REACTIONS OF CHROMATES AT HIGH TEMPERATURES

PART XVII—DECOMPOSITION OF MINTURLS 0F CALLIUM
CHROMATE WITH FERRIC OXIDE AND WITH
Cnromic OXIDE
By D 8 Datar
INTRODUCTION
The formalion of mised basic chromium chiomates of defuute
composition was observed at difierent stages in the decomposilion of
the mixtuies of calctum chiomate with magnestum oxide, with calcium
oxide and with sodium caibonale It was micicsting to study the
behaviour of the mixtuies of calctum chromate with ferrie oxide and
with chromic oxide at high tempeiatuie  The former 1eaclion has a
bearmng in the manufactuie of chiomates as a partial 1eplacement
of calctum oxide by fernic oxude i CaO+Na,CO,+chiome ore
mixture has been recommended for usc m the chiomate luinace
Also as the chrome o1e 15 a feiric chromile, the oxudation of the ore n
presence of lime and soda piobably occus wilh the formation o
mixed compounds of uon and calcium or sodium

EXPERIMENTAL
The apparatus uscd and the expermmental procedure [ollowec
was the same as i the picevious paits of this seiies
Decompositron of maxtures of calcwwm clwomate with ferre
ozide—Datar and Jatkar (This Journal 1939, 224, 225) hav
published their results on the decomposition of mixtuics of calemn
chiomate with ferric oxade  Then experiments show the possibilit
of the formation of the basic chrommum chiomate of mon  Fuithe
investigation 1s necessary {o find oul the exact amount of feriic oxid
entering mlo combmation with calcium chiomale
A mixtwe of calcum chromate with feriic oxide (2 1 mols
was decomposed mn vacuum The decomposition staited al about 250
mn agreement with the previous results The bl pressuie «
oxygen al 275° was 2 8 mm , which was pumped out o 04 mm Tl
temperature was 1aised to 331° when the picssure was 3 16 mi
The gas was slowly absorbed back and the pressure dropped dow
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{0 286 mm 1n one and half hours and fuither to 1 76 mm 1n § hours
On cooling only a pari of the oxygen was absorbed back The mix-
turc was heated again slowly, when the pressurc of oxygen over the
mualure was 1 04 mm at 353° and 2 72 mm at 444° The pressure at
the latter temperature dropped {rom 272 mm to 182 mm m two and
half hours and remaned constant al that value The temperatuic
was raised when.the pressure at 555° was 8 56 mm  On cooling back
to the room temperature, only a part of the gas was absorbed, the
pressure of the gas unabsorbed bemg 42 mm On pumpmg out
the gas the piessure values slowly dropped down The measure-
ments made are shown m fig 1, along with the measurements
by Datar and Jatkar at 0% and 25% decomposition stages The
vapour pressuies are not reproducible The pressuies depend upon
the rate of heating, the ligher values beimng obtamned if the system 1s
heated rapidly and the pressures undei these conditions drop down
at constant temperature unfil equilibiium 1s attamed The values
for the pressuie are low below the tempeiature, at which the system
has been pieviously evacuated, the ongmal values being attamed at
higher temperatures

The decomposition was carued oul further and the vapour
pressurcs over the mixtme were measured at different stages
of decomposition The pressuie values at difierent stages given n
table T and shown m fig 1A and 1B are lugher than those obtaned
by Datar and Jatkar at the 25% decomposition stage and shown m
fig 1A and 1B

TaBLE 1
% Temp Pressure
decomposition °C mm
23 835 11 50
25 837 12 40
28 6 849 12 56
3338 849 1192
40 849 11 34




The 1esults given above do not show an appreciable diop m {he

piessute values at the vailous stages ol decompostlion

The vapour

pressures after the system had reached 50%, 599% and over 60% decom-
position have been given 1 table I1 and shown m fig 1A and 1B
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TaBLE II
50% decomposition 59% decomposition 60% d egggposxtmn
Tfmp Piessure | Temp Pressuie | Temp P1essure
C mm °C mm °C mm
711 114 778 1.56 785 144
803 3 60 785 196 887 768
862 944 863 7 32 905 944
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The vapour pressures of the system at about 609, decompost-
tion were 1dentical with those mn the decomposition of calcium
chromate Itis apparent fiom these results that the decomposition
of the basic chromate formed by the combiation of a part of the
chiomate with all the oxide present i the muixtute had been complete
and the vapour pressuites observed at {lus stage weie duc to the
decomposition of the chromate in excess The mixture contamned 2
mols of calcum chromate and 1 mol of ferric oxide It appears
therefore that half of the total chromate in the mixture had combined
with ferric oxide, with the formation of the basic chromate CaO Fe,0,
CrO,, which can be 1epiesented by the stiuctwie given below —

O\ /O
(Ca0) O=Cr=0 (Fe,0,) Ca Cr Fe—O—Fe=0
1 NN
o)

This compound decomposed completely and without giving any

stages according to the following equation
2(Ca0 Fe O, CrO,)=2Ca0 Cr,0, 2F¢,0,+20,

At high tempeiatures formation of ferric chromate by the
reaction between calcium chiomate and feriic oxide takes place as
3CaCrO,+ Fe,0,=Fe,(Ci0,),+3Ca0, which decomposes to ferric
chromite as 2(Fe,(CrO,),)=2Fe¢,0, 3C1,0,+30, a laige amount of
oxygen bewng gwven out, which disturbs the equilibrium in the
decomposition of the basic chiomate CaO Fe,0,CrOy It should
be mentioned 1n this conneclion that according to Blanc (Annales
De Chimie, 1926, VI, 182) the chiomate of rron, which he represented
by the formula C10, 2F¢,0,, decomposes al about 500° with evolution
of heat At high temperatures the pressure values obtamned for
the origmal mixture were lower than those observed after the subse-
quent decomposttion of the muxture (¢f fig 1A and 1B) Tlus
consistency 18 obviously due to the side decomposition of ferric
chromate

From the above considerations it would appear that a major
portion of wron oxide combimes with the cluomate to foim the basic
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chromate CaOFe,0,C10, The 1emammg porlion of the  oxde
s utilised m the formalion of ferric chiomate, the lune liberated m
the 1eaction combmung with calcum chromale to form the basic
chiomate 19Ca0 8CrO, The vapour presstucs ol calcum chiromate
ate therefore mdicated mn the decomposition of miatuies of caleum
chromate with ferric oxide when the less stable compounds Ca0O
Fe,0, C10, and Fe,(C10,), are completely decomposcd  Tlus stage
was indicated mn this mvestigation at 60% decomposition of the {otal
chiomate A simple calculation shows that about 5% of feriic oxide
had combined to form feriic chiomalc  The decompositions of
the various compounds occurring at the diffcient stages of the 1e-
action can therefore be repiesented by the following data (lable 1IT)

TasrLe III

Compound D,Fg?;? %%S%;S 1 Remarks
Ca0 Fe,0, CrO, 45 0% Complete decomposition
Fe, (C10,), 15 0% " %)
12Ca0 8CrO, 0% No decompostiion

The final product of decomposition of CaO Fe¢, O, C10, has
been 1epresented as 2Ca0 C1,0, 2Fe,0, A concsponding compound
of caleum, namely 4CaO Cr,O, has been obtamed by F Mousson
and E Dufau (¢f Mellol, A treatise on Inoiganic and Theoretical
Chemustry, Vol XI, 199) and also by the autho1 (¢f pat XV)

Decomposition  of mmatuses of Calewwm Chromale with
Chromwe  Owide —The addition of ferite omde accelerates the
decomposition of calcrum chiomate on account of the formation of ihe
basic chiomate CaO Fe,0, C10,, which decomposes to 2Ca0 2Fe,0,
Cr,0, without givng any compounds al the mtermediale stages of
decomposition 1t was theiefore interesting to study lhe decomposition
of the coiresponding compound CaO Ci,0, C10,, the fornation of
which 1s possible m the reaction of calcum chiomate with chiomic
oxide at high temperature
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A muxtwe of one mol of calcrum chromate with one mol of
chromic oxide was heated in vacoum  The mixtuie began to
decompose at about 200° the mitial pressurcs being 048 mm at 220°,
214 mm at 320° and 2 80 mm at 350°

The misture was heated at 800° for about 8 hours, when it
showed a lillle pressure of oxygen, which was reachly and completely
absorbed back on cooling the system to room tempeiature The
decomposition pressures of the nuxtuie at different temperatures ate
gwven 1n table IV and shown in fig 1A and 1B, p 280 The decompo-
sition pressuies agiee with those observed by Nargund and Watson
(This Journal 1926, 7, 149) while studymg the decomposilion ot
the muxtures of calctum chromate with chiomic oxide m difterent
proportions (table IV)

TABLE IV
Author ’ Nargund and Watson
Temp Piessuie Temp Pressure
°C numn Q Cals { °C mm
774 160 515
811 300 521
834 4 90 52 2
859 7 68 525
888 12 40 52 8
897 17 18 525 930 220
941 3190 531
953 41 00 531
997 838 00 58 4 990 9500
1031 178 00 599 1030 1500

On cooling, a portion of oaygen was readily absoibed back the
remaining bewng absorbed very slowly  After pumpmg out the
residual gas, the decomposition pressures were agamn measuled
The higher vapour pressures were observed and the piessure values
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at constant temperature slowly mcieased with approsumalely a con-
stant rate, viz, 1 mm per how at 812° and 2 8 mm per how at 831°

The compound decomposed completely
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Nargund and Watson believed that the compound {ormed can
be represented by the formula 2Ca0O 2CrO, Cr,0, The determmna-
tion of the exact piopoition of the base requued to form a compound
15, however, a matter of considerable expennmental difficully as side
reaclions usually occut at tugh temperatmies It appeats now that the
assumption of the formula 2Ca0 2CrO, Cr,O, for the compound formed
m the decomposition of calcium chromate with chiomic oxide is not
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necessary, as the behaviour of the nuxtures can be better ex-
plained by assuming the formation of CaO C1,0, CrO,, the compound
corresponding to the geneial foimula 2RO CrO,, sinilar compounds
bemg found to occur i the reactions of chiomates with oxides at
high temper ature

The results observed by Nargund and Watson particularly for
the muxtures contaiming lower propoition of Cr,Q4 are favourable for
the stiucture CaO Cr,O, CrO, for the compound The higher decom-
position for the nuxtures contammg 05 mol of Cr,0, appears to be
due to the side decomposition of calcium chromate The observation
that the vapour piessures at constant tempeiratuie mcreased with a
constant 1ate also supports this conclusion  If the stagewise decom-
position of the chromate mn different mixtures at 1030° can be assumed
to be complete lo the 80% stage, the results of Nargund and Watson
show that the side decomposition of the chiomate 1s almost absent in
the decomposition ot the mixtuies with lower proportion of chromic
oxide

It 1s interesting to note thal only a portion of oxygen evolved
at hugh temperatures 1s absorbed back on cooling As the decom-
posttion pressure measurements are vitiated by the side reactions as
well as by the formation of solid solutions, the heat of decomposition
of the compound CaO Cr,0,CrO, can be approximately given as
527 Cals, the decomposition being represented by the equation

4(Ca0 Cr,0, Cr0,)=%(2Ca0 3Cr,0,) +0,—52 7 Cals
The reactions of calcium chromate with feriic oxide and with
chiomic oxide are characteristic of the property of weak basic oxides

of forming the higher basic chromate 2RO CrO,, which decomposes
without the formation of compounds at intermediate decomposition

SUMMARY

1i 15 observed that the addition of ferric oxide accelerates the
decomposition of calctum chromate to a great eatent There 1s no
indication of the decomposition 1 stages This was due to the
formation of basic chromate CaOFe,0,CrO, which decomposes
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completely without the formation ol compounds af the milermedigle
slages, the final decompostlion procduct bemg the basic cdnomate
9Ca02Fe,0,Cr,0, The decompostiion  pressuies of  the  bagy
chromate could not be measuwied accuralely on account ol side

reactions

The mixtures of calctum chiomate with chromic onide af high
temperatures behave similatly to the muatures ol the chiromate wilh
ferric oarde  The basic chiomale CaQ C1,0, GO, foimed by heating
calcum chromate with chiomic oxude, decomposes without gving
additional compounds at the micimediate stages of clcmmpomtwn,
the reaction bemng represenied by the following cquation,

£4(Ca0 Cr,0, Cr0,)=34(2Ca0 5C1,0))+0,—527 Cals
Thanks of the author arc duc lo D1 S K K Jatkar for lus keen
mterest and helpful guidance duimg the cowrse ol this work
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