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Abstract

The Dielectric behavior of Ba(TipgsZr 05)O3; ceramics doped with TiO, (from 0.1 to 0.3 mol%) is studied in

temperature range from ~ 30 to 350 °C at the frequency of 1x'IO4 and 1x10° Hz. The addition of 0.1 mol% of
TiO, to ceramics caused an optimum of dielectric constant at room temperature, while the maximum dielectric
constant at Curie temperature was observed at 0.2 mol% TiO, doping. The amount of TiO, doping less than 0.3
mol% in ceramics can almost stabilize the dielectric constant compared with that of BZT at 1x106 Hz. Moreover,

an enhancement of Curie temperatures was found at TiO, doping from the range of 0.1 to 0.2 mol%.

Keywords: Ba(Tigg5Zr 05)O03, dielectric constant, TiO, doping
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Dielectric Constant of Ba(ZrggsTig.e5)O3 Stabilized by TiO, Doping
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King Mongkut’'s University of Technology North Bangkok, Bangkok, Thailand 10800

The Dielectric behavior of Ba(TipgsZr 05)O3; ceramics doped with TiO, (from 0.1 to 0.3 mol%) is studied in
temperature range from ~ 30 to 350 °C at the frequency of 1x10" and 1x10° Hz. The addition of 0.1 mol% of
TiO, to ceramics caused an optimum of dielectric constant at room temperature, while the maximum dielectric
constant at Curie temperature was observed at 0.2 mol% TiO, doping. The amount of TiO, doping less than 0.3
mol% in ceramics can almost stabilize the dielectric constant compared with that of BZT at 1x106 Hz. Moreover,

an enhancement of Curie temperatures was found at TiO, doping from the range of 0.1 to 0.2 mol%.
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INTRODUCTION

The perovskite structure is essentially a three-dimensional network of BOg-octahedra and it may be regarded also
as a cubic close-packed arrangement of A and O ions with B ions filling the octahedral interstitial positions. The
packing situation of this structure may be characterized by a tolerance factor f, which is defined by the following

equations:

¢ =—athal 1)

(2)%(Eg + Bg)

where R,, R, and R, are the ionic radii of A, B and O ions respectively. When t is equal to 1, the packing is said
to be ideal. When t is larger than 1, there is too large a space available for B ion, and therefore this ion can
move inside its octahedron [1]. According to this information, if a space for B ion is large, the dipole moment of B
ion should be switched easily and directly affect to enhance the polarization and dielectric displacement which is
related to eq. 2.

D=gk'E=gE+P 2)

where D, &, k', E and P are dielectric displacement, dielectric constant of vacuum, relative dielectric constant,

an electric field and polarization, respectively [2]. In this work, barium zirconate titanate Ba(Zr, ,.Ti,,.)O, (BZT)

.05
ceramic is a candidate for perovskite structure with B-site complex because the substitution of Zr4+ for Ti4+ lead to
shift the phase transition temperature and bring about high and broad dielectric constant [3]. Moreover,
Ba(Zr, 45 Tig 95)O5 ceramics exhibit a satisfy relative permittivity at Curie temperature T, with normal ferroelectric
behavior and no diffuse phase transition occurred [4]. However, the dielectric constant and Curie temperature of
Ba(Zr; g5 Tig 95)O05 is still lower than those of lead-based-ceramics. According to eq. 1, tolerance factor of BaTiO, is
larger than that of BaZrO; (0.970 and 0.917, respectively). Consequently, TiO, doping in ceramics is more
possible to improve the dielectric properties than ZrO, doping and referred to the previous work that TiO, doping
in (BigsNagsTi)O5 - Ba(ZryosTipes)O3 system can stabilize the Curie temperature and bring a broad peak of
dielectric constant [5].

Therefore, the purpose of the present study is to investigate the effects of TiO, addition on the dielectric

properties especially focuses on the stabilization in dielectric properties of Ba(Zr o5 Ti 95)O3 ceramics.

EXPERIMENTAL

Ba(Zrg5Tig95)05 (abbreviated as BZT) ceramics were prepared by a solid-state reaction. The Reagent-grade

BaCO, (X 99.5%), ZrO, (X 99.5%) and TiO, (X 99.5%) were used as raw materials. The powders were weighed
based on the stoichiometric formula of Ba(Zr, s Tip5)O3 before mixed together with TiO, doping in the range of
0.1-0.3 mol%. The powders were ball milling for 24 h in ethanol by using zirconia ball as media. The dry powder
was calcined at 1200 °C for 2 h with heating/cooling rates of 5 °C/min in order to obtain single phase
Ba(Zry 5 Tig95)03 powders. The calcined powders were granulated with PVA as a binder. The granulated powders
were pressed into discs in a diameter of 15 mm and a thickness of 1.5 mm. The compacted discs were sintered
at 1400 °C for 4 h with heating/cooling rates of 5 °C/min in air. Silver paste was painted to formed electrodes on

both sides of the sintered ceramic specimens for dielectric measurements.



The bulk densities of the sintered samples were measured by the Archimedes method using distilled
water as medium. Phase development and crystallographic structure of the ceramics were examined by X-ray
diffraction analysis (XRD; Philips PW 1729) with Cu-ky radiation. The capacitance and dissipation loss of the
samples were measured using LS impedance analyzer (Agilent 4192 A) for measuring the dielectric properties of

samples.

RESULTS AND DISCUSSION

The densities of TiO, doped BZT ceramics sintered under the same sintering condition at 1400 °C for 2 h with
heating/cooling rates of 5 °C/min in air. The measurement on the bulk densities of all specimens were in the
range of 79-90% of the theoretical density compared with barium titanate (BaTiO;). The results show that the
concentration of TiO, influenced the sintered density. A decrease in optimum density was observed for the doped
BZT ceramics (Fig. 1). The results also show that the density is dramatically drop with increasing TiO, more than
0.2 mol%. It should be noted that the cation substitution between Ti"" and zr" from an excess TiO, that can
generate the cation and anion vacancies (eq. 3) are considered to form separately and migrate to the surface of

the crystal, thereby increasing the volume and decreasing the density [2].

TiO, — ZrO, = Tiy + 205 +V 1+ 2V 4 3)
The X-ray diffraction (XRD) patterns of Ti-doped BZT ceramics are shown in Fig. 2. A revealed from the XRD

patterns, their crystal structure exhibit a perovskite structure with tetragonal phase as based on the XRD pattern
of BaTiO; (JCPDS file no. 89-1428) which shows splitting of the (001)/(100) reflection at 20 ~ 22°, and splitting of
the (002)/(200) reflection at 20 ~ 45° and final splitting the (112)/(211) at 20 ~ 56°. However, a secondary phase

was detected at 0.3 mol% TiO, addition. Considering that there might be a solid solubility limit for Ti-excess in
BZT-based ceramics and also related to the increasing of oxygen vacancy which affects to form a secondary
phase [6].

The temperature dependence of dielectric constant (8/) and dissipation loss factor (tané‘) for BZT-based ceramic
are shown in Fig. 3 - Fig. 6. The dielectric behavior is observed as a normal ferroelectric and also exhibits a
shape peak at around Curie temperature which was caused by the homogeneous distribution of excess Ti ion on
Zr ion sites, while a broad peak was observed at the first phase transition temperature. This phenomenon is

associated with the macro-micro domain switching and inhomogeneous distribution of TiO, doping [7,8]. The

dielectric constants of all specimens measured at 1x10° Hz are generally higher than those ceramics measured
at 1x10" Hz (Table 1 and Table 2). The addition of 0.2 mol% of TiO, can reach the maximum of & in both of

1x104 and 1x106 Hz with 12,700 and 13,400, respectively. However, a decrease of 8/ in both low and high
frequencies was observed at 0.3 mol% TiO, doping of in ceramics that may be correlated with the secondary
phase occurred. Moreover, the increase of TiO, content less than 0.3 mol%, the Curie point temperature is higher
slightly from 107 °C for non TiO, doped sample to 110 °C for 0.2 mol% TiO, doped one (Table 1). Furthermore,
TiO, doping less than 0.3 mol%, can stabilize both dielectric constant and dissipation factor at high frequency
(Table 2). A higher concentration (0.3 mol% TiO,), Ti™ is incorporated into B-site principally, resulting in the
generation of titanium vacancies (eq. 3) and the drop of Curie temperature [3].

The dissipation factor of the samples is increased with increasing frequency, as shown in Fig. 4 and Fig. 6. This

is presumably attributed to the effect of ion jump polarization. Moreover, it is interestingly to note that the values



of tanO have no obviously trend considered with the content of TiO, that may be indicated that the number of it

ion and oxygen vacancy can disturb the relaxation time which directly reflects to tanO behavior [2].

CONCLUSIONS

In summary, BZT-based ceramics with TiO, doping (0.1-0.3 mol%) were prepared by the conventional solid-state
technique. The ceramics sintered at 1400 °C for 2 h represent the tetragonal phase at room temperature. The
temperature dependence of dielectric constant exhibits a normal ferroelectric behavior. Dielectric constant of
doped BZT ceramics was stabilized at Curie temperature by TiO, doping with 0.2 mol%. Furthermore, the
maximum dielectric constant is about 13,700 was also observed at 0.2 mol% TiO, doping. The dissipation factor

behavior of samples is strongly affected to ion jump polarization and the number of Ti4+ ion.
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