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Abstract In this study, powders of lead indium niobate–
lead titanate (1−x)Pb(In1/2Nb1/2)O3–(x)PbTiO3 (PINT) bi-
nary system near the morphotropic phase boundary (MPB)
composition with x=38 mol% PbTiO3 are synthesized with
the conventional mixed oxide and the wolframite methods
via a rapid vibro-milling technique for the first time. The
preparation method and calcination temperature have been
found to show pronounced effects on the phase formation
behavior of the PINT powders. The stabilized perovskite
phase form of PINT can be synthesized by the wolframite
method, while precursor phases are still found in powders
prepared by the conventional method. Finally, this study
shows that the rapid vibro-milling mixing technique is
effective in preparing the phase pure perovskite of PINT
powders.
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1 Introduction

Lead indium niobate Pb(In1/2Nb1/2)O3 (PIN) compounds
are interesting for studying the kinetics of compositional
ordering [1]. It has been reported that the degrees of
ordering on the B-site can be varied by thermal annealing
and by forming solid solutions with perovskite compounds
that exhibit normal dielectric behavior, such as Pb(Fe1/2
Nb1/2)O3 (PFN), PbZrO3 (PZ) and PbTiO3 (PT) [2]. With

different thermal treatments, the degrees of the In/Nb cation
ordering on the B-site in a perovskite structure can be
manipulated from a structurally disordered state into
various degrees of ordering. The disorder PIN is a relaxor
ferroelectric with a psudo-cubic perovskite structure. It
shows the relaxor behavior with a broad dielectric maxi-
mum near 66°C, when measured at 1 kHz [3, 4]. On the
other hand, the ordered PIN has the antiferroelectric
orthorhombic phase [5–9] with a sharp peak in the
dielectric constant at 168°C [4, 10]. However, pure-phase
perovskite PIN ceramics free of the pyrochlore phase are
very difficult to prepare using a conventional mixed oxide
methode [7, 11]. This is because the tolerance and the
electronegativity difference of PIN are very low compared
with other perovskite compounds such as PMN [2, 12]. The
wolframite method, as used by Groves [13] for the
preparation of perovskite PIN ceramic, is not effective in
suppressing pyrochlore phase formation. The addition of
excess In2O3 was shown to yield higher amount of
perovskite phase [13]. Recently, Alberta and Bhalla [7]
were able to produce 100% phase-pure perovskite PIN
ceramic with the addition of excess indium and/or lithium
with wolframite method. Moreover, the solid solution with
perovskite compounds such as PT, can stabilize the
perovskite phase of PIN and chemical ordering may be
suppressed. It has also been reported that a morphotropic
phase boundary (MPB) of the solid solution system (1−x)
Pb(In1/2Nb1/2)O3–(x)PbTiO3 (PINT) is located at a compo-
sition with x=0.38 [14, 15] and this binary system near
MPB composition belongs to one of the relaxor-PT systems
with Tc higher than 250°C [16, 17]. Previous studies have
focused on the properties of solid solution PIN–PT single
crystals, while the information on PIN–PT ceramics is still
limited.
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Fig. 1 XRD patterns as a func-
tion of the calcination tempera-
ture for (a) the conventional
method and (b) the wolframite
method
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This study is intended to explore a synthetics route for
the pure-phase perovskite bodies of PINT binary system
near MPB composition. Both the conventional mixed-oxide
and the wolframite methods have been employed. More
importantly, a rapid vibro-milling mixing technique is
utilized to obtain phase-pure perovskite powders. Finally,
the phase formation and morphology of the powders
calcined at various temperatures are studied.

2 Experimental

For the conventional method, the starting materials of lead
oxide, PbO (Fluka, 99% purity), titanium oxide, TiO2

(Riedel-de Haën, 99% purity), niobium oxide, Nb2O5

(Aldrich, 99.9% purity) and indium oxide, In2O3 (Aldrich,
99.99% purity) were mixed in the required stoichiometric
ratio for the composition (1−x)Pb(In1/2Nb1/2)O–(x)PbTiO3

where x=0.38. The oxide powders were milled via a rapid
vibro-milling technique for 30 min with corundum media in
ethanol [18]. After drying at 120°C, the mixture was
calcined at temperature between 700 to 1000°C with dwell
time of 2 h and heating/cooling rate of 10°C/min in a
double crucible [19]. On the other hand, in the wolframite
method the wolframite precursor was first prepared from
oxide powders of niobium oxide, (Nb2O5) and indium
oxide, (In2O3). The intermediate precursor InNbO4 was
synthesized at an optimized calcination temperature of

1100°C for 2 h [20]. The wolframite precursor was then
mixed with lead oxide (PbO) and titanium oxide (TiO2) and
re-milled. After drying, the mixture was calcined at
temperature between 700 to 1000°C with dwell time of
2 h and heating/cooling rate of 10°C/min in a double
crucible.

In order to study the reaction of the uncalcined PINT
powders, a differential thermal analysis (DTA) and thermal-
gravity analysis (TG) were performed on a DTA-TG
apparatus (Perkin Elmer) using heating/cooling rate of
10°C/min in air from room temperature up to 1300°C.
X-ray diffraction (XRD; Siemen-D500 diffractometer) was
used to determine the phase formation behavior of the
calcined powders. The microstructure was observed with a
scanning electron microscope (SEM; Joel JSM-840A). The
chemical compositions of the phase formed were elucidated
by an energy-dispersive X-ray (EDX) analyzer with an
ultra-thin window.

3 Results and discussion

Initially, the DTA-TG analysis was performed on uncal-
cined powders to obtain thermal behavior to define the
range of calcination temperature for the XRD investigation.
The results from DTA-TG studies indicate that the suitable
range of the calcination temperature is between 700 and
1000°C.
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Fig. 2 XRD patterns for PINT
powders at optimum calcination
temperature of both methods,
with comparison to standard
JCPDS files for PIN and PT
compound
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Figure 1 shows the XRD patterns of powders calcined
for 2 h between 700 and 1000°C with heating/cooling rate
of 10°C/min. The differences in XRD patterns for both
methods are clearly apparent. The calcination temperature
of 700°C does not yield the perovskite phase for both
methods. At 850 and 800°C, respectively, the perovskite
phase is found to form for the conventional and wolframite
methods. The optimum calcination temperature for the
formation of phase pure perovskite PINT is found to be
about 900°C for the wolframite method, while the
conventional method is found to be about 850°C with PT
peak. The experiment indicates that the wolframite method
helps to stabilize the perovskite phase in PINT system.
More importantly, though the conventional method yields
the perovskite phase at lower temperature than the
wolframite method, the strong PT peak is still observed in
the XRD patterns of powders calcined with the conven-
tional method as high as 1000°C (as seen in Fig. 1a).
Clearly, the significant difference between the XRD
patterns is the presence of the strong PT peak at 31.5° for
the powders calcined with the conventional method. As
seen in Fig. 2, the diffraction peak does not match any
peaks of PIN and PT compounds. Instead, the peaks closely
match to those of a hypothetical solid solution formed
between the two compounds. Furthermore, for the wol-
framite method the peaks are not a simple superposition
corresponding to the two compounds, while the
corresponding diffraction angle at 31.5° can be matched
to maximum peak of PT for the conventional method [21].
This observation points to the formation of PT phase in the
powders from the conventional method, which could be a
result of better reaction of PbO and TiO2 to form PT phase
rather than PINT phase. As listed in Table 1, the
quantitative analysis by EDX shows that, in addition to
the PINT phase, the PIN, PT and TiO2 phases are also
present in the powders calcined by the conventional
method, while only additional Nb2O5 phase (undetected
by XRD) is possible in the powders obtained from the
wolframite method. A combination of the XRD and EDX
methods has indicated that the wolframite method yields
XRD-phase pure PINT powders, while the conventional
one results in a mixture of PINT, PIN PT, and TiO2

(undetected by XRD) phases. This clearly emphasizes the
importance of the synthetic route used to prepare the PINT

powders. Moreover, effects of soaking time and heating/
cooling rates have also been studied in this work. For this
study, it is found that the soaking time and heating/cooling
rate do not significantly affect the phase formation behavior
of PINT powders.

Table 1 Chemical compositions of calcined powders from SEM–EDX analysis.

Method Composition (at.%) Possible phases

Pb (M) In (L) Nb (L) Ti (K)

Conventional 43.9 11.3 14.4 30.4 PbIn0.31Nb0.31Ti0.38O3, Pb(In1/2Nb1/2)O3, PbTiO3, TiO2

Wolframite 46.6 11.9 21.0 20.5 PbIn0.31Nb0.31Ti0.38O3, Nb2O5

Fig. 3 SEM micrographs of PINT powders calcined at optimum
temperature for (a) the conventional method and (b) the wolframite
method
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The morphological evolution of the calcined powders
was investigated by SEM. Figure 3 shows the SEM
micrographs of the powders synthesized by conventional
and wolframite methods. In general, the particles are
agglomerated and irregular in shape. As seen in Fig. 3(a),
the particles synthesized by the conventional method show
relatively large agglomerates ranging in diameter from
about 0.5 to 2 μm. On the other hand, the particles
synthesized by wolframite method, with diameter in the
range ∼0.1 to 1 μm (Fig. 3(b)), are lower in particle
agglomeration than the conventional method.

4 Conclusions

The powders of a solid solution of PINT binary system with
x=0.38 was successfully prepared by both the conventional
mixed oxide and the wolframite methods. The results from
DTA-TG technique were use used to define the range of
calcination temperature with 700 to 1000°C. The optimum
calcination temperature for the formation of phase pure
perovskite was determined to be 900 and 850°C for the
wolframite, and the conventional methods, respectively, with
soaking time of 2 h and heating/cooling rate of 10°C/min.
Moreover, the perovskite phase was found to form at lower
temperature with the conventional method than the wol-
framite method. However, the EDX studies showed that the
stabilized perovskite phase form of PINT can be synthe-
sized by the wolframite method, while precursor phases
were still found in powders prepared by the conventional
method. Moreover, the large agglomeration and particles
size were observed in powder synthesized by the conven-
tional method.
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