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Abstract

Project Code: RSA4680017

Project Title: Effect of Processing Parameter on the Phase Formation, Microstructure
and Dielectric Property of PBZT-PMNT Ceramics

Investigator: Assoc. Prof. Dr. Supon Ananta

E-mail Address: suponananta@yahoo.com

Project Period: 15 August 2003 to 14 August 2006

Objectives:
Two major aspects (powder and ceramic processing) have been carried out in order to
investigate the effect of processing parameter on the phase formation, microstructure

and dielectric property of PBZT-PMNT ceramics.

Experimental procedures, Results and Discussion:

(I) Powders in the PBZT-PMNT system have been synthesized by a solid-state reaction
via a rapid vibro-milling technique. Selected compositions were prepared by using either
conventional ball-milling or wet-chemical processing routes. Phase formation,
morphology and particle size evolution of the calcined powders have been investigated
as a function of calcination conditions. It has been found that the unreacted precursors
and secondary phases tend to form together with the desired phase, depending on
calcination conditions. The starting precursor, firing temperature and dwell time have
been found to have a pronounced effect on the phase formation and morphology of the
calcined powders. The milling time influences not only on the development of the solid-
state reaction of the desired phase but also the particle size and morphology. Moreover,
production of a single-phase nanopowder can be successfully achieved by employing a
combination of appropriated milling time and calcination conditions.

(Il) Ceramics in the PBZT-PMNT system have been fabricated by using conventional
single-stage sintering method. Selected compositions were fabricated by employing a
two-stage sintering method. Attention has been focused on relationships between
chemical compositions, sintering conditions, phase formation, densification,
microstructure and dielectric properties of the sintered products. It has been observed

that conformable perovskite ceramics with high density were successfully fabricated by
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means of carefully controlled processing parameters that include sintering temperature,
dwell time and heating/cooling rates. It is clear that PbO deficiency of these Pb-based
ceramics can result in an excessive amount of secondary phases which cause poor

densification and dielectric properties for the final product.

Conclusions:

A combination of simple mixed oxide synthetic route and a rapid vibro-milling technique
has been developed for the production of single-phase powders in the PBZT-PMNT
system. Optimisation of processing parameters especially the calcination conditions and
the milling time can lead to single-phase powders of the desired compositions and
particle size range. This study clearly shows the influences of the processing parameters
on the variation of the phase formation characteristic, the microstructural evolution and
the dielectric properties of PBZT-PMNT ceramics. Under suitable two-stage sintering
conditions, the dense perovskite ceramics can be successfully achieved with better

dielectric properties than those of ceramics from a single-stage sintering technique.

Suggestion for further work:

(I) Further investigation is required for the control and optimization of the desired phase
formation. Studies on the effect of milling parameters and particle size distribution on
phase formation kinetics would be useful for the particle size control. In case of the
vibro-milling technique, other factors such as the milling speed, milling scale and type of
milling media also need be taken into account.

(I) Some improvement may be achieved by increasing the density of the samples in this
study by using higher technology such as sintering in oxygen atmosphere or hot isostatic
pressing. However, the costs of sophisticated processing and manufacturing would need
to be considered.

(Il Further work on the electrical characterization especially the piezoelectric and
electromechanical measurements of these materials would facilitate a deeper

understanding of perovskite ferroelectrics in general.
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