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Abstract: Pb(Mn1/3Nb2/3)0.07(Ni1/3Nb2/3)0.10(Zr0.5Ti0.5)0.83O3 composition ceramics with high piezoelectric properties were 
fabricated by the columbite precursor method for ultrasonic generators, and the effects of sintering temperature on 
microstructure and piezoelectric properties were systematically investigated. It was found that the tetragonality of the 
ceramics decreased with increase in sintering temperature. Moreover, excellent physical properties such as d33=447 pC/N, 

r=1,843, kp=0.641, and Qm=1,207 were obtained for an ultrasonic generator when the second calcination temperature and 
sintering temperature were 720  and 920 , respectively.
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Fig. 1. (a) X-ray diffraction patterns of PMN-PNN-PZT 
ceramics with sintering temperature in the 2  range of 20°
70° and (b) enlarged X-ray diffraction patterns of 
PMN-PNN-PZT ceramics with sintering temperature in the 2
range of 42° 47°.
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Fig. 2. The SEM micgraphs of the PMN-PNN-PZT ceramics 
with sintering temperature (a) 900 , (b) 920 , (c) 940 , and 
(d) 960 .

Fig. 3. Density of specimens with sintering temperature.

Fig. 4. Electromechanical coupling factor (kp) of specimens with 
sintering temperature.

Fig. 5. Electromechanial quality factor (Qm) of specimens with 
sintering temperature.
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Sintering
temperature

[ ]

Dielectric 
constant

kp Qm
d33

[pC/N]
Density
(g/Cm3)

900 1,784 0.638  744 430 7.822

920 1,843 0.641 1,207 447 7.920

940 1,802 0.629  851 427 7.918

960 1,840 0.632  874 438 7.856

Table 1. Physical properties of specimens 2nd calcined at 720 .

Fig. 6. Piezoelectric coefficient (d33) of specimens with sintering 
temperature.

Fig. 7. Temperature dependence of dielectric constant and the 
Curie temperature (Tc) with sintering temperature.
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