REACTIONS OF CHROMATES AT HIGH
TEMPERATURES.

PART Vi. DECOMPOSITION OF MIXTURES OF
STRONTIUM CHROMATE AND STRONTIUM CARBONATE.

By V. T. Athavale and S. K. K. Jatkar.

INTRODUCTION.

Tt has been shown in Part V' (This Journai, 1938, 21A, 159)
that the decomposition of strontium chromate indicated intermediate
stages at 530, 66.6 and 75% decomposition in conformity with our
observations on the decomposition of calcium chromate (7his Journal,
1937, 20A, 55-56). The stages corresponding to 80 and 100%
decomposition could not be obtained in this case because of the lack
of a suitable tube material which would stand temperatures above
1450° in vacuum.

While studying the decomposition of the mixtures of lime with
calcivim chromate (This Journal, 21A, 119) two additional
stages in the decomposition corresponding to 33.3 and 40% decom-
position were obtained, the composition of each stage being, respec-
tively, identical with the acid-soluble portions from 66.6 and 75%
stages for plain chromate. The composition of the acid-soluble por-
tion is thus an indication of the composition of the intermediate
stages obtained in the decomposition of the chromate when mixed with
the corresponding oxide.

The difference in the behaviour of the compounds formed at the
50% stages for calcium and strontium chromates towards acid has
already been pointed out in Part V of this series. We thus get from
509% stage for strontitun chromate, an acid-soluble compound 8SrO
4CrOy Cr,0O; corresponding to 33.3% decomposition, which though
obtained otherwise in the decomposition of calcium chromate and its
nixtures with lime, contained one mol of SrO less, while the corres-
ponding stage in the decomposition of caleium chromate yields an
acid-soluble portion 10CaO 6CrO, Cr,0; A strontium compound
corresponding to 33.3% stage was also obtained by treating the
66.6% stage with acid, the composition of which was 95r0O 4CrQ;
Cr;,0,. 'Thus, we have here a case in which the same chrominm
chromate 4CrQ, CryO, combines with different quantities of the base,
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The question now arises whether the products formed at 50 and
66.6% stages in the decomposition of pure chromates are single
compounds or are mixtures of the products formed at lower stages
of decomposition with those of higher stages or complete decomposi-
tion. A study of the decomposition pressure of the various prodgcts
would throw light on the problem. The object of the present investiga-
tion was to study the decomposition of mixtures of strontium chromate
with strontium carbonate and compare the decomposition pressures of
the products obtained at various stages with those obtained in the
decomposition of the pure chromate.

The study of the decomposition of the mixtures of strontium
chromate with strontium carbonate was also important from a prac-
tical standpoint, because the use for strontium oxide and also of barium
oxide is recommended for the manufacture of chromates from chrome
iron ore, in preference to calcium oxide.

EXPERIMENTAL.

The apparatus used was the same as described in Part ITT. Mix-
tures were prepared by mixing pure samples of strontium chromate
and strontium carbonate thoroughly in an agate mortar.

Reaction between SrCrO, and SrCO,. —The dissociation pressure
of strontium carbonate at 850° is 2.5 mm. and the chromate has prac-
tically no dissociation pressure at this temperature. It should have
been, therefore, possible to decompose the carbonate independently at
850°. 'The mixtures started decomposing at about 600° and gave
reproducible dissociation pressures which are given in Table I.

TABLE I.
Pressures for mixtores : 8:C0,/SrChOy

Teomp. Pressure in

C. mm. (mean)
0-178 i 0.2 0-33 l 0-4 ’ 045 (4) 1 045 (B)

615 (1.5) (5-5) . .. (5-0) i
635 (2-0) (6-0) 1.5 (6-0) (5+5) 1.5 1.5
680 4.0 (7-0) 4.0 (8-0) (7-0) 4.0 4.0
35 (9:0) (11.0) 12:0 1240 12-0 12.0 12-0
760 (15-0) 1745 200 1748 18.5 20+0 186
780 (20.0) 20-0 28.0 280 ‘ 33-3 31-0 29.2
820 {350 56-0 580 580 . . 570
855 . v . 1020 { 102-0
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In experiments with the ratio of strontium carbonate: strontium
chromate, as 0.175, 0.33 and 0.5 (B), the gas was first pumped off
(<0.2 mm.) at 600° before heating to higher temperatures. The gas
was not pumped off in experiments with mixtures containing 0.2, 0.4
and 0.5 (A) mols of SrO, which therefore gave higher pressures up
to 680°. The dissociation pressures above 735° are practically the
same in all the experiments.

The mean values of the dissociation pressures are given in the last
column and the logarithms of these if plotted against the reciprocal
of the absolute temperature, yield a straight line. With mixtures
containing fairly high concentrations of the carbonate, the pressures
are regained when the gas is pumped off and the gas is absorbed back
readily when the temperatures are lowered.

In the course of these experiments it was noticed that the gas
phase was a mixture of carbon dioxide and oxygen. Experiments
were therefore carried out to find out whether there was any definite
relationship between the amounts of the two gases evolved during the -
dissociation.

Mixtures with different concentrations of the carbonate were
heated and the gas was first pumped off at 825° (except in one
experiment with 0.175 mols of SrCO,) and subsequently at 1070°
till the pressure fell down to <0.2 mm., and collected in separate tubes
1, 2 and 3 successively. 'The results are given in Table L

Tasre IT.

52004 Ratigzé)(e).,c/Oo E Raég@;z/oq
Molg——ma— bl e

SrCrOy

Tube 1 Tube 2 Tube 3
0-175 2.26 0, 0,
0-2 2.10 0, 0,
0-4 203 1-97 1-97
04 .. 1-99 1-82
0-5 209 2.00 1.90
0-5 2.09 200 1.95

The results show a fairly constant ratio betw;en the carbon
dioxide and oxygen evolved, indicating a definite reaction between the
carbonate and the chromate.
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It will be shown subsequently in this paper that if the gas is
pumped to a pressure <0.2 mm. at 1070°, a stage in the decomposition

corresponding to 33.3% is indicated.

Tn the experiment with the mixture containing 0.175 mol of
SrCO, per mol of SrCrQ, it was [ound that when the gas was pumped
off at 825° to a pressure < 0.2 mm.,, the carbonate had all decomposed
and the amount of oxygen given out along with carbon dioxide cor-
responded with only about 10% decomposition of the chromate. It
appears, therefore, that there exists a stage in the decomposition
below 33.3%., probably at 25%, which can be obtained by primping
off the gas at 825° to a low pressure, taking mixtures with different
concentrations of the carbonate. Experiments in this direction are in
progress.

Nargund and Watson report a compound 12Ca0O.6CrO,.Cr,O,
in their study of the mixtures of lime with calcium chromate while
we have obtained (c¢f. Part III) a compound 10Ca0.6Cr0O,. Cr,O, by
treating the 50% decomposition product of calcium chromate with an
acid. Russ and Seljanskaja in a paper very recently published (Acta
Phwsica Chemica, 1938, 8, 623) have confirmed the earlier observa-
tions of Simon and Schmidt and shown a stage in the decomposition
of hydrated chromium oxides at 25%, corresponding to the above
calcitm chromium chromate. If the dissociation pressures of the
mixtures of strontium carbonate and the chromate as given in Table I
are due to the formation of the 259% stage, the reaction

35rCO, + 8SrCrO, = 11Sr0O 6Cr0O, Cr,0; + £0, + 3CO,

will take place, giving a ratio of 2: 1 for CO,: O, in the gas phase as
observed (cf. Table IT).

It will be shown in a later communication that the structural
formula of the oxide 6CrQ; Cr,O; is in harmony with the formation
of compounds having 10, 11 or 12 mols of the base.

It follows from the above discussion that the dissociation pressures
of the mixtures as given in Table I are due to a stage in the decom-
position of the mixtures at 25%.

Decomposition at 1070° in wvacuwm.—Mixtures of strontium
chromate and strontium carbonate in various proportions were heated
to 1070° and the gas was pumped off to a pressure <0.2 mm. the
carbonate having been first decomposed completely below 1000° C.

. 'The decomposed mixtures were cooled in vacuum, treated with
acid and the chromate in the product was estimated. The gas was
analysed for carbon dioxide, oxygen and any admixed air, by treating



183

with potassium hydroxide and phosphorus in succession. The results
are given in Table III and shown in Fig. 1.

Tasre IIT,
S8rCO, Per cent. decomposition from
Molg——-——

BrCr04 Oxygen | CrO; I Mean I Caleulated
1. 0.175 .. ..| 49.8 492 495 48-9
2. 0:20 .. ..| 43.8 43-3 435 44.6
3. 0-30 .. .. 35-9 37.0 3645 355
4. 0.33 34.8 35-2 35-0 333
5. 0-40 .. .| 32.5 336 33-0 33.3
6. 0.50 .. . 32:5 33-2 32.7 33.3
7. 0-60 .. .| 383-2 . 33:2 33-3

F-'IG.
90. _ -
———DECOMPQSITION ——
\Bo, —OF —
] SrO+SrCr04.
0.
)
o
g 60,
5
(8]
450,
-
240 £
Q
«
30,
B 02 03 o4 OF o6 067 0% o5 0

S~ MOLS., SrQ. PER MOL, SrlrO4.——————Jm—

Mixtures with 0.33 mol of carbonate and above were completely
soluble in dilute acetic and sulphuric acids. However, as the concen-
tration of SrO increased the product obtained could be dissolved with



184

some difficulty. The first three mixtures leave an acid insoluble residue
of 12.4, 5.8 and 3.09% of the original chromate respectively.

The results show clearly a stage in the decomposition at
33.3% the amount of SrO necessary for its formation bein_g
0.33 mols per mol of SrCrO. The calculated results given in
Table III are on the basis that, 0.33 mol of SrO per mol of the
chromate, decompose the chromate to the 33.3% stage, the excess
of the chromate, if any, decomposing independently to the 66.6%
stage. The calculated and observed decompositions show fair agree-
ment. The formation of the intermedijate compound obtained by
decomposing the mixtures in vacuum at 1070° is therefore
8Sr0 4Cr0O, Cr,0,, strontium dichromito-quarterchromate.

It has already been shown (cf. Part V) that the products formed
at the 50% and 66.6% stages in the decomposition of the pure stron-
tium chromate yield 88rQ 4CrQ; Cr.O; and 95rO 4CrO; Cr.O, as
the acid-soluble portions respectively, the corresponding acid insoluble
portions being Cr,O; and SrO Cr,O;. The results of the decomposi-
tion of the mixtures of strontium oxide and strontium chromate given
in Table III show a 33.3% stage decomposition and were obtained
under conditions when pure strontium chromate itself decomposes to
50% stage.

Fig. 2 shows the vapour pressures of the mixtures of strontium
oxide and strontium chromate at different temperatures. The mix-
tures were initially heated at 1120° and the system was evacuated
until there was a sudden fall in pressure to <0.2 mm. From the
figure it will be evident that the product obtained with 0.3 mols of
strontium oxide has got nearly the same vapour pressure as that of the
products obtained at the 509, stage for pure strontium chromate,
indicating that the compounds formed in the two cases may be the same,
namely, 85rO 4CrO, Cr,0,.

When the same system was further evacuated at 1380°, oxygen
was given out at a nearly steady pressure of 1.5 mm., which is
approximately the same as the dissociation pressure of the 66.6%
stage for pure chromate. Fig. 2 shows that the latter pressure is in
agreement with the vapour pressure of the product formed by the
addition of 0.5 mols of strontium oxide to strontium chromate, thus
indicating the formation of the same compound 98rO 4CrQ, Cr,0,.

As in the case of the results obtained with calcium chromate
a stage at 33.3% is observed on addition of 0.5 mol of strontium
oxide per mol of strontium chromate. The composition of the com-
pound formed is 83rO 4CrQ; Cr,O, which corresponds to the acid-
soluble portion from the 50% stage, and when the amount of stron-
tium oxide is less than 0.33 mol, the percentage decomposition does
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Dissociation pressures of mixtures of SrO with 8rCrO, de-
composed in vacuum at 1070° to the 33-3% stage.
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O-=~-@ 0-3:1 ,, N
&—D 0-5:1 ,, M
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®----® 509, stage SrCrO,
A A 66-6% stage SrCrO,

not vary between 50% and 33.3% (Curve AB, Fig. 1) but proceeds
to 66.6% stage. As the acid-soluble portion from the latter stage is
9510 4CrO; Cr,O;, a break in the curve showing the relationship
between the amount of base added and the percentage decomposition
ought to have occurred at 0.5 mols of strontium oxide instead of
0.33 mols observed (Curve CD, Fig. 1).

It appears, therefore, that the products obtained by decomposing
strontium chromate when mixed with varying quantities of strontium
carbonate in vacuum at 1070°, contained mixtures of two compounds

8510 4CrO, Cr,0; and 95r0O 4CrO,; Cr,O; which exist in the
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products formed by the 50 and 66.6% decomposition of pure chromate,
the balance of chromite remaining as a separate phase.

The dissociation pressures of the two compounds 85rO 4CrQO,
Cr,0; and 9Sr0O 4CrO, Cr,O; are 10 mm. and 1.5 mm. respectively
at 1380°. If the above findings are correct, the structiures of these two
comnounds should be entirely different, though both of them are the
comﬁounds of the same chromium chromate, 4CrQO,; Cr,O;, or the
combination with extra base makes the compound more stable. Prob-
ably the latter is the case.

Decomposition of the mixtures in vacuwm of 1380°—The dis-
sociation pressures of the 33.3% stage have already been discussed.
The mixtures first decomposed in vacuum at 1100° were decomposed
further by evacuating at 1380° till the pressure fell down sharply to
<0.2 mm., which is nearly the same as that of the products formed
when 75% of the pure chromate is decomposed. The results are given
in Table IV and shown in Fig. 1.

Tapre IV.
Per cent. decomposition
8rO
Mols—
SrCrQy from from
oxygen chromate
L 0-2 .. . 61:3
2. 0-3 . 53.2
3. 04 .. . 465
4. 0-5 .. .. 42.1
5. 0.6 .. .. 416 423
6. 0-8 .. o 405

The decomposed products in experiments 1-3 were insoluble in
acids and therefore the amount of the chromium as CrO, could not be
estimated. Mixture 4 dissolved partly in cold hydrochloric acid leav-
ing a small amount of insoluble residue. Mixtures 5 and 6 were
completely soluble in cold hydrochloric acid and the estimation of
chromium as CrQ, in solution in experiment 5 agrees with the decom-
position calculated from the oxygen.

The results indicate the formation of the compound 17SrQO
6CrO; 2Cr,0;, strontium tetrachromito-hexieschromate, on the
basis of 40% decomposition and 0.7 mol of SrQ per mol of SrCrO,
as taking part in the reaction, in agreement with the results obtained
with mixtures of calcium chromate with lime (cf. Parts IIT and IV).
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As shown in Part IV, the composition of the acid-soluble
portion from the products obtained at the 66.6% stage in the decom-
position of the calcium chromate, was similar to the composition of the
33.3% stage observed in the decomposition of the mixtures of lime
with calcium chromate. The disscciation pressures of the compounds
formed at these two stages were different. It was therefore thought
that we were dealing with two different compounds. The dissocia-
tion pressurcs of the products formed at the 759, stage in the decom-
position of the calcium chromate were, however, nearly identical with
those of the 409 stage observed in the case of mixtures of lime and
calcium chromate and the composition of the acid-soluble portion
from the 75% stage was identical with that of the 409, stage. Tt
appears, therefore, that the compounds formed in the two cases are
1dent1ca1, the balance of the chromite at the 759% stage behaving as
a scparate phase.

The vapour pressure of the products formed at the 75% stage
in the decomposition of the pure strontim chromate is very low
(<0.2mm.) at 1400° and is very nearly the same as that of the
409% stage observed in the decomposition of the mixtures of stron-
tium chromate and strontium oxide. The compounds formed in both
the cases, therefore, appear to be identical as in the case of calcium
compounds. Further experiments are in progress.

The above findings are in harmony with the fact that the two
chromium chromates formed by 33.3 and 409% decomposition of
chromium trioxide have been well established, while the individuality
of the intermediate stages assumed in explaining the compounds
formed at 50, 66.6 and 759, stages in the decomposition of the pure
chromates of the alkaline earths, have not been confirmed by recent
workers, although a stage in the 50% decomposition of chromium
trioxide has been shown to exist by Nargund and Watson.

SUMMARY.

The decomposition of mixtures of strontium carbonate and
strontittm chromate, confirm the previous results obtained with mix-
tures of calcium carbonate and lime and indicate additional stages
in the decomposition at 33.3 and 409 which were not obtained in
the decomposition of pure strontium chromate. A stage in the
decomposition at 25% is also indicated. Experiments are in progress
to isolate this stage and to study its decomposition pressure.

The dissociation of the mixtures of strontium carbonate and
strontium chromate starts with the evolution of carbon dioxide and
oxygen simultaneously and at a much lower temperature than that
reqmrcd for the dissociation of either of the components independ-
ently, the ratio of CO./Q, in the gas-phase being 2: 1.



188

_ The formule of the compounds corresponding to 33}._3 and 40%,
decomposition, are, 88ro (and 95r0) 4CrO; Cr;0; and I{SrO 6Cr0,
2Cr, O, respectively. The former was also represelxtgzcl by the acid-
soluble portion of the 50 and 66.6% stages observed in the decompo-
sition of strontinm chromate and showed remarkably increased stabi-
lity in combination with the extra base.

The results of the decomposition of strontium chromate and of
the mixtures of strontium chromate with strontium oxide may be

summarised as follows:—
Acid-soluble portion

.‘EiSrCrO;
. 2% 825°
50% 118:0 6Cr03 Cry03 PPN
4 0-375 $20)
Acid
3(85r0 4Cr03 2C0g) ———> 3 (C0p) 4 2(SSrO 4CrO; Ci1305) 33-3%
——— i R 4
i 120°
- T 03360
N Acid
8 (3810 CrOy Cra0y)  ———> B (SO Crs0y) + 2 (9810 4Cr04 Crs0,) 33-3%  SiCr0,
l 200
. ! T05 50
8 (8570 2Cr05 3Cra05) 17 8/0 6Cr0y CrsOp (40 %) {
3 (8510 20104 301204 % 1380° |

The decomposition pressures of the various stages indicate that
the products formed at 50 and 66.6, and at 75% decomposition of pure
strontium chromate are probably mixtures of the compounds formed
at 33.3 and 409 stages respectively, which were observed in the
case of decomposition of mixtures of strontium chromate with stron-
tium oxide, with chromium oxide or chromite.

The reaction between the strontium chromate and strontium
carbonate was found to be more intense than between calcium carbo-
nate and calcium chromate and this explains why strontium carbonate
is preferred to calcium carbonate in the manufacture of chromates.
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