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ABSTRACT

In"this study, the effects of firing temperature on the phase formation,
microstructure and electrical properties of (Bao.oa5Ca0.055)(Tio.9105N0.09)O03 (BCTS) and
(Bio.sNao.5 TiO3)-0.06(Bao.945Ca0.055)(SN0.09 Tin.91)O03:(0.94BNT-0.06BCST)  ceramics  were
investigated. These ceramics were prepared by combustion technique and slycine was
used as fuel to reduce the reaction temperature. The crystal structure, microstructure,
density and electrical properties of the powders and ceramics were studied.

The study of the influence of the firing temperatures (calcination temperatures
between 1050 and 1250 °C, sintering temperatures between 1325 and 1450 °C) on the
phase evolution, microstructure, dielectric' and strain behavior of (Bao.sasCap.oss)-
(Tio.91SN0.09)03 lead-free piezoelectric ceramics was studied. The solid state combustion
technique used to prepare BCTS ceramics used glycine as fuel. Pure BCTS powders with
a perovskite structure were obtained by the sample calcined at 1150 °C for 2 h. The
particle morphology of the BCTS powders exhibited a rather rounded shapeand a large
agglomerated form in all samples. The average particle size increased from 153 to 223
nm when the calcination temperature was increased. The XRD result of all sintered
samples showed they all had a single perovskite structure. The Rietveld refinement
analysis indicated that the BCTS ceramics sintered at 1450 °C had the orthorhombic
(0), tetragonal (T) and rhombohedral (R) phases coexisting and the O+T phases
coexisted in the other samples. The average grain size, density, dielectric constant (at
Tc), %strain and d33* increased when the sintering temperature was increased up to
1400 °C and then, reduced in values. At the optimum sintering temperature (1400 °Q),
BCTS ceramic showed multi phases (O+T+R),~good crystalline morphology, highest
density (98%), excellent dielectric constant (gc = 16252) and ds3* value (866 pm/V).

The study of the effects of calcination temperature (600-900°C for 2 h) and

sintering temperature (1100-1200°C for 2 h) on phase formation, microstructure,



electrical properties of the 0.94(Big.sNao5TiO3)-0.06(Bao.oasCao.055)(SNo.09 Tio.01)03:(0.94BNT-
0.06BCST) lead-free piezoelectric ceramics were investigated. These ceramics were
fabricated by the solid state combustion technique using glycine as fuel. It was found
that single perovskite phase of 0.94BNT-0.06BCST powders is obtained by the sample
calcined at 650°C for 2 h. The microstructure of the 0.94BNT-0.06BCST powders showed
an almost-circle shape and the average particle size increased from 210 to 300 nm
when calcination temperature increased from 600 to 900°C. The XRD pattern of all
ceramics presented a single perovskite ' structure with - the  co-existence of the
rhombohedral and tetragonal phases. The average grain size increased with increasing
sintering temperature. The density, dielectric constant (g, and €n) and piezoelectric
constant (ds3) increased when sintering temperature increased up to 1150°C and then
reduced in values. By sintering temperature of 1150°C, 0.94BNT-0.06BCTS ceramic
exhibited the highest density (5.95 g/cm?), the highest dielectric constant at-Tm (g
=6210), the strongest ferroelectric properties . (P, =42.88 pc/cm? Ec = 37.34 kV/cm)
and the highest dss value (189 pC/N).

The objective of this work is to modify the piezoelectric properties of BNT
ceramics by the addition of BCTS compound with the formula of (1-x)BNT-xBCTS lead-
free piezoelectric ceramics with an x content from 0.03 to 0.09 were prepared via the
combustion technique. The affectation of x content on the structure evolution,
morphology and piezoelectric properties of these ceramics were examined. At x
content of 0.03, the sample sowed defective tetragonal structure. When the x content
increase from 0.04 to 0.07, the ceramics exhibited the coexistence of phase formation
between tetragonal and rhombohedral structure. While, the sample with x content of
0.08-0.09_showed the tetragonallity  when x content increased. The microstructure
exhibited a poly rectangular shape in all samples. The average grain size and the density
increased with ‘increasing x content up to 0.07 and then drop to values. For the
ferroelectric property and d33 value of (1-x)BNT-xBCTS ceramics, it was found that the
best of ferroelectric property and d33 value as Pr=32 uc/cm?, Ec = 18 kV/cm and ds
= 202 pC/N. were obtained by x content of 0.07. This result showed that the addition
of BCTS compound into BNT ceramic can be improved the piezoelectricity of BNT
ceramics which enhanced. the performance of lead-free ceramics for applied as

electronic devices.
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