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Abstract

The crystal structure and dielectric properties of the antiferroelectric solid solution of (1-x)Pb(Yb;,2Nb;2)O3—xPb(Mg; 2 W|,2)O5
(PYN,_,PMW,) (0<x<0.30) have been studied. The crystal structure is shown to become pseudocubic from the PYN’s orthothombic
structure with increasing x. In the PYN-rich composition range (0 <x <0.28), the paraelectric (PE)—antiferroelectric (AFE) phase
transition occurs sharply and is independent of the applied frequency. However, in the higher PMW concentration (x=0.30), the
dielectric constant vs. temperature curve becomes gradually broader and the solid solution becomes relaxor. © 2001 Published by

Elsevier Science Ltd.
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1. Introduction

Lead based complex perovskites, Pb(B'j,»B”(,2)0Os,
have different phase transition behaviors dependent on
the degree of the B-site cation ordering.! In the highly
ordered compounds such as Pb(Co;,»Wi,2)O3 and Pb
(Mgi,2W1,2)Os3, a sharp phase transition takes place at a
well-defined temperature. When the B-site ions are dis-
ordered such as in disordered Pb(Sc;,»Ta; /2)03,2 and
Pb(Sci2Nb;2)0;,° a diffuse phase transition (DPT)
behavior characterized by the frequency dependence of
the transition temperature and a broadly distributed
transition temperature in the measured dielectric constant
curve are observed. The DPT has often been explained by
the presence of dipole inhomogeneity, which is ascribed
to the compositional fluctuation,* to the glassy dipolar
arrangement® or to the fluctuation in chemical ordering.?
The DPT behavior is observed often in the solid solution
systems®’ and in disordered crystalline perovskites.?

PYN belongs to a subgroup of complex perovskites
with a highly B-site cation chemical order. It undergoes
the PE-AFE phase transition near 302°C.%! Although
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it is known that the DPT behavior can be induced by the
structural or compositional disorder, there is no complete
correlation between the degree of order and the on-set of
DPT in solid solutions.”

In this study, the solid solution behavior of ordered AFE
PYN and PMW has been examined. Structural analysis,
dielectric constant and P—E hysteresis loop measurements
were performed to investigate the phase transition phe-
nomena in the PYN;_,PMW, ceramics solid solutions.

2. Experimental

Ceramic samples with a chemical formula of (1-x)
Pb(Yb;,2Nb;/2)O3-xPb(Mg;2W;,2)03 (PYN_PMW,)
(0<x<0.30) were prepared by reacting stoichiometric
proportions of high purity (99.9%) PbO, Yb,O3, Nb,Os,
MgO and WO; powders. The mixtures were ball-milled in
acetone, dried and then calcined at 850-900°C. The cal-
cined powders were reground, pressed and sintered at
1000-1050°C for 1 h in MgO crucibles.

X-ray diffraction experiments were carried out on a
two-circle Rigaku Rotaflex X-ray diffractometer. The
specimens for dielectric investigations were electroded
with silver paste by firing at 590°C for 5 min. The dielec-
tric constant was measured at several frequencies between
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1 kHz and 1 MHz using a Hewlett Packard 4194A
impedance/gain phase analyzer interfaced with a perso-
nal computer. The hysteresis loops were measured on a
Sawyer—Tower hysteresis analyzer.

3. Results and discussion
3.1. X-ray measurement

Fig. 1 shows the X-ray diffraction patterns of
PYN,_.PMW, at several PMW concentrations at room
temperature. For pure PYN (x=0), two sets of super-
lattice reflection are observed; the first is associated with
the AFE lattice modulation and the other, with the B-site
cation ordering, marked by the solid circles and squares
respectively. With the substitution of PMW (0 < x<0.25),
the intensity of the superlattice lines gradually decreases
and finally disappears at x=0.28. The intensity reduc-
tion of the diffraction lines from the B-site order may be
associated with replacement of the Mg and W ions break-
ing the long range order of the Yb3>* and Nb>" ions. In
this composition range, the AFE phase on the room tem-
perature indicates that the on-going transition is one of
PE-AFE transition types. The splitting of fundamental
lines begins to disappear between x=0.25 and x=0.28,
giving rise to a pseudocubic phase beyond x=0.28.

3.2. Dielectric constant measurement

Fig. 2 shows the dielectric constant vs. temperature
curves at different applied frequencies between 1 kHz
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Fig. 1. X-ray diffraction patterns of PYN;_,PMW/, solid solution at

room temperature: solid squares are attributed to the B-site atomic
ordering and the solid circles, to the antiparallel Pb>* cation shifts.

and 1 MHz of the solid solution at concentrations on
the heating cycle are given. It has already been reported
that PYN follows the Curie-Weiss law well above the
phase transition temperature.'® The PYN,_,PMW,
(0<x<0.25) undergoes the similar tendency of pure
PYNs phase transition, while the AFE-PE phase transi-
tion temperature gradually decreases with concentration.
In the PMW concentration range (x=>0.30), the DPT
behavior having the broad maxima and the frequency-
dependent transition appears. The solid solution is defi-
nitely a relaxor judging from these behaviors. At
x=0.28, which separates the composition boundary
between the PE-AFE and the relaxor transition, a
unique frequency—dependent dielectric constant beha-
vior suddenly shows up at a temperature point on the
heating cycle from the low temperature frequency inde-
pendent one. It may be called a normal-to-relaxor phase
transition because the phenomenon occurs on the heating
cycle, however, the relaxor-to-normal transition may be
coined to the terminology more appropriately.

The relaxors are often interpreted as a dipole glass
obeying the Vogel-Fulcher relation.!':!> Then the fre-
quency o dependence of the temperature of the broad
dielectric permittivity maximum of PYN,_,PMW, can
be fitted with the following relation

w = (U()exp[_Eact/kB(Ta_ Tf)]v (1)

where wgy, E. and Ty and T, are the pre-exponential
factor, activation energy, freezing temperature and the
temperature of the dielectric constant maximum respec-
tively. The parameters in Eq. (1) for PYNy 7,PMW, »¢
obtained after the optimal numerical fitting are
wy=2.415x10'" Hz, E,=0.0379 eV and T;=289.3 K
(16.3°C). The optimally fit curve is shown in Fig. 3. The
Tt derived from the Vogel-Fulcher relation agrees with
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Fig. 2. The dielectric constant vs. temperature curve at various fre-
quencies (1 kHz, 10 kHz, 100 kHz and 1 MHz) of PYN,_ PMW,.



J.-H. Kim et al. | Journal of the European Ceramic Society 21 (2001) 1669-1672 1671

0.045¢t
__0.040}
l_lu.
' 0.035}
0.030¢t
QO Experimental
0.025+ —Fitting

4 6 8 10 12 14
Frequency (Lnh o)

Fig. 3. The inverse of permittivity maximum as a function of loga-
rithmic frequency for PYNg 7,PMW og.
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Fig. 4. The real part of the dielectric constant of PYN, 7,,PMW 55 as a
function of temperature on cooling and heating at 1 kHz and 1 MHz.

the lower converging point of the dielectric constant
curve as shown in Fig. 4. The origins of the relaxor
behavior are interpreted differently depending on the
ferroelectrics so far studied. The relaxor transition
behavior of 12% La substituted PZT (PLZT) was linked
to the micro-macro domain switching as temperature is
changed.'® On the other hand, Pb-ion vacancies were
reported to give rise to the relaxor behavior in PST14,
In PYN, 7,PMW 55, however, from the agreement with
the Vogel-Fulcher relation, the relaxor behavior may be
interpreted to originate from the sudden increase in the
dipole fluctuation and then this gives rise to an abrupt
increasing in the dielectric constant at 7%.

Fig. 5 shows the P-E hysteresis curves of PYNy7»
PMW| 55 at several temperatures, 67, 25 and 10°C in which
the linear P-E relation shows that PYN(7,,PMW, g is
paraelectric above T7,. In the temperature range
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Fig. 5. Hysteresis loop curve at different temperatures for
PYNy72PMW 55: (a) 67°C, (b) 25°C; (c) 10°C.

T;<T<T,, a weak slim loop appears indicating the
existence of a weak ferroelectric relaxor phase. In the
lower temperature region (7'< Ty), the remanent polar-
ization disappears as shown in Fig. 5(c).

4. Conclusion

The crystal structure of PYN;_.PMW, solid solution
changes from the orthorhombic to the pseudocubic struc-
ture at room temperature as the PMW content increases.
A typical DPT behavior exhibiting the broad maxima and
the frequency-dependent transition shows up for x<0.30,
while the frequency-independent sharp transition is pre-
dominant for x<0.25. At an intervening relaxor compo-
sition x=0.28, the relaxor-to-normal AFE transition
can be interpreted by the Vogel-Fulcher relation. At
this composition, a successive phase transition occurs
from the PE to the AFE state via a relaxor phase.
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