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ABSTRACT

Characterization of lead-free bismuth sodium titanate based fergo%%mdg
ceramics prepared via combustion method was studies. 1- x(BiyNa, ) TiO,-xATIO,
[A = Ba®, Ca’” and Sr’'] BNTBT100x, BNTCT100x and BNTCT100x with x = 0-0.12,
0-0.08 and 0-0.12, were sintered between 1050 and 1210 °C. The crystal structure,
microstructure, density, average grain sizes and electrical properties of the samples
were investigated using X-ray diffraction (XRD), scanning electron microscopy (SEM),
the Archimedes method, the mean linear intercept method, a LCR impedance analyzer,
a ferroelectric test system and a quasistatic d,, meter.

The XRD results of BNTBT100x ceramics showed mixed of rhombohedral and
tetragonal phase. For x < 0.04, the sintered pellets were indexed in rhombohedral
system which was similar to pure BNT. The tetragonality increased with increase BT
content. While x = 0.10, the sintered pellets were indexed in tetragonall system which
was similar to pure BT ceramics. The microstructure of BNTBT100x ceramics exhibited
an almost spherical and irregular shape. The average grain size of the samples
increased with the increase of sintering temperatures, while the grain sizes decreased

with the increase of BT content. The density, linear shrinkage and maximum dielectric



.

constant of BNTBT2 and BNTBT4 ceramics increased with increasing shlnterinig
temperatures up to 1150 °C and then evaporation of Bi’‘and Na'. While, the density,
linear shrinkage and maximum dielectric constant of BNTBT6 BNTBT8 BNTBT10 and
BNTBT12 ceramics increased with increasing sintering temperatures up to 1200 °C and
then the impurity phases were detected at higher sintering temperatures. Moreover, the
BNTBT8 ceramics sintered at 1200 °C showed the highest dielectric constant at 5
highest density and highest piezoelectric constant of 7400, 5.80 g/om3 and 169 pC/N,
respectively. The P_and E_ (using electric flied at 40 kV) were 28.10 uC/cm3 and 21.02
kV/cm, respectively.

The XRD results of BNTCT100x ceramics exhibited the rhombohedral phase in
all the sample. The microstructure of BNTCT100x ceramics exhibited an almost spherical
and irregular shape. The average grain size of the samples increased with the increase
of sintering temperatures. The density of BNTCT100x ceramics increased with increasing
sintering temperatures up to 1150 °C and thereafter they decreased. The linear
shrinkage of BNTCT100x ceramics increased with increasing sintering temperatures.
Moreover, the BNTCT2 ceramics sintered at 1150 °C showed the highest dielectric
constant at T_, highest density and highest piezoelectric constant of 3208, 5.57 g/cm3
and 40 pC/N, respectively. The P and E_ (using electric flied at 40 kV) were 17.4 ;,LC/cm3
and 30.13 kV/cm, respectively.

The XRD results of BNTST100x ceramics exhibited the cubic phase in all the
sample. The microstructure of BNTST100x ceramics exhibited an almost spherical and
irregular shape. The average grain size of the samples increased with the increase of
sintering temperatures. The density and linear shrinkage of BNTST100x ceramics
increased with increasing sintering temperatures. Moreover, the BNTST20 ceramics
sintered at 1200 °C showed the highest dielectric constant at T_, highest density and
highest piezoelectric constant of 4725, 5.57 g/cm3and 90 pC/N, respectively. The P. and
E_ (using electric flied at 40 kV) were 17.19 pC/cm3 and 29.61 kV/cm, respectively.
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