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Relaxor ferroelectrics exhibiting remarkable piezoelectric, electrostrictive, electrooptic and dielectric
responses in a broad temperature range are of great interest for applications. Most of today’s known relaxors,
e.g. Pb(Mg;5Nby3)Os and (Pb,La)(TiZr)Os, contain lead and are toxic. Thus, development of lead-free,
environmentally friendly relaxors is important for wider industrial use of these materials. This joint research
entails the collaboration with our counterpart in Russian to provide needed theoretical inputs and other

inputs conducive to research advancement.

The focus of the first year work was on the selection and processing for lead-containing relaxors as well
as lead-free materials. Lead-containing relaxorsvwere based on Pb(Zn;3Nb,3)Os system. The composition was
x(0.94Pb(Zn1sNby3)O3  0.06BaTiOs) (1  x)PbZryTi;,O3; known as PBZNZT .PBZNZT ceramics had
been prepared using three different procedures including onventional columbite (CC), B site precursor
modified columbite (BSPC), and A-site sequential mixing columbite (ASMC). Besides, lead-free ceramics
derived from the (BigsNags)TiOs.based system were also investigated.

Experimental results showed that all specimens fabricated by different routes exhibited frequency
dispersion and obvious diffuse phase transition, but their dielectric constant showed significant
difference among the samples studied. Comparing microstructural characteristic and properties of
specimens, it was found the CC specimens exhibited a retained pyrochlore phase due to thermodynamic

instability of elements. BSPC samples showed improved composition homogeneity and electrical



properties, but Ba segregation on the grain boundaries were observed. Full perovskite phase was
obtained by the ASMC method for all compositions. However, the paraelectric phase of
Ba(Zn;5Nby3)O3 might exist in samples for higher Ba doping, resulting in a reduction of dielectric
properties. The results implied that material properties exhibited close relationship to the processing
sequence and their corresponding microstructures. Lead-free ceramics BNBZT exhibited ferroelectric
FE to antiferroelectric AFE phase switching as a function of temperature. For future endeavoers,
we will further focus on different compositions, ionic charge and ionic radius to understand the effects
of dielectric and piezoelectric property.
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Fig. 1 Percentage of the perovskite phase for PBZNZT with at variant x, y=0.52 specimens (a) powder
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Fig. 4 Room-temperature XRD profiles of PBZNZT with x=0.5, y=0.52 materials prepared by various processes
and then sintered at 1150  for 2 h.
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Fig. 5 The maximum dielectric constant at 1 kHz for various PBZNZT ceramics prepared by CC, BSPC
and ASMC processes and then sintered at 1150  for 2 h.
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Fig. 6 The D T curve with various PZN concentration for x(0.94 Pb(Zn;sNb,3)O; 0.06BaTiOs3) (1
x)PbZr,Ti;.yO3 using various processes and sintering at 1150  for 2 h.

Table 1.The value of n from Eq.(1) fitting at 1kHZ frequency for PBZNZT ceramics

processing
composition cC BSPC ASMC
X=0.5 1.804 1.661 1.882
X=0.6 1.906 1.988 1.721
X=0.7 1.71 1.711 1.882
X=0.8 1.654 1.717 1.801

X=0.9 2.085 1.808 1.706




Table 2. The deviation from the maximum dielectric constant( € m)and the maximum temperature (Tm)

at different frequency for PBZNZT ceramics

ATm* Aem’
composition cC BSPC  ASMC CC BSPC ASMC
X=0.5 -4.9 0 0 2742 988 1016
X=0.6 10.3 8.5 5.6 1640 923 1853
X=0.7 9.1 9.8 10.3 3036 2912 1787
X=0.8 9.7 14.2 10.8 2029 2883 1093
X=0.9 16.3 9.9 9.4 1537 2487 504
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Fig.9 Peak fitting of (BigsNags) 0.94Ba.06Zr0.04Ti09603 XRD pattern
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