid (702) to 3600 ol of water and cool to rocm temperature.
Store in a glass-stoppered Pyrex bottle. :

TR A Em R e wRm— .- ww L A - I

against potassium acid phthalace.

4.6.1.1.3.2.2 pProcedure. Transfer a 10-g sample, velghed to 0.3 op, to

a 500-wl wvide-wmouth Erlenoeyer flask. Add 100.00 ol of perchloric acid

(approxinately 1.2N8) and allowv to stand for several oinutes until! cost of

the sanple has dissolved. Carry along @ blank decermination, using 100.0C

ol of the perchloric acid. Cover with a Speedyvap watch glass, heat to

) L boiling, and boil moderately for § minuces. Cool to rdom cemperacure and

'f:l“! “"wash-'down the vatch glass and sides of che flask with'water. Add $ drops

'_'r_i of methyl orange indicator (0.1I) 'and titrate with standard 1IN sodium

v hydroxid e’ soluction to & yellow end point. In the titration of the blank
determination, firsc add the 100.00 ol of the sodium hydroxide solution
vith a pipec and finish the deteraination by titrating from a buret.

Calculate the percent sodium carbonace as follows: !
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X NayCo4 = 5.300(AB-C)N
e W
where: A = ml of perchloric acid for the ticration.
. B = m] of sodium hydroxide solution equivalent to
1.00 ml of perchleric acid. ' ! :

C = ol of sodium hydroxide solution for the titratlon.
N = normality of sodium hydroxide solution.
W = g of sample co

4.6.1.1.4 Major constituents of class 4.

L] ' & — e oam o m— - -
4.6.1.1.4.1 Potassium chlori

“
—
Ox
0
wn
. el
-~
B~
.
o
»
—
[
.
et
.
—
t
.

to a 400-ml beaker, dissolbe in 200 ml of water, and dilute to L liter
in a volumetric flask. Pipet a 50-ml aliquot into a 400-ml beaker and
dilute to abour 200 ml with water. Add 2 ml of bydrochluric arid and
heat to boiling. Add 100 ml of sulfuric acid (3 to 97) from a graduate
sloviy while stirring. Immediately remove the beaker from the hot plate
and allow to stand 3 or more hours ar room temperature. Filter through
a Whatman No. 42 filter paper and transfer and wash with water. Place
the fiiter papet and precipitate into & tared platinum crucible. Char
and burn off the filter paper while gradually LIncreasing the temperature,
cthen ignite at 900°C for 45 minutes. Cool in a desiccator and weigh.

_ Calculage the percent barium chloride as_follows:

q

vhere: P = g of precipitate.
. Q = g of sample in aliquot.

.
2

4.6.1.1.4.3 Sodium chloride. Calculate the percent sodium chioride by

difference as follows:

2 NaCl = 100 - X BaCly-% KCl - I molsture (as determined in 4.6.1.2.1)

4.6.1.1.5 Major constituents of class 4A.

< : . T
4.6.1.1.5.1 Potassium chloride. Proceed as for pgtassium chloride in
class 3 (4.6.1.1.3.1) but use a 15-ml aliquot. Save the solution in the
1-1iter volumecric flask for the determination of barium chloride and

‘calcium chloride (4.6.1.1.5.2).

4.6.1.1.5.2 Barium chloride &nd calci:

4.6.1.1.5.2.1 Reagents.

4.6.1.1.5.2.1.1 Ammonium acetate solution (40%). Dissolve 200 g of

ammoniyum acetate in sbout 300 ml of water and dilute to 500 ml.

10
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4.6.1.1.5.2.1.2 Potassium dichromate solution (102). Dissolve 100 g of

------------------------------------

potaasiun dichromate in about 900 al of warm water, cool, and dilute to
1 liter.

£.6.1.1.5.2.1.) Potassium dichromate wash solution. Dilute 50 ml of

portassium dichromate solution {10X) te 1 liter.

4.6.1.1.5.2.1.4 Acmonium oxalate solution (6%). Dissolve 60 g of

D i T A IR s S St =l At R S

ammonium oxalate in 900 =l of warm water, cool, and dilute to ! liter.

B O 2 o i =y AR i

$ Ammonium oxalate wash Eolution. Dilute B0 =l of
4

4.6.1.1.5.2.2 Procedure. Pipet a 50-nl aliquot from the solution lefc
in the volunetric flask from the potassium chloride determination
(4.7.1.1.5.1) into a 400-ml beaker and dilute to about 225-250 nl. Add
5 ol of hydrochloric acid and 25 ml of potassium dichromate solution
(10I). Heac co 80°-90°C and then add 10 nl of ammoniun acetate solution
(4020 while scirring. Add 10 g of urea. Heat to boiling, boi} uncil a
definite precipitate appecars on the bottom of the beaker and then boil
for 5 minutes core. Move the beaker to the edge of the hot plate and

digest at aboutr 95°C for 1-3/4 = 2-1/4 hours (do not boil during this

stage). Filter through a tared gintered glass crucible of ocedium porosity.

Transfer the precipitate to the crucible with potassium dichrosate wash
solution and then vash four times with water. Save the flltrate for the
determination of calcium as described in the next paragraph. Dry at 110°C
for an hour, coecl in a desficcacor, and weigh. Calculate the percent bar=~
iun chloride as follows:

4 BaClz - 8§8.21P

rm o ——

Q

vhere: P = g of precipitace.
Q = g of sample in aliquoc.
L] - -

For the decermination of calciwn, transfer the filtrate from cthe barius
deternination to’'a 400-o! beaker. Add 50 ol of ammonium oxalate solution
(6Z) while stirring. Allow to stand ) hours or more. Fileter through a
Vhatman No. 40 filter paoper and transfer and wash with acmoniun oxalatce
vash solution. Place the filter paper and precipitate into a tared plat-

ius crucible. Char and burn off the filter paper while gradually increas--

ing che ctemperature, then ignite over a blast burner for 30 oinutes.
Cover, place in a desiccator, and ueigh as soon as cool (the precipitace
ie hygroscopic). Calculate the percent calcium chloride as follows:

YabWikJ. LLOIiLLVIARE LRIIE F=t eIl

.......

Q

wvhere: P = g of precibitate
Q = g of sumple in aliquot. .

.
[

11
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4.6.1.1.5.3 Sod{um chloride. Calculate the percent sadium chloride by

difference as follows:

Z NaCl = 100 -~ 2 KC! - I BaCly - 2 CaCly - X moisture {as determined in
4.6.1.2.1)

4.6.1.1.6.1 Potassium chlotide. Proceed as far potassium chleride {n

class 3 (4.6.1.1.3.1) bur use a 10-ml aliquot.

4.6.1.1.6.2 Sodium chloride. Calculate the percent sodium chloride by

difference as follows:

I NaCl = 100 - Z KC1 - ¥ moisture (as determined in 4.6.1.2.1)

4.,6.1.1.7.1 Potassium chloride. Proceed as for potassium chloride in

class 3 {(4.6.1.1.3.1) but use a 40-ml aligquot.

4,6.1.1.7.2 Bari{um chloride. Preoceed as for barium chloride in class &

4.6.1.1.8.1 Barium chloride. Proceed as for barium chloride in class &4
paper (to remove the silica) and wash with water, prior to dilution in
the l-liter volumecric flask.

4.6.1.1.8.2 Stlica. Transfer a 5-g sample, weighed to 1 mg, to a 400-ml
beaker. Add 50 ml of water, 5 ml of nitric acid, and 50 ml of perchloric
acid. Cover with a watch glags and warm on the hot plate to dissolve.
Evaporate to fumes of perchloric acid and heat so that the perchloric acid
refluxes for 20 minutes. Allow to cool, add about 200 ml of water, and
stir to dissolve the salrs. Filter chrough a Whatman No. 40 filter paper
and transfer and wash well with water. Place the filter ‘paper and precip-
itate inro a platinum crucible. Char and burn off the filter paper while
gradually increasing the temperature, then ignite at about 1000°C for 30
minutes. Cool in a desiccator and weigh. Add 2 ml of hydroflurolc acid
and 2 drops of sulfuric acid. Evaporate to dryness of the hot plate and
ignite at almost 900°C for 10 minutes. Cool in a desiccator and weigh.
Calculate the percent silica as follows:

I S10, = 46.76L

where: L = g loss 1p weight.
W = g of sample. ) .

“12
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--------------------------

4.6,1.1.9.1 Barium c¢hloride. Proceed as barium chloride in class &

(6.6.1.1.3.1).

4.6.1.1.9.2 Sodiun chloride. Calculate the percent sodium chloride by

--------------- .

difference an f{oilows:

2 NaCl = 100 ~ I BaCl, - I moiscure (as determined tn 4.6.1.2.1)
4.6.1.2 Determination of {mpurities.

&.6.1.2.1 Moisture.

---------

L.5.1.2.1.1 Moisture, class !. Transfer approximately a 10-g sample to
a tared weighfing dish (60 em {n diamecer and )0 == deep) and weigh the
dish and contents to 0.2 mg. Heat ac 1209C for 2 hours, cool in a des-

fccacor, and weigh. Calculate the percent moisture as-follows:

i ooisture = 10Q0L

-----

vhere: L = g loss in weight.
W e'g of sampie.

4.6.1.2.1.2 Moiscgure, glass 2, 3, &, 4A. 3, 6, 7. and 8. Proceed as

........ e afeassesamm e s s emanenr s nc e s s ..,

for moiscure in class 1 (4.4.1.2.1.1) but use a remperature of 180°C.

.

and seir ro dissolve. Heat co boiling and boil for 2 minutes. Filcer
wvhile hot through a tared sintered glass crucible of medium porosicy.
Transfer and wvash vith hot vater. Save the filtrate for the.determina-" .
tion of chloride for classes 1 and 2 (&.6.1.2.3). UOry ac 120°C for |

.
Calculace the parcenr warer-in-

[ . el 4
hour, cool in a desigcazer, and vel

soluble macter as follows:

% wvacer-insoluble matcer = 100P

where: "P = g of residue. .
W e g of sample. ‘

4.6.1.2.) Chloride. classes | and 2. Transfer the f{iltrate from wacer-
{nsoluble oatzer (4.6.1.2.2) to a 600-al beaker. Add ]} al of nitric acid
and boil several sinutes. Add 5 @l of silver nitrate sclucion (13) and
boil for 2 minutes. Allov to scand overnight in a dark place. Filter

13
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through a tared sintered glass crucible of fine porosity and transfer
and wash with water. Hear at 180°C for ! hour, cool in s desiccator,
and weigh. Calculate the percent chloride as followa:

where: P = g of precipitare.
W = g of sample.

£.6.1.2.4 Sulface.

4.6.1.2.4.1 Sulfate, classes 1, 2, and 5. Transfer a 25-g sample, weigh-
ed to 5 mg, to a 400-ml beaker, add about 300ml of water, and stir to
..dissolve. Add 5 ml of hydrochloric acid {1 to 1) heat to boiling and beil
5 minutes. Carry along a blank determination. Add 10m] of barium chlor-
ide solution (10%) and boil for 2 minutes. Allow to stand overnight.
Filrter through a Whatman No. 42 filter paper and transfer and wash with
water. Place the filter paper and precipiriare into a tared platinum
crucible. Char and burn off the filter paper while gradually increasing
the temperature, then ignite at 900°C for 30 minutes. Allow to cool, add
) drops of sulfuric acid and 5 ml of hydrofluoric acid, and evaporate to
dryness by heating at the edge of the hot plate. Ignite at 900°Cc for 30
cinutes, cool in a desiccater, and veigh. Calculate the percent sulface

as follows:

e
W
o
™~
[]
~
-
]
o]

vhere: P = g of precipitate.
W = g of sample.

4.6.1.2.4.2 Sulfate, class 3. Transfer a 25-g sample, weighed to 3mg,

to a 400-ol heaker, add about 300 ml of water, and stir. Add hvdrochloric
acid (1 to 1) slowly with stirring until the solucrion is acid to litmus
paper and then add about 5 ml hydrochloric acid (1 to 1) in excess. Heat
to boiling and boil for 5 minldtes. Proceed wvith the addition of bariunm

chloride as for sulfate in classes 1, 2, and § (4.6.1.2.4.1).

4.6.1.2.4.3 Sulfate, classes &, 4A, 6 and 8. Proceed as for sulfate in

classes 1, 2, and 5 (4.6.1.2.4.1), bur omit the assition of the barium
chloride since barium is contained i{n the sample.

4.6.1.2.4.4 Sulfacte, class 7. Proceed as for sulfate in classes 1, 2.

and 5 (4.6.1.2.4.1), but use a 10-g sample.

Use 8 nicrogen discillacion apparatus consisting of a 5300-ml long necked
Kjeldahl digestion flask connected by means of a suitable scrubbing bulb

4.6.1.2.5 Total nitrogen as nitrate, classes 3, 4, GA, 5, 6, .7, and 8.

14 '
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to a condenser, the end of which extends into a 500-a] Erlemmeyer {lashk.
Add 70 ml of water and 30.00 =) of standard 0.1% hydrochloric acid to
the Erlenmeyer flask and adjust the spparatus so that the tip of the com
denser dips juat below che surface of the liquid. Transfer a 10-g sample,
wveighed to 5z, to the Kjeldahl flask. Add 300 ol of water, ) g of 20-
cesh Devarda alloy, 5 drops of white USP parpffin ofl {zo minimize froth-
ing), and 5 ml of 501 gcodfum hvdroxide solution {made of dissolving 100 g
NaOh in 200 ml of water), pouring the latter solution slowly down the
sides of the {lask so that it does not mix at once vith the contents.

. Carry along a blank determination. Connect the [lask and mix the contents

- by Rentle swirling. Hear slowly at {irst and then at such & rate that

+v . 250 n] of the required distillate will pass over in 1 hour. Add 3 drops

- of oethyl red indicator (0.13) and tiztrate with scandard 0.1N sodium hy-

droxide solutfon to a yellov end point. Calculate total nitrogen (as NOj)

as foliows: - . .- . . '

% total nitrogen (as KOj3) = 6. ZO(AB CIN

------------

of hvdrochloric acid.
g! godiun hydroxide golution equivalent to
1.00 ol of hydrochlorlc acid.
= 5] of sodjun hvdroxide solution for titration.
= normality of sodium hvdroxide solution

= g of sample.

vhere:

0 3
[ ]
!B

lh-lr-

CZON

£.6.1.2.6 Nitritem class 2. Transfer a 5-p saople, weighed to 5 Bg, to
a 400-nl beaker, add 300 ol of wvater, and stir to dissolve. Add 10 ml

of sulfuric acid ‘(L to 1) and 10.00 =l of standard Q.1N potassium perman-
panate solucion. Add ]15.00 m] of Q.1N ferrous armonjum sulfate solution
vhile stirring and icmediately titrate vith the standard 0.1X potassiuz

persanganate solutfon to & pink color. Determine the equivalent strenpths
of the ferrous ammoniun sulfate and .potassium permanpanate solutions by
adding 15.00 ml of [errous ammonium sulfate solution to 300G m) of wvater
and 10ml of sulfuriec acid (1 to 1» and titroting with potassium permanga-

nate solution. Calculate the percent nitrate (NOz) as follows:

vhere: A = total ol of potassium permanganate solution required’
. for the sample
B » ml of potassium permanganate solution equivalent to
15.00 o) of ferrous scoonium sulfate solution.
S N = normality of potassium permanganate solution.
«e .., .W =g of ganple. ]

£.6.1.2.7 Carbonate, classes 1, 2, &, and 5. ‘Transfer.a IO-g-sample.

.weighed to § og, to a 250-cl Erlenmeyer flask fitted with # rubber stopper..
-.Add 50 ol of vater and shake for ! or 2 cinutes to dissolve the salts. Add

B T £
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10 @} of barium chloride solution (10X)(chis can be omitted for class &}
and' swirl. - Add 2 drops of ammonfum hvdroxide and swirl. Allow to stand
for ) hours or more. Fllter throuph a sintered glass crucible of fine
.porosity and transfer and wash with vater. Place the crucible upright

in a 250-m] beaker, add 20.00 ml standard 0.1N hvdrochloric acld to the
crucible with a pipet and stir. Carry along a blank determination by
adding 20.00 ml of 0.1N Hvdrochloric acid to a clean crucible in @ 250-ml
beaker. Wash down and remove the crucible. Cover with a watch glass and
boil for 1 minute. Disrepard anv siliceous residue. Add 3 drops of
methvl oranpge indicaror.(0.12) and ticrate with standard 0.1N sodium hy-
droxide to a pink end point. Calculate the percenr-carbonate (85 (O0,) as
follows:

i

i carbonate (as €03) = 3.00(AB-C)N

where: A = ml of 0.1M hydrochlaric acid for the ticration.
B = m] of sodium hvdroxide golution equivalent to 1.00 ml
of hydrechloric acid.
C = ol of 0.1 sodium hydroxide solurion for the
titration. ' '
. N = Normality of sodium hvdroxnde solutiOn. B
© - Wegof sample.

. 4.6.1.2.8 Fluoride, all classes. Transfer a 20-g sample, veighed to 5

ag. to 250-ml beaker. Add 100 m]l of water, and warm on the hot plate to
dissolve. Filrter through 4 Whatman Ho. 40 filter paper and wash with
wvater. If the water-incoluble macter (as determined in 4.6.1.2.2) is \
less than 0.10%, discard the filcer paper and precipitate; if the water-
insoluble matter is greater than 0.10%, save the [ilter paper and test
the precipitate. for fluoride as described in the next paragraph. Adjust .
the sclution to pH of 4 by adding hydrochluric acid (1 to 1). using pH

paper. Remove the pH paper and boil 1 minuce to drive off the carben - N
dioxide (otherwise calcium carbonate will precipitate with the ¢algium
flucride). Cool, adjust to pH 10 by adding svdium hyvdroxide solution

{10%), using pH paper. Adjust ¥o pH § by adding mcetic acid (1 te 1).

Remove the pH paper, add 5 ml of calcium chloride solution (10%). and
allow to srand overnight. Observe the solution for the appearance of a

white precipitacte of calcfum fluoride while comparing with a blank run
sisultaneously. In the absence of a precipitate report the fluoride as
none” . ,

1f necessarr. test for fluoride 1n the filtered precipi:ate {see previdus
paragraph as follows: Transfer the filter paper and precipitate to a
platinum crucible, and char and burn off the filter paper at dul! red
heat. Fuze with lg of sodiun carbonate. Allow to cool, place the cruci-
bie in a 250-ni beaker, add 50 mi of water, and beil to dissolve the sol-
uble salts. Wash down and remove the crucible. F{lter through a Whatman
No. 40 filter paper and wash with wvater. Discard the f{ilter paper and

precipitate. Adjust to pH 4 by adding hydrochloric acid {1 to 1), using

' 16
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pH papet. Remove the pH paper and boil for 1l oinute. Cool and adjust to
pH 10 by adding sodium hydroxide solution (10X) and then adjust to pH 5
by adding acetic acid (1l to 1). Recaove the pH paper, add § ml of calcium
chloride solution (101}, and cbserve vhecher a precipitate 1s formed as

deacribed above.

KOTE: pH paper sust be used, since the fdentifying dves frequently pres-
ent in the heat treacing salts prevent the use of {ndicators.

£.6.1.2.9 S$ilica, class 5. Proceed as deacribed for the determinacion

D EoR A it L e e S

e m e e m - - R N e A R

and 5. Transfer a 10-g sample, veighed to 1 og, to a 400-al beaker and
disgsolve in about 200 ml of water. Add 2 ol of hydrochloric acid to
class 1, 2, and 5 salts and 10 ol of hydrochloric acid to class ) salc.
Carry along a blank determinacion. Heoat to boiling and bofl for 3
ciauces. {(1f the solutien {8 not clear, fllter through a Whacman No. &0
filter paper, wash with water, ignite in a platium crucible, fuse with

5 g of sodium carbonate, cooi, dissalve the aelt by bolling with 50 al
of vater contained in a 2%0-ml beaker, filter through & Whatman No. 40

filter paper, transfer and vash with vater, dissolve the carbonates off

the filcer paper with hoc hydrochloric acid (} of 2), wvash wich wvater,
boil off the carbon dioxide, and combine with the original solution).
Add 3} drops of methyl red indicactor (0.12) and then add ammonium hvdrox-
ide uncil che color of the solucion changes to yellow. Heat co boiling
and boil for 1 minuce. Filcer through 3 Whatoan Mo. 40 filcter paper amd
vash with hot acmonium chloride solucion (22}, cade alkaline co methyl
red. Discard the filter paper and precipitate. Add 5 drops of ammoniun
hydroxfde (1 to 1) to the filtrace. heat to beoiling, and add 30 ml of
hot ammoniun oxaface solution (%) and 20 ml of immonium carbonate solu-
tion {42) while scirring. Boil 1-2 minutes and digesc at about 909C for
30 minutes. Allov to stand at room temperature for 2 hours or more.
Filter through a Whatman No. 4Q filrer paper and ctransfer and wash with

arzonium oxalate wash solutivn (0.12). Place the filter paper-and preci-= .

pitate into a tared platinua crucible. Char and buran off che filter
paper whi{le gradually increasing the ctemperature, then ignice over a
blasc burner for 15 minuces. Cover, cocl in a deasicator, and weigh (the
precipitace is hygroscopic). Calculace the tutal alkaline earths (max-
nesfun, calefum, strontium, and barium) as follows:

vhere: P = g of precipitate. *

W = g of sapple.

r

--------------------------------------

carbon-dioxide-free wvater. Determine the pH by ceans of pH merer.

=
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4.6.2 Phvsical tests.

4.6.2.]1 Derermination of melting opoint. Weigh approximacely 300 g of
the salt mixture in a 400-ml crucible. Class 1, 2, and 3 salt shall be
placed in a steel or iron crucible, while class 4, &A, 5, 6, 7, and 8
salt shall be placed in a clay crucible. The crucible and its contents
shall be heated in a suitable furnace, equipped with temperature control
to approximately 38°C. above the probable melting point of the salt. A
chromealumel or a platinum~platinum rhodium thermocouple shall be insert-
edinto the completely molten salt, and the furnace, crucible, and sample
shall be allowed to cool sufficiently to enable the determinacion of the
h¥steresis or leveling-off temperature. The drop-of~temperarture versus
time—of-cooling curve shall be determined by means of either a manually-
operaced, or automatic recording potenticmeter. The hysteresis or lev-
elling-off temperature shown on the resulting curve shall be considered
the melting poinc ef the salt mixrure.

WARNING - Extreme precautions must be taken when performing this test.

Personnel handling heated parts and molten salt must be adequately pro—
tected (goggles, face shield, gloves) to prevent injury resulting from

contact with heated parts, molten salt and oven. Molten salt may react
viclently with wvater.

4.6.2.2 Black stain, classes 1 and 2. -

st of a plece of

4 LR -Lon e

4.6.2.2.1 Test svecimen. ‘The specimen shal

1l eo &
carcridpge brass (70 Cu -~ 30 Zn) of a size suitable for the resting equip-
ment. ot .

seconds in a 40X (by volume) solution of nitric acid at a temperature of
21 to 279C, and washed and dried. The specimen shall be irmersed for §
minutes in the molten salts{class 1 or 2), at approximarely 5669C. The
specimen shall then be quenched clean water and examined for evidence of
any objectional black stain. .

L4

4.6.2.3.1 Test specimen. The test specimen should be approximately one
inch in length and approximately one—half inch in diameter or width with
two cpposite flat ground surfaces free from decarburization. The compo-

sition of the steel of which the specimens shall be made are as follows:

For classes 4 and 5 salts -~ (.50 carbon steel.

For class 6 salt - high carbon - high chromium streel
(1.50% carbon).

For classes 7 and B salts - high speed steel {(1B=4=1).

4.6.2.3.2 Procedure. The specimen shall be immersed in the molten salt

- -

heated to its maximum working temperature (see 1.2). The specimen shall

18
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be immersed for 45 minutes in class 4, 5, or 6 salts. and for 3 minutes
in clamss 7 salt. The speciomen shall then be quenched in the proper
quenching medius for the mteel of which it 1s made. Rockwvell "C" scale
hardness readings shall be made on the quenched specimen. The specimen
shall then be surface-ground to a minimum depcth of 0.02%-inch in such
aanner that its surface will not be butned or overheated during Rrinding.
A hardnesa reading shall then be made on the ground surface. Decarburi-
zatjon of the sceel shall be suspected if o difference of more than 2
Rockwell "C" scale points is obtained between the readings made on the
quenched and cthe ground surfaces., In such case a netallugrnphic exanin-
ation of the specimen shall be made (o determin extent of decarburizacion.
Rockwell hardness tests shall be nade in accordance with method 243 of

Fed. Test Method Std. No. 151.

£4.6.2.3.) Hetnllonranhlc examination. The metsllographic examination of

s - P T T ]

the specimen shall be made as follovs:
1. Heat the specimen fo~ 10 minutes at 316° to 427°C in order

to produce tempered martensice.

2. Mount the specimen in a vertical position so that its
cross-sectional area is exposed for examinacion.

). Prepare the specioen for metallographic examination by
any suicable neans.

4, Ecch the polished surface with lO—percen; Anyl-Hital solu-

5. 'Exanine che ectched specimen microscopifally, under 100 mag- .
nification, and measure the depth of any cbserved partial or total decar-
burizacion.

The decarburization of the steel shall be considered excessive 1f a hard-
ness reading differential "of more-than 2 Rockwell “C" scale points is
obtained between the quenched and ground surfaces of the specimen (see
4.7.2.4) and either parctial eor total decarurization is observed in the

subsequent nmetallographic examinacion of the specimen.

4.7 Tightened or reduced inspection. In end iten Inspection, Cightened

or reduced tnape::inn sholl be instituted, as required, in accordance with .
requirements of MIL-5TD-105.

4.8.2 Filler contalners. A lot may be resubmitted for examination upon

are removed.

19
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S. PACKAGING
5.1 Packaping and packing.

5.1.1 Level A. Salta shall be packaged level A and shall be packed in
containers conforming to PPP-C-~301, Type I1. The salts shall be packed
in air-tighr and water resistant drums with open head., quick level lock-
ing type, with fully removable covers. The drums shall be DOT 17H steel

drums. The net weipht shall not exceed 480 pounds.

5.1.2 Level.C. Unless otherwvise specified, the salts shall be packaged
and packed for level C protectien. The salts shall be placed in air-
tight and water resistant drums of the open-tcp type with quick level
locking cype of fully removable covers. The drums shall be elther sreel
or fibre as specified in the contract or ‘order. The drums containing
class 1 and class Z salts shall be such as to meet the requirements of
the Department of Transportation rules and regulations for cthe transpor-

tation of hazardous materials 49 CFR 171-178.

5.2 Marking. All concainers shall be marked as specified in MIL-5TD-1i29.
In addition, the words "STORE IN DRY PLACE" shall be marked in red stencil
on the rop and side of each conrainer. Containers with class 1 and class
2 salrs shall have a POT label for sodium nicrite mixture~sodium nitrate,

sodium nitrite and potassium nicrate-oxijdizer.

5.2.1 Additional marking. Im addition to the above. a special markinp
shall be used ro ensure special handling by personnel when using nitrates
and nitrates in combination vith cyanides, aluminum, magnesium, or carbon-
aceous materials. such as; soot, carbon, oils, etc., vhich could cause

burns or explode.
6. NOTES

6.1 Intended use. Specific uses o! the salts covered by this specifica-

.............

tion are as follows:

- (Class 1 - Bluéing and tempering of steels, quenching of carbon and
low alloy steels for marrempering and austempering, annealing and stress-
relieving of cold-worked cooper and brasses.

Class 2 - Primarily designed for the heat-treatment of aluminum .
alloys but can be used for the annealing of copper and brasses, and tem-
ering of sceel. .

b

Class 3} - High temperacure draw of low carbon alloys steels, proceés
anneal of low carbon steel, brazing with silver solder and process anneal
of Brainless sreels.

20
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Class 4 - Wide temperature range hardening, annealing and high
tesperacure quenching for medium to high carbon alloy and carbon
sceels, reheat of carburized steels and preheacing of tool steels.
(Note: Not desirable for use in austempering or cartempering with
salt quench.)

Class 4A - Hot quenching and tempering of high speed steel.

Class 5 - Ceneral heat=-treacing purposes, normalizing, annealing,
hardenina of certain carbon and slloy steels. brazing of all silver

" solders, preheacing of high speed steels and preparation of steels
for {sothermal prucesses. .

Class 6 - Annealing of stainless sceel and hardening of high
carbon chromiun tool sceels,

Class 7 - Hardening of high speed steels and in the hencr treat-
oent of certain high allov steels.

Class B - Hardening of high speed steel as wvell as the high
= 4 -

iigh chromium teel stevis, This sale 1f desirable vhere only

one furnace i{s available for heat creating both of cthe above mencivn-
ed sceels. Class 8 (s {ntended for incermittent operacion. For
continuous operatfon at the upper end of the high speed steel hard-
ening range use class 7. .

6.2 Ordering dacta. Prucursnen: documents should specily the fol-

.-
-------------

(a) Title. number, and data of this specificacion: ’ .
(b} Class of salt required (see 1.2). . )
{c} Form of class 7 salt required {(see tahle 1}.
{d) Level of protection {f other than level C (sce

. 5.1.1 and 5.1.2). .
(e) Type of container required (sec 5.1.2).

6.) Precautions qq;gy;;gﬁjgggrggg_gqg nicrate salts. Extreme care
cust be taken in the use of salt baths of classes 1 and 2. This warn-
ing cannot be over emphasized. These types of molten salt baths carry
wvith them as low temperature heating media certain fire and explosion
hazards especially {n the heat-treactment of aluninum alloys. These
hszards are attendant vith over heating of the nitrace and nicrdte
baths accidental admixture of cyanides, or inadvertent {rmersion ot—
nagnesius alloys {nto the nitrace bath, scructural failure of the

bach containers, and (mproper remelting of the frozen bath. Viclent
chesical reactions are very apt to occur between the nitrate baths

and carbonaceous materials such as ofls, scot, graphite, or cyanide
carried over from adjacent carburizing bacths, and vigorous and explo-
sive reaction between overheated nicrate baths and aluminun alloys

-
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and the use of the same salt bath for alternace heating of alumimm
or alunimum alloys and ferrous metals. It is advisable to issue a
strong warning regarding the excessive temperature danger. This
warning should be conspicuously placed at the temperature controls

of nirrara

Aa Sramaimni

galt baths.

This warring should state how high the oper-

ating temperature of che nitrate bath can safely be used and the
temperature that must not be exceeded (593°C). Care should be taken
not to allow any drop off metal in the bottom of the heating contain-
er. This also holds true for all classes of salts covered by cthis
on. All furnaces should be equipped {ndividually with
reliable excess temperature devices. Great care should be taken to
keep the nitrate and nitricte salts dry by having them sctored in a

specificaci

dry place.
6.4 Decomposition points of the salcs. The approximate decomposition
points of the sales covered by this specification at which fuming
should be expected to occur are as fellows:
Class 1 6359C
Class 2 649°C
Class 3 91389
Ciass & 941°C
Class 4A 7889C -
Class 5:. - 941°C . : .
Class 6 1149°C * ) .
Class 7 1371°%
Class 8 13439
Custodian: Preparing activicy: t
Army - AR Army - AR
Navy - YD )
Alr Force - 68 Project No. 6B50-0%95

Review Activities:

Army - MD
Navy - AS
Alr Force
DSC-DGSC

User Activi
Army ~ Ml
Navy - SH
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