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0.5 0 .5 3  1/3 2/3 3  Abstract: Polycrystalline samples of (1-x)Pb(Zr Ti )O – xPb(Co Nb )O (PZT – PCoN ) with x = 0
– 0.5 have been synthesized by high-temperature solid-state reaction technique. X-ray diffractograms of
the samples reveal the single phase perovskite structure  formation with PbCoN  content x#0.5. There is
a transformation in crystal structure observed from tetragonal to co-existence of tetragonal and pseudo-
cubic to single pseudo-cubic phase with the increase in PCoN concentration in the basic PZT composition.
Ferroelectric hysteresis behaviour was also studied as a function of applied electric field for all the
compositions. Square behavior of the ferroelectric loops was found with the increase in PCoN

rconcentration.  The  maximum value of remnant polarization P  (25.3 mC/cm ) was obtained for the2

0.5PZT – 0.5PCoN ceramic.
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INTRODUCTION

Electroceramics based on lead zirconate titanate
(PZT) are widely used in high-density, high-reliability
ferroelectric random access memory (FeRAM) and
microelectromechanical systems (MEMS), and as such
have attracted much attention recently for application
in low-cost, mass-produced memory with high device
reliability . To enhance electro-mechanical coupling,[1]

most of the technically important PZT ceramics have
compositions in the vicinity of the morphotropic phase
boundary (MPB), with two ferroelectric phases, i.e., the
tetragonal and the rhombohedral phases, coexisting
inside the materials . Various modifications have been[2]

made with relaxor ferroelectric in order to improve the
piezoelectric properties . The distinctive properties of[3 ,8]

PZT are non-hygroscopicity, mechanical strength,
simplicity of preparation, high sensitivity and ease of
poling in a particular direction. The main advantage of
PZT series is the possibility of controlling their
electrophysical properties and curve temperature with
the aid of modifying additions, PCoN being the most
effective one. In the present work, a systematic study
of structural and ferroelectric properties of PCoN
modified lead zirconate titanate (PZT) ceramics
prepared by conventional solid-state reaction route has
been undertaken.

MATERIALS AND METHODS

0.5 0 .5 3  Polycrystalline samples of (1-x)Pb(Zr Ti )O –

1/3 2/3 3  xPb(Co Nb )O (PZT – PCoN ) with x = 0 – 0.5
have been prepared by the starting materials
(commercially available lead oxide, cobalt oxide,
niobium oxide, zirconium oxide and titanium oxide
powders of 99.9% purity) in stoichiometric proportions.
0.02 mol excess lead oxide was used to compensate for
the lead evaporation during sintering process at the
elevated temperature. The mixture was wet milled in

2ethanol using ZrO  balls in a polyethylene jar for 24h,
and then evaporated to dryness before calcination at
700-900°C for 4h. The calcined powders were sieved
through a 100mesh sieve, and pressed into pellets using
polyvinyl alcohol as a binder. The pellets were also
isostatically pressed at 100 MPa before sintering at
1000-1200°C in a closed alumina crucible.All the
sintered samples were found to be of 95% of the
theoretical density. The structural studies of all the
samples were performed on PW 1729 Philips X-ray
diffractometer using CuKá (ë=1.5405Å) radiation.
Scanning electron micrographs were obtained for
microstructural studies. P–E hysteresis loops were
recorded with computer interfaced loop tracer based on
modified Sawyer Tower circuit.

RESULTS AND DISCUSSIONS

The XRD patterns of (1-x)PZT– xPCoN ceramics
with various x values are shown in figure 1. The XRD
patterns of PZT-PCoN ceramics show very sharp and
single diffraction peaks, which indicate a better
homogeneity and crystallization of the samples. The 
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Fig.1: XRD patterns of PZT-PCoN ceramics with
compositions versus composition i.

Fig.2: XRD  patterns  of  ceramic  specimens in the
2è = 43-46°.

Fig.3: Polarization of (1-i)PZT   xPCoN  ceramics
with i = 0.1 as a function of electric fields

patterns show single-phase perovskite-structured
ceramics with i=0.4. Evidence for the pyrochlore or
other second phases was not detected in the patterns.
Pyrochlore peaks, identified with “o” in Fig. 1, were
found in the samples with x=0.5. These results
indicated that the presence of PCoN in the solid
solution decreases the structural stability of PZT
perovskite  phase   by  its  tolerance   factor  and

Fig.4: shows the hysteresis loops of the ceramics

electronegativity .[9]

3 3The PbZrO –PbTiO  phase diagram predicts that at

1 /2 1 /2 3 room temperature Pb(Zr Ti )O  falls within the
tetragonal phase field near the MPB. The crystal
symmetry for pure PCoN is cubic at room temperature.

m axBelow T  . - 70°C, the symmetry changes to
rhombohedral. Therefore, with increasing x the crystal
symmetry should change due to the effects of the

Cincreased PCoN fraction and the decrease in T . It is
well know that in the pseudo-cubic phase, the {200}
profile will show a single narrow peak because all the
planes of {200} share the same lattice parameters,
while in the tetragonal phase, the {200} profile should
be split into two peaks with the intensity height of the
former being half of the latter because the lattice
parameters of (200) and (020) are the same but are
slightly different from those of (002). Figure 6 shows
the evolution of the (2 0 0) peak as a function of
composition. The XRD patterns with low PCoN
concentration show strong (200) peak splitting which is
indicative of the tetragonal phase. As the PCoN
concentration increased, the (2 0 0) transformed to a
single peak which suggests pseudo-cubic symmetry. 

It is interesting to note that the influence of the

1 /3 2/3 3addition of Pb(Co Nb )O  on the phase transition of

1/2 1/2 3the Pb(Zr Ti )O  system is similar to that of

1/2 1/2 3 1/3 2 /3 3  1/2 1/2 3Pb(Zr Ti )O -Pb(Ni Nb )O and Pb(Zr Ti )O -

1/3 2/3 3Pb(Zn Nb )O  system .[3 ,4 ,7]

Figure 3 shows the saturated loops of 0.9PZT-0.1PCoN
samples with difference electric fields strengths.

From the fully saturated loops, the remanent

r cpolarization P  and coercive field E  were determined.

r cThe values of P  and E  for composition x = 0.1 are
21.4 ìC/cm  and 9 kV/cm, respectively, whereas for2

rcomposition x =0.0 the remanent polarization P  is only
2 ìC/cm , less than one tenth of that for composition2

x = 0.1(Fig. 4). At the composition 0.0# i #0.5, the
hysteresis loop has a typical “square” form stipulated
by switching of a domain structure in an electrical
field, which is typical of a phase that contains long-
range cooperation between dipoles. That is
characteristic of a ferroelectric micro-domain state.
Room temperature



J. Appl. Sci. Res., 3(1): 30-33, 2007

32

Fig.5: SEM microstructures of the surfaces of the composition (A); i = 0.1 and (B); i = 0.5

Table I: Polarization hysteresis data as a function of i  in the

(1-i)PZT-iPCoN system.

s r cComposition P  (ìC/cm ) P  (ìC/cm ) E  (kV/cm)2 2

x = 0.0 3.1 2.0 11.4

x = 0.1 25.0 21.4 9.0

x = 0.2 10.1 9.5 9.7

x = 0.3 12.5 7.6 8.4

x = 0.4 13.9 8.6 9.8

x = 0.5 28.7 25.3 9.3

rvalues of P  are found to be ~ 2, 21.4 and 25.3ìC/cm2

for composition x = 0.0, 0.1 and 0.5 samples,
respectively. The results on other compositions are also

listed Table I. 
It is also evident from Table I that

0.9PZT–0.1PCoN and 0.5PZT–0.5PCoN show the
highest values of the remanent polarization. Occurrence

rof maximum P  in the composition x = 0.1 ceramics
can be attributed to the increase in rhombohedral

domains transformation into tetragonal domains as the
tetragonal structure in the PZT system increases with

the increase in PCoN content. Furthermore, the highest
values of the remanent polarization in the composition

x = 0.5 is may be attributed to the transition from
normal ferroelectric to relaxor ferroelectric for the

pseudo-cubic phase.
Figure 5(A) shows the SEM micrographs of the

polished surface of the sintered pellet sample. The
ceramic has a close microstructure with low porosity,

and the packed grains are in the size range of 0.5 ~ 4
ìm. It was found from the SEM micrograph that the

grains of different sizes are homogeneously distributed
over the entire surface of the sample, and hence the

sample is highly dense. It should be noted that a

3 4 13rectangular shape of Pb Nb O  or octahedral shape of

pyrochlore phase has been reported inside and on the
surface  of  the composition x = 0.5 as shown in

Figure 5 (B).

Conclusions: We have prepared PZT-PCoN ceramics

using the conventional mixed-oxide technique.

Compositions of (1!x)PZT!xPCoN x=0.0-0.5 were

selected based on the linear combination rule. Their

phase structures were studied in detail using XRD. All

the samples except x = 0.5 are demonstrated to be pure

perovskite solid solutions. The maximum value of

rremnant polarization P  (25.3 ìC/cm ) was obtained for2

the 0.5PZT – 0.5PCoN ceramic. Most importantly, this

study showed that the addition of PCoN could improve

the ferroelectric behavior in PZT ceramics.
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