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Abstract

ABSTRACT

Ferroelectric materials, which are widely used as functional matrials, have been
extensively investigated recently for device applications. However, ferroelectric
devies should be miniaturized and integrated with the development of nanotechnology,
nanoparticles then should be handled and utilized. Whether the ferroelectricity still
maitain when the grain size decreases, is the biggest obstacle in the utilization of
dielectric property of nanosized ferroelctric. Barium titanate BaTiO3; was used in the
“size effect” research for the simple crystal structure and high dielectric constant. The
size effect research of BaTiOs is very important in theory and practice. In this thesis,
piezoelectric nanocomposites were prepared to research the size effect of nano-
BaTiOs; powder, BaTiOs used as reinforcing material and piezoelectric polymer
polyvinylidene fluoride (PVDF) as matrix. Polymer-based piezoelectric composite
materials combine the advantages of piezoelectric ceramics and polymers, and may
demonstrate new performance. The dielectric and ferroelectric properties of the
composites were measured, the results show that the dielectric properties were
enhanced by the synergy effect of BaTiO3 and PVDF.

BaTiOs nanoparticles with various particle sizes from 25 to 500 nm were
successfully prepared by solvothermal method. The X- ray powder diffraction patterns
show that the as-prepared powder are pure perovskite phase BaTiOs, and scanning
electron microscopy characterization revealed that all the particles of BaTiO; with
different size dispersed well and have uniform size. The in-situ high temperature X-
ray powder diffraction analysis revealed that the tetragonal composition and curie
temperature of BaTiO; increased with the increasing particles size. Some impact
factors of the reaction have been studied, and it is revealed that the dispersion and
particles size of BaTiO3; were affected by reaction conditions such as concentration of
reactants, polarity of solvent, reaction temperature and the amount of surfactant.

BaTiO; nanoparticles with various sizes were selected as the active phase and

PVDF as the composite matrix. Two-step mixing method adopted to obtain

I



Abstract

homogenous dispersion of two phase composites. The resulting product were hot
pressed for molding, then the samples with BaTiO; of various particle sizes were
obtained. The scanning electron microscopy micrographs demonstrated that the
particles size of BaTiOs still maintain before and after hot-pressing process and the
BaTiOs particles dispersed well in PVDF matrix by two-step mixing method .

The polarization-electric field hysteresis loops (P-E curve) of BaTiO;/PVDF
piezoelectric nanocomposites show the remanent polarization Pr and coercive field Ec
of the composites were significantly higher than pure PVDF. Under the same
condition, Pr of such nanocomposites increases with increasing particle size from 25
nm to 500 nm, showing a approximate linear relationship. This can be explained by
GLSL composite structure model of BaTiO3 nanoparticle which proposed by S. Wada
et al. The hysteresis loops of the nanocomposite with 25 nm BaTiO; were obtained,
which indicates that the ferroelectricity of 0-3 BaTiO3;/PVDF piezoelectric
nanocomposites was enhanced by the synergy of BaTiO; and PVDF.

The frequency and temperature dependence of dielectric constant and loss
tangent were measured. The dielectric constant of BaTiOs;/PVDF piezoelectric
nanocomposites decreases with increasing frequency, and increases with increasing
temperature. The dielectric constant changed dramatically with particle size of
BaTiOs in both frequency and temperature response spectrum. The particle size of
BaTiOs dependence of the dielectric constant in both frequency and temperature
response spectrum are the same, and the maximum dielectric constant appears at

80~100 nm.

Keywords: Piezoelectric nanocomposites, Dielectric properties, Size

effect
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