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Determination of carium in AAA Gangue 

In development Trork wi th AAA o r e , a s u l f u r i c acid p r e c i p i t a t i o n 
of ca lc ium, barium, s t ron t ium, lead and Uy is performed. The r e s u l t i n g 
" s u l f a t e cake" must corJorm t o a c e r t a i n l imi t w i t h r e s p e c t to barium, 
the re fo re t h e r e is a nece s s i t y for an accurate barium a e t e r m i n a t i o n . Since 
t h e r e a re no r e a l l y good methods for s epa ra t ing calcium, s t ron t ium and 
barium from each other ( 1 ) , i t -whs thought bes t to i n v e s t i g a t e the problem. 

In order t o ob ta in a r e l a t i v e l y pure s o l u t i o n ol barium s a l t , 
s i l i c a must be removed v i t h HF. The lead su l f a t e must a l so be removed from 
the s u l f a t e s of ca lc ium, s t ron t ium and bar ium. This may be done with ammon­
ium a c e t a t e ( 2 ) , The remaining s u l f a t e s are fused wi th Naĵ CO^ and the 
Na^SO^ leached with \ 0 . BaCOj, CaCC^ and SrCOj are d i sso lved in d i l u t e 
HCl and the barium p r e c i p i t a t e d w i th K^Cr^Oy . Calcium i s qu i t e e a s i l y 
separa ted a t t h i s p o i n t , as a CaCrO^ p r e c i p i t a t i o n is favored by a bas i c 
medium, but s t ron t ium i s p r e c i p i t a t e d with the bar ium. A double p r e o i p i - . 
t a t i o n of BaCrO^ i s recommended t o separa te s t ron t ium chromate fran the 
BaCrQ4 ( 3 , 4 ) . At t h i s p o i n t , barium may be determined by l - t i t r a t i n g the 
excess K^Cr^Oy, 2-disBolviog BaCr04 in ,1N FeSO^ .(NF^J^SO^, and t i t r a t i o n 
of the excess f e r rous s a l t wi th Ce(S04)j^, 3-dis so lv ing baCrO^ in. HCl and 
t i t r a t i n g Crj^Oy" wi th FeSO^ ( 5 ) . 

Esper imenta l WorkB 

At the ou t se t of the problem, the re appeared to be only t h r e e 
por t ions of the procedure t o be i n v e s t i g a t e d , namely, the choice of a 
method for determining barium a t the chromate s t e p s , the. s e p a r a t i o n of 
s t ron t ium chromate froii the barium chromate, and a c lean sepa ra t ion of 
lead s u l f a t e from the o t t » r s u l J a t e s , These condi t ions were i i ivest i^ a ted 
and are desc r ibed in d e t a i l beicwr. 

Volumetric Determination of Barium 

To 10 ml of BaO s tandard (99.8 mgm), was added 25 ml 3N HCl and 
1 drop of bromphenol b l u e . The so lu t i on was made s i i j j h t l y b a s i c , then 
f a i n t l y acid wi th a c e t i c a c i d . IC ml 3N ammunium a c e t a t e were added(6) , 
and the so lu t i on brought to b o i l i n g , ( In a l l worK: wnich f o l l o w s , the 
s o l u t i o n to be analyzed for barium was prepared in t h i s manner and the 
f i n a l volume before p r e c i p i t a t i o n with K^Cr^Oy was l e s s than 60 ml , ) The 
barium was then p r e c i p i t a t e d with oO ml ,1N K^Cr^Oy, the BaQrO^ f i l t e r e d 
off, and the f i l t r a t e a c i d i f i e d with H-^SQ .̂ The excess Kr Crĵ Ôy was then 
t i t r a t e d w i th FeSO^. Al l de t«nnina t ions cone in t h i s manner ahov/ed the 
presence of BaSO^ in the t i t r a t e d s o l u t i o n . Time did not permit to e f f e c t 
a s a t i s f a c t o r y reason fo r the presence of BaS04 a t t h i s p o i n t . Rather i t 
was decided t o proceed t o a g rav imet r i c ana lys i s of barium. 



Gravimetr ic Determinat ion of Barium. 

As a r e s u l t of the work on the volumetric de t e rmina t ion , i t was 
thought b e s t t o i n v e s t i c a t e a g rav imet r i c method. So lu t ions conta in ing 
99,8 mgm B»0 were prepared as d iscussed under the worjc on volumetr ic d e t e r ­
m i n a t i o n s . 2o ml 10ft, K^Cr^O^ were added, the BaCrO^ c o l l e c t e a on a f ine 
s i n t e r e d g l a s s c r u c i b l e and a r i e d a t l l C C See Table I . 

Table I 

P r e c i p i t a t i o n of Barium wi th K^Cr^Cy. 

mgm PaO in t roauced mgm BaO Recovered 

99.8 104,4 
99.8 104.4 
99,8 • • 10S.8 

Ave, = 104 ,2 ^ .3 

Since these results seemed high, the barium was precipitated with (NH4)^Cr^0y 
according to Hillebrand and Lundell (8). See Table II. 

Table II 

P r e c i p i t a t i o n of Barium with {^il^)^Cr-^Oj 

mgm BaO Introduced mgm BaO Recovered 

99.8 104,5 
99,8 105,2 
99,8 105,2 
99.8 104.5 

Ave. s 104.9 - ,3 

Ave, of both methods = 104.6 t ,4 

At f i r s t , tl-iese r e s u l t s suggested e i t h e r an improper s tandard 
s o l u t i o n of BaO, or an improper f ac to r for BaO i n BaCr04 under the cond i ­
t i o n s of the p r e c i p i t a t i o n . Assuming the s tandard to be in e r r o r , i t was 
analyzed f o r flaO by p r e c i p i t a t i o n of the barium as BaSO^, i g n i t e d and 
weighed. This de te rmina t ion y ie lded r e s u l t s of 99.7b - .03 mgm/10 ml which 
shows t h a t t he s tandard s o l u t i o n was not in e r r o r , and t h a t in a l l p r o b a b i l ­
i t y an empi r ica l factor for barium in barium chromate i s ind ica ted under the 
cond i t i ons of the p r e c i p i t a t i o n . 

At the time of t h i s i n v e s t i g a t i o n , the composition of the " s u l f a t e 
oake" was not known, al though the re were two p o s s i b i l i t i e s . These two types 
of cakes w i l l be ca l l ed " s u l f a t e oake No. I " and " su l f a t e cake No. I I " for 
convenience . The canpos i t i ons of these cakes w i l l be approximately the f o l l ­
owing J 

*2i 
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Component 

oarium 
Stront ium 
Calcium 
Lead 
SiOg 

Table 

Sulf a te cake 

Ra t io 

1 
1 

20 
100 
150 

I I I 

I Sul fa t e cake I I 
I 

Rat io 

1 
0,05 
0,2 

1 
1*5 

The r a t i o s shown in t h i s t a b l e r e s u l t from probable f i gu re s on t h e process 
and need not be fu r the r c l a r i f i e d . Since calc ium, s t ron t ium and lead are 
high in r e spec t to barium in cake No, I , a d i f f e r e n t s epa ra t i on technique 
would probably be app l ied here tlian in cake No, I I , where calc ium, s t ron t ium 
and lead are r e l a t i v e l y low m recpeot to bar ium. 

F i r s t , separa t ion of equal amounts of Oftlcium, s t r o n t i u n and barium 
was under taken . These r e s u l t s are shown in Table IV. 

mgm HaO 
added 

9 9 . 8 
99 .8 
9 9 . 8 
9 9 , 8 

9 9 . 8 
9 9 , 8 
9 9 , 8 

mgm SrO 
added 

100 
100 
100 
100 

100 
100 
100 

Table 

mgm CaO 
added 

100 
1 0 0 
100 
loo 

100 
100 
100 

IV 

Ave, 

mgm BaO 
Recovered 

114 
109 
111 
109 

104.0 
103.6 
103.5 

• 103.7 t ,2 

RonarkB 

One p r e o i p i t a t i 
of BaCr04. 

Repre c ip i t a t i on 
of the above 
p r e c i p i t a t e s . 

The r e s u l t s of r e p r e o i p i t a t i n g the BaCr04 are low probably cue to a s l i g h t 
loss of bar ium. 

In order t o show t h e sepa ra t ion of calcium f r a n barium in the r a t i o 
as shown ia cske No. I , a t y p i c a l sample of the cake , without s i l i c a and l e a d , 
was analyzed fo r bar ium. These r e s u l t s are shown in Table V. 

Table V 
m ^ BaO 
Introduced 

99.8 
99.8 
99.8 

mgm CaO 

2,000 
2,000 
2,000 

mgm SrO 

100 
100 
100 

mgm PftO 
Recovered 

106.4 
106,8 
106.9 

Ramarks 

Double 

precij itation 
of BaCr04. 



These r e s u l t s are high by only 2% and may be a t t r i b u t e d t o impur i t i e s con­
ta ined in 4 gms CaCl^ used in p repa r ing the CaO S tanaa rd . A blank c a r r i e d 
throxigh two p r e c i p i t a t i o n s of BaCrO^ showed 3.8 mgm chromate p r e c i p i t a t e or 
2.3 mgm BaO, 

Tte o v e r - a l l r e s u l t s shown in t a b l e s IV and V present s e v e r a l i n ­
t e r e s t i n g f a c t s . F i r s t , a s i ng l e p r e c i p i t a t i o n of BaCr04 i s not s u f f i c i e n t 
t o ob ta in a pure p r e c i p i t a t e unless s t ron t ium i s p i ^ s e n t ' i n amounts l e s s 
than 90^ of the bar ium. Secoid , calcium i s e a s i l y separa ted from barium in 
amounts up 200 times t h a t of the bar ium. Th i rd , the evidence i n d i c a t e s an 
empi r i ca l f a c t o r * 

Following the i n v e s t i g a t i o n of the s e p a r a t i o n of barium from c a l ­
cium and s t ron t ium, a sample of a t y p i c a l " s u l f a t e cake I" con ta in ing 100 mgm 
BaO was analyzed f o r barium by the whole procedure to determine the r e l i a ­
b i l i t y . This was unsuccessful for two r e a s o n s , 1") The 10 gm PbO contained 
i n the sample (see Table I I I ^ could not be q u a n t i t a t i v e l y separa ted from 
2 gm CaO wi th ammonium a c e t a t e . 2) The m a t e r i a l l e f t for fusion with Na^CC^ 
was too bulky to be p rope r ly fu sed . These two f a c t s prompted the s e l e c t i o n 
of a earnple con t a in ing 10 mgm BaO. By performing two ammonium a c e t a t e ex­
t r a c t i o n s , apparen t ly a l l the lead and most of the calcium was removed, and 
a much b e t t e r fusion r e s u l t e d . The r e s u l t s of these de te rmina t ions on 10 mgm 
BaO are shown i n Table VI, 

Table VI 

Barium Analysis in A r t i f i c i a l AAA Gangue 

mgm BaO 
Introduced 

mgm BaO 
Recovered 

•Remarks 
"Sul fa te oake l " 

9.98 

9,98 
9,98 

11.6 

11.7 
11,0 

S ingle ohronate 
p r e c i p i t a t i o n . 

Double chromate 
p r e c i p i t a t i o n . 

Ave. = 11.4 r . 3 

V) 

This data seems to ind ica te t h a t one ohronate p r e c i p i t a t i o n ia 
s u f f i c i e n t to separa te the s t ron t ium iishen the preceding sepa ra t ions a re 
c a r r i e d o u t . The high r e s u l t s may be e>plained in p a r t by two means. 
1) The blank on the CaCl^ used fo r CaO is approximately 'c%, (See Table 
<;) Lead may be p resen t at the BaCr04 p r e c i p i t a t i o n s t e p . According to 
Majdel (7) and Fe ig l and YIeidenfeld ( 8 ) , baPb(S04)^ ^*y ^ formed when 
lead and barium are p r e c i p i t a t e d toge the r w i th H^S04. This double s a l t 
formation i s more p reva len t when the r a t i o of barium t o lead is h igh , and 
t h i s s a l t i s inso lub le i n ammonium a c e t a t e . Consequently, lead would ca r ry 



. e . 

through the separation procedure with barium and be prec ip i tated as PbCrO^ 
Roughly, 1 mgm PbO could account for the error noted in Table VI. This i s 
only O.ljt of the PbO introduced, or 99.9^ removal. Majdel shows that in m 
Pb:Ba r a t i o 1 : 0 , 1 , only 94,5^ of the lead i a recovered ( 7 ) . The data i n 
th i s paper seems to support incomplete removal at liQil. r a t i o . 

With t h i s in mind, ths proposed procedure was a l tered to include -
a re preoipi tat i on of the metal su l fa tes following the Nâ CO_j f u s i o n . The 
PbS04 was then extracted once with ammonium a c e t a t e , the remaining su l fa tes 
again fused, and the procedure completed as proposed above. The r e s u l t s of 
determining barium by this method appear in Table Vli* 

Table VII 

Barium Recovery by the Revised Procedure 

mgm BaO 
Introduced 

mgm BaO 
Recovered 

Remarks 
"Sulfate oaJffl l" 

9.98 
9,93 
9,98 
9,98 

7,75 
7,52 
8,35 
9.35 

Ave , 8 8 .3 0 ± ,62 

S ingle BaCr04 
precipi tat ion, 

This data seems to indicate a loss of barium. I t may be that i a 
both methods using 10 mgm barium, there i s about the same loss of barium, 
but by the shorter method the loss i s compensated for by the prec ip i ta t ion 
of PbCr04, while by the longer method, by which lead has presumably been 
removed, the loss of barium i s exposed. Results by the short method are 
high while the re su l t s by the long method are low. The former resu l t s are 
nearer the true value than are the l a t t e r . 

Summary 

A method for determining barium in a su l fa te cake composed of 
large amounts of lead sulfate . , calcium su l fa te and s i l i c a i s offered In 
this paper. This method determines barium graviraetrically by means of a 
BaCr04 prec ip i ta t ion following a suitable removal of a l l the interfer ing 
elements . The data in th i s paper seems to indicate the need of an empirical 
factor for barium in barium chromate under the condit ions of the p r e c i p i ­
t a t i o n . This factor i s 4,7^ lower than the theore t i ca l factor for barium 
in barium chromate . 

I t has been shown in th i s paper that strontium can be separated 
completely fran barium by a double prec ip i ta t ion of BaCr04. By prec ip i ta t ing 
BaCr04 °^°®» strontium in excess of 90^ of the barium content can not be r e ­
moved. However ,̂ i t has been shown that in the course of the separation pro­
cess in a sul fate cake analysis for barium, enough strontium is l o s t by 
s o l u b i l i t y that one BaCr04 prec ip i ta t ion i s s u f f i c i e n t to separate 
amounts of barium and strcntium. 

\ 
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Largo amounts of calcium may be to le ra ted , as CaSO^ is somewhat 
soluble in ammonium ace t a t e . Further, i t has been demonstrated that largo 
amounts of calcium may bo tolerated at tho ohromate p rec ip i t a t i on . 

Largo sjnounts of lead may be to lera ted within certain l i m i t s . 
I t appears impossible to completely separate a l l the PbSO^ frcm other sul­
f a t e s , unless a repreoipi ta t ion of a l l the mstal ions as the i r sulfates is 
performed. In th is case however, loss of barium far exceeds the error duo 
to the presence of the lead. 

This paper proposes a sample containing only 10 - 20 mgm BaO, 
This provides a means of effecting bet ter sepjurations , 

In conclufiion, the authors feel that this procedure does not en­
t i r e l y sa t i s fy tho conditions of an accurate barium determination, for tho 
reason that lead causes a discrepancy vrfiioh can hardly bo avoided under the 
conditions of the sulfate cake composition. As a r e su l t of the interforonoe 
of trace amounts of lead, the accuracy of this determination can hardly 
exceed 5^, 
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Procedure for Determining Barium in a Su l f a t e Gangue 

This procedure should be run in d u p l i c a t e . 

S e l e c t enough of the s u l f a t e oake to ob ta in approximately 10-20 
mgm Ba. Weigh on a t o r s i on balance , t r a n s f e r t o a beaker , adding 20 ml 
HF and 10 ml hj,S04. Digest on a low hot p l a t e u n t i l assured most of the 
s i l i c a has been decomposed. Evaporate to dense SO^ fumes. Cool, d i l u t e 
t o 150 ml and f i l t e r cxi paper , r e t a i n i n g the bulic of the su l f a t e m a t e r i a l 
in the beaker . Add 50 ml 3N ammonium a c e t a t e , hea t to bo i l ing and pass 
through the f i l t e r . This should be repea ted u n t i l the amount of su l f a t e 
m a t e r i a l i s s m a l l . Careful ly burn off the paper i a p la t inum, add 20 gm 
NavCC^ and f u s e . Dissolve the fusion mass in a minimum amount of hot wate r 
and f i l t e r . Dissolve the inso luble carbonates wi th 25 ml 3N HCl, c o l l e c t i n g 
the so lu t ion and washings in a 500 ml Erlenmeyer f l a s k . Add 1 drop brom­
phenol b l u e , then NH4OH u n t i l f a i n t l y b l u e . The volume a t t h i s po in t should 
no t exceed 50 m l . Add 1 ml 6N a c e t i c a c i d , 10 ml 3N ammonium ace t a t e and 
heat nea r ly to b o i l i n g . Add slowly y;ith rap id s w i r l i n g , lb ml IQ^ K^Cr^O^, 
Heat to coag.ulate the chromate p r e c i p i t a t e , ( I f s t ron t ium is present in 
amounts much over 150^ t h a t of the bar ium, a double BaCrO^ p r e c i p i t a t i c a i 
i s recommended.) In the event of a double p r e c i p i t a t i o n , f i l t e r the BaCr04 
through a f ine s i n t e r e d g l a s s c r u c i b l e , r e t a i n i n g the bulk of the p r e c i p i ­
t a t e in the f l a s k . Run 10-15 ml cold 3N HCl through the s i n t e r i n t o the 
o r i g i n a l f l a sk t o d isso lve the p r e c i p i t a t e . Slowly add NH4OH from a p i p e t t e 
wi th rapid swi r l ing u n t i l the so lu t ion becones j e l l o w . Add 10 ml ammonium 
ace ta te and heat n e a r l y to b o i l i n g . Add slowly 5 ml lOfn KpCr^Oy to com-
p l e t r l y p r e c i p i t a t e baCrO^. Heat t o coagulate the BaCr04, cool and f i l t e r 
in a f ine s i n t e r usinf 1:1 H^O - CgHcjOil wash s o l u t i o n . Dry a t 110*C and 
weigh. Calcula te as fo l lows : 

wt sample 

c 100 
= 5? Ba 

^ ^ / BaO \ " * 
^ PP^ ^ ( T 5 7 F 5 I ) ^ ^00 

wt sample " /" ^ 

•Theore t i ca l fac tor = .5421 
Empirical f ac to r • ,5421 x 95.3% • .5166 

Theore t i ca l fac tor = ,ti053 
Empir ical f ac to r « , t0o3 x 95,3j5 • ,5769 
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