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Thermal decomposition of strontium titanyl oxalate tetrahydrate and caIcium 
titanyl oxalate hexahydrate have been studied employing TG, DTA, gas and chemical 
analysis. The decompositions proceed through three major steps: dehydration, 
decomposition of the oxaIate to a carbonate and the decomposition of the carbonate 
to yield the final products, the metatitanates. The intermediates of the oxalate 
decomposition are found to be SrzTizOs+,(C03)2_,(COz)X and Ca2Ti204(C03)2, 
respectiveIy. The entrapment of carbon dioxide in the former and the presence of 
non-equivalent carbonate groups in the Iatter are substantiated by their i-r. spectra. 
The penultimate solid residues are poorly crystalline Sr2Ti205C03 and amorphous 
Ca2Ti205C03. Decompositions of these carbonates are accompanied by growth in 
particle size of the products, SrTiO, and CzTiO,, respectively. 

INTRODUCTION 

The need for pure, fine-grained metatitanates of bivalent metals, led to the 
development of chemicaI methods for their preparation. Pure and stoichiometric 
metatitanates can be prepared by the thermal decomposition of the corresponding 
titanyl oxalates. ChemicaIIy prepared materiais have better sinterability than those 
prepared by ceramic methods. Chemical reactivity, particle size and sinterability are 
infiuenced by the c&nation temperature of the p recursors, viz., the corresponding 
titany1 oxaIates. This has necessitated the investigation of the decomposition 
characteristics of titanyl oxalates. 

Strizhakov et al.’ have reported the thermaI decomposition of the titanyl 
oxalates of alkaline earths and lead, GalIagher et aI.‘s3 have investigated the mode of 
decomposition of barium and strontium titanyl oxalates. Our previous communi- 
cation&’ on barium and Iead titanyl oxalates have shown cIearIy that the schemes 
proposed by the earlier investigators for the decomposition of these titany1 oxalates 
are incorrect. Therefore we considered it desirable to investigate the thermal de- 
composition of the titanyl oxaIat.es of strontium and calcium. The results of our recent 
study are presented here. 
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All reagents were either BDH AnaIaR or E. Merck “pro-analyse” grade_ 

Strontium titanyi oxalate tetrahydrate (STO) was prepared by the method of 

Clabaugh et al. 6 by substituting strontium chloride for barium chloride_ The yield of 

ST0 was onIy around 50%, owing to the solubility of ST0 in acid medium. 

Calcium titanyl oxalate hexahydrate (Cl-O) could not be prepared under 

similar conditions, oning to its complete solubility in the highly acidic medium. The 
method was modified as follows: calcium carbonate was added to an aqueous solution 

of titanyl chIoride to get a Ca:Ti mole ratio of 1:l. This mixture was added to the 
stoichiometric quantity of aqueous oxalic acid_ No precipitate was obtained_ The 

solution was kept over sodium hydroxide peIIets in a desiccator. After 4 to 5 days, by 

TEYPETUNRE,-C 

r;ig- I - DTA of ST0 in (a) oxygen, (f~) nitrogen, (c) vacuum; and (d) carbon dioxide. 
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vigorous agitation of the concentrated solution, a white solid was thrown out, which 

was insoIubIe in water but easiIy soluble in acids. The precipitated sohd was filtered, 

washed thoroughly with distilled water, finally with acetone and air-dried. a 

The wet chemical analyses of the preparations are as follows: ST0 gave, Sr: 

22.01, TiO: 15.98, C,O,:43.58 and H,O: 18.00%; caIcuIated for SrTiO(C,0&4H,O: 

Sr: 21.93, TiO: 15.99, CtOa: 44.05, H,O: 18.02%. For CTO: Ca: 10.22, TiO: 16.51, 

C,O,: 45.18, H,O: 28.50% ; caIcuIated vaiues for CaTiO(C204)6H,0 are Ca: 10.33, 

TiO: 16-47, C,O,: 45.36 and H,O: 27.84%. 

The procedures for physical studies like DTG, DTA, i-r. spectroscopy, X-ray 

powder diffraction and surface area measurements are described elsewherea. Methods 
for the analysis of the residues and the _gaseous products at different stages of de- 

composition were also similar to those already reported by us4. 

RESULTS . 

Figures l-4 give the DTA and DTG curves in flowing oxygen, nitrogen, a 

vacuum and carbon dioxide for ST0 and CTO. Figure 2 also shows the TG curve for 

ST0 in oxygen while the corresponding curve for CT0 is shown in Fig. 4. All the 

thermal effects are accompanied by weight losses. As in the case of barium and lead 

w i - _ _ _ _ _ _ _ _ I 
TEMPLRATURE,-c 

Fig. 2. DTG of ST0 in (a) oxygen; (b) nitrogen; (c) vacuum; and (d) carbon dioxide. 
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titanyl oxalates4*5, there are three major steps in the decomposition: dehydration of 
the hydrate, decomposition of the oxalate to a carbonate and the decomposition of 
the carbonate to give the corresponding metatitanates, SrTi03 or CaTiOs. These 
major reactions are not influenced much by the surrounding atmosphere. The 
temperature ranges and the observed weight Josses for the decomposition of ST0 and 
CT0 are given in Tables I and 2, respectively. 

Dehydration of the hya?ate 

Dehydration of ST0 takes pIace in the temperature range 25-200°C in three 
steps, which however overlap in the thermograms. Weight losses and the composition 
of the residues obtained in static experiments correspond to the formation of di- 
hydrate, monohydrate and anhydrous oxaiate. The dehydration is completely 
reversible and the intermediate hydrates as well as the anhydrous salt are amorphous 
to X-rays. From the vapor pressure measurements of the different hydrates in suitable 
temperature ranges, enthalpies of dehydration for the diEerent steps have been 
evaluated as 5.34, 9.8 and 22.8 kcal mol- * of HzO. From the cIoseness of the first 
two values to each other, the dehydration steps could be ex+cted to overlap and may 

0 E 
t 
i 
z 
I 

r 

Fig. 3. DTA of CXO in (a) oxygen; (b) nitrogen; (c) vacuum; and (d) carbon dioxide. 
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TEMPERANRE;C 

Fig_ 4_ DTG of CT0 in (a) oxygen; (b) nitrogen; (c) vacuum: and (d) carbon dioxide. 

be incompfeteIy rwolved in the thermal curves. The relative variations in the 
magnitudes of the dehydration peaks are due to minor changes in the gas flow-rates 
and the consequent variation of the partial pressure of water vapour over the system. 

CT0 dehydrates into the tetrahydrate and then to anhydrous oxalate. The 
dehydration is not compIeteIy reversible as the anhydrous oxaIate takes up onIy four 
water moIecuIes on rehydration. The tetrahydrate as well as the anhydrous oxrdate 
are amorphous to X-rays. The wei@ loss varies from 27.4 to 29.20%, the excess 
weight Ioss beiig due to adsorbed water_ The two dehydration steps are well resolved 
on ah the thermai curves. 

Decomposition of the oxalare 

The decomposition of the oxalate groups in the case of STO, appears to be a 
singIe-step prouzss, in the temperature range 210_45O”C_ The reaction starts as an 
endotherm in oxygen but soon becomes exothermic due to the secondary reaction of 
carbon monoxide_ In a vacuum or non-oxidising atmosphere, it is endpthermic and 
peak maxima are at neariy the same temperature. Carbon monoxide and carbon 
dioxide are the only gaseous products and their ratio varies with the temperature of 
decomposition_ The residue corresponds to the general composition, SrTiO,CO,. 
The i-r_ spectrum of this residue (Fig 5a) shows the presence of a small amount of 
retained carbon dioxide in the solid as indicated by the absorption band at 2350 cm- ’ _ 

The residue can therefore be better formulated as Sr,Ti,O,+,(CO,),_,(CO3, where 



xt l- The amount of retained carbon dioxide is highest in carbon dioxide atmosphere 
and lowest in vacuum. The residue though amorphous to X-rays is non-porous as 
shown by its low surface area (around 2 rn’ g-r)_ 

1 I I I I I I I 1 I I I 
> a400 azoo woo IWO I6oouoo 1100 r)oo coo 700 600 so0 4 

WAVE MJUlERS * ems -1 
0 

Fig. 5.1-R. spectra of (a) S~,T~,O,,,(CO,),-,(COZ),; (b) SrzTi20,C03 ; (c) CazTi204cC03) i ; 
and (d) CalTi,OICO~. 

The oxalate in CT0 decomposes in an analogous fashion to that of STO, except 
that the residues do not contain any retained carbon dioxide. The net composition of 
the residue corresponds to CaTiO,CO, . The i-r. spectrum (Fig. SC) shows the absence 
of free carbcn dioxide while the carbonate bands are split up. There are four bands in 
the region I300 to 1700 cm-‘, indicating a monodentate and a bidentate carbonate 
_aoup (for which the v3 band splits to different extent)’ are present. The weight losses 
are identical in oxygen, carbon dioxide and nitrogen atmospheres, supporting the 
non-retention of carbon dioxide in the residue. In a vacuum the loss in weight is 
slightly higher, possibiy due to further surface decomposition of the residue- The 
residue is appropriately formulated as Ca,Ti,0,(C09)z_ 

In non-oxichsing atmospheres or a vacuum, the residues are bIack because of the 
presence of elemental carbon formed by the disproportionation of carbon monoxide. 
This has secondary influence on the temperature range of subsequent decomposition. 

Decomposition of the curbonate 
The intermediate strontium titanium carbonate SrZTi204+z(C03)2_-r(COT)r 

decomposes in two steps. In the first step retained carbon ciio_xide and one of the 
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carbonate groups decomposes_ In vacuum, this step is pronounced and well resolved 
as most of the carbon dioxide from the carbonate decomposition is also lost_ In other 
atmospheres the loss of carbon dioxide is only partial while the rest is retained. 
Isothermal heating of ST0 at 480 C for 24 h gives a crystalhne residue of composition 
Sr,Tiz05C03. The X-ray powder diffraction pattern of this residue (though not of 
good quality) does not correspond to that of SrC03, any polymorph of Ti02 or 
SrTiOa_ The carbonate Sr2TizOsC03 further decomposes in the temperature range 
of 570-750°C to produce the final product SrTiOB _ The weight loss corresponding to 
this step is higher in-dynamic experiments because of the release of occluded carbon 
diolride from the previous decomposition step. The release of retained carbon dioxide 
is facilitated be-cause of the Ioosening of the lattice during the final decomposition- 
The final residue gives a well-defined X-ray diffraction pattern of SrTiOB. 
(a = ~9035 A) 

The car’bonate Ca,Ti,O,(CO,), decomposes first in the temperature range of 
450-6OO”C to give Ca2Tiz05C03 and carbon dioxide. The intermediate Ca,Ti,O,CO, , 
unlike its strontium analogue is amorphous and retains most of the carbon dioxide 
from the previous decomposition step. The extent of retention depends on the sur- 
rounding atmosphere and is a maximum in carbon dioxide and a minimum in 
vacuum_ In the final stage retained carbon dioxide as well as the carbon dioxide from 
the decomposition of Ca,Ti,OsCO, is reIeased in the temperature range of 570- 
750°C. The final crystalline residue is CaTiO, (pseudo cubic, a = 15.18 A). 

DISCUSSIOX 

From the above results the scheme of decomposition for ST0 can be formulated 
as foilows: (temp. ranges in oxygen) 

-2&O. - H10. - Hz0 

SrTiO(CzOJ2 - 4H20 T i SrTiO(C,O& 
20-250-c 

(1) 

2SrTiO(C,O,), 25-30 l = - Sr2Ti20,,JC03)2_,(C01), + 4C0 + 2C02 (2) 

Sr2Ti,O,*,(CO,),-,(CO~= mSr2Ti20,C0, + CO2 (3) 

Sl,Ti,05C03 57o-73o’c 2SrTi0, -!-CO, (4) 

The maximum ratio of CO:CO, is 1.6~1 .O in vacuum, against the expected 21 
as per reaction (2). This is due to the disproportionation of carbon monoxide, as 
evidenced by the black residue containing elemental carbon_ In step (3) expulsion of 
retained carbon dioxide is accompanied by partial decomposition of a carbonate also_ 
The intermediate SrzTi205COJ has a better crystallinity than the barium anaIogue 
and shows little or no tendency to retain free carbon dioxide in the matrix. 

The corresponding scheme for the decomposition of CT0 may be formulated 
as follows: (temperature ranges for oxygen) 



CaTiO(C20J2 - 6H20 
ZO-130’C 

- CaTiO(CzO,), - 4H20 + 2H,O 

CaTiO(C20_& - 4H20 5 CaTiO(C,O& t 4H20 

(1) 

(2) 

2CaTiO(C10J2 25o--45o’c_ Ca,Ti,0,(C03)2 + 4C0 i 2C02 (3) 

450-540T 
______3 Ca,Ti,0,C03 +-CO, 

540~-660.C 
- 2CaTi0, i CO2 

(4) 

(3 

Of the two nonequivalent carbonate groups in CazTi,0,(C03)z, one may be 
considered equivalent to free carbon dioxide retained in the matrix of *he intermediate 
Ba,TizO,(CO,) (CO,)* from barium titanyl oxalate. 
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