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Abstract

Alkali-doped strontium barium niobate (K0.5Na0.5)2x(Sr0.6Ba0.4)5−xNb10O30 (KNSBN) ceramics has been prepared by a conventional solid-state
reaction method. The alkali-dopant concentration x  has been varied from 0.24 to 1.15 so that the crystal structure was transformed from ‘unfilled’
to ‘filled’ tetragonal tungsten–bronze (TTB) structure. Apart from the change in the structural properties, the effects of the alkali-dopants on the
phase transition as well as ferroelectric, piezoelectric and pyroelectric properties have also been investigated. Phase transitions have been studied
in the temperature range of −200 ◦C to 350 ◦C. The origins of these phase transitions are discussed. The addition of the alkali-dopants enhances the
ferroelectric, piezoelectric and pyroelectric properties of the KNSBN ceramics. Alkali-doping also favors abnormal grain growth and thus results
in a porous microstructure, which might contribute to the enhancement of the pyroelectric performance.
© 2012 Elsevier Ltd. All rights reserved.
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1.  Introduction

Environmental-friendly lead-free ferroelectric materials have
received intense attentions in recent years. Among various
lead-free ferroelectric materials, ferroelectrics with tetrag-
onal tungsten–bronze (TTB) structure show great promise
in pyroelectric,1 piezoelectric,2 non-linear optic3 and high-
frequency dielectric applications.4 The TB structure consists
of a complex array of distorted BO6 octahedra sharing cor-
ners in such a way that three types of inter-sites (A1, A2 and
C) are available for different cations with a general formula
of (A1)4(A2)2C4(B1)2(B2)8O30 or (A1)4(A2)2(B1)2(B2)8O30, in
which A1, A2, C, and B are 15-, 12-, 9-, and 6-fold coordinated
sites.5 The first formula represents the so-called ‘stuffed’ TB
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structure, in which all of the A, C, and B sites are occupied.
The second formula represents either ‘filled’ (all 6 A sites are
occupied) or ‘unfilled’ (only 5 out of 6 of the A sites are occu-
pied) structures. Various ferroelectric and ferroelastic materials
have been identified by substituting different cations into A-
site (Sr, Ba, Pb, Ca, K, Na, Li, Mn, Cu, Cr, rare-earth etc.),
C-site (Li) and/or B-site (Nb, Ta, Ti).1–22 It has been shown that
ferroelectric material is more stable in the ‘filled’ TTB struc-
ture as compared to the ‘unfilled’ TTB structure.18 This stable
structure usually has a higher Curie temperature. Besides that,
ferroelectric crystals possessing ‘filled’ TTB structure do not
suffer optical damage for reasonable high power level at room
temperature.2,6

Potassium sodium strontium barium niobate (KNSBN) pos-
sesses a TTB structure that can be tuned from ‘unfilled’
structure to ‘filled’ structure, by adjusting the alkali-dopant
concentration. KNSBN has good mechanical properties,
high Curie temperature, and large pyroelectric, piezoelectric,
and electro-optic coefficients.5,6,13,16,18,19 Previous studies on
KNSBN were confined to the two extreme compositions, i.e.
either ‘unfilled’ (K0.5Na0.5)(SrxBa1−x)4.5Nb10O30 ((K, Na):(Sr,
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