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Abstract

Bismuth titanate (Bi4(TiO,4);) ceramic powders have been synthesized by using a solid state reaction method. Prominently intense blue emission
at 480 nm has been measured with an excitation at 418 nm. The reason for the observance of such a blue emission from this ceramic powder has
been explained. The phase formation has been investigated by X-ray diffraction analysis (XRD). The morphology and composition of the ceramic
powders have been studied from the measurement of SEM and EDS profiles. FTIR and Raman spectra have also been recorded to analyze the
presence of functional groups and Raman active modes in the Biy(TiO,4); ceramic powders. The sintering temperature has been optimized to be
1100 °C based on the measured TG-DTA profiles of the as prepared material. Besides these, dielectric properties of ceramic powder in the

frequency range of 200 Hz-3 MHz at 300 K have also been carried out.

© 2010 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Over the past few years, a great deal of research activities
have been made on lead based and lead free ferroelectric
materials because of their potential applications in different
kinds of devices like storage information and photonic devices,
piezoelectric actuators and infrared sensors etc. Among them,
Bismuth titanate has potential applications in memory storage,
optical display and other electro-optical devices due to its
unique ferroelectric, piezoelectric, and electro-optic switching
behaviors [1-5].

Oxide-based inorganic ceramic phosphors have been
investigated for their optical applications like high-resolution
devices such as cathode-ray tubes, electroluminescent devices,
plasma display panels and field emission displays [6,7].
Luminescence of the titanate-type compounds could be found
immensely useful in optoelectronic applications. TiO, possess
good mechanical resistance and stability, and therefore it has
widely been used in the development of certain stable host
matrices like BaTiOs, SrTiOs, CaTiO5; and a few TiO,-based
oxide composites like TiO,—Si0,, TiO,—CeO,, TiO,—ZrO, and
TiO,-Fe,05 [8-10]. BaTiO; and SrTiOs;, are two known
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examples, which attract a renewed interest due to their efficient
luminescence performance from perovskite structured materi-
als [11]. Upon realizing the existing importance of bismuth
titanate, we have prepared stable Biy(TiO4); ceramic powders
by a conventional solid state reaction method and thus report
here the results concerning optical, thermal and dielectric
properties of this material.

2. Experimental details

Bismuth titanate (Biy(TiO4);) ceramic powders were
synthesized by using a solid state reaction method. High pure
and analytical reagent grade chemicals such as Bi,O3 and TiO,
were used as the starting materials. Those chemicals were
weighed based on the calculated composition and it was finely
powdered using mortar and a pestle for 2h to obtain
homogeneous precursor. The mixture was then put into a
silica crucible and heated from the room temperature to
1100 °C and it was kept at the same temperature for 5 h in an
electrical tubular furnace.

The structure of the prepared ceramic powder was
characterized on a XRD 3003 TT Seifert diffractometer with
Cu Ka radiation (A = 1.5406 A) at 40 kV and 20 mA and the 26
range was varied between 20° and 80°. The morphology of the
ceramic powder was observed on a Zeiss EVO MA 15 Scanning
Electron Microscope. The elemental analysis of the synthesized
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products was carried out using the Oxford EDAX equipment
(INCA-Penta Fet X3) attached to the SEM system. FTIR
spectrum of the sample was recorded on a Nicolet IR-200
spectrometer using KBr pellet technique from 4000 cm ™' to
400 cm™'. Raman spectrum was recorded by using a high-
resolution Jobin Yvon Model HR800UV system attached with a
He—Ne laser (633 nm) as the excitation source having an output
power of 15 mW with a laser beam spot size of 100 wm using
appropriate lens system. The photoluminescence spectrum of
this powder was recorded on a Jobin Yvon Fluorolog-3
Fluorimeter with a Xe-arc lamp (450 W) as an excitation
source. Thermogravimetry (TG) and differential thermal
analysis (DTA) were performed for the precursor in N,
atmosphere at a heating rate of 10 °C/min by using Netzsch
STA 409 Simultaneous Thermal Analyzer. Dielectric profiles of
the Biy(TiO,4); ceramic powder were measured in the frequency
range of 200 Hz-3 MHz at 300 K on a Hioki 3532-50 LCR
meter.

3. Results and discussion

The XRD profile of Biy(TiO,); ceramic powder is shown in
Fig. 1. The XRD patterns that are indexed in the figure are in
good agreement with the orthorhombic structure reported in
JCPDS Card No.12-0213. The crystallite size of the prepared
ceramic powders has been estimated from the Scherer’s
equation, D = 0.91/cos 6, where D is the crystallite size, A is the
X-ray wavelength (0.15405 nm), 6 and $ are the diffraction
angle and full width at half maximum (FWHM) of an observed
peak respectively [12]. Intense diffraction peaks have been
selected to compute the crystallite size and it is found to be in an
average size of 66 nm.

SEM micrograph of the Bi4(TiO,4); ceramic powder is shown
in Fig. 2. The obtained micrograph shows that the particles are
agglomerated and irregular in shape. Therefore, the average
diameter of the grain size has approximately been measured
and it is in the range of 1 wm. The narrow widths of the
diffraction peaks also indicate that the prepared ceramic
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Fig. 1. XRD profile of Biy(TiO4); ceramic powder.
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Fig. 2. SEM image of Biy(TiO,); ceramic powder.

powders possess large sized grains [13]. It may be mentioned
that crystalline powders in micrometer dimension could display
high luminescent intensities [14]. EDS spectrum was measured
to carry out the elemental analysis of synthesized Biy(TiOy4);3
ceramic powder. The obtained elemental characteristic X-ray
radiation for Bi of M, 2.4 keV, L, 10.8 keVand Lg 13.0 keV, Ti
of K, 45keV and K, 4.9 keV and oxygen of K, 0.5 keV
respectively [5]. The existence of the unassigned carbon peak at
0.2 keV in the EDS spectrum does not belong to the prepared
sample, it is due to the carbon tape that was used to hold the
specimen during the measurement (Fig. 3).

The FTIR spectrum of the Biy(TiO4); ceramic powder was
recorded at the room temperature and is shown in Fig. 4. Three
sharp bands at 815 cm_l, 580 cm~' and 400 cm™' are
observed. The former two bands are ascribed to the Ti-O
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Fig. 3. EDS profile of Biy(TiO4); ceramic powder.
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Fig. 4. FTIR spectrum of Biy(TiO,)3 ceramic powder.

stretching vibrations, while the latter one to the Ti—O bending
vibrations [15]. Due to the absence of a C=0O vibration at
around 1450 cm_l, it follows that the powder is free from
carbonates. This result is satisfactory from a technological
point of view since most of the properties are dependent on the
quality of the raw powder used [16]. Bands at 2921 cm ™' and
3432 cm™' arise from the antisymmetric and symmetric
stretching band of H,O and OH groups, while a band at
1680 cm ™! corresponds to the bending vibrations of H,O.
These three bands are the characteristic vibrations of moisture
presence in the sample surface [17].

Fig. 5 shows the Raman spectrum of Biy(TiO4); ceramic
powder. Stronger Raman peaks imply the strong interactions
between the atoms, which mainly arise from the stretching and
bending of the shorter metal-oxygen bonds within the anionic
groups. The TiOg octahedra in the Biy(TiO4); ceramic powder,
accordingly, should play an important role in the Ilattice
vibrations. In accordance with Raman data of BisTizOq,,
BaTiO;, and PbTiOs [18], a shorter bond length of Ti-O
compared to Bi—O suggests that the Raman phonon mode at
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Fig. 5. Raman spectrum of Biy(TiO4); ceramic powder.
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Fig. 6. TG-DTA curves of Biy(TiO4); ceramic powder.

849 cm ™', originates mainly from the vibrations of atoms
inside the TiOg octahedra. It is attributed to the symmetric Ti—O
stretching vibration. The modes at 540 cm~ ' (TO) and
565 cm~ ' (LO) indicate the doubly degenerate symmetric
O-Ti-O stretching vibrations. They split into a longitudinal
(LO) and transverse (TO) components due to the long-range
electrostatic forces that might be associated with lattice
jonicity. The 268 cm ™' and 227 cm™' modes are ascribed to
the O-Ti—-O bending vibrations. Although the mode at
227 cm ™' is a Raman inactive according to the Oy, symmetry
of TiOg, it is often observed because of the distortion of
octahedron. The mode at 324 cm ™' is due to a combination of
the stretching and bending vibrations. Two modes at 538 cm ™'
and 558 cm™' correspond to the opposing excursions of the
external apical oxygen atoms of the TiO¢ octahedra. The TiOg
octahedra have shown a considerable distortion at the room
temperature so that some phonon modes at 324 cm '
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538 cm ™' and 849 cm ™' appear wide but weak. The Raman

25

24 - 2.5
23 2.0 L .

22

Dielectric Loss

Lo+

21 4 .

20 - By

.
1 \ 0.0 "=
T y y T T
30 35 40 45 50 55
194

\ Log frequency

Dielectric constant

N
L] ---.
" m—m_.m

Y T T ¥ T L T ¥ T
3.0 35 4.0 4.5 5.0 55
Log frequency

Fig. 7. Variation of dielectric constant (¢') and dielectric loss (¢”) of Bis(TiO,)3
ceramic powder with respect to frequency change at room temperature.
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Fig. 8. (a) Excitation and (b) emission spectrum of Biy(TiO4); ceramic powder.

modes at 118 cm™' and 144 cm™' originate due to the
vibrations between Bi and O atoms. All the assignments have
been made based on the literature reports [18-20].

Fig. 6 shows the TG-DTA simultaneous analysis of
Biy(TiOy4);3 precursor powder which is mixed in a stoichiometric
proportions. A sharp exothermic peak at around 1100 °C is
attributed to the heat loss during the crystallization of
Biy(TiO4); ceramic powder. The homogenous mixture of
Bi,03 and Ti, O3, when it was heated at 1100 °C for 5 h, show
an XRD pattern corresponding to Bi4(TiO4); (JCPDS Card No.
12-0213) which supports the assignment of the exothermic
peak at 1100 °C in the DTA curve as due to the crystallization of
Biy(TiOy4)3. No significant weight loss was found in the TG
curve up to 1100 °C temperature and there after the precursor
starts decomposing.

Frequency dependence of dielectric constant (&) and
dielectric loss (¢”) of the Biy(TiO4)3 ceramic powder was
carried out between 200 Hz and 3 MHz at the room temperature
as shown in Fig. 7. The dielectric behavior of the Biy(TiOy4)3
ceramics powder is measured in a capacitance cell, consisting
of two electrodes of parallel plate in geometry of plate area A
and spacing d. The oscillating field is applied to the sample over
a wide range of frequency and the capacitance (C) and
dielectric loss G/w, where G is the conductance, as explained
here. The real and imaginary parts of susceptibility could be
correlated as:

A% &oé!
Clw) =20 ¢ (0) + ole)] = 2 m
d d
Glw) A% , &elA
- frnd - 2
2R ) = 2 @
where ¢y is the permittivity of free space

(8.854 x 107" Fm™"), ¢ and ¢’ are the real and imaginary

parts of the relative permittivity of the sample, respectively
[21]. It has been observed that both ¢’and ¢” decrease with an
increase in frequency which explains the dielectric behavior of
the synthesized ceramic powder. This is due to a phenomenon
of frequency dispersion. The frequency of hopping between the
ions could not follow the frequency of applied field and hence it
lags behind, therefore the value of ¢’ becomes reduced at higher
frequencies. The defects, space charge formation, lattice dis-
tortions, etc. in the boundaries produce an absorption current
resulting in a loss factor (tan §) and at high alternating frequen-
cy those could follow the field applied and at later values the
trend appears saturated [22].

Fig. 8(a) shows an excitation spectrum of Biy(TiO4)3
ceramic powder with an emission at A.pis = 480 nm and it has
revealed a strong excitation band at 418 nm. Fig. 8(b) shows the
emission spectrum of Biy(TiO4); ceramic powder in the
wavelength range of 450-750 nm with an excitation at 418 nm.
We have noticed a strong blue emission at 480 nm ascribed to
the electron—hole recombination of localized exciton. Electrons
in the valence band are excited to some localized levels and thus
form small polarons, and the electron polarons interact with
holes possibly trapped near oxygen vacancies to form localized
exciton, such as self trapped exciton. The recombination of the
localized excitons could be resulting in blue emission as has
been reported in the literature [23]. Electron—hole recombina-
tion of localized excitons associated with oxygen vacancies
could therefore be a possible reason for this blue emission.

4. Conclusion

In brief, blue colour emitting ferroelectric Bis(TiO4)3
ceramic powder has successfully been prepared by a mixed
oxide ceramic method. XRD and SEM analysis indicate that
this ceramic powder possesses orthorhombic structure and the
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particles are approximately in 1 pm in size. FTIR spectrum has
revealed the functional groups present in the prepared ceramics.
TG-DTA profiles have substantiated that 1100 °C could be the
optimum sintering temperature. Biy(TiO,); ceramic powder has
revealed a strong blue emission at 480 nm and it arises due to
electron-hole recombinations of localized excitons that
associate with the oxygen vacancies.
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