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bstract

he influence of the WO3 addition as sintering aids on the structural, microstructural and optical properties of (Pb,La)(Zr,Ti)O3—PLZT based
eramics was investigated. Ferroelectric (Pb0.9La0.1)(Zr0.65Ti0.35)0.975O3 + x wt% WO3 (x = 0.0, 0.5, 1.5 and 2.0) ceramics were densified by oxygen
ssisted uniaxial hot pressing. From the XRD results it was found that the hot pressed samples displayed single pseudocubic perovskite phase. EDS
nalysis evidenced the presence of WO rich phase at the grain boundaries. An inhibition of grain growth and an evolution from transgranular to
3

ntergranular fracture behavior was observed, as a consequence of the formation of a PbO–WO3 liquid phase, as the amount of WO3 addition was
ncreased. The optical transmittance in the visible and infrared range was decreased due to the presence of the liquid phase in grain boundaries,
or WO3 content lower than 2.0 wt%.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Lanthanum-modified lead zirconate titanate solid solution
eramics (PLZT) have been intensively studied for more than
0 years for data storage devices, information displays, and
ptical shutters because their excellent electro-optical properties
hich can be tailored in a wide range by various substitutions on
and/or B sites of the (Pb,La)(Zr,Ti)O3 perovskite structure.1

hen well synthesized and processed, these compositions can
resent high Kerr electro-optical coefficients and high transmit-
ance in the visible and near infrared range.1

The sinterability of ceramics is sometimes improved by a
iquid phase existing in the sample during the sintering process,
ecause the liquid phase enhances the transportation of materials
n the sample through the process of dissolution and deposition.
he presence of the liquid phase in sintered bodies, however,

s not desirable, since it can form a second phase, which can
e deleterious for some physical properties.2 Especially opti-

al transmittance can be reduced due to scattering contributions
f liquid phase clusters distributed inhomogeneously in grain
oundaries.

∗ Corresponding author.
E-mail address: robsonfavaretto@yahoo.com.br (R. Favaretto).

c
a
O
m
6
d
c

955-2219/$ – see front matter © 2007 Elsevier Ltd. All rights reserved.
oi:10.1016/j.jeurceramsoc.2007.02.172
es; PLZT

In this work tungsten oxide was investigated as sintering aids
o produce transparent PLZT (10/65/35) ceramics. The limit of
olubility of W6+ was estimated through analysis of its influ-
nce on structural, microstructural and optical properties of the
amples.

. Experimental procedures

The nominal compositions of the PLZT samples pre-
ared in this work were Pb0,90La0,10(Zr0,65Ti0,35)O3 (PLZT
0/65/35) + x wt% WO3, where x = 0.0, 0.5, 1.5 and 2.0. The
owders were prepared, after ball-mill mixture for 3h, by con-
entional solid state reaction of PbO (Aldrich, >99.9% purity),
a2O3 (Aldrich, 99.9% purity), TiO2 (Aldrich, >99.9% purity),
rO2 (TAM, 99.6% purity) and WO3 (Aldrich, >99% purity).
fter calcination in air for 3 h at 900 ◦C, the powders were
all-milled for 3 h. Green bodies in the form of disks were
old pressed and then sintered by hot pressing in oxygen
tmosphere at 1250 ◦C for 3 h under a pressure of 6 MPa.
xygen pressure inside the oven was about 30 KPa. XRD

easurements were performed with 2θ varying from 20◦ to

0◦ at 2◦ min−1. A computational method,3 which uses the
iffraction peak position, was utilized for lattice parameter
alculation. Archimedes method was employed for apparent

mailto:robsonfavaretto@yahoo.com.br
dx.doi.org/10.1016/j.jeurceramsoc.2007.02.172
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ensity measurement. Microstructural and fracture behavior
haracterizations were realized using a SEM. Average grain
iameter was determined with help of an Image software. Opti-
al transmittances were performed with wavelength ranging
rom 350 to 800 nm.

. Results and discussions

The crystalline phase of the nominal composition of PLZT
repared in this work, i.e., La/Zr/Ti = 10/65/35 ratio, lies near
he morphotropic phase boundary,1 for which is expected a
erovskite type pseudo-cubic symmetry. XRD patterns of the
LZT based powders, calcined at 900 ◦C for 3 h, can be viewed

n Fig. 1a. In Fig. 1 are observed peaks of distinct phases.
hese have been recognized, by JCPDS XRD pattern sheets, as
eing PLZT phases with orthorhombic (O), pseudocubic (C) and
etragonal (T) symmetries. The presence of these phases indi-
ates a compositional fluctuation, associated to fluctuations on
-site (Pb,La) or on B-site (Zr,Ti) of the perovskite-ABO3 PLZT
tructure. By XRD analysis, Menegazzo et al.4 observed distinct
hases of the PLZT powder calcined at temperatures lower than
200 ◦C, what was related to compositional fluctuation on the
-site and B-site of the perovskite structure.

ig. 1. (a) XRD patterns for the PLZT + x wt% WO3 powders, calcined at 900 ◦C
or 3 h. (b) The same as (a) for 2θ ranging from 37◦ to 40◦.
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ig. 2. XRD of the hot-pressed PLZT + x wt% WO3. The results of the
LZT + x wt% WO3 (x = 0.5 and 1.5) were omitted because are similar to the
thers.

In this work WO3 additive was chosen viewing the forma-
ion, when combined with PbO, of a eutectic liquid-phase at
emperatures around 730 ◦C,5 i e, well below the traditional sin-
ering temperature of PLZT ceramics. A liquid phase can speed
p the densification processes by rearrangement of the particles
nd enhances material transport that might contribute to better
hemical homogenization.6,7 In Fig. 1b is shown that the WO3
nhanced the intensity of the peaks related to the pseudocubic
ymmetry, although no single perovskite phase was obtained.
he presence of any PbO–WO3 phase could not observed in the
RD pattern.
After sintering at 1250 ◦C, XRD patterns presented only one

LZT phase with the expected pseudocubic symmetry, as can be
bserved in Fig. 2. Here the results for the PLZT + 0.5 wt% WO3
nd PLZT + 1.5 wt% WO3 were omitted, because presented sim-
lar results. The densities of the pellets were around 99% of the
heoretical PLZT density, assuming a W6+ incorporation in the

site of the perovskite structure.
In Fig. 3, the lattice parameters of the PLZT ceramics, for a

seudocubic structure, are shown as a function of the WO3 con-
ent. Pure PLZT ceramic presented the higher value of lattice
arameter, while the WO3 containing PLZT ceramics showed
maller lattice parameters. The reduction of the lattice parameter
alues due to the W6+ incorporation can be associated with the

ell volume reduction, caused by ionic radii differences and by
acancies generation due to valence difference, between substi-
uted and incorporated ions. This same hypothesis is currently
tilized in the literature to justify the decrease of the lattice

ig. 3. Lattice parameters of the hot-pressed PLZT + x wt% WO3. Compu-
ational calculations were made considering a pseudocubic symmetry for all
amples.



R. Favaretto et al. / Journal of the European Ceramic Society 27 (2007) 4037–4040 4039

ing t

p
S
o
s
W

o
h
i
o
a
i
p

W
b

g
s
d
s
g
w

Fig. 4. Micrographs of the fractured sample show

arameter when the sample is doped with alliovalent ions.8–11

imilar results were obtained by Shannigrahi and Yao8 who
bserved dramatic structural changes from tetragonal to cubic
ymmetry of PLZT 3/52/48 thin films when small amounts of

O3 was incorporated.
In Fig. 3 can be also observed that the lattice parameters

f the ceramics show a tendency to increase for WO3 content
igher than 0.5%. The incorporation of W6+ on PLZT structure
s related to the Goldschmidt tolerance factor t, for stable per-

vskite structure 0.8 ≤ t ≤ 1.1. Shannigrahi and Yao8 calculated
value of t = 0.761 and 0.860 for A and B sites, respectively,

ndicating that W6+ ions were incorporated in B site of the
erovskite structure with solubility limit about ≤1 at%. Higher

i
m
o
t

Fig. 5. Micrograph of the PLZT + 1.5 wt% WO3 ceramic and EDS analysis,
he fracture behavior for PLZT + x wt% of WO3.

O3 addition should be segregated and spread at the grain
oundaries.

Fig. 4 shows the microstructure and respective average
rain size dependence with the WO3 content. Pure PLZT pre-
ented quite normal distribution, centred at about 5 �m. When
oped with tungsten oxide, the mean grain size is shifted to
maller values. This indicates that tungsten oxide inhibited grain
rowth during sintering. The inhibition of the grain growth
as attributed to a thin layer of PbO–WO3 liquid phase. It
s well known that segregated phases tend to diminish the
echanical resistance of the grain boundaries. If a thin layer

f liquid phase exists on the grain boundaries intergranular frac-
ure behaviour is generally observed.12 In Fig. 4 are shown

for Pb and W, evidencing a WO3 rich region at the grain boundaries.
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ig. 6. Optical transmittance of the PLZT + x wt% WO3 as a function of the
adiation wavelength.

he mechanical fracture behaviour for the investigated PLZT
amples. It can be observed that “pure” PLZT presented prefer-
ntially transgranular fracture behaviour, while PLZT + 0.5 wt%
O3 presented both, trans- and intergranular, PLZT + 1.5 wt%
O3 and PLZT + 2.0 wt% WO3 samples presented intergranular

racture behaviour. These changes in fracture behaviour are an
ndication of the presence of a liquid phase in grain boundaries.
y EDS microprobe analysis (Fig. 5) was evidenced an increase
f W content in grain boundary region of the PLZT + 1.5 wt%
O3 sample. Fig. 6 shows the optical transmittance of the PLZT

eramics for the different contents of WO3. The samples with
= 0.0, 0.5 and 2.0 presented maximal optical transmittance of
bout 60% for wavelengths higher than 600 nm. The lower trans-
ittance of the doped samples is attributed to the presence of

he liquid phase in grain boundaries. As the amount of WO3
ncreases from 0.5 to 1.5 wt% the amount of liquid phase is not
nough to form a homogenous thin layer around the grains, so
hat it segregates, as observed in Fig. 5, diminishing the transmit-
ance. For the samples containing 2.0 wt% of WO3 the amount
f the PbO–WO3 the amount of liquid phase is enough to form
thin layer around the grains, with a thickness smaller than

he investigated wavelengths, resulting in an increase the optical
ransmittance.

. Conclusions

Microstructural and optical properties of PLZT 10/65/35

eramics were investigated after using WO3, from 0.5 to
.0 wt%, as an improving element for liquid phase sintering.
ungsten ion solubility limit on the crystalline structure of the
LZT was around 0.5 wt%. The presence of a liquid phase was

1
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etected by fracture behaviour and evidenced by EDS analysis
n the microstructures. In general, the samples were transpar-
nt at visible and near infrared radiation. The transmittance was
iminished by the presence and form of distribution of the liquid
hase in grain boundaries. The optical transmittance in the visi-
le and infrared range was decreased due to the presence of the
iquid phase in grain boundaries, for WO3 content lower than
.0 wt%, but for WO3 content higher than 1.5 wt % a homoge-
eous thin liquid phase layer was formed, which enhanced the
ptical transmittance of the doped samples.
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9. Arillo, M. A., Gómez, J., López, M. L., Pico, C. and Veiga, M. L., Structural
and electrical characterization of new materials with perovskite structure.
Solid State Ionics, 1997, 95, 241–248.

0. Kasl, C. and Hoch, M. J. R., Preparation and properties of the trivalent-ion
doped tungsten bronze LaxWO3. J. Appl. Phys., 2006, 99, 063711.

1. Zhang, S., Xia, R. and Shrout, T. R., Low temperature sintering and proper-
ties of piezoelectric ceramics PSNT-Mn with LiBiO2 addition. Mater. Sci.

Eng. B, 2006, 129, 131–134.

2. Winter, M. R., Pilgrim, S. M. and Lejeune, M., Study on the
effects of lanthanum doping on the microsture and dielectric proper-
ties 0.9Pb(Mg1/3Nb2/3)O3–0.1PbTiO3. J. Am. Ceram. Soc., 2001, 84(2),
314–320.


	Effects of WO3 on the microstructure and optical transmittance of PLZT ferroelectric ceramics
	Introduction
	Experimental procedures
	Results and discussions
	Conclusions
	Acknowledgements
	References


