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In this research project, micro and nano-size ceramic powders of
ACu3Ti4,O,-based (A = divalent cations or average divalent cations) and
TiO,-based compounds as well as La,xSryNiO, ceramic materials were
prepared using a standard solid state reaction method and wet chemical
methods, respectively. Phase composition and crystal structure were
systematically characterized using an X-ray diffraction (XRD) technique.
Microstructure analyses were done using scanning electron microscopy
(SEM) and transmission electron microscopy (TEM). Valence states of any
metal ions were measured by using X-ray photoelectron spectroscopy (XPS).
Giant dielectric properties of sintered ceramics were systematically
investigated as functions of temperature, frequency, and DC voltage bias. The
effects of outer surface layers, electrode materials, and annealing in different
atmospheres upon the dielectric and electrical properties of these materials
were also be investigated. All important parameters required for the use of
ceramics in capacitor applications were measured and further improved to
achieve high-performance dielectric materials. It was found that the giant
dielectric properties of ACu3TisO1,-based ceramics have successfully been
improved by several methods such as doping with suitable single-metal ions
(i.,e., Mg, Zn, Ge, Sn) and co-doping with metal ions (i.e., Y+Mg, Y+Zn,
SM+Zn, Yb+Mg, and Al+Nb). Very high dielectric permittivity of 10°-10° with
low dielectric loss tangent (tand < 0.05) were accomplished. Interestingly,
excellent giant dielectric properties with very low loss tangent (tané < 0.02)
and high dielectric permittivity (¢'~10°-10°) with independent of temperature
over a wide range can be obtained in co-doped TiO, ceramics (i.e., In+Nb,
Y+Nb, Ga+Ta, Zn+Nb, and Sc+Nb).

Finally, high-performance dielectric ceramics were used as fillers to
enhance the dielectric constant of polymer matrix composites for development
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of new generation flexible dielectric materials. The dielectric properties PVDF
polymer can be significantly improved by incorporating with giant dielectric
ceramic particles that were synthesized in this research project. Greatly
enhanced dielectric permittivity of about 10° can be obtained in PVDF polymer
matrix composites.
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