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Abstract

Lead-iron tungstate ( Pb(Fe, 3W,,3)05; PFW)
perovskite ceramics were prepared by the conven-
tional mixed oxides method. Additional amounts of
Fe,O5 and PhO were used to examine the role of
excess oxides on the phase development, densification
behaviour and dielectric properties. The stoich-
iometric mixture of the oxides results in a residual
phase (Pb,WQOs) besides the perovskite. Excess
Fe,05 eliminates the Pb,WOs, with a marked
increase in the dielectric constant, whereas excess
PhO leads to an unexpected increase of the amount of
the second phase and a consequent decreuse of the
dielectric constant. The densification behaviour and
the microstructures obtained after firing were very
dependent on the starting stoichiometry. The PFW
phase obtained using PhO or Fe,04 excesses shows
various degrees of ordering which seem to be
correlated with the presence of either W°™ vacancies
or of Pb*" vacancies.

Pb( Fey ;3 W, ,3)0;-Keramiken (PFW) mit Perovskit-
Struktur wurden auf konventionellem Wege aus
Oxidmischungen hergestellt. Um den Einfluf} iiber-
schiissiger Oxidanteile auf die Phasenbildung, das
Verdichtungsverhalten und die dielektrischen Eigen-
schaften zu untersuchen, wurden auch Zusammenset-
cungen mit zusdtzlichen Anteilen an Fe,O5 und PbO
hergestellr. Stochiometrische Mischungen der Oxide
fiihren -ur Bildung der Phase Pb,WO, neben dem
Perovskit. Bei cusdtzlich zugegebenem Fe,O 5 kann
diese Phase vermieden werden, was sich durch einen
deutlichen Anstieg der Dielektrizitdtskonstanten du-
Bert. Der Zusatz von PbO dagegen ergibt eine
unerwartete Zunahme des Anteils der sekunddren
Phase und fiihrt dementsprechend -u einer Abnahme

In part presented at the 2nd Conference of the European
Ceramic Society, Augsburg, Germany, September 1991.

der Dielektrizititskonstanten. Das Verdichtungs-
verhalten und das Gefiige der gebrannten Keramik
hingen im  starkem Mafe von der Ausgangs-
cusammensetzung ab. Die PFW-Phase, die mit PhO-
oder Fe,05-Uberschuff hergestellt wurde, zeigt ver-
schiedene Ordnungsgrade. Diese Beobachtung scheint
mit der Préisenz von W°*-oder Pb*™-Leerstellen
verkniipft -u sein.

Des céramiques du tungstate mixte plomb—fer, de

forme perovskite ( Pb( Fe, s W, 3)05: PFW ), ont été

préparées par la méthode clussique du mélange des
oxvdes. Par l'addition supplémentaire de Fe,O5 et de
PbO, on a pu examiner le réle des oxvdes en excés sur
le développement des phases, le comportement a la
densification et les propriétés diélectriques. Le
d'oxvdes stoechiométrique conduit a la formation
d'une phase résiduelle (Pb,WOs), en plus de lu
perovskite. Un excés de Fe,05 permet d'éliminer
Ph,WO,. avec une augmentation sensible de la
constante diélectrique, tandis qu'un excés de PbO
conduit a une augmentation inattendue de la phase
secondaire et en conséquence résulte en une dimi-
nution de la constante diélectrique. La densification et
les microstructures obtenues aprés cuisson sont aussi
trés dépendantes de la stoechiomérrie de départ. Lu
phase PFW présente divers degrés dordre selon
l'exces en PhO ou Fe,Oj5, ce que les auteurs corrélent
avec la présence tantét de lacunes en W°* | tantor de
lacunes en Ph*".

1 Introduction

Lead-iron tungstate (Pb(Fe,,;W,;)O;: PFW), is a
ferroelectric material, with a diffuse phase transition
at approximately 185K!. It was suggested? that its
disordered perovskite-type structure, in which the
Fe®* and W®" ions are randomly distributed in
octahedral positions, gives rise to compositional
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fluctuations and a distribution of Curie points in the
material, responsible for the diffuse transition. PFW
has also a relaxor-type behaviour. A polar glass
model for the lead—magnesium niobate (PMN)
rhombohedral family of relaxors has been recently
suggested,®> with thermally activated polarization
fluctuations occurring between nano- or micropolar
regions* above a static freezing temperature, but
below the ferroelectric paraelectric phase transition.
Like many other perovskites, PFW has been used
to obtain solid solutions with dielectric parameters
adjusted to make multilayer ceramic capacitors,
meeting appropriate standard specifications. Its low
Transition Temperature value adjusts the dielectric
maximum to room temperature, in systems like

Pb(FemW1/3)O3~Pb(Mg1/3Ta2/3)O3,5

Pb(Fe2/3W1/3)03—Pb(Mg1/2W1/2)03,6

Pb(Fe2/3W1/3)03—Pb(Fel/2Nbl/2)O3,7_ 10

Pb(Fe, ;W,,3)O5-Pb(Fe, ,Nb,,)O;
~Pb(Zn1/3Nb2/3)03.“ -13

Some of these are reported in recent patents!* !¢

and are commercial relaxor-based compositions.

It is well known that monophasic perovskite
relaxors are difficult to obtain; the appearance of
stable second phases, normally of lower permittivity,
damages the final electrical properties. Different
methodologies have been used to maximize the
perovskite phase, including the repeated calcination
for long periods of time,!” corrections in the
sintering cycle,'® the prereaction of B-site oxides
to form the columbite-type structure compound
(B'B30,) in the systems Pb(B 5B ;)03,'? or to form
the wolframite-type structure compound (B'B"O,)
in the systems Pb(B,,B],,)0,,?° and the additions
of excess oxides.?' ~2°¢

The effect of excess PbO and MgO in the
production and properties of Pb(Mg,,;Nb,;3)O;
(PMN) has been frequently studied. In the reported
results there is general agreement about the role of
the excess MgQ.2! =24 On the other hand, the studies
using excess PbO!8:23726 lead to different results,
some of them quite contradictory.!®23 However,
every reported result shows that PMN ceramics with
excess PbO present a high density, achieved by liquid-
phase sintering,'®23726 although increases!'®2°

and decreases?42¢ of dielectric constant have been

reported and attributed to microstructure dif-
ferences, resulting either from different processing
conditions or from the different purity of the raw
materials.>*27

To the authors’ knowledge no such detailed work,
concerning variations in stoichiometry, has been
undertaken for PEW.

In the present work additional amounts of Fe,O,
and PbO were used to examine the role of excess
oxides in the synthesis of PFW, in its densification
behaviour and in the microstructure obtained by the
sintering process, trying to correlate these features
with the final dielectric properties. Results of X-ray
diffraction, scanning electron microscopy, energy
dispersive spectroscopy analysis and dielectric
measurements will be presented and discussed.

2 Experimental

Reagent grade oxides of lead, iron and tungsten were
used to prepare, by conventional mixed oxides
processing, the compositions indicated in Table 1.
Appropriate proportions of the powders were ball-
milled in ethanol for 4 h using agate mills and balls.
The reactions taking place on heating the mixtures
were identified by thermal analysis (DTA) using an
heating rate of 5°Cmin~!. The compounds formed
were identified by X-ray analysis of samples calcined
for 2-5h at temperatures slightly above the exo- or
endothermic effects observed.

The results of the thermal analysis lead to a
standardized method of sample preparation for cer-
amic processing. After ball milling the powders for 4h
in ethanol, they were dried at 100°C for several hours
and calcined at 780°C for 2-5h, ground in an agate
mortar and remilled, for 8-10h, to obtain powders
of less than 5 um of particle size. Pellets of 10 mm of
diameter and 2-3 mm of thickness were uniaxially
pressed at about 127 MPa and then isostatically
pressed at about 250 MPa in order to get green
densities of 6 gcm ™ (PFW Theoretical density =
8-6gcm ™ 3).2% An isothermal sintering was perfor-
med at 880°C for 2 h.

The internal standard X-ray method was used to

Table 1. Compositions of the samples and sintering characteristics of the PFW ceramics (sintered at 880°C/2h)

Designation Compositions oxide excess Weight loss Density Grain size
(wt%) (gem™?) (um)
PFW Pb(Fe,,;W,,3)0, 0-35 86 29
PFW2F Pb(Fe,,;W,,3)0; +0:02mol Fe,0, 041 87 38
PFWS5F Pb(Fe,,;W,,3)0; + 0:05mol Fe,0, 0-35 87 31
PFWI0OF Pb(Fe,,3W,,3)0; +0-10mol Fe,0, 026 87 40
PFW2P Pb(Fe,,3W,,3)0; + 0:02mol PbO — 86 32
PFWSP Pb(Fe,;sW,3)0; + 0-05 mol PbO 0-37 84 30
PFW10P Pb(Fe,,;W,,3)0; + 0-10 mol PbO 0-64 80 23
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determine the amount of the Pb, WO, phase present
in the different calcined samples; N1O was used as a
standard. The amounts of Pb,WO; phase in the
unknown mixtures were determined from a calibr-
ation curve, obtained from known proportions of
PFW and Pb,WO..

Routinely the calcined and sintered specimens
were examined by X-ray diffraction analysis to
identify the phases formed.

The microstructure of the samples were observed
in fractured and polished sections using scanning
electron microscopy (SEM) with X-ray energy
dispersive  spectroscopy (EDS), for chemical
analysis.

Dielectric constant and dielectric loss were
measured at 10, 50 and 100kHz, as a function of
temperature using an Air Product Displex cryostat
and a HP4277A LCZ bridge.

3 Results and Discussion

3.1 Synthesis

3.0.1 Stoichiometric proportions of oxides

The DTA curve obtained from the powders mixed in
“he stoichiometric proportions of PFW (Fig. 1),
shows five thermic peaks. From 300 to 600°C two
exothermic peaks occur at about 330°C and 550°C,
respectively. Between 660 and 750°C two consecu-
tive well-defined peaks are present, an endothermic
at about 680°C and an exothermic at about 720°C,
and a final endothermic one can be seen at about
900 C.

The samples calcined at 330, 550, 690, 725 and
870°C have been analysed by X-ray diffraction (Fig.
2). The reaction between lead oxide and tungsten
oxide gave rise to the formation of two lead
tungstate phases, PbWO, and Pb,WO,, corre-
sponding to the first exothermic peaks (330 and
550°C). Yonezawa & Ohno?° and Lu er al.?° have
also reported the sequential formation of PbWO,
and Pb, WO, while Kassarjian et al.' ! reported only
the formation of PbWO, at 350°C.

At a temperature of about 690°C the Pb,WOj,

EXOTHERMIC
REACTION

ENDOTHERMIC
REACTION

Fig. 1. DTA spectrum of the Pb(Fe, ;W,,;)O, oxide mixture.
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Fig. 2. X-Ray diffractograms of Pb(Fe, ;W, ;)O, oxide mix-

ture calcined at 330, 550, 690, 725 and 890 C. O, PFW: A.

pyrochlore: x,Pb,WOs: +, PbWO,;: @, WO;: ¥%. Fe,0,: .
PbO.

compound disappeared and a pyrochlore-type phase
was formed, by reaction of the lead tungstates with
Fe,0O;. In agreement with these results, the form-
ation of the pyrochlore-type phase is reported in all
works, as occurring at temperatures higher than
670°C and is attributed to the reaction between the
lead tungstate phases and iron oxide (endothermic
reaction). Lu er al.3° suggested that the endothermic
peak (690°C)is due to the formation of a liquid, from
an intermediate unknown solid phase, and that the
pyrochlore phase is formed from this liquid. The
chemical composition of the pyrochlore phase is
referred to as being Pb,Fe, ;W,,;0, by Agranov-
skaya;' however, Lu et al?® reported that the
pyrochlore phase had the ratio Pb:Fe:W =2:1:1.
As can be seen in X-ray diffractograms (Fig. 2)
the pyrochlore phase converts to the perovskite
Pb(Fe, ;s W, ;)05 above 720°C (exothermic reac-
tion), but peaks corresponding to Pb,WO; could
again be detected. The published results!-!1:13.29.30
refer also to the formation of the perovskite phase
PFW for temperatures above 700°C. Lu et al3!
report that, in spite of several efforts to obtain PFW
single-phase material, trace amounts of Pb,WOQO,
were not eliminated. The same authors attempted to
prepare by solid-state reaction and coprecipitation
the Pb,FeWO, .5 pyrochlore phase.*? The product
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Table 2. The amount of Pb,WO; phase determined by the
internal standard X-ray method

Compositions Pb, WO (%)
PFW 14
PFW2F 4
PFWS5F —
PFWIOF —
PFW2P 25
PFWS5P 29
PFW10P 34

they obtained was stable below 700°C and, above
this temperature, decomposed to Pb(Fe,,;W,3)0;
and PbWO,. The melting of the PFW phase occurs
for temperatures above 900°C.*?

3.1.2 Excess of Fe,O5 and PbO

The DTA curves for the different compositions with
iron and lead oxide excess (Table 1) are similar to the
one already presented (Fig. 1).

To study the influence of the excess of iron and
lead oxide on the relative proportions of the phases
formed, the calcined samples were analysed by the
internal standard X-ray method. The results are

summarized in Table 2. It can be seen that the
amount of Pb,WOs is reduced by the addition of
excess Fe,O,, being undetectable by X-ray diffrac-
tion for the PFWSF and PFWI10F compositions.
The addition of excess PbO, quite unexpectedly,
raises the amount of the lead tungstate phase.

3.2 Sintering

Table 1 summarizes the sintering characteristics:
weight loss, density and average grain size of all
compositions, sintered at 880°C for 2h. All the
compositions attained a high degree of densification
with small weight losses.

3.2.1 Stoichiometric proportions of the oxides

The fractured surfaces of PFW show an intergranu-
lar fracture, a dense matrix and sometimes vestiges of
a liquid surrounding the grains (Fig. 3(a)). From the
polished and thermally etched surface the presence
of a second phase between the matrix grains can be
detected. This phase presents an elongated shape,
and has a ‘molten’ aspect (Fig. 3(b)). EDS analysis
revealed that this phase is rich in Pband W, allowing
its identification with the Pb,WO, phase detected by
X-ray diffraction.

fracture and the presence of the liquid phase surrounding the grains. (b) PFW2P showing the ‘molten’ aspect of the second phase
(Pb,WO;). {c) PFW10P and (d) PFW2F showing the more porous microstructure and the polyhedrally shaped grains of PbO excess
sample, compared with the denser microstructure and rounded grains of the Fe,O; excess sample.
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3.2.2 Excess of Fe,04 and PbO

Table 1 shows that the excess iron samples present a
high degree of densification, and a slight increase in
grain size, by comparison with the stoichiometric
PFW compositions. On the other hand, the excess
lead samples exhibit a tendency to lower values of
fired density and smaller grain sizes.

The presence of the second phase, with a ‘molten’
aspect, between the matrix grains became more
important for the compositions with excess lead
oxide, in agreement with the increased amount of
Pb,WO; detected by X-ray diffraction (Fig. 3(b)).
The lead oxide excess samples also reveal a more
porous microstructure with polyhedrally shaped
grains {Fig. 3(c)).

Compositions with iron oxide excess show a dense
microstructure, similar to that of PFW, with
rounded grains (Fig. 3(b)). It was not possible to
detect the molten phase on the microstructure of the
samples with 0-05 and 0-10mol excess Fe,O;. For
the composition PEFWSF and PFWI10F, groups of
small grains were detected on the corners of some of
the matrix grains (Fig. 4). Iron was the only element
detected by EDS in the small grains. Iron oxide was
detected by X-ray diffraction.

Constant heating rate dilatometry (CHR) was
used to study the sintering behaviour of selected
samples. CHR dilatometry derivative curves for the
compositions PFW, PFWI10F and PFWI10P are
presented in Fig. 5. It can be seen that the curves of
PFW and PFW 10F have similar behaviour, which is
quite different from that of PFWI10P. While the
former show a continuous increase in the shrinkage
rate up to about 880°C, the PFW10P curve, after a
rapid increase of the shrinkage rate between 630 and
715°C, present a marked reduction of this para-
meter. A rapid increase in the shrinkage rate occurs
from 890°C upwards, as in the two other curves.

In the relaxor niobate systems'®#:3 ~2¢ excess PbO
tends to promote densification by liquid-phase

e

Fig. 4. Microstructure of PFWSF presenting the groups of
submicrometer iron-rich grains at the corners of the matrix
grains.
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Fig. 5. Derivative curve of CHR dilatometry (heating rate

10°Cmin™ ") of (- + — + —) PFW, (—-—--—) PFWIOF

(PFW+0-10mol Fe,0;) and (— ——) PFWIOP
(PFW 4+ 0-10 mol PbO).

sintering. The results of Fig. 5 show that the
tungstate relaxor has a different behaviour. The
shrinkage peak at about 700°C, in the sample with
excess PbO, is most probably due to the Pb,WOq
phase. The ‘molten’ aspect of this phase suggests
however that it is present as a ‘viscous’ liquid. The
presence of a liquid can accelerate the densification
process, either by enhancement of the matter
transport within a reactive liquid phase, or by a
process of rearrangement caused by the sliding of
the grains. For this particular case, the presence of a
‘molten’ phase between the matrix grains and the
polyhedral shape of the grains, whose shape and size
seem to be little altered by the sintering process,
suggests that the most probable mechanism is that of
rearrangement. It is known that this process can lead
to up to 15% of shrinkage.>*

In contrast, for samples with excess Fe,0,, the
gradual increase of the shrinkage rate (PFWI0F
curve) observed up to 880°C, is more typical of a
sintering process dominated only by a matter
transport mechanism3>*® until appreciable grain
growth occurs. The matter transport between areas
of different chemical potential, at the surfaces of
particles, leads to the rounding of the grains
simultaneously with the densification, as can be
observed in Fig. 3(d). This observation corroborates
the pronounced effect of matter transport in this
system, when compared to the other one.

The appearance of a liquid phase in the PFW
system, at temperatures near 900°C, has been
reported before?? and is responsible for the sudden
rise of the shrinkage rate (Fig. 5), in both systems, as
well as for the marked deformation of the sample
above this temperature.
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In the sample with lead oxide excess isothermally
sintered some porosity persists (Fig. 3(c)). This
difficulty in removing the final porosity could be
related to (i) the decrease of matter transport by
diffusion when compared with the other systems (for
the samples with PbO excess the initial shrinkage
rate is at 716°C higher (3-5x 10 *s~!) than that
observed in the excess iron system (1-8 x 107357 1);
however for higher temperatures (>880°C) this
situation is inverted; the shrinkage rate is, for the
excess lead oxide system, about 1:5 x 10~ %s ™!, while
it has a value of 3-0 x 10™*s~ !, almost double, for
the excess iron oxide system), or (ii) by the presence
of sintering tensions originating during the sintering
of two different phases (matrix of PFW and
Pb,WO,).

3.3 Dielectric properties

The dielectric characteristics of PFW and the effects
of excess Fe, 05 and PbO on the dielectric properties
are shown in Fig. 6 and Table 3.

The diffuseness (6) of the transition, which
characterizes the breadth of the transition peak, was
calculated for all compositions, using the Gaussian
distribution relation®’

Eymas = E,exp[(T— Tp)/257]
where E

rmax
max 15 the maximum relative dielectric
constant, E_the relative dielectric constant, T, the
temperature at which E_ .  occurs and ¢, the
Gaussian diffuseness. A method of limiting the
temperature range to that corresponding to 2/3 of
the maximum relative dielectric constant was
used.?” This limitation allowed consistent and

representative diffuseness values to be obtained,
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Fig. 6. The effect of excess Fe,O; and PbO on the dielectric
constant of PFW ceramics, as a function of temperature, at
10kHz.

without taking into account contributions arising
from different temperature ranges of measurements,
or from the relaxor behaviour of the material.

For the samples with iron oxide excess, the
maximum of the dielectric constant increases,
reaching 12300 for PFWSF, and dropping after-
wards to 9000 for PFW10F (Fig. 7(a)). The tempera-
ture of the ferroelectric paraelectric transition (7),
measured at 10 kHz, varies from —92°C for PFW to
an average value around —86°C for all iron oxide
excess compositions (Fig. 7(b)).

The diffuseness of the transition decreases from
about 75°C for PFW, to an average value of 52°C for
the samples with iron oxide excess. Effectively the
ferroelectric paraelectric phase transition becomes
less diffuse for all these iron oxide excess compo-
sitions, which are then presenting the highest degree
of homogeneity of all the studied compositions.

In contrast, the magnitudes of the dielectric

Table 3. Dielectric characteristics of PFW and PFW plus iron or lead oxide at 10, 50 and 100kHz

Composition Frequency E, ax E, (20°C) T, C 0 (°C)
(kH:)
PFW 10 6955 2963 —92-08 7521
50 6843 2963 — 8896
100 6791 2940 —87-34
PFW2F 10 10440 3452 —86-08 5376
50 10131 3434 —82-18
100 9977 3428 —81-18
PFWS5F 10 12335 3831 — 8659 51-03
50 11918 3818 —83-75
100 11696 3812 — 8277
PFWI10F 10 9104 2701 —86-7 5241
50 8849 2686 —84-36
100 8722 2681 —83-44
PFW2P 10 4882 2553 —9526 9517
50 4806 2534 —-91-31
100 4769 2524 —89-35
PFWSP 10 3770 2009 —-99-22 108-49
50 3665 1983 -92-32
100 3615 1965 —91-35
PFWI10P 10 2445 1361 —98-05 111-11
50 2416 1352 —95-06
100 2404 1351 —91-07
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Fig. 7. The effect of excess (O) Fe,O; and (O) PbO on (a) the
maximum of the dielcctric constant, (b) the transition tempera-
ture and (c) the diffuseness of PFW ceramics, at 10 kHz.

maxima steadily decrease for the samples with
increasing excess of PbO (Fig. 7(a)). The transition
range is shifted to lower temperatures together with
a steady increase of the diffuseness (Fig. 7(b) and (c)).

The reason for the effects just described can be
related to the Pb,WO, phase present. Taking first
the variations in the dielectric constant, it is evident
that increasing amounts of a phase with a lower
dielectric constant (E, for Pb,WO;=1190) will
decrease the dielectric constant of lead oxide excess

compositions. Besides, these samples developed a
more porous microstructure, unsuitable for attain-
ing good dielectric characteristics. The same argu-
ment justifies the significant enhancement of the
dielectric constant of samples with iron oxide excess
up to 0-05mol, since the amount of Pb,WOj; is
decreasing in these samples. A monophasic material
can be obtained when a proper addition of iron
oxide excess is used. Above that value the dielectric
constant of the diphasic material, now containing
free Fe,05, would decrease again, according to the
rule of mixtures.

Turning now to the phase transitions temperature
and diffuseness values presented in Table 3 and Fig.
7(b) and (c) it can be concluded that the PEW phase
present in all the compositions, from where the
Pb,WO, phase has been eliminated (PFWSF and
PFWI10F), does not vary significantly, since the
values of the phase transition (T,= —86°C) and
diffuseness (6 =52"C) are approximately main-
tained. On the other hand, the regular change of the
transition temperature to lower temperatures and
the steady increase of the diffuseness of the
transition for the four compositions containing
increasing amounts of Pb,WO. (PFW, PFW2P,
PFWSP and PFWI10P), indicate that changes were
also occurring in the structure of the PFW phase, the
only one responsible for the diffuse phase transition,
since Pb,WOs, the other phase present, has no
ferroelectric paraelectric phase transition in this
temperature range.

As pointed out before, increasing amounts of
PbO, in the excess lead oxide samples, gave
increasing amounts of Pb, WO second phase (Table
2). The PFW phase formed under these circum-
stances has to be tungsten deficient or, in other
words, must contain increasing amounts of tungsten
vacancies in the B-site cation lattice. As the
concentration of W™ is decreasing it seems that the
probability of getting Fe** and W®™ ions together
in the right proportions to make an ordered B-site
lattice is smaller, and as a result, an overall structure
with a high degree of disorder will be formed. Excess
amounts of Fe, O, up to 0-02 mol, lead to a decrease
of diffuseness to a value that was unaltered by using
higher excess concentrations of Fe,O;. When a
diphasic material containing Pb,WOj is transfor-
med into a monophasic material by Fe,O, addition,
the perovskite PFW then formed has to be Pb
deficient, since the ratio Pb/W is 3:1 in the
perovskite and 2:1 in the lead tungstate. It has been
reported>® that in other Pb-based relaxor systems,
the presence of Pb vacancies was necessary to
facilitate the exchange of B-site cations, when
forming a more ordered state. The present results for
the Fe,O, excess compositions, the ones that present
the highest degree of order, seem to confirm these
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observations. If the models recently proposed for the
relaxor behaviour®#3°~#! also apply to the PFW
system, the described structural changes should
correlate with changes in the micropolar regions
giving polarization fluctuations. Work in progress
using high-resolution TEM and frequency de-
pendence of the dielectric maximum is trying to
access the contribution of chemical lattice inhomo-
geneities or micropolar fluctuations to the relaxor
behaviour of these PFW-type materials.

4 Conclusions

From the study of excess of lead oxide
(0-02-0-10mol) and iron oxide (0-02-0-10mol) in
Pb(Fe,,;W,,3)O; it is possible to conclude that:

(1) Excess PbO decreases the amount of the
perovskite phase, increasing the amount of
the Pb,WO; phase. Excess Fe,Q; increases
the amount of the perovskite phase, due to
the reaction with the Pb,WO; phase. The
dielectric constant was therefore increased,
attaining values around 12500. Submicro-
meter iron-rich particles were detected for
the 005 and 010mol excess Fe,0;
compositions.

(2) Sintered samples with excess Fe,O; present a
high degree of densification, uniform micro-
structures and round-shaped grains. Sin-
tered samples with excess of PbO present a
poorer degree of densification, higher poros-
ity and polyhedral shaped grains. The reason
for these differences could be explained by
CHR measurements.

(3) The excess PbO, giving a PFW phase
deficient in tungsten, results in a more highly
disordered structure. Probably the decreas-
ing concentration of W®* jons reduces the
chances of Fe3* and W°®* ions getting
together to form an ordered B-site lattice.

(4) Excess iron oxide reacting with Pb,WO;
gives rise to a Pb-deficient PFW structure. A
less diffuse phase transition, corresponding to
a more ordered structure, is observed, in
agreement with published results,*® suggest-
ing that A-site vacancies make the diffusion
of the B-ions easier.
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