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ABSTRACT

This research studied the fabrication and characterization of a binary system (1-
X)Bio.5(Nao.goKo.20)05TiO3-x doped BaTiOz lead free piezoelectric ceramics. Firstly,
the starting powders of Bio.s(Nao.goKo.20)05TiO3 (BNKT) and doped BaTiOz which
were (Bao.7Sro.3)TiOz (BST), (Bao.ssNdo.o2) TiO3 (BNAT) and Ba(Tio.90Sno.10)03 (BTS),
were separately prepared by a conventional mixed-oxide method. BNKT powder was
calcined at 900°C for 2 h with a heating/cooling rate of 5°C/min. BST and BNdT
powders were calcined at 1100°C for 2 h while BTS powder was calcined at 1200°C
for 2 h with a heating/cooling rate of 5°C/min. The calcined powders were
stoichiometrically weighed and mixed to produce the mixed powders of (1-
X)Bio.5(Nao.soKo.20)05TiO3-x doped BaTiOs or (1-x)BNKT-x doped BT when x = 0,
0.05, 0.07, 0.09, 0.10, 0.11, 0.13, 0.15 and 0.20 mol fraction. A few drops of 3 wt%

polyvinyl alcohol (PVA) binder were added to the mixed powders before being
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uniaxially pressed into 10 mm diameter discs. These green pellets were covered with
their own powders and then sintered at 1050 - 1200°C for 2 h with a heating/cooling
rate of 5°C/min. Afterwards, as-sintered of (1-x)BNKT-xBST, (1-x)BNKT-xBNdT
and (1-x)BNKT-xBTS ceramics were characterized in terms of phase, physical
properties, microstructure, dielectric, ferroelectric, piezoelectric and strain properties.
The results showed that the optimum sintering temperature of all three ceramic
systems was found to be 1125°C for 2 h with a heating/cooling rate of 5°C/min at
which all samples had relative densities at least 98% of their theoretical values. X-ray
diffraction patterns revealed that all compositions have a pure perovskite structure
without detectable secondary phase. Morphotropic phase boundary (MPB) regions
with coexisting rhombohedral and tetragonal structures of all BNKT-doped BT
systems for the whole compositional range were identified. The tetragonal phase was
dominant and the tetragonality (c/a) value was increased with increasing the doped
BaTiOs content. The small addition of the doped BaTiOs (x = 0.05 - 0.11) into BNKT
ceramic slightly inhibited grain growth, however, the grain size were then increased
with further increasing of the doping content. The addition of 5 mol% doped BaTiO3
into BNKT ceramic showed a large electric field-induced strain behavior. The sample
near centered MPB region (i.e. x = 0.10 - 0.11) showed an improvement of electrical
properties compared to the other compositions. The optimum MPB composition (x =
0.10 - 0.11) was obtained when nearly equal fraction of rhombohedral and tetragonal
phases was present in the system at which the maximum room temperature dielectric
constant (&), Curie temperature (T¢) and piezoelectric coefficient (ds3) were observed.
For ferroelectric measurement, the coercive electric field (Ec), remanent polarization

(Pr) and loop squareness (Rsq) slightly decreased with an addition of the doped
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BaTiOs. However, the relative amount of rhombohedral and tetragonal structure as
well as lattice expansion caused the ferroelectric-antiferroelectric transition
temperature to be higher with increasing the doped BaTiOs content.

It could be concluded from this research that (1-X)Bio.s(Nao.goKo.20)05TiO3-X
doped BaTiOs ceramics with good electrical properties could be successfully
fabricated. They has combined the individual advantages of pure BNKT and doped
BaTiOz compounds together. The most important factor controlling these properties
was the concentration of BST, BNdT and BTS which added into BNKT ceramic. The
addition of 10 - 11 mol% could improve electrical properties when being compared to
that of undoped BNKT ceramic. Based on our results, it is suggested that the BNKT-
doped BT ceramics at these compositions show a potential to be one of the promising
lead-free piezoelectric candidates for further use in actual applications, particularly in

an actuator applications.
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