Thesis Title Effects of Oxide Additions on Mechanical and
Electrical Properties of Lead Magnesium Niobate-Lead
Titanate Ceramics

Author Mr. Methee Promsawat

Degree Doctor of Philosophy (Materials Science)

Thesis Advisory Committee
Assoc. Prof. Dr. Sukanda Jiansirisomboon  Advisor
Asst. Prof. Dr. Anucha Watcharapasorn Co-advisor

Dr. Manoch Naksata Co-advisor

ABSTRACT

This research was conducted to investigate effects of oxide additions on
properties of Pb(Mg13NDb2/3)0.9Tio.1O3 or PMNT ceramics. Different amounts of ZnO
(0.4, 2.0, 4.0 and 11.0 mol%) and CuO (0.2, 0.4, 2.0 and 4.0 mol%) nanoparticles
were added into PMNT ceramics to prepare PMNT/ZnO and PMNT/CuO ceramics,
respectively. The ceramics were characterized in terms density, phase, microstructure,
dielectric, ferroelectric, electrostrictive and mechanical properties.

From the characterization results, ZnO addition could enhance densities of the
ceramics sintered at low temperatures (< 1050°C). The distortion of a unit cell, i.e. an
increase in lattice parameters, an increase in a unit cell volume and a change of angle
between lattice parameters, of the ceramics was occurred with ZnO addition. An
addition of ZnO also resulted in an enhancement of grain growth of PMNT ceramics.

Increasing the ZnO content caused changes of dielectric constant and dielectric loss of
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the ceramics. With increasing ZnO content, a temperature of maximum dielectric
constant (Tmax), a freezing temperature (T), a depolarization temperature (Tq) and a
polar-ordering temperature (Tp) tended to increase while a diffuseness parameter (o)
decrease. Ferroelectric and electrostrictive results suggested that an electrostrictive
response, i.e. a linear relation of polarization-electric field (P-E) curve and a parabolic
relation of strain-electric field (S-E) curve, was observed in pure PMNT ceramic and
the ceramics incorporated with ZnO content < 4.0 mol%. A piezoelectric response,
i.e. a hysteresis loop of P-E curve and a butterfly-like S-E curve, was observed in the
ceramic with ZnO content of 11.0 mol%. Maximum induced strain (at E = 10 kV/cm)
and electrostrictive coefficients tended to increase with increasing ZnO content and
reached maximum values with ZnO content of 4.0 mol%. Hardness of the PMNT
ceramics was enhanced with small amount (< 0.4 mol%) of ZnO addition while
fracture toughness with larger amount (11.0 mol%).

For the ceramics incorporated with CuO, an addition of CuO enhanced
densification process and grain growth of the PMINT ceramics. A unit cell of the
PMNT ceramic was distorted with an incorporation of CuO. Increasing the CuO
content caused a change of dielectric constant and dielectric loss of the PMNT
ceramics. With increasing CuO content, the values of Tmax, Tt and Tq tended to
increase while o decreased. A remanent polarization of PMNT ceramic was increased
with CuO addition while coercive field tended to decrease with increasing CuO
content. Electrostrictive properties of the PMNT ceramic could be enhanced with
CuO incorporation. Hardness of the PMNT ceramics was enhanced with small

amount (< 0.4 mol%) of CuO addition while fracture toughness was enhanced with

larger amount (> 2.0 mol%).
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From comparison of the effects of ZnO and CuO modifications on properties
of PMNT ceramics, it suggested that with different properties, i.e. a melting point, an
ionic radius and an electronic configuration, the properties of the PMNT ceramics

incorporated with ZnO and CuO were therefore different. This leads to the ceramics

that can be used for more specific applications.
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