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METHODS OF CHEMICAL ANALYSIS USED 
TO CHARACTERIZE BATTERY MATERIALS 

by 

Kenneth J. Jensen and W. Elane Streets 

ABSTRACT 

Procedures are given for the chemical analysis of a variety 
of materials of interest in battery development and research. 
These materials include LiCl-KCl eutectic, Li-Al alloys, lithium 
sulfide, lithium aluminum chloride, calcium sulfide, titanium sul­
fide and various sulfides of iron, nickel, copper, and cobalt. 

I. INTRODUCTION 

Energy research at Argonne National Laboratory has created a need for 
the chemical characterization of materials used in various programs. This 
report.dctails methods that have been developed and found to be useful for 
the chemical analy~l~ of materials of interest in research leading to the 
development of advanced-design batteries. These materials include LiCl-KCl 
eutectic, the battery electrolyte; lithium sulfide, a di~charge product in 
the battery cycle which is also used·to assemble experimental batteries in 
the discharged state; lithium aluminum chloride, used to dust unstabilized 
boron nitride felt separators to allow good wettability of the felt by LiCl­
KCl eutectic; Li-Al alloy, a negative electrode material; and a variety of 
sulfide compounds including FeS, FeS2, Cu2S, CuFeS2, Co2S3, NiS, TiS2, and 
CaS which are·used either.as positive electrodes or as additives to study 
battery performance. 

Details are given for the preferred method of analysis of these com­
pounds along with a discussion of sampling techniques, possible interferenc'es, 
and reliability of the analysis. In some case.s our experiences with alterna­
tive methods of analysis are presented. 

These analytical methods are subject to co~tinual rev1s1on and improve­
ment. This report summarizes work to date and is expected to serve as a 
source of information to interested analysts, cooperating industrial labora­
tories, and others who have requested such information. It.should also be of 
value in quality ·assurance efforts. 

II. ANALYSIS OF LiCl-KCl EUTECTIC SALT 

A. Principle of the Method 

Chloride is determined by titration with standardized AgN0 3 using an 
adsorption indicator, dichlorofluorescein. Potassium is determined gravi­
metrically as KC104 after conversion of the sample salts to perchlorates and 
extract·ion with ethyl acetate. 1 Lithium is determined by atomic absorption 

. spectrophotometry. 

1 
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B. Reagents and Standards 

* (1) Dichlorofluorescein indicate~ (~0.1% wt/vol ). Dissolve 0.1 g 
2',7'-dichlorofluorescein in 70 mL ethyl alcohol plus 30 mL distilled water. 

(2) Standardized· silver nitrate solution- (-~0.1~). Dissolve 34 g 
reagent grade AgN03 in 2 L water. Standardize as follows: 

(a) Accurately weigh ~150 mg reagent grade NaCl (dried at 105°C) 
int~ a 250-mL Erlenmeyer flask. 

(b) ·' Dilute to 100 niL ·with. H20. Swirl until the NaCl is dissolved. 

·(c) Add five drops dlchlurofluorescein indicator. 

(d) Titrate in diffuse light with 0.1~ AgN03 until a sharp, pink 
tinge is observed. Us_e magnetic stirring. 

(e) Calculate the molarity of the AgN03 solution: 

(A) 
M 
-AgN03 58.44 (B) 

where A weight NaCl, mg 

B volume AgN03 used in the titration, mL. 

Alternatively, the solution may be prepared from commercially available stan­
dardized AgN03 solutions. Typically, when diluted according to directions, 
these -standards yield a 0.·1000 ± O.OOQ5M AgN03 standard solution. 

(3) Sodium chloride, NaCl - reagent grade. 

(4) Ethyl aceta~e - reagent grade. 

(5) Potassium ·chlod.de solution, 50 mg KCl/mL. · Dissolve 50 g KC:1 in 
H20 and dilute to 1 L. 

(6) Li~hium standards for the atomic absorption spectrophotometric 
determination of lithium. Prepare from reagent grade lithium chloride, LiCl. 
Sirice·LiCl is very hygroscopic, weighed amounts of .the salt are not used to 
prepare solutions of known Li+ concentration. Rather, solutions of approxi­
mately 1 mg Li+/mL are prepared and standardized gravimetrically by ·conversion·· 
to LizS04 at 600°C according to a modification of the procedure of Farquhar. 2 
More dilute standards containing 1.00, 2.00, and 3.00 ~g Li+/mL are prepared 
from the concentrated, standardized LiCl solution. All of the lithium atomic 
absorption standard solutions are made up to contain 2.0 mg KCl/mL in addi­
tion to the stated lithium concentrations. 

(7) Nitric acid,'HNb3- cone. reagent grade. 

(8) Perchloric acid, HC104 - cone. reagent .grade. 

* This expression of concentration indicates (g solute/mL solvent) x 100. 
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C. Preparation of Samples for Analysis 

Dissolve a weighed sample in deionized water and dilute to a volume such 
that the final solution contains 10 mg sample/mL or more. (See Note 1, p. 9.) 

D. Chloride Determination 

(1) Transfer .an aliquot of the sample solution containing ~2.5 meq Cl­
into ~ ·250~mL Erlenmeyer flask. 

(2) Dilute to 100 mL with HzO. Add five drops dichlorofluorescein 
indicator solution. 

(3) Titrate with standardized 0.1~ AgN0 3 solution to a definite perma­
nent pink tinge. 

(4) Calculate the concentration of chloride: 

whe.re. A 

B 

c 

D 

wt % Cl 
(A)(B)(3.5453) 

(C) (D) 

mL AgN03 solution used in the. titration 

molarity of the AgN0 3 solution 

aliquot taken for analysis, mL aliquot fraction, 
total sample volume, mL 

sample weight, g 

E. Potassium Determination 

(1) Transfer an aliquot of the sample solution containing 0.2-0.5 g K+ 
to a 150-mL beaker. 

(2) Add 5 mL con~. HN03 and 3 mL cone. HCl04. 

(3) Evaporate to dryness. 

(4) Rinse down the sides of the beaker with a minimum amount of water, 
add 1 mL cone. HCl04 , and heat to copious fumes of HCl04. Perform this opera-. 
tion with the beaker uncovered and using a heat lamp in addition to a hot 
plate so that after the sample has fumed, no droplets of water condense and 
remain on the side of the beaker. 

(5) Allow the moist residue to cool for a few minutes and then add 30 mL 
ethyl acetate. Warm with stirring to dissolve LiC104• Allow to cool. 

(6) ·Filter through a 9ry, 9-cm.Whatman 42 (or equivalent) paper, keeping 
the bulk of the KC104 precipitate in the beaker using ethyl acetate as the 
wash solution. Save the f~ltrate. 

(7) When all of the ethyl acetate has drained from the funnel stem, 
place the sample beaker containing the bulk of the KCl04 under the filter. 
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(8) Wash the paper with increments of boiling H20. Use 140 mL of H20. 

(9) Add five drops HCl04 to the solution and evaporate to dryness. 

(10) Repeat steps II-E-(4) and II-E-(5) above. 

(11) Transfer the KCl04 precipitate into a weighed, medium porosity, 
30-mL sintered glass filtering crucible using ethyl acetate to effect the 
transfer. Combine this filtrate with that from II-E-(6) above if '(a) lithium 
is determined gravimetrically after potassium separation or if (b) the fil­
trate is to be checked for K+. 

(12) Dry the crucible and prec.ipHAtP. At 170°r.; t:-ool, and w&igh. 
Obtain the weight of the KCl04 precipitate by subtracting the empty crucible 
weight from the weight of crucible plus KCl04 precipitate. 

(13) Calculate the wt ·% potassium: 

. + . 
wt % K .= 

where A =·weight KCl04, g 

(A)(28. 22) 
(B)(C) 

B 
aliquot taken for analysis, mL aliquot fraction, total sample volume, mL 

c sample weight, g. 

F. Lithium Determination 

(1) Pipette an appropriately sized aliquot of the sample solution into 
a small (25-, 50- or 100-mL) volumetric flask such that the final Li+ concen­
tration will be 1-3 ~g Li+/mL. If the sample solution is too concentrated to 
allow such dilution in one step, .make further dilutions as necessary. 

(2) Add sufficient KCl solution (50 mg KCl/mL) and dilute to volume 
with H20 so that the final solution contains 2.0 mg KCl/mL as well as Li+ in 
the concentration ra~ge stated in II-F-(1) above. 

(3) Set up the atomic absorption instrument for the determination of 
Li+ at 670 nm according to the manufacturer's recommendations. (See Note 2, 
p. 9.) 

(4) Aspirate and record the absorbances of the standards, the diluted 
sample solutions, and then the standards again. Measure the absorbance of 
the blank (2 mg KCl/mL solution) before and after·each absorbance measurement 
and correct each measurement for this blank. 

+ '+ (5) Determine the concentration of Li (~g Li /mL) in the diluted sample 
solution by comparison of net sample absorbance with the average net absor­
bance per microgram ~f lithium per mL as dete_rmined from the standards. 



(6) 

where A 

B = 

c 

D 

5 

Calculate the wt % lithium: 

wt % Li+ = (A)(B2 
(C)(D)l04 

~g Li+/mL in the aspirated sample solution 
paris on with the standards 

volume, mL, of the diluted sample solution 

sample aliquot, mL aliquot fraction, total sample volume, mL 

sample weight, g 

G. Discussion 

as determined by com-

The salts presented for analysis to date have been quite pure~ consisting 
of a mixture of fused LiCl~KCl with traces of barium present in some samples, 
as revealed by emission spectroscopy. Most of the samples analyzed. contained 
very little water. The purpose of the analysis has usually been to determine 
or verify the composition of purchased salt. 

Originally these samples were analyzed for Cl- and Li+ by gravimetric 
methods--Cl- by precipitation as AgCl, and Li+ in the combined filtrates; 
from the K+ determination by conversion to and weighing as Li2S04 after 
ignition at 600°C of the carefully dried residue. Small amounts of Ba2+ 
if present, were corrected for by dissolving the Li2S04 (BaS04) residue 
in H20 and then filtering and weighing the insoluble BaS04. Chloride has also 
been determined by the volumetric Volhard method and, in cases where sample 
was limited, we have employed the gravimetric determination of K+ as potassium 
tetraphenylboron, K~4B, using the procedure of Cluley. 3 Ten-milligram amounts: 
of K+ can be accurately determined by this method. 

Table I shows the results obtained when a series of salt samples were 
analyzed by the recommended and alternative procedures. Comparison of the Li+ 
determinations on the same five samples by atomic absorption and by weighing 
as Li2S04 using the t-test for correlated data shows no significant difference 
(td. = 1.909). ep 

The dependent t-test applied to the Cl- data shows a significant differ­
ence (tde = 5.084) between the two methods. The Volhard data show a high 
bias of aEout 0.5% relative deviation when compared with the data obtained on 
the same samples titrated directly with standardized silver nitrate using an 
adsorption indicator (Fajan's titration). 

For these materials this difference has not been of concern. In general, 
the Fajan's titration is used since it is simple and direct. For samples 
containing acid, the Volhard titration is used. 

Finally it should be noted that the ratio of ·the total moles of cations 
to moles of anion is, within experimental error, 1.000 as would be expected 
for this material. The mass-balance data are consistent for a total ion 
analysis of an essentially moisture-free salt mixture. 



Sample 
Designation 

LITHCOA 113 
78-0300-01 

LITHCOA 117 
78-0300-Q~. 

· LITHCOA 1110 
78-0300-03 

GOULD liA 
78-0300-0lt 

GQULD fJB 
78-0300-05 

Table I. Analysis of LiCl-K.Cl Eutectic. Salt. by Different Methods. [lithium was determined 
directly, by atomic ab.sorption spectrophotometry (AAS) or gravimetrically (Grav) 

wt 

AAS 

7.33 

.• 7·.35 

7.38 

7.54 

7.95 

as Li2S04 after separation and determination·of potassium as KCl04 . Chloride was 
determined volumetrically wfth standardized silver ·nitrate using either an adsorp- . 
tion indicator (Ad!s) or the Volhard method (Volh). · Barium was determined as BaS04 
in the Li2S04 residu~.] 

% u+ wt % K+ wt % Cl- wt % Ba2+ 
Massa 

mc-1/g x 100 Molar 
Balance Ratio 

Grav . Grav Ads Volh ·Gra,; wt % u+ ~o:+ Cl- (Li+ + K+)/Cl-

i.43 28.66 63.50 63.85 0.01 99.72 1.0636 0.7330 1. 7962 1.0002 
' ( 

7.44 28.58 63.43 63.79 ' 0 .. 012 99.59 1.0664 0. 7.309 1. 7942 1:0017 

7.38 28.78 63.43 63.74 0.011 99.74 1.0636 o. 7360 1. 7934 1.0035 

7.56 28.21 ·63. 94 64.12 0.003 99.79 1.0881 0.7214 1.8061 1.0019 

7.95 27 . .'02 64.70 65:32 0.001 99.98 1.1457 0.6810 1.8337 1.0016 

aThe average wt % Li+ and wt.% Cl - by the two 3ethods were used to determine mass balance and molar ratio. 

.. ., 
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Since the salts analyzed have contained, for all practical purposes, 
only Li+,. K+, and Cl-, interferences have not presented a problem. 

The chloride determination is subject to interference if halides such as 
Br-and I- are present. Other possible interferences include SCN- and S-. 

The determination of Li+ by atomic absorption is almost specific and. 
much faster than the gravimetric determination described above. The use of a 
radiation buffer eliminates any reduction in absorption due to ionization of 
lithium in the flame; and background effects are not ·common at 670. nm, the 
wavelength used to measure the absorption of lithium. The precision of the 
Li+ determination by atomic absorption has been estimated over a period of 
t·ime t;o be ±2% relative deviation from the stated value of the standards. 

Ions which could interfere in the K+ determination include NH!, Rb+, 
and Cs+. Lithium presents no interference since K+ is cleanly separated in 
the procedure as evidenced by the fact that KCl04 residues from ,some 
analyses have been analyzed for Li+ by atomic absorption spectrophotometry 
and found to contain remarkably low concentrations of Li+--20 ppm at most and 
typically much less than 10 ppm. 

Attention should be drawn to the fact that, given a pure sample con­
taining only Li+, K+, and Cl-, once o'ne of the elements has been determined 
the concentration of the other elements is defined. For example, with the 
above assumption, having determined wt % Cl-, one can calculate wt % K+ and 
wt % Li+ from: 

0.4538 (wt % Cl-) - 21.58 

and 

wt % K+ = 121.58 - 1.4538 (wt % Cl-) 

Similar equations can be derived when the Li+ or K+ percentage has been 
determined. These equations are based on the concept of mass balance and 
electrical neutrality: 

wt % Cl- + wt % K+ + wt % Li+ = 100 

mol Cl- = mol K+ +mol Li+ 

and can be used to make quick estimates of the composition of pure eutectic 
materials utilizing the results of the determination of only one constituent. 
These estimates are also useful in allowing the analyst to make the proper 
dilutions for. the Li+ determination by atomic absorption spectrophotometry 
after having determine~ chloride by titration. Some data comparing predicted 
values for Li+ and K+ percentages with experimentally determined values are 
given in Table II. 



Sample 
Number 

78-0829-01 

. 78-0829-02. 

78-0829-03 

78-0829-04 

78-0829-05 

•78-0829-06 

78-0829-07 

78-0829-08 

Table II. 

Wt Sample 
Analyzed, · g 

3.8518 

2.7305 

2.6300 

3.7970 

3.4926 

2.6402 

0.3110 

0.4192 

Comparison of Predicted K+ ~nd Li+ Percenta~es. w:::.th. 
Experimentally Determined Values 

Experimental Values 

wt % c1:-

63.23 

63.22 

62.98 

64.47 

64.51 

62,80 

65.08 

65-.02 

29.06 

28.87 

29.67 

27.50 

27 '33 . 

29.88 

26.5la 

26.42a 

7.25 

7.30 

7. 08 

7. 72 

7.82 

7.04 

AAS 

7.03 

7.14 

6.83 

7.55 

7.65 

6.92 

8·.07 

7.88 

Predicted" Values 
from Wt %·Cl 

29.66 ·7 .11 

29.66 7.11 

"30.102 7.00 

27.85 7.68 

27.80 ·7.69 

30.28 6. 92. 

26.97. 7.95 

27.05 7.93 

~t % K+ determin~d gravimetricail~ as K~4B. 

·' .. 

00 

( 
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H. Notes 

Note 1. Typically, samples were submitted for analysis as chunks of 
fused material weighing up to 50 g. The eutectic material is hygroscopic. 
The samples were normally protected from 'the atmosphere prior to analysis by 
being placed in sea!ed containers, which in turn were stored in sealed Mason 
jar.s, usually in a dry helium atmosphere. With fused specimens, the samples 
could be weighed.quickly in the laboratory with no appreciable moisture 
pickup. Smaller, powdered samples were stored and weighed in a helium­
atmosphere dry box prior to analysis. The conditions under which the sample 
is to be weighed depend on a number of factors including sample form and 
size, humidity conditions and accuracy of analysis desired. 

Note 2. The use of an R456 photomultiplier tube has been found to 
improve the signal-to-noise ratio for the lithium determination. 

III. ASSAY OF LITHIUM SULFIDE 

A. Principle of the Method 

Sulfur is determined by two methods. (1) For total S, the samples are 
oxi.dized with Br2 to convert s= to S0'4. The so'4 is then determined gravi­
metrically as BaS04 on an aliquot of the oxidized sample. (2) To determine 
s=, a weighed sample is reacted with a known volume of standarized AgN03 in 
excess of the volume required to precipitate s= as Ag 2S. After reaction the 
Ag2S is filtered and the excess Ag+ is determined in the filtrate by a Volhard 
titration. The amount of Ag+ reacting to form Ag 2S is calculated by sub­
tr~cting the milliequivalents of Ag+ found after formation of Ag2S from the 
total milliequivalents of Ag+ added to the sample. 

Lithium is determined by atomic absorption spectrophotometry on an 
aliquot of the oxidized sample. 

B. Reagents and Standards 

(1) Carbon tetrachloride. 

(2) Bromine in CCl4. Pour the contents of a 1-lb bottle of reagent 
grade Br2 into a clean, dry 1-L volumetric flask. Dilute to volume with CCL4 • 
Wear protective gear, and perform this operation in a hood. 

(3) Cone. HN03 - reagent grade. 

(4) Cone. HCl - reagent grade. 

(5) Barium chloride solution, 10% (wt/vol). Dissolve 100 g BaCl2'2H20 
in 1 L water. Allow to stand overnight. Filter through a fine-porosity fil­
ter (Whatman 42) prior to use. 

(6) Primary standard silver nitrate solution, 0.1~ AgN03 . Prepare by 
dissolving ~10.8 g pure silver metal (accurately weighed) in an excess of 
HN03 in a large, covered beaker.- After dissolution, carefully evaporate to 
dryness. Dilute to 1000.0 mL with distilled water. Calculate the molarity 
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. · · _ wt AgNO 3 , g 
of the solution,~-

107
_
87 

Use this solution to standardize the 

O.OSM KSCN solution as described below. 

.. (7) Ferric ammonium sulfate indicator solution, -v40% (wt/vol) 
FeNH4(S,04)z•l2 H20·; Prepare a saturated solution of Fe(NH4)(S04) 2 ·12 H2o 
by add:f_ng -v8d g of the sal.t to 200 mL of H20 and magnetically stirring over­
night. Add 10 mL cone. HN0 3 to partially bleach the solution . 

. (8) Standardized potassium thiocyanate solution, -vO.OS~. Dissolve 
rvS g reagent gr(ide KSCN in H20 and dilute·to 1 L. Standardize as·follows: 

(a) Transfer 20.00 mL of primary standard 0.1~ AgN03 solution 
a 600-rnL beake't". 

(b) Add .3 mL of ferric ammonium sulfate indicator solution. 

(c) Add s mL concentrated nitric acid. 

(d) Dilute to -v300 mL with H20. 

to 

(~) Titrate with O.OSM KSCN solution ·to the permanent appearance 
of a reddish-brown color that persists for 30 s while the -
solution is vigorously stirred. 

(f) Determine the ·indicator blank and subtract this bli:mk from 
the volume of titrant measured III-B-8-(e) above. 

(g) Calculate molarity of KSCN solution: 

:w{A) 
~SCN = B 

where A molarity of primary .standard AgN0 3 

B net volume of KSCN used in titration 

(9)· Standardized silver nitrate solution, O.lM. Dissolve 17 g reagent 
grade AgN03 in 1 L H20. Standardize against the standardized O.OSM KSCN as 
described in III-B-8 above. 

(10) Filter pulp tablets. 

(11) So.dium chloride, NaCl - reagent grade. 

(12) Potassium chloride solution, SO mg KCl/mL. Dissolve SO g KCl in 
H20 and dilute to 1 L. 

C. Preparation of Samples for Analysis 

Lithium sulfide, Li2S, is readily hydrolyzed with loss of H2S: 

-· 
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Therefore, the weighed sample must be protected from the atmosphere prior to 
analysis. 

Samples were accurately weighed in a helium atmosphere dry box. For the 
total sulfur determination, samples weighing about 200 to 300 mg were trans­
ferred into a clean, dry 125-mL Erlenmeyer flask and stoppered immediately. 
Parafilm was wrapped around the top of the flask to insure an air-tight seal 
until the sample was analyzed. For the sulfide sulfur assay, samples weigh­
ing about 100 mg were transferred into stoppered weighing bottles, sealed in 
Mason jars, and transferred to the analyst in these containers. 

D. Total Sulfur Determination 

(1) Add 30 mL of Br2 in CCl4 to the sample flask containing the­
weighed sample. 

(2) Carry a blank along with the samples through the entire procedure. 

(3) Stopper the flask and allow to stand ~30 min. 

(4) Add 3 drops cone. HN0 3 , swirl, and allow to stand, loosely 
stoppered, for a few minutes. 

(5) Repeat step D-(4), above, a number of times until the Li2S residue 
on the bottom of the flask is dissolved. (See Note 1, p. 14.) 

(6) Add a microspatula (~100 mg) of NaCl to each flask. (See Note 2, 
p. 14.) 

(7) Add a total of 15 mL cone. HN0 3 , let stand, loosely stoppered, 
about 30 min, and then evaporate to dryness. 

(8) Add 5 mL cone. HCl, rinse down the sides of the flask with water 
and again take to dryness. 

(9) Add 1.5 mL cone. HCl and 50 mL H2o.· Heat until salts are in 
solution. 

(10) Cool and dilute to 100.0 mL. 

(11) Transfer a 75.0-mL aliquot into a 400-mL beaker. Dilute to 
~300 mL. 

(12) Heat to boiling. 

(13) Slowly add 15 mL 10% (wt/vol) BaCl2•2H20 solution with ~tirring. 

(14) Remove the beaker from the hot plate, cover, and allow to stand 
overnight. 

(15) Add 1/4 tablet of Whatman filter pulp. Stir until the pulp 
disintegrates into fine particles and is homogeneously distributed in the 
solution. Allow to settle. 
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(16) Test tl:Ie solution for completeness of precipitation of BaS04 by 
adding a few drops of BaCl2 solution. No BaS04 precipitate should appear. 

(17) Filter 'through an 11-cm Whatman 42 (or equivalent) paper. 

(18) Transfer all of the BaS04 precipitate to the paper with wash H20. 

(19) W~sh ~he pape-r ~nd precipitate.. Wash by spraying a stream of 
·water around the top of the paper until the filter i~ full. Allow to drain 

and repeat four times .. 

· (20) Remove traces of BaS04 from the beaker wall and stirring rod by 
·wiping with a portion of 11-cm Whatman 42 paper. Transfer the paper-and 
BaS04 precipita~e to a weighed platinum crucible. 

(21) Place the crucible on a raised silica triangle in a muffle fur­
nace at room temperatu~e. 

(22) Allow the temperature to rise to 850°C with the furnace door 
slightly ajar and ignite the crucible at 850°C for an hour or overnight, if 
convenient •. 

(23) Place the crucible in a dessicator, 

(24) Cool for 1/2 hour. and _weigh. 

(25) Calculate the. percentage of total sulfur. 

wt % s (A- B)(l3.736) 
(C)(D) 

where A weight BaS04, g 

-B = blank weight, g 

c sample aliquot, mL 
aliquot fraction, mL total sample volume, 

D sample weight, g 

E. Sulfide Sulfur Determination 

(1)' Estimate t.he amount of S in the weighed sample ('Vl00 mg Li2S). 
Transfer to a 400-mL beaker an accurately measured aliquot of standardized 
0.1~ AgN03 about 1 meq in excess of that required to form silver sulfide, 
Ag2S: 

.(2) Dilute to 'V200 mL with H20. 

(3) Remove the weighing bottle containing the weighed sample from the 
sealed Mason jar. Open quickly and immerse the wei~hing bottle in the AgN0 3 
solution. 
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(4) .Stir the solution to promote contact of the Li2S with the AgN03 
solution. 

(5) After about 5 minutes heat the solution to boiling . 

(6) Cover the solution and allow to stand overnight or qt least until 
cool. 

(7) Lift the weighing bottle out of the solution using a stirring 
rod. Rinse the bottle, inside and outside, with water, catching the rinse in 
the beaker. Set the bottle aside. 

(8) Filter the solution using an 11-cm Whatman #40 (or equivalent) 
paper. Wash the beaker, precipitate, and paper several times with H2o. 
Adjust volume to 300 mL with H20. 

(9) Add 5 mL cone. HN03 and 3 mL ferric ammonium sulfate indicator to 
the filtrate. 

(10) Determine the meq of excess Ag+ in the filtrate by titration with 
standardized 0.05M KSCN to a definite, reddish-orange tinge. Correct the 
volume of KSCN for blank. 

(11) Calculate the wt % sulfide sulfur. 

wt % s= = (A- B)(l.603) 
c 

where A meq Ag+ added: volume AgN03 x mblarity AgN~3 

B net meq of Ag+ found in the filtrate after reaction of Li2S with 
AgN03: volume KSCN x molarity KSCN 

C = sample weight in grams 

F. Lithium Determination 

(1) Transfer an aliquot (containing 50-150 ):lg Li+) of the sample 
solution from the totalS determination, III-D-(10), above, to a 50-mL volu­
metric flask. 

(2) Add 2 mL of 50 mg KCL/mL solution to sample aliquots and blank. 

(3) Dilute to 50.0 mL with H20• 

(4) Determine lithium by atomic absorption spectrophotometry as 
described for Analysis of LiCl-KCl Eutectic, II-F. 

G. Discussion 

Samples of Li2S from various manufacturers have been analyzed by the 
above procedures in order to verify stated compositions. Some typical results 
are given in Tables III and IV. The data indicate that these materials are 
essentially pure Li2S as evidenced by the mass-ba~ance data and the Li/S molar 
ratio which is close to 2.000. 
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Table liL Results Obtained on Repeated Analysis of One Batch 
of Li2S for Total Sulfur and Lithium 

Sample Wt % Total S Wt % Li+ 
Designation . (grav. a·s BaS04) (AAS) Wt % Li+ + wi % s 

FM-1 69.19 29.96 . 99.2 

FM-2 69.28 29.66 98.9 

FM-3 69.13 29.76 98.9 

FM-4 69.01 29.69 98.7 

J:o'M-.) 69.06 JO.o5 99.1 

Average 69.12 29.82 99.06 

Standard Deviation ±0.082 ±0.172' ±0.19 

Rel. % Std. Dev. ±0.12 ±0.58 ±0.20 

Molar 
Ratio, 
Li+/s 

2.000 

1. 978 

1.989 

1.987 

?.mn 

1.993 

±0.012 

±0.62 

Forms of sulfur other than sutfide would be revealed by a difference 
between the total sulfur and sulfide sulfur values. The presence of signifi­
cant amounts of impurities such ~s H20 or C02 (as Li2C03, a starting material 
for the synthesis of Li2S) would result in a molar ratio (Li/S) significantly 
greater than 2.000. 

Regarding interferences with the recommended methods; the Li+ determina­
tion, as mentioned above, is essentially specific, as is the determination of 
total sulfur. The determination of sulfide sulfur is subject to interference 
from anions such as Cl-, Br-, and I- which are precipitated by silver. In· 
the unlikely case that metallic lithium were present, Ag+ would be reduced to 
metal yielding high s· values. The sensitivity of the compound to water has 
been mentioned earlier. · · 

H. Notes 

Note 1. The purpose of steps III-D-(4) and III-D-(5) is to dissolve and 
oxidize Li2S to Li2S04 without loss of sulfur. Nitric acid floats on the 
CCl4. Swirling is necessary to allow contact of HN03 with the Li2S residue.· 
Small increments of HN0 3 are added to avoid too vigorous a reaction with Li2S. 

Note 2. If the compound being analyzed contains excess sulfur, then 
H2so4 , in addition to Li2so4 , could be formed and volatilized when the sample 
is evaporated to dryness. Addition of NaCl results in the formation.of non­
volatile Na2so4 rather than H2S04 under these conditions. 



Sample 
Designation (wt) 

EP-1 
(0.3257 g) 

EP-2 
(0.5561 g) 

EP-3 
(0.8390 g) 

EP-4 
(0.8274 g) 

Average 

Standard Deviation 

Rel. % Std. Dev. 

EP-5 
(0.3340 g) 

EP-6 
(0,1359 g) 

EP-7 
(0.1463 g) 

EP-8 
(0.-.2286 g) 

Average 

Standard Deviation 

Rel. % Std. Dev. 

Table IV. Results Obtained-on Repeated An~lysis of One Batch of 
Li2S.for Total Sulfur, Sulfide Sulfur, and ·Lithium 

Wt % Total S 
(grav. as BaS04) 

69.42 

68.3 5 

68.93 

68.7 8 

68.8 ·7 

±0.44 

±0.64 

Wt % s as s= . 
(Ag+ Titration) 

68.91 

68.9 0 

69.o 2 

. 68 ~ 9 4 

68.94 

±0.054 

±0.08 

Wt % Li+ Wt % Li+ 
(AAS) + Wt % S 

30.26 99.7 

29.57 97.9 

30.47 99.4 

30.29 99.0 

30.1 5 99.0 

±0.40 ±0.79 

±1.31 ±0.80 

Molar Ratio, 
Li+/s 

2.014 

1. 999 

2.042 

2.036 

2.023 

±0.020" 1-' 
Vl 

±0.98 
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IV. ANALYSIS OF ALUMINUM-LITHIUM ALLOY 

A. Principle of the Method 

A weighed sample is dissolved in excess alcohol, acidified with HCL, 
evaporated to dryness to volatilize the alcohol solvent, and th'e resulting 
chloride residue is taken up in dilute HCl and diluted to volume. Aluminum 
is determined gravimetrically by precipitation with a-hydroxyquinoline after 
separation from o'ther elements, if requir:ed. Lithium is determined by atomic 
abs9rption spectrophotometry. 

B. Reagents 

(1) Alcohol solvent - reagent grade propanol. 

(2) Hydrochloric acid (1) concentrated reagent rvl2M, (2). 6M HCl by 
dilution of SO mL cone. HCl to 100 mL with H20 (3) 2~ HCl-by dilution of 
16 mL of cone. HG~ to 100 mL with H20. 

(3) Ammonium hydroxide, 2M. Dilute 13 mL of cone. reagent grade 
NH40H to 100 mL with H20. 

(4) a-Hydroxyquinoline, 2.5% (wt/vol). Dissolve 25 g reagent grade 
a-hydroxyquinoline (oxine) in 29 mL of 6M HCl and dilute. to 1 L with,H20. 
Filter if necessary. 

(S) Ammonium acetate, ·20% (wt/vol). Dissolve 200 g reagent grade 
CH3COONH4 in 600 mL H20. Filter and dilute to 1 L with H20. 

(6) Bromocresol purplg indicator solution, 0.1% (wt/vol). 
0.1 g bromocresol· purple· (5', 5"-dibromo-o-cresolsulfonephthalein) 
ethyl alcohol and dilute to 100 m~ with H20· 

Dissolve 
in 20 mL 

. (7) Wash liquid. Dilute a mL of 2. 5% (wt/vo~) 8-hydroxyquinoline 
solution with H20 to about 500 mL. Add 3 drops of 0.1% bromocresol purple 
indicator solution and add 2~ NH40H drop by drop until the indicator changes 
to purple (pH 6) and dilute to 1 L with H20. 

(a) Ferric nitrate solution, 3. 6% (wt/vol),. (rvS mg Fe(III) /mL). 
Dissolve 3.6 g ferric nitrate [Fe(N0 3) 3·9H20] in 100 mL 0.1~ HNd 3. (Prepare 
.Q.l~ HN03 by diluting 1 mL cone. HN03 to 150 mL with H20.) · 

(9) Sodium hydroxide, 4M NaOH. Dissolve 16 g NaOH in water and stir 
until dissolved. Dilute to 100 mL with. water. 1store in a tightly sealed, 
plastic container. 

(10) Sodium hydrox.ide wash solution, rvO.OlM NaOH. Dilute 0.5 mL of 
4~ NaOH to 200 mL with H2o·. 

(11) Methyl red indicator solution, 0.1% (wt/vol) in ethyl alcohol. 
Dissolve 0.1 g methyl red in 100 mL ethyl alcohol. 
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C. Preparation.of Samples for Analysis 

(1) Transfer a weighed sample (0.1-3 g) into a clean, dry 600-mL 
~eflon beaker (see Notes 1 and 2; ·p. 19). 

(2) Add 100 mL of propanol (see Note 3, p. 19). 

(3) Allow the sample to react in the. alcohol. Add water in small 
increments if the reaction is too slow (see Note 4, p. 20). 

(4) When the dissolution rate of the sample has slowed or stopped, add 
6M HCl in small increments until the solution is acidic. 

(5) Heat until the·sample is dissolved. Evaporate to dryness to vola­
tilize the alcohol, being careful not to splatter. 

(6) Cover the residue with rv50 mL H20 +.rvl mL cone. HCl. Heat, if 
necessary to dissolve the residue. Use sufficient HCL, fina~ly, to yield an 
HCL concentration. about 0.5M. 

(7) Dilute to volume. (For small samples, dilute to 100 mL; for larger 
samples, dilute to 500 mL or 1 L, depending on sample size.) 

D. Aluminum Determination 

(1) Transfer an aliquot of the sample solution from IV-C-(7) above 
containing 20-30 mg Al 3+ into a 250-mL beaker. 

(2) Add 1 mL of 3.6% (wt/vol) ferric nitrate solution. 

(3) Dilute to 75 mL with H20 and heat to boiling. 

(4) · Add 10 mL of 4M NaOH solution. 

(5) Allow the hydrated ferric oxide precipitate to settle and filter 
throu~h a 9-cm Whatman #42 (or equivalent) paper into a 600-mL beaker. 

(6) Filter and transfer the precipitate onto the paper. Wash the 
beaker and paper five times with O.OlM NaOH wash solution. Discard the fil­
ter paper and ~recipitate. 

(7) Add three drops of methyl red indicator solution. 

(8) Add cone. HCl drop by drop, with stirring, until the indicator 
turns red. 

(9) Add 2M HCl drop by drop with stirring between additions of acid, 
until any Al(OH)3 precipitate that may have formed dissolves. 

(10) Add 0.7 mL of 2.5% (wt/vol) solution of 8-hydroxyquinoline for 
each mg of aluminum present plus 10 mL in excess and sufficient H20 to bring 
the volume to about 350 mL. 
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(11) Slowly introduce 20 mL of 20% (wt/vol) CH3COONH4 with stirring 
(see Note 5, p. 20). 

(12) 
to 50°C. 

Heat to boiling, digest on a steam bath for 30 minutes, and cool 
If necessary,. the solution can stand overnight at room temperature. 

. I 

(13) Filter through a weighed, medium porosity, sintered glass fil­
tering crucible .. 

(14) Wash the precipitate with no more than-· 100 mL of warm (50-60°C) 
a-hydroxyquinoline wash .. scilution. Finally wash with two 5-mL portions of 
cold H20. 

(iS) Dry .the :crucible and precipitate at 150°C for at least 3 h or 
overnight, if convenient. 

· (16) . Cool the crucible and precipitate in a des sica tor for 45 minutes, 
allow to cool anoth.er 15. minutes in· ambient air, and weigh. 

(17) Calculate the wt % aluminum. 

wt% Al3+ = (A)(5.873) 
o (B) (C) 

where A = weight of aluminum-8-hydroxyquinolate, g 

Sample aliquot, mL 
B aliquot fraction 

Total sample volume, mL 

C = S?mple weight, g 

E. Lithium Determination 

Lithium is determined by ·atomic absorption spectrophotometry as 
described in Analysis of L~Cl-KC~ Eutectic Salt, II-F. 

F. Discussion 

The oxinate method for the determination of Al 3+ i.s subject to inter­
ference, since most other metals (except alkalies and alkaline earths) are 
also precipitated by a-hydroxyquinoline under the conditions described herein. 
The alloys submitted for analysis have usually been reasonably pure, con­
taining only small amounts (<1%) of impurities such as Cu, Fe, Si02 , etc. 
The simple separation used here, wherein a small (5 mg) amount of Fe(III) is 
precipitated as the hydrated ferric oxide to coprecipitate and adsorb other 
insoluble metal hydroxides and silica, is useful to separate Al3+ from com­
monly encountered impurities found in aluminum-lithium alloys. 

Aluminum-8-hydroxyquinolate is a bright yellow precipitate. Traces of 
coprecipitated metal'· impurities are revealed when the oxine p·recipitate is 
discolored, usually gray-green to brown. 

I 
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An attempt has been made to use anion-exchange columns to separate 
Al 3+ from a number of elements as oxalate complexes, based on the data of 
Strelow et al. 4 The sample aliquot was taken to dryness, dissolved in 0.25~ 
oxalic acid-0.05M HCl solution, and passed through a 25 x 2 em column of 
AGl~X-8 anion-exchange resin. After washing the column with 0.25M oxalic 
acid-0.05~ HCl, A1 3+ was eluted with 7~ HCl effecting a separation of a large 
number of elements as reported by Strelow. This separation was tried with 
some success but was not practical since, when Al 3+ was eluted from the 
column'with 7~ HCl, oxalic acid precipitated and tended to clog the column, 
necessitating the use of large volumes of 7~ HCl eluant. Also, excess HCl 
and oxalic acid had to be removed by evaporation and oxidation before the 
aluminum determination could be maGe. 

Other classical separation procedures can be used to separate many 
metals from Al 3+ including electrodeposition of heavy metals into a mercury 
cathode 5 and precipitation with hydrogen sulfide.6 

The use of complexing agents to allow the determination of Al 3+ in the 
presence of certain interferences is reported by Tikhonov. 7 

The effect of A1 3+ on the determination of Li+ by atomic absorption 
spectrophotometry was tested. No interference was found when Al 3+ was pres­
ent in the concentration expected after dilution of the sample for the 
determination of Li+. 

Data obtained using this procedure for the analysis of two lots of 
. Al-Li alloy are given in Table V. Spectrographic analysis indicated the 

presence of 1-2% of cation impurity in each lot. The samples were submitted 
as chunks rather than ground material. The observed relative percent standard 
deviation may, in part, reflect an inhomogeneity of these samples. 

The accuracy and precision of the Al 3+ determination is currently being 
monitored by analyzing Al3+ standards whenever the determination of Al 3+ 
using oxine is required. Accumulated data indicate an average recovery of 
99.6% with a precision of ±0.4% relative standard deviation. 

The precision of the Li determination by atomic absorption is discussed 
in II-G. 

G. Notes 

Note 1. Aluminum-lithium alloy reacts with moisture and must be pro­
tected from the atmosphere prior to analysis. The samples were usually 
weighed in a dry box and placed in a sealed container (usually plastic) which 
was stored in a sealed Mason jar in a helium atmosphere. 

Note 2. The sample solution after dissolution in alcohol is very basic 
and could react with an ordinary borosilicate glass beaker to introduce 
unwanted impurities. The use of Teflon beakers avoids this problem. 

Note 3. A number of other alcohols including methyl, ethyl, and iso­
propyl can and have been used to dissolve the alloys.· Propanol has the 
advantages of being. less reactive and having a relatively high flash point. 
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Table v. Analysis of Al-Li Alloy 

Sample 
Sample Aliquot Wt % Wt % Total Molar RatiQ, 

Designation ' Wt, g Li Al Wt % Li/Al 

Lo.t 1114. 1. 46400 17.42 80.32 97.74 0.843 
79-0283-01. 

:3.00736 17.25 79.86 97.71 0.840 

Average 17.34 80.09 97.43 0.842 

Rel. % Dev. 1.0 0.6 

Lot 1117 1. 28930 17.06 80.11. 97.17 0.828 
79-0283-02 1. 37373 17.56 79.59 97.15 0.858 

1.25465 18.55 79.9i 98.46 . o. 903 

1 .. 258t8 18.27 80.20 98.47 0.886 

2.84814 ~7.73 79.73 97.46 0.865 

Average 17.83 79.9i 97.74 0.868 

s. D. ±0.59 ±0.25 

Rel. % s. D .. 3 . .3 0.32 

When necessary, the reaction can be speeded up with the addition of small 
increments of H20. See, J:towever, Note 4. 

. Note 4. Reaction or the alloy should occ~r under controlled conditions .. 
If ·too much water is added, the reaction can become violent, and the solution 
can overheat, splatter, and possibly froth out of the beaker .. In .addition, 
the possibility that so much heat ~s generated that the alcohol or alloy 
ignites must be considered. It is recommended that a large (600-mL or larger) 
beaker be used in order to avoid loss of sample if frothing should occur. It 
is ·also. recommended that the beaker not be cov~red during dissolution to avoid 
possible accumulation of an easily ignited concentration of hyd'rogen in the 
beaker above the sample. 

Note 5. The pH of the solution after. the precipitation should be 5.2 
to 5.8. 

V. ANALYSIS OF LITHIUM ALUMINUM CHLORIDE, LiAlCl4 

A. Principle of the Method 

A weighed sample is dissolved in H20, diluted to volume and separate 
aliquots are taken for the Li+, Al3+, and Cl- determinations. Lithium is 
determined·by atomic absorption spectrophotometry, Al3+ is determined gravi­
metrically with 8-hydroxyquinoline·, and Cl- is determined by titration with 
standard~zed AgN03 using an adsorption indicator. 

.: 
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B. Reagents and Standards 

(1) Chloride determination- see_II-B-(i to 3). 

(2) Lithium determination- see II-B-(5 to 6). 

(3) Aluminum determination- see IV-B-(2 to 11). 

C. Preparation of Samples for Analysis 

Since the compound absorbs water, samples to be analyzed,should be 
stored in a dry box prior to analysis. 

The materials analyzed to date hav~ been solid chunks and could be 
weighed rapidly in the air with no appreciable pick up of moisture. Finely 
divided samples might have to be weighed in a dry box. 

LiAlCl4 is water soluble and presents no dissolution problem. 

D. Chloride Determination 

Determine Cl- as described in II-D. 

E. Lithium Determination 

Determine Li+ as described in II-F. 

F. Aluminum Determination 

Determine Al 3+ as described in IV-D. 

G. Discussion 

Interferences with the procedures used have been discussed above and do 
not present a problem for a pure LiAlCl4 compound dissolved in water where 
only Li+, Cl-, and A1 3+ ions are present. 

Our experience with the analysis of this compound has been limited to 
only a few samples. The analytical results obtained on one sample at first 
appeared to be inconsistent since the mass balance was only 98.1%, and the • 

ratio (mol Li+ :o; ~!~ Al3+) was 0.963. 

Hydrogen was subsequently determined on a separate sample by ignition 
at 900°C in oxygen and measurement of evolved H20. A value of 0.082% H was 
found. This corresponded to 1.40% OH- and yielded a mass balance of 99.5% 

with _a ratio (mol cl- + mol OH~f+ 0. 998 compared with the expected 1. 000. 
(mol Li + 3 mol Al ) 

This result can be explained as the result of partial hydrolysis of the 
compound prior to analysis according to equation (1) 

(1) 
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with some loss of HCl. The result could of course also be due to an improp­
erly synthesized compound. 

In either case, with compounds of this type, the presence of reacted 
or absorbed H20 must be considered when interpreting the analytical results 
obtained. 

VI.· ANALYSIS OF IRON, NICKEL, COPPER, AND COBALT SULFIDES 

A. Principle of the Method 

A weighed sample is reacted with bromine and HN03 to dissolve the metal 
sulfides and oxidize sulfide sulfur to sulfate. After dissolution And oxida­
tion, HCL is added and the solution is taken to dryness to remove _nitrate. 
Insoiuble silicate material (if present). is filtered off and the solution is 
diluted to volume. Sulfate is determined gravimetrically as BaS04 on an 
aliquot of the sample solution after separation from cations by ion-exchange. 
The metal cations are determined on separate aliquots. Iron and cobalt are 
determined colorimetrically, nickel gravimetrically with dimethylglyoxime~ 
and copper by electrodeposition of the metal. 

B. Preparation of Samples for Analysis 

Materials analyzed include various sulfides of iron, nickel, cobalt, 
copper, and chalcopyrite, CuFeS2. 

These materials are stable in air and usually do not require any spe­
cial handling prior to anal~sis to protect from traces of.moisture in air. 
However, Hillebrand, et al. note that pyrite, FeS2, can be oxidized with 
loss of sulfur as sulfur dioxide and formation of sulfate, when finely 
ground. They also note that care should be taken to avoid oxidation of sul­
fide minerals .during sample preparation. They recommend that samples be 
crushed by concussion to 60-80 mes~, if necessary, and that grinding be 
avoided. 

c. Apparatus · 

(1) . Cation-exchange column, 2. 5 x 32 em, . fitted with a coarse fritted 
disk, and a Teflon 2-mm-bore stopcock. To prepare the column for use, fill 
with water, open the stopcock, and pour in a slurry of Bio-Rad AGSOWX-8 
100-200 mesh cation-exchange resin in the H+ form until a 12- to 14-cm colum~ 
of resin has been transferred. Wash with 100 mL 6~ HCl, 100 mL 3~ HCl, and 
then with water until the eluate .is free of acid. 

(2) Spectrophotometer. Any commercial spectrophotometer suitable for 
photometric measurements in the visible region is satisfactory. The Cary 
Model 16 spectrophotometer, capable-of measuring 0.5 absorbance· to ±0.0007 
has been used in this work. 

(3) Sintered glass filtering crucibles, 30 mL, medium porosity, low 
form. 

(4) Electrodeposition apparatus. Eberbach Electroanalyzer, Fischer 
Scientific Co. #9-260-200 or equivalent. 
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(5) Platinum gauze electrod~, stationary, 4-cm-dia gauze cylinder, 
Fisher Scientific Co. #9-309 or equivalent. 

(6) Platinum stirring electrode; Fisher Scientific Co. #9-306 or 
equivalent. 

D. Reagents and Standards 

·· .. · 

(1) Sodium chloride, reagent grade NaCl. 

(2) Carbon tetrachloride, reagent grade CCl4. 

(3) Bromine in carbon tetrachloride. See III-B-(2). 

(4) Nitric acid 15~, concentrated reagent grade HN0 3 • 

(5) Hydrochloric acid, 12~, concentrated reagent grade HCl. 

(6) Iron Standard Solutions, 1.000 mg Fe/mL and 10.00 JJg Fe/mL. 

(a) Preparation of stock iron standard solution, 1.000 mg Fe/mL. 
Weigh an amount of assayed electrolytic iron wire which, 
when corrected for the assay, will yield 1.000 g of Fe. 
Transfer to a 400-mL beaker and add 50 mL cone. HCl. Cover 
and heat until the wire is dissolved. Cool and dilute to 
1000 mL with H20. The concentration of this stock solution 
will be 1.000 mg Fe/mL. 

(b) Preparation of dilute iron standard solution, 10.00 JJg 
Fe/mL. Transfer 10.00 mL of the stock iron standard solu­
tion (1.000 mg Fe/mL) into a 1-L volumetric flask. Add 
10 mL cone. HCl and dilute to volume to yield a solution 
containing 10.00 JJg Fe/mL. 

(7) Hydroxylamine hydrochloride, 10% (wt/vol), Dissolve 10 g reagent 
grade NH 20H • HCl in 100 mL H20. Filter before use. Prepare fresh each week. 

(8) 1,10-Phenanthroline saturated solution, 'V0,016M, 
stir 0.5 g 1,10-phenanthroline in 100 mL.H20 for 10 minutes, 
use. Prepare fresh each week, 

(9) Ammonium hydroxide, cone, reagent grade NH40H. 

(10) Glacial acet;i.c acid, reagent grade, 

Magnetically 
Filter before 

(.11) Cobalt Standard Solutions, 1,000 mg Co/mL and 5.00 JJg Co/mL, 

(a) Preparation of stock cobalt solution, 1.000 mg Co/mL. Weigh 
an amount of pure, assayed cobalt metal which, when corrected 
for assay, will yield 1,000 g of Co, Transfer to a 400-mL 
beaker, and add 30 mL cone. HCl, 20 mL cone, HN0 3 , and 
25 mL H2o. Cover and heat until the metal is dissolved. 
Cool and dilute to 1000 mL with H20 to yield a solution con­
taining 1.000 mg Co/mL, 
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(b) Preparation of dilute cobalt standard solution, 5.00 ~g 
Co/mL. Transfer 5. 00 mL of the stock cobalt solution 
(1.000 mg Co/mL) into a 1-L volumetric flask. Add 10 mL 
cone. HCl.and dilute to volume with H20 to yield a solution 
containing 5.00 ~g Co/mL. 

(12) Perchloric acid, cone. reagent grade HCl04. 

(13) Sodium citrate solution, 45% (wt/vol). Dissolve 113 g reagent 
grade sodium citrate, C6Hs07Na3•2H20, in 250 mL H20. Filter through a 
Whatman #41 (or equivalent) paper. 

(14) Bromocresol purple indicator solution, 0.04% (wt/vol). Dissolve 
100· mg 5',5"-dibromo-o-cresolsuifonephthalein in 18.5 i:nL·O.OlM NaOH and dilute 
to. 250. mL. 

(15) ·sodium hydroxide, 11M. 
NaOH in 100 mL H20 with stirring. 
bottle. 

Cautiously dissolve 44 g reagent grade 
Cooi and store in a screw-cap plastic 

(16) · Sulfuric acid, cone. reagent grade H2S04. 

(17) Nitroso-R salt solution, :o. 2% (wt/vol). Dissoive 200 mg Nitroso­
R salt (1-riitroso-2-naphthol-3, 6-disulfonic acid disod.ium __ salt) in 100 mL 
H20. : Filter before use. Prepare fresh each day. 

(18) Sulfuric a.cid, 9N. Slowly and cautiously add 25 mL cone. ·reagent 
grade H2S04 to 75 mL H20 wi~h stirring. Cool before use. 

(19) Tartaric acid, 25% (wt/vol). Dissolve 63 g reagent grade tar-
taric acid, in 250 mL H20 •. Filter thr.u a Whatman /141 (or equivalent) paper. 

(20) Dimethylglyoxime solution, 1% (wt/vol). Dissolve 2.5 g dimethyl­
glyoxime in 250 mL ethyl alcohol. 

' (21) Copper Standard Solutions, 0.1000 mg Cu/mL and 0.1, 0.3, and 0.5 
~g Cu/tnL. Weigh 0.1000 g copper metal (assay >99. 9%)· into a 400-mL beaker. 
Add 25.mL. cone. HN03 and 25 mL H2o. Cover and heat .until the metal is dis­
solved. ·Cool and dilute·to 1 L with H20 to yield asolution containing 
0.1000 mg Cu/mL. Dilute 1.00, 3.00; and 5.00 rilL .aliquots of this 'solution 
each to 1 L with 0, 05M HN03 to· .make atomic absorption working standards con­
taining 0.100, 0.300, and 0.500 ~g Cu/mL. 

(22) Barium Chloride Solution, 10% (wt/vol), see III-B-(5). 

(23) Nitric Acid, 6M. Dilute 40 mL cone. HN03 to 100 mL with H20. 

' (24) Ethyl alcohol, reagent grade c2H50H. 

(25) · 'V6M HCl. Dilute cone. HCl with an equal volume of water. 

(26) 'V7M NH40H. Dilute cone. NH40H with an equal volume of water. 
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. (27) Wash solution 1~ NH40H - 1~ NH4Cl. Mix equal volumes of 2~ NH40H 
and 2~ NH4Cl. (2~ NH40H - dilute 12 mL of cone. NH40H to 100 mL with H20. 
2~ NH4Cl - dissolve 10.6 g NH Cl in 100 mL ~20.) 

E. Determination of Total Sulfur 

(1) Accurately weigh 0.5-1 g of sample into a clean, dry, 250-mL 
stoppered Erlenmeyer flask (see Note 1, p. 31). 

(2) Add ~0.25 g reagent grade NaCl (see Note 2, p. 31). 

(3) Carry a blank of 0.25 g NaCl along with the samples through the 
procedure. 

(4) Add 20 mL of Br2 in CCl4. 

(5) Allow to stand, loosely stoppered, for at least 30 min. 

(6) Add 1-2 mL of cone. HN0 3. Swirl to allow the acid to react with 
the sample while the flask is .loosely stoppered.· . 

(7) Continue to add acid in 1-2 mL increments, with swirling after 
each addition. Allow the acid to react with the sample before addition of 
more acid. 

(8) . Continue with the addition of increments of cone. HN03 until a 
total of 15 mL of acid has been added. 

(9) Add 5 mL cone. HCl. Allow to stand, loosely stoppered, for about 
1 h or until the sample has reacted with the acid mixture. 

(10) Evaporate to gentle dryness. 

(11) Rinse down the inside of the flask with water, add 5 mL cone. HCl, 
and take just to dryness. 

(12) Add 4 mL cone. HCl and warm to dissolve the metal salt residue. 

(13) Add about 50 mL H20 and, if necessary, filter off any insoluble 
silicate material using a 9-cm Whatman #40 (or ·equivalent) filter paper. 
Catch the filtrate in a 100-mL volumetric ·flask. 

(14) Wash the paper and residue seven times with 0.025M HCl. 

(15) Dilute the filtrate to 100 mL. 

(16) If of interest, dry and ignite at 850°C, and weigh the insoluble 
residue. 

(17) Calculate weight percent of insoluble residue: 

wt % insoluble residue = ----~(A~)~·~(l~O~O~) __ __ 
sample weight, g 

where A weight of insoluble residue, g. 
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(18) Transfer an aliquot of the sample solution VI-E-(15) containing 
about -100 mg S into a 150-mL beaker and dilute to 100 mL with H20.· 

(19) Pass the solution thr-ough the cation-exchange column catching 
the eluate in a 400-mL beaker. 

· (20) Wash the-column with 150 mL H20, in increments. Dilute the 
_eluate to 300 mL with H20· 

(21) Precipitate and determine sulfur as BaS04 as described in 
III-D-(12 to 25) . 

. :· 

F • ..P.~.t~?.:rmtn?.t.!.Qn .. : .. Q.f. .. .ltml 

(1) Transfer· an accurately measured aliquot of the oxidized sample 
solution [VI-E-(15)] containing about 100 ~g of iron into a 50-mL volumetric 
flask. 

(2) Carry a reagent blank and three iron standards containing 50, 
100, and 150 ~g of- iron through the iron determination procedure exactly as 
the sample. 

(3) Add 2-3 drops cone. HCl and 4.00 mL of iO% hydroxylamine hydro­
chloride solution and dilute to about 25 mL with H20. 

(4) Heat to almost b?iling temperature. 

(5) Cool to room temperature and add 2.00 mL 10% hydroxylamine 
hydrochloride and. 2. 00 mL saturated (rvO. 016!:!) 1 , 1 0-phenanthroline solu~ion. 

(6) Add cone. NH40H drop by drop, until the solution is just basic as 1 

evidenced by the formation of the red Fe(II) 1,10-phenanthroline complex. 
Add 2. drops of NH40H in excess. 

(7) Add 5 drops glacial acetic acid. The pH of the solution will 
now be in the r8nee 5 to 7. 

(8) Dilute to volume with H20. 

(9) Measure the absorbance of the solution at 507 nm vs. water using 
1-cm"light path cells. 

(10) Similarly measure the absor.bances of the reagent blank and the 
iron s_tandards concurrently carried through the color development ·steps. 

(11) Subtract the absorbance of the reagent blank from the absorbances 
of the samples and standards. 

(12). Determine the micrograms of· iron in the sample aliquot from the 
net absorbance of -the sample and the average net absorbance per·microgram of 
iron as determined from the standards. 

---------------. ·················-···-~····-···-----------------' 
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(13) Calculation: 

where A 

B 

c 

micrograms of iron found in the sample aliquot 

· volume sample aliquot, mL aliquot fraction, .. ~~~~~~-~~~~-~~~~ 
total sample volume, mL 

sample weight, g 

G. Determination of .. Cobalt 

(1) Transfer an accurately measured aliquot of the oxidized sample 
solution [VI-E-·(15) J ," containing about 50 JJg of cobalt into a 100-mL beaker. 

(2) Carry a reagent blank and three cobalt standards containing 25, 
50, and 75 ]Jg cobalt through the procedure exactly as the sample. 

(3) Add 5 drops cone. HCl04 and evaporate to near dryness. 

(4) Dilute to about 25 mL with H20, add 4.00 mL of 45% (wt/vol) 
sodium citrate solution and 5 drops 0.04% (wt/vol) bromocresol purple indi­
cator solution. 

(5) Add 11~ NaOH, drop by drop, until the indicator changes to purple. 

(6) Add cone. HzS04 dropwise until the solution turns yellow. The pH 
will now be 5.5. 

(7) Dilute'to about 75 mL with water and add 4.00 mL 0.2% (wt/vol) 
nitroso-R salt solution. 

(8) Heat to near boiling and maintain at this temperature for about 
5 min. 

· .. 

(9) Cool to room temperature, transfer to a 100-mL volumetric flask, 
add 4.00 mL of 9~ H2So4, and dilute to volume. 

(10) Measure the absorbance· of the sample at 545 nm vs. water using 
5-cm light path cells. 

(11) Similarly measure the absorbances of the reagent blank and cobalt 
standards concurrently carried through the procedure. 

(12) Subtract the absorbance of the reagent blank from the absorbances 
of the sample and standards. 

(13) Determine the micrograms of cobalt in the sample aliquot from the 
net absorbance of the sample and the average absorbance per microgram of 
cobalt as determined from the standards. 
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(14) Calculation: 

where A 

B 

c 

A 
wt% Co= '(B)(C)(l04) 

micrograms of cobalt found in the sample aliquot 

volume sample aliquot, mL 
aliquot fraction, total sample volume, mL 

sample weight, g 

H. Determination of Nickel 

(1) :T~Ail&f~L au ~ll4.~ui..: uf t'he sample solution [Vl-E-{D)J cont.aining 
about 30 mg Ni into a 400-mT. beaker . 

. (2) Add 5 mL 2S% (wt/vol) tartaric acid solution and dilute. to about 
200 mL. 

(3) Heat to nearly boiling. 

(4) Add cone. NH40H until basic. Add 1-2 mL in excess (see Note 3, 
p. 32). 

(5) Add ~6M HCl until.the solution is acidic. 

(6) Add 20 mL of.l% {wt/vol) of dimethylglyoxime in ethyl alcohol. 

(7) Dilute to about 300 mL with H20 and heat to 80.°C. 

(8) Add ~7~ NH40H until basic. Add 2 mL in excess. 

(9). Digest at 60°C. for 30 min. 

(10) Allow to stand for 1 h or more at room temperature. 

(11) Filter through a weighed, low-form, 30~mL, medium-porosity, 
sintered glass filtering crucible. 

(12) Transfer all of the precipitate onto the filter using a rubber 
policeman and water as wash solution . 

. , 

(13) Wash the beaker and precipitate five times with water. 

'(14). Dry the cruciQle and precipitate at l50°C for 2 h or overnight, 
if convenient. 

(15) Cool for 45 minutes in a dessicator and 15 min in the ambient air. 

(16) Weigh the crucible and precipitate. Determine the weight of the 
nickel dimethylglyoxime precipitate. 
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(17) Calculate the percentage of nickel in the sample: 

t % N. = (A)(20.31) 
w • l. (B)(C) 

where A. weight of nickel dimethylglyoxime, g 

B 
volume sample. aliquot, mL aliquot fraction, 
total sample volume, mL 

C = sample.weight·,_ g 

I. Determination of Copper 

(1) Transfer an aliquot of the sample solution [VI-E-(15)] containing 
0.3-0.5. g Cu into a 300-mL electrolytic beaker. 

(2) Add 5 mL cone. H2S04 and evaporate to fumes of H2S04 to remove 
chloride. 

(3) Dilute to 200 mL with H20. 

(4) Add 3 mL boiled, 6~ HN03 (free of oxides of nitrogen). 

(5) Connect a weighed platinum gauze electrode (cathode) to the 
negative terminal of the electrodeposition apparatus and the platinum stirrer 
(anode) to the positive terminal: 

(6) Place the electrolytic beaker containing the sample-solution 
into position so that most of each electrode is covered by the solution. 

(7) Cover the beaker with split watch glasses. 

(8) Turn on the current (and stirrer) and adjust the applied poten­
tial to about 2.2 V. Allow 0.5 to 1 A current to flow thro~gh the cell. 

(9) Electrodeposit copper (with stirring) until the ·solution is 
colorless. 

(10) Add 25 mL more H20, reduce the current to about 0.5 A, and elec­
trodeposit for another 15 min. 

(11) If no more copper has been deposited on the newly exposed plati­
num surface, turn off the stirrer. 

(12) With the current still flowing, quickly lower the electrolytic 
beaker below the electrodes and immediately replace with another 300-mL 
electrolytic beaker containing 250 mL H20. 

(13) Repeat step VI-I~(l2) with a second electrolytic beaker con­
taining 250 mL H20. · 

(14) Remove the. _second rinse beaker while washing the electrode with 
a fine stream of.wash water as the beaker is lowered. 
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(15) Turn off the .current, remove the cathode frcim the electrodeposi­
tion apparatus, and .immerse once more in H20. 

(16) Rinse the electrode twice in ethyl alcohol, allow to drain, and 
dry for 5 min. at ll0°C. 

(17) Cool in ambient ~.ir f,or about 15 min and weigh the electrode plus 
d~posited copper. 

(18) Determine the weight of copper deposited by subtracting' the 
weight of the electrode before deposition from the weight of the electrode 
plus deposited copper. 

(19) Combiil.e. the· solution. rema·ining after electrodeposition with the 
water used to rinse the electrodes and dilute to 1 L. Use this solution to 
determine copper which was either not deposited or which dissolved while 
rinsing the electrode. 

(20) Determine ~g Cu/mL in solution VI~I-(19) by atomic absorption. 

(a) · Set up the atomic absorption instrument for the determina­
tion of Cu at 324.7 nm ·according to the instrument manu­
facturer's recommendations. 

(b) Measure the absorbances of the standards, the sample, and 
then the standards again. 

(c) ·Determine. the concentration of copper (~g Cu/mL) in the 
.solution by comparison ·of the sample absoroanc·e with the 
average absorbanee per microgram of copper per mL as 
determined: from the standards.· 

. (21) . Calculate the total grams Cu undeposited by dividing the pg . 
Cu/mL found in solution VI-I-(19). by 1000. ·Add t.his number to the grams of 
deposited copper and calculate the percentage of copper in the sample (see 
Note 4, p.,··32) ~ · 

wt %.Cu 
(A + a) (100). 

(B)(C)_ 

where A = weight of deposited copper, g 

~ = weight undeposited copper, g 

B aliquot fraction, volume .of aliquo.t analyzed, mL 
. total sample volume, mL 

C = sample weight, g 

J. Discussion· 

I 
.Materials assayed have included relatively pure commercial sulfide 

minerals and:-·specially prepared sulfide compot.uids used to fabricate test 
batteries. In these cases- sulfur an,d the metal(s) are the major constituents 
and can be analyzed by the methods reported above without modification. 

··~. 
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In other cases, specimens presented for analysis have included sections 
of sacrificed cells containing LiCl-KCl eutectic, LiAl alloys, and separator 
materials, and sometimes other materials, in addition to the metal sulfide 
phase(s). Possible interferences must be considered in these cases. 

The determination of sulfur after oxidation to sulfate and subsequent 
separation from metal cations is quite specific. 

The colorimetric iron determination is subject to very few inter­
ferences. Silver and bismuth form precipitates with the reagent as does 
perchlorate. Zinc, cadmium, and mercury form colorless complexes which con­
sume 1,10-phenanthroline yielding low results if excess reagent is not used. 
Some other elements, as discussed by Sandell,9 interfere under certain condi­
tions. These elements are usually not present in sufficient quantity, rela­
tive to iron, to interfere· with its determination. 

The colorimetric Co procedure assures that the red Co-nitroso-R salt 
complex is formed at the required pH of 5.5. Other metal complexes also 
formed at this pH are later decomposed by addition of sulfuric acid. The 
cobalt complex, once formed at pH 5.5, is stable in the final acid medium. 
The addition of citrate, prior to pH adjustment, prevents formation of 
insoluble hydroxides, especially Mn(II) and Cr(III), which can occlude cobalt 
anu reuder it unavailable for color development. Limited tests have shown 
that the procedure as described allows for the determination of 50 micrograms 
of Co in the presence of at least 11 mg Fe(III), 0.9 mg Ni(II), 0.5 mg 
Al(III), 0.8 mg Cr(VI), 10 mg Mg(II), and 0.25 mg Mn(II). Many other ele­
ments are known not to affect the formation of the Co-nitroso-R salt complex. 
Sandell 10 and Young 11 discuss, in detail, the determination of Co with 
nitroso-R salt in the presence of a variety of elements. 

The procedure given for the determination of nickel tolerates reason­
able amounts of most metals. Palladium and gold would be precipitated by 
dimethylglyoxime in the unlikely event that they would be present. Hillebrand 
and Lundell 12 recommend precipitation of nickel from a solution containing 
acetic acid and sodium acetate when considerable cobalt, manganese, or zinc 
is present and also discuss, generally, the determination of nickel with 
dimethylglyoxime. 

The determination of copper by electrodeposition requires the absence 
of elements more readily reduced than copper including As, Sb, Sn, Mo, Au, 
Ag, Hg, Bi, Se(IV), Te, and platinum metals. Chloride and oxides of nitrogen 
also interfere. Examination for undeposited copper by atomic absorption 
spectrophotometry enables the analyst to verify completeness of deposition or 
to correct for undeposited copper, if necessary. 

K. Notes 

Note 1. For copper sulfide materials, use a larger sample, 1 to 2 g. 

Note 2. Compounds .such as Fes 2, after oxidation, yield Fe2(S04)3 + 
H2S04. Upon evaporation to dryness, H2S04 could be lost by volatilization if 
heated too hot. Addition of NaCl yields a final product of Fe2(S04)3 and 
Na2S04 minimizing possible loss,of sulfur as H2S04 when the solution is heated 
to dryness to remove nitrate. 
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Note.J. The solution should be clear. If a precipitate has formed, 
r~move it by filtration through a 9-cm Whatman /140 (or equivalent) paper. 
Wash the pape;r,with a hot, dilute 1!!_ ammonium chloride-1!!_ ammonium hydroxide 
solution. Combine filtrate and washings in 400-mL beaker. Proceed to step 
VI-H-(5). 

Note 4. If the amount of undeposited copper is found· to be less than 
0.3 mg, the correction can be ignored since the error in the analysis from 
this source would be less than 0.1% if the amount of deposited copper is 
0.3 g or more as .. recommended in. the procedure . 

. VII. ANALYSIS OF TITANIUM SULFIDE MATERIALS 

A. .Principle of the Method 

A weighed sample is reacted with bromine and HN03 to dissolve the 
titanium sulfide and oxidize sulfur to sulfate. After dissolution and oxida­
tion, .the solution is taken to dryness, treated with· HCl, and again evaporated 
to dryness ~o remoye nitrate. The residue is dissolved in HF and diluted to 

·volume. Titanium .and sulfate are determined in separate aliquots of the solu­
tion. Titaniu~ is determined calorimetrically as the peroxide complex after 
vigorous fuming with H2S04 to remove F-. Sulfate is determined gravimetri­
cally as BaS04 after addition of boric acid to complex excess HF. 

B. Reagents, Standards, and Apparatus 

,(1) NaCl, reagent grade. 

(2) Cone. HN03, reagent grade. 

(3) Cone. HCl, reagent grade. 

(4) Cone. HF, reagent grade.· 

(5) Carbo~ tetrachloride, reagent grade. 

(6) Bromine in CC14 . See III-B-(2). 

(7) Cone. H2S04, reagent grade. 

(8) BaCl2, 10% wt/vol. See III-B-(5)~ 

. ·_(9) Standardized sulfate solution, rvO .18M H2S04. Cautiously add 
10 mL cone. H2S04 to about 500 mL H20, cool and dilute to 1.000 L. Deter­
mine the sulfur concentration of the solution by gravimetric determination of 
sulfate as BaS04. 

_(a) Transfer two 10.00-mL aliquots into 400-mL beakers. 

(b) Add 1 mL cone. HCl to each aliquot and to a third beaker, 
a blank. 

(c) Precipitate and determine the weights of BaS04 in thestan­
dards and blank as described in III-D-(12 to 24). 
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(d) . Calculate the mg S/mL in the standard sulfate solution. 

mg S/mL = (A- B)l~l37.36) 

where A wt BaS04, g 

B wt blank, g 

(10) Ti metal standard, assayed wire. 

(11) Hydr6gen peroxide~ 30% H202 reagent grade. 

(12) Spectrophotometer- see VI-C-(2). 

(13) Titanium standard solution, 1.000 mg Ti/mL and 100 llg Ti/mL. 

(a) Preparation of stock Ti solution, 1.000 mg Ti/mL. Weigh 
an amount of Ti metal standard which, when corrected ~or 
the assay, will yield 1.000 g Ti. Transfer to a 600-mL 
beaker, add 100 mL cone. H2S04, and heat until the Ti is 
dissolved.· Cool, cautiously dilute with ~400 mL HzO, cool 
again, and finally dilute to 1.000 L. The ~ontentratiori of 
this stock solution will be 1.000 mg Ti/mL. 

(b) Preparation of dilute Ti standard, 100 llg Ti/mL. Transfer 
20.00 mL of the 1.000 mg Ti/mL stock solution into a 200-mL 
volumetric flask. Cautiously add 18 mL cone. H2S04 plus 
about 100 mL H20. Cool and then dilute to volume to yield 
a solution containing 100 llg Ti/mL. 

(14) Boric acid solution, saturated solution, about 0.85M. 

(15) Filter paper, Whatman #42, 11-cm, or equivalent. 

(16) Filter pulp tablets. 

(17) Platinum crucibles, 30 mL. 

(18) Muffle furnace, capable of attaining a temperature of 850°C. 

(19) Sulfuric acid solution, 1.8M. Cautiously add 100 mL cone. H2so4 
to approximately 800 mL H20. Cool and dilute to 1000 mL with H2o. 

C. Preparation of Samples for Analysis · 

(1) Weighing the sample. Materials analyzed to date have been 
supposedly pure materials of nominal composition TiS2. These materials are 
somewhat unstable in air so care must be taken in handling and weighing the 
samples. Samples (~0.1 g) are transferred to stoppered glass vials in a 
small, dry, N2-atmosphere glove bag. Immediately before weighing, the sample 
vial is uncapped for about 5. seconds to allow the vial .to f:i.ll with air. The 
vial is then restoppered and weighed. The sample is then transferred to a 
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250-mL Teflon beaker containing 30 mL of Br2 in CCl4. The empty vial is 
recapped and reweighed to obtain the net sample weight. 

(2) Oxidation and dissolution of sample. 

(a) Seal the Teflon beaker containing the sample in 30 mL 
Br2-CCl4 with parafilm. 

(b) Swirl to promote contact of the sample with Br2 in CCl4. 
Allow to stand overnight. 

(c) Carry a blank of ~0.5 g NaCl through the entire procedure 
along with the samples. 

'(d) Remove the parafilm cover and replace with a watch glass. 

(e) Add 15 mL cone. HN0 3 dropwise, swirling after each addition 
to control the reaction rate. 

(f) When dissolution is complete, ·add 0.5 g NaCl to the sample 
beaker and evaporate to dryness. 

(g) Rinse down the sides of the beaker with H20, add 10 mL cone. 
HCl, and evaporate to dryness.· Repeat the addition of HCl 
arid evaporation to dryness. 

(h) Add 5 mL cone. HF and l·mL cone. HCl. 

(i) Heat until the residue is in solution. 

(j) Cool, transfer to a 100-mL plastic volumetric flask, and 
dilute to volume. 

(k) Carry a synthetic sample along with the sample and blank. 

Preparation of synthetic sample: Accurately·weigh about 
40 mg of Ti metal standard into a 250-mL Teflon beaker. 
Add 10.00 mL of standardized sulfate solution into the 
beaker and 0.5 g NaCl and 5 mL cone. HF. Heat at low heat 
until the Ti metal is dissolved and then take to dryness. 

Continue with steps VII-C-(2)-(h) through (j) and carry the 
synthetic sample along with the samples and blank. 

D. Determination of Titanium. 

(1) Transfer. an .aliquot of the solution to be analyzed, containing 
about 2 mg of Ti, into a 100-mL quartz beaker·. 

(2) Add 5 mL cone. H2S04 and heat· to dryness. 

(3) Repeat VII-D-:(2), above~ twice. 
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(4) Add 10 mL cone. H2S04 and heat until the residue .dissolves. 

(5) Cool and carefully add ~so mL H20. 

(6) Transfer to a 100-mL volumetric flask. 

(7) Cool, add 2 mL 30% H202, and dilute to volume with H20. 

(8) Transfer 10-, 20-, and 30-mL aliquots of the 100 ~g Ti/mL stan­
dard solution into 100-mL flasks. 

(9) Add 2 mL of 30% H2o2 to each and to a blank. 

(10) Dilute each to volume with 1.8~ H2S04. 

(11) Measure the absorbances of the samples, sample blank, standards, · 
and standard blank at 407 nm in 1-cm cells vs. distilled water as a reference. 

(12) Subtract the absorbance of the appropriate blank from the absor­
bance of each samp~e and standard to obtain the net absorbance of each. 

(13) Determine the micrograms of Ti in the sample aliquot from the 
net absorbance of the sample and the average net absorbance per microgram of 
Ti as determined from the standards. 

(14) Calculate the percentage of Ti in the sample. 

wt % Ti 
A 

(B)(C)l04 

where. A micrograms of Ti found in the sample aliquot 

B aliquot fraction, volume sam)2le aliguot 2 mL 
total sample volume, mL 

C = sample weight, g 

E. Determination of Sulfur 

(1) Transfer 20.0 mL of the H3B03 solution into a 600-mL beaker. 

(2) Transfer an aliquot of the sample solution containing about 50 mg 
S into the boric acid solution. 

(3) Carry along a blank and an aliquot of the synthetic sample 
solution • 

. (4) Dilute the solutions to 300 mL with H20. 

(5) Heat to boiling and slowly add 5 mL 10% BaC1 2 solution. 

(6) Add 1/4 tablet filter pulp and stir to disintegrate the tablet. 
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(7) Cover with a watch glass and allow the solution to digest over­
night on the steam bath. 

(8) Test the solution for completeness of precipitation of BaS04 by 
adding a few drops of 10% BaCl2 solution. No BaS04 precipitate should appear. 

(9). F:llter ·and determine sulfur as described in steps III-D-(17 to 25). 

F. Discussion. 

• Experience with the analysis of Ti-S materials has been limited. The 
main problem we have encountered has been in dissolving the titanium sulfate 
residue remaining after oxidation with Br 2-HN0 3 in dilute HCl, prior to pre­
cipitation as BaS04. It was found that HF was necessary to keep Ti in solu­
tion. The use of HF presents two problems: (1) fluoride ion interferes with 
the colorimetric Ti determination and (2) fluoride ion will precipitate as 
BaF2_ and interfere in the sulfate determination. The F- interference in the 
Ti determination can be avoided by intensive fuming with H2SOt1 to volatilize 
HF. Boric acid was used to complex F- as HBF4, thus.avoiding interference in 
the gravimetric sulfate determination. · 

The results obtained on duplicate determinations of the limited number 
of samples we have had submitted for analysis are given in Table VI. These· 
data indicate a relative precision of better thim ±1% for each determination. 
Preparation and analysis of synthetic standards, as described above, will 
allow an estimate of the accuracy of the individual determinations. 

Satnple 
Identification 

77""'0406..:.01, 
Great Western 

Average 

77-0581,;,;.01, 
Cerac 

77-0624-01;. 
Vent ron 

Average 

Table VI. Su~a~y of TiS 2 Data 

Sample Wt, 
g 

0.20648 
0.20304 

0.10942 
0.11648 

0.09574 
0.12985 

Wt % 
s 

56.92 
56.36 

56.64 
1. 0% rel. 

50.69 
50.55 

50.62 
0. 3% rel. 

51.94 
51.81 

51.88 
0 ~3% rel. 

Wt % 
Ti 

41.97 
41~84 

41.90 
0.3% rel. 

38.39 
38.62 

38.50 
0.6% rel. · 

45.82 
45.78 

45.80 
0.08% rel. 

% 
Total 
s + % 

98.89 
98.20 

98.54 

89.08 
89.17 

89.12 

97.76 
97.59 

97.68 

Ti 

Molar 
Ratio, 
S/Ti 

2.03 
2.01 

2.02 

1.97 
1.96 

1. 96 

1.69 
. 1.69 

1.69 
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VIII. ANALYSIS OF CALCIUM SULFIDE 

A. Principle of the Method 

Calcium sulfide is assayed by·determining calcium, sulfide sulfur, and 
total sulfur. To determine sulfide sulfur, a weighed sample is ·reacted with 
a known volume of standardized AgN03 in excess of the volume requir~d to 
precipitate sulfide as Ag 2S. After reaction the Ag 2S is filtered, and the 
excess Ag+ is determined in the filtrate by a Volhard titration. The amount 
of Ag+ reacting to form Ag 2S is calculated by subtracting the meq of Ag+ 
found after formation of Ag2S from the tolal milliequivalents of Ag+ added to 
the sample. , 

Calcium and total sulfur are determined on a separately weighed sample. 
After oxidation of all forms of sulfur to sulfate with bromine th~ sampte is 
dissolved in dilute HCl, diluted to volume, and separate aliquots are taken 
for the total S and Ca determinations. Sulfate is determined gravimetrically 
as BaS04 after separation of calcium by adsorption onto 'a cation-exchange 
column. Calcium is determined by titration with standardized EDTA at pH 12.5 
using Acid Alizarin Black SN indicator. 

R. Apparatus and Reagents 

(1) Cation-exchange column- see VI-C-(1). 

(~) Platinum crucibles - 30-mL size. 

(3) Muffle furnace, capable of attaining a temperature of 850°C. 

(4) Primary standardized silver nitrate solution, 0.1~ AgN0 3. See 
III-B-(6). 

(5) Standardized potassium thiocyanate solution ~o.OSM. See III-B-(8). 

(6) Standardized silver nitrate solution; Q.lM. See III-B-(9). 

(7) Ferric ammonium sulfate indicator solution, ~40% (wt/vol) 
FeNH4(S04) 2·12H20. See III-B-(7) · 

(8) Concentrated nitric acid, reagent grade HN0 3. 

(9) Carbon tetrachloride, reagent grade CC1 4 . 

. (10) Bromine in carbon tetrachloride. See III-B-(2). 

(11) Concentrated hydrochloric acid, reagent grade HCl. 

(12) Barium chloride so~ution, 10% (wt/vol). See III-B-(5). 

(13) Filter pulp tablets. 

(14) Calcium standard solution, ~0.025M. 
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(a). Transfer ~2.5 g primary standard grade CaC0 3 to a weighing 
bottle and dry for 1 h at 285°C, 

(b) Cool·for 1 h in a dessicator artd weigh. 

(c) Quantitatively transfer the CaC03 to a 1-L·volumetric flask. 

(d) Reweigh the w·eighin.g bottle Lu ubl~ilu' Lhe weight of Ca.C03. 

(e) Add ~100 mL H20 + 15 mL cone, HCl. 

(f) Swirl until CaC03 is dissolved and dilute to 1 L with H20. 

(g) Calculate the molarity of the calcium standard solution 
using: 

M 
wt CaC03, g 

100.089 

(15) Diethylamine, reagent grade. 

(16) Acid Alizarin Black SN, 1.0% (wt/vol) aqueous solution. Indicator 
for titration of calcium with EDTA. 

(17) Standardized EDTA solution, O.OlM. Prepare by dissolving 3.7 g of 
reagent grade disodium ethylenediaminetetraacetic acid (Na2HzEDTA•2H20) in 
H20 and dilute to 1.000 L. Standardize by the following procedure: 

(a) Pipette 10.00 mL of 0.025M standard Ca solution into a 150-mL 
beaker. 

(b) Gently evaporate to dryness to remove excess acid. 

(c) Add 10 mL H20, 1 drop cone. HCl, swirl until the salts are 
in solution, add 5 mL diethylamine, and dilute to 50 mL 
with H20. 

(d) Add 10 drops Acid Alizarin Black SN indicator and titrate 
with ·O~OlM EDTA until the indicator changes from purple to. 
greenish blue. 

(e) Calculate the molarit~ of .the EDTA solution 

~EDTA 
(lO)(A) 

B 

where A = molarity of Ca standard solution 

B = volume, mL, of EDTA used in the' titration 

. I 
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C. Preparation of the Sample for Analysis 

(1) Weighing the Sample. Calcium sulfide does not appear to be 
rapidly hydrolyzed by moisture in the air. In one test, a sample, labelled 
reagent grade CaS, was first assayed for sulfide and found to contain 40.58 
wt % s=. The material was then exposed to the atmosphere (in a humid time 
of the year) for three days and again analyzed for sulfide and found to con­
tain 40.36 wt % s=. 

Samples are stored and weighed in a dry box. Subsequent analyti­
cal operations are carried out in the laboratory atmosphere. Duplicate 
aliquots (~0.1 g) for the s= determinations and (~0.4 g) for Ca and total S 
determinations are accurately weighed into small glass vials fitted with 
plastic snap tops. The vials are then sealed in a wide mouth, screw-cap jar 
and removed from the dry box prior to analysis. 

(2) Dissolution and Oxidation of Sample for Ca and 
Total S Determinations 

(a) Open the vial containing a weighed sample. (~0.4 g) and trans­
fer it into a glass-stoppered 250-mL Erlenmeyer flask con­
taining 30 mL Br2 in CCl4. 

(h) Carry a blank through the procedure along with the samples. 

(c) Stopper the flask and allow to stand 30 min. 

(d) Add 15 mL cone. HN03, in increments, swirling after each 
addition until the reaction has subsided. 

(e) Let stand, -loosely stoppered, about 30 min .and then evaporate 
to dryness. 

(f) Rinse the sides of the flask with H20, add 10 mL cone. HCl, 
and evaporate to dryness. 

(g) Repeat VIII-C-(2)-(f). 

(h) Add 5 mL cone. HCl and 50 mL H20. Warm until salts are 
dissolved. 

(i) Cool, transfer to a 250-mL volumetric flask, and dilute to 
volume. Use this solution to determine Ca and total s. 

D. Determination of Calcium 

(1) Transfer 10.00 mL of the oxidized sample solution [VIII-C-(2).,-(i)] 
into a 150-mL beaker. 

(2) Carefully evaporate to dryness. 

(3) Add 1 drop cone .. HCl and 10 mL H20. Heat until the CaS04 residue 
is dissolved. 
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(4) Add 5 mL of diethylamine and dilute to 50 mL with H20. 

(5) Add 10 drops Acid Alizarin Black SN indicator. 

(6) Titrate with standardized O.OlM EDTA solution to a bright, blue­
green color. 

(7) Calculate wt % Ca . 

. % C _ (A)(B)(4.008) 
wt • a~ (C)(D) 

where A mL O.OlM EDTA used to titrate sample 

B molarity EDTA titrant 

volume sample aliguotL mL C = aliquot fraction, - - -total sample volume, mL 

D sample weight, g 

E. Determination of Total Sulfur 

(1) Transfer 75.0 mL of the oxidized sample solution [VIII-C-(2)-(i) l. 
into a 150-mL beaker. 

·(2) Dilute to 100 mL with water • 

. (3) Separate Ca2+ by ion-exchange and determine total S as described 
in VI-E-(18 to 21) and.III-D-(12 to 25). 

F. Determination of Sulfide Sulfur 

(1) Transfer 40.00 mL of standardized 0.1~ AgN03 into a 500-mL, 
plastic, wide-mouthed, screw-cap bottle. 

(2) Add 0.25 rnl. cone. HN03 . 

(3) Uncap a vial containing the weighed sample (~0.1 g) and drop the 
vial into the AgN03 solution. 

(4) Screw the cap onto the bottle and shake the solution to allow the 
sample to contact the acidified, standardized AgN03 solution. 

(5) Let stand 4 hours or preferably overnight. 

·(6) Transfer the AgN0 3 solution (and Ag 2S) to a 400-mL beaker using 
H20 as, rinse solution. 

(7) Boil to coagulate Ag2S. 

(8) Filter through an 11-cm, Whatman #40 (or equivaient) filter paper. 



41 

(9) Wash filter paper 10 times with H20, allowing·solution to drain 
completely between washings. 

(10) Dilute the filtrate to 300 mL. 

(11) Titrate the excess silver in th~ filtrate as described in 
III-E-(9 and 10). 

{12) .Calculate the percentage of sulfide sulfur. 

wt % S = [40(A) - (B- C){D)](l.603) 
E 

where A molarity of the standardized 0.1~ AgN0 3 solution 

B mL of standardized 0.05M KSCN used to titrate excess Ag+ in 
·VIII-F-11 

C mL of standardized b.05M KSCN to determine indicator blank 

D molarity of standardized 0.05M KSCN 

E sample weight, g 

G. Discussion 

The method for the determination of sulfide sulfur in calcium sulfide is 
essentially the same as that used for the determination of sulfide in Li2S 
except that· it is necessary to carry out the metathesis of CaS with AgN03 to 
form Ag2S in an acid medium, 0.1~ HN03. Only under. these conditions could 
consistent sulfide sulfur results be obtained. ·~ 

Som~ results obtained on one batch of CaS using the procedures described 
above are given in Table VII. 

The duplicate values for each determination agree well and the essen­
tially perfect agreement between the total and sulfide sulfur values indicate 
that all of the sulfur is present as sulfide. The molar ratio Ca/S = 0.9994 
suggests that the sulfide is present as CaS even though the sum of the Ca and 
S determinations indicate an assay of only 97.5% CaS. Impurity analysis by 
emission spectroscopy revealed the presence of Al and Mg as maj;or impurities, 
each at about 1%, along with ppm amounts of Ba, Fe, Si, Sr, and Ti. 

The total sulfur determination is not necessary if only sulfide is to be 
determined. When compared with the sulfide value, it can indicate the pres­
ence of other forms of sulfur, if present. 

The calcium determination as described assumes that c~2+ is the only 
cation present in the sample that will react with EDTA at pH 12.5 and. that 
significant amounts of elements which could precipitate at pH 12.5 and 
occlude Ca are not present. Otherwise a separation of calcium is necessary, 
or appropriate masking agents must be used to avoid serious error in the Ca 
determination. · 



.,. 

42 

Acid Alizarin Black SN indicator and its application to the determina­
tion of calcium with EDTA is discussed in numerous papers.I3-15 

Table VII. Analysis of One Batch of CaS for Sulfide 
Sulfur,. Total Sulfur, and Calcium 

Sample Wt Sample 
Designation Analyzed, g 

CASA-l 0.1008 

CASA-2 0 . ll'•'• 

CASA-3 

CASA-4 

Average · 

Rel. % Dev. 

0.3828 

0.3966 

' 

Found 2 Wt % 

Ca s= 

43.18 

ll.1.ll:J 

54.14 

54.16 

54.15 43.3 2 
0.04 0.62 

Molar Ratio Ca/S 
S values) 

0.9994 (using average of s= and total 
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