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3 1 /3 2/3 3Abstract: The (1-x)PbZrO -xPb(Ni Nb )O  ferroelectric powders produced by a simplified columbite

2 6precursor synthetic route was studied.  Columbites NiNb O  and the phase structure of PZ-PNN were
examined using X-ray diffraction (XRD).  The surface morphology of the formed powders was examined
by scanning electron microscopy (SEM).  It was observed that for the binary system

3 1/3 2/3 3(1–x)PbZrO –xPb(Ni Nb )O , the change in the calcinations temperature is approximately linear with
respect to the PNN content in the range x = 0.0-0.5.  With an increase in x, the calcinations temperature
shifts up to high temperatures.  It is seen that optimization of calcination conditions can lead to a 100% yield
of PZ-PNN in a psudo-cubic phase.
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INTRODUCTION

3Lead zirconate, PbZrO , is an antiferroelectric
ceramic with a Curie temperature of 230°C. It is
reported that the antiferroelectric (AFE) to ferroelectric
transition (under the application of a strong electric field
to the ceramic in the antiferroelectric state) leads to
significant energy storage for DC field . Piezoelectric[1]

and dielectric properties of lead zirconate thin films,
derived from a sol-gel technique, were studied and
compared with the most significant piezoelectric
compositions .  This material is a potential candidate[2]

for energy storage applications for DC fields and low
loss linear capacitor, owing to its AFE nature .[3]

Recently, the double hysteresis behavior of this material
makes it attractive for the ultrasonic transducers,
nonvolatile memories, micro actuators, multi-layer
capacitors and electro-optic devices as well as for
actuator applications .  A very large amount of[1 ,4]

research has been performed on solid solutions

1-x x 3containing PZ such as, Pb(Zr ,Ti )O  (PZT) ,[5]

3 3 1/3 2/3 3PbZrO –PbTiO –Pb(Mg Nb )O  (PZ-PT-PMN) ,[6 ,7 ]

3 3 1/3 2/3 3  PbZrO –PbTiO –Pb(Zn Nb )O (PZ-PT-PZN)  and8-10

1/3 2/3 3  3Pb(Zn Nb )O –PbZrO  (PZN–PZ) .  One of the most11

fa m o us sys te m s  i s  th e  s o l id  so lu t io n  o f

1/3 2/3 3 3 3PbNi Nb O –PbTiO –PbZrO  (PNN–PT–PZ) system
has a morphotropic phase boundary at lead zirconate
(PZ) concentration around 0.20–0.45 .  At these PZ[12 ,13]

concentrations the electromechanical coupling in the
compound reaches 0.8 .  [12]

As one part of a series of the investigations on the
solid solutions with PZ, this study deals with the binary
compound of PNN-PZ because of there has been no

detailed report on the reaction between lead oxide,
nickel niobate and zirconium oxide is of interest.  In the
present work, the columbite precursor method was used

3  1/3 2/3 3to synthesize the (1–x)PbZrO – xPb(Ni Nb )O  (PZ –
PNN ) with x = 0 – 0.5.  The development of phase,
morphology and particle size of PZ-PNN powders are
presented and analyzed. 

MATERIALS AND METHODS

2 6The columbite precursor NiNb O  was prepared

2 5 from the reaction between NiO and Nb O at 1100 C foro

24 hours and then mixed with PbO and ZrO , according

3 1/3 2/3 3to the composition of (1–x)PbZrO – xPb(Ni Nb )O
(PZ – PNN ) with x = 0 – 0.5.  The mixture was
calcined at various temperatures ranging from 650 to
900°C, dwell times 4 h and heating/cooling rates
ranging 20°C /min, in closed alumina crucible, in order
to investigate the perovskite phase formation.  Calcined
powders were subsequently examined by room
temperature X-ray diffraction (XRD; Philips PW 1729
diffractometer), using Ni-filtered CuKá radiation to
identify the phases formed and optimum calcination
conditions for the formation of PZ-PNN powders.
Powder morphologies and particle sizes were directly
imaged, using scanning electron microscopy (SEM;
JEOL JSM-840A).

RESULTS AND DISCUSSIONS

Figure 1 shows XRD pattern of the 0.7PZ-0.3PNN

powders calcined at different temperatures for 4h

prepared by columbite methods. The precursor phases 
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                        Fig. 1                                                                  Fig. 2

Fig.1: Powder  XRD  patterns of the calcined 0.7PZ-0.3PNN powders at various calcination temperatures at

constant time.

Fig.2: Percentage of perovskite phase as a function of calcination temperature for (1 - x)PZ - xPNN ceramics.

Fig.3: SEM micrographs of the calcined (1 - x)PZ - xPNN powder (a) x = 0.0, (b) x = 0.1, (c) x = 0.2, (d) x = 0.3,

(e) x = 0.4, (f) x = 0.5 .
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Table I: Characteristics of (1-x)PZ-xPNN powders with optimized processing conditions

Composition Calcine temperature (°C) %Perovskitephase Particle size (µm)

x = 0.0 750 100 0.51 ± 0.06

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

x = 0.1 750 100 0.46 ± 0.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

x = 0.2 800 100 0.58 ± 0.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

x = 0.3 850 100 0.56 ± 0.04

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

x = 0.4 850 100 0.56 ± 0.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

x = 0.5 850 100 0.58 ± 0.04

2 6 PbO, NiNb O and a small amount of crystalline

 pyrochlore phase were detected by XRD at 650°C. The

sample heated to 700°C contained the perovskite phase,

pyrochlore phase.By increasing the calcination

temperature from 650 to 900 NC, the yield of the

perovskite phase increased significantly until at 725 NC,

a single phase of perovskite phase was formed. The

studies also reflect the growth of crystallinity in the

powders with the increasing heat-treatment temperatures.

The perovskite phase formation of PZ-PNN at various

calcination temperatures is shown in figure 2.  From the

patterns, it could be found that the major phase in all

cases is well-crystallized perovskite and the essentially

pyrochlore-free powder was obtained. All the

compositions in the present work showed pyrochlore-

free XRD scans at calcination temperatures at above

900°C.  These experiments indicate that as the

concentration of the PNN phase increased the

calcination temperature must be increased in order to

obtain phase-pure perovskite.  It can be seen that a

complete crystalline solution of perovskite structure is

formed throughout the whole composition ranges

without the presence of pyrochlore or unwanted phases.

From the patterns, PZ powder is identified as a single-

phase material with a perovskite structure having

orthorhombic symmetry which could be matched with

ICDD file no. 75-1607.  The XRD patterns of the

PZ–PNN compositions show a combination between PZ

and PNN patterns, showing a perovskite structure having

the symmetry varying between orthorhombic and

pseudo-cubic types.

Conclusions: The columbite methods is explored in the

3  p re p ara tio n  o f s ing le  p h a se  (1 -x )P b ZrO –

1/3 2/3 3xPb(Ni Nb )O  powders. According to the results of

DTA-TG and XRD analysis, crystallization of PZ-PNN

powders took place at below 650 C and well-crystallizedo

perovskite-type could be obtained above 850 C. It waso

o b s e r v e d  t h a t  f o r  t h e  b i n a r y  s y s t e m

3 1/3 2/3 3(1–x)PbZrO –xPb(Ni Nb )O , the change in the

calcinations temperature is approximately linear with

respect to the PNN content in the range x = 0.0-0.5.

With an increase in x, the calcinations temperature shifts

up to high temperatures.  It is seen that optimization of

calcination conditions can lead to a 100% yield of PZ-

PNN in a psudo-cubic phase. A further increase in PNN

substitution gradually decreased the unit cell dimensions

of the perovskite structure.  Particle size can be

estimated from SEM micrographs to be in the range of

0.46 –0.57 mm.
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