
PART XV-DECOMPOSITION OF MIXTURES OIi' CALCIUM CIIROMATE 
\I,ONA'l'li' WITH CALCIUM OXIDE AND WIT 1-1 CALCIUM CAP , 

By D f l  Data? 

A lalge of papets have been puhllsllecl on the clccom- 

posltlon of calcl~lm cl~romate wlth calcl~lm oxlcle In 1922, Nayal, 

Watson and St~lbol  ougl~ (This Jozlrnal 1924, 7, 54) ~nvest~g,ltecl 
tile reactions between calcium oxde  ancl C;~~ULIIII c111on1,de at 
various ten~peratures In alr and came to the conclus~on that the 
addxtro~~ of 0 1 equivalent of calcxun~ oxxde c a ~ ~ s c d  the dccompos~- 
t~on  to start at about 800") the decompos~iton at 1000" berng about 
lo%, thougI1 a pure sample of calcium chomate showed 110 signs of 
decornpositlon when heated up to 1000' The cleco~nposrt~on 1s obvl- 
ously due to the formation of a certain compound of low st , lb~l~ty 

The results of Nargund and Watson (Ibzd , 1926, 7, 14'3) on 
the decomposition ol the m~xtvres 111 ail ale 111 agl eerilcnt w1t11 the 
obse~vations of the prevlous workei s They further si~rcl~ecl the 
decompos~lion of CaC1 O,+CaO (1 1 in01 ) at 900" by evacuatton 
In stages, and observed that the decomposit~on was 25% when the 
pressure dropped down to 300 rnrn and 38 3% wllen xt ful ther 
dropped down to 250 mm They observed the foim&on of a 
tl11rc1 stage at 40%) when the pressure was iecluced st111 fui ther 
Athavale and Jatkar (IZlzcl, 1938, 21A, 119) observed that the com- 
pounds at the different stages obtained In the decomposition of calcium 
chromate with calcmm carbonate xn place of calcium o x d e  are 
exceed~ngly stable, the decompos~tion piessures for tlie clrfkrent 
stages glven by them being consldeiably lowei illan those obtained 
by Nal guncl ancl Watson for the corresponcln~g stages 111 t11c clecom- 
pos~tron of calc~um chromate wlth calclrm oxde  The 1;wgc vai ratlot1 
rn the vapour p~essure data seems io lndicate that the ~eac t ions  m the 
~ W O  cases are entirely diffeknt 

Datar, A t b a l e  and Jatlrar (Ibed , 1939, 22A, 111) obtaiiled a 
compound VJ2a0 GCrO, Cr,O, at 25% Clecornposxtlon of the chromate 



by the reaction between calciuin chromate with calcium calbonate, 
the compound forlnation belng pl eceded by the formation of the baslc 
chloinate 1 5 C a 0  CrO, On furthe1 mvestrgatio~ls with the mixture, 
of the chromate with the carbonate, ~t now appeals that this ~eactioll 
IS accompanied to a certaln extent by the format~on and side decom- 
position of the other baslc chromate 2Ca0 CrO, 

EXPERIMENTAL 
The apparatus used and the experimental procedure follower 

was the same as descr~bed previously Pure calcmm oxde mag 
prepared by heatxng pure calcium carbonate at 775" for 5 hours 
Calclum oxxde was cooled and preserved in a soda lime desiccator 
A mlxture ol 2 mols of calcium chromate with 1 rnol of calclunl ox~dc 
was heated in vacuum The mixtui e contamed calc~um carbonate tc 
the extent of 0 1%) which was completely decomposed below 500" 
The decoinposition piessures of the nllxture are glven In tdble I anc 
graphically shown in fig 1A and IB 



Temp 
"C 

Author 

Pressure 
inm 

0 64 

1 2 0  

2 64 

4 92 

7.66 

22 0 

4s 0 

94 0 

162 0 

216 0 

In table I the values fox the deco~npos~t~on plessules for 
s~milar rnlxlures measured by Nargund and Watson have been given, 
which show a gleat va~iation from the ~esul ts  of this expelmeat, 
being comparatively lower foi the same teinperabui e The variation 
may be attributed to the difference m the me.lhoc1s of p1epard1011 of 
calcmm chlomcite Na~gund and Watson prepared c~ilciuin chromdte 
by exact neutral~sat~on of c l~~omic  acid with hmc, wllde the c111 omate 
111 these experiments has been prepared by p~ec~pltation from a solu- 
tion of calcium chlorde by poiassmm c h ~  omate 

On decomposition the system showecl the same vapou~ piess- 
ures of the original m~xture at 14%, 25"/,and 33.3% decornpos~t~on of 



the chromate On further decomposltron to the 40% stage a gradual 
drop In the pressure values at the varrous temperatules was observed 
The results are glven in tables I1 and I11 

calcium chromate 

14% decomposition 

In table III under the headmg LO% decolnpos~tlon (A) the 
decomposrt~on pressures when the system reached 40% decomposltlon 

The mixture was further decomposed and at about 50% decom- 
posltlon the plessure values obtained were dentical wlth those of 

Temp 
"C 

571 

616 

667 

Pressure 
mm 

0 72 

2 80 

10 00 

25% decomposltlon 

Pressure 
mrn 

2 04 

4 12 

8 40 

Temp 
"C 

578 

645 

680 

33 3% decomposlt~on 

I 

Pressure 
mm 

0 92 

4 78 

12  96 

Temp 
"C 

631 

646 

Pressure 
mm 

1 84 

4 60 

16 04 

Pressure 
mm 

3 52 

3 66 

Temp 
"C 

810 

855 

893 

Temp 
"C 

703 

748 

769 

Temp 
"C 

64 7 

743 

777 

Pressure 
mm 

0 60 

2 90 

8 24 



As the vapour plessur es of calc~um clxomde appeal ~n the 
decomposit~on of the m~xture at about 50% stage, 11 would l ~ l d l ~ ~ t e  
that half of the clll oinate 111 comblnatlon w~th  the h s e  pl e5ent 11,ls 
completely decoinposed wlth the folmatron of 2Cc10 CrO, ,md the 
vapour pressures observed at the 50% stage weic due to the 
clccompos~tion of cdlcium ch~olnate 111 excess T l i~s  expermellt 
~11~1s shows that the formula for the basxc cluomate is 2C,10 C10, 
The bas~c chlolnate decomposes acco~dmg to the follow~~lg 
equatlon 

2 (2Ca0 CrO,) = 4CaO CI ,O,-I- go, 

The product of decomposltlon 01 2Cd0 C10, letuns the wl~ole 
of the base present in the baslc chromate, no base bemg scp;u,hxl In 

the decomposition The basic chromate 11,~s the1 e f o ~  e been t cpre- 
sentecl by the formula 4 R 0  Cr,O, and by the structuxe given 
below 

The compouncl 3Ca0 C~(CIO,), or 4Ca0 C I , ~ ,  has been pre- 
viously obta~ned by Mollssdn [Ann Chzm PJLZJS , 1895, (7) 4, 142 , 
Bull Xoc C7wm, 1902, (3), 27, 6641 by heating cll~ommin with 



calcium oxlde and by Dofa11 [Ann Ckzna Phys ,  1897, (7)) 12, 2631 
by heating a inrxtule of chromic oxrde and calcium oxlde 

The formula for chro~nrum trloxide suggests the poss~blllty of 
the formation of ihe h~gher basic chromate 2Ca0 CaCrO, or 3ka0 
C10, 

0 
(CaO) O=Cr====O (CnO) 

II 

Chromrum trloxlde Basrc chromate 

The prevlous experiment with a lower proport~on of the base 
however drd not give any indlcatlon for the existence of this coinpouncl 
The ieactions of calc~uin chromate with the iequisite proportion of 
the base also lead to the same conclusion 

A mixture of 1 mol of calc~urn chromate wlth 2 mols of 
calci~~rn oxlde was heated In vacuum The equllibrrum vapour 
pressures of the lnrxture are given m table IV and plotted 111 fig 1A 
and 1B The vapour pressures show the complete rdentity of the 
compound fo~ined wlth 2Ca0 CrO, 

Temp Pressure Q T?" ~ r z r r e  
"C 1 mrn 1 In Crls . 111 Gals 

The vapour pressures measured at the dtfierent stages of de- 
composition given m table V colrespond to those of 2Ca0 CrO, and 
confiiin the prevlous observation that the baslc chromate decomposes 
dlrectly to the baslc chrornlte 4Ca0 Cr,O, 



% decom- 
po.sitlon 

Temp 
OC 

264 

TABLE V - 
Pressure % decom- 

mm posit~on 
- - -  - --- 

9 24 75 694 

18 52 80 694 

18 12 90 U 94 

16 00 715 

18 52 96 617 

14 SO 670 

A drop m the pressure values IS observed at the hrghe~ stages 
of decompos~tion 

It must be ment~oned here that the clecompos~t~on pl c s w ~  cs of 
the bas~c chromate 2Ca0 CrO, are near tlzosc ol cl~lciuln ca~bonate  
The heat of decompos~t~on calculated accorclmg to Ncl nst's fol ~ I ~ U I A  
from the characte~xst~c decoinposlt~oll pressures is given by tlie follow- 
ing equat~on 

4(2Ca0 CrO,) =$(4Ca0 Cr,O,) -1- 0,- 42 1 Cnls 

Decomposztzon of caZczum chomate zoztJb calczzin~ ca7 bonate - 
A mixture of calc~uln chromate and calcium carboilatc 111 the ratio of 
2 I lnols was heated in vacuum The mixturc clccom~~osed wlth 
evolut~on of pure carbon droxide, which was pu~nped out from the 
apparatus The decompositloil pressures of the insxture we1 e then 
measured The results given m table VI confi1111 the conclus~oi~ of 
Athavale and Jatkar (This Journal 1938, 11, 119) that the mlxturc 
decomposes w ~ t h  the vapour pressures of calcxum carbonde, a small 
quant~ty of oxygen being also glven O L I ~  in the decompositxon 

The decomposit~on of the mixtures startcd wit11 the evolution 
of pure carbon d~ox~de,  wlxch ~ndlcated the f ormahon ol: a st abl c basic 
~hromate The gas evolved on decompoa~t~on was collected in 
different tubes The subsequent analys~s of the gas showcd that it 



265 

contamed carbon dloxlde and oxygen m the ratio of about 2 3 1, 
wheieas, m the formation of the compound 12Ca0 GCrO, Cr,O, at 
the 25% stage according to the equation 

4CaCO,+ 8CaCrO,= 12Ca0 6C10, Cr,O, +4CO, f 30, 

a deiinrte ratlo of 2 66 1 should exist between carbon drox~de and 
oxygen m the adni~xture of the gases evolved rn the decornposit~on 

CaCrO, + CaCO, 
CaCO, I 2CaO CrO. I Landolt and Bornstern 

Temp 
OC 

431 

510 
5 64 

600 

642 

697 

742 

PI essure 
mm 

Temp 
"C 

1 Tables (1936,111, 2571) 
I 

inm 
Pressure 

rnm 

4 94 

44 14 

54 00 

91 90 

- 
More oxygen was glven out rn the decompos~txon probably owmg to 
the s d e  decomposition of the less stable basic chromate 2Ca0 CrO,, 
which IS also produced 111 the reaction 

The forinatxon and the decompositron of the hrglier basic 
chromate in the decomposrtron of mlxtures of calcru~n chromate wrth 
calcium carbonate can be represented by the equat~ons grven below 

The equations give the ratro of carbon dioxide to oxygen evolv- 
ed in thrs decoinposition as 1 33 1 Now lf we assume that the excess 
of oxygen given out IS suppl~ed by the decompos~tlon of 2Ca0 CrO,, 
the higher proportloll of oxygen can be explamed on the assumption 



thnt the higher baslc chlomate sepvately c~ecomposecl to ihe cxtent of 

6 8% A patt of the oxlde takes pail in the forilldtion of %CaO CrOj, 

the remnning entelmg into combmat~oii w ~ t h  the cl i~omate to forin 
tllc lower baslc chromate 1 5Ca0 CI 0, w l ~ h  ckcompo~cs  in stdges 
The extent of the formation of the two basic c l ~ i o m ~ ~ t c s  in thls le,l~tlon 
can be given as follows 

CaCrO, 
Bas~c  chromate 

2Ca0 CrO, 6 8 

1 5Ca0 CrO, 86 4 

CaCrO, 6 8 

100 0 

If we assume that the basic chiornates cle~ornposc as  fast as 
they arc folined, ihe compleie decomposit~on of the cax bonate sl~oulcl 
occul accorclmg to the above calculat~ons at about 2% 474 In this 
expe~iment the correspondmg decomposition ol  the cllroinate 
is 26% 

The product of decomposition at thzs stage wcls ful the1 clecom- 
posed along wlth the chlomate in excess The vapoul pressme 
measurements at different stages viz , 25, 33 3 and 40% clicl not show 
,in appreciable change, showing that the compovncls fol incd 'kt tliese 
stages are more or less having nearly the salnc stablllty rmgcs 
The vapour pressul es are given in table VIII 

It 1s very d~ficult  to isolate the coii~pouncls of siii~ilar stability 
pal tlcularly In view of the existence of varlous collipounds 111 the 
rcactlons It 1s scarcely to be expected also that a mixture of two 
sollds will be sufficiently intimate fol the reaction to be complete In 
addition the reactions also depend to a great extent on the avadable 
surface of decomposition and requlre a long tinle foi r c x h m g  q u h -  
bllurn particularly when the compound undelgoing de~ompositloil 



TABLE VIII 

- 

Temp 
"C 

present In sinall quantrtles in the last stages of decompos~t~on The 
vapour piessules at d~fferent stages howcve~, show a variat~on on 
p~ogressive decomposit~on showing the formation of compounds 

It has been found that calcmm oxlde possesses the remarkable 
p~operty of colnbxnmg wrth calcrvm chromate to form both thc 
baslc chroinates 1 5 R O  CrO, and 2 R 0  CrO, The hlgller basic 
chromate IS obtamed by heatrng calcmm chromate with calcium 
oxxde, the formatloll of the st111 h ~ g h e ~  basic chromate 3 R 0  
C10, being not detected in the ieaction The observation of 
Datar, Athavale and Jatkar that the basic chromate 1 5Ca0 C10, 
is ~nii~ally Iorined 111 the deconiposit~on of mlxtures of calc~um 
ch~ornate with calcium calbonate whlcl~ fnrther de~omposes m stages 
at 25%, 33 3% ancl 40% decompos~t~on has been confilmed The 
~esults  however show that the decornposltion 1s accompanied by Clie 
Iol ination of the Icss stable bas~c chromate, which ~n t l  oduces 
many complex~ties 111 the react~on by l~beration of oxygen 1x1 excess 
and by the folrnatlon of sold solutrons It IS clear f ~ o m  the measure- 
n~cnts  of the charac te~~s t~c  vapoui pressuies of the cornpouncls foxnled 
at the sevelal stages that 12Ca0 GCrO, Cr,O,, 9Ca0 4CrO,Cl,O, and 
15Ca0 C r O ,  9C1,0, forlned duimg the course of the reachon have 



smilar stability ranges and very near by the hame dec~mposit io~ 
pi essures 

The decoinposition of 2Ca0 C10, will be I cpicscntcd by the 
following tl~ermocl~etnrcal equation 

9(2CaO CrO,) =$(4CaO Ci ,0,) -I- 0, - 42 1 Cals 

Thanlrs of the author are due to Dr S I< I(: J d t h  lo1 his keel1 
interest and helpful guidance durlng tlm resea~cli 
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