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ABSTRACT

This research studied fabrication and properties of ceramic binary system with
formula (1-x)Pb(Zro 52 Tig.48)O3—x(doped-BIT) (when x = 0, 0.1, 0.3, 0.5, 0.7, 0.9 and
1.0 weight fraction) using different doped-BIT compounds. Firstly, the PZT, Bi-site
doped BIT (Bis2sDyo75Ti3O12; BDT) and Ti-site doped BIT (BizggTi2.97Nbg03012;
BNbT) starting powders were prepared by a solid-state mixed oxide method. The PZT
powder was calcined at 800°C for 2 h with a heating/cooling rate 5°C/min while the
BDT and BNbT powders were calcined at 900°C for 4 h with a heating/cooling rate
5°C/min. Subsequently, the (1-x)PZT-xBDT and (1-x)PZT-xBNbT powders were
prepared by ball milling technique. The mixtures were freeze-dried, pressed and
sintered at temperaturebetween 950-1100°C for 4 h with a heating/cooling rate

5°C/min. The PZT-BDT and PZT-BNbT ceramics were then characterized in terms
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of phaseevolution, densification, microstructure, dielectric properties, ferroelectric
properties and fatigue behavior.

Phase evolution of (1-x)PZT-xBDT and (1-x)PZT-xBNDT ceramics were
characterized using X-ray diffraction analysis (XRD). It was found that pure PZT
ceramic showed a single-phase of tetragonal. While pure BDT and BNbT ceramics
were identified as single-phase materials having an orthorhombic structure. For PZT—-
BDT and PZT-BNDT ceramics, the XRD patterns showed distorted mixed phase
structure between tetragonal and orthorhombic phases. The optimum sintering
temperature of (1-x)PZT-xBDT and (1-x)PZT—xBNbT ceramics were found to be
1000°C with the highest density achieved in 0.9PZT-0.1BDT (7.72 g/cm®) and
0.9PZT-0.1BNbT (7.75 g/cm®) ceramics. Scanning electron micrographs of ceramic
surface showed equiaxed grains shape in pure PZT ceramic while plate-like grains
were observed for pure BDT and BNbT ceramic. In the PZT-BDT and PZT-BNbT
ceramics, the plate-shaped grains started to dominate in 0.5PZT-0.5BDT and
0.5PZT-0.5BNDT ceramics.

For dielectric properties measurement, it was found that an increase in the BDT
and BNDT content caused the dielectric constant of the ceramics to decrease
gradually. However, the dielectric constant of PZT-BDT and PZT-BNbT ceramics
was still higher than that of pure BDT and BNbT ceramics. Ferroelectric
measurements of these samples showed that an addition of small amount of BDT and
BNbT into PZT (0.9PZT-0.1BDT and 0.9PZT-0.1BNbT) ceramics improved the
ferroelectric properties of the pure PZT or BDT, BNbT ceramics; i.e. increased
remanent polarization, reduced coercive field and increased degree of loop

squareness. For the fatigue behavior, the results revealed that pure PZT ceramics
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showed degradation of remanent polarization after 10° switching cycles of applied
filed. Interestingly, the fatigue behavior was improved with increasing BDT and
BNbT contents into PZT.

Generally, it can be concluded that the PZT—doped-BIT binary ceramic system
has synergically combined the individual advantages of PZT and doped-BIT ceramic
together, especially in 0.9PZT-0.1BDT and 0.9PZT-0.1BNbT ceramics with good
dielectric properties, high remanent polarization, low coercive field, high loop
squareness and improved fatigue behavior. These ceramiccompositions could be
further employed in actual applications; particularly in nonvolatile random access

memories.
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