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ABSTRACT

Lead zirconatetitanate Pb(Zros;Tio48)O3, (PZT) from a mixture of commercial PbO,
TiO, and ZrO, powders was successfully prepared using a planetary ball mill. The
microstructure and electrical properties of PZT ceramic were found to be highly
sensitive to the sintering condition. The influence of microstructure and electrical
properties on the sintering condition of the samples was studied. SEM analysis indicated
that a shorter sintering time with higher sintering temperature promotes fine structure
and densification. This was proves where the relative density of the sintered PZT
ceramics obtained was measured to be approximately 99% of the theoretical density.
The electrical properties of the ceramic sintered at a higher temperature with a different
sintering time were measured at high frequencies. The result revealed that different
sintering conditions have a big impact on electrical behavior in a broad frequency
region.
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INTRODUCTION

Lead zirconatetitanate (PZT) is the most researched material in the perovskite oxide
ferroelectric family, and also the most technologically important material in the
electroceramic industry (James et al., 2008). The application of piezoelectric materials
is almost unlimited and depends only on the skill of the users. It is sufficient to mention
the newest and most exciting applications of such ceramics, in piezoelectric
micromotors, microrobots, actuators, and the control of displacement and positioning
systems, to understand the importance of piezoelectric materials with improved
characteristics (Tanasoiu, Dimitriu, & Miclea, 1999). Researchers also claim that relax
or ferroelectrics with AB(1-xBxO3 type perovskite has attracted much attention because
of their excellent dielectric and electromechanical properties. Pb(Zros,Tip.45)O3 belongs
to the perovskite structural family with the general formula ABO3; (A =mono or divalent
ions, B = tri- to pentavalent cations). It is well established that the physical properties or
device parameters of PZT can be tailored by synthesizing the materials with improved
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processing techniques and making suitable substitutions of A and/or B sites. The
electrical properties of relax or ferroelectrics are greatly influenced by the manner in
which the B site cations (Band B ions) are distributed and ordered on the B site sub-
lattice. The Zr/Ti ratio is known to strongly influence properties such as the elastic
constant and the dielectric constant (Eitssayeam, Intatha, Rujijanagul, Pengpat, &
Tunkasiri, 2006).

The present investigation was therefore devoted to studying the effect of
sintering conditions on the main properties of Pb(Zros,Tio4s)O3 materials. Cheng et al.
(2009) investigated whether the dielectric constant of ceramic materials were highly
dependent on the processing conditions such as milling time, sintering temperature and
duration of the sintering. The dielectric constant was reported to be 2000 to 80000 by
varying the sintering condition, and ascribed to giant barrier layer effects at grain
boundary (Fang & Chung, 2011; Ramesh, Tan, Amiriyan, & Teng, 2011; Sivakumar,
Ramesh, Chin, Tan, & Teng, 2011). Kim et al. (2001) studied whether microstructural
features such as grain size and grain boundary layer thickness of ceramic materials had
strong dependence on the sintering duration at elevated temperatures. This paper will
describe details of the influence of sintering conditions on the microstructural and
electrical characteristics of Pb(Zrg s, Tig.48)Os3.

EXPERIMENTAL DETAILS

Pb(Zry5,Tip.4g)Oswas synthesized using the high planetary ball mill reaction method. A
high purity (99.9%) starting powder of PbO (Aldrich), ZrO, (Merck) and TiO, (Merck),
powders with 10 wt% excess PbO was used. The milling process was carried out in a
Retsch planetary ball mill for 60 hours at room temperature. A 250ml tungsten carbide
vial and 50 tungsten carbide balls with a diameter of 20mm were used as milling media.
The mixture without any additive was placed in the vial with a ball to powder weight
ratio of 10:1. The milling speed was set at 200rpm and was stopped for 15 minutes
every 30 minutes to cool down the milling system. After milling, the powder was
ground and pressed into pellets using hydraulic pressing at a pressure of 110MPa.
Finally, the pellets were sintered at 1200°C for 1, 2 and3 hours with both heating and
cooling rates being fixed at 5°C/min. The phase formations were characterized using an
XRD Bruker AXS D8 Diffractometer with Cu Ka radiation in a scan between 10° to
90°. The microstructure was observed using the Variable Pressure Field Emission SEM
(VPFESEM Zeiss Supra™ 35VP) and density was measured using the Archimedes
principle. Before measuring the electrical properties, the pellets were ground with SiC
paper to produce a flat uniform surface and painted on both sides with silver electrode.
Meanwhile, the dielectric response of the samples was measured with a precision
Impedance Analyzer (model: RF Impedance/Material Analyzer 4291B Hewlett
Packard) over a frequency range from 1MHz to 1GHz at an oscillation voltage of
500mV.

RESULTS AND DISCUSSION

The XRD results were analyzed in this study. XRD spectrums for all samples recorded
at room temperature are shown in Figure 1. All samples sintered for different durations
show a pure single phase and match the standard Inorganic Crystal Structure Database
(ICSD) in X’pert High Scores Plus software (ICSD File No. 98-007-6143).1t was found
that all samples exhibit a tetragonal crystal structure. From the measurement certainty,
there is no obvious difference in lattice parameters between the samples. No secondary
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phase was found in the XRD pattern which indicated that the samples sintered at 1200
°C for 1 hour were already reacted into PZT phase during the sintering process. Other
than that, the intensity of diffraction peaks for PZT perovskite phase increased as the
sintering soaking times increased. This phenomenon indicated that the crystallinity of
PZT samples becomes better and improves the particle size (Tripathi et al., 2009).
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Figure 1. XRD pattern of PZT samples with different sintering durations.

Figure2 shows the SEM micrographs of PZT samples sintered for different
sintering durations. A porous microstructure with a small grain size is observed in the
sample sintered at 1200°C for 1 hour. Increasing the sintering duration significantly
promotes grain growth and microstructural densification with a minimal porosity which
can be seen in Table 1. Samples sintered fir2 hours show fairly uniform grain sizes with
clear grain boundaries. These samples show the densest microstructure with a grain size
range of 1-3um. The grain growth in the sample sintered at1200°C for longer soaking
times implies an increase in the length of liquid phase and makes the grain larger. At
this sintering time (3 hours), the sample density drops to 93% of the theoretical density.
This phenomenon is believed to be attributed to the loss of PbO as well as the coarsened
grain (Kong, Ma, Zhu, & Tan, 2002).

Table 1. Density measurement of PZT samples.

Sample Air (g) Liquid (g) Density (g/cm®)  Relative Density (%)
60MT1200C1Hr 0.948 0.826 7.768 97.08
60MT1200C2Hr 1.144  0.9996 7.927 99.06
60MT1200C3Hr 0.958 0.8305 7.516 93.93
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Figures 2. SEM micrograph of PZT samples sintered at 1200 °C for, (a) 1h, (b) 2h,
(c) 3h

Figure 3 shows the results of dielectric constant and dielectric loss at frequency
1MHz of the samples sintered at 1200°C with different soaking times. The dielectric
constant and dielectric loss of PZT ceramic materials has been incorporated into both
figures for comparison. The figure shows that a sharp change in dielectric constant
occurs in the PZT sample sintered for 2 hours. This phenomena occurs due to the related
grain structure of the sintered ceramic (Figure 2) and agrees well with the result
reported by (Mousharraf & Islam, 2013; Randall, Kim, Kucera, Cao, & Shrout, 1998)
where the maximum dielectric constant of PZT ceramics decreases with the decrease of
grain size. In Figure 3, at 1MHz, the dielectric constant values for the samples sintered
at 1200°C for 1, 2 and 3 hours were 173, 6068 and 686, respectively. The dielectric loss
is closely related to the mechanism of the dielectric response. Based on the widely
accepted internal barrier layer capacitance model, the dielectric loss mainly originates
from the conductivity of the electro ceramic conducting crystalline grain/subgrain as
well as the insulating barrier. The conductivity of the barriers leads to the leakage loss.
As known, ferroelectric material exhibits a high dielectric constant with higher
dielectric loss (Adams, Sinclair, & West, 2002). In order to lower the value for
dielectric loss, investigation ofthe sintering soaking times has been undertaken. The
dielectric loss decreased when increasing the soaking time. This behavior indicates that
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different sintering times significantly improve the dielectric constant and greatly reduce
the value for dielectric loss. The dielectric loss is around 0.008-0.04, and the value
starts to increase at higher frequency. The dielectric loss obtained in this study was
much lower than in previous results (Kong et al., 2002).
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Figures 3. Dielectric properties of the sintered PZT ceramics as a function of sintering
times

CONCLUSION

It is crucial to adequately control sintering times to obtain the desired microstructure
and dielectric properties. The sample sintered at 1200°C for 2 hours shows a clear grain
and densemicrostructure. The sample sintered at 1200°C for 3 hours also shows melting
grains, which happens due to the loss of PbO. The effects of different sintering
conditions on density, phase formation, microstructure and dielectric properties were
discussed. Increasing sintering times enhances the density (99% of the theoretical
density), however in longer sintering times (3 hours), the density drops to 93% of the
theoretical density. The highest dielectric constant (6068) with lower dielectric loss
(0.008) with clear uniform grain was obtained by the sample sintered at 1200°C for 2
hours.
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