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Structure, surface morphology and optical properties of BaTiO;
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Barium titanate powders were synthesized by the wet chemical method using the starting materials barium chloride
(BaCly), titanium dioxide (TiO,) and oxalic acid with different calcinations temperature. The XRD pattern of BaTiO;
calcined at 500 °C showed cubic phase whereas BaTiO; samples calcined at 700 °C and above showed tetragonal phase..
The crystallite size, strain and dislocation density were calculated from the XRD spectrum. It was found that crystallite size
increases with increase of calcination temperature. EDS spectrum was used to identify the composition of the material.
Absorption co-efficient (o), extinction co-efficient (K) and optical band gap were estimated from the optical reflectance
spectrum. The band gap of the powder was found to be decreasing with the increase of calcination temperature.
Nanoparticles of both spherical and rod like in shape were clearly observed in the SEM.
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1 Introduction

Ferroelectrics are materials which have the
outstanding property of possessing spontaneous
electric polarization and the reversibility of the
permanent polarization by an electric field. As they
possess large piezoelectric values, these are used in
different piezoelectric applications'. BaTiOs is an
ferroelectric and piezoelectric material with an
extensive application. It can be used as a capacitor,
thermistor, transducer, transducer, accelerometer or
degausser of colour television®. Barium titanate (also
termed as barium titanium oxide — BTO) appears as a
white crystal with a tetragonal crystal structure with a
photorefractive effect and piezoelectric properties”.
Due to the desirable properties and applications, over
the last few decades, synthesis of BaTiO; powders has
attracted great attention. Most of the experimental
work carried out so far relate to preparation of
powders using polymeric precursor method* co-
precipitation, alkoxide hydrolysis’, metal-organic
processing®, hydrothermal treatment’ and the solid
state reaction of mixed oxide route® etc. Wet
chemical method is a promising technique that offers
relative low cost, uniform size and homogenous
powders. Hence, BaTiO; powders have been prepared
at different calcination temperatures by simple and
cost effective wet chemical method in the present
study.

2 Experimental Details
BaTiO; powders were synthesized by using wet
chemical method. The starting materials used were
barium chloride (BaCl,.2H,0), titanium dioxide
(TiO,) powder and oxalic acid. The solution of
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barium chloride, titanium dioxide and oxalic acid in
the molar ratio of 1: 1: 1 was stirred and evaporated at
70 °C till a clear and viscous resin was obtained. The
resin was then dried at 110 °C for 20 h. The precursor
formed was heated at 500 °C, 700 °C and 900 °C for
2h each. Then, it was brought to the room temperature
to form BaTiO; powders.

2.1 Characteristics of BaTiO; nanoparticles

The XRD patterns of the resulting particles were
obtained from X-ray powder diffractometer with
CuKo radiation. The micrograph of BaTiO; was
examined by direct observation via scanning electron
microscope (SEM). For optical analysis, JASCO-
UV/VISIBLE spectrophotometer (Model Jasco Corp,
V-570) was used to get information in the UV and
Visible regions.

3 Results and Discussion

3.1 EDS analysis

Figures 1-3 show the EDS spectrum of the BaTiO;
powders at different calcination temperatures.
Elemental composition analysis indicated the

1000 —2

presence of Ba, Ti and O in the synthesized BaTiO;
powders. High intensity peaks corresponding to Ba,
Ti and O elements were clearly noticed in the EDS
patterns of the samples calcined at 500 °C, 700 °C and
900 °C. The relative intensities of the peaks
corresponding to the Ba and Ti have been found to
increase corresponding with increase of calcination
temperatures.

3.2 SEM Analysis

SEM images of BaTiO; particles synthesized at
different calcination temperatures are shown in
Figs 4-6. The particle synthesized at 500 “C and 700
°C calcination temperature appears to be of very
uniform spherical morphology. In the case of 900 °C
calcination temperature, some of the particles were
transformed to a rod like morphology.

3.3 X-ray diffraction analysis

Figure 7 shows the XRD pattern of BaTiO;
powders calcined at different temperature for 2 h. The
XRD pattern of BaTiO; powder calcinated at 500 °C
showed cubic structure. Samples calcinated at 700 °C
and 900 °C showed tetragonal structure, which is
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Fig. 1 — EDS spectrum of BaTiO; powered calcined at 500 °C
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Fig. 2 — EDX spectrum of BaTiO; powder calcined at 700 "C
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Fig. 3 — EDX spectrum of BaTiO; powder calcined at 900 “C
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Fig. 6 — SEM image of the BaTiO; powder calcined at 900 °C

shown by separation peaks (200) and (002) at an
angle of 20 = 44° to 46°, which can be seen in Figs 8
and 9.

At 900 °C calcined BaTiO; powder, the peak
splitting was found clearly at an angle around
20 =44° to 46°, which shows its high degree of
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Fig. 7— XRD spectrum of BaTiO3 powder calcined at different
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Fig. 8 Tetragonal peak splitting of BaTiO; powder calcined at 700 °C
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Fig. 9 — Tetragonal peak splitting of BaTiO5; powder calcined at

900 °C
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Table 1 — Structural parameters calculation of calcined BaTiO; powder at different temperatures

Calcination 20 hkl Crystallite Strain (g) Dislocation density (8)
size (D)
Temprature (°C)  (degrees) (nm) 107 lin?m* 10" lin/m?
500 31.50 (101) 44.87 0.917 0.825
700 31.45 (101) 47.61 0.723 0.458
900 31.57 (101) 57.04 0.608 0.308

tetragonality” ' ''. In the case of 700 °C calcination
temperature, there was a small splitting occurring at
angle 20 = 44° to 46°, indicating lesser teragonality'> ",

The crystallite size 1is calculated using the
Scherrer’s formula from the full width half-maximum
(FWHM) of the XRD peaks:

D =0.94)\/Bcosb

where k is the wavelength of the X-rays used, 20 is
the angle between the incident and scattered X-rays
and P is the full width at half maximum. The strain (¢)
was calculated from the formula:

e = Pcosb/4

The dislocation density (8) is defined as the length
of dislocation lines per unit volume of the crystal and
is given by:

5=1/D*

Table 1 presents the calculated crystallite size (D),
dislocation density (8) and strain (g) of peaks (101).
The crystallite size increases with increase in
calcination temperature. BaTiO3; powder calcined at
500 °C has low crystallite size and was found to be
around 44.87 nm and it increased to 57 nm at 900 °C
calcination temperature. Due to the increase in
crystallite  size  with increasing calcination
temperature, the defects in the lattice are decreased,
which is turn reduce the internal micro strain and
dislocation density.

3.4 Optical properties

Figure 10 shows the reflectance spectra of the
BaTiO; powder for different calcination temperature.
It reveals that reflectance decreases with the increase
of the calcination temperature, which may be due to
increase in crystallite size.

From the reflected spectra the Extinction
co-efficient (k) can be calculated from the relation:
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Fig. 10 — Reflectance spectra of the BaTiO; powder calcined at
different temperatures

k =2.303Alog;o (1/T)/4nd

Where d is the thickness of the particles and
A is wavelength of the light and the absorption
co-efficient (o) can be calculated by using the
expression

o = dnk/\

Figure 11 shows the variation of Extinction
coefficient (k) with wavelength at various calcination
temperature. It is seen that Extinction coefficient
increases with increase of calcination temperature,
which may be due to the improvement in the
crystallinity with the minimum imperfections.

Figure 12 shows the variation of absorption
coefficient with wavelength at various calcination
temperature. The absorption coefficient increases as
wavelength decreases'. In addition, the absorption
coefficient increases with increase in calcination
temperature, which is an expected inverse nature of
the reflectance spectra.

The absorption coefficient and photon energy are
related by the expression:

ahv =A (hv—E,)"



844

0.00015
0.00014 -
0.00013
0.00012 -
0.00011
0.00010 -
0.00008
0.00008 -
0.00007 -
0.00006 -
0.00005
0.00004
0.00003 -
0.00002 -
0.00001
0.00000 -
-0.00001 4

Extinction Coefficient (k)

INDIAN J PURE & APPL PHYS, VOL 52, DECEMBER 2014

—— 500
——700°C
——900°C

——

Fig. 11 — Variation of extinction coefficient (k) with wavelength
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Fig. 13 — Variation of (a/v)? versus photon energy (hv) of

BaTiO; powder calcined at 500 °C
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Fig. 14 — Variation of (ahv)? versus photon energy (hv) of
BaTiO; powder calcined at 700 °C
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Fig. 15 — Variation of (a/v) ? versus photon energy (hv) of
BaTiO; powder calcined at 900 °C

Table 2 — Temperature dependence on optical band gap

Temperature (°C) Band gap (eV)
500 2.973
700 2.941
900 2915

where A is a constant and E, the optical band gap
energy. The variation of (ahv) > versus photon energy
(hv) at 500 °C, 700°C and 900 °C calcination
temperatures is respectively shown in Figs 13-15.
From the plot, it is concluded that the optical
reflectance in these powder is direct and allowed. It is
observed that the band gap decreases with increase in
calcination temperature as shown in Table 2. It is
found to be in good agreement with the earlier
investigations on BaTiO; powder". The decrease in
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the band gap may be due to many reasons. It may be
due to the increase of crysrallite size, decrease in
strain, decrease in dislocation density and quantum
confinement effect.

4 Conclusions

We have successfully synthesized BaTiO; powders
by low cost wet chemical method using commercially
available chemicals such as oxalic acid, TiO, and
BaCl,. The composition of BaTiO; powders was
confirmed by EDS analysis. XRD showed cubic
structure for samples calcined at 500 °C, whereas
samples calcined at 700 °C and above showed
tetragonal structure. Nanoparticles spherical and rod
like in shape were found in SEM. From the reflection
spectra, the reflection is found to decrease with
increase of calcination temperature. The absorption
co-efficient and extinction coefficient of the powders
were determined from optical reflection spectra which
increase with increase in calcination temperature. The
optical band gap of BaTiO; powders was found to be
direct and allowed. A decreasing trend in the optical
band gap energy was observed with increase of
calcination temperature.
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