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Formation of stoichiometric lead titanyl oxalate from mixed solutions of lead nitrate and
potassium titanyl oxalate at different pH values was investigated by thermal analysis. At
very low pH of ≈0.45 only lead oxalate was precipitated. Increase in pH from 0.45 to 2.5
did not yield stoichiometric lead titanyl oxalate. However, at pH 3, the precipitate obtained
corresponded to lead titanyl hydroxy oxalate, which on heat treatment at 550◦C for 1 h
yielded phase pure PbTiO3. Precipitation at pH 9 showed persistence of oxalate as an
impurity. Mixed hydroxides of Pb and Ti with no traces of oxalate impurity occurred at
pH 10.5. C© 2001 Kluwer Academic Publishers

1. Introduction
Lead titanate is a typical perovskite type ferroelectric
which exhibits large pyroelectric coefficient and a high
electromechanical coupling coefficient, the properties
that are desirable for fabrication of pyroelectric detec-
tor and acoustic transducer devices respectively. Dense
ceramics of pure PbTiO3, however, cannot be fabri-
cated because of microcraking resulting from cubic to
tetragonal phase transformation at the curie tempera-
ture (490◦C), as well as due to large anisotropic ther-
mal expansion arising from constituent grains. The ten-
dency of such microcracking can be controlled with
suitable additives that inhibit grain growth [1–3]. Al-
ternatively, synthesis of PbTiO3 in the form of easily
sinterable powder with very fine grains should min-
imise microcracking [4]. PbTiO3 is normally prepared
by solid-state reaction of PbO/PbCO3 and TiO2 at ele-
vated temperatures. However, because of inherent lim-
itations of this process, particularly in terms of result-
ing particle size and contamination during processing,
several chemical methods have been advocated [5–11]
among which oxalate coprecipitation route is appar-
ently cost effective [12–15]. In all the precipitation
methods TiCl4 has been used as a precursor for tita-
nium. The TiCl4 precursor is extremely reactive even
with atmospheric water vapour and requires tempera-
tures as low as 0◦C for proper dilution to avoid hy-
drolysis. This necessitates a quantitative estimation of
Ti prior to the use of TiCl4 aqueous solution in order
to maintain the required stoichiometry of Pb to Ti. In
some cases titanyl nitrate was used in place of TiCl4 as
a precursor for Ti [14, 15]. But the TiO(NO3)2 solu-
tion is inturn prepared from TiCl4 via hydrolysis and
subsequent dissolution in HNO3. Van de velde [16] re-

ported that stoichiometric lead titanyl oxalate could not
be synthesised above pH 1.5, while Bhattacharjeeet al.
[15] set the lower limit for synthesising the same at
pH≤ 0.45. The present investigation uses the readily
available, water soluble potassium titanyl oxalate, as
a precursor for Ti, and also discusses the effect of pH
(from 0.45 to 10.5) on the formation of stoichiometric
lead titanyl oxalate in terms of thermal decomposition
of precipitates obtained at selected pH values.

2. Experimental
Flow diagram for the precipitation process in the
present study is shown in Fig. 1. The used reagents,
Pb(NO3)2 and K2 [TiO(C2O4)2] 2H2O (KTO) were of
BDH AR quality. 100 ml of 0.1 M Pb(NO3)2 was added
to 100 ml of 0.1 M KTO drop wise with constant stir-
ring. The initial pH of the mixed solution was found to
be around 0.2. Increase in pH of the mixed solution was
achieved by the addition of ammonia. The precipitates
obtained at pH values of 0.45 to 3.0 were washed with
distilled water containing oxalic acid in order to main-
tain the required pH, while the precipitates obtained at
pH 9.0 and 10.5 were washed with ammoniacal distilled
water. Washings were carried out until the precipitates
were free from nitrate and the samples were dried at
room temperature. Thermal studies were carried out us-
ing a combined thermogravimetric analyser and differ-
ential thermal analyser (TG/DTA, 32, SEIKO, JAPAN).
The final residues after heat treatment were identified
using an X-ray diffractometer (Philips X’Pert system)
with Cu Kα radiation. Oxalate content was analysed
by permanganometry after digesting a known amount
of sample in dilute H2SO4. Contents of Pb and Ti were
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Figure 1 Flow diagram for the precipitation of precursor powder for
PbTiO3.

analysed gravimetrically by precipitating as PbSO4 and
Ti-cupferronate, respectively.

3. Results and discussion
Though stoichiometric barium titanyl oxalate can be
easily prepared by mixing of BaCl2 and KTO solutions
[17] at pH values less than 3.0, synthesis of stoichio-
metric lead titanyl oxalate (PTO) does not seem to be
so easy because of lower solubility of lead oxalate com-
pared to lead titanyl oxalate complex in the pH range
of 0.45 to 1.5. Further constraint on pH is due to rapid
hydrolysis of Ti4+ above pH 3 leading to the formation
of TiO(OH)2 in preference to the complex. Hence, pre-
cipitates formed from mixed solution of Pb(NO3)2 and
KTO at pH values of 0.45, 1.5, 2.0, 2.5, and 3.0 were
studied by thermogravimetry (TG) and differential ther-
mal analysis (DTA) to check whether the decomposi-
tion pattern of any of these precipitates matches with the
previously reported TG of stoichiometric PTO [12, 13].

Fig. 2 depicts thermal behaviour of precipitate ob-
tained at pH 0.45. The TG curve indicates only one
weight loss of 24% in the temperature region from
275 to 400◦C. The observed weight loss matches with
the thermal decomposition for pure PbC2O4 (expected
loss= 24%). The DTA curve also shows only one

Figure 2 TG and DTA curves of precipitate at pH 0.45.

exothermic peak at 350◦C. Chemical analysis of the
precipitate showed Pb : C2O4 in the ratio of 1 : 1 with
no titanium content, indicating the composition of the
precipitate as PbC2O4. XRD pattern (shown in Fig. 6)
of the above precipitate heat treated at 500◦C for 1h in-
dicated the presence of only PbO. Thermal behaviour of
precipitates obtained at pH 1.5, 2.0, and 2.5 are shown
in Fig. 3. The respective weight losses for the above
precipitates were found to be 30%, 29.6% and 35.4%.
In all these cases, the observed weight loss was higher
than that expected for pure lead oxalate and less than
that expected for stoichiometric PTO. XRD patterns of
the above precipitates heat treated at 500◦C for 1h are
presented in Fig. 6. From the XRD patterns it is evi-
dent that the residues were two phase mixtures of PbO

Figure 3 TG and DTA curves of precipitate at pH values of a) 1.5,
b) 2.0 and c) 2.5.
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Figure 4 TG and DTA curves of precipitate at pH 3.0.

and PbTiO3 suggesting that the initial precipitates were
mixtures of lead oxalate and lead titanyl oxalate of vary-
ing proportions depending on pH. These results agree
with the report of Van de velde [16] that beyond pH
0.45 PbC2O4 is precipitated together with PTO. TG and
DTA curves for precipitate obtained at pH 3 are shown
in Fig. 4. The observed weight loss was 34.3% which
is close to the thermal decomposition of lead titanyl
hydroxy oxalate, Pb[TiO(OH)2C2O4] 4H2O. (Theor.
loss= 34.8%). Quantitative analysis of the precipi-
tate indicated Pb : Ti : C2O4 content in the ratio1 : 1 : 1
which excludes the supposition of a stoichiometric
dioxlate derivative of composition Pb[TiO(C2O4)2]
4H2O. Further, the precipitate heat treated at 550◦C
for 1h yielded a phase pure PbTiO3, the XRD pattern
of which is given in Fig. 6.

Since it can be noticed from the solubility diagrams
for lead hydroxide and titanium hydrous oxide sys-
tems [18], that lead and titanium can be coprecipitated
at pH 9.0–10.0, precipitation in the present study has
also been done at pH 9. Thermal behaviour of precipi-
tate obtained at pH 9, shown in Fig. 5 indicates a total
weight loss of 16.7%. The corresponding DTA curve
showed one endothermic peak at 87◦C and two exother-
mic peaks - one at 320 and the other at 512◦C. The
endothermic peak at 87◦C may be assigned to dehydra-
tion of titanium hydrous oxide while the first exother-
mic peak may be assigned to two factors - namely,
crystallisation of anatase and thermal decomposition
of lead oxalate impurity present along with lead hy-
droxide precipitate. The exothermic peak at 512◦C was
due to phase transition of anatase to rutile. The pre-
cipitate heat treated at 600◦C for 1 h yielded phase
pure PbTiO3, (Fig. 6). The presence of oxalate impurity
could be completely eliminated by increasing precipi-
tation pH to 10.5. Thermal behaviour of the precipitate
obtained at pH 10.5 is shown in Fig. 5 which shows
no exothermic peak in the temperature range of 320–
350◦C. The observed weight loss of 19.1% is in close
agreement with the expected weight loss (Theoretical
weight loss= 19.2%) for mixed hydroxides Pb(OH)2
H2O+TiO(OH)2 H2O. Hence, the optimum pH for
coprecipitation of Pb and Ti in the present system is
10.5 and not 9.0. Chemical analysis of the precipitates

Figure 5 TG and DTA curves of precipitates at pH values of a) 9.0 and
b) 10.5.

Figure 6 XRD patterns of the precipitates obtained at different pH values
and heat treated at a) 500◦C, b) 500◦C, c) 500◦C, d) 500◦C, e) 550◦C,
f) 600◦C for 1 h.

obtained at pH= 9.0 and 10.5 also support the above
compositional assignments.

4. Conclusions
From the above results it may be concluded that no
stoichiometric lead titanyl oxalate of the form Pb
[TiO(C2O4)2] 4H2O resulted at any pH from 0.45 to 2.5.
However, at pH 3 stoichiometric lead titanyl hydroxy
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oxalate Pb [TiO(OH)2 C2O4] 4H2O was formed, which
on thermal decomposition at 550◦C for 1h yielded
phase pure PbTiO3. Also at pH 10.5 both lead and tita-
nium were precipitated as hydroxides.
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