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ABSTRACT

In this research, a powder and ceramic fabrications of lead-free bismuth sodium
zirconate BiosNaosZrOs (BNZ) were investigated. Initially, BNZ powder was
prepared using a mixed oxide method. The mixed powder was subsequently calcined
at different conditions including the temperature range from 700 to 850°C for 2 h and
800°C for 2, 4, 6 and 8 h with heating/cooling rate 5°C/min. From the results, it was
found that calcined BNZ powder consisted of secondary phases of Bi>Oz and ZrOa. In
order to approach the single phase of the powder, the effect of adding excess Bi2O3,
Na2,COs and ZrO; was studied. It was found that Na,COz addition could decrease the
secondary non-perovskite phases. As seen in this study, the optimized condition for
BNZ powder preparation was BNZ/10wt%Na,COs composition calcined at 800°C for

2 h. After that, phase characterization and crystal structure determination of the
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powder were carried out employing X-ray diffraction technique and Powder Cell
software, respectively. The results revealed that BNZ material possessed an
orthorhombic perovskite structure. Powder morphologies showed a broad particle size
distribution and an energy dispersive X-ray analysis indicated the main elements in
the powder were. Bi, Na, Zr and O.

For BNZ ceramics, the samples were fabricated using a conventional solid-state
sintering technique at 800-1,100°C for 2 h and at 900°C for 2, 4, 6 and 8 h with
heating/cooling rate of 5°C/min. It was observed that BNZ ceramics had a porous
microstructure and low relative density. Thus, the influence of the particle
characteristics and ball milling time was examined and the study showed that the ball
milling time of 72 h produced powder with a narrow size distribution, which in turn
decreased the porosity, average grain size and enhanced the densification rate of
ceramic. However, the relative density value of the ceramics was still rather low as
compared with general ceramics (>95%). Sintering aids i.e. BioOz and NaCOz were
therefore added to BNZ ceramics in concentration of 1, 4, 7 and 10 wt% to improve
the densification of BNZ. For sample fabrication, BioO3z- and Na,COzs-doped pellets
were sintered at 800-900°C for 2 h. It was found that the relative density of
BNZ/4wt%Bi>03 ceramic reached the typical value of the dense ceramics. Hence, the
dense ceramic of BNZ compound could be prepared with the optimized condition
being BNZ/4wt%Bi»03 sintered milled for 72 h and at 850°C for 2 h.

Phase identification, microstructure and mechanical properties of BNZ ceramics
would be discussed together with Ti ion substitution at B-site of Zr ions within the
lattice BiosNaosZrixTixOs (BNZT) where x = 0, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 mole

fraction. X-ray diffraction data revealed a phase transition region due to Ti addition.
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This included a single phase of orthorhombic structure for the compositions 0<x<0.2,
a mixed phase of orthorhombic and rhombohedral structure for 0.3<x<0.4 and a single
phase of rhombohedral structure for Ti-rich compositions. Besides, an
inhomogeneous area in the samples could be observed by SEM images. According to
the mechanical properties, BNZT ceramics showed the values not much different
from those of typical ceramics and they did not depend on Ti modification. Thermal
expansion results suggested that the Curie temperature of ceramics ranged about 100-
150°C and decreased with increasing Ti content.

For dielectric properties at room temperature of BNZT ceramics, it was found
that the relative permittivity increased when Ti concentration increased due to the
phase transformation from orthorhombic to rhombohedral lattice. As for the dielectric
properties as a function of the temperature, the dielectric constant values increased
with temperature increment. Moreover, the phase transition temperatures observed
from this result were correlated well with that of thermal expansion data. For P-E
hysteresis loops, the data implied a rather high conductivity of BNZT ceramics.
Nevertheless, their dielectric properties at low- and high electric field indicated a
single domain response on applied external electric field.

In conclusion, BNZ-based ceramics could be fabricated and dielectric properties
were enhanced using Ti addition. BNZT ceramic investigation has brought new
knowledge in many aspects of electroceramics. In the near future, this information

may be useful for further research and advanced electronic device production.
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