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Hydrothermal synthesis of fine bismuth titanate powders
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Abstract

Bismuth titanate (Bi4Ti3O12) fine powders were synthesized from a low temperature hydrothermal method. Bismuth nitrate and titanium
isopropoxide were used as the starting materials with the mole ratio of Bi:Ti= 4:3. Sodium hydroxide was added to adjust the pH of the
mixed final solution at 13. The temperature of reaction in the hydrothermal Teflon-lined vessel was 150◦C. The effect of reaction time at 5,
10, and 15 h was investigated. The phase structure was identified by X-ray diffraction (XRD) technique. Orthorhombic structure of Bi4Ti3O12

fine powders was obtained without calcination step. The morphology and microstructure were investigated by scanning electron microscopic
(SEM) technique. The powders were generally sphered in shapes and the average sizes were 0.50–1.20�m.
© 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Bismuth titanate (Bi4Ti3O12) has a layered perovskite
structure built up by the regular intergrowth of (Bi2O2)2+
layer and perovskite type layer (Bi2Ti3O10)2− where Bi
ion occupy 12-coordinated sites[1]. At room temperature,
Bi4Ti3O12 presents a monoclinic (C1h = m) symmetry, but
above the Curie temperature, at about 675◦C, the symme-
try becomes tetragonal (D4h = 4 mmm). The spontaneous
polarization has a magnitude as high as 50�C/cm2 and
lies in a direction tilted approximately 7◦ from the major
crystal surface in a plane parallel to the monoclinic bo–co
plane. The polarization along the co direction, after apply-
ing an electric field on the major crystal surface, yields
values of approximately 4�m/cm2. The piezoelectric coef-
ficient is also relatively high in these directions. Bi4Ti3O12
exhibits potential use in applications such as non-volatile
memory, optical memory, piezoelectric, and electro-optic de-
vices [2,3]. Several methods, including solid state reaction
[4,5], coprecipitation method[6], sol–gel processes[7–9],
and hydrothermal synthesis[10–12]were developed for the
synthesis of Bi4Ti3O12 fine powders. Calcining at high tem-
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perature and repeated grinding of the composition of oxides
was necessary for the preparation of oxides by conventional
solid state reaction, which often results in high agglomera-
tion and compositional inhomogeneity of the powders. Al-
though the improved methods such as coprecipitation and
sol–gel can produce fine powders with compositional ho-
mogeneity, high calcined temperature is usually necessary
for the crystallization of Bi4Ti3O12 powders. Hydrothermal
synthesis has several advantages including preparing crys-
talline oxides with narrow grain size distribution, producing
highly Bi4Ti3O12 fine powders without calcination at high
temperature, and the resulted particles form low agglomer-
ation[11]. In this research, we report a low temperature hy-
drothermal synthesis of Bi4Ti3O12 fine powders and study
the effect of reaction time on the phase formation by X-ray
diffraction (XRD). Microstructure and morphology were in-
vestigated by the scanning electron microscope (SEM).

2. Experimental procedures

Bi4Ti3O12 fine powders were synthesized by a low tem-
perature hydrothermal method. Solution A was prepared
by dissolving Bi(NO3)3·5H2O in 6 M HNO3. Solution B
was prepared by adding concentrated NH3 to Ti(O(C3H7)4)
to form white precipitate Ti(OH)4 which dissolved in 6 M

0272-8842/$30.00 © 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
doi:10.1016/j.ceramint.2003.12.043



1914 P. Pookmanee et al. / Ceramics International 30 (2004) 1913–1915

HNO3 and 30% H2O2 to produce TiO(NO3)2, a reddish
brown solution. Solutions A and B were mixed well together
by using the control temperature water bath with continu-
ous stirring at 80◦C for 10 min in the mole ratio of Bi:Ti=
4:3. Aqueous solution of NaOH (12 M) was added to the
mixed solution to form the yellow precipitate with the pH
of the final solution of 13.0. After the hydrothermal treat-
ment at 150◦C for 5, 10, and 15 h, the fine powders sam-
ples were filtered, washed with deionized water until the pH
of the final solution was 7.0, and dried at 100◦C for 5 h.
The phase structure of fine powders were identified by the
X-ray diffractometer (D-500, Siemens) using the Ni-filtered
monochromatic CuK� radiation. The detection range was
10–60◦ with the step size of 0.10◦ (2θ/s/s). The phase struc-
ture of Bi4Ti3O12 fine powders was confirmed by using the
Joint Committee on Powder Diffraction Standard (JCPDS)
File Card No. 35-0795[13]. The fine powders were dis-
persed with absolute C2H5OH medium in an ultrasonic bath
(model 5880, Cole-Parmer) for 10 min, and gold-coated by
the fine coater (JSC1200, JEOL). The morphology and mi-
crostructure were investigated by scanning electron micro-
scope (JSM5410-LV, JEOL) with the tungsten (W) filament
K type, accelerate voltage 25 kV, and working distance of
18 mm.

3. Results and discussion

Fig. 1(a)–(c)shows the XRD patterns of Bi4Ti3O12 fine
powders synthesized by hydrothermal process at 150◦C in
12 M NaOH with different reaction times without calcina-
tions. Bi4Ti3O12 began to crystallize at reaction time of 5 h
(Fig. 1(a)), but the increased reaction time between 10 and
15 h (Fig. 1(b) and (c)) was necessary for the synthesis of
well-crystallized Bi4Ti3O12 fine powders. With increasing
reaction time, the line width and intensity of diffraction line
decreases and increases, respectively. The Bi4Ti3O12 was

Fig. 1. X-ray diffraction patterns of Bi4Ti3O12 powders synthesized by
the hydrothermal process at 150◦C at different reaction times of (a) 5 h,
(b) 10 h, and (c) 15 h.

Fig. 2. SEM micrographs of Bi4Ti3O12 powders synthesized by the hy-
drothermal process at 150◦C at different reaction times of (a) 5 h, (b)
10 h, and (c) 15 h.

shown to be in a good agreement with the orthorhombic
structure reported in JCPDS File Card No. 35-0795[13].
The single phase depended mainly on the reaction time
which increased with the increasing of the reaction time.
Fig. 2(a)–(c)shows the SEM micrographs of Bi4Ti3O12
fine powders synthesized from hydrothermal at 150◦C of
various reaction times. The Bi4Ti3O12 fine powders with-
out calcinations were agglomerated and irregular in shape.
The average sizes of Bi4Ti3O12 fine powders are about
0.50�m (Fig. 1(a) and (b)) in diameter. As the reaction time
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increased (Fig. 2(c)), the powders were spherical in shape
and well-dispersed with a range of 0.50–1.20�m diameter.
The effect of reaction time on the low temperature hy-
drothermal synthesized powders were investigated at 150◦C
in 12 M NaOH ranging from 5 to 15 h. As the reaction
time increased, the average grain size of particles also
increased.

4. Conclusions

Bi4Ti3O12 fine powders were hydrothermally syn-
thesized at low temperature of 150◦C for 5–15 h from
Bi(NO3)3·5H2O, Ti(O(C3H7)4), and 12 M NaOH aque-
ous solution. The single phase and the particles size of
Bi4Ti3O12 fine powders increased with increasing reac-
tion time. The XRD results revealed that an orthorhombic
structure of Bi4Ti3O12 was obtained. The SEM showed
that the Bi4Ti3O12 are irregular in shape and agglomer-
ate with average grain size of 0.50�m at lower reaction
time. At the longer reaction time, the particles are spheri-
cal and dispersed with the grain size ranging from 0.50 to
1.20�m.
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