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ABSTRACT
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Ferroelectric materials have been widely studied for various applications.
Among many different types of ferroelectric materials, Ba(Ti;xSnyx)O3; (BTS) has
been shown to possess very good characteristics against electric field and tunable
properties. With varying Sn content, this material can exhibit either a normal
ferroelectric or relaxor behavior. Therefore, it has attracted great attention recently.

In the present work, lead-free ceramics of Ba(Tip9Sng;)03: BTS10 with B,0;
addition were prepared by a conventional solid state sintering method. The various

amounts of B,O; (0.5, 1.0, 2.0 and 3.0 wt.%) were mixed in BTS10 powder and
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sintered with different temperatures. Dielectric and piezoelectric properties of the
ceramics were investigated as a function of sintering temperature. Although density of
the ceramics was observed to decrease with increasing the sintering temperature, the
sample sintered at 1350°C showed maximum dielectric constant of 13900 at the phase
transition temperature ~36°C. Higher relative tunability of 83% was also observed at
the same condition. But, the ceramics showed a lower piezoelectric coefficient (ds3) at
a higher sintering temperature.

The phase transition and electrical properties of Ba(Ti9Sng ;)O3 ceramics with
B,0; added were investigated to explore the effect of B,O3 addition on enhanced
densification and dielectric constant of these ceramics. With increasing B,O; content,
a linear reduction of ferroelectric to paraelectric transition temperature was observed.
In addition, higher B,O3 concentrations enhanced a ferroelectric relaxor behavior in
the ceramics. Changes in this behavior were related to densification, second-phase
formation and compositional variation of the ceramics.

Moreover, the posted sintered annealing method was applied for B,O; doped
Ba(Tip9Sng ;)O3 ceramics. The ceramics were fabricated via a solid state reaction
method: sintered at 1350°C for 24h followed by annealing at 1100°C for 4-32 h.
Many electrical properties of the ceramics annealed at various annealing times were
investigated with a variety of methods. Annealing for 4h produced a sharper phase
transition with high dielectric constant. The high dielectric constant of 27,000 was
recorded at ferroelectric to paraelectric phase transition temperature of 38°C. This

sample also showed a high dielectric tunability of 70%. Ferroelectric performance of
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the sample was also improved. The improvements in electrical properties were related
to the chemical homogeneity of the sample after annealing.

Finally, the wide ranges of frequency (0.1 Hz-1MHz) and temperature (20-
280°C) dependence of the impedance relaxation were investigated. The impedance
study indicates the presence of dielectric relaxation both grain and grain boundary
effects in the material. The relaxation times for grain and grain boundary estimated
from Col-Cole plots varied with temperature according to the Arrhenius relation. The

activation energy for grain and grain boundary were estimated to be 0.73 and 0.85 eV,

respectively.
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