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Abstract

A binary solid solution of 0.5BaZr,,Tij305-0.5BaCe ,Tig9sO3 ceramics was synthesized by solid state reaction technique. The
phase formation was determined via X-ray diffraction technique. The bulk density was measured using Archimedes’ method. The
result showed that the sample was a single phase perovskite and 5.85 g/cm® for a bulk density. The relative permittivity of
ceramic with Ag electrodes showed a frequency and temperature dependence. The relative permittivity decreased from 3,164 to
2,354 for measured in the range of 500Hz-2MHz at room temperature which the loss tangent had lower than 0.07 in this
frequency range. The broad relative permittivity peak was found which a maximum was ~7,139 at 7,= 95 °C and 1 kHz.
Moreover, the ferroelectric properties were characterized and discussed with previous related works.
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1. Introduction

Recently, Ba(Zr,Ti,.,)O3; (BZT) has been chosen as a top candidate for lead-free material for the fabrication of
ceramic capacitors because of its good electrical properties. The substitution of Zr*" in Ti*' in crystal structure in
BZT ceramics produced high stability of chemical component [1, 2]. The ferroelectric behavior of BZT ceramics
was dominated by Zr contents. For y=0.15, the BZT ceramics showed single broad peak relative permittivity and
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Curie temperature (7¢) exhibited shift to lower temperature while added a higher level of Zr contents [3]. The
maximum dielectric constant at phase transition from ferroelectric to paraelectric phase was 8000 at 100 Hz at
24 °C. The other interesting of modified BaTiO; based ceramic is Ba(Ce,Ti;.4)O3 (BCT) [4]. The phase transitions
were controlled by Ce*" contents in BCT ceramics. For x<<0.06, these ceramics showed three phase transitions
similar to BaTiO; ceramics. The high relative permittivity and good ferroelectric were found at Ce*" 2 mol.% in
BCT ceramics. The saturation polarization was 15 pC/cm’ and piezoelectric coefficient (ds;) was 116 pC/N.
Recently, the solid solution of perovskite structure based ceramics at morphotropic phase boundary (MBP) such as
Ba(Zrq,Tiyg)03-(Bagy,Cay3)TiO3; showed an excellent dielectric and piezoelectric properties [S]. To our knowledge,
a solid solution of 0.5BaZr,,Tiy305-0.5BaCe o, Tip.9303 and their properties have not been informed. This motivated
us to study their properties.

2. Experimental details

The solid solution of 0.5BaZr,,Ti(g03-0.5BaCe,Tip9s03 was synthesized by solid state reaction technique.
High purity metal oxides of BaCOs3, ZrO,, TiO,, and CeO, were used for raw materials. All raw materials were
weighted respect to stoichiometry for each condition. Then, each condition was mixed via convention ball milling
method for 24 h. Those mixed powders were calcined at 1250 °C for 4 h. The obtained powders were sieved and
pressed for a pellet shape. The green pellet was sintered at 1450 °C for 2 h. The polish surface ceramics of 0.5BZT-
0.5BCT were studied physical properties. The densification was determined by Archimedes’ method. The phase
formation was characterized following Bragg law via the X-ray diffractometer instrument. After paint electrode by
silver both side of ceramic, the dielectric constant and the loss tangent were measured using an Agilent 4284A LCR
meter. The ferroelectric properties were determined by a ferroelectric tester (Radiant Technologies Inc.)

3. Results and discussion

The XRD pattern of a solid solution of 0.5BZT-0.5BCT ceramics was shown in Fig. 1. The XRD pattern was
carried out by X-ray diffractometer from 26=20° to 60°. The XRD pattern showed a pure phase perovskite without
secondary phase (impurity phase). The pure phase of 0.5BZT-0.5BCT ceramics was determined by comparing with
JCPDS database number 00-036-0019. This result suggests that this solid solution could synthesize by convention
solid state reaction technique. The bulk density of ceramic is 5.85 g/cm® which was determined by Archimedes’
method
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Fig. 1. The XRD pattern of 0.5BZT-0.5BCT ceramics.
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Fig. 2. Frequency dependence relative permittivity and loss tangent of 0.5BZT-0.5BCT ceramics.

Frequency dependence relative permittivity and loss tangent of 0.5BZT-0.5BCT ceramics at room temperature
were shown in Fig. 2. The relative permittivity was slightly decreased with increasing frequency. The relative
permittivity was in the range of 3,164 to 2,354 for 500 Hz to 2 MHz. Moreover, the loss tangent value was lower
than 0.07 observing in this frequency range. It indicates that 0.5BZT-0.5BCT ceramic has less frequency dispersion
for dielectric behavior and low loss tangent.
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Fig. 3. Temperature dependence relative permittivity (a) and loss tangent (b).

The relative permittivity and loss tangent as a function of temperature with three frequencies (1, 10, and 100
kHz) were shown in Fig. 3. Fig. 3(a) shows the board single peak of relative permittivity and a small relaxor
behavior. The relative permittivity peak at the temperature of the relative permittivity maximum was 7,139 at 95 °C
and 1 kHz. Moreover, the loss tangent depended on temperature and frequency was present in Fig. 3 (b).
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Fig. 4. Dependence of the polarization versus electric field of 0.5BZT-0.5BCT ceramics.

A plot of the polarization versus electric field (hysteresis loop) was presented in Fig. 4. The measurement was
performed at room temperature at 1 Hz. The hysteresis loop shape presented a loop like a relaxor ferroelectric type.
In order to confirm, the hysteresis loop squareness (R,,) was calculated following equation [6];

P P
R =|fr |4 ik 1
" [PMPJ .

Where P, is a remnant polarization at zero electric fields, P is a saturated polarization, and Pj g is the
polarization at the field equal to 1.1 times of a coercive field. For the ideal hysteresis loop of ferroelectric type, the
hysteresis loop squareness is equal to 2.00. The value of Ry of 0.5BZT-0.5BCT ceramic is 0.64. This clearly
confirms that a slim hysteresis loop of 0.5BZT-0.5BCT ceramic is the relaxor ferroelectric as mention in Yimnirun
etal. [7].

4. Conclusion

A new binary solid solution of 0.5BaZr,,Tiyg03-0.5BaCe,Tip9s03 was synthesized and characterized. This
ceramic was synthesized via solid state reaction technique. The studied samples exhibited a single phase perovskite.
The relative permittivity was slightly frequency dependence at room temperature with low loss tangent. Moreover,
the ceramic showed relaxor ferroelectric behavior at phase transition temperature. Therefore, the slim hysteresis
from the polarization-electric field plot confirmed a relaxor ferroelectric properties of this binary solid solution
system.
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