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Abstract:

Piezoelectric materials have been widely studied for various electronic device
applications. Lead Zirconate Titanate (PZT) is one of the important piezoelectric
materials which has attracted great attention and extensively used because of its
excellent electrical properties. However, PZT ceramics are not environmental friendly
because of the toxicity of lead oxide and especially its high vapor during the sintering
process at high temperature. Recently, lead free materials have been widely reported.
BaTiO; (BT) ceramics are the important lead free materials and has been investigated
for applications by the using of BT which is based ceramics and modifying of BT such
as the doping of calcium (Ca) into barium (Ba) site or zirconium (Zr) into titanium (Ti)
site (BCT-BZT). Many researches reported that BCT-BZT ceramics showed good
properties and are suitable for applications in various piezoelectric devices. In this
research project, different of Ba.,Ca,Zrg TipoO5 lead free based ceramic systems
have been investigated. The listed of the relevant topics are as follows: 1. electrical
properties of (1-x)BCZT-xBZT lead free ceramics; 2. Effect of Mn and Sr doping on the
electrical properties of lead-free 0.92BCZT-0.08BZT ceramics, 3. Phase formation,
dielectric and ferroelectric properties of Mn, Al Doped BCZT ceramics by molten salt
method; 4. The studying of electrical properties of BCZT ceramic by seed induced
method; 5. Improvement of electrical and piezoelectric properties  of
BagoCag1Zry4TipgO5 by self seed induced; 6. Effect of antimony (Sb,03) on electrical

properties of (0.99)[BaggCag1Zrp1Tig903-0.01BCZT seed and 7. Effect of Zn2+ and



Nb5+ co-doping on electrical properties of BCZT ceramics by the seed-induced method
were investigated.

Results indicated that all systems exhibited pure perovskite phase and no
impurity phase. For electrical properties; it was found that the BZT (topic 1) content lead
to the improvment of the dielectric properties of ceramic samples. The dielectric loss
values were lower than 0.01 (at 1 kHz) for all samples. The BZT samples show higher
degree of the relaxor like behavior with higher BZT content. For BCZT-BZT systems
(topic 2), the dopants of Mn and Sr lead to a decrease of dielectric loss, lower than
0.003 for all samples (at 1 kHz). In topic 3, the dielectric loss decreased with increasing
dopant concentration and at 1 kHz was lower than 0.02 for all samples in the range of
room temperature to 250 °C. The P, and E, decrease as Mn and Al content increases
(P, = 2.26-1.25 uC/cm2 and E.=4.25-3.10 kV/cm) and Mn doped BCZT has higher P,
and E. values than the Al doped BCZT for all conditions. In topic 4, piezoelectric
coefficient (ds3), planar electromechanical coupling coefficient (k,) and phase transition
temperature (T.) were 520 pC/N, 55% and 93 0C, respectively. Moreover, dielectric loss
(tand) at room temperature was lower than 0.015 for all conditions (at 1 kHz). In topic 5,
good electrical properties at room temperature were obtained for sample with x=2.0 of
€, ~ 2293 (1 kHz), d33~403 pC/N, k,~0.52 and P,~9.38 uC/cmZ. Moreover, the same
sample shows low E. and tand values of 1.61 kV/cm and 0.012, respectively. In topic 6,
the highest €, at room temperature was 4086 and tand value was lower than 0.04. The
highest values of P,~ 6.3 uC/cmz, d33~346 pC/N, g33~16.5x10'3 Vm/N, k,~ 45 and 41

%, respectively were also obtained. The final topic 6, the maximum dielectric constant
was 40893 for 0.8 mol% ZN. The highest values of P,~5.85 pC/cmZ, d33~381 pC/N

and k,~38% were obtained for the sample of 0.4 mol% ZN. The above results, can
suggests that all ceramic systems indicated good electrical properties which potential for
applications in piezoelectric sensor and transducer devices.

Keywords :  Ferroelectric properties, Lead-free ceramics, Piezoelectric ceramics
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