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Abstract
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Project Title : The Mechanical Study of Ferroelectric Ceramics in PMN, PZT and
PMN-PZT systems

Investigator : Dr. Sukanda Jiansirisomboon

E-mail Address : sukanda@chiangmai.ac.th

Project Period : 2 years

This project can be separated into 2 main parts which are (1) the preparation of
ferroelectric PMN ceramics from different starting precursors and (2) the mechanical study of
PMN, PZT and PMN-PZT ceramics.

The first part of the project, PMN ceramics were fabricated from different starting
precursors using a two-step mixed oxide or a well-known columbite method. To receive high
purity PMN powders, an optimization for high purity MgNb,Og (MN) powders was crucial. The
MN were prepared using a mixed-oxide method from 2 different starting precursors. Group 1
(MN1) consisted of MgO and Nb,Os, while (MgCO3),.Mg(OH),.5H,0 was used instead of MgO
in group 2 (MN2). It was found that calcination temperatures of MN powders could be reduced
about 200°C by using (MgCOs;),.Mg(OH),.5H,0 instead of MgO as a base precursor. Both MN
powders then reacted with PbO to form the PMN1 and PMN2 powders and formed into
ceramics. Ceramic microstructures showed a small amount of pyramidal pyroclore grains
dispersed among the equiaxed PMN grains. Average grain size increased with sintering
temperatures, where the PMN1 grains trended to be larger than those found in PMN2
ceramics. Differences in microstructure also gave rise to the difference in other properties.

The second part of the project studied mechanical properties of PMN, PZT and PMN-
PZT ceramics. Effects of electrical poling on these mechanical characteristics were also
investigated using indentation techniques. The ceramics with the formula xPMN—(7-x)PZT
where x = 0, 0.2, 0.4, 0.6, 0.8 and 1.0 were fabricated using a mixed-oxide method. Physical
and microstructural characteristics of the ceramics were observed. The densest ceramics of
different PMN-PZT compositions were selected and subjected to electrical poling before
mechanical investigations. In poled ceramics, the radial crack length was dependent on the
orientation of ferroelectric domains with respect to the poling direction which affected the K.
However, the domain reorientation had no effect on H,, H, and E. These values trended to

reduce as increasing the mole ratio of PZT in PMN-PZT ceramics.
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