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Abstract: PLZT ceramics belong to one of the very important groups of functional materials
that make a basis for the production of a large range of electronic devices. The
microstructure and properties of ceramics depend on the powder preparation and thermal
processing conditions. Various techniques have been used to obtain chemically homogeneous
and fine starting powders. PLZT powders have been prepared by two different production
routes: by a modified Pechini method, using a polymeric precursor method (PMM) and by a
partial oxalate method. A two-step sintering process, including a hot pressing, was carried
out ar 1100 and 1200°C. Distinct phases obtained during the sintering process have been
investigated by SEM and EDS techniques and dielectric properties such as permittivity and
dielectric loss were measured in a frequency range from 1 to 20 kHz. A significant difference
in microstructure and dielectric properties, depending on powder origin and sintering
procedure, has been noticed.
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Pesziome: PLZT «xepamuxa npunaonedlcum 2pynne  (QYHKYUOHANbHBIX — MAMepuaios,
COCIMABNAIOWUX OCHOGY ONAd  ROAVYEHUs UWUPOKOU 0Onacmu >1eKmpOHHbIX NpUbopos.
Cmpykmypa u ceolcmeéa Kepamuky 3a6UCUAM On CROCODA NpU2OMOGIeHUs NOPOWKA U
ycnoguu cnekanus. [na NOAyHeHus OOHOPOOHO20 U MOHKO20 HOPOUIKA UCHONB3VIOM
paznuunvie memoov. PLZT nopowku nonyuaiom memooom Ileuunvl, m.e. memooom
NORUMEPHBIX UCXOOHBIX GEWjeCME U OKCANAMHBIM Memooom. Jlgyxcmynenyameri npoyecc
CHexanus, eKmouaowUil U 20pavee npeccosanue, nposeoen npu memnepamypax 1100 u
1200°C. Cmpyxmypa u nogononyyennvie Qaswr uccredosanvt memooavu COM u J/IC.
Jusnexmpuueckas NPOHUYAEMOCHT U OUBNEKMpUYeCKue Nnomepu usmMepenvl 6 Ouanazome
yacmom 1-20 k2y. Ycmanoeneno, umo MUuKpOCMpPYKMYpa U OudIeKmpuyecKue ceoucmed
HENnoCpeOCmEeHHO 3A6UCSIM OM cnocoba NPU2OMOBIEHUS NOPOUIKA.

Knwueesie cnosa: Cnexanue; OusieKmpuyecKue Mamepudisl; MUKPOCIMPYKMypa.

Cadpircaj: PLZT xepamuxa npunada zpynu GyHKYUOHQIHUX MAMEPUJANA KOjU YUHE OCHO8Y 3d
Oobujaree WUpoKoz once2a el1eKmpOHCKUX komnonenama. Cmpykmypa u C60jCmea Kepamuke
3asuce 00 HAYUHA NPUNPeMe NPAxa U YCroed CUHMEPosara. 3a 0obujarbe XomMo2eHo2 u QuHo2
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npaxa xopucme ce paziuyume memoode. PLZT npaxoeu ce mozy oobumu Pechini memodom,
mj. MemoooM ROTUMEPHUX RPeKypcopa U OKCanamuom memooom. [leocmenenu npoyec
CUHMEPO8Alba, KOju YKbYUyje u Monio npecosarse, usspuieH je na memnepamypama 1100 u
1200°C. SEM u EDS mexnuxom ucnumusana je Mukpocmpykmypa u Hoeolobujene dgase.
Huenexmpuuna KoHCManma u man2enc y2na 2youmaxa Mepeni ¢y 'y ppexeenmnom oncezy 00
1-20 kHz. Muxpocmpyxmypa u ouenekmpuuna c60jcmea NOKA3Yjy U3pasumy 3a6UCHOCH 00
HAYuHa npunpeme npaxa.

Kwyune peuu: Cunmepoearve; Ouenrekmpuuru Mamepujanu, MUKpocmpykmypa.

1. Introduction

Increasing demands on high quality of PLZT ceramics, which are widely used due to
their piezoelectric and electrooptic properties, have led to significant improvements in powder
preparation and the subsequent sintering process. Hence the synthesis of high purity and
ultrafine powder, with good chemical stability, is of primary importance for the production of
specific design ceramics. PLZT ceramics, like other traditional ceramics, can be produced by
a conventional sintering process, starting from oxides or carbonates, which are mechanically
mixed, calcined, pressed and sintered at high temperature. When conventional sintering is
used a high degree of agglomeration is observed which leads to a non-uniform microstructure
of sintered ceramics. A new low-temperature powder preparation method, based on inorganic
and/or organometallic precursors, has been developed in order to improve the chemical and
optical stability of ceramics [1-4]. The procedure based on both mixed oxides and
coprecipitation method is designed for PLZT ceramics, using liquid and oxide precursors.
These wet-chemistry based routes, that include coprecipitation and sol-gel processes, are used
for fabrication of ultrafine powders of PLZT ceramics. Well-known processes are the Pechint
process and oxalate process [2, 4], which enable precise stoichiometry of materials.

The purpose of the present investigation is a comparative investigation of the
microstructure and dielectric properties of PLZT ceramics obtained by two different methods
of powder preparation. The powders prepared by a modified Pechini method and an oxalate
method are sintered using conventional sintering and hot pressing.

2. Experimental

Two kinds of ceramic samples were prepared according to formula
Pb,.Lay(Zr,T1,)1.x403, where x = 0.095, y = 0.65 and z = 0.35, generally denoted as PLZT
9.5/65/35. The basic procedure for the powder preparation is a polymeric precursor method
denoted the Pechini process starting from organometallic compounds. The first samples,
denoted as PLZT (PMM), were obtained from powders prepared by the original pure Pechini
method, and the second ones, denoted as PLZT (B), were prepared using a partial oxalate
method starting from the Pechini process. In the first one, the organometallic complex is
obtained starting from compounds as citrate solutions, i.e., such as La-, Ti-, Zr-citrates and
from Pb-acetate, and after thermal treatment and calcination, the powder is milled and pressed
into pellets. The precursor used to prepare PLZT powder by the partial oxalate method
consisted of a Ti-Zr citrate solution and lead and lanthanum oxalate using the same procedure
for preparation before thermal treatment as it was done for the pure Pechini process. After
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thermal treatment in three steps and calcination the powder was also milled and pressed into
pellets. The preparation procedure for both methods has been discussed previously in [5-6].
For comparison purposes PLZT samples doped with Nb and obtained by the Pechini method,
were also investigated and are denoted as PLZT (Nb). One group of pellets was sintered at
1100 and 1200°C for 2 hours by a conventional sintering procedure (c.s.) and other group of
pellets was hot pressed with a pressure of 40 MPa for the same time and temperatures. To
minimize the loss of PbO during sintering, an oxygen gas atmosphere was used during
sintering.

Microstructures of PLZT ceramics, obtained from different powders and sintering
procedures were investigated by a scanning electron microscope, JSM 5300, JEOL, Japan,
equipped with an EDS system (Energy Dispersive Spectroscopy). Densities were measured by
the Archimedes method. Silver paste was applied on the samples for the measurements of
dielectric properties. Permittivity and dielectric loss were measured using a HP 4276 LZC
meter in the frequency range from 1 to 20 kHz at room temperature.

3. Results and Discussion

In this work PLZT ceramics were prepared according to the chemical formula
Pby gosl.a0.005(Zro 65 10 35)0.97603 with excess of 3.5 wt.% Pb. The role of excess PbO, which
promotes liquid phase sintering, is very important in the initial and intermediate stage of
sintering. As it has been reported [7-8] vaporization of PbO in the final stage of sintering is
beneficial for the formation of lattice defects, which enhance the diffusion of atoms, thereby
fully dense compacts may be obtained. Non-uniformity of the microstructure results partially
from agglomerization of fine starting particles and partially from effective evaporation of
PbO. It is also possible that due to evaporation of PbO and enhanced diffusion of ions, new
phases rich in Pb and La are formed. The main characteristics for both methods are that
completion of the phase formation finishes after calcination at 700°C, i.e., the powders exhibit
only a pure PLZT phase. A significant difference in values of the specific surface area is
noticed. They are higher in the powder obtained by the polymeric method. In all sintered
samples a high degree of sintered density, up to 95 % of theoretical density, is achieved. The
microstructures of as fired PLZT ceramics, obtained from powders prepared by the polymeric
precursor method and sintered at 1100°C, are shown in Fig. 1.

a) b)
Fig. 1 SEM images of PLZT ceramics obtained by the Pechini method: a) hot pressed and

b) conventional sintering.
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Due to the submicron particle size and consequently high reactivity of the powder, a
non-uniform microstructure was observed, for both sintering procedures (hot pressing and
conventional sintering). It can be seen that the microstructure of PLZT (PMM) ceramics,
especially on the edge of specimens, reveals three distinct phases: the first one, had randomly
oriented elongated grains that have a high aspect ratio, the second one, had small columnar
grains and the third phase mainly consisted of equaxial grains. The microstructure indicated
that starting sub-micron particle size powders, prepared by the Pechini process, caused
exaggerated grain growth during sintering. After conventional sintering and/or hot pressing at
1200°C, the microstructure of the PLZT (PMM) material is almost uniform with an average
grain size of 3-4 um.

A quite outstanding microstructure was observed for PLZT (B) ceramics obtained by
the oxalate method and hot pressing at 1200°C. In (Fig. 2a) a middle region in the sample is
shown, where aggregates of very uniform cuboids crystals have developed. Development of
these cuboid crystals could be noticed along borders of long grains, which are rich in the Pb
phase. Needle shaped grains and pore rich polyhedral grains were also present. The
microstructure of ceramic specimens, obtained by the oxalate method and conventional firing
procedure, is uniform throughout the specimen and the size and shape of grains are almost
identical (Fig. 2b). The average grain size is around 1-2 pm but no distinct grain boundaries
can be observed. However, the presence of small pores, less than 1 pm, inside and between
the grains is well illustrated.

a) b)
Fig. 2 SEM images of PLZT ccramics obtained by the oxalate method: a) hot pressed and

b) conventional sintering.

Non-uniformity of microstructure, particularly on the edge of specimens, together
with volatization of PbO involves the formation of new phases. The composition of long,
elongated grains in PLZT (PMM) and PLZT (B) samples is quite different. EDS spectrum for
the PLZT (PMM) sample, obtained using a beam controller, shown in Fig. 3, showed that
elongated grains, with a high aspect ratio, are rich in Pb and La phases. The Pb/Zr ratio in
elongated grains is relatively higher compared to other regions in the sample (their EDS
spectrum is given in Fig. 4). It is worth to say that, regarding the small concentration of La,
which is less than 1 wt.%, La could not be detected by energy dispersive spectroscopy unless
an inhomogeneous distribution and segregation of La are present. The corresponding EDS
spectrum taken from the region with elongated grains in PLZT (B) ceramics (Fig. 5) clearly
shows the presence of the newly formed phases rich in Pb and Zr with a trace of La.
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Fig. 5 EDS spectrum of elongated grains in PLZT (B) ceramics sintered at 1200°C for two hours.

Looking at previously obtained results [S] some differences in grain size were
observed. It is known that reproducibility of PLZT ceramics preparation by the conventional
sintering procedure and hot pressing is a well-known problem. It is usually very difficult to
maintain exactly the same experimental parameters during the whole procedure, especially
starting from chemically prepared ceramic powders by the Pechini process. Besides, in the
previous report opening of the microstructure was done by chemical and thermal etching and
in the latter by chemical etching of PLZT ceramics.

A fairly uniform microstructure has been observed in Nb doped PLZT ceramics as
illustrated in Fig. 6. The grain size ranged from 2-5 um and nearly fully dense compacts of
97 % T.D. are obtained although some inner regions indicate the presence of intergranular
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pores (Fig. 6b). The density of PLZT (Nb) was higher than for undoped PLZT ceramics. One
of the reasons for higher density and small grain size microstructure is that sintering in doped
PLZT proceeds at a temperature that is lower than the PbO volatization temperature. The
grain coarsening process at lower temperature is negligible and a uniform microstructure is
obtained. The residual porosity is associated with small sized grains.

oo s

a) b)
Fig. 6 SEM micrograph of Nb doped PLZT: a) outer and b) inner region.

The room temperature dielectric constant as a function of frequency for PLZT
ceramics obtained from different powders is shown in Fig. 7. A common characteristic for all
investigated samples is a slow monotonous decrease of the dielectric constant up to 5 kHz,
thereafter the dielectric constant is almost constant,
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Fig. 7 Dielectric constant as a function of frequency.

As can be seen in Fig. 7 the value of the dielectric constant is higher in samples
obtained by the conventional sintering procedure (the samples are denoted as c.s.) compared
to the hot pressed PLZT samples. The effect of sintering temperature on the dielectric
constant in PLZT (PMM) ceramics is observed to be around 2500 at 1100°C and 3600 at
1200°C at 1 kHz, which can be correlated to the significant difference in their microstructures.
For PLZT ceramics obtained by the oxalate method, no difference in the dielectric constant is
found in regard to the sintering temperature. A fairly high dielectric constant of 4000 in Nb
doped PLZT can be correlated to the small grain size and uniform microstructure in this
material. A very coarse microstructure, observed in PLZT (PMM) and PLZT (B) contributes
to the low dielectric permittivity in these samples. The difference in dielectric constants can
be directly related to the variation in microstructure, size and composition of the grains.
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Fig. 8 Dielectric losses of PLZT ceramics as a function of frequency.

On the basis of dielectric loss measurements over a frequency range from 1 to
20 kHz presented in Fig. 8, it can be concluded that dielectric losses for all samples are very
low, ranging from 0.020 to 0.042. The highest value of 0.042 at 1 kHz and a considerable
change of tand vs. frequency, from 0.042 to 0.025 at 20 kHz, are found in PLZT (B) samples
obtained by conventional sintering. The unusual frequency dependence of tand i.e., the
increase of tand with frequency is observed in hot pressed PLZT (B) and PLZT (Nb) samples.
In contrast to the dielectric constant, that exhibits small changes within the frequency range
and becomes constant at frequencies higher than 5 kHz, dielectric losses at room temperature
mainly decrease with frequency. Regardless of the small differences in tand, the response of
loss tangent to the compositional and microstructural uniformity was more sensitive and
selective compared to the dielectric constant.

4. Conclusions

The effects of powder preparation and sintering procedure on the microstructural
evolution of PLZT ceramics obtained by a modified Pechini method and partial oxalate
process have been investigated. The microstructure of PLZT (PMM) samples sintered at
1100°C reveals the presence of three distinct regions in the samples in regard to the shape,
size and composition of grains. Elongated grains with a high aspect ratio consist of Pb and
La-rich phases and the Pb/Zr ratio is relatively higher compared to other regions in the
sample. The corresponding EDS spectrum of elongated grains in PLZT ceramics, obtained by
the oxalate process, reveals the presence of phases rich in Pb and Zr with a trace of La. The
microstructure of PLZT (B) specimens using the conventional sintering procedure was
uniform throughout the specimens and the size and shape of grains were almost identical.
Room temperature dielectric constants of all investigated samples were in the range of 2500
to 4000, and were the highest in samples obtained by the conventional sintering procedure
and in Nb-doped ceramics. The dielectric constant does not vary with frequencies above
5 kHz. In general, dielectric losses are very small and are in the range of 0.020 to 0.042 at
1 kHz. A frequency sensitivity of tand was detected in all investigated samples. A slow
increase of tand vs. frequency was detected in hot pressed PLZT (Nb) and PLZT (B),
compared to other samples that exhibit a decrease of tand with frequency.
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