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ABSTRACT

In this work, two major aspects have been carried out to establish the
relationships between microstructure and electrical property of ceramics in lead
zirconate titanate, Pb(Zros,Tipag)O3  (PZT)-lead magnesium niobate
Pb(Mgo.33Nbgs7)O3 (PMN) or PZT-PMN system.

Firstly, perovskite powders of PZT and PMN have been prepared by a solid-
state reaction via a B-site precursor method. Phase formation and morphological
evolution of the calcined powders have been investigated as a function of calcination
conditions by TG-DTA, XRD and SEM techniques. It has been found that a single-
phase perovskite of PZT powders in tetragonal form is successfully obtained at a
calcination temperature of 950 °C for 2 h with heating/cooling rates of 20 °C/min.

However, 100% yield of perovskite PMN powder could not be achieved in this work
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without an occurrence of the pyrochlore Pby gsNb; 71Mgo.2906.39 phase, even if the high
purity columbite-MgNb,Os precursor was used. This could be attributed to the
chemical heterogeneity due to the limitation of a mixed-oxide processing method, as
well as the volatility of PbO at high firing temperatures.

Secondly, highly dense ceramics of the perovskite solid solution in the xPZT-
(1-x)PMN system were fabricated. Phase developments and lattice parameter changes
in this system were thoroughly examined by X-ray diffraction technique. The lattice
parameter, in the unit of nm, of the (pseudo)cubic PMN was 0.4046, while those of
the tetragonal PZT were a = 0.4033 and ¢ = 0.4132. With increasing the PZT content,

Y3 increased. The

the tetragonality factor, c/a, and the average lattice parameter, (a’c)
microstructural developments of these ceramics have also been examined using a
combination of EDX and SEM techniques.

Finally, to establish microstructural and electrical properties relationships of
PZT-PMN ceramic system, these data, together with the measured dielectric
properties of the materials, have been correlated with both sintering conditions and
chemical compositional changes. Clearly, the dielectric properties (both the dielectric
constant and dielectric loss) are strongly influenced by the densification mechanisms
and the presence of the secondary phase which depends largely on the processing
parameters i.e. purity, homogeneity and sintering conditions. The average grain size
varies significantly with chemical compositions and sintering conditions. Extensive
discussions based upon the charge-balanced random site and Kanzig micro-

nanoregion models commonly used to describe the cation ordering and properties of

the complex perovskite lead-based systems have been made.
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