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Abstract

Lanthanum, Potassium and Niobium have been selected as cation

0.10PbTiO3. The experimental results show that La lowers the phase tra

of K-doped composition tends to increase. Furthermore, the maximum o

those of La-doped material. La can improve the broadness of dielectric

promising dopant for enhancing the relaxor behavior for this compos
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1. Introduction

Bi0.5Na0.5TiO3 (BNT) was first synthesized by Smolenskii

and Agranovskaya [1] in 1959. A few years later, it was found

to be ferroelectric from the polarization–electric field hysteresis

loops [2]. In 1974, Sakata and Masuda [3] reported an

antiferroelectric phase existed at 220 8C from dielectric

measurement with an applied dc field. However, the optical

and X-ray investigations [3,4] did not show any structural

changes from the ferroelectric to the antiferroelectric phases.

The maximum of dielectric permittivity [2,3,5,6] appeared

around 325–335 8C and its value at a frequency of 10 kHz was

2600 [6]. The dielectric loss increased rapidly above this

temperature.

Although most investigations have concentrated on the

modifications of BNT for applications as piezoelectric and

pyroelectric devices, this material is considered to be a good

candidate for a high temperature relaxor. Doped with Pb [6],

this material gives a higher dielectric permittivity and a lower

transition temperature from ferroelectric to antiferroelectric

phases as compared to unmodified BNT. However, this phase

transition and the relaxor characteristics disappear as the

amount of Pb increases to 17%. The reported morphotropic
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pants to modify the relaxor characteristics of 0.90(Bi0.5Na0.5TiO3)–

ion temperatures and decreases the grain size. In contrast, the grain size

electric permittivity and the Curie temperature increase as compared to

mittivity of 0.90(Bi0.5Na0.5TiO3)–0.10PbTiO3. However, Nb is a better

n.

phase boundary of Bi0.5Na0.5TiO3–PbTiO3 (BNT–PT) is

found between 15 and 17%Pb [6] since the structure changes

from rhombohedral to tetragonal and relaxor characteristics
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disappear. Nevertheless, 10%Pb-doped BNT (BNT–10PT) is

suitable composition to further modify for a stable high

temperature dielectric. Most cation dopants have been

selected to substitute in the A-site of this perovskite material.

Sr and Ba dopants can increase the maximum dielectric

permittivity of BNT–10PT but decrease its Curie temperature

[3,7]. La lowers both phase transition temperatures of

ferroelectric to antiferroelectric and antiferroelectric to

paraelectric [8]. In addition, it decreases the dielectric

permittivity of the composition. K has been investigated in a

form of the solid solutions of (1 � x)Bi0.5Na0.5TiO3–

xBi0.5K0.5TiO3 system. The dielectric and piezoelectric

properties including phase transition [9–11] of this system

have been studied and the morphotropic phase boundary is

reported at x = 0.16–0.20. In addition, a new intermediate

compound exists at 0.20 � x � 0.40. This is probably due to

the larger size of K+ than that of Na+. Therefore, a partial

solid solution of BNT–BKT can form within a limited amount

of BKT. In this paper, the effects on the microstructure and

dielectric properties of BNT–10PT from La, K and Nb

dopants are presented. La and K are expected to substitute in

the A-site and Nb in the B-site. The addition of K in this work

is only small amount and far from the limited boundary for a

formation of intermediate compound.
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