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Abstract

Bismuth sodium titanate (Bi1/2Na1/2TiO3 or BNT) powders were prepared by the hydrothermal route with starting chemicals
containing Bi(NO3)3.5H2O, NaNO3 and Ti[i-OPr]4 in a PTFE-lined autoclave. After hydrothermal treatment at 200

�C for 20 h, the
powders were filtered and washed with deionized water until the pH of the washing solution was 10. After drying in an oven at
100 �C for 5 h, white powders of BNT were obtained. X-ray diffraction (XRD) patterns of BNT fine powders show that well

developed crystallite with a pure perovskite phase have been formed. The powders were pressed into disc shape of 10 mm in dia-
meter and 1.6 mm thick. The green bodies were sintered in close alumina crucible at 800, 900, 1000 and 1050 �C for 3 h, to obtain
the highest density. The microstructure of the powders and ceramics were investigated by scanning electron microscopic (SEM)

technique.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Bismuth sodium titanate (Bi1/2Na1/2TiO3 or BNT)
was a perovskite ferroelectric discovered by Smolenskii
et al.1 BNT is considered to be an excellent candidate
for a key material of lead-free piezoelectric ceramics
because BNT is a ferroelectric with the Curie tempera-
ture, Tc=320 �C. The X-ray analysis data shows that
BNT has a rhombohedral symmetry at room tempera-
ture. For using as lead-free or low lead control compo-
sitions for a control-free atmosphere and to avoid
pollution during the sintering process by suppressing
PbO evaporation is preferable.2,3 BNT is generally syn-
thesized by conventional technique,4,5 chemical copreci-
pitation method,6 sol-gel,7 and hydrothermal route.8

Hydrothermal processing route to ceramic powders
involve heating reactants, often metal salts, oxide,
hydroxide or metal powder as a solution or suspension
in a liquid usually, but not necessarily, water at elevated
temperature and pressure.9 The hydrothermal synthesis
is sometimes called a ‘‘soft solution chemical proces-
sing’’ because of the mild reaction condition under
which the product is achieved (low temperature and
short reaction time), lead to controlled particle size and
morphology.10 Hydrothermal synthesis of ceramic
powders has gained considerable popularity because it
has the potential to yield high-purity, homogeneous,
fine crystalline powders at moderate condition.11 In this
study, the hydrothermal synthesis and the effect of sin-
tering temperature on microstructure of BNT were
investigated.
2. Methods

The low temperature hydrothermal synthesis route
based on the nitrate method was performed. Bismuth
nitrate solution was added into titanium peroxo com-
plex solution followed by sodium nitrate solution, 12 M
NaOH was added under continuous stirring to adjust
the pH of the solution to be 13. A yellowish precipitate
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was formed. The total contents were transferred to a
PTFE-lined autoclave with a volume of 500 ml. After
hydrothermal treatment at 200 �C for 20 h, the powders
were filtered and washed with deionized water until the
pH of the washing solution was 10. After drying in an
oven at 100 �C for 5 h, BNT powders were obtained.
XRD analysis was carried out with an X-ray dif-

fractometer (XRD, Jeol) using Ni-filtered monochro-
matic CuKa radiation. The detection range was 10–60

�

with a step size of 0.10 (�2�/s)/s. Confirmation of the
powders was obtained by comparison with the JCPDS
File number 36-0340.12 The powder samples were dis-
persed and without dispersed with absolute ethanol
medium in an ultrasonic bath (Cole-Parmer, model
5880) for 15 minutes, and gold-coated by fine coater
(Jeol JSC-1200). Particle sizes and morphologies were
characterized by scanning electron microscope (Jeol
JSM-5410).
The powders were pressed into disc shape of 10 mm in

diameter and 1.6 mm thick. The green bodies were sin-
tered in close alumina crucible at 800, 900, 1000 and
1050 �C for 3 h. The density of all sintered BNT cera-
mics was measured and then compared with their theo-
retical density. The ceramic samples were gold-coated
by fine coater (Jeol JSC-1200). Grain sizes and
morphologies were characterized by scanning electron
microscope (Jeol JSM-5410).
3. Results and discussion

Fig. 1 shows the XRD pattern of the non-calcined
powder synthesized by the hydrothermal route. The
BNT shows in good agreement with the rhombohedral
structure reported in JCPDS file number 36-0340.12

Fig. 2(a) shows a SEM micrograph of BNT powders
which dispersed with absolute ethanol obtained by
hydrothermal treatment at 200 �C for 20 h without cal-
cination. The particles appear as spherical with dia-
meters ranging from 0.2 to 0.8 mm. At higher
magnification, BNT powders were not dispersed with
absolute ethanol, agglomerated and showed spherical
particles with diameters ranging from 0.2 to 0.8 mm as
shown in Fig. 2(b) which are much smaller than pre-
viously reported.1�5

The measured densities of sintered BNT ceramics
were found to be approximately 80–96 and 94–95% of
the theoretical density at 1125–1175 �C for 1 h and
1050–1070 �C for 2 h.4,5 In this study, the densities of
sintered BNT ceramics at 800, 900, 1000 and 1050 �C
for 3 h, were found to be 54, 64, 90 and 94% of their
theoretical density, respectively. This indicates that the
sintering temperature of 1050 �C for 3 h yielded the
highest density of the sintered ceramics.
However, the sintering temperature has influence on

the morphology and microstructure of sintered BNT
ceramics. The average grain size of BNT ceramics
obtained from different sintering condition were report
earlier.4,5 It was found that the average grain size of
sintered BNT ceramics at 1125–1175 �C for 1 h and
1050–1070 �C for 2 h, were approximately 4–8 and 3–4
mm, respectively.
In this study, Fig. 3(a–d) show SEM micrographs of

BNT ceramics sintered at 800, 900, 1000 and 1050 �C
for 3 h. The particles are agglomerate and basically
irregular in shape [Fig. 3(a,b)]. Some spherical particles
are ranging in diameter from 0.2 to 1.0 and 0.4 to 1.3
mm, respectively. A sintered surface ceramics with fine-
grained, non-uniform microstructure was obtained in
BNT ceramics [Fig. 3(c,d)], with average grain size
ranging from 0.7 to 1.6 and 3 to 8 mm, respectively. It
can be concluded that, lower sintering temperature with
longer sintering time produced smaller grain size cera-
mics (sintered at 800, 900 and 1000 �C for 3 h). But in
the case of ceramic sintered at 1050 �C for 3 h possessed
maximum grain size of 8 mm due to longer sintering
time.
The microstructure of sintered BNT ceramics was

varied by different sintering temperatures. As the sin-
tering temperature was increased, the grain size also
increased.
Fig. 1. X-ray diffraction pattern of BNT powders: (a) JCPDS File

number 36-0340 and (b) powder synthesized by hydrothermal route,

without calcination.
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4. Conclusion

Hydrothermal route has been developed for the chem-
ical synthesis of bismuth sodium titanate (BNT)
powders. BNT with rhombohedral structure was
obtained at 200 �C after 20 h. The spherical particles
formed are very fine with sizes ranging from 0.2 to 0.8
mm. Hydrothermal synthesis routes applied in this
study used a stoichiometric ratio of reagents and hence
offer a relatively convenient means for obtaining pow-
ders of high purity, fine particle size, and a high degree
of chemical homogeneity at low reaction temperature.
The hydrothermal route has an advantage over other
synthetic processings that BNT powders can be
obtained without additional heat treatment. It can be
seen that the grain size and surface densification of
BNT ceramics become higher and denser with increas-
ing sintering temperature. With smaller grain size of
BNT powders, ceramics fabricated should possess
smaller grain size and higher density compared to theo-
retical value.
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