REACTIONS OF CHROMATES AT HIGH TEMPERATURES

ParT XV—DECOMPOSITION OF MIXTURES OF CALCIUM CIROMATE
wiTa CaLcIUM OXIDE AND WITH CALCIUM CARBONATF

By D 8 Datar
INTRODUCTION

A large number of papeis have been published on the decom-
position of calerum chromate with caleium oxide In 1922, Nayai,
Watson and Sudboiough (This Journal 1924, 7, 54) mvestigated
the reactions beiween calcium oxide and calaum chiomale at
various temperatures m air and came to the conclusion that the
addition of 01 equvalent of calcium oxide causcd the decompost-
tion to start at about 800° the decomposition al 1000” bemng aboul
10%, though a pure sample of calcium chiomate showed no signs of
decomposition when heated up to 1000°  The decomposition i1s obvi-

¢ ously due to the formation of a cerlamn compound of low stability

The results of Nargund and Watson (Ibed, 1926, 7, 149) on
the decomposition of the muixtures i au are m agieement with the
obseivations of the previous workeis They [urlher studied the
decompostiion of CaCi10,+Ca0 (1 1mol) at 900° by evacuation
in stages, and observed that the decomposition was 25% when the
pressure diopped down to 300 mm and 38 8% when 1t further
dropped down to 250 mm  They observed the foirmation of a
{hird stage at 40%, when the pressure was 1ceduced still fuiiher
Athavale and Jatkar (Ih:d , 1938, 21A, 119) observed thal the com-
pounds at the different stages obtamned in the decomposition of calcium
chromate with calcium carbonate i place of calcum oxide are
exceedingly stable, the decomposition piessures for the different
stages given by them being considerably lowe:r {han those obianed
by Naigund and Watson for the corresponding stages m the decom-
position of calcium chromate with calcum oxide  The large vaiiation
mn the vapour pressure data seems 1o mdicate that the 1eactions n the
two cases are entirely different

Datar, Athavale and Jatkar (Ibed, 1989, 22A, 111) obtamed a
compound 12Ca0 6CrO, Cr,0, at 25% decomposttion of the chromate
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by the reaction between calcium chromate with calcrum caibonate,
the compound formation bemng preceded by the formation of the basic
chiomate 1 5Ca0O CrO,; On further mvestigations with the mixture.
of the chromate with the carbonate, it now appears that this 1eaction
1s accompanied to a certain extent by the formation and side decom-
posttion of the other basic chromate 2Ca0O CrO,

EXPERIMENTAL

The apparatus used and the experimental procedure followec
was the same as described previously Pure calcium oxide war
prepared by heating pure calcium carbonate at 775° for 5 hours
Calcium oxide was cooled and preserved in a soda lime desiccator
A mixture of 2 mols of calcium chromate with 1 mol of calcium oxide
was heated in vacuum  The mixtuie contamned calcium carbonate tc
the extent of 019%, which was completely decomposed below 5007
The decomposition pressures of the mixture are given 1 table I anc

graphically shown n fig 1A and 1B
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TaBLE I
Author Nargund and Watson
T%rcnp Prlis_;;ure O 1 Cals. T%gap I3rne§:;1ule
558 064 417
578 120 417
610 2 64 420
635 4 92 42 2
660 766 426
691 220 421 740 16 0
723 480 421
7505 940 490 795 380
780 1620 49 92 835 103 0
806 216 0 427 855 188.0
875 2750
885 356 0

In table I the values for the decomposition pressuies for
similar mixlures measured by Nargund and Watson have been given,
which show a gieat vaiation from the 1esults of {lus experiment,
being comparatively lower for the same temperalmie The variation
may be attribuled to the difference mn the methods of preparation of
calctum chiomate  Nargund and Watson prepared calcwim chromate
by exact neutralisation of chiomic acid with ime, wiile the chiomate
in these experuments has been prepared by pirecipitation from a solu-
tion of calcium chlonide by potasstum chiomate

On decomposition the system showed the same vapour piess-
ures of the original mixture at 14%, 25% and 83:3% decomposition of
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the chromate  On further decomposition to the 40% stage a gradual
drop n the pressure values at the various temperatuies was observed
The results are given 1n tables 11 and 111

TaBLE I
14% decomposition 25% decomposition |33 3% decomposition
Temp Pressure | Temp Pressure | Temp | Pressure
°C mm °C mm °C mm
571 072 578 092 631 352
616 280 645 478 646 366
667 1000 680 12 96

The muxture was further decomposed and at about 50% decom-
position the piessure values obtammed were identical with those of

calcium chromate

TaBLE III
40% decomposttion 53% decomposition
A B

Temp Pressure | Temp Pressure | Temp | Pressure
°C mm °C mm °C mm
647 060 703 184 810 204
743 290 748 460 855 412
T 8 24 769 16 04 893 8 40

In table III under the headmng 40% decomposition (A) the
decomposttion pressures when the system reached 40% decomposition
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have been gven The measurcments were 1epeated afier cooling
back to 100m temperatute (B) The 1csulls show that the vapow
pressures at 40% stage are not defimte probably on account of the
cxistence of solid soluttons  The formation of solid solutions being
pronounced at the decomposition slages neaumg H0% stage  The
obseivation of the low values for the decomposition pressuies by
Nargund and Watson also mdicate the formation of solid solutions
between the two possible basic chromates, where mn the stable basic
chromate 1s present to a gieater extent  The mistutes contamnng the
chromate prepated fiom chromic acid and lume behave similaily to the
system C1,0,-+CaO +0, described later

As the vapour piessuies of calcrum chiomate appear m the
decomposition of the muxture at about 50% stage, il would ndicate
that half of the chiomate m combmation with the base piresent has
completely decomposed with the formation of 2Ca0 Ci10, and {he
vapour pressures observed al the 50% slage weie due {o the
decomposition of calcwm chiomate m excess  Tlus experiment
{hus shows that the formula for the basic chiomate 15 2CaO C10,
The basic chiomate decomposes according lo the followmg
equation

9(2Ca0 CrO,)=4Ca0 C1,0,+30,

The product of decomposition ot 2Ca0 C10, 1etains the whole
of the base preseni in the basic chromate, no base being sepatated m
the decomposttion The basic chromate has therefoie been icpre-
sented by the formula 4RO Cr,0, and by the structmie given
below

Ca—0 0O—Ca
/ NCr—0—cr” N
O\Ca_o /C 0] Cr\o__.ca /O

The compound 3Ca0 Ca(C10,), or 4Ca0 C1,0, has been pre-
viously obtaned by Moussdn [dnn Chim  Phys , 1895, (7) 4, 142,
Bull Soc Clawm, 1902, (3), 27, 664] by healing chiommum with
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calcium oxide and by Dufau [Ann  Chwm Phys , 1897, (7), 12, 268]
by heating a muxtuie of chromic oxide and calcum oxide

The formula for chrommum trioxide suggests the possibility of
the formation of the higher basic chromate 2CaQ CaCrO, or 3Ca0
C10,

O

| (Ca0) O=Cr==0 (Ca0)

(r=0 u

O (Ca0)
Chromium trioxide Basic chromate

The previous experiment with a lower proportion of the base
howeve1 did not give any indication for the existence of this compound
The 1eactions of calcium chromate with the i1equisite proporiion of
the base also lead to the same conclusion

A mixture of 1 mol of calcum chromate with 2 mols of
calecum oxide was heated i vacuum — The equilibrium vapour
pressures of the mixture are given in table IV and plotted m fig 1A
and 1B The vapour pressures show the complefe 1dentity of the
compound formed with 2CaO CrO,

TaBLE IV
Temp Pressure |+ Q Temp Pressure
°C mm in Cals °C mm m Cals
498 028 (39 8) 669 1148 42 31
601 196 42 45 680 1472 42 37
633 4 32 42 33 711 3000 42 46

The vapour pressures measured at the difterent stages of de-
composition given i table V coirespond to those of 2Ca0 CrO, and
confiim the previous observation that the basic chromate decomposes

directly to the basic chromute 4Ca0 Cr,O,
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TABLE V
9% decom- | Temp |Pressure % decom- | Temp |Pressuie
pasition °C mm position °C mm
25 672 924 75 694 15 00
694 18 52 80 6941 13 04
333 694 1812 90 694 11 84
40 694 16 00 715 200
50 699 18 52 96 617 30
66 6 692 14 80 670 8 54

A drop mn the pressure values 1s observed at the higher stages
of decomposition

It must be mentioned here that the decomposilion pressuies of
the basic chromate 2CaO CrO, are near thosc of calcium carbonale
The heat of decomposition calculated according {o Neinsl’s formula
from the characteistic decomposition pressures 1s given by the follow-
g equation

4(2Ca0 CrO,)=%4(4Ca0 Cr,0,)+0,—42 1 Cals

Decompositron of ealcyum chromate with calerum carbonate —
A muxture of calcium chromate and calcium carbonate m the ratio of
2 1 mols was heated m vacuum The mixiure decomposed with
evolution of pure carbon cioxide, which was pumped out {rom the
apparatus  The decomposition pressurcs of the mixlure weie then
measured The results given 1 {able VI confiim the conclusion of
Athavale and Jatkar (This Journal 19388, 11, 119) that ihe nuxiurc
decomposes with the vapour pressures of calcium carbonate, a small
quantity of oxygen being also given out 1n the decomposition

The decomposition of the mixtures startcd with the evolation
of pure carbon dioxide, which indicated the formation of a stable basic
chromate  The gas evolved on decomposition was collected mn
different tubes  The subsequent analysis of the gas showed that it
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contamed carbon dioxide and oxygen m the ratio of about 23 1,
wheieas, m the formation of the compound 12CaO 6CrO, Cr,0, at
the 25% stage according o the equation

4CaCO,+8CaCrO,=12Ca0 6C10; Cr,0,+4CO,+20,

a defimite ratio of 266 1 should exist between carbon dioxide and
oxygen in the admixture of the gases evolved mn the decomposition

TaBLE VI
CaCoO,
CaCrO,+CaCoO, 2Ca0 CrO, Landolt and Bornstein
Tables (1936, I, 2571)
Temp Piessure | Temp | Pressure | Temp Pressure
°C mm °C mm °C mm
431 128 578 120 624 494
510 200 610 2 64 7196 44 14
564 8 00 635 492 728 54 00
600 12 00 660 7 66 755.7 9190
642 14 26 691 22 00
697 27 12 723 48 00
742 72 00 7505 94.00

More oxygen was given out in the decomposition probably owing to
the side decomposition of the less stable basic chromate 2Ca0 CrO,,

which 1s also produced 1n the reaction

The formation and the decomposition of the higher basic
chromate n the decomposition of mixtures of calcrum chromate with
calcium carbonate can be represented by the equations given below

2CaC0,+2CaCr0,=2(2Ca0 CrO,)+2CO,
2(2Ca0 Cr0Q,)=4Ca0 Cr,0,+3%0,

The equations give the ratio of carbon dioxide to oxygen evolv-
ed 1n this decomposition as 1 83 1 Now if we assume that the excess
of oxygen given out 1s supplied by the decomposition of 2Ca0 CrO;,
the hugher proportion of oxygen can be explamed on the assumption
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that the higher basic chiomate sepai ately decomposed to the extent of
68% A pait of the oxide takes pail m the formation of 2Ca0 CrO,,
the rematning enieiing mto combination with the cluomate to form
the lower basic chromate 1 5Ca0 C1O, which decomposcs - stages
The extent of the formation of the two basic chiomates m this 1eaction

can be given as follows

TasLe VII
Basic chromate Ca?rog C;lo decomgouhon
% % %
2Ca0 CrO, 68 13-6 68
1 5Ca0 CrO, 86 4 86 4 921 6
CaCrO, 68 — _—
1000 100.0 98 4

If we assume that the basic chiomates decompose as fast as
they arc formed, the complete decomposition of the carbonate should
occur according to the above calculations at aboul 28 4% In this
experiment the corresponding decomposition of the chromate
15 26%

The product of decomposition at this stage was further decom-
posed along with the chiomate in excess The vapour pressuie
measurements at different stages viz, 25, 33 3 and 40% did nol show
an appreciable change, showing that the compounds formed al ihese
stages are more or less having nearly the samec stabilily ranges
The vapour pressuies are given tn {able VIII

It 1s very diufficult to 1solate the compounds of simular stabildy
particularly 1n view of the existence of various compounds n the
reactions It 1s scarcely to be expected also that a mixture of two
solids will be sufficiently intimate for the reaction to be complete In
addition the reaclions also depend to a great extent on ihe available
surface of decomposition and require a long time for reaching equli-
bium particularly when the compound undergong decomposttion 1s
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TasLe VIII

——é;(;% decomposition | 33 3% decomposition | 40% clecompomu;i; 4
Temp Piessure | Temp Pressure | Temp Pressuie

°C mm °C mm °C mm

951 128 921 10 978 128

978 222 954 140 1007 192

998 276 988 2 44 1032 280

1024 3 60 1020 304 1047 800

present n small quantities in the last stages of decomposition The
vapour piessuies at different stages howcvei, show a variation on
progressive decomposition showing the formation of compounds

SUMMARY

It has been found that calcium oxide possesses the remarkable
property of combming with calcrum chromate to form both the
basic chromates 15RO CrO; and 2RO CrO; The higher basic
chromate 1s obtained by heating calcium chromate with calcium
oxide, the formation of the still higher basic chromate 3RO
Ci10, bemg not detected in the 1eaction The observation of
Datar, Athavale and Jatkar that the basic chromate 15Ca0O CiO,
1s milially {ormed in the decomposition of mixtures of calcium
chiomate with calcium cairbonate which further decomposes 1n stages
at 25%, 88 3% and 40% decomposition has been confitmed The
1esults however show that the decomposition 18 accompanied by the
[oimation of the less stable basic chiomate, which ntioduces
many complexiiies in the reaction by liberation of oxygen m excess
and by the formation of solid solutions It 1s clear fiom the measure-
ments of the characteristic vapout pressuies of the compounds formed
at the seveial stages that 12Ca0O 6CrO; Cr,O;, 9Ca0 4Cr0,C1,0, and
15Ca0 6CrO, 2C1,0, formed duimng the course of the reaction have
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stmilar stability ranges and very near by the same decomposition
pressures

The decomposition of 2Ca0 Ci1O, will be 1cpresented by the
{ollowing thermochemical equation

$(2Ca0 Cr0,)=2(4Ca0 C1,0,)+0,—42 1 Cals
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