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Abstract

Bismuth titanate (BjiTizO;,) powder was prepared by citrate and oxalate coprecipitation of bismuth nitrate pentahydrate,) BRND
and titanium butoxide, Ti(OgHo)s. The intermediate products with 500-10@calcination were characterized using the XRD. At low
temperature, BilizO;, powder and some impurities were detected. At 18@Dthe purified powder was obtained. At 7@and above, the
powder underwent a phase transformation from tetragonal to orthorhombic. By using the TGA, the intermediates prepared by the citrate and
oxalate coprecipitation processes were the citrate salt and the oxalate—hydroxide mixture, respectively. The FTIR analysis showed the Ti—O
stretching in the 811-816 and 574-584¢nirhe morphologies shown by the SEM micrographs were consistent with the XRD patterns.
© 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction 2. Experimental
BisTizO12 is classified in the Aurivillius family. It can Oxalate coprecipitatiofil,2] was modified for preparing
be represented by the general formulax(@i)2~(A,—1B the citrate and oxalate intermediates at different pH values

Oznt1)?t in which A = Bi, B = Ti andm = 3 [1-3]. (Fig. 1. With the subsequent calcination at 500-1000
It has low dielectric permittivity and a high Curie point for 1-4h, the BjTizO12 powder was obtained as deter-
(675°C) [3]. At 600°C and below, BjTiz012 is the tetrag- mined by comparison with library spectra. The intermedi-
onal phase and undergoes the phase transformation taates and the powder were then extensively analyzed and
orthorhombic at 750C [4]. It is useful for various applica-  characterized.
tions such as memory storage, optical display, piezoelectric
converters or pyroelectric devices over a wide range of
temperature43,5-9] Therefore, it is important to study 3. Results and discussion
the dependence of the crystal structure on the calcination
process. At low temperature, HiizO1> can be prepared 3.1. XRD
by the coprecipitatiorj10] and sol-gel[11-14] methods.
The present paper describes the preparation gfiBD12 The XRD spectra of BiTi3O12 powder prepared from
by the citrate and oxalate coprecipitation processes andcitrate and oxalate coprecipitation processes under different
subsequent calcination at high temperature. The role of pH and temperature conditions are showrrigs. 2 and 3
pH, calcination temperature and time on the phase trans- The XRD spectra for the powder prepared at differ-
formation are explained in relation to the experimental ent pH values with the subsequent calcination at ‘€00
results. (Fig. 2 show the BiTi3O12 phase containing BTi2O7
and Bi2TiOg as the impuritie§15]. The best pH values
that yielded the minimum content of the impurities for
+ Corresponding author. the citrate and oxalate processes were at 2 and 5, respec-
E-mail addresses: ttpthongtem@yahoo.com (T. Thongtem), tively. At the best pH values and the subsequent calcination
somchaichiangmai@yahoo.com (S. Thongtem). at 500-1000C, the XRD spectraHKig. 3) show that the
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impurities were decreased with an increase in the calcination
temperature, indicating that at high temperature the standard
Gibbs free energies of formation of the impurities were in-
creased as well. At 50CC, the XRD peaks of the samples
prepared from the citrate coprecipitation process were sharp
indicating that the particles were crystalline in nature. But
for the sample prepared from the oxalate coprecipitation pro-
cess, the XRD peaks show the typical halo pattern indicating
that the sample was amorphous. As the calcination temper-
atures were increased, the XRD peaks were sharper and the
crystalline powder was obtained. The powder prepared from
the citrate and oxalate coprecipitation processes and subse-
guent calcination at the temperature lower than 8D@on-
tains BpTioO7 and Bi2TiO2g as the impurities. There was
also spectral evidence for the precipitation 0p®3 from
the citrate solution. At 800C and above, the BTizO1>
phase contains very low concentration of the impurities. As
the temperatures were increased, the impurities gradually
decreased and purified Hii3O12 was obtained at 1000.
At low temperatures, BilizO12 is in the tetragonal phase.
During the calcination, the crystal underwent the phase
transformation from tetragonal to orthorhombic and the

Fig. 1. Schematic diagram used for preparing citrate and oxalate inter- two Structures were obtained. At 700 and above, the
mediates and final product.
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Fig. 2. XRD spectra of BiTizO12 prepared from the (a) citrate and (b) oxalate coprecipitation at different pH values with the subsequent calcination at
800°C for 1h.
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Fig. 3. XRD spectra of BiTi3O1» prepared from (a) citrate coprecipitation at pH of 2 and (b) oxalate coprecipitation at pH of 5 with the subsequent
calcination at 500-100CC for 1h.

orthorhombic structure become the dominant phase andincreased to 700C and above, the crystal underwent the
was detected by the XRD. There are the differences be-phase transformation from tetragonal to orthorhombic. The
tween the angles and planes in the spectra that were usegbeaks of (020)/(200), (028)/(208) and (137)/(317) were
to identify the tetragonal and orthorhombic structures. The respectively detected at 32.8%33.090, 39.678/39.880
differences are shown ifable 1 [16,17] The tetragonal and 56.92857.236. Each pair of peaks is very close;
structure consists of the two single peaks of (201)/(208) therefore, the pair is virtually split. As the calcination time
at 32.890/39.655, respectively. There were no splitting was prolonged to 4 h, there were no significant changes in
of the peaks at low temperature. As the temperature wasthe XRD patterns. It shows that the calcination time did not
reflect the significant change of the impurity concentration.

Table 1

The selected@and diffraction planes for the tetragonal and orthorhombic 3.2, TGA

structures

Structures 2 ) (hkl) Planes The thermal behavior of the precipitates obtained from

Tetragonal 32.890 (20 1) B|(NO3)35H20 (A) and Bl(NQ)35H20+T| (OC4H9)4 (B)
39.655 (208) in citric acid at pH of 2 is shown ifrig. 4(a) The A and

Orthorhombic 32.853 (020) B curves are very similar. They show the total weight loss
33.090 (200) of about 37-39%. At the temperature range 40-155he
39.678 (028) weight loss corresponds to the dehydration of water from
39.880 (208) the precipitate. At the temperature above the range, the main
56.928 (137)

weight loss corresponds to the decomposition of citrate and

>7.236 (17) other organic compounds. Due to the similarity of the A and
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Fig. 4. The TG curves for the samples prepared from (a) citrate coprecipitation at pH of 2 and (b) oxalate coprecipitation at pH of 5.

B curves, both of the intermediates are the citrate salts in tanium hydroxide intermediate. The second weight loss cor-

the solution containing citric acid. responds to the decomposition of bismuth—titanium oxalate
The TG curves of the precipitates obtained from=A and residual organic compounds. Most of the total weight
Bi(NO3)3-5H,0, B = Ti(OC4Hg)4 and C = (Bi(NO3)3- loss is the result of the second one.

5H,0 + Ti(OC4Hg)4) in oxalic acid at pH of 5 are shown

in Fig. 4(b) The A curve starts to show the weight loss at 3.3. FTIR

246°C. The total weight loss is 25% and occurs in one step

indicating the presence of bismuth oxalate in preference to The FTIR spectra of the intermediates and the calcined
bismuth hydroxidg3]. The B curve shows the total weight products prepared by the citrate and oxalate coprecipitation
loss of 46.1%. The TG curve can be divided into two steps. processes are shown ffig. 5. In the vibrational spectra of
The first weight loss of 16% corresponds to the dehydration the intermediates, peaks were detected in the 3300-3700
of absorbing water and water from titanium hydroxj@gat and 2600-3700cm for the citrate and oxalate precipi-
40-212°C. The second weight loss of 30% corresponds to tates, respectively. They could be the O-H stretching of
the decomposition of oxalate and the residual organic com-the residual water and carboxylic acid. For the oxalate pre-
pounds (e.g., butanol) at 212—-34B. As the temperature is  cipitates, the O—H stretching was also from the titanium
higher than 346C, the curve is stationary. It shows that the hydroxide intermediate. Over the range 1690-1770%tm
precipitate consists of titanium hydroxide and titanium ox- the modes are likely to be the vibration ofQ stretching
alate. The C curve resulting from the combination of the A bonds of carboxylic acids and/or the carboxylic derivatives.
and B curves shows the total weight loss of 42.5% over the When the carboxylate groups formed bond with metal ions,
temperature range 40-566. The first weight loss occurs the bands would shift accordingly by the replacement of
by the dehydration of absorbing water and water from the ti- the COO asymmetric stretching in the 1550-1650 tamd
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Fig. 5. FTIR spectra of BiTizO12 prepared by (a) citrate coprecipitation at pH of 2 and (b) oxalate coprecipitation at pH of 5 with the subsequent
calcination for 1h.
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COO symmetric stretching in the 1300-1450¢niT he for- 34. SEM
mation of bonds between metals and oxygen from carboxy-
late groups results in peaks below 830¢nj18]. The SEM micrographs of BilizO12 prepared from cit-
When the intermediates were calcined at 500—-T@@ll rate and oxalate coprecipitation with the subsequent calcina-
the water and residual organic compounds were removed.tion at different temperature are shownFig. 6. At 500°C
The O-H, GO and COO stretching bands disappeared. calcination, the samples prepared from citrate coprecipita-
As the calcination temperature was increased, the bands otion were crystalline powder with the particle size less than
metal-oxygen bonds were gradually disclosed at 816 andl1um but those prepared from oxalate coprecipitation con-
584 cnr ! for the powder prepared from citrate coprecipita- tained an agglomeration of the particles. As the temperatures
tion and at 811 and 574 cm for the powder prepared from  were increased, the degree of crystalline was improved. At
oxalate coprecipitation corresponding to the Ti—O stretching 800°C and lower, the particle size gradually increased and
bands[4,19]. When the pH of the coprecipitation and the the average particle size at 80D was about 0.3m. At the
calcination time were varied, the vibrational spectra were temperature higher than 80Q, the particle size was rapidly
also very similar to the previously described material. increased. The average particle size at 1@@vas about

(b)

Fig. 6. SEM micrographs of BTi3O;, prepared by citrate and oxalate coprecipitation and subsequent calcination for 1 h (a) citréte; &fCcitrate,
1000°C; (c) oxalate, 500C and (d) oxalate, 100CC.
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Fig. 6. Continued).
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