
PART III .  THE DECOMPOSlTlON OF CALCIUM CHROMATE. 

B y  V .  T. Athavale and S. K. K. Jatkar. 

INTRODUCTION. 

One of the paradoxes of the reactions in the chromate furnace 
is the fact that under the conditions recommended for obtaining a 
good yield of chromate, the chromate itself is not stable. 

The method consists of roasting, in an oxidising flame, the 
powdered mineral mixed with lime in the ratio 1 :1.6-1.9 for chro- 
mium to calcium, a higher ratio being used if the furnace is to be 
operated above 1100°C. Calcium chromate actually decomposes 
under these conditions. 

Nayer, Watson and Sudborough (This Jo~wnul, 1924, 7, 53, 
Part I of this series) found that calcium chromate decomposed more 
readily on addition of lime, a 33% decomposition being observed 
at 800°C. 

A systematic work on the decomposition of calcium chromate 
alone and in admixture with lime was carried out by Nargund and 
Watson (This Joztnzal, 1926, 9, 149. Part I1 of this series), who 
poidted out the complex nature of the system CaO-CrzOa-02 and 
tentatively suggested the existence of a large number of compounds 
of calcium oxide, chromic oxide and chromium trioxide in various 
proportions : 

(1) CrOa.CaO (Calcium chromate) : dissociation pressure 15 mm. 
at 950" : 44 mm. at 1000° ; decomposes to (6). 

(2) Cr03.3/2 CaO: quantity of CaO somewhat uncertain; 
dissociation pressure 188 mm. at 835': 358 mm. at 855'; decom- 
poses to (3). 

(3) 1/6 CraOs.CrOa.2 CaO formed by heating (2)  : dissociation 
pressure at 910" about 270 mm. below which it decomposes to (4). 

(4) 1/4 CrzOs.CrOa.91il- CaO or possibly 2Ca0 formed from 
(3) or by heating CaO and CaCrO4 in air. Black substance soluble 
in dilute acids. Dissociation pressure 22 mm. at 920" and 45 mm. 
at 1000°, the compound (5) being formed. 

(5) 1/3 Crz03.CrOs.2CaO formed from (4) or by supplying 
oxygen at a pressure less than 20 mm. to a mixture of Cr203 with 
more than one mol. of CaO. Soluble in acid. Dissociation pressure 
not measurable at 1030'. 



( 6 ;  c ~ ~ c ~ : ; . c ~ : ) ~ ~ . ~ c ~ o  i fornm!a somewhat doubtful), the first 
t:ecr:lilriosi:i,,ri pror>:ct r ~ f  pcre calcium chromate. Also formed on 
sul;;,I:iinx ,,,xvgep. uncle!- pressure less than 20 mm. to a mixture of 
CrvO.9 with tv.0 m o k  of CaO et 1030". 

( 7  j 3/2 Cr-Os.CrOa..&Cai): dccoinposes at about 2 mm. at  
1030" to give (8). 

(8 i 2 cr3O~.~rii::..5Cat3 : the final decomposition product of 
ccicium chrtjmate njtli :lo appreciable dissociation pressure at 1030". 

(9) j< &-~O:,.CI-O.~.C~O: (qiiantity of C r d h  uncertain) formed 
by heating calcium chrom3tr with C r O x  Dissociation pressure 
22 mm. at  930". 93 mm. at  9 0 "  and 150 rnm. at 1030°, yielding 
cornpound (9). 

(10) Cr&.2CaO: the sirnplcsi chromite obtained by l~eating 
enr:l?oand 19) in z z c x o .  

( 1 l j 2 Cr>OdCaO : obtained when mixtwes of CaO and 
CrXh are heated i ~ i  ; v c u o .  One mol. of CaO is solnble in acid yield- 
ing cornlionnri ( 12). '1% quantity of CaO is not quite definite. 

( 12) 2 Cr:Oa.CaO: obtained from ('1 1 ) on treatment with acid. 

I: is remarkable that although the experiments described by 
Yar'pntl and Warson were tentative, their results appear plausible on 
the basis ~f the existence of a number of intermediate chromium 
oxides (Mellor, I~iorgn~iic 6 Tko:-rtical Clzemistry, XI, 206) which 
may be regarded as chromium chrornates. Thus chromium trioxide 
rvken heated passes through a number of intermediate stages before 
decomposing to chromium sequiosidc (cf. K. FTonda, Scie~zce Re#., 
Tirhoku Uvii'., 1915. 4, 97: I<. I-Ionda and T. Sono, ibid., 1914, 3, 
223: A. Simon and T. Schmidt. Zeit. amvy .  Chem.. 1926, 153, 
191-318). Nellor has given the nomenclature for the intermediate 
chromic oxides reported by different authors and also for the various 
calcium compounds reported by Wargund and Watson, which we have 
adopted in the present paper. 

As the existing data on the subject of decomposition of calcium 
chromate is not satisfactory, the authors have undertaken the 
syssematic study of the thermal decompositions of this substance and 
extended the research to the decomposiiion of strontium and barium 
chr~mates for which no data are available. The present paper de- 
scribes the results obtained with pure calcium chromate which was 
oidv partially studied bv Nar.pnd and Watson (loc. cit.) .  As the 
oxidation of chromite occurs necessarily throw& the formation of the 
intermediate compound, a h~owledge of the vapour pressures, heats 
of decomposition and the nature of the products formed at  various 
stages is of great importance in the study of the reactions in the 
chromate furnace. 



EXPERIMENTAL. 

Co?zstr~rctio~z o f  a ~'IIolybderzz~az Wire Wozmd Flmace.-Experi- 
ments below 1000" could be carried out in a furnace wound with 
nichrome wire. For temperatures above 1000" a molybdenum wire- 
wound furnace (Fig. 2 )  was employed. The molybdenum was 
protected from oxidation by passing a mixture of nitrogen and hydro- 
gen obtained from ammonia which was cracked over a platinum gauze 
heated to 1000" (Fig. I ) ,  over the windings. The inner tube (A)  of 

'Pythagoras' 30 cm. long and 2 . 0  cm. internal diameter and closed 
a t  one end is wound with molybdenum wire No. 24, leaving open space 
of 4 cm. a t  both ends. This tube is fixed in another Pythagoras tube 
( B )  35 cm. long, 4 cm. internal diameter also closed at  one end. 
This tube has two small holes, one at  each end, t o  which are cemented 
thin clay tubes which serve as  the inlet and outlet for the gas. The 
electrical lead near the outlet was kept cool by clamping two nickel 
~ l a t e s  (N).  . , 

A furnace of the simple design given above has been in continu- 
ous use for over a hundred experiments within a temperature range 
of 1000"-1500". 



The temperatures were measured by a platinum rhodium thermo- 
coup!e on a galvanometer calibrated up to 1000' against a platinum 
resistance thermometer and occasionally checked by E. M. F. measure- 
ments. The extrapolated curre Lvas checked for higher range against 
an optical pyrometer of the disappearing filament type. The difference 
at  1450" was less than 10'. 

A platinum boat containing the substance was heated in a Pytha- 
goras tube (50 cm. X 1.5 cm.) which was put in the furnace in 
sach a xay that the boat came in the centre of the furnace. The 
tube was joined to the rest or' the apparatus by a rubber cork covered 
with sealing was. The rest of the apparatus consists of a manometer 
to note the pressures. a T6pler pump to evacuate the apparatus when- 
ever necessary and two phosphorus pentoside tubes to dry the gas 
evolved (see Pig. 2 j . 

Calcium chromate was prepared by evaporating to dryness an 
equivalent mixture of calcium oxide and chromic acid. The calcium 
oxide itself was prepared by heating analytically pure calcium carbo- 

" nate in air at 1000". 
No~imclatwc mcd to indicate variom stages ilz the  decom- 

posifior~.--The term ''G decomposition" has all along been used to 
lndicate the extent of the decomposition of the original chromate, 
present either alone or in a mixture. The intermediate stages hme  
been always referred to the corresponding percentage decomposition. 
Thus the 507;';- stage or compomd means the stage in which 50% of 
the original chromate is decomposed according to the equation 

2 CaCrO4 * 2(Ca0)  Crz03 + 3/2 OF. 
Dissociofio~r of Calcimz Chrowtatc.-Calcium chromate begins to 

decompose in vacuum at about 780". The dissociation pressures are 
given in Table I. 

TABLE I. 
( 
i Pressure in mm. 

Tempera- I 
ture c." +---- Tempera- 

1 . & W 

I 590 1 . .  
I 

830 1 . . 
875 1 .. 

Pressure in mm. 

Authors 

1.0 

3.0 

6.0 

890 1 5.0 8.0 

910 ! 8.0 i 10.5 
I 

ture (2.0 

925 

950 15.0 

975 25.5 25.0 

1000 44.0 1 56.0 

; 70.0 / 76.0 



Although the dissociation pressures below and above 950" differ- 
ed from those obtained by Nargund and Watson {loc. cit.), the gas 
was given out in several stages in agreement with their observations. 
The difference in pressures will be accounted for by a change of 10" 
in temperature. 

A t  1000" calcium chromate has a decomposition pressure of 
56 mm. If the gas is pumped off, the pressure is regained till 50 per 
cent. of the chromate is decomposed when the pressure suddenly falls 
to 27 mm. and remains at  this value on successive evacuation. 27 mms. 
is therefore the dissociation pressure of the 50 per cent. compound. 
This value was confirmed by pumping off the gas a t  100"  till there 
was a sudden fall in the pressure readings. The furnace was then 
cooled to 850' when most of the g-as is absorbed back. The residual 
gas was pumped off. The temperature was then raised and the dis- 
sociation pressures for the successive stages of decomposition were 
determined. 

Table I1 gives the dissociation pressures of the three stages 
of decomposition observed in the case of calcium chromate. Values 
marked with an hsterisk (*) were confirmed by both the methorls. 

First stage Second stage 

Pressure 
in mm. 

Third stage 

'emperature 
C." 

There is a fourth stage at  80 per cent. decomposition reported 
by N a r p n d  and Watson which will be discussed later. 



Fig. 3 (a ) shon-s graphically the 7;apour pressures of calcium 
chromate and of the various intermediate compounds formed a t  
diferent stages. The ranges of temperature over which the various 
cnmr;munds are stable at Ic'ir- pressures are 0-780"; SOO"850°; 850% 
970"; 9?G"1O8O0. 

Dissociation Pressures of CaCr01 

Fig. 3 ( b )  shows the plot of logarithm of pressures against the 
reciprocal of absolute temperature from which the heats of formation 
of each of the stages from the preceding stage are 48.4, 60.3, 47.5 
and 58.0 Calories per mol. of oxygen respectively. 

Having known the range of temperature within which the 
various stages are stable, the composition and properties of these 
stages were next determined. 

Pipsf Stage.-Calcium chromate was decomposed at  860' and 
the oxygen pumped off till the pressure fell down to 0.5. The product 
was cooled and analysed (A) .  Another experiment (3) was carried 
out at 920'. The gas was pumped off at this temperature till the 
pressure fell down suddenly from 12 mm. to 6 mm. The measure- 
ment of oxygen showed 52.7 per cent. decomposition. On cooling, 
rhe oxygen remaining over the apparatus was completely absorbed. 



! I 

Decomposition from oxygen . .; 51 .0 5.). 7 
I 

':, Chrominm as CrO,, in 8 o l ~ t  ion . . I  52.5  50 .  7 

O/;, GChron~ium in insoluble residue . . 33 - 4 9 4 . 6  

Cniciuni in insoluble rrsidw . . 15.0 16.95 

Table 111 shows that the first stage of decomposition is at about 
50% which was missed by Nasgund ant1 Watsun because of the 
small range of temperature 800"-850°0ver which it is stable. The 
reaction in both the series (A)  and (R) occurs according to the 
equation XCaCrO4 = 8(CaO) 4iCrOi) Z(Cr?Oa ) + 302. 

A part of the product dissolves in dilute hydrochloric acid, which 
is represented by the formula, 1OCaO hCrOa Cr?03, while the 
residue is pure calcium chromite. Nargund and Watson obtained 
a compound calcium dichromitosexieschromate 1ZCaO Crl. 0:; 6CrQ 
by decomposing a mixture of calcium chromate and lime. 

The compound SCaO 4CrOi ZCr203 correspmls to the chromium 
tetra-nonoxide Cs203 2Ci-0; which was described by Schulioff </our-u. 
Russ. Phys. Clzern. Soc., 1909, 41, 302) and was also obtained by 
Nargund and Watson (loc. cit.) in the decomposition of chromium 
trioxide. The latter authors obtained the corresponding calcium 
dichromito-bis-chromate by heating calcium chromate with chromic 
oxide, but the compound contained calcium oxide the amount of which 
was half that given In the above equation. 

Sccolrd Stczge.-A stage corresponding to  66.6 per cent. de- 
conlposition was obtained by Nargund and Watson by evacuating. the 
apparatus a t  1030" till the pressure fell down sharply from 70 mm. 
to 5 mm. 

We carried out the decomposition of the chromate at  915'. The 
evacuation was stopped when the pressure suddenly fell to 0.5 nim. 

Analysis of the vacuum cooled product zave the following results. 



",, ('immiinro in rraiduc . .  4 7 - 1  50.0 
i 

" {..'.', i.t ' , I .  1: I :  . . . . 1 23 . 3 9 5 - 0  

-- ! I - 
'!'l:e analitin;l data given in Table IV are in agreement with the 

iiill<,::-i~;g re:rction starting iroin caIciun1 chromate: 

24 CaCrCh = 3CPCaO 4.303 2CrsO~) + 9 0 2  (1st stage) 

(1) 
!t 

= S(3Ca0 CrO3 CrxOa j f 12 0 3  (2nd stage) 

(11) 
& + acid 

2( 9Cz0 ICrO3 CrrOa) + 6(  C a 0  CnOs)  
(111) 

HoLh the cc~mpo~~li<ls ( I1 i calcium dichromitochromate and 
(11 J ) calcium dichromitoquarterchromate were reported by Nar- 
grrnd ar:d 11-atson IT-ho were, however, doubtful about the exact 
cun~psition. 

The reaction of (11) with dilutc hydrochloric acid gives rise to 
ins(;l:i'ulc cakium chromate and the soluble portion corresponds to 
i:ir~l:a:"!c! I ili ), the fortr,ul;e of which is established in Part  IV of 
this series trj follow. 

The oxide corresporrcling to (11) is chromium-tritahexo-oxide 
Cr-OiCr0.r ivl~ich was obtained by 11. Blanc [Amz. Chim. PF,ys., 
1926, (10). 6.  1821. and sevcl-a1 others. 

-4 chromium chromate, chromuim hexitapentadecoxide CrsO~o. 
cnrreqmnding to the compound (111) mas found by Honda and co: 
workers (lor. rit.) during the decomposition of chromium trioxide. 
Sitnou nnc! Scmidt (lor. c i t . ) .  honever, could not obtain this compound. 

Third Stap-Nargund and Watson observed that the decompo- 
sition was 75 per cent. at  1030" un evacuating the system until the 
preisurc fell down to 2 mm- 



F \ I h e  analysis of the product in aii the three experiments showed 
that 7570 of the original chromate mas decomposed. 

The fall in pressure on ccinsecutivc evacuations at  a11 the three 
temperatures occurred in stages of 50, 66.6 and 7.5'7;, approximately 
of thc decompositii;~~ as calculated from thc - i ~ ~ l u t ~ ~ c s  r j f  oxygen 
collected separately at  each drop in the vajrwr pressure (see Tables 
1 and 11). 

Starting frrim the second strtgc the third stage of deccimposition 
occurs according- to the equation 

S(3CaO. Cr03Crz0:%) (I1 stage) 

11 1: 
3 (8CaO. 2CrOz3CreOz) + 1 % 0 2  (111 stage) 

IV  & 1- Acid 
17 Ca0.6Cr032Cr3Os -1- 7jCaOCr?O3) 

v 
The oxide corresponding to the compound TV calcium tetrachro- 

mitochromate is chromium octitape~ltadecoxiire, CrxOlz reported 
by M. Traube (L,icbig's a411?1.. 1848, 66, 87). 'l'his calcium comlxmnd 
was also obtained by Nargmd and Watson iloc. cit.1. 

The cornpound (V) corresponds to chromium pentadodecoxide 
Crn01a found by Simon and Schmidt (ioc. cit.). Nargmd and Watson 
obtained a componnd calcium-dicbrmito-tris-chromate 6Ca0  CrKh 
3Cr03 or 12Ca0 2CrzOs 6Cr03, on the basis of their study of the 



1100 0 - 7  mm. / 1170 
I 

tiecrj~n~ic,sition of  n:irtures of calcium chromate and lime, taking into 
accou~~ t  only . 2  mols. of calcium oxide as taking part in the reaction 
:ilil:nagh .33 mols. were indicated by experiment. The significance 
of these resuits will be discussed in a !ater communication. 

Fowill Stage.-.A compound 5CaO. CrOa .2Cr?Oa corresponding 
to SO:; decomposition was obtained by Kargund and Watson by 
pumping off oxygen completely at  1030". As has been pointed out 
already in this paper the decomposition proceeds only to 75570 
under these conditions. The results of Nargund and Watson, there- 
fore, are not confirmed. I t  is interesting to note, however, that 
there is a cornpounci chromium pentitenneaoxide, C~SOS,  in support 
of the existence of such a calcium compound. calcium tetrachromito- 
chromate. -An attempt was therefore made to settle this point by 
a study of the vapour pressure of the product corresponding to 75% 
decomposition at higher temperatures. 

The 75% stage was first obtained by pumping off oxygen 
at  1030" and the temperature was raised. Table VI gives the decom- 
paitirxi pressures observed in two independant sets of experiments 
! A ) 2nd ( E j. 

TABLE VI. - 

1125 1 0.9 mm. ( 1200 / 1 . 7  mm. 

-4 

On plotting the results of vapour pressures given in Tables I1 
and YI a break is shown a t  112S0, which is more markedly shown in 
Fig. 3 ( b j  showing the plot of logarithm of pressure against reciprocal 
of absolute temperature. The gas obtained by evacuating the system 
at this temperature showed 81% decomposition. 

B 

It appears therefore that there is an 80% stage in the decomposi- 
tion of chromate stable up to 1125' at low pressures. The formula 
of the compound formed under these conditions is more likely to be 
3Ca0  2Cr208 CrO8 on structural grounds as will be shown in a sub- 
sequent paper in this series. The excess of lime in the compound 
given by Kargund and Watson may exist as  a separate phase. 



In  a similar experiment (R)  carried out at  1200", 85% of the 
decomposition occurred. Experiments were carried out with 0 .2  gram 
of the chromate which was one-fifth of the quantity used in 
all previous experiments. The gas was pumped off and the tempera- 
ture gradually raised to 1160". The vapour pressures observed were 
the same as given in Table VI. The gas is pumped off and the sub- 
stance was found to be completely decomposed. 

I t  appears therefore that the apparent stage present at  8.5% was 
due to the large quantity of the substance taken which offered less 
surface for decomposition. 

Fi~zal Decomposition of the Chronzafe.-When the chromate was 
decomposed in vacuum at 1265' the analysis of the product showed 
that 50% of the calcium was soluble in dilute hydrochloric acid. . The 
following are the results :- - 

Observed Calculated 
( a )  % Decomposition from oxygen 102.0 100.0 
( b )  % Chromium as CrO3 in solution nil nil 
(c) % Calcium in the residue 51.1 50.0 

These values are in agreement with the following equations: 

2CaCr04 = 2CaO. CrzOz + 3/2 0 s  
2CaO. CrsOs = CaO + CaO. CrsOs. 

soluble insoluble 
Both the compounds 2CaO.CrzOs and CaO.Cr-Oi are structnrally 

possible and may be represented thus 

In conclusion, we wish to express our best thanks to Dr. H. E. 
Watson for advice and assistance during the course of the work. 

SUMMARY. 

A simple design of a molybdenum wire wound furnace has been 
described. 

Calcium chromate passes through four stages corresponding 50; 
66.6; 75 and 80% of the complete decomposition, the range of tem- 
peratures over which these are stable being 800"-850°; 850"-920"; 



66 

920"-10SO" and 1UYV-i 1 25" respectively. Calcium chromate de- 
cornjxises cc.mpletely a b o ~ e  this temperature at  low pressures. The 
yapour pressures cd these intermediate stages have been measured 
and the heats of decomposition calculated. The products correspond- 
ing to these stages which resisted furtiler decnm~osition in uacuo, 
partly dissolved in acids leaving an insoluble residue wkich was identi- 
fied as calciurn chromite. 

Considerations based opon the acid-sohble chromium triosicle 
and seqnioside in the product, taken a!ong with the formula of the 
corresponding cl~romiurn chromates. show that the steps observed 
during the decompositim of the calcium chromate are due to the 
formation of the following compounds-(1') SCaO 4CrOs 2Cr203, 
12) 9Ca0  4CrOi Cr3O3, (3'1 17Ca0 6 C r 0 : ~  2Cr30s, (4) 3Ca0 CrOs 
Cr-0;. ( 5  j 3Ca0 CrOa ZCr?On, (6)SCaO 2Ci-01 3Cr.Oa and (5) 1OCaO 
6CrO:: Cr:O:t. 

The stability c j i  chroinates in the chromate furnace is due to the 
formation of these intermediate compounds during the reaction, 
which are far more stable than pure chromate itself. 
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