
REACTIONS O F  CHROMA'I'ES AT HIGH TEMPERATURES 

I'AR'J' XIII-D~LO~IPOSITION O F  MIXTURES 01' CALCIU&I 
Cmoimrra WITEI MAGNESIUM OXIDE 

111 a systematrc work on the decon~poshon of m~xtnres of 
chromatcs of calcmm, stront~uin and barrum w ~ t h  the coliesponci- 
mg cal bonates, Atllavale and Jatlrar and Da ta ,  Athavnle m d  
Jatlrar (Thrs Journcll 1938, ZIA, 119, 176, 273, 1939, 22A, 111) 
I epor ted the ex~sterlcc oi s e w  a1 basic chromlum chi onlates at mter- 
mediate clecornpos~t~on Datar and Jatlrar ( I B z d ,  1939, 22A, 287) 
pomtecl out that the optlmurn mxtures for the formntlo~l of basx 
c h ~ o m r u n ~  ch~omates contaxn the chromate and the oxde in the ratlo 
of 2 1 tnols and that the mitral formatron of the b a s ~ c  cllromate 
1 2 R 0  8Cr0, 1s followed by the f o ~ ~ n a t ~ o n  of the basic chroml- 
urn chromates 12RO(iCr0,Cr20, 9R04Ci0,Cr20, and 15R06Cr0, 
2Cr,0, at 25%, 33 3% and 40% stages of the complete decorn- 
pos~t~on.  

A mixture of calclurn chromate wlth soclluin carbonate in the 
ratto of 2 1 mols when heated deconlposes wlth evolution of carbon 
dlox~de and fol ms a basic chromate 4Nd@ SCaO SCr O,, which clecom- 
poses in stages co~respoi~cl~ng to 25%, 33 3% and 40% decomposrtion of 
the chr omate to form the conlpounds 4Na,0 SCaO GCrO, Cr,O,, 3NL1,0 
6Ca0 4CrO,Cr,O,, 5Na,010CaOGC1O,2Cr20, (Datar and Jat lr~r  
I b z d ,  1939, 228,  255) The object of thls mvesllgation IS to find out 
whether stages s~rnllar to those obtamed m the decompos~tion of 
mlxtu~ es of calcium chromate w ~ t h  calcrwn carbonate and with sodlum 
carbonate, also occui m the decornpos~t~on of mixtures of calcmin 
chromate wlth magnesium oxide A 1;nowlcdge of the stab~hty of the 
drffcrent compounds obtamed IS useful ~n the manufacture of cl~ro- 
mates, as the oxrdatm~ of the chrome ore takes p l a ~ e  m preserlce of 
magnesium oxide, whlcli 1s generally present to ihe extent of 15% In 

the chrome ore, 



EXPERIMENTAL 
The expenmenial pi ocedur e followed wtts tho s;lmc '15 usecl 

and describecl by Athavale dncl Jatka~ ( I h d  , 1937, 20A, 1 11) A 
dlagiammrzt~c sketch of the new appar d u s  1s givcn in fig 1 A11 tlle 

expeiit~lents (upto 1100°C ) wele cairwl out in a furnace wouncl wdh 
nichroine wire The substaims under study we1 e pui e (betlet ilm 
9905%) and the mixtu~es were prepared by tho~oughly gi~tlcling in an 
agate mortar The charge was put in a plat~num boat p l a ~ e d  in a 
quartz tube in the furnace m such a way t h ~ t  the boat came in the 
centre of the furnace The quartz tube was lo~ncd through d lubber 



cork covered with sealmg wax, to the lest of the apparatus conslstmg- 
of a manometer to note the pressures, a Topler pump to evacuate the 
apparat~ls whenever necessary ~ n d  two phosphorus pentoxicle tubes 
to dry the gases evolved The apgxatus was co~nplelely evacudted 
and vacuum WLZS maintained ovelntgllt fol cletectmg leaks The 
furnace was then heated gradually, the seallng wax cover ovei the 
rubber cork joint being kept cool u n d e ~  wet cloth The temperature 
was recorded and automatically contiolled cvlthin lo by a Mlcromax 
autoinatic recoldel and controller (cf fig 1) The ieachgs weie 
occas~onally checked agamst a standai d platilium I esistancc thermo- 
meter As the vapour pressuies were lorn, the mea~urements of 
pessure  (upto 25 m m )  were m d e  on a cathatometer reaclmg 
to Ii~uldreth of a mm The higher pressules were lead on n 

meter scale fixed alongside the n~anometer The decomposition 
was determined by the measuielnent of gases evolved The gas was 
measured In a burette enclosed 111 a water jacket (fig 1) at atmos- 
pheric pressule The gas was analysecl fol cai bon d~oxxde, oxygen 
ancl any admixed an, by treating w ~ t h  potassi~rm hydroxide and 
phosphorus m succession 

The formatloll of coinpounds at mtermedlate decomposit~on 
was always determined by the measurements of the character~stlc 
drssoc~at~on pi essures The format~on of solrd solution was ~ndicated 
by a gradual drop in pressure at constant tempelatu~e when successive 
quantities of gas evolved wele removed I t  was very essential to 
keep the closed system for a few lzours a t  constant temperatwe to 
allow the ieaction between sollds to proceed to equilibrrum especially 
at low temperatures and pressures 

The heats of reactions of several chroinmm chromates have 
been calculated by the appllcatlon of Nelnst's approxlmatlon formula 

-Q +z* 1 7 5  log T +TnC log I+ -- 
4 571T 

where K, 1s equllibrlum constant expressed as partial pressules of 
the gaseous reactants 111 atmospl~eres dlvided by the parhal pressures 
of the gaseous resultants ln atinospheles, 2 9 5  1s challge rn the number 



where 'aJ molecules of chl omiunl chi omate A clecoiq~osc pl otlucing 'bJ 
lnolecules of chron~iu~n chioimte I3 mcl I1 I ~ ~ ~ ~ C L L ~ C S  of oxygen 

Then 
log K,= log p 
2% =1 
C = 2 8 per in01 of oxygcn 

The Nernst's equation becomes 

-log p=T31T-1 75 log T-2 S 

If Q is heat of decornpositlo~l pel mol of oxygen m d  p 13 

e x p  essed m mms of merculy, the abovc fo~lilula ~cclucus to 
Q=4 571 T (log p - 1 7 5  log T-5 681) 

The value g w n  in the last column of the iablcs EOI (2 1 1 , ~  Ixcn 
expressed In Caloites per in01 of oxygen cvolvcd Q is heat 
rtbsoi bed durmg the decomposition and must be  t L ~ l ~ c n  with a 

The results on the clecon~posit~on of the imx tu~cs  of cdcium 
chromate with magnesiuin oxlde have been clcsci ibed below 

Decontposstzon o f  a mzxtzi? e o f  2 m o l s  of c a l c ~ ~ i m  c h  onzate 
z u z t h  1 waol of mngneszum oxede -A xn~xture of 2 mols of calciunl 
chromate with 1 niol of magnesium oxde  was heated 111 vacuun~ 
The oxlde used contamed 0 25% calbonate, which was clecoillposed 
completely by evacuation beIow 300" On furtlxi heatlng, a sllght pless- 
w e  of oxygen was developed due piobably to side i e x t i o n  The 
pressue did not regain on evacu,~t~on. The  mixtuie was stable up to 
825" A long time was required (5-6 hou1 s) fol the m1xtu.1 e to attam 
equ1llbllm at this tempe~ature, when steady and ieprocluctble vapour 



pi essures were obtained The clecompositloll pl essures of 
mixtru e at clifiel ent tciupcratul es we1 e then measmed, wlllch 
given 111 t&le I The lesolts are plotted m fig 2a, 111 ~vl~lch 
decomposltioil pi e s s ~ ~ i  e is shown an a funclion of ten~pcr~~ture, 

the 
are 
the 
and 

in hg 2b the logar~tlirn of pressuie is plotted against the iecipocal 

of absolute tempel ature The results show thclt the bnslc. chl onlate 
wh~ch 1s folrned (8Ccz0 4MgO 8Cr0,) is exceedingly stable and has 
got no vapoui prcssule at the temperature at wliich the mixed bas~c 



The vapour pl essui cs of thc basic chi omate wcl e I cpi oclucrble 
and the gas was completely abso~bed bctclr: on ~oo11ng 

25% sstnga -The baslc chioimte was cleco~nposecl by cvacu:~tmg 
at 947" untrla dlop in pressulc f ~ o m  5 92 msn to 1 20 111111 was obse~v-  
ed, wllen the clecon~pos~tron was 25 6% The PI o c l ~ l ~ l  ~ ( 1 %  L U U I L ~  l w ~ l  
the clccoinpos~l~oi~ pressui es of the cornpouncl 8Cs0 4MgO (iC10 ,Ci ,O, 
were measured, wllich ale shown gic~phl~c~lly in hg 2,1 , u ~ l  2b and 
glveli In table I1 Thc heat of c1ecoinposit~o1-1 of the co~~ipuuucl 1s (;0 4 
Cals , the reactloll belng seplesented by 

2(SCaO 4MgO 6Ci O,Ci ,0,) = P,(GCaO 3Mg0 4 CrO,,Ct ,,O ,) 
3 .0 , -GO 4 Ca15 

33 3% shge -On fux the1 clecolnl~ositlon ,it 918" by I einoving 
the gas evolved, the PI essures regitrnecl after each 'ivilhdl awal untd 
33 3% stage was I eached, wlzcil a cllop m plessul e ii om 1 88 .mm to 
0 88 mm was obselvecl The system was coolecl clotvr~ to tooln 
temyeiatrure and the decoinposri~on pl c s m  es of the compound 



formed at thxs stage were measured, which ale glven 111 table I11 and 
Aown glaplzlcalfy xn fig 2a and 2b 

Temp I Prissule 
"C in in 

Temp 
"C 



The heat of decomposltlon of the compound GC:O 3Mg0 4C10, 
cl,O, forllled 1s 6 1  5 Gals The clecompos~~~oii L J C C S  ~ I ~ L L C  X L L O ~ C I ~ ~ ~ ~  

40% s t q e  --The decom)iosillon was fulthei c.nilcc1 on at 988" 
u ~ l t ~ l  a diop in pressuie from 2 14 111111 to 1 23 11~11 W C L ~  ohsetvecl 

wlzen the decomposition was 40% The W ~ O L I I  p1 C S ~ L U  e I I I ~ ; L ~ I  e- 

inents ale given m table IV and shown gtaph~c~illy m I I ~  2 

The heat of clecoinposltron of the com~>ouncl 1 0CC~05Mg0  
GCI 0, 2Cr20, IS 63 5 Cals , the I eaction bemg I cplescntcd by  

$(TOCaO 5Mg0 GCi0,2C1,0,) = %)(4 C'LO 2Mg.0 2C1 C_),Ci,O,) 
4- 0, - 63 5 Cnls 

50% staqe -On futtlm clecompos~t~on at 1010" a diop 111 

pressure was observed flom 2 SS to I 0 mrn when thc cIccompos~tion 
was 50 4% The clecolnposltlon plessutes .11c givcn m Lhle V mcl 
shown giaplzlcally in fig 2 The forlmla suggcstccl fol the com- 
pound IS 4Ca0 2MgO 2Cr0, Cr,O, m d  h c ~ t  ~bsoibccl  clutlng the 
decomposit~on is 64 8 Cals pel mol of oxygen 

In all the con~pouncls plevio~~sly d e s c ~ ~ b e d  the ratlo o 

1010 

1012 

1021 

1035 

Fur thc~ decompos~tlon of thc compo~~nd  tvns c a i ~ ~ c d  out by 
evacuat~on at 1020' The plessulc c l d  not ~ c g m n  on cvacuat~on 
On complete ev'icuat~on at la20° the conlpound dccomposecl to 5G 5Y 
of the complete decoinposlt~on of the cliromate 

1 2 0  

1 28 

1 3 2  

1 7 6  

(i5 0 

ti4 7 

65  1 

65 Z 
- 



RO Cr 1s 1 5 1 and the maxlmurn number of mols of the base tllat 
the con~po~~ncl  coriesponclmg to 66 G"/,decoinposlt~on call take 1.; 

4, (RO Ct 1.33 1) (Datar and Jatkar Ibzd , 287) It 1s p~obable, 
thelefole, tIlcit the compound 2Mg0 4Ca0 2Cr0, Ci,O, is decomposed 
into lnixtul es  of ddler ent compounds at 66 6% stage, in .vvh~ch calciL~m 
oxlde and magtieslum oxlde ale piesent rn varymg proportions 
The decompos~tlon pressules of all the coinpounds formed durmg the 
decomposltlon of thc nlixtut e of calcium chr ornate w~th  magneslunl 
oxide a3 e I epl oducible at all tlie tempel atui es untrl the next stage IS 

formed on furthei decomposition But the vapour pressures of the 
coinpozu~cl 2Mg04Ca02CrO3Ci,0, at the 50% decompos~t~olz stage, 
do not legam the11 orlgmal value on decompos~tlon by pumping 
out the gas evolved, but drop down contlnuotrsly TIm observation 
In a way s ~ ~ p p o l t s  the assumption that tlie decompos~tion product 
of 2MgO 4Ca0 2CrO,Cr,O, 1s not a smgle substance but a mxtule 
of varlous compounds, having different compos~tions The forinulx 
for the baslc chromate and for the comporlnds coriespon6ng to the 
stages of decomposit~on at 25%, 33 3% and 40% can be obtamed 
by replacing Na,O by MgO In the formula gmen by Data  and Jatknt 
(Ibzd , 225) £01 the m~xed chrommm cl~romates of calclum and sodium 
The st~~xctural fo~mula  for 5Mg0 IOCaO 6Cr0,2Cr20, 1s accordingly 

On decomposlt~on thls compound breaks at the dotted Ilne 
glving the compound 2Mg0 &to, Cr,O, (50% deconlposit~on stage) 
wl~ich may have the structure 

(CaO) CaO) 



Decompos%tzon o j  a mxtzll e of 3 mds 01 calcbzm c h  omate 
z o % t l b  1 71~oZ of ~~zngnesz~im ozde -Athavale mcl Jntkx obscrvecl that 
m the decomposit~on of the tnsxtules of the cluotlmles with the ox~des 
where the oxlde 1s not sufficient for the coillplcte fol mation of the 

chromtum cbroinates, clecompositio~~ occul s wtth lnco~nplete 
fo~n~atlon of the compounds and wttlz the decornpositnon oi the lemain- 
lllg ch~omate independently The mixtules ol 3 mols of calc~utn 
chromate with 1 mol oE m,gnesium oxide, howcvci, clo not incl~cate 
the fol inat~on of calcium lnagncsmm ch1 oil-~iuin cht oin:~tcs tle5c1 rbcd 
above, but clecompose wd11 the vdpour pl essurcs cot I e s p o ~ ~ d i n g  to 
those of calcium chromate until a stage at czbo~~t 50% decompos~ t io~~  IS 

reached The result oi this expe~lmcat 1s clescilbcd below 

A rnrxtu~e of 3 rnols of calcmrn chtomLde wlt1-1 I in01 of 
inagnesluin oxide was heated tn vacuum at 325" f o ~  about 5 horlrs, 
when the piessure was 13 9 n l ~ n  The g , w s  (CO,+O,) wcrc pumped 
out and the system was cooled to the room tenlpeiL~tule The clecom- 
posltlon pressures at vallous temperaturcs ale givcn in table VI On 
cooling, the gas was coinpletely absorbed back The c1ecompos1- 
tlon pressuies were completeIy rcproduclble ancl coricspollclecl to the 
vapoul pt essure values at dif1eres-d temperatures 111 the clecoinposition 
of calcturn cl~lomatc (Athavale ancl J a t l ~ u )  

The mlxture was then clecomposecl ancl the vapou~  pessures  at 
the stages of decolnpos~tron at 25%, 33 3% and 40'j:, welc irleasuled 
The pressures at all the stages correspondecl to those of calcium 
cllromiate When the decoinposiilon leached SO%,, A drop 111 the 
pressure values was obse~ved, mdtcd~llg the form,~tion of a ncw 
compound at that stage The clecornpos~tion pressures of the com- 
pound have been given in table VII 



Decompoostzosz of a wzxture of X woZ of caZczum ch? onzate zuztA 
1 mol of nzngnesszim oxsde -The structural forrnulz assigned by Dntar 
and Jatkal to the co~npounds at dtfferent stages show the posslbillty 
of the formation of 13 or 14RO GCrO, CI ,0, at the 25%) lORO 4Ci0, 
CI@, at the 33 3%) and 8R0 3Cr0, Cr,O, or l6RO 6Cr0, 2Cr,0, at 
the 40% stage The results of Athavalc and JatIrar show, however, that 
the highel proportion of the base has absolutely no effect on decomposl- 
t ~ o n  of the rn~xtures of the cliromate of calcit~rn and st~ontrum tv~th the 
col I espondmg cai bonat e, though the mxtui es of bar rum chromate 
with ba i~um caibonate containing hlgher ploportion of the carbon& 
glve at coilstant tempel atul e an increase In the decornposlt~on w~th  
increasmg amounts of the carbonate It  1s now obberved that the 
excess of magnesium oxide xn the inlxture of calcmtn chromate w ~ t h  
lnagneslunl oxde hlnders the formation of the baslc chromate and 
comequently of the furthel decomposition products and thc mixture 
behaves xn ds decomposition slmllarly to calcium chromate The 
m~xture of 1 mol of calcium chromate wlth 1 moI of magnesium oxide 
was pa~tlcularly chosen for this ~nvestigat~on as rt contained the 
reclzrlslte amount of the base foi the formation of the baslc chromate 
c o ~ ~ e s p o n d ~ n g  to the formula 2 R 0  CrO, The folination of this com- 
pouncl, was however, not lnd~catecl m the dccompos~tion ol the mxture 

-- 

Temp PI essure 
"C lnm 

About 1 grn of a rn~x tu~e  of calclurn chrolnate and magnesium 
oxide (1 1 mols ) was heated in vacuum The decoinpos~tion stal tecl 

at about 250" The mlxture lnltlally showed pessure of oxygen 

- 
827 

85 7 

877 

-- 
1 92 

4.20 

7 06 



The vapour plessuies ale colnpnl able 10 those of calclutll 
cllrolnate On dccompos~tlon, the tneasui eincnts of thc v,\pour 
pres5ures at the liltelmediate stages d~cl not show any dl.mge nntd a 
drop m plessme values was obscivecl when the c l ccompo~~ho i~  icacllecl 

50% The decompos~tlon piessures of thc compound f o ~  mecl at this 
stage ale glven m table IX 

TABLE VIII 

- 

The comparison of the vapour pessures  ,at dlflerent tempera- 
tures show the identity of this compo~~ixl wtth the L O I ~ I ~ O U I I C ~  obtained 
m the decomposltmn of a s~milar mlxture of 3 nlols of calciuln 
chromate with 1 mol. of magnesium oxlde It niust be ment~olled that 

Temp 13ressur e 
"C ml'n 

---....- 

- - - - - - -- 

1'1 cssure 
111 111 

-- 
17 GO 

29 46 

5 1  00 

S6 50 

-- 
Temp 1 Pressure Temp 

" C mm "C 

945 

984 

1003 

1025 

781 

814 

858 

888 

1 7 2  

2  36 

3 60 

4 56 

1 24 '318 

2 20 941 

4 64 967 

9  48 997 



tho~lgll the orig111al VapOur preSSLlres of the mixture are comparable to 
the decon~posil~on pressures of calcmin chromate, the vapoLlr press- 
~ l r e s  at 50% stage are coilsiclerably lower than those fol thc cones- 
poncllng stage obtained by Athavale and Jatkar m the clecompos~t~o~~ 
from calcluni chromate Tlxs ss pal tly clue to the different nlethods of 
preparation of calc~urn chlomate Athavale and Jatkar preparecl 
calclum chromate by n e u t ~  alisation of chronlic acld wlth h e ,  while 
111 thls mvestigat~on the chromate was preparecl by prec~pitatmg O L I ~  

from calcmm chloride soi~~tlon by potassn~m chronlaie It wllI aIso 
be noticed that the probablldy that the baslc chroma.te SCaO 4Mg0 
SCrO, is formed 1s rnaximuni when calcium chi omlte and rnagnes~um 
oxde  are present m the mxture in the ratlo of 2 1 mols 

The re~narkable ploperty of the c l ~  omium chromates of taklng 
up a lalge arno~lnt of the base to lorm m x e d  baslc chromir~rn ch~o- 
mate of definlte composlt~on I S  further emphmsed by the exper~~nenfal 
iesults 111 this ~nvestlgat~on The property of magnesturn oxide In 
formmg highly stable mixed bas~c chroinrunl chroinates is remarkable 
partlcrrIarly as inagnesruin chroinate 1s very unstable and decomposes 
completely at 550' whlch IS a low tenlperature coinpared to the 
temperatule at whch basic chloinlum cht omates are found to be 
stable 

SUMMARY 
A rnxxture of one lnol of calclunl chromate with 0 5 mol of 

rnagnesrurn oxrde decomposes with inrtlal formntlon of SCaO 4Mg0 
SCrO, in successive stages at 25%, 33 3%) 40% ancl 50% decomposrt~on 
wlth the foimat~on of the compounds 4Mg0 SCAO 6Cr0, Ci,0, (25%)), 
3Mg0 GCa0 4Cr0, Cr,O, (33 3%) 5MgO lOCaO GCr0, 2Cr20, (40%) 
and 2Mg0 4Ca0 2Cr0, Cr,O, (50)% The nllxtures wlth lower or 
hrgher proportions of the oxlde decompose giving pressures tdenti- 
cal wlth those of calcrum chromde untd the system attams 50% stage 

The l~eats  of decompositron calcrrlated from the characte~istlc 
decomposltlon piessures of the compouncls by Nernst's formula are 
grven by the the1 rnochein~cal equat~ons 

$(8Ca0 4Mg0 SCrO,) =5(8Ca0 4Mg0 GCIO, Cr@,) 
$0, - 57 5 Gals (1) 



The cotnpallson of the stabillL~c\ ol the cllrfetcill coinpouncls 
show thdt the baslc chloinate 1s hlghly s l~ls lc  All the ~o inpo~~nc l s  
except that at the 25% stage are more stablc 1 1 ~ 1  tllc coil esponcli~~g 
compounds 111 the clecoinpos~t~on of tnlxtu~cs 01 c'll~rnm cht ornate 
wlt1-1 sodlum carbonate 
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