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Due to its important applications, there has been a great deal of interest in the fab-
rication as well as in the electrical and ferroelectric properties of barium titanate
(BT)-based ceramics. The dielectric and ferroelectric properties of BT depends on the
fabrication techniques and compositional modifications. In conventional solid state re-
action technique, the main problem in fabrication of ceramics includes contamination
from the tearing and wearing of balls and walls of the milling container, time and power
consumption. Various attempts has been made in reducing the time and power con-
sumption. Ultrasonic mixing of raw materials to prepare desired material is a method
to reduce contamination and time & power consumption. X-ray diffraction confirms
the existence of single phase. Comparative study of the dielectric properties shows the
better stability of dielectric constant with frequency and temperature in case of barium
titanate prepared using ultrasonically mixing.

Keywords Barium titanate; dielectric properties; ferroelectric properties; ultrasonic
mixing; X-ray diffraction

Introduction

Barium titanate is the most investigated ferroelectric material for multilayer ceramic ca-
pacitors (MLCC), positive temperature coefficient of resistance (PCTR) thermistors, piezo-
electric sensors, transducers, actuators and ferroelectric random access memories (FRAM)
[1–3]. Because of these important applications, there has been a great deal of interest in
the fabrication as well as in the electrical and ferroelectric properties of BT-based ceram-
ics. Further the dielectric and ferroelectric properties of barium titanate depends on the
fabrication techniques and compositional modifications [4, 5]. In conventional solid state
reaction technique, the main problem in fabrication of ceramics includes contamination
from the tearing and wearing of balls and walls of the milling container, time and power
consumption. Various attempts has been made in reducing the time and power consumption.
High energy ball milling and microwave sintering techniques were used for reducing the
time factor as well as improvements in the different properties [6–9]. Work on reducing the
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contamination is also being attempted. Ultrasonic mixing of raw materials to prepare de-
sired material is a method to reduce contamination and time & power consumption. Present
paper reports the comparative study of dielectric properties of barium titanate prepared by
solid state route using conventional ball milling and ultrasonic mixing of raw materials.

Experimental

BaTiO3 ceramics were prepared by solid-state reaction technique. AR grade starting ma-
terials BaCO3 and TiO2 were weighed and wet-mixed with distilled water. The mixing
process was carried out by two different techniques. One is using conventional ball-milling
for 16 h using zirconia balls. Other is ultrasonic mixing which was done by agitating raw
materials and distilled water in a beaker for 1 hour using ultrasonic cleaner. The vibrational
agitating property of ultrasonic waves was used. The slurry was dried and calcined in alu-
mina crucible, (900◦C for 4 h with heating/cooling rates of 5◦C/min). Calcined powders
were ball milled and ultrasonically mixed separately, dried and pressed using uniaxial press
to form discs of diameter ∼15 mm. Small amount of diluted PVA (3% solution in distilled
water) was added as binder. The compacted discs were sintered at 1300◦C for 4 hrs with
constant heating/cooling rates of 5◦C/min. In order to evaluate the electrical properties,
sintered samples were grounded and flat surfaces were polished. Silver electrodes were
then fired on both sides of the samples at 400◦C for 30 min. The dielectric properties were
measured over a frequency range 20 Hz to 1 MHz using an Agilent 4284A LCR meter from
20◦C to 160◦C using an automated system. XRD patterns were recorded for all the samples
using Bruker, D-8 Advance at 25◦C.

Results and Discussion

Figure 1 XRD pattern of barium titanate ceramics prepared by two mixing techniques and
sintered at 1300◦C for 4 hours. The peak positions indicate the formation of exact tetragonal
perovskite structure. As phase formation depends on the homogeneity and particle size of
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Figure 1. XRD pattern of conventionally ball milled and ultrasonically mixed BT-ceramics sintered
at 1300◦C.
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Figure 2. Dielectric constant (ε′) and tanδ as a function of frequency. (See Color Plate XXII)

the prepared powder. There is no extra peak is to observe which indicates the formation of
single phase material [10]. Thus it can be concluded that materials with high phase purity
can also be obtained by ultrasonically mixed powder.

The frequency response of dielectric constant and tanδ for both conventionally ball
milled and ultrasonically mixed ceramics sintered at 1300◦C is shown in Fig. 2. A general
trend in dielectric constant and tanδ can be observed with increase in frequency. At lower
frequencies dielectric constant is high because of the contribution of all kind of polarizations
like electronic, ionic, space charge and orientation polarizations. But at higher frequencies
only electronic polarization contribute [11, 12]. Figure 3 shows the comparative behavior of
dielectric constant of conventionally ball milled and ultrasonically mixed BT-ceramics as
a function of temperature and frequency. Ultrasonically mixed BT ceramics were found to
have a small dispersion in dielectric constant with frequency as the temperature increases.

Figure 3. Dielectric constant (ε′) as a function of temperature. (See Color Plate XXIII)
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Figure 4. P-E hysteresis loops at 20 Hz for both conventionally ball milled and ultrasonically mixed
BT ceramics.

Further more the transition temperature (Tc) shifts towards higher temperature resulting in
greater thermal stability of dielectric constant.

Dielectric maxima found to increase in case of ultrasonically mixed. This again can
be attributed to the homogeneous mixing of the powder which results in more accurate

Table 1
Processing parameters and observed properties of both conventionally ball milled and

ultrasonically mixed BT-ceramics

Conventionally Ultrasonically
BaTiO3 ball milled mixed

Processing parameters
Mixing of raw materials conventional ball milled

for 16 hours
ultrasonically mixed for 1

hour
Calcination Grinding 900◦C/4hours

conventional ball
milled for 8 hours

900◦C/4hours ultrasonically
mixed for 1 hour

Sintering 1300◦C/4hours 1300◦C/4hours
Observed properties

Lattice parameters (a, c
(Å))

3.9937, 4.0358 3.9937, 4.0376

c/a 1.01056 1.01098
Tc (◦C) 116 129
ε′

RT, ε′
max (at 100 kHz) 2010, 5640 1420, 8035

tanδRT, tanδTc (at
100 kHz)

0.03, 0.018 0.022, 0.008

Pr (µC/cm2), Ec (kV/cm) 4.06, 1.86 6.6, 3.35
Pr/Ps 0.28 0.47
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fitting of the ions at their corresponding lattice sites. Thus ceramic samples with improved
dielectric properties along with greater thermal stability can be prepared by ultrasonic
mixing.

P-E hysteresis loops for an alternating field at 20 Hz for both conventionally ball milled
and ultrasonically mixed BT-ceramics are shown in Fig. 4. Coercive field (Ec), remnant
polarization (Pr) and Pr/Ps which is the ratio of remnant polarization and spontaneous po-
larization (Ps) are given in Table 1. Ec, Pr and Pr/Ps ratio found to increase for ultrasonically
mixed BT-ceramics.

Conclusion

X-ray diffraction confirms the existence of single phase. Comparative study of the dielectric
properties shows the better stability of dielectric constant with frequency and temperature
in case of barium titanate prepared using ultrasonically mixing. At room temperature,
dielectric constant decreases and found to be thermally stable as temperature increases. The
squareness of the P-E loop was also found to increase from 0.28 to 0.47. Thus Dielectric
and ferroelectric properties can be improved by using ultrasonic mixing.
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