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Abstract

Bismuth titanate (BjTi3O;,) 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 8i:Zi3. 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 w&s Th@ effect of reaction time at 5,
10, and 15 h was investigated. The phase structure was identified by X-ray diffraction (XRD) technique. Orthorhombic struclie®ef Bi

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 u50-1.20

© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction

Bismuth titanate (BjTizO12) has a layered perovskite
structure built up by the regular intergrowth of ¢Bi)%*+
layer and perovskite type layer (HiisO10)°>~ where Bi
ion occupy 12-coordinated sit¢$]. At room temperature,
Bi4TizO12 presents a monoclinic ¢ = m) symmetry, but
above the Curie temperature, at about 8Z5the symme-
try becomes tetragonal g = 4 mmm). The spontaneous
polarization has a magnitude as high asp®Jcn? and
lies in a direction tilted approximately°7rom the major
crystal surface in a plane parallel to the monoclinie-d
plane. The polarization along thg direction, after apply-
ing an electric field on the major crystal surface, yields
values of approximately gm/cn?. The piezoelectric coef-
ficient is also relatively high in these directions4BizO12
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 method6], sol-gel processd§-9],
and hydrothermal synthedqis0—12]were developed for the
synthesis of BiTi3O;> 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 B{TizO12 powders. Hydrothermal
synthesis has several advantages including preparing crys-
talline oxides with narrow grain size distribution, producing
highly BisTizO12 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 BTi30;2 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

Bi4Ti3zO12 fine powders were synthesized by a low tem-
perature hydrothermal method. Solution A was prepared
by dissolving Bi(NQ)3-5H,0 in 6 M HNOs. Solution B
was prepared by adding concentratedaNel Ti(O(C3H7)4)
to form white precipitate Ti(OH) which dissolved in 6 M
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HNOs and 30% HO, to produce TiO(NQ)2, a reddish

brown solution. Solutions A and B were mixed well together 5
by using the control temperature water bath with continu- «&%¢
ous stirring at 80C for 10 min in the mole ratio of Bi:Ti= (@

mixed solution to form the yellow precipitate with the pH
of the final solution of 13.0. After the hydrothermal treat-
ment at 150C for 5, 10, and 15h, the fine powders sam- =
ples were filtered, washed with deionized water until the pH FF*§
of the final solution was 7.0, and dried at 1D for 5h. <SR
The phase structure of fine powders were identified by the ﬁ‘,} :
X-ray diffractometer (D-500, Siemens) using the Ni-filtered : R
monochromatic CuK radiation. The detection range was (a)
10-60 with the step size of 0.2026/s/s). The phase struc-
ture of BiyTizO12 fine powders was confirmed by using the .
Joint Committee on Powder Diffraction Standard (JCPDS) [

File Card No. 35-079913]. The fine powders were dis-

persed with absolutefElsOH 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- §?

K type, accelerate voltage 25kV, and working distance of by

18 mm. e ; T cipe - .._,,':. "—.«f’u“e
: P 210

| "%,#‘ g7 @
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3. Results and discussion

Fig. 1(a)—(c)shows the XRD patterns of BiizO;> fine
powders synthesized by hydrothermal process at°C5
12 M NaOH with different reaction times without calcina-
tions. By TizO12 began to crystallize at reaction time of 5h
(Fig. 1(a), but the increased reaction time between 10 and
15h Fig. 1(b) and (c) was necessary for the synthesis of
well-crystallized BjTizO1 fine powders. With increasing |
reaction time, the line width and intensity of diffraction line
decreases and increases, respectively. Th@ifD;»> was

Intensity
3000 . . ) .
Fig. 2. SEM micrographs of BiizO12 powders synthesized by the hy-
2500 - i drothermal process at 15Q at different reaction times of (a) 5h, (b)
A 10h, and (c) 15h.
2000 /)

1500 M“"/ﬁ'.'-ﬂ\’“"ﬁw “ ()

. A / el A shown to be in a good agreement with the orthorhombic

1000 (b) structure reported in JCPDS File Card No. 35-0793].
| et Nl \_ NN © The single phase depended mainly on the reaction time
500 which increased with the increasing of the reaction time.
0 ; : ; ' , . Fig. 2(a)-(c)shows the SEM micrographs of HiizO12

10 20 30 40 50 60 fine powders synthesized from hydrothermal at 4G0of
20 various reaction times. The BiizO;» fine powders with-

Fig. 1. X-ray diffraction patterns of BilizO12 powders synthesized by g . .
the hydrothermal process at 18D at different reaction times of (a) 5h, ~ 1he average sizes of BiizO;2 fine powders are about

(b) 10h, and (c) 15h. 0.50pm (Fig. 1(a) and (b)in diameter. As the reaction time

out calcinations were agglomerated and irregular in shape.



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

increased Kig. 2(c), the powders were spherical in shape References
and well-dispersed with a range of 0.50-1u2 diameter.
The effect of reaction time on the low temperature hy- [1] X.F. Du, .W. Chen, Ferroelectric thin films of bismuth-containing

drothermal synthesized powders were investigated at @50 layered perovskites. Part I. BiizO12, J. Am. Ceram. Soc. 81 (1998)

in 12M NaOH ranging from 5 to 15h. As the reaction 3253-3259. .

. . . . . [2] M. Billegas, C. Moure, J.F. Fernandez, P. Duran, Preparation and
time increased, the average grain size of particles also

. sintering behaviour of submicronic BiizO;, powders, J. Mater.

increased. Sci. 31 (1996) 949-959.

[3] M. Villegas, C. Moure, J.F. Fernandez, P. Duran, Low-temperature
sintering of submicronic randomly oriented 4Bi3O1, materials,
Ceram. Int. 22 (1996) 15-22.

4. Conclusions [4] C.H. Lu, C.H. Wu, Preparation, sintering, and ferroelectric properties
of layer-structure strontium bismuth titanium oxide ceramics, J. Eur.
BisTi3O1> fine powders were hydrothermally syn- Ceram. Soc. 22 (2002) 707-714.

[5] L.B. Kong, J. Ma, W. Zhu, O.K. Tan, Preparation of 48i3012

thesized at low temperature of 13D for 5-15h from ceramics via a high-energy ball milling process, Mater. Lett. 51
ous solution. The single phase and the particles size of [6] A.M. Umabala, M. Suresh, A.V. Prasadarao, Bismuth titanate from
Bi4TizO12 fine powders increased with increasing reac- coprecipitated stoichiometric hydroxide precursors, Mater. Lett. 44

tion time. The XRD results revealed that an orthorhombic (2000) 175-180.

structure of BiTizO1, was obtained. The SEM showed [7] N.V. Giridharan, S. Madeswaran, R. Jayavel, Structural, morphology
312 ) and electrical studies on ferroelectric bismuth titanate thin films

that the BiTi3Or2 are wrggular in shape and agglqmer' prepared by sol-gel technique, J. Cryst. Growth 237-239 (2002)

ate with average grain size of 0.pfh at lower reaction 468-472.

time. At the longer reaction time, the particles are spheri- [8] AV.P. Rao, Al. Robin, S. Komarneni, Bismuth titanate from

cal and dispersed with the grain size ranging from 0.50 to nanocomposite and sol-gel processes, Mater. Lett. 28 (1996) 469—
473.

1.20um. [9] H. Gu, C. Dong, P. Chen, D. Bao, A. Kuang, X. Li, Growth of

layered perovskite BiTizOs2 thin films by sol-gel process, J. Cryst.
Growth 186 (1998) 403-408.

[10] Y. Shi, C. Cao, S. Feng, Hydrothermal synthesis and characterization
of BisTizO12, Mater. Lett. 46 (2000) 270-273.

[11] D. Chen, X. Jiao, Hydrothermal synthesis and characterization of

This research was partially supported by the Faculty of Bi4TizO12 powders from different precursors, Mater. Res. Bull. 36
Science, Chiang Mai University, Chiang Mai, Thailand. The (2001) 355-363. _
authors wish to express a sincere gratitude to Prof. Dr, [*2] Q Yang, Y. Li, Q. Yin, P. Wang, Y-B. Cheng, Bli3O12 nanopar-

. . ticles prepared by hydrothermal synthesis, J. Eur. Ceram. Soc. 23
R.B. Heimann for the hydrothermal vessel facilities, Mr. S. (2003)[316[1:)[_166. y Y

Chaisupan for evaluating the XRD results, and Ms. P. Lu- [13] Joint Committee on Powder Diffraction Standards, Powder Diffrac-
angphai for performing the SEM measurement. tion File, Card No. 35-0795, Swarthmore, PA.

Acknowledgements



	Hydrothermal synthesis of fine bismuth titanate powders
	Introduction
	Experimental procedures
	Results and discussion
	Conclusions
	Acknowledgements
	References


