
REACTIONS OF CHROMATES AT HIGH TEMPEJ~ATURES 

PART XVIl-DECOMPOSI'lION OF MI}"TUI~l~S 01' CALCIOM 

CHROMATE WITH FERIUC, OXIDE AND WITH 

CHROMIC, OXIDE 
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INTRODUCTION 

The fonnatlon of m1:xecl basIc chromIUm cht omatc'> of def-uute 
compOSItIon was obsei vec1 at diflercni sLtges 111 the decOmpOC;lltOn of 
the mIxttues of calcIUm cluon1<tte wIth magnes1Um oXIde, wIth CalciUl11 

oXIde and wIth SOdlUl11 cm bonat.e Ii was mtel e C;t.111g t.o study the 

behavlOUf of the nuxt.m es of caIclU111 chromate wIth fC1Ill oAlde and 
wIth chromIc oXIde at hIgh tempClatm e The fDImel 1 e,lcilOl1 has a 
beanng 111 the manufactm e of chlOmat.cs as a p,tl hal 1 cpIacement 
of calcmm oXIde by felIIc oXH.1e 111 CaO-I-N,12C0 1+cluol11C Ole 

mIxture has been recommended for usc 111 the Chl0111(lte 1m nace 
Also as the chrome 01 e IS a felrIC chromIie, the OXICl,lllOll of the ore 11 

pI ec;ence of lnne and soda plobably OCCUl s wlt.h t.he [01 mahon oj 
mIxed compounds of 11 on and calcmm or sodIUm 

EXPERIMENT AL 

The apparatus used and the expel1111ental pI oceclm C [oIlowec 
was t.he same as 111 t.he pI CVlOUS palis o[ Uus SCllC~, 

Decornposdnon of 1n~xhl1'e8 0/ calc/'1l?n cJ/,') omate 10Lth /e1'1 ~ 
oxz,de -Datal and Jatkar (ThIS JOUln(ll 1939, 22A, 225) hewl 
publIshed theIr results on t.he decOmpOSIL10n of 1UlxtUI Cf:> of calcllll 
chlOmate WIth fernc OXIde Then expellments show tbe po~slblht 
of the forma bon of the baSIC chrommlTI clu omat.e of 11 on FlU the 
111veshgahon IS neceSSaI y t.o find ouL the exact amollnt of ferl1e oXld 
enienng mio combmahon WIth calcIUm c1110nMLc 

A mIxtm e of caJcmm chromate WIth ferllc OXIde (2 1 mols 
was decomposed m vacuum The decomposItIon sLat Lcd at. aboui 250 
111 agreement WIth the pI evlOUs results The lluLwl pI CSSUl C ( 

oxygen at 275° was 28 mm, whIch was pnmped out t.o 04. 111111 Tl 
temperature was Imsed to 331°, when the pICf:,sure Wet'> 316 m1 
The gas was slowly absorbed back and the pressure dropped doV\ 



.to 2 36 inm in one and half hours and fuither to 1 7 6  inin m 3 hours 
On cooling only a part of the oxygen was absorbed back The mix- 

turc w,~s heated agaln slowly, when the pressure of oxygen ovei thc 
mixture was 1 04 111111 at 353' and 2 73 inm 'it 444" The plessure at 
the latter temperature dropped iron1 2 72 mm to 152 mrn in two and 
half hours and remamed constant at that value The temperdute 
was ralsed when-the pressure at 555" wds S 56 mm 011 coolmg back 
to the room temperature, only a part of the gas was absorbed, the 
pressure of the gas unabsorbed being 4 2 mm On pumping o~zt 
the gas the pessure  values slowly dropped clowi~ The measure- 
nlents made are shown m fig 1, along with the measurements 
by Datar and Jatkar at 0% and 25% decornpositron stages The 
vapour pressuies are not reprodncible The pressuies depend upon 
the rate of heating, the higher values being obtamed 11 the system is 
heated raplclly and the pressures unclel these cond~tlons drop down 
at coilstant temperature untd eyuilibi~unl is attained The values 
for the pressuie are low below thc temperature, at wh~ch the system 
has been pieviously evacuated, the ougrnal values be~ng  attamed at 
hlgher temperatures 

The decornpositioil was carlied out f~ l r t l~er  and the vapour 
pressurcs over the rnlxtuie were rne'is~trcd at difierent stages 
of decompos~t~on The pressuie values at d~fierent stages glven In 
table 1 and shown in fig 1A and IB are lugher than those obtamed 
by Datar and Jatkar at the 25% decomposition stage and shown In 

fig IA and 1B 
TABLE I 

% Temp Pressure 
decomposltlon I OC 

1 mnl 

23 

2 5 

28 6 

33 3 

4 0 

835 

S37 

849 

819 

849 

11 50 

12 40 

12 56  

11 98 

11 34 



The lesu1t.s given above do no1 sllow an q q i - e c l a h l ~  diop 111 ille 
pi essut e values at the var lous stages of clccompo~iirou Tlw v,zpoul 
pressures after the system 1 1 ~ ~ 1  ie,lched .50%,, 5591;l) UCI ~ o l  COX clccom- 
position have been given In t h l e  I1 dnd bllowll 111 f ~ g  1A and IB 

50% decomposition 59~deompos1 t lon  OVCl 
FOX, decomposlt.on 



The vapour pressures of the systelu at aboot 60% decompom- 
tion were identical with those in the decoillpositlol~ of calcmn~ 
chromate It  is apparent fiom these results t h d  the decomposition 
of the basic chromate formed by the coinbinatlon of n part of the 
chornate wlth ail the oxlde pl esent 111 the mlstrne had been coillplete 
and the vapour pressuics observed at tlm stage weie due to the 
deconlpos~tion of the chromate m excess The mixture contained 2 
mols of calciuiil chromate and 1 nlol of ferric oxide It appears 
therefore that half of the total chromate In the mixture had combined 
with f e r r~c  oxlde, with the formailon of the b a s ~ c  chromate Ca0 Fe,O, 
CrO,, which can be lepiesented by the stiuctui e given below - 

/O\ /O\ 
(CaO) O=Cr=O (Fe,O,) Ca Cr Fe-0-Fe=O 

II o or "o+o' 
0 

This compound deconlposed completely and withozzt glving any 
stages accordmg to the follow~ng equatlon 

2(Ca0 Fe,O, CrO,) = 2Ca0 Cr,O, 2Fe,0, -4- 80, 
At h ~ g h  tempeiatures formation of ferric chromate by the 

reaction between calcium cluomate and ferlic oxicle takes place as 
3CaCr0, f Fe,O, = Fe,(Cl O,), f 3Ca0, whlcll decomposes to ferric 
chrom~te as 2(Fe,(CrO,),) = 2Fe,0, 3C1,0, + SO,, a laige amount of 
oxygen bemg given out, which disturbs the eqml~bi-mm In the 
decoinpositioil of the basic chi ornate CaO Fe,O,CrO, It shoulcl 
be mentioned m this connection that accordmg to Blanc (Annales 
De Chimie, 1926, VI, 182) the chiomate of Iron, whch he represented 
by the formula Ci0,  2Fe20,, decornposes at about 500" with evolution 
of heat At hlgh temperatures the pressure values obtained for 
the or~ginal mixtule were lowei than those observed after the subse- 
quent decomposition of the mixture (cf fig 1A and 1B) This 
rnconsistency IS obviously due to the slde clecor~~positron of ferric 
chromate 

From the above considerations it would appear that a major 
port~on of Iron oxide combines rvitll the cluonmte to foim the basic 



Compound 
Decoinposit~on 1 Total i iO<O% 

Dcconzposhon of mzx tu~es  o j  C ~ I L L U W L  C ' I L I O ~ I L C L I C  w ~ t h  
Oh7 omzc O x ~ d e  -The addition of feriic oxlclc ,iecelcl , ~ t e \  the 
decon~posit~on of ccilcium chioinate ou account of the foimntlon of the 
baslc ch~oinale CaO Fe,O, G O , ,  w l ~ c h  clecomposcs to 2C:tO 2Fe,0, 
Cr203 without gwng  any componncls at the mtciinccllalc st .qcs of 
clecomposition 11 was the1 efoi e intereitmg to slndy 1111: dccoinposltion 
of the cotlesponding compound CaO Q,O, CiO.,, the folin,i tr~n oi 
which xs possible in the reaction of c;~lcmm chloinatc wit11 cli~omic 
oxide at high temperature 

l iemai ks 

CaO Fe,O, CrO, 

Fez(C104L 
12Ca0 8Cr0, 

The final product of c lecompos~t~o~~ of ~ , L O  Fc,O, 00 ,  has 
been I epresented as 2Cd0 CI ,0, 2Fe20, A col I csponclmg cumpo~it~cl 
of cdaum,  namely 4Ca0 Cr,O, has been obtained by H Monsson 
and E Dufhu (cf Mello~, A treatlse on 1noig;lnic and Tllcoret~cd 
Cliemistry, Vol XI, 199) and also by the aullzoi (c f l ~ u l  XV) 

45 0% 

15 0% 

0% 

- 

Conlplete c~econiposition 

7 )  )I 

No clecompo51tmn 
- - - - -  



A r n ~ x t u ~ e  of one mol of calcium chromate w ~ t h  one 11101 of 
chroinlc oxide was lleatcd in vacuunl The ~nlxtuie beg,~n to 
decompose d about 200°, the initial pressures belng 0 48 inin at 320°, 
2 14 mm at 380" and 2 SO lnln at 350" 

The mixture mas heated at 800" for about 3 hours, when 11 
showed a lltlle plessure of oxygen, which was readily and completely 
clbsorbecl bdck 011 cooling the system to room tempelature The 
deconlpos~tion pressures of the n~ixtul e at different tempel atul es '11 e 

given m table IV m d  shown In fig 1A and IB, p 280 The decompo- 
sition pressul es agi ee with those observed by Narguncl mcl Wdtsoil 
(Thls Journal 19.26, 7, 149) while studymg the decomposil~oi~ 01 
the nxxtures of calclum chromate w ~ t h  chto~nic oxide in dlfkerent 
pioportior~s (fable IV) 

TABLE IV 

Temp 
"C 

Author 

PI essui e 
rn in 

- - - -  

Nargund and Watson 

Temp 
"C 

Pressure 
mm 

I - 
011 coolmg, a portlon of oxygen was readlly absolbed back the 

remalnmg belng absorbed very slowly After pumpmg out the 
residual gas, the decomposltian pressures were again lneasuied 
The higher vapour pressures were observecl and the pressure values 



at constant temperature slowly tnci eased with nppi ox~m.~lcly a con- 
stant rate, viz , 1 mm per hom at 813" and 2 3 111111 PCI 1~0ut . ~ t  831° 
The compound decomposed cornyletely 

180 

170 

160 

150 

140 

130 

reo 

110 

100 

00 

n o  

TO 

60 

50 

40 

10 

0 

I * NARGUND & WAISOH 
a AUTHOR 
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z 

Nargund and Watson believed that the compound ioiined can 
be represented by the formula 2Ca0 2Cr0,  Cr,O, Thc determma- 
tion of the exact popot tlon of the base requllecl to foi m a colnpound 
IS, however, a mattel of cons~del~lble experimei~t~~l  difficulty as s d e  
react~ons usually occut at h~gh  tempelattues It appenls now that the 
clssulllptlon of the formul,~ 2Ca0 2Cr0, Ci-,O, for the compound forllled 
111 the clecoinpositioil of calcium chromate with ~ h i o m c  oxide i s  not 



necessaly, as the behaviour of the mixtures call be better ex- 
plained by aswmmg the foimatlon of CaO GLO,  CrO,, tlle compoulld 
corresponding to the gene1 a1 foi mula 2 R 0  CrO,, smnlar compounds 
being found to occur in the reactions of chioinates wlth oxides at 
high tcrnpei dture 

The results observed by Narguncl and Watson particularly for 
the mixtures containing lower propol tion of Cr,O, a1 e favourable for 
the stlucture CaO Cr,O, CrO, foi the compo~md The highel decollz- 
pos~tlon for the nxxh-es  cont~mmg 0 5 1x01 of Cr,O, appears to be 
due to the sick decompos~tlon of calciunl chromate The observation 
that the vapoui p~ essures at constant tempel atut e increased ~ i t h  a 
constant I ate also supports this conclus~on If the stagewise decom- 
position of the chromate in dlffeient nlixtures at 1030" can be assumed 
to be coinplete to the 80% stage, the results of Narguncl and Watson 
show that the side decomposition of the chromate is almost absent 111 
the decompos~tron of: the mlxtuies wlth lowei proportion of chromic 

It IS Interesting to note that only a portion of oxygen evolved 
at hrgh temperatures is absorbed back on cooltng As the decom- 
position pressure measurements are vltiated by the srde reactions as 
well as by the formation of solid solutions, the heat of dccompositlon 
of the compound CaO Cr,O,CrO, can be approximately given as 
52 7 Cals , the decornpositlon being represented by the equation 

%(CaO Cr,O, CrO,) =#(2Cd0 3Cr,0,) 3-0,- 52 7 Cals 

The reactions of calcium chromate wlth feriic oxide and wlth 
chiomlc oxlde are characterist~c of the property of weak basic oxides 
of forimng the hlgher bas~c chromate 2RO CrO,, which deconlposes 
w~thout the foimatlon of conlpounds at inteiinedlate clecompos~tion 

It IS observed that the addltion of f e r r~c  oxide accelerates the 
decomposition of calcium chromate to a great extent There is no 
incl~catlon of the decomposition m stages This nas  due to the 

foi mation of basic chromate CaOFe,O,CrO, whlch decomposes 




