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Abstract

To fabricate a multi-layered piezoelectrics/electrodes structure, the piezoelectrics should be sintered
at the temperature lower than 950 C to use the silver electrode, which is cheaper than the electrodes
containing noble metals such as Pd and Pt. Therefore, in this study, we modified the composition of
Pb(Zr,Ti)Os-based material as (PbosCdooz)(NiysNbz)o2sZrossTiosOs to lower the sintering temperature
and to improve the piezoelectric properties. Small amount of MnCQOs, SiO, and PbsOs were also added
to lower the sintering temperature of the ceramic. The prepared raw powders were mixed by using a
ball mill for 24 hours. And then the mixed powders were calcinated for 2 hours at 800 T. The
calcinated powders were again crushed with the ball mill for 72 hours. The final powders were pressed
for making the shape of @15 mm disk. The disk-type samples were sintered at temperature range of
850~950 ‘C. The crystal phases of the sintered specimens were perovskite structure without secondary
phases. All of the measured electrical properties such as electromechanical coupling coefficients (kp),
mechanical quality factors (Qm), and piezoelectric charge constants (d33) were decreased with decreasing
the sintering temperatures. The electrical properties measured at the sample sintered at 950 T were 54
% of kp, 503 of Qm, and 390 pC/N of dss, respectively. These properties were considered to be fairly
good for the application of multi-layered piezoelectric generators or actuators.
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Fig. 1. Phase diagram of PNN-PZT ceramics.
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Fig. 2. X-ray diffraction patterns of the PNN-
PZT ceramics sintered at various
temperatures.
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Fig. 3. Density of the PNN-PZT ceramics as a
function of sintering temperature.
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Microstructures of the PNN-PZT ceramics
as a function of sintering temperature: (a)
875 T, (b) 900 T, (¢) 925 T, (d) 950 TC.
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Electric field vs. polarization curves of
the PNN-PZT ceramics as a function of
sintering temperature: (a) 875 T, (b)
900 T, (c) 925 T, (d) 930 T.
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Fig. 6. The variation of relative dielectric constant

measured in the PNN-PZT ceramics
sintered at various temperature.
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Fig. 8. The variations of both piezoelectric
charge constant (diss) and piezoelectric
voltage constant (gz) measured in the
PNN-PZT ceramics sintered at various
temperature.
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