
CHROMATE WITH CALCIUM CARIBONATE. 

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

In  Part I11 ( T h i s  Jounzal, 1937, ZOA, 55-66) we confirmed the 
observations of Nargund and Watson (This Journal, Part  IT ,  1926, 
9, 149) that calcium chromate, when heated, passes through a num- 
ber of intermediate stages of decomposition. We also reported a 
stage at  50% decomposition which was missed by these authors 
owing to the comparatively small range of temperature over which 
the intermediate compound formed is stable, and the decomposition 
pressures of the various stages. 

Attention has already been drawn to the remarkable property 
of the decomposition products in yielding acid-soluble chromate and 
chromite in combination with lime. Thus the composition of the acid- 
soluble portion from the 66.6% stage of decomposition of chromate 
was 9Ca0  4Cr0: Cr,O,. The corresponding chromium chromate 
Cr,OIe having been reported by Honda (Science Rep., Tohoku  Uniu., 
1915, 4, 97: K. Honda and T .  Sone, ibid., 1914, 3, 223), it should 
be possible to confirm the existence of the calcium compound by an 
arrest a t  33.3% in the decon~position of the chromate when mixed 
with lime. Similarly, the acid-soluble portion from 75% stage is 
represented by a compound 17Ca0 6Cr0,2Cr20,.  This compound 
should be formed as the result of 40% decomposition of the chromate 
in presence of lime, the corresponding oxide Cr,012 having been shown 
to exist by Simon and Schmidt (Zeit. Anorg .  Chew., 1926, 153, 
191-218). 

In  this paper we have brought forth further evidence in support 
of these two earlier stages of decomposition at 33.3 and 40% de- 
composition. Although Nargund and Watson missed the 50% stage 
in the decomposition of plain chromate, they discovered additional 
stages at  25y0, 33.370 and 40% in the study of decomposition of 
mixtures of lime with calcium chromate. There is a chromium chro- 
mate reported in literature corresponding to 25% stage by Simon and 
Schmidt (Z.  A9zorg. Chem., 1926, 153, 191), the formula of which, 
viz., Cr,O, 6Cr0 ,  is structurally possible. We failed to obtain the 
25% stage owing to the low temperature required at  the low pres- 
sures used in our experiments and of the conseqr~ent small reaction 
velocity between solids and to the fact that we employed calcium 



carbonate instead of calcium oxide which was used by Nargund and 
Watson, which had to be decomposed first by heating to moderately 
high temperature. We, however, believe that there is a tendency to 
form a compound of the type, because the 50% stage in the clecompo- 
sition of calcium chromate, when treated with hydrochloric acid, yields 
an acid-soluble portion having the composition l0CaO 6Cr03  Cr,O, 
which corresponds to 25% decomposition of the chromate. We intend 
to take up the study of the vapotlr pressure of this compound in the 
near future. 

Nargund and Watson (loc. cit.) found that if mixtures of lime 
and calcium chromate were heated in air at  920" and 1030' there was 
a break in the curve showing relationship between the amount of lime 
added and the % decomposition, a t  33.3%. There was gradual in- 
crease in decomposition with increasing proportion of lime up to 
0.2-0.5 mol., the exact amount of lime taking part in the reaction 
being somewhat uncertain. 0.5 mol. of calcium oxide was assumed 
to be the reactive amount for the 33.3% stage. The formula of the 
intermediate compound was 9/4Ca0 CrO, :Cr,O,. But as the 
amount of CaO is very nearly 2, Nargund and Watson thought that 
the most probable formula was 2Ca0 CrOs 2Cr20?. It is interesting 
to note that the results obtained by supplying oxygen to the mixtures 
of CaO and Cr,O, were, however, in favour of the first compound. 
This compound is reported to be soluble in acid. I t  has been pointed 
out by us previously that the 66.6% stage in the decomposition of 
calcium chromate yields on treatment with an acid a soluble portion, 
the composition of which is also 9CaO 4Cr0, Cr,O, in agreement 
with the first compound. Decomposition of the mixtures a t  1030" 
in vacuum (< 0 . 2  mm.) indicated a stage at about 42% decomposi- 
tion. The break in the curve occurred at  about 0.25 mols. of lime. 
The decomposition was between 4 1 4 2 %  even in those experiments 
where a large excess of lime was added. The formula of the com- 
pound was, however, derived on the basis of 40% deconlposition and 
the amount of the calcium oxide taking part in the reaction as  
0.2 mol. per mol. of calcium chromate. 

We have already referred to the close similarity between the 
composition of the acid-soluble portions from the decomposition pro- 
ducts of plain chromates and the compounds obtained by Nargund 
and Watson by decomposing mixtures of the chromates with the 
oxide. Thus our results show that the composition of the acid- 
soluble portion from the 75% stage for calcium chromate is 17Ca0  
6Cr03 2Cr,O, from which it is obvious that the amount of calcium 
oxide required for the formation of 40% stage is 0 . 7  mol. of calcium 
oxide per mol. of calcium chromate and not 0 .2 as given by Nargund 
and Watson, 



, % 1 he problem thus becomes interesting, because, either the chro- 
n~iunl chromatc correspoilding to 40y" decomposition must bc capable 
of combining with diflerent quantities of thc basic oxide. or the break 
in the curve as reported by Nargund and Watson may not be at 
0 . 2  inol. of calcium oxide but at a higher concentration of the oxide. 

In view, therefore, of ,the great aflinity of lime in forming stable 
chromium chromatcs and particularly with the object of deciding the 
exact amount of lime neccssary for the formation of the intermediate 
stages, it was thought worthwhile to investigate the decomposition of 
mixtures of calcium chromate and calcium carbonate. 

EXPERIMENTAL. 
The apparatus used arid the experimental procedure followed 

was the same as described in Par t  111. The carbonate was mixed with 
the chromate in the recp~ired proportion and the carbonate was decom- 
posed conipletely by pumping off the gas a t  730". The chromate, 
however, does not remain absolutely inert, for a very small quantity 
of oxygen is also given out at  this temperature. 

25% Stagr.-Nargtincl and Watson showed the existence of a 
stage at 25y0 decomposition by heating a 1 : 1 mixture of lime and 
calcium chronlate at 900" and pumping off the gas to a pressure of 
300 sznt. The dissociation pressures of mixtures in the proportion of 
0 . 5  and 1 . 0  mol. of lime to one of calcium chromate were 188 mm. 
a t  835" and 358 n ~ m .  at 855'. 

We decomposed the mixtures of lime and calcium chromate in 
different proportions iw vacnum (0 .2  mm.) at 870" C.. the carbonate 
having been first clecomjmsed completely a t  730". The oxygen was 
given off extremely slowly and no equilibrium was observed at 25% 
decomposition. The dissociation pressure of the mixtures was 43 mm. 
a t  560" much higher than that of pure calcium chromate at the same 
temperature which was about 5 mm. However, the dissociation 
pressures of these mixtures as given by Nargund and Watson are 
considerably different from our value. 

33.3%) Stage.---This stage was obtained by Nargund and Watson 
by decomposing the mixture i n  air a t  920' and 1030" and also by 
evacuating the system to a pressure of 22 mm. at 920". It is interest- 
ing to note that Nayer, Watson and Sudborough (7'lzi.r Jourv~al, 1924, 
7, Part IV, 53 j obtained 33.3% decomposition, when mixtures of 
calcium chromate and lime, and chromic oxide and lime in the ratios 
of 1 : 1 .  S7 and 1 : 2 for Cr : Ca respectively were heated from 700" 
to 1000' irt air. 

W e  carried out two sets of experiments in zracuum at 870" and 
920°, the results of which are given in Table I and shown graphically 
in Figs. 1 and 2. 
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At 870" the decompusition first increases to 54% on adding 
0.1 mol. of lime and then decreases with further addition of lime, 
to 32%. At 920' the decomposition of mixtures with a large excess 
of lime is 34.27;. The 33.37; line meets the line joining A (Fig. 1, 
completc decomposition with 0 .5  mol. of Cr,o,) and B (decomposi- 
tion of plain chromate) at  P which occurs at 0 . 5  mols. P, therefore, 
represents the amount of the oxide taking part in the reaction. The 
mean 01 the two results at  870" and 920" indicate a stage at 33.374 
decomposition. The amount of lime necessary for the formation of 
this stage is 0.5 mol. per mol. of calcium chromate which gives the 
formula of the intermediate compound as 9Ca0 4CrO,Cr,O,,. This 
compound, calcium dichromito-quarter chromate, was reported by 
hiargund and Watson, who were, however, doubtful about the exact 
amount o f  lime necessary for its formation, and was also obtnincd by 
us by ireating the 66.6% s t a ~ e  lor pure chromate with an acid (cf. 
Par t  111, loc. cit.). 

There is another method of finding out the amount of lime 
required for the formation of the compound, which depeilcls on the de- 
termination of the percentage of chromium which remains as an 
insoluble residue when the decomposed products are treated with an 
acid. The relation between the amount of lime added to calcium 
chromate and the corresponding percentage of 'chron~ium rendered 
insoluble is shown in Fig. 2. The variation, which is linear, indicates 
that there should be no chromium insoluble in acid when 0.5 mols. of 
lime is added to the chromate which is confirmed from the results 
given in Table I. 

Although the formula of the intermediate stage is 9Ca0 4Cr0:; 
Cr,O, and there arc no experimental grounds for approximating it to 
8CaO 4CrOn Cr,OJ, compounds of the latter type are represented by 
the composition of the acid-soluble portion uf the products of decom- 
position of strontium and barium chromates. 

40% Stage.-Calcium chromate was nixed with various quan- 
tities of calcium carbonate and hented at 1030" at 0 .2  mm. pressure. 
The results are given in Table IT. The decomposition values were 
obtained from the estimation of the chromate in the decomposed mix- 
ture. Thc decomposed mixtures (2),  (3) and (4)  when treated with 
acid, leave a green residue of calciun~ chromite. 



'CABLE 11. 

Temp. 1030" C. Fivzal Presswe < 0 .2  mnc 

- -  I 

(I) 0 . 0  . . 75.0 54.9 

( 3 )  0.50 

( 4 )  0 .60  

(5) 0.70 46 .5  

(6) 0.80 45.5 nil 

From the results given by Nargund and Watson lor the decom- 
position of these mixtures a t  1030" in vacuum and also a s  judged 
according to our experiments ( c j .  Part  111, loc. cit.) on the composition 
of the acid-soluble portion -from 75% for chromate, a stage in  the 
decomposition was expected at  40% and not a t  45% as found in 
Table 11. Moreover, there is no chromiun~ chromate reported in lite- 
rature corresponding to 45% decomposition. F ~ ~ r t h e r ,  the results of 
the decomposition of mixtures of strontium and barium chromates 
with the corresponding oxides (which will be described in a subse- 
quent communication) indicate a stage at  30% and not a t  455% de- 
composition of the chromate. 

The higher decomposition in our expcriments which is not due 
to the vapour pressure of the coilipound can be explained on the 
assumption that a small portion of the chromate does not enter into 
combination with lime, but decomposes directly to the higher stage of 
decomposition just like pure calcium chromate. This assumption is 
also supported by the results of Narguud and Watson in an  indirect 
way. The addition of lime to the chromate decreases the percentage 
decomposition, while an  addition of chromic oxide increases the de- 
composition of the chromate. Theoretically an  addition of 0 . 5  mols. 
of Cr,O, sllould suffice to convert all the calciun~ to calcium chromite 
and decompose the chromate completely (AB and PAC in Fig. 1). 
Nargund and Watson, however, found that the decomposition of a 
mixture containing 0.5 mol. of chromic oxide in vacuum a t  1030° 



was only 95-9670 (cf. Fig. I ) .  This is most probably due to a small 
amount of chromate decomposing independently. 

Calculations sholv that the decomposition of the mixtures of 
calcium chromate and lime will proceed from 4075 to 457? even if 
0.025 mol. out of one mol. of calcium chromate decomposes ~ndepend- 
ently. 

As regards the amount of lime taking part in the reaction, a 
break in the curve (Fig. 1) occurs at about 0.68 mols. of lime. 
This result i~ in good agreement with the above suggestion that a 
small portion of chromate decomposes directly to chromite yielding 
the necessary oxide. But for this side reaction, the break would 
have occurred at 0 . 7  mols. of added lime (M,  Fig 1 ). 

The relation between the amount of lime added to the chromate 
and the percentage of chromium rendered insoluble is shown in Fig. 2 
and Table 11. The relation is linear and shows that a completely solu- 
ble product has to be obtained when about 0 .7  mols. of lime are added 
to the chromate. The product obtained under these conclitions is 
identical with the composition of the acid-soluble portion from 75% 
stage for chromate, wiz., 17Ca0 6Cr0, 2Cr,0,. 

Thus the study of the decomposition of mixtures of lime and 
calcium chromate in vacuum at 1030" indicates the formation of the 
compound 17Ca0 6Cr0, 2Cr,03, calcium tetrachromitosexies- 
chromate, and not of 12Ca0 6CrOa 2Cr20, as reported by Nargund 
and Watson. I t  is, however, interesting to add that the latter com- 
pound is also structurally possible being the calcium salt of the same 
chromium chromate with less amount of lime. 

The mixtures first decomposed at 1030' to a pressure < 0 . 2  mm. 
were heated to 1200". The vapour pressure is very low and the gas 
is given out extremely slowly. Experiments were carried out with 
small quantities of mixtures containing 0.33 and 0.8 mols. of lime 
per moI. of calcium chromate, which showed complete decomposition 
of the chromate at 1200° in vacuum. No intermediate stage in the 
decomposition therefore exists above the 40% stage when calcium 
chromate mixed with lime is heated to high temperature at low pres- 
sures. 

The dissociation pressures of the mixtures and of the inter- 
mediate stages formed in the decomposition are given in Table I11 and 
are shown in Fig. 3, which also shows the relationship between log of 
pressure against reciprocal of absolute temperature for the various 
stages. The heats of formation of each of the stages from the pre- 
ceding stage are 42.1, 50.9 and 61.0 cals. per mol. of oxygen 
respectively. 
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FIG. 3. 
Dissociation pressure of mixtures of CaCro4 + cao 



The dissociation pressurcs of the ~nixtnres of lime with calcium 
chromate measured by Nargund and Watson given in the third 
colunm are considerably highcr than the values obtained by us. 
Nargund and Mratson prepared the mistures by first calcining thc 
carbonate in air and then mixing the oxide with the requisite amount 
of the chromate. As the dissociation pressures given by these authors 
are very close to the dissociation pressures of purc calcium carbonate 
(Johnston, Mellor's I9corga7zic Clzcn~istry. 3, Gj), ui;~. . 166 rnnl. 
a t  800" and 373 mm. at S50°, it is probable that the mixtures used by 
Nargund and Watson were contaminated with a fairly Iai-ge quantity 
or calcium carbonate. 

From the results sl~own in Fig-. 2, it will be noticed that the 
amount of the acid-insoluble po~-tion, i.e., calcium chroinite from the 
decomposed product, decreases linearly with an increase in the amount 
of lime added, while the anlount o l  the acirl-soluble portion corres- 
pondingly increases, its composition being fixed. When the amount 
of lime added is sufficient to coin-crt all the chromium into the inter- 
mediate compound, no acid-insoluble residue is left. 

The dissociation prcssures of the mixture of CaO and CaCr04 
and of the 33.3:10 stage obtained in the tlecotnpositioi~ of these mix- 
tures are diii'erent from the dissociation pressures of pure calcium 
chromate or its products of decomposition ( P a r t  411, loc. cit.).  The 
dissociation pressuses of the 4076 stage in the decomposition of 
mixlures are, however, very near to those of the 75% stage of de- 
composition of pure chromate. However, as thc dissociation pres- 
sures measured are very low, it cannot be said with certainty that 
these are the same in the two cases. 4 s  the composition of the acid- 
soluble portion of the 75% decomposition stagc of purc chromate is 
the same as that of the 40% stage obtained in the decomposition of 
rnix%ures, the 75% stage in the decomposition of chromatc may be a 
inixture of the above 40% stage and calciuni chromite. 

I t  may be interesting to point out the bearing of the results given 
in this paper on the reactions in the chi-omate furnace. Popoff (Cmtti- 
iicritnl Met. Clzcm. E?zgg., 1927, 1, 143; JOZLY. RCISS. CJaent. Ivld., 
1926, 2, 465) found that while the theoretical quantity of sodium 
carbonate is added, the amount of lime added is always in excess, 
thc ratio of Cr : Ca in the mixture bearing 1 : 1 . 5  to 1.9 depending 
on the quality of the ore, the higher ratio being used at 
temperatures above 1100". In the light of the results we have pre- 
sented in this paper, the formation of sodium chromate takes place 
through the formation of the intermediate calcium compound corres- 
ponding to 33 .3y0 stage, the amount of lime required for the forma- 
tion of the latter being 0 . 5  mol. per mol. of calcium chromate. At 



temperatures above 1100" the 40% con~pouncl, .vk., 17Ca0.6Cr0,. 
2Cr20, is formed, the amount of lime necessary for its formation being 
0 .7  mol. of lime per mol. of calcium chromate. The maximum con- 
version of the chromite in the two cases is 66 and 60% respectively 
i r z  presewe of o d y  lime, as is found to be the case. F'urther discus- 
sion regarding the reactions in the chromate furnace will be given in 
a subsequent communication. 

Most of the experimenfs recorded were carried out at  low pres- 
sures and comparatively high temperatures. As the reactions occur- 
red in solid phase one could hardly expect quantitative results. When 
allowance is made for this fact, the results are fairly concordant and 
the formulz of the compounds suggested are supported by the exist- 
ence of the corresponding chromium chromates. 

The results of experiments recorded in this Part as well as  
Part 111 of this series have been further borne out by analogous 
experiments on the decomposition of strontium and barium chromates, 
and the decomposition of the mixtures of these chromates with the 
corresponding carbonates. These results and the general discussion 
of the properties and structural formulz of the various chromium 
chromates will be published in the subsequent Parts of this series. 

Our thanks are due to Dr. H. E. Watson for his keen interest 
in this investigation. 

SUMMARY. 

The decomposition of mixtures of calcium chromate and lime in 
vacuum indicate two additional stages corresponding to 33.3 and 
40% decomposition. The formule of the two compounds formed are 
9Ca0 4Cr03 Cr,O, and 17Ca0 6Cr0, 2Cr20 respectively and agree 
with the composition of the acid-soluble portions from the 66.6 and 
757" stages for the decomposition of pure calcium chromate. The 
vapour pressures of these compounds have been measured and the 
heats of decomposition calculated. 

The intermediate stages formed in the decomposition of pure 
calcium chromates may not all be mixtures of the above compounds with 
calcium chromite as they are characterised by definite vapour pres- 
sure and heats of decomposition, the values of which are quite dis- 
tinctly different, although the dissociation pressures of the 75% 
stage for pure chromate and of the 40% stage for mixtures are very 
low and nearly identical and may indicate that the compounds formed 
in both the-tases are the same. 



The results of the decomposition of calcium chromate ant1 of its 
mixtures with lime at  low pressures ( < 0.2 mm. ) may be s~unmarised 
as follows : 

Acid-~oluble portion 

In the chron~ate furnace, the oxidation of chrotnite necessarily 
occurs through the formation 01 the intermediate s t a ~ e s .  The addi- 
tion of lime in the ratio of 1 : 1.6 to 1 . 9  for the ratio of Cr : Ca is 
recommended when thc furnace is to be operated above 110O0, be- 
cause the compound 17Ca0 6Cr03 2Cr10,  has comparatively low 
decomposition pressure. The inaximutn conversion of the chromite 
under thesc comlitiolis is 60%. 
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