REACTIONS OF CHROMATES AT HIGH TEMPERATURES

Pary XIII—DrCOMPOSITION OF MINTURES OF Cavrcriuy
CHrROMATE WITH MAGNESIUM OXIDE

By D 8 Datar
INTRODUCTION

In a systemalic work on the decomposiion of muxtures of
chromates of calcium, strontuin and bartam with the coriespond-
ing carbonates, Athavale and Jatkar and Dalar, Athavale and
Jatkar (This Journal 1938, 214, 119, 176, 273, 1939, 224, 111)
reported the existence of seveial basie chromium chiomates at inter-
mediate decomposition Datar and Jatkar (Ibed, 1939, 22A, 287)
pomnted out that the optimum muxtures for the formation of basic
chiomium chiomates conlam the chromate and the oxide in the ratio
of 2 1mols and that the mitial formation of the basic chromate
12RO 8CrOy 15 followed by the formation of the basic chromi-
um chromates 12RO6CrO,Cr,0; 9IR04C10,Cr,0, and 15RO6CrO,
2Cr,0, at 25%, 333% and 40% stages of the complete decom-
posttion.

A muxture ot calcium chromate with sodmum carbonate 1 the
ratio of 2 1 mols when heated decomposes with evolulion of caibon
dioxide and forms a basic chromate 4Na,0 8Ca0O 8Ci1O,, which decom-
poses 1 stages cotresponding to 25%, 33 3% and 40% decomposition of
the chiomate to form the compounds 4Na,0 8CaO 6CrO, Cr,0,, 3Na,0
6Ca0 4CrO,Cr,0, 5Na,010C206C10,2Cr,0, (Datar and Jatkar
Tind , 1989, 224, 255) The object of this mvestigation 1s to find out
whether stages similar to those obtamned in the decomposition of
mixtui es of calctum chromate with calcium carbonate and with sodum
carbonate, also occur i the decomposition of muxtures of calcmum
chromate with magnesium oxide A knowledge of the stabilily of the
diffcrent compounds obtained 1s useful 1 the manufacture of chro-
mates, as the oxidation of the chrome ore takes place in presence of
magnestum oxide, which 1s generally present to the extent of 15% mn
the chrome ore.
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EXPERIMENTAL
The experimental procedure followed was the same as used
and described by Athavale and Jatkar (Ibed, 1937, 20A,111) A
digrammatic sketch of the new appatatus ts gwven wm fig 1 All the
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experiments (upto 1100°C ) were cairnied out m a furnace wound wilh
mchrome wire  The subslances under study were pute (betier than
99-5%) and the mixtuies were prepared by thoioughly giinding in an
agate mortar The charge was put m a platinum boat placed m a
quartz tube m the furnace 1 such a way that the boal came m the
centre of the furnace The quartz tube was jomed thiough a 1ubber
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cork covered with seahng wax, to the test of the apparatus consisting
of a manometer {o note the pressuies, a Topler pump to evacuate the
apparatus whenever necessary and two phosphorus pentoxide tubes
to dry the gases evolved The apparalus was compleiely evacuated
and vacuum was mamtamned overmght for detecting leaks The
turnace was then heated gradually, the sealing wax cover over the
rubber cork jomnt being kept cool under wet cloth The temperature
was recorded and automatically contiolled within 1° by a Micromax
automatic recotder and controller (¢f fig 1) The 1eadings wete
occastonally checked agamst a slandaird platinum 1esistance thermo-
meter As the vapour presswies were low, the measurements of
piessure (upto 25 mm) were made on a cathatometer reading
to hundreth of a mm The higher pressuies were 1ead on a
meter scale fixed alongside the manometer The decomposition
was determined by the measmement of gases evolved The gas was
measured m a burette enclosed m a water jacket (fig 1) at atmos-
pheric pressuie  The gas was analysed for caibon dioxide, oxygen
and any admixed au, by treating with potassium hydroxide and
phosphorus 1n succession

The formation of compounds at intermediate decomposition
was always determuned by the measurements of the characteristic
dissociation pressures  The formation of solid solution was indicated
by a gradual drop 1n pressure at constant temperature when successive
quantities of gas evolved were removed It was very essential to
keep the closed system for a few hours at constant temperatuie to
allow the 1eaction between solids to proceed to equilibrium especially
at low temperatures and pressures

The heats of reactions of several chromium chromates have
been calculated by the application of Neinst’s approximation formula

=Q_
4 571T
where K, 1s equlibrium constant expressed as partial pressuies of

the gaseous reactants m atmospheres divided by the partial pressures
of the gaseous resultants in atmosphetes, 2w 1s change mn the number

log K,= +2n 1751og T +ZnC
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of gaseous molecules, T 15 absolute temperatute, 2n C 15 the algebiawc
summation of the conventional chemical constanls ol the gases and
Q 1s the heat of the 1eaction

The reaction of chiommum chromales at hugh temperature may
be 1epresented by a following genct al equalion

aA=bB+30,+Q,
where ‘a’ molecules of chiomium chiomate A decompose producmg ‘b’
molecules of chromum chiomate B and 13 molecules of oxygen

Then
log K,=log p
Zn =1
C =2 8 per mo] of oxygen

The Nernst's equation becomes
—log p=4—5~Q7%T—1 75 log T—28

If Q 1s heat of decomposition per mol of oxygen and p s
expressed i mms of mercury, the above formula 1educes to
Q=4571T (log p—175 log T—5 681)
The value given m the last column of the lables fo1 Q has been
expressed 1n Calories per mol of oxygen cvolved Q 15 heal

absotbed during the decomposiion and must be {laken with a
negative sign

The results on the decomposition of the mixtuies ol calcium
chromate with magnesium oxide have been desciibed below

Decompositron of @ maxtuse of 2 mols of calcoum chyomate
with 1 mol of magnesium oxde —A mixlure of 2 mols of calcium
chromate with 1 mol of magnesium oxide was heated m vacuum
The oxide used contamed 025% caibonate, which was decomposed
completely by evacuation below 300° On further heating, a slight press-
ue of oxygen was developed due piobably to side 1eaction The
pressute did not regam on evacuation, The mixtuie was stable up to
825° A long time was required (56 howts) for the mixtuie to atlamn
equilibium at this temperature, when steady and reproducible vapour
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piessures were oblamned  The decomposition piessures of the

mixtute at different {emperatuies weie then measuted, which are
gwenin table I The iesults are plotted m fig 24, m which the
decomposition piessute 1s shown as a funclion of temperature, and
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m hg 2b the loganthm of pressuie 1s plotted agamnst the 1eciprocal
of absolute temperature The results show that the basic chiomale
wlich 1s formed (8CaO 4MgO 8CirQ,) 15 exceedingly stable and has
gol no vapout pressme at the temperature at which the mixed basic
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chiomate of calcum and sodwm wviz, 8CaO dNa,O 8CiO, de-
composes The heat of decomposition of the hasie chiromate to the
95% stage 1s 57 5 Cals pet mol of oxygen evolved The decompos:-
tion takes place according to the equation
2(8Ca0 4MgO 8C10,) =3(8Ca0 4MgO 6C10,C1.0,)
+0,—575 Cals

TaBLE I TapLe I
Tem Pressure Temp Piessure
°cp . Q Cals °C o Q Cals
889 164 579 348 010 605
907 2 44 575 913 0 88 603
925 360 57 5 948 188 603
947 592 57 5 978 316 606
978 11 84 57 3 904 4 68 60 5
994 16 52 57 3 1011 6 96 60 3

The vapour pressuics of {he basic chiomatle were reproductble
and the gas was completely absorbed back on coohng

R5% stage —The basic chiomate was decomposed by evacuating
at 947° untila diop m pressurc {tom 5 92 mm {o 1 20 mm was ohserv-
ed, when the decomposition was 25 6%  The pioducl was cooled and
the decomposition pressutes of the compound 8CaO 4MgO 6C10,C1,0,
were measured, wlich aire shown graphically m fig 24 and 2b and
given 1 table IT The heat of decomposiiion of the compound 15 60 4
Cals |, the reaction being 1epiesented by

2(8Ca0 4MgO 6C10,C1,0,)=8(6Ca0 3MgO 4Cr0,C1,0))

+0,—~604 Cals

33 3% stage —On further decomposition af 948° by 1emoving
the gas evolved, the pressures regamed after each wilhdrawal untid
83 3% stage was 1eached, when a diop m piessuie from 1 88 mm to
088 mm was obseived The system was cooled down lo 100m
tempelature and the decomposiion piessues of the compound
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formed at this stage were measured, which ate given i table 111 and
shown graphically in fig 2a and 2b
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TasLE III TaBLE IV
Temp Pressure Temp Pressuie
°C mm Q Cals °C mm
933 078 619 934 020
958 132 617 970 068
970 208 612 988 122
981 2 22 617 1004 196
996 392 610 1010 288
1025 6 60 612 1034 4 56

Q Cals

(65 0)
64 0
635
632
62 5
626
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The heat of decomposition of the compound 6CaO 3MgO 4Ci0,
C1,0, formed 15 615 Cals  The decomposiiion lakes place accordng
to the equation

1p(6Ca0 3MgO 4CrO, C1,0,)=2(10Ca0 5MgO 6C10, 2C1,0,)

+0,—615 Cals

40% stage —The decomposition was fuither cartied on at 988
until a diop m pressme {rom 214 mm to 122 mm Was obseived
when the decomposition was 40%  The vapomr picssure meastie-
ments are given 1n table IV and shown graphically m fig 2

The heat of decomposition of the compound 10Ca0O5MgO

6C10, 2Cr,0, 15 63 5 Cals, the 1eaction bemng iepresented by
£(10Ca0 5MgO 6C10, 2C1,0,) =% (4Ca0 2MgO 2C10,C1,0))
+0,—63 5 Cals

50% stage —On {uither decomposition at 1010° a diop m
pressure was observed friom 288 {0 1 0 mm when the decomposition
was 50 4% The decomposition pressures aie given m table 'V oand
shown graphically m fig 2 The formula suggesied for the com-
pound 15 4CaO 2MgO 2CrO, C1,0, and heal absorhed during the
decomposition 1s 64 8 Cals per mol of oxygen

TasLe V
Temp Pressure -,
GC mm Q (/Lll")
987 072 64 2
1010 110 650
1012 128 64 7
1021 132 651
1085 176 651

Furlher decomposifion of {he compound was cattied out by
evacuation al 1020° The piessuic did nol 1egamn on cvacuation
On complete evacuation al 1020° the compound decomposed to 56 5%
of the complete decomposition of the chromate

In all the compounds pieviously described {ihe ratio o
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RO Cr1s15 1 and the maximum number of mols of the base that
the compound coritesponding to 66 6% decomposition can take 15
4, (RO C1 1.33 1) (Datar and Jatkar Tted , 287) 1t is probable,
therefore, that the compound 2MgO 4CaO 2CrO, C1,0, 1s decomposed
into mixtuies of diflerent compounds at 66 6% stage, in which calcium
oxide and magnesium oxide ate piesent m varymg proportions
The decomposttion pressuies of all the compounds formed durmg the
decomposition of the muxtute of calcium chiomate with magnesium
oxide ate 1epioducible af all the {emperatuies until the next stage 1s
formed on further decomposition But the vapour pressures of the
compound 2Mg04Ca02CrO,C1,0, at the 50% decomposttion stage,
do nol 1egamn theu origmal value on decomposition by pumping
oul the gas evolved, but drop down continuously This observation
m a way suppoits the assumption that the decomposition product
of 2MgO 4CaO 2Cr0,Cr,0, 15 not a single substance but a mixtuie
of various compounds, having different compositions The formule
for the basic chromate and for the compounds coriesponding to the
slages of decomposition at 25%, 33 3% and 40% can be obtaned
by replacing Na,O by MgO m the formula given by Datar and Jatka
(Ibvd , 225) for the mixed chromum chromates of calcrum and sodium
The stiuctural formula for 5MgO 10CaO 6CrO, 2Cr, 0, 1s accordmngly

(Ca0) (Ca0) (MgO) (MgO) (Ca0) (CaD)
0 o) 0] O )

0}
I o1

{Mg0) O=Cr—O—(]3]r-O—(J,J1~O—Cr ,0-C1-0-C1~0 (ﬁ1~0—(ﬁr~0—(4},1~0-C1=0(Mg0)
L bbb d 8
(Ca0) (Ca0) (Ca0) \_/ (Ca0) {Ca0) (Ca0)
MgOo
On decomposttion this compound breaks at the dotled Ime
giving the compound 2MgO 4C10, Cr,O, (50% decomposition stage)

which may have the structure
(Ca0) (Ca0)
O o

!
(MgO) O.—_—Cz—O-(l?ll—O—(ﬁx—O—CL:O (Mg0)
Lod

(CaQ) Ca0)
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The mixed bastc chrommum chromates of calcrum and magnesmm
are all stable, the higher decomposition slages bemg morce stable
than the compounds formed at the lower slages  All the basic
chromium chromates of calcum and magnesmum execept that at 259
decomposttion are comparalively more stable than the corresponding
compounds of calcrum and sodium

Decomposstion of o miwxture of 3 mols of calcwum clyomate
wnth 1 mol of magnesium oride —Athavale and Jatkar obscrved that
in the decomposttion of the mixtures of the chiomates with the oxides
where the oxide 1s not sufficient for the complete formation of the
basic chromtum chromates, decomposilion occuis with mcomplete
formation of the compounds and with the decomposition ol the 1emain-
mg chiomate independently The mixtuies of 3 mols of calcium
chromate with 1 mol of magnesium oxide, however, do nol imdicate
the formation of calctum magnestum chronuum chiomates descubed
above, but decompose with the vapour piessurcs corresponding to
those of calcium chromale until a stage al about 509 decomposition 1s
reached The result of this expeinment 1s desciibed below

A muxtwie of 3 mols of calcum chiomale with 1 mol of
magnesium oxitde was heated i vacuum at 825° for aboul 5 hours,
when the pressure was 13 9 mm  The gases (CO,+0,) were pumped
out and the system was cooled to the room temperate  The decom-
posttion pressures at various temperalures are given i table VI On
cooling, the gas was completely absorbed back The decomposi-
tion pressuies were completely reproducible and coriesponded {o ihe
vapour pressure values at different temperatures mn the decomposition
of calcium chiomate (Athavale and Jatkar)

The mixture was then decomposed and the vapour piessures at
the stages of decomposttion al 25%, 83 3% and 40%, weie measuied
The pressures at all the slages corresponded o those of calcum
chromate When the decomposiion 1eached 50%, a drop m ihe
pressure values was obseived, mdicaling the formation of a new
compound at that stage The decomposition pressures of the com-
pound have been given i table VII



247

TasLe VI TasLe VII

Temp Piessure Temp. Pressuie
°C mm °C mm
827 192 930 176
857 4-20 984 268
877 706 995 300
897 12 36 1007 380
922 L 21 56

Decompositron of o muzture of 1mol of calevum chs omate with
I mol of magneswum oxide —The structural formulee assigned by Datar
and Jatkar to the compounds at different stages show the possibility
of {he formation of 13 or 14RO 6CrO, Ci,0, at the 25%, 10RO 4C:10,
C1,0, at the 33 3%, and 8RO 3CrO, Cr,0, or 16RO 6CrO, 2Cr,0, at
the 40% stage The resulls of Athavale and Jatkar show, however, that
the lughe1 proportion of the base has absolutely no effect on decompost-
Lion of the mixtures of the chromate of calcium and stiontrum with the
corresponding carbonate, though the nuxtwes of baium chromate
with baimum caibonate containing higher proportion of the carbonate
gwve at constant temperature an 1ncrease 1n the decomposition with
mncreasmg amounts of the carbonate It1s now observed that the
excess of magnesium oxide 1n the muxture of calcium chromate with
magnesium oxide hinders the formation of the basic chromate and
consequently of the furthe: decomposition products and the mixture
behaves in ils decomposition sumilarly to calcrum chromate The
mxture of 1 mol of calctum chromate with 1 mol of magnesium oxide
was patticularly chosen for {his mvestigation as it contamned the
requstte amount of the base for the formation of the basic chromate
coriesponding to the formula 2RO CrO; The formation of this com-
pound was however, not indicated m the deccomposition of the mixture

About I gm of a muxture of calcrum chromate and magnesium
oxide (1 1 mols) was heated mn vacaum  The decomposition staited
at about 250° The muxture mnitially showed piessure of oxygen
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probably due to the decomposilion of magnesium cliomale [ormed
m the double decomposiion of magnesnim oxide and calcium
chiomate  About 5% of the decomposiion was duc to s side
reaction The vapow pressures of the miuxture when the system
attamed equilibiium have been given m table VIII

The vapour piessutes are compatable to those of calaum
chromate On decomposition, the measwements of the vapour
pressures at the mtermediate stages did nol show any change untid a
drop 1 pressuie values was obscived when the decomposition 1eached
509 The decomposition pressures of the compound formed at this
slage ate given m table IX

TaBrLe VIII
Temp Pressure Temp Piessure
°C mm °C mm
781 124 918 17 60
814 220 941 29 46
858 464 967 5100
888 948 997 86 50
TaBLE IX
Temp Pressuie
°C mm
945 172
984 2 36
1003 380
1025 4 56

The comparison of the vapom piessures at different tempera-
tures show the 1dentily of this compound with the compound obtamed
m the decomposition of a simular mixture of 8 mols of calcum
chromate with 1 mol. of magnesium oxide It must be mentioned that
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though the origmal vapour pressures of the mixture are comparable to
the decomposition pressures of calcium chromate, the vapour press-
ures al 50% stage are considerably lower than those for the cories-
ponding stage obtaned by Athavale and Jatkar i the decomposition
from calctum chromate  Thisis paitly due to the different methods of
prcparation of calcrum chiomate Athavale and Jatkar prepared
calcrum chromate by neutialisation of chromuc acid with lume, while
in this mvestigation the chromate was prepared by precipitating out
from calcrum chloride solution by potassium chromate It will also
be noticed that the probabilily that the basic chromate 8Ca0O 4MgO
8CrO, 1s formed 1s maximum when calctum chiomate and magnesum
oxide are present i the mixtuie in the ratio of 2 1 mols

The remarkable property of the chiommum chromates of taking
up a large amount of the base to lorm mixed basic chromium chio-
mate of definite composition 1s further emphasised by the experimental
tesults in this mvestigation The property of magnesium oxde in
formmg lughly stable mixed basic chromium chromates 1s remarkable
particularly as magnesium chromate 1s very unstable and decomposes
completely at 550° which 1s a low temperature compared to the
temperatwe at which basic chiommum chiomates are found to be

stable
SUMMARY

A muxture of one mol of calctum chromate with 05 mol of
magnestum oxide decomposes with mutial formation of 8Ca0O 4MgO
8CrO, 1n successive stages at 25%, 33 3%, 40% and 50% decomposition
with the formation of the compounds 4MgO 8CaO 6CrO, C1,0, (25%),
8MgO 6Ca0 4CrO, Cr,0, (83 8%) 5MgO 10Ca0 6CrO, 2Cr,0, (40%)
and 2MgO 4CaO 2CrO, Cr,0, (50)% The muxtures with lower or
higher proportions of the oxide decompose grving pressurcs identi-
cal with those of calcium chromale until the syslem attains 50% stage

The heats of decomposttion calculated from the charactersstic
decomposition piessures of the compounds by Nernst’s formula are
given by the thermochemical equations

2(8Ca0 4MgO 8CrO,) =2(8Ca0 4MgO 6Ci10; Cr,0))

+0,-575 Cals (D
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9(8Ca0 AMgO 6Cr0,C1,0) =4(6Ca0 8MgO 4C10,C1,0,)

+0,~604 Cuals )]
29(6Ca0 8MgO 4C10,C1,0,) =2(10Ca0 5MgO 6C10,2C1,0,)
+0,—-615 Cals (I11)
4(10Ca0 5MgO 6Cr0,2C1,0,) =*P(4Ca0 2MgO 2C10,C1,0)
+0,~635 Cals . (IV)
X(4CaO 2MgO 2CrO, Cr,0,) =muxtuies of sevetal compounds
+0,—648 Cals (V)

The compauson of the stabililics ol the ddfeient compounds
show that the basic chiomate 1s lughly stable  All the compounds
except that at the 25% stage are more slable than the coriesponding
compounds n the decomposition of muxtuics of caleum chiomate
with sodum carbonate

My thanks are due to D1 § K K Jatkar o1 his keen mleiest
and helpful guidance during the mvestigation
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