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Abstract Dielectric properties, piezoelectric properties and mechanical properties of NiO-doped Pb(Ni,sNb,;)O3-PbTiO;-
PbZrO; ceramics were investigated. Powders, prepared by columbite precursor method, were cold pressed and sintered
at temperature ranging from 1100°C to 1250°C. Dielectric constant and piezoelectric constant increased with amount of
NiO up to 1mol% and then decreased with further addition of NiO. It seems that NiO acts as a sintering aid at the
sintering temperatures of 1150°C. When the samples were sintered at temperature above 1200°C, however, both dielectric
constant and electromechanical coupling factor decreased and mechanical quality coefficient increased with addition of
NiO. Hardness and fracture toughness of PNN-PT-PZ increased with addition of NiO up to 1 mol%, and then decreased
slightly with further addition of NiQ. These results showed that dielectric properties, piezoelectric properties and
mechanical properties of PNN-PT-PZ system seemed to be closely related with microstructural factors such as grain
size, bulk density and the amount of second phase.
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Fig. 1. The variations of bulk densities with NiO addition
in PNN-PT-PZ specimens.
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(e) 4 mol%
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Fig. 2. SEM photographs of NiO-doped PNN-PT-PZ specimens; (a) 0 mol%, (b} 0.5 mol%, (¢) 1mol%, (d) 2 mol%,
(e) 4 mol% and (f) 8 mol%.
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Fig. 3. (@) SEM photograph (b) elemental mapping (c)
EDS spectrum of 2.0mol% NiO doped PNN-PT-PZ;
sintered at 1200°C for 2 h.
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Fig. 4. X-ray patterns of PNN-PT-PZ specimens with the
amount of NiO; sintered at 1100°C for 2 h (a) and 1250°C
for 2 h (b).

Table 1 :
The Amount of Pyrochlore Phase in the PNN-PT-PZ spec-
imens

NiO 0.0 0.5 1.0 2.0 4.0 8.0
Phase

Lo 234.40 195.55 189.63 188.63 181.41 221.86
Tipyroy 0 0 0 206 528 7.62
Pyrochlore 0 0 0 1.08 282 332
(vol%)
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Fig. 5. The variations P-E hysteresis loops of sintered PNN-PT-PZ specimens with the amount of NiO. (a) sintered at
1100°C, (b) 1200°C for 2 h.
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Fig. 6. (a) The remanent polarization (P,) and (b) coercive
field (E.) of PNN-PT-PZ with NiO addition.
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Fig. 7. (a) The dielectric constant (€;) and (b) piezoelectric
constant (ds;) of PNN-PT-PZ with NiO addition.
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Fig. 8. (a) The planer coupling factor (K;) and (b) me-
chanical quality factor (Q,) of PNN-PT-PZ with NiO
addition.
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Fig. 9. (a) Hardness(Hv) and (b) fracture toughness (K)
of PNN-PT-PZ with NiO addition.
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