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Abstract

Project Code : RSA5780032

Project Title : High performance complex binary ferroelectrics near morphotropic phase
boundary

Investigator : Assoc. Prof. Dr. Sukanda Jiansirisomboon

E-mail Address : sukanda.jian@sut.ac.th

Project Period : 3 years

This research project aims to improve ferroelectric materials using nanostructures and
complex layered-structured compounds. The interested ferroelectric materials include Pb-base
compounds, i.e. lead zirconate titanate (PZT) and lead magnesium niobate titanate (PMNT),
and lead free compounds, i.e. strontium bismuth niobate (SBN) and strontium bismuth tantalate
(SBT). Several new ferroelectric systems were fabricated in this project. Some systems were in
a form of thin film, while most of them were in a ceramic form. Therefore, fabrication process
for high quality materials, microstructure, chemical composition and electrical properties were
carefully studied in details. In this final research project will present 2 interested research parts
that were completely done which are shown below.

The first part of this research studied the fabrication and characterization of ferroelectric
PZT added with complex layer-structured perovskite compounds of SBT. This research
prepared (1-x)PZT-xSBT (when x = 0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1.0 weight fraction). The
maximum value of dielectric constant was found in 0.9PZT-0.1SBT ceramics. The values were
decreased with further increase in the amount of SBT. Ferroelectric property measurements
showed that an addition of a small amount of SBT (x = 0.1) into PZT improved coercive field,
remanent polarization and loop squareness. Further increasing the amount of SBN or SBT
degraded the ferroelectric properties. For piezoelectric properties, the addition of small amounts
of SBT with x = 0.1 could improve the piezoelectric coefficient of PZT ceramic.

The second part of this work studies bipolar electrical fatigue behaviour of lead

magnesium niobate titanate (PMNT) ferroelectric ceramics for actuator applications. The PMNT
ceramics were prepared by using conventional mixed-oxide and sintered at 1240 °C for 2 hrs.

Ceramics with > 98 % relative density and ~ 3 Llm were obtained. Fatigue behaviour of

ceramics was measured under an application of AC electric field with an amplitude 2 times of
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the ceramic’s coercive field. The frequency of the applied electric field was also varied as 5, 10,
50 and 100 Hz. The fatigue behaviour was determined from the change of microstructures,
polarization-electric field hysteresis loops and strain-electric field curves measured at different
cycle numbers up to 10° cycles by using a scanning electron microscope (SEM), ferroelectric
measurement system and a strain in conjunction with a high voltage supplier, respectively. The
damage of the surfaces underneath the electrode layers was observed in all fatigued samples.
The thickness of the damaged layers decreased with increasing fatigue frequency. Moreover,
remanent polarization and maximum strain tended to decrease with increasing cycle number.
The degradation of properties due to fatigue of the ceramics decreased with an increase in
frequency. The observed fatigue behaviour of the ceramics was explained based on domain
pinning and electric field screening effects.

To conclude, this research was successful in fabrication, study of relations between
fabrication, structure and properties of new ferroelectric systems. The results provided insight
understanding of property changes upon processing condition and number of additional
phases. This research suggested further research direction and development of these materials

for actual applications in electronic industries.

Keywords: Ferroelectric ceramics, nanocomposite, processing, structure, mechanical

properties, electrical properties,
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