REACTIONS OF CHROMATES AT HIGH TEMPERATURES

ParT XX—SYNTHESIS AND DECOMPOSITION O
STRONTIUM CHROMATE
By D S Datar
INTRODUCTION
It has been shown m the previous mvestigation that the decom-
posttion of calcium chiomale to calcum chiomile 15 an uieversible
reaction The basic chiomate 12Ca0 8C10, 15 {ormed by the ieac-
tion between CaCi10, and 2Ca0 C1,0, with the 1eduction of the laiter
to CaO Cr,0, and to C1,0, i succession  The basic chiomate de-
composes 1 stages mto calcrum chrommum chiomates  The object
of tlus mvestigation 1s to study the properties of stionlium chiomate
at lugh temperature m oirder {o confum the mechansm suggested
for the 1eaction occuiring i the decomposition of calcium chiomate
and accordingly fo assign struclumial formulax to the compounds
obtained 1n the decomposilion of strontium chiomate

The results on the oaidation of chiomic oxide 1 presence of
strontium oxide also support the conclusion of the pievious mvestiga-
tion that the oxidation of chiomic oxide in piresence of base, takes
placc with the loimaflion ol stable basic chtommum chiomales at
intermediate stages of oxidation

EXPERIMENTAL

The apparatus and the expeinmental proceduie was the same
as employed 1 the previous mvestigations

Strontum chiomate was prepaied by the same method cmploy-
ed previously (This Journal 1938, 21A, 159, 1939, 22A, 111) by
piecipiating  the sall fiom a solulion of stiontum chloiide by
potasstum chromale  The chiomate was 99 7% pute

Decomposition of Strontium el omate —Decomposition  of
strontmum chiomate started al aboul 600° in vacuum  The gas milally
evolved produced low piessmies which were not reproduced on
temoving portions of the gas fiom the system  The decomposiiion



311

was then cartzed out al 10007, when the pressuie of oxygen contmu-
ously meicased with time al constant temperatwe  The average
rates of change i prossure values ol different times ate shown n
table I

TapLr 1

S Fune Rale of change 1n pressure
has MY mmm per H mins
0 09
0 30 095
1 048
4 30 108

It 1 cevident that the tale of decomposition as made out by
pressuie measurements also mercases with e Fuither expert-
ments also showed that the rate of decomposition of the chiomate also
mecieases with tise m temperatuie  The 1caction 1s thus one way and
ureverstble and autocatalytic  As the final product on complete
decomposttion 15 stronfium chronute the 1caction may be due the
decomposthion ol S1CrQ), mio 2510 C1,0, mn accordance with the sug-
gestion miade previously m caplammg  the reactions of calcium
chromale

In analogy with the 1esults on the decomposition of calcium
chiomate the formation of 12810 8Ci10, by the 1eaction between
strontium chiomate and strontium oxide supplied by the chromute
2810 C1,0; 15 also possible Bulm as much as the formation of
basic strontium  chromate oul ot sttontium chiomate and stiontium
oxide 15 an cquihibiium 1eaction (¢f part XVI), only a hmited amount
of 128rO 8Ci10, can ¢xist m the 1eaction products al any stage duiing
the course of the reaction  Thus of system 1s left undisturbed il gets
saturated with respecd 10 19810 8C10, m a short tine and 1eaction
proceeds with complele decomposition of the chromate to the
chionute
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On the contrary if on account of continual 1emoval of oxygen,
{he system undeigoes vaitation m the concentiation ol the diffeient
phases, paiticularly m ihal of the hasic chromale produced, the con-
centration of which 1s fixed by cqulibtium consltant of the 1caclion
between the chiomale and the oxide, the reaction procecds with more
and more formation and subscquent decomposition of 125:0 8C10,
and the ulimate pioducts of {he 1eaction conlam the s{able stiontrum
chiomium chromales

A confirmation of the above suggeslions was oblamed by rapid
decomposition of strontium cluomale by continuous withdiawal of
oxygen given out At aboul 50% stage m the decomposition, no
fuither evolution of gas was obseived at 1060° mdicaling the forma-
tion of a very stable compound A suppoit io these conclusions can
also be obtamed mn the compichensive study made by Athavale and
Jatkar (I0id, 1938, 214, 159) on the decomposition of stiontium
chiomate  Therr 1esulls mndicate the existence of the stable strontrum
chiomwum chromates at 50%, 66 6% and 75% stages of {he decompost-
tion of strontium chiomate, the cortesponding compounds possessing
characleristic decomposition piessutes It will be noticed that if the
whole of shiontium oxide present i strontim chronmute (2810 Cyi,0,)
15 available for the foimation of 12510 8Ci1Oy a larger proportion of
the basic chrtomalc 1s produced at a compmatively lower stage m the
decomposition of strontium chromate and the decomposttion of the
basic chromale 15 complete at 50% stage wilh the formation of 12510
6C10, Cr,0O,, which 15 completely soluble i acids, the acid msoluble
pottion being the chromic oxide phase in the system  In general, this
1s nol possible as complete conveision of the basic chromite 2810
Cr,0, to C1,0, may not take place m as much as the 1eveise forma-
tion of 2810 Cr,0, and 810 C1,0, [tom C1,0, and S10 1s also likely and
usually the acid insoluble poition consists of C1,0, together with S10
C1,0, The 1esults of Athavale and Jatkai thus show a great vaia-
tion 1 the composition of the acid msoluble poitions of the system
particularly at the 50% stage, the composition of the coriesponding
acid soluble phase in the system mdicating the castence ol either
128r0 6C10 Cr, 0, alone o1 together with sliontium cluomate
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At higher temperatute and at higher stages of decomposition
the acid msoluble phase consists of pure 810 Cr,0, The compounds
formed al 66 6% and 75% decomposiiion of strontrum chiomale ate
therefoie 9SrO 4C10, 1,0, and 6510 2CrO,Cr,0, m accordance with
the conclusions of the decomposilion of calcium chiomate 'The
decomposition pressurcs measuted by Athavale and Jatkar at 509,
66 6%, and 7h% slages m the decomposition of sirontsum chromaie ase
due to the decompostion of 12310 6CrO, C1,0,, 9810 4C10,Cr,0,
and 6510 2Cr0,C1,0, which are piesent as separate phases at the
coricsponding stages  The exwstence of 158rO 6C10, 2Cr,0, 1s not
mdicated 1 then resulls probably owing to the different basic
chromuum chromatcs having sumilar stability ranges The formulae
suggested by Athavale and Jatkar for all the compounds weie based
upon the composition of the tolal solid phase and must now be
modified

The wieveisibility of the 1caction when the system s left to
iself, was not observed by them at Jow temperalme when the rate of
decomposition 1s very slow  The complete decomposition of strontwm
chiomate to the cliromitc above 1200° attributed by them to the
melling of sironltum cluomate at that temperatuie, 1s obwviously due
{o the ureversble decomposition of strontium chromate, which s
appieciably rapid at 1200°

Decomposition of a murture of stiontwum chiomate with
chromac vride —Unhke 1 the decomposition of the mixtures of
calcrum ¢thiomate with chiomic oxide, the addition of chiomic oxide
suppresses the decomposition pressures and lowers the extent of the
decomposition of strontium chromale at 1060°

A muxtuie of strontium chiomate with chiomic oxide (1 1
mols )} was healed i vacuum The decomposilion pressurcs are given
m table IV

TasrLe IV
Temp °C 976 1003 1013 1059
Pressure mm 112 220 260 292
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The decomposttion pressuies are lower than those for stiontium
chromate given by Athavale and Jatkar, the lugher values oblamed
by them bemg due to the progiessive decomposttion of strontium
chiomate  The decomposition pressuics contimuously diopped down
on decomposttion  On evacuation to 05 mm pressute at 1060°% the
decomposttion reached about 83% slage  Kecpmg the syslem at
that temperature for one hout showed no 115¢ 1 pressure From the
1esults 11 appears that a laiger proportion of basic chiomate SrOC1,0,
CrO, 1s produced by the combmation of stiontum chiomate and
chromic oxide which forms a stable solid solution with 12810 8Ci0,

As m the decomposition of stionttum chiomale the sysiem al
several stages consisted of chromic oxide as well as strontium oxide
and oxygen 1t was pioposed tuirther io mvestigate the oxidation of
chiomic oxide mn presence of strontium oxide

Oxidation of a meature of claomec oxide with 8 mols of
strontium car bonate —A nuxtuie of chiomic oande with stiontium
carbonate (1.3 mols) was healed m vacuum  The decomposition
started below 550°  The decomposition pressuies of the mixtuie are
gwen 1n table III and cotiespond to those of stiontium carbonate

TasrLe 111

Temp Piessuie Temp Pressute
°C mm °C mm
774 144 921 10 20
835 176 933 14 40
874 316 962 28 46
891 5 52 1012 35-44

The catbonate was completely decomposed  Oxygen was then
admiited mto the apparatus and the oxidation procceded in stages
The decomposition pressure measwiements showed that at all the
stages a side foimation of some unstable compound though m minute
quantities occuts along with the formation of the stable chromum
chromates  The system at the dutferent stages did not show evolution
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of oxygen when the unstable pioduct was decomposed completely at
1050° mdiwating that major portion of the 1caction occws with the
formation of strontium chrommum chromates  Beyond the 75% stage
the further oxidation did not proceed at lugh temperature and oxygen
was absorbed very slowly even at low lemperatures

The decomposition pressuie of the product on complete oxida-
tion arc given m table IV, which indicate the exstence of 25r0 Ci0,
and 128rO 8Ci10, m the product similar to the behaviour of the
oxidation ol chiomuc oxide wn presence of calcum oxide m like
circumstances

TaBLe IV
Temp °C 626 678 711 763 784
Piessure mm 240 4 62 6 60 1112 13 32

The decomposition pressutes ate very low as compated to the
vapour pressuics of 2SrOCrO, (¢f part XVI) and poimnt out to the
production ot 2510CrO, m very small amount The experiments
thus mndicate that 4CaOCr,0, 15 also produced along with 3CaO
Cr,0,, but as the oxidation of the foimer to 25rO CrO, does not
take place al higher temperature and proceeds veiy slowly at low
temperatute, the major 1eaction in the oxidation of chiomic oxide 1n
piesence of strontium oxide occurs with the oxidation of 3810 C1,0,
and with the formation of stable chromrmum chromates

Stiontium chromute 2810 Cr,O, can be piepared by the decom-
position of strontium chiomate at 1030° It was observed that this
chiomite does not absorb oxygen al any temperature between 25°
and 1030°

The results of tlus mvestigation pomnt out to the possibility of
the existence of [our chromites viz, S10 Cr,0, 2810 Cr,0,, 35rO
Cr,0, and 4510 C1,0, which can be distingushed by the study of

their oxadation products
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SUMMARY

Stronlum chiomate decomposes o stiontm chronute, {he
reaction bemng nicversible and autocatalylic  On rapid decomposs-
tion, the basic chiomate 12510 8C10, 15 produced and subscquently
decomposes mto strontwum  chiomum chromates, viv, 12810 (GC:0,
C1,0,, 9510 4C10,C1,0,, 15810 6C10, 2C1,0, and 6510 2CG10,C1,0,
all the compounds possessing chatacterishic decomposition piessures

The addition of chromic oaide suppresses the decomposition of
strontum chiomate by producing  anothet baswie clnomate $510€C; 0,
C10,, which forms a stable solid solulion with 12510 8GO,

The oxidation of chromic oxide m presence of stiontium oxide
takes place mamnly with the formalion of stable stiontium chiommum
chromales at the inlermedide oxidation stages

The results of this mvestigation also powt out to the possibilily
of the cxustence of four basic chiomites viz, RO Ci,0,, 2RO C1,0,,
3RO Cr,0, and IRO C1,0,, which can be distmguished by the study
of propetties of thewr oxidation products
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