Thermal decomposition of a mixture of barium and titanyl oxalates
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Abstract

Therm?,l demgnposition of titanyl oxalate, barium oxalate and a mixture of these two has been carried
o.ut,usmg various thermoanalytical methods, to verify the scheme of thermal decomposition of bf{:lm
titanyl oxalate proposed by us earlier.! Dehydration of titanyl oxalate takes place in two s:: S
followed by th‘e_ decomposition of the oxalate to anatase, without involving a carbonate fOImatign,
The decomposition of the mixture does not result in the formation of BaTiO; below 1000°C. This:

rules out the possibility of the intermediate formation of B i i iti
— aCO; and TiO
of barium titanyl oxalate. 3 i0; during the decomposition
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1. Imtroduction

'I"hlS study has been undertaken to compare the mode of decomposition of barium
titanyl oxalate reported by us recently,! with that of a mixture of barium and titanyl
OxalﬁtES. It became necessary in view of the points raised by van de Velde and Oranje;’
Particularly that their absorption band of the intermediate compound around 2350 cm ™
is due to the carbonate group rather than that of entrapped CO,. Further, the study is
am{ed at clarifying the following points: (i) Possible formation of titanyl carbonate as
an intermediate during the dscomposition of titanly oxalate; formation of a non-stoichio-
metric titanyl carbonate has been reported during the decomposition of ammonium aqd
Pyridinium titanyl oxalates by van de Velde and Oranje.2 (ii) Possibility of a s:ohd
state reaction below 1000° C, between nascently produced titanium dioxide and barium
carbonate. Such a solid state reaction has been postulated by Gallagher and Thomson.’
(iii) Previous report on the thermal decomposition of titanyl oxaite by Broadbent e/ al

is a little confusing.

2. Experimental

A number of methods are available in literature for
The ratio of the reagents, their concentration as a s
medium have considerable effect on the stoichiometry O the | o
nia gel, free of adsorbed ions, 1S prepared by hydrolyzing high purity titanium 'uetrla5

the preparation of titanyl oxalate 48

so the nature of the precipitat_ing
precipitated oxalate. Tita-
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chloride (Riedel de Haan). This1s dissolved in aqueous c:xalic acid, the ratio of Ti:C
ntained at 1 :2. The resulting clear solution is evaporated at room temper;
acid just starts to crystallise. Titanyl. oxal.atte 1S precipitated by addin.
excess acetone, filtered, washed with acetone and air dried.  Analytical resyjts areg.
TiO = 30'57, C,0, = 40'67 and H,0 = 28'76 per cent; calculateq for
TiOC.0,. 3'5 H,0: TiO = 2% 74, C,0, = 40°96 and H,O = 29-32 per cent.
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The A mlixed in 1 :1 mole proportion in an agate mortar for an ho
using acetone as the medium, ur,

The apparatus for thermal analyses and physico-chemical techniques are described
elsewhere.’ |

3. Results and discussions

The DTA and TGA are given in Figs. 1 and 2. The DTA of titanyl oxalate in a flow-
ing oxygen atmosphere (Fig. 14) has the following features : two moles of water are
lost in the temperature range of 25 to 160° C (mass loss is 174 per cent ; expected 17-76
per cent), while the remaining water is lost betwe=n 160 and 260° C. The last dehydra-
tion step overlaps with the oxalate decomposition. The latter takes place in a single
step and the total mass loss is in excellent agreement with the expected value. There
is no indication of the formation of an intermediate carbonate as observed by van de
Velde and Oranje? during the thermal decomposition of ammonium titanyl oxalate even
when the decomposition is carried out in carbon dioxide atmosphere. The oxalate
decomposition is endothermic even in oxygen. This is because, the water vapour evolved
during the previous dehydration step displaces oxygen in the immadiate surroundings
of the solid so that further decomposition of oxalate takes place in an apparent atmos-
phere of water vapour. This prevents the exothermic oxidation of carbon monoxide.
The validity of this explanation is further verified by taking isothermally dehydrated
titanyl oxalate as the starting material for DTA experiments, whereby exothermic peak
1s observed in O, However, the isothermal dehydration of TiOC,0,.3'5 H,0 at
200° C for 24 hours partly loses the oxalate group due to the overlapping of dehydration
and decomposition stages. Similar observations for the decomposition of hydrated
oxalates are available in literature?-® The exothermic peak following the oxalate
decomposition (unaccompanied by any mass 10ss) is due to the crystallisation 9r amor-
phous titanium dioxide to anatase. This has been verified by X-ray powder d'ﬂ:" action
data of the residues before and after the exotherm. In isothermal hea.ting cxpertmen;s,
titanyl oxalate decomposes completely at 250°C in two days, forming anatase. _lt
750° C, the residue js rutile. The endotherm corresponding to the anatase — rUtlic
transformation is not observed in DTA probably due to the low enthalpy of the trans-

formation.

There is no exothermic peak around 500° C in the. DTA of titanyl f.’)Jl{ianlattfirzfﬂ r;p;)g:(cii
by Broadbent eral® Since these authors prepare titanyl oxalate starting

) .. : ibility of potas-
mixture of potassium hydroxide and titamium dl(}:‘(!dc, there is ei‘:zf}l’l 2?:; i tieir grepa-
sium oxalate and/or potassium titany | oxalate be-l ng}?rﬁﬁenrlt: Z:Zm Erature range.!”
rations. Both these oxalates give similar peaks in the Sams P i
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: . €Xothermic decomposit
oxalate to form barium carbonate and a final endotherm around 815°C d fe ::l:;ln zft ;he
¢ ortho-

rhombic — hexagonal reversible transformation of barium carbonate. Th ]
nature of the exotherms around 450-520° C is due to (1) the nonequivalen;; COO0 ed' tn?let
of oxalate groups in the anhydrous barium oxalate and (ii) the oxidation 01;' :;;.a ;1011
produced through the disproportionation of carbon monoxide, The attempts to is:)lao':l
a mixed oxalatocarbonate of barium by isothermal decomposition in the above tem :
rature range always yielded a residue of variable C,0, [CO, ratio. >

The thermogram ‘of the mixture' of barium and titanyl oxalates (Fig. 1 b) consists
of all the pf-:aks attnbuta.ble to the individual oxalates at nearly the same temperatures.
The only difference noticed is that the peak due to dehydration of barium oxalate is
shifted to higher temperature (by about 30° C). This is due to the larger vapour pres-
sure of water formed from the earlier dehydration of titanyl oxalate. The persistence
of the peak, corresponding to the phase transformation of bariumcarbonate at 815°C
evidently shows that the solid—solid reaction between barium carbonate and titanium
dioxide does not take place even when they are formed in the nascent, reactive state.
The X-ray pattern of the residue at 950° C corresponds to a mixture of orthorhombic
barium carbonate and rutile. Further, the ir spectrum of the residue obtained just after
the oxalate decomposition does not show a peak around 2350 cm~'. Ths absorption
band is observed for the intermediate carbonate formed during the decomposition of
barium titanyl oxalate which has been explained as due to the asymmetric stretching
band of CO, entrapped in the fine-grained solid matrix.! This ir band is very weak
in the case of the residue from strontium titanyl oxalate and absent for that from cal-
cium titanyl oxalate.)*? The point raised by van de Velde and Oranje? that the ir band
around 2350 cm—! is due to the overtone of the carbonate frequencies does not seem
to be valid since this band is completely absent in the residue of a mixture of titanyl
oxalate and barium oxalate heated isothermally at 550° C. Thus it is clear that the
thermal decomposition of barium titanyl oxalate does not resemble, at any stfigé, ;he
decomposition of barium and titanyl oxalates. This study also supports our view that
the intermediate residue of composition BaTiO,COj is not a mixture of reactive BaCO;

and TiO,, as proposed by Gallagher and Thomson.?

4. Acknowledgement

The authors are thankful to Prof. A.
H. S. G. is grateful to the Cf)uncﬂ 0
for a Junior Research Fellowship.

R. Vasudeva Murthy for his encouragement.
f Scientific and Industrial Research, India,

References

91.
I. GOPALAKRISHNA MurtHY, H. 8., J. /norg. Nucl. Chem., 1975, 37, 8

SuBea Rao, M. AND
NAravanan Kutty, T. R.



20

10.

¥l
12.

. S. GOPALAKRISHNA MURTHY e/ al

VAN DE VELDE. G. M. H. Thermal Analysis, 1974, 1, Proc. Fourth ICTA, Budapes

AND OrANJE, P. J. D.

GALLAGHER P, K. AND J. Am. Ceram. Soc., 1965, 48, 644,

THOMSON JR, J.

BROADBENT, D.. DoLLiMoRE, D.  Analyst (London), 1969, 94, 543,

AND DOLLIMORE, J

ROSENHEIM, A. AND Zeii, Anorg. Chem., 1901, 26, 238.

ScHRUTTE, O.

BHATNAGER, P. P. AND J. Sci. Ind. Res., 1956, 15B, 715.

BANERJEE, T.

FRrReeMAN, E. S. AND Anal Chem., 1957, 31, 624,

EDELMAN, D,

GARN, P. D. Thermoanalytical Methods of Investigations, Academic Press

New York, 1965, 240,

GOPALAKRISHNA MuURTHY, H. S., J. Inorg. Nucl. Chem., 1976, 38, 596.

SussBa Rao, M. AND
NaravanaN Kutty, T. R,

PaPARZIAN, H. A., J. Am. Ceram. Soc., 1971, 54, 250,

PizzoLaTtO, P. ). AND
PATRICK, J. A.

GALLAGHER, P, K, Inorg. Chem., 1965, 4, 965,

GopALAKRISHNA MURTHY, H, S., Thermochimica Acta, 1975, 13, 183.
SusBAa Rao, M. anD | |
Naravanan Kurry, T. R.



