REACTIONS OF CHROMATES AT HIGH TEMPERATURES

Parr XIX—SyNrHESIS AND DECOMPOSITION
or Carcium CHROMATE

By D 8 Datar

INTRODUCTION

Sumtarity i the thetmal decomposition ot chiomic acid and 1ts
salts has been brought oul by the results of several investigations
Datar and Jatkar (This Jominal 1939, 22A, 119) have shown that
chiomium t11oxide decomposcs m stages with the formation of oxides
6CrO, C1,0,, 4C10O, Cr,0,, 3CrO, Cr,0, and 2CrO, Cr,0, at mter-
mediate decomposition, the compounds at the various stages bemg
characterised by dwslinctive rales of decomposition The basic
chiomuum chiomales corresponding to all these oxides, possessing
dehmiic cqulibimm decomposition pressmies have also been prepared
(Ibed , Parts 11, TV, VI, VII, VIII, X, X1, XIII, X1V, XV, XVI and
XVIII) DBuil alihough ihe existence of the lugher decomposition
stages at 66 6%, 7h% and 80% was not mdicated 1n the theimal decom-
postion of cliomuum tiioxide, the formation of the coriesponding
basic chiomium chromates has been reported though data 1s conflicting
and mcomplcte, (Paits 111, V and VII) Athavale and Jatkar expressed
therr doubts regairding the wndividuality of these compounds and
suggestled that the compounds fo1med when the puie chromates decom-
posed to 66 6% and 75% stages mught be 1dentical to the compounds
formed at the lowe:r slages i the decomposition of the chiomates
m prescnce of the oxides  Datlar and Jatkar assigned structural
fotmulee to these compounds on the consideraiton of a number
of imdications 1 the previous 1esults m support of thewr m-
dividuality It 1s mecessary, therefore, lo 1emvestigate the decom-
posttion of the chromatcs m order to ascertamn the identity of the
compounds formed m the lower and lugher slages of the decom-
position of the chromates of calcium, strontium and barwum
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In this mvestigation calcium chiomum chromates are pre-
pated by the decomposition of calcum chiomate 1n siage as
well as by the slagewise omdation of mixtures of chiomic oxide
and calcium oxide and then 1dentity has Dbeen thoioughly esta-
blished

EXPERIMENTAL

The apparatus and the experimental procedwe was the same
as described previously

In the oxidation experiments, oxygen prepaied by healing
pute ciysials of polasstum permanganate was admiiled mto the
apparatus thiough a phosphoius pentoxide tube An estimalion of
volume of gas introduced was always made by the measmiement of
pressure 1t produced To avoid the e11o1 1 pressuie measuiements
at high temperaluies owmg to the extiemely uneven {empeiatuic
of the reaction tube, which retammed a major poition of gas, oxygen
was usually admutted mn the apparatus al 100m fempeiraluie, when
a very accurate estimation of the total quanfity of gas mnfroduced
could be made from piessure measurements The apparalus was
also calibiated for estumating 10ughly volume of gas m the appaiatus
al mieimediate stages of the 1eaction by admitling known volume
of gas at diufferent temperaiuies and measuiing the piessutres pro-
duced The estimalion thus oblamed was sufficiently accurate {or
the required puipose

Accurate and 1ehable 1esults on the equlibrrum pressuics
of calctum chromium chromates arc necessaty m order {o delermine
the identily of the compounds produced in the decomposiiion of
CaC10, and 12Ca08C10,, paticulatly as the decomiposition press-
utes of the compounds 12Ca06C10,Cr,0,, 9Ca04C10,Cr,0, and
15Ca06C1 0, 2Cr, 0, produced at the mtetmediate decomposition of
12Ca08CrO, are very near each othet (¢f pait XV) Veiy accuiate
measurements of the chaiacteristic vapour picssures of these com-
pounds piepaied by the oxidation of the mux{uies of chiomic oxide
with calctum oxide were undeilaken wn order to supplement and
confirm the previous data
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Oudation of a merlure of chaomic ozide with calevum oxde
(I 8 mols) —A munturc of one mol of chiomic oxide with 8 mols of
calcium carbonate was heated m vacnum  The decomposition started
al aboul 300" On kecpmg al conslant {emperature, catbon dioxde
mitially evolved was absoibed back though extiemely slowly and the
final pressuies weie adentical to those of calcrum carbonate viz,
90 mm al 630° and 34 0 mm at 746° The caibonate was comp-
letely decomposed by evacunalion at 1000°

6Ca0 2C1 0,01 ,0,—The system was cooled io the room tem-
petatuic and oaygen was admitled into the apparatus sufficient for
aboul 33 3% oxidation, the complete oxidation bemng supposed to
take place when the chiomite was completely conveited mto basic

chromate

The oxidation started al low temperature, proceeding with an
appicciable 1ale at 480°  The piessuie of oxygen over the system
dropped al the tate of about 083 mm per munule at that temperatuie
The 1ale of oxidalion mcieased with rise of temperature and at
constant {emperatme was propoifional fo pressurc of oxygen in the
gas phasc  The 1eaction m one of the expciiments was carted out
between 500° and 600° for 28 houts {o find out whether slow oxidation
al low temperaluie produced a diferent sel of compounds As no
such difference m the process of oxidalion by change of temperature
was obseived, the ovidation was usually carried out at high tempe-
1atw e, when the 1caction occutred with 1apidity  When the amount of
oxygen m the gas phase was considerably reduced, further oxidation
proceeded vety slowly and it was found swiable to remove the gas
from the appaiatus before rasing the temperatute for the delermma-
tion of the equilibium decomposition pressuies of the oxidation
product, Usually the syslem was kept for a long time at lugh tem-
petatute to avord any spuiious 1eactions vitiating the equilibrmim
pressure measutements

The decomposstion pressures of the compound produced

when the syslem had undeigone 381% oxidation, are given in
table 1
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TasLE 1
Decompossbson pressures of 6Ca0 2C10,04,0,

Temp Piessurc Q
oC mm Cals
1026 044 68 2
1051 056 689

16Ca0 6010, 201,0, —The syslem was cooled to {he 10om
temperature and more oxygen was admitted for futther oxidation
The oxidation was rapid at 550° The decomposilion pressutes of {he
product at 57% oxidation are given i table 11

TasLe II
Decompositron pressures of 16Ca0 6C10, 201 0,

Temp Piessure Q
°C mm Cals
997 172 651

1026 3 28 630
1049 364 63 9
1061 416 (64 2)

90a0 4010, C1,0,~The decomposilion prossutes of the
further oxidation producls at 62% and 66% oxidalion arc given
table 111

The decomposition piessutes of the products at 62% and 66%
oxidation are same and show the identily of the compound pioduced
at the two oxidation stages

120a0 6010,0r,0, —The oamdation was further proceeded to
70% stage The oxidation m tlus case starled at about 550° The

decomposition pressures of the product al this slage ate gwen u
table IV
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TasLe II1
Decompositron pressures of 90a0 40r 0O, Cr,0,

62% oxidalion 66% oxidation
Temp Piessure Q Temp | Pressure
°C mim Cals °C mm Cals
901 104 (59 23) 962 170 61 32
942 136 (60 60) 983 2 86 61 62
975 256 60 98 1006 284 62 22
999 290 61 98
1027 408 62 50 1044 460 (63 08)
1046 488 (63 02)
TARLE IV

Decompositron pressures of 12Ca0 6C0r0, C1,0,

Temp Piessure
°C mm Cals
896 120 58 61
916 184 58 66
946 2 30 5973
972 292 (60 50)
1010 368 (61 89)

120a0 80 0,—On admitling oxygen, the reaction started at
about 550° When the oxidation reached 85% stage, the reaction was
very slow above 800°, further oxidation being possible only at
lower temperatutes The decomposttion pressures of the products at
88% and 100% oxidation are given in table V
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TasLe V
889% Oxidation 100% Oxrdation
Temp Piessuie Temp Piessuie
°C min °C mm
725 100 632 2 50
771 6 08 671 320
815 17 50 760 590
836 29 10 810 24 0
895 420 894 300

It will be seen that the oxidation of chionuc oxide m piresence
of calctum oxide (I 3 mols) takes place with the formation of all
the basic chrommum chiomates which occur m the decompostiion of
12Ca0 8Cr0,, the couesponding oxidalion stages occuiimg at 50%,
60%, 66 6% and 75% oxidation  Thus the vapow piessures of 6Ca0O
2Cr0, C1,0, are shown by the system belween 0 and 50% oxidation,
of 15Ca0 6CrO, 2C1,0, between 50% and 60% oxidation, of 9CaO
4C10, Cr,0, between 60% and 66 6% oxicdalion and of 12Ca0 6C10,
Cr,0, between 66 6 and 75% oxadation  TFuither oxidation of 12Ca0
6C10,C1,0, produces 12Ca0 8CiO; which dissociales nto calcium
chromate and calcrum oxide The product at the Jast stage of oardation
shows higher decomposition pressures probably owmg to the [o1mation
of 2Ca0 CrO, to a certan extent

Fig 1 shows the rehable values for the cquilibium decom-
position piessures of the mlermediale compounds [ormed hoth m
the synthests and the decomposition of calcum chiomale determmed
in the previous experiments and confumed m a seties of expertments
which follow
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SYNTIIESIS AND DLCOMPOSITION OF CALCIUM CIIROMAIR

Decomposiiion pressures of 2C10 GOy
Decomposilion pressunes of Ci0 Crz0; CLOy

Devomposttion pressutes of 12Ca0 8CiOy

Decomposttion preseuies of 12040 6C1Qy C1 04

Ducomposition pressures of 9C40 4105 Ci, Oy

{6) Devomposilion pressmes of 15Ca0 6C10; 201,04

(7} Decomposition pressuies of 6CA0 2C10y Ci )0y

=

© b e G o e

Decomposition pressures of CaCi0,+MgQO
Decomposition  pressuies of CaCrO, (Athawv
Juthar)

Decomposttion ptessut es of caleruwm chromitum gt
(obl uned 1n the decomposition of calciun chror
Decomposition pressures of ¢aloimn chionn
mite {oblained 1n the oxidation of CiyOg + 8Ca(
Deoompositton pressuies of calcium chromiu
mate (obfained 1n the oxidation of Ci 04 +2Ca(
Decomposition piessuies of calciim chiomit
mite (obtauned 1n the oxidation of CiaQg4 4Cat
Decomposition pressutes of caleum chiomu
mite (ebiuned 1 the ovidation of CryQ; +2Ca(

Oxdation of a mecture of clwomic oxede with calewwm oxid
(I 2 mols ) —In order to decide whether sumilar set of compounds 1
also produced when the propoition of calcium oxide m the muxture 1
reduced, similar capermments were conducted with a muxture ¢
chromic oxide with two molecules of calcum caibonate contanin
chromium and calcum m the same ralio as exssting m calcrur

chiomate
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TaBLE VI

Decomposvtuon pressuies of calouwny chy omunmn chromates

Decomposilion prossures

Oxtdation
Chromium chromate Stage Temp |Pressurcs 0
°C mm Cuals
6Ca0 2CrO, C1,0, 10% 1022 040 68 22
1055 066 68 74
25% 983 030 (66 76)
1009 040 67 48
1045 060 68 50
33% 955 024 | (6572)
1018 042 67 85
15Ca0 6CrO, 2C1,0, 40% 954 108 [ (6198)
992 192 62 55
1005 220 6279
1014 256 63 04
1041 360 | (6503)
9Ca0 4CrO, Cr,0, 44% 944 156 | (6054)
967 2 08 61 06
991 2 80 61 56
1040 500 62 65
1049 548 62 88
12Ca0 6CrQ, Cr,0, 50% 929 176 59 47
996 360 | (6122)
12Ca0 8CrO, + 62 5% 801 124
CaO Cr,0, C10, 834 240
933 10 80

A mixtuwie of chromic oxide and calcum carbonate (1 2‘mols)
was heated in vacuum The reaction started at about 800° The
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decompostiton pressuies of the muxture patticularly at high tempe-
ratures were comparable to those of calcum carbonate viz, 18 mm
al 7017 and 60 num al 7557 The carthonate was completely decom-
posed by evacuation at 990°  The oxidation was cairted out m stages
and the decomposition pressuics of the products at different oxidation
stages were measured under equilibiium condilions laking all the
precautions mentioned 1 the last experiment The decomposition
pressuies al diferent stages aie given m table VI

The compatison of the decomposition pressures show the
identity of the compounds formed with those produced during the
oxidation of chromic oxide m piesence of 8 mols of calcum oxide
The mixtuic contains madequate amouni of calcrum oxide for the
complele formation of the basic chrommum chiomates The results
mdicate that whole of the base cnleis mnto combination with two thirds
of the tolal chtomic oxide producing the basic chromite 3CaO Cr,O,,
which reacls with oxygen to produce lhe compounds 6CaO 2CrO,
Cr,0,, 15Ca0 6C10, 2C1,0,, 9Ca0 4C10, Cr,0,, 12Ca0 6C10, Cr,0,
and 12Ca0 8C10, at 83 8%, 40%, 44 4%, 50% and 66 6% oxidation

I1 has been shown that the system Ci,0,43CaO+0, showed
higher decomposition pressuics at the last oxidation stage owing to
the foimalion of 2Ca0) Ci1O, by the rcaclion between calctum chio-
mate and calaum oxide  As the present muxture consists of an
excess of chromue oxide, the slightly higher decomposition pressures
at 62 5% oxtdation indicate ihe formation of CaO Cr,O, CrO; along
with 12Ca0 8CrO,

Oudation of a muzbure of chromic oavde with 4 mols of
calcium oxide—It has been shown 1in an carlier mvestigation
(pait XV) that caluum chiomate 1eacts with caleum oxide formung
2Ca0 CrO, which decomposes to 4CaO Cr,0,, without producing
any compounds ol inteimediate decomposition  The basic chromite
4Ca0 C1,0, 15 however not produced n the reactions between chromic
oxide and 4 mols of caluum oxide, but the oxidation proceeds with
the formation of $Ca0O C1,0, m slages m accordance with the results
of the experiments alicady desciibed
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A puxture of chromic oxide with 4 mols of calcium caibonate

was heated 1m vacuum  The muixture decomposed wilh the vapour

pressues of calctum carbonate (lable VII)

Tapryr VII

Temp Pressure Temp Pressue
°C min °C mm
352 2 56 710 26 58
413 388 780 76 00
604 1540 803 1120

Final decomposiiion of calctum caibonate bemg very slow
was carried out by complete evacuation at 1000°  The oxidation
was carried out n stages and the decomposilion pressuics were
measuted 1m the manner alieady descuibed The decomposition
pressutes arc given i table VIII

TaBLE VIII
Deccomposttion pressutcs
Basic Chiommm Chiomate O}éﬂggon Temp | Pressutcs 0
°C mm cals
6Ca0 2CrO, C1,0, 429 1012 060  |(66 6)
1043 064 68 3
9Ca0 4CrO, C1,0, 629 984 220 618
1009 328 621
1022 3 66 625
12Ca0 8CrO,+2Ca0 C10, 100% 550 108
618 2.28
638 364
682 1020
733 170
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The formation ol 6Ca02C10,Cr,0, at 49% and of 9Ca0
4C10, Cr, 0y at 62% oxadation 15 m confornuly with the 1esults of the
previous cxpertments  The product at the last oaidation stage 1s a
mixtue of 12Ca08C1O, and 2Ca0 C1O, The vapour pressures
of the syslem on complele oxtdation aie higher than those of a similar
system contammg less calcum oxide, (table V) indicating an mcrease
m 2Ca0 C10, produced, with the addition of excess of calcium oxide
The system showed vapour pressures of 12Ca0O8CiQ, on removing
a small porlion of oxygen mdicalng theieby that 2Ca0Ci0, 13
produced 1n the reaction only m small quantilies

Oxidateon of o muxrture of Chiomic ovide with Calewum
omide (I 1 mol)—Nargund and Watson (Ioed, 1926, 94, 149)
obsetved that the muxluies of chiomic oxide with calcum oxde
conlanmg Iess than one atom of calcium per atom of chiommum
absoib oxygen al 1030° which 1s given out n most of the cases
completely  Wheieas it 15 obvious {iom the preceedmg experuments
that the oxidation of clnomuc oxide with calcium oxide m all propor-
tions produce {he basic chionuum chiomales, which are comparatively
stable

A mixtuic of chiomic oxide with calctum carbonate (1 1 mol)
was decomposed m vacuum  The carbonate was completely decom-
posed and the oxidalion was cairted out m stages The decomposi-
tion pressurc measutements aie given in table IX

As the amount of calctum oxide present i the mixture 1s one-
third of that requued for the complete formation of the basic
chromium chiomates, the [oimation of 12Ca0 8Ci0, should be
complete dwng the oxidation of this muxture at 33 3% stage
Actually the decomposition presstes of the product at 16% oxidation
mndicate the eastence of 12Ca0 8CrO, mndicating that nol whole of
the oxide present 1s takmng part mn the reaction  On further oxidation
the formation of CaO Cr,0, CrO, 1s probable m wview of the large
proportion of chiommum oxide m the mixture  The veiy high vapour
pressuies given by ihe product at 30% oxidation are m accordance
with the resulls on the Jdecomposition of calcum chromate m presence
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TApLE IX

Deccompostilion pressutes
Basic chtomum Ox1tdatéon Tomn - 1’1’2}551[1: —
chiomate stag °C} i 0O Cals
12Ca0 8CrO, 16% 876 261 hH 76
912 180 h 20
944 7 80 56 66
963 19 30 55 10
30% 788 10 82
876 26 60
1001 57 0
1011 870

of chuomic oxide where the decomposition piessuies mcicase on keep-
ing at conslant lemperaturc owing to the side decomposition of calcrum
chiomate (¢f part XVII) The results of Naigund and Walson also
show the formation of an unstable system on piogicssive oxidation

The (indings of the foicgomng eapetiments deaily show {hat
wrrespective of the proportion of caluum oxide, the nuxtures of
chromic oxide and calcrum oxide react with oaygen m  accordance
with the following scheme —

C1,0,4+38Ca0 ———> 3CaO Cr,0,
+0, ~———-> 6Ca0 2C10, Ct O,
———> 15Ca0 6Ci0, 201 O,
y  —> 9Ca0 4C10, C1,0,
-> 12Ca0 6C10, C1,0,
> 12Ca0 8C1 0,
" = 8Ca GO, 4Ca0)
and 2Ca0 C10, (eacess of CaO 1o
the mixture)
o1 Ca0C1,0,CrO, (cacess of

C1,0, 1n the muxture)
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Compauson of the vapour pressuies for the mtermediate
oxidation producls (¢f also fig 1) estabhshes the dentity of the
compounds, the shght varration m some of the cases bemg due to
unavordable experimental error

Oxedation of a murture of 0r,0,4+20a0+ MgO —The forma-
fion of nuxed calcium magnesium chiommum chromates has been
repotted (¢f parl XIII)  The 1eveise reaction of the oxidalion of
chromic oatde m presence of caluum and magnesium oxides however,
does not producce sumlar compounds but {akes place with the forma-
tron of calcium chiomium chiomales

A mixture of C1,0,+2CaCO, +MgO was decomposed in vacuum
The decomposiiion pressuies of the mixture cortesponded to those of
calcrum caibonale viz, 1648 mm at 676° and 82 mm at 783°
The vapow pressuie of carbon dioxide dropped down on decom-
posttion al constanl tempceiatme viz, 783° being 72 mm  after 55%
decomposition of the carbonale and 34 mm after 84% decompo-
sition of the catbonale  The carbonale was completely decomposed
and the oxidalion of the basic cluomute was caitied out i stages
The decomposition pressutcs of the compounds at the vaiious stages
are given 1n table X

Thus the decomposilion pressure measurements indicate that
addition ol magnestum oxide has no eflect upon the course of
the oxidation of chromic oxide 1n presence of calcrum oxide except
perhaps by way of accelerating the reaction occurring at the various
stages The decomposition pressuies at the last oxidation stage are
compatable to thosc obtamed wm the decomposition of mixlures of
calcium chromale and magnestum oxide (¢f part XII)

Decomposition of Calerum Chiomate—It has been already
shown thai the decomposition of mixtures of calcrum chromate with
calcium cairbonate produce calcium chromum chromates, the similar
compounds also occurimng 1 the oxidation of chiromic oxide 1mn
presence of calcium oxide It will further be mteresting to follow
the decomposition of calcum chiomate m order to decide whether
identical compounds also occur at inteimediate decomposition.
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TABLE X

3 1 1 Y ! ,1 )
Decomposition pressures of Caleuum Cloromesanme Clironead e

i 7¢1}_’>;:°,10 Chromtum Oxidation | Temp |[Pressurc 0
Chiomate Stage °C. min Cals
‘GCLLO 2Cr0O, Cr,0, 20% 981 086 | (657)
1011 066 | (664)
15Ca0 6Cr0, 2C1,0, 319% 941 112 ) (619)

1006 | 236 | 628
1010 | 300 | 685
9Ca0 4C10, Cr,0, 44% 935 | 152 | (001)
949 | 190 | (603)
985 | 298 | 618
1001 | 336 | 618

1022 112 G2 2
12Ca0 8C10,+Ca0Cr,0,C10, 80% 873 4 924

902 759
915 1132
955 | 2252

989 12 0

The previous workers preparcd calcum cluomate fiom
calcrum oxide and chromic acid In the followmg eapernuents the
chromate prepared by preciprtation {rom a solution ol calcium chloide

with potassium chiomate was used  The purily of the sample was
about 98 5%

Calcium chromate begms to dissociate 1 vacuum at ahoul
500°  The mitial pressures were not1ieproducible  The [otmation of
compounds durng the decomposttion was deuded by ohseiving
change mn the decomposilion pressutes. The formation of compounds
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was dicaled al aboul b77%, 63%, 70% and 75% decomposition  The
decompostiion pressutes ab the varous stages are given m table

X1
Tasre XI

Decomposilion pressures of caleyum ehy omaum chs omaltes

Basie chronmum  [Decompost-)  Temp | Pressmies 0
chiomale tion stage °C mm Cals
12Ca0 8C10, 1% 83 188 (54 5)
882 318 556

924 798 55 6

949 15 24 559

964 20 24 55 3

996 37 52 55 3

12Ca0 6C1O,C1, 0, 579 851 068 57 4
892 140 580

929 238 587

964 362 59 5
HCa0 1CO, Cr O 63, 855 028 (597)
952 152 610

1001 280 620
15Ca0 6C1O), 2C1,0, 70% 962 152 (615)
972 172 (619)

1000 2.20 638

6Ca0 2C10, C1,0 5% 997 032 67 3
1009 050 (66 9)

1029 064 67 4

The compaiison of the vapow pressures at the different stages
bimgs out the 1dentily of the compounds produced on progressive
decomposition with the calcmm chiommum chromates The forma-
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ton of the basic chiomum chiomates 15 possible on the assumption
of the following rcactions —

9CaCr0O,~>2Ca0 Cr,0, 110, [
8CaCi0, 44 Ca0->12Ca0) 8C10), 11

Calcum oxide requued for the laller reaction 15 supplied

by 2Ca0 Cr,0, 1n either of the following two ways
2Ca0C1,0,>Ca0 -+ Cad C1 O 111

or 2Ca0C1,0,52Ca0 +C1,0, 1V

The 1esults mndicate that the formalion of 12Ca08CO,
mainly takes place by the conveision ol 2Ca0CL0O, to CaOC10,
further teduction of CaOC1,0, to Ci,0, taking place only under
special circumstances such as the presence of a calalyst like magne-
sium oxicle

It will be noticed that unless chiomic oxude 15 produced
according to the equation IV, which may combme with calcum
chromate to torm CaQ C1,0, GO, the 1caction will pumanly proceed
with the lormalion of 12Ca0 8C1O, And accordgly the vapow press-
ures of 12Ca0 §C10, are shown by caloum chromale m s tutial stages
of decomposition  The compounds 12Ca0 6C10),C1,0),, 9C.0 1C10,
Cr,0,, 15Ca0 6Cr0O, 2C1,0, and 6Ca0 2C10, C1,O0, will form al 62 5%,
66 6%, 70%, and 75% decompositton  The vartation observed m case
of the first {wo stages nmughl be accounted (o1 by suggesting the
existence of 1eaction IV also m the fust stages of decomposition,

The behaviour of the mixtuies of caluum chiomate with
magnestum oxide which decompose with the pressuies of caleum
chromate lo a stage at 50% decomposttion (¢f part XIII) can be
explamned  Futther reduction of CaO C1,0, to Ci,0, 15 possible
and owing to a larger supply of caluum oatde the compound 12Ca0
6C10, Cr,0,, which 15 produced at aboul 60, decompostlion 1 the
decomposttion of pure calcwn chiomale 15 foimed al a lower
stage 1 the decomposition of the muxtuie Also the mitil press-
ures 1n the decomposition of CaCrO, and of mntuies of CaCiO,
with MgO are entuely dullerent, which follows fiom the considera-
tion that the decomposition pressuies i the lormer reaclion are due
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to the decomposition ol 12C40 8Ci10, while those i the lafter
reaction mdicate the presence of CaO C1,0, C10,

In an another cxpermment on the decomposition of calcram
chiomate the decomposttion was caiied out by evacuation at hugh
temperature, 1¢, 1050"  The pressuie diopped down giadually  But
the wvapour pressuie measutements at that temperature did not
mndicate the fotmation of the basie chrommum chiomates untd 6Ca0
2010, C1,0; was formed al about 60% decomposition The 1esults
pomi oul {o the possibilily of cxtiacting moie calcrum oxide fiom
2Ca0C1,0, at lugh temperature when the decomposition of 12Ca0
8C10O, 15 lanly yapud  The 1esulls are in conlormity with the apparent
formation ol 6CaO 2C10,C1,0, at 40% decomposiiion of mixtures of
calcrum chiomate and calctum carbonate (Athavale and Jatkar 1bd,
1938, 214, 119) and show that the resulls on the decomposition,
especially al hugh temperatuies and pressurcs, if not obtamed under
equilibrrum conditions, are unicliable  Simularly though the miature
of 2CaC10,+4+MgO decomposes into calaum magnesmum chrommm
chiomates undetr proper conditions (¢f part X1IT), 1t decomposes with
the vapour pressmes of CaOC1,0,C10,, 1f sufficient fime 15 not
allowed for the formation of 8CaO 4MgO 8CrO, The mamn diffi-
cully m producmng 8Ca() 4MgO 8Ci1O, 1s [ound m avoiding the
sputious fotmnation of chromic oatde which accelerates the decomposi-
tion of calcum cluomate and entuely changes the course of the
reaction

The signihicance of the results of Athavale and Jatkar on the
decomposiiion of calcum chiomate (Ibwd, 1937, 204, 55) can now
be easily undetstood In then study they used calecrum chromate
prepatcd from chiomic acd and calcium oxide which facilitates the
mtial formation of CaO Cr,0,C10, The mitial pressures observed
by Athavale and Jatkar for calcmum chromate are thus due to
12Ca0 $C10,+ Ca0C1,0,C10, The pressutes of basic chromate
12Ca0 8C10, appeared at 50% stage  Having no means for relable
temperature contiol and accurale pressuie measurements, it was not
possible for them to isolate 12Ca0O 6CrO,Cr,0,, 9CaO 4Cr0,C1,0,
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and 15CaQ 6C10, 2C1,0,, the decompostlion pressuie values of
which are very near and cannol be dislingutshed unless by clahorate
measutements  The decomposilion pressuies measuted by {hem
show the presence of 9CaO 4C10,Cr, 0, al G666% and 6Ca0
2Cr0,C1,0, at 758% decomposition  The lotmule suggesied by
them for the compounds produced at the mtermediate decomposition
of calcium chiomate on the basts of the composition of the lolal solid
phase must now be modified m the light of the new results

The eaistence of addilional compounds at dilferent slages n
the decomposttion of caluum chiomale 1s an oulcome of a side re-
aclion, the mam reaction being the nieversible decomposition of
calctum chromale o calctum clhiomite  The basic cluomate 12Ca0O
8C10, decomposes 1 fow stages produung 12Ca06C10,C1,0,
9Ca04Cr0,C1,0,, 15Ca06C10,2Cr, 0, and 6Ca02C10,C1,0, The
formation of the bastc chiomale 15 restitcted by addition ol chiomic
oxide (¢f part XVII) when decomposiiion of calaum chromate
to calctum chiomule proceeds to completion

The heats of decomposition of the several chiommum chiomates
have been calculated {rom the Nernst’s cqualion and shown wm the
last column m the tables  Fan agicement 15 shown by the dala
calculated [rom the vapour pressutes for the basic chrommum cliomn-
ates prepared by different methods

SUMMARY

The oxidation of chiomic oxide 1 presence of caleium oxide,
by supplying known volume ol oxygen m stages, 1eveal the foi-
mation of 6Ca02C10,C1,0,, 15Ca06Cr0,2Cr,0,, 9Ca04C10,C1,0,,
12Ca06C10,Cr,0, and 12Ca0 8C10,, which also occur m the de-
composition of calcium chiomale with calcum oxide  On complete
oxidation 2Ca0 Ci10, o1 CaO C1,0, C10, 15 also produced along wilh
the basic chromale 12CaO 8CrO,, the extent of the formation of the
two compounds depending upon the amount of calcium oxide and
chromic oxide m the mixtures  The addiion of magnesium oxide has
no effect on the oxidation of chiomic oxide m piesence of calcium
oxide
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The reactions owcwrnng m the decomposition of  calcum
chromium chiomates may be tepresenied by the following equations
2(12Ca0 8C10) - H(12Ca0 6Cr0O, C1,0,)+0,—55 6 Cals 1
9(12Ca0 6C1O, C1,0) - §(HCa0 1C10, C1,0)+0,—589 Cals 11
10(9Ca0 41C10, C1,0)) = 2(15Ca0 6C10,2C1,0,))+0,—61 8 Cals 111
4(15Ca0 6C10, 2C1,0,) == 9 (6Ca0 2C10, C1,0)+0,~631 Cals IV
2(6Ca0 2C10, C1,0) = 1(3Ca0 C1,0)+0,—68 1 Cals \Y

Calcum chromate decomposes nieversebly to calcium chiom-
ite, the basic chuomale bemg produced m a side 1eaction  The basic
chiomate 12Ca0 8C1 0, then decomposes 1n stages producing calcium
chromium chromates  The decompostiion of the chromium chromates
has to be cartied out al lower temperaluies and pressuies under
equiltbrium conditions o obtan 1eproductble and 1eliable 1esults The
disciepancies 1 the pievious iesults have been explamed Itis
concluded that chiomic actd and chiomales decompose 1n four slages
at inlermediatle decomposition producimng the chiomuum chromates
6C10,C1,0,, 1C10,C1.0,, 6C1 O, 2C1,0, and 2CrO,Cr,0, and the cor-
1esponding hasic compounds respectively

Thanks of the authot aic due to Dr § K K Jatkar for his
keen miciest and helpful gudance duung the course of this work
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