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ABSTRACT

The 0.8PZT-xPZN-(2-x)PNN ceramic samples with composition x=0.05-0.15
were prepared via a columbite method Effects of calcination and sintering temperature
on phase formation and properties of powders and ceramics were investigated. The
0.8PZT-xPZN-(2-x)PNN powders were calcined at temperature ranging 800-1000 °C.
After that phase formation of the calcined powder was studied by X-ray diffraction
(XRD) and electron microscopy. The sintering temperature was performed at
temperature ranging 1200-1300 °C. Then, the ceramics calcined at optimum

condition were sintered at sintering temperature ranging 1200-1300 °C. After that the



phase formation, microstructure and MPB of the samples were investigated by X-ray
diffraction (XRD). The physical properties, dielectric properties and ferroelectric
properties of the samples were measured. Finally, the samples at highest dielectric
constant samples were selected to investigate the effects of annealing time on their
properties. The annealing was performed at 900 °C for various dwell time (1-32h).
After that the physical properties, dielectric properties and ferroelectric properties of
the sample were determined.

The results showed that the calcination temperature to obtain pure phase
perovskite was increased with increase PZN content. The optimum calcination
temperature for the x=0.05 and 0.1 samples was 900 °C. For x= 0.15 sample, the
optimum calcination temperature was 950 °C. The grain size of the samples for all
composition increased with increasing calcination temperature. X-ray diffraction
analysis showed that x=0.05 and 0.15 exhibited pure phase perovskite for the sintering
temperature range. For x= 0.10, the pure phase perovskite was observed only at 1250
°C. However, the optimum density was observed at 1250 °C for all compositions. In
addition, coexisted between tetragonal and rhombodral was observed for all
conditions. Examination of the dielectric spectra indicated that 0.8PZT-xPZN-
(2-xX)PNN ceramics exhibited high relative permittivity. The highest dielectric
constant of 49,800 (at 1 kHz) was recorded for the x=0.10 sample. A clear transition
in Tmax at the tetragonal to cubic phase transition was observed as Tnax increased with
the amount of PZN. The transformation from the relaxor ferroelectric to the normal
ferroelectric state displayed a shoulder at the rhombohedral to tetragonal phase
transition temperature (To-etra) fOr compositions x =0.05-0.10. The transition

temperatures were approximately 257 and 265 °C for compositions x=0.05, and 0.10,



Vi

respectively. However, it is less obvious in compositions x=0.15. In addition, an
increased amount of PZN was observed to enhance the ferroelectric properties of the
system. Effects of annealing time on the properties of the .BPZT-xPZN-(2-x)PNN
ceramics were investigated. The densest ceramics were thermally annealed at 900 °C
for 8-32 h. Microstructure ananlysis indicated that the annealing produced an increase
in grain size. Hardness of the samples was also improved after annealing. This may be
due to annealing help to reduce some defect such as micro-crack at surface as well as
enhanced the density of the samples. For x=0.05 and 0.15 samples, annealing
produced an increase in dielectric constant. The x=0.15 sample exhibited a very high
dielectric constant > 43,000 when it was annealed for 24 h. The improvement in
dielectric constant was consistent with the enhancement of densification. However,
the annealng could not improved the dielectric for the x=0.10 sample. This maybe due
to the x=0.10 samples were sintered at its optimum condition. The annealing also
improved the ferroelectric for all samples. High remanent polarization > 40puC/cm?
were observed for the 24h sample which was annealed for 24h. The enhancement of
ferroelectric could be related to domain walls in large grains, resulting an easy
reorientation of domain under electric fields. For longer annealing time, lower ceramic
density may be a reason for the deterioration of the dielectric and ferroelectric

properties.
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