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Abstract

This study aimed to fabricate and characterize new complex-structured ceramics with formula (1-x)Pb(Zrg 5,Tig 45)O3—xSrBi,Nb,Og
or (1-x)PZT—xSBN (where x=0, 0.1, 0.3 and 0.5 weight fraction). The ceramics were prepared by a solid-state mixed-oxide method and
sintered at temperatures between 1000 and 1250 °C. Optimum sintering temperature for this system was found to be 1050 °C for 3 h
dwell time. X-ray diffraction patterns of (1-x)PZT-xSBN powders showed peak intensities of two-phase mixture corresponding to the
relative amount of each phase as a result of SBN addition. Microstructure of (1-x)PZT—xSBN ceramics showed a variation in grain
shape and grain size. The small addition of SBN (x=0.1) was also found to improve ferroelectric properties of pure PZT ceramic.

© 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Nowadays, ferroelectric materials are widely applied in
electronic device applications, e.g. sensors, actuators and
non-volatile random access memories [1]. Many of these
applications require materials with superior ferroelectric
properties. It has been well-known that isotropic perovs-
kite structure and bismuth layered structure compounds
are two important ferroelectric materials used in these
applications.

A perovskite structure compound, i.e. lead zirconate
titanate (PZT), exhibits excellent ferroelectric properties
such as high remanent polarization but it has low fatigue
resistance [2,3]. The structure of bismuth layered structured
ferroelectrics (BLSFs) revealed that strontium bismuth
niobate (SBN) and strontium bismuth tantalate (SBT)
consist of (Bi»0,)*>" layer interleaved with perovskite-like
block (SrNb,O5)*>~ and (SrTa,0,)* ", respectively [4]. Both
ferroelectric SBT and SBN exhibit excellent fatigue resis-
tance and low leakage current [5]. However, compared to
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the traditional PZT solid solution system, their ferroelectric
properties were not favourable due to inherently small
saturated and remanent polarizations, and requirement of
a relatively high processing temperature.

Many research groups have attempted to combine the
perovskite structure and bismuth layered structure com-
pound together in a form of ceramic such as PZT-SBT [6],
PLZT-SBT [7] and PLZT-SBN [8]. These results indicated
that the binary ceramic systems had better ferroelectric and
dielectric properties over those of pure PZT and PLZT
ceramics. In the present study, a series of new ceramics
with formula (1 —x)PZT-xSBN (where x=0, 0.1, 0.3 and
0.5 weight fraction) were fabricated and characterized
particularly in terms of phase evolution, density, micro-
structural changes and ferroelectric properties.

2. Material and methods

The Pb(ZroAszTiOAg)Og, (PZT) and SrBiszzog (SBN)
powders were prepared by a solid-state mixed-oxide
method. The starting chemicals used were PbO (99%,
Fluka), ZrO, (99%, Riedel-de Haé]n), TiO, (99%, Riedel-de
Haéln), SrCO; (98%, Aldrich), Bi,O; (98%, Fluka) and
Nb,Os (99%, Aldrich). The starting powders were weighed,
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ball-milled in ethanol for 24 h and oven dried. The mixed
powders were calcined at 800 °C for 2 h for PZT and 950 °C
for 3h for SBN powders. The calcined PZT and SBN
powders were then weighed, mixed by ball-milling and dried
to produce the powder mixture of (1 —x)PZT-xSBN, where
x=0, 0.1, 0.3 and 0.5 weight fraction. Each mixture was
pressed into pellets with 3 wt% (polyvinyl alcohol or PVA)
added as a binder. These pellets were covered with their own
powders and sintered at 1050 °C for 3 h. Phase characteriza-
tion of (1 —x)PZT-xSBN ceramics was carried out using X-
ray diffractometry (XRD, Phillip Model X-pert). Density of
ceramics was determined using Archimedes’ method. The
microstructure and chemical composition of sintered samples
were examined using scanning electron microscopy (SEM,
JEOL JSM-6335F) and energy dispersive X-ray spectroscopy
(EDS) techniques. Average grain size was determined using a
caliper diameter method from SEM micrographs. Ferro-
electric hysteresis (P—E) loops were characterized at a
frequency of 50 Hz using a computer-controlled modified
Sawyer-Tower circuit. Remanent polarization (P), maxi-
mum polarization (Py,,.), coercive field (Ec), maximum field
(Emax) and loop squareness (Ryq) values were then deter-
mined from the hysteresis loops. The squareness ratio of the
hysteresis loop were calculated using the ratio of P, at zero
electric field to saturated polarization (P;) obtained at some
finite field strength below dielectric breakdown, i.e. P./Ps.
For a not fully saturated loop, Ps was assumed to be equal to
Pax. According to Haertling and Zimmer [9], the squareness
could be used to measure not only the deviation in the
polarization axis but also that in the electric field axis with an
empirical equation: Ryq=(Py/Pg)+ (Py.1gc/Py)-

3. Results and discussion

Fig. 1 shows the X-ray diffraction patterns of (1-x)PZT-
xSBN powders at different x compositions. Phase of PZT
powder showed a co-existence of rhombohedral (ICSD file
no. 97060) and tetragonal (ICSD file no. 92059) phases.
For other compositions, all X-ray patterns showed peaks
of two-phase mixture of PZT and orthorhombic SBN
phase (ICSD file no. 88473). It is seen that the intensity of
SBN peaks increase with increasing its concentration.
X-ray diffraction patterns of the ceramics sintered at
1050 °C for 3 h are shown in Fig. 2. The X-ray diffraction
patterns of perovskite PZT ceramics was identified as a
single-phase material with only tetragonal symmetry. The
disappearance of a rhombohedral symmetry in this cera-
mic is believed to be caused by changes in compositional
stoichiometry due to high sintering temperature [10]. For
the samples with x=0.1SBN, the crystalline were indexed
to be the PZT-based solid solution as a main phase with a
minor phase of new multinary compound. The new
multinary compound matches the standard JCPDS dif-
fraction data of Pb,>(Nb; 33Tij 66)O¢.66 (n0. 74-0660) which
has a cubic symmetry. This phase appears as a result of
reaction between PZT and SBN phases. The PZT peaks
was shifted to higher angles, implying that a small amount
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Fig. 1. X-ray pattern of (1 —x)PZT-xSBN powders.
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Fig. 2. X-ray pattern of (I —x)PZT-xSBN ceramics.

of SBN was dissolved into PZT to form PZT-rich solid
solution. Addition of x=0.3SBN into this compound
caused a shift of PZT peaks to higher angles with a
reduction in intensities, while a new multinary phase was
maintained with a rapid increase in intensities. This result
suggested that a small amount of SBN may dissolve into
PZT to form PZT-rich solid solution. In the same manner,
a certain amount of PZT may also dissolve into SBN to
form a new solid solution phase. An increase in SBN
concentration to x=0.5 showed a composite structure
between a new multinary compound and SBN compound.
However, the PZT-based solid solution started to disappear
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in this sample. This result implied that PZT was completely
dissolved into SBN structure to form a new multinary solid
solution phase.

Bulk density of the (1-x)PZT-xSBN ceramics are listed
in Table 1. It was observed that the sample with
x=0.1SBN showed a higher density than other composi-
tions. Further increase in content of SBN leads to a
gradual decrease in the densities of the ceramics. The
result indicated that SBN content has a significant effect
on densification of PZT-SBN ceramics.

SEM micrographs of thermally etched surfaces of
(1—=x)PZT—xSBN ceramics are shown in Fig. 3. PZT
ceramic possessed normal equiaxed shape with an average
grain size of ~4.09 um. The sample with x=0.1SBN
contained a two phase mixture of different grain shape
and size. An equiaxed shape grains and polyhedral-shape
grains were assigned (EDS analysis—not shown here) to
the PZT phase and new multinary phase. This sample
exhibited a good densification, a homogenous grain size
and a uniform grain packing. Clearly, this was a reason for
a higher density obtained in this composition. For the
sample with x=0.3SBN, the equiaxed shape grain of PZT

Table 1
Density and grain size of (1-x)PZT-xSBN ceramics.

and polyhedral shape grain of new multinary phase were
observed. For the grain size observation of this sample, it
showed a rapid increase of grain size of the new multinary
phase, while the grain size of PZT phase decreased (see
Table 1). However, a high porosity and an heterogeneous
microstructure consisting of two phases were found in this
sample. The sample with x=0.5SBN consisted mainly of
polyhedral-shaped grains of new multinary compound and
a small amount of plate-like grains of SBN. This sample
exhibits a low packing density due to a large difference in
grain shape of polyhedral and plate-like grains. The SEM
analysis results are consistent with the density values and
the X-ray studies.

Hysteresis loops of (1-x)PZT-xSBN ceramics are shown
in Fig. 4. The related ferroelectric parameters are also
listed in Table 2. The shape of P-E loops varies greatly
with the ceramic compositions. PZT ceramics showed a
ferroelectric loop with 8.29 kV/cm of coercive field (Ec),
10.14 pC/cm? of remanent polarization (P,) and 0.74 of
loop squareness (Ryq). The composition with x=0.1SBN
exhibits an enhanced ferroelectric behaviour i.e. Ec=14.05
kV/em, P,=13.19 nC/cm?* and Ry;=1.14. The improvement

Composition Bulk density (gem~3) Grain size (um)

Equiaxed shape Polyhedral shape Plate-liked shape

Diameter (0) Width (d) Length (1) Width (d) Length (1)
PZT 7.55+0.01 4.094+0.23 - - - -
0.9PZT-0.1SBN 7.63 +0.05 1.34 +0.05 1.41+0.15 1.344+0.14 - -
0.7PZT-0.3SBN 7.18 £0.04 1.04 £+ 0.06 2.534+0.18 2.98 +£0.22 - -
0.5PZT-0.5SBN 6.94 4+ 0.01 - 2.4540.17 2.9240.14 0.334+0.03 1.29 +0.09

Polyhedral shape
grain

>

Plate-iked grain

Fig. 3. Microstructure of (1 —x)PZT—xSBN ceramics, where (a)—(d) represent x=0, 0.1, 0.3 and 0.5 weight fraction, respectively.
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Fig. 4. Hysteresis loop of (1-x)PZT-xSBN ceramics.

Table 2
Ferroelectric properties of (1-x)PZT-xSBN ceramics.

Composition P, (nC/em?) Ec (kV/cm) R,

PZT 10.14 8.29 0.74
0.9PZT-0.1SBN 13.19 14.50 1.14
0.7PZT-0.3SBN 0.39 5.51 0.25
0.5PZT-0.5SBN 0.12 4.24 0.20

in ferroelectric properties in this composition was mainly
attributed to donor-like ionic substitution [1]. Moreover, the
small grain size and a slight change in crystal structure also
partially contributed to the improved ferroelectric behavior.
Upon further increasing the SBN content from x=0.3 to
0.5, the ferroelectric properties of the PZT-SBN system
degrades. This result was mainly due to an increase amount
of a cubic phase, as observed in XRD and microstructural
studies. It is well-known that the material with cubic
symmetry can not possess ferroelectric properties. A degra-
dation of the ferroelectric properties of these samples was
confirmed by a slimmer hysteresis loops. Apparent phase
transition and microstructural changes were the main
factors that determines the ferroelectric properties of this
new material system.

4. Conclusions
In this study, (1—x)PZT-xSBN ceramics were success-

fully prepared by a solid-state mixed-oxide method. PZT
ceramic showed only tetragonal symmetry. The composition

with 0.1 <x <0.3 showed a composite structure of PZT-
based solid solution and new multinary phase. Addition of
0.5SBN into PZT showed a two phase mixture of new
multinary phase and small amount of SBN phase. The
microstructural changes were in agreement with the observed
X-ray diffraction patterns. The maximum ferroelectric pro-
perties were achieved at the sample with PZT-based solid
solution region (i.e. 0.1SBN). The improvement in ferro-
electric properties was mainly due to donor-like ionic
substitution.
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