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ABSTRACT

In this research, the relationships between processing conditions, phase
formations, microstructures, electrical properties and thermal expansion of PMN-PT
ceramic-nanocomposites have been established and compared with those obtained
from the typical solid-solution approach. The effect of processing parameters on the
arrangement of phases, microstructural evolution and properties of the ceramics was
investigated. A comprehensive understanding on lead-based perovskite ceramic
nanocomposites was developed as described in the following 3 aspects.

First, single-phase perovskite PMN powders and ceramics can be successfully
formed by employing either columbite or corundum B-site precursor method via a

rapid vibro-milling. Amongst the two B-site precursor methods, lower optimized



Vi

calcination temperature for the production of pure PMN powders can be obtained by
using the columbite-route, whereas the smallest obtainable particle size was found in
the corundum-route PMN powders. The presence of MgO in the microstructures of
PMN ceramics may lead to the pyrochlore elimination and results in enhancement of
the dielectric properties.

Second, PT nanopowders (smallest size ~ 17 nm) with 100% perovskite phase
were successfully achieved by employing a rapid virbro-milling technique for 25 h. It
was also possible to obtain rather dense PT ceramics with homogeneous
microstructure and better dielectric properties by using the two-stage sintering
technique (900 °C/1200 °C for 2 h).

Finally, ceramic-nanocomposites in the (1-x)PMN-xPT system were fabricated
by using the bimodal particle size packing concept (micronsized PMN + nanosized PT
powders). They exhibit the “inter-intragranular type” ceramic-nanocomposites. It was
found that their electrical properties and thermal expansion are strongly influenced by
the presence of secondary phases and densification mechanism which in turn depend

on the processing parameters.
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