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Chemical synthesis of bismuth titanate microparticles
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Abstract

Microparticles of bismuth titanate (Bi4Ti3O12) powders were synthesized by a chemical coprecipitation route with the precursors containing
bismuth nitrate and titanium isopropoxide. The precipitate was obtained at pH 9 after adding ammonium hydroxide into the mixed solution. The
yellow precipitate powders were washed with deionized water, dried at 90◦C and calcined at the temperature ranging from 400 to 700◦C for 2 h.
The phase formation was investigated by X-ray diffraction (XRD). A single phase of Bi4Ti3O12 was obtained with the orthorhombic structure
after calcining at 700◦C for 2 h. The microstructure and morphology were studied by the scanning electron microscopic (SEM) and energy
dispersive spectroscopic (EDS) techniques. The powders were agglomerate, irregular in shape and the average grain sizes were increased from
0.20 to 0.70�m with increasing calcining temperature. The elemental constituents of the powders were identified by the energy dispersive value.
© 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Bismuth titanate (Bi4Ti3O12) belongs to the Aurivillius
compounds family that can be represented by the general
formula (Bi2O2)2− (Am−1BmO3m+1)2+ in which A can
be a monovalent (Na+, K+, . . . ), divalent (Pb2+, Ba2+,
. . . ) or trivalent (Bi3+, . . . ) cation or a mixture of them,
B represents Ti4+, Nb5+, Ta5+, etc., andm can have val-
ues of 2, 3, 4,. . . . In the particular case of Bi4Ti3O12,
m = 3, and its crystal structure can be described as formed
by two BiTiO3 unit cells of hypothetical perovskite struc-
ture interleaved with (Bi2O2)2+ layers[1]. The compound
is monoclinic (C1h = m) at room temperature, and then
turns into tetragonal (D4h = 4 mmm) above the Curie tem-
perature (675◦C). Bi4Ti3O12 has been studied by various
investigators for its ferroelectric, piezoelectrics and elec-
trooptic switching behaviour[2,3]. It is used for various
applications such as memory elements, optical displays,
piezoelectric converters or pyroelectric devices in wide tem-
perature range from 20 to 600◦C. Bi4Ti3O12 is normally
synthesized by conventional solid-state reaction, which
often results in high agglomeration and compositional
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inhomogeneity of powders because of high calcinations
temperature and repeated grinding[4]. The chemical syn-
thesis routes have been performed as hydrolysis of metal
organic salts[5], sol–gel [6,7] and coprecipitation meth-
ods [8,9]. The chemical methods improve the production
of fine powders with compositional homogeneity. In this
paper, Bi4Ti3O12 powders were synthesized by a chemical
coprecipitation route. The phase formation was investi-
gated by X-ray diffraction (XRD). The microstructure and
morphology were studied by the scanning electron micro-
scopic (SEM) and energy dispersive spectroscopic (EDS)
techniques.

2. Experimental procedures

The chemical coprecipitation route was modified from
the oxalate coprecipitation method[8]. Bismuth nitrate
[Bi(NO3)3·5H2O] and titanium isopropoxide [Ti(OC3H7)4]
(Aldrich Chemical Company) were used as the starting
precursors with the mole ratio of bismuth:titanium= 4:3.
Bismuth nitrate was dissolved in 6 M nitric acid (HNO3)
solution. Titanyl nitrate [Ti(ONO3)2] solution was obtained
by adding ammonium hydroxide solution into the titanium
isopropoxide in an ice bath at 10◦C. Titanyl hydroxide
[TiO(OH)2] was dissolved in nitric acid to form titanyl
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nitrate. Hydrogen peroxide was added to the above solution
to form stable reddish brown titanium peroxo complex. The
bismuth titanium peroxo complex solution was coprecipi-
tated by adding ammonium hydroxide solution. The yellow
coprecipitate powders were obtained after adjusting the fi-
nal pH of solution to 9.0, filtered, washed with deionized
water, and dried 90◦C for 3 h. The powders were calcined
at 400–700◦C for 2 h with heating rate of 3◦C/min. X-ray
diffraction analysis was performed on the calcined powders,
using a modified D-500 Diffractometer, (Siemens, Ger-
many), with radiation K�, and Ni filter. The detection range
was 10–60◦ with a step size 0.10 (2θ/s)/s. The powders were
milled, sieved, dispersed with absolute ethanol medium in
an ultrasonic bath, model 5880 (Cole-Parmer, USA) for
20 min and gold coated by finer coater, model JSC-1200
(JEOL, Japan) for 5 min. The microstructure and morphol-
ogy were studied by using the scanning electron microscope,
model JSM5410-LV (JEOL, Japan) and energy dispersive
X-ray spectrometer, model ISIS 300 (Oxford, UK).

3. Results and discussion

Fig. 1a–d shows the X-ray diffraction patterns of
Bi4Ti3O12 powders calcined at 400, 500, 600 and 700◦C
for 2 h. The powder calcined at lower temperature was
yellow in colour, which subsequently transformed to white
powder at higher calcining temperature. The powders cal-
cined at 400◦C for 2 h (Fig. 1a) show a typical halo pattern,
indicating that the sample was still in an amorphous state.

Fig. 2. SEM micrographs of Bi4Ti3O12 powders calcined for 2 h at (a) 400◦C, (b) 500◦C, (c) 600◦C and (d) 700◦C.

Fig. 1. X-ray diffraction patterns of Bi4Ti3O12 powders calcined for 2 h
at (a) 400◦C, (b) 500◦C, (c) 600◦C and (d) 700◦C.

Orthorhombic structure of Bi4Ti3O12 was started to form at
calcining temperature of 500 and 600◦C for 2 h (Fig. 1b and
c). With the increasing calcining temperature, the line width
and intensity of diffraction line decreases and increases, re-
spectively. A single phase of Bi4Ti3O12 with orthorhombic
structure was obtained after calcining at 700◦C for 2 h (Fig.
1d) corresponding with the JCPDS Card No. 35-0795[10].

Fig. 2a–dshows SEM micrographs of Bi4Ti3O12 powders
calcined at 400, 500, 600 and 700◦C for 2 h. The particle size
was increased as the calcining temperature increased. The
powders consisted of small and soft agglomerate. The SEM
micrograph of powders calcined at 400◦C (Fig. 2a) showed
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Fig. 3. EDS spectrum of Bi4Ti3O12 powders calcined at 700◦C for 2 h.

the agglomerate and irregular particles with 0.20�m in di-
ameter. At 500 and 600◦C (Fig. 2b and c), the particles were
agglomerate and become larger the sizes ranged from 0.30
to 0.40�m, respectively. At 700◦C (Fig. 2d), the particles
were agglomerated, fused together and some grain growth
occurred with the sizes ranging from 0.50 to about 0.70�m.

Fig. 3 shows the EDS spectrum of Bi4Ti3O12 powders
calcined at 700◦C for 2 h. It was used to investigate and
indicate composition of powders calcined with the en-
ergy dispersive value. The characteristic X-ray radiation of
each element has different energy value; bismuth of M�

2.419 keV, L� 10.837 keV and L� 13.021 keV, titanium of
K� 4.508 and Kab 4.964 keV and oxygen of K� 0.525 keV,
respectively.

4. Conclusions

A single phase of Bi4Ti3O12 microparticle powders was
successfully synthesized by a chemical coprecipitation route.
Bi4Ti3O12 powders were crystallized between calcined at
500 and 700◦C for 2 h and showed an orthorhombic struc-
ture corresponding with JCPDS Card No. 35-0795. The av-
erage grain size at higher temperature is greater than at low
temperature. The powders were agglomerate, irregular in
shape and the average grain sizes were increased from 0.20
to 0.70�m with increasing calcining temperature. The el-
emental constituents of the powders were identified by the
energy dispersive value.
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