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Abstract. In this work, inorganic Pb(Mg1/2W1/2)0.03(Ni1/3Nb2/3)x(Zr0.5Ti0.5)0.97-xO3 (x= 0.02~ 
0.12) composition ceramics were fabricated by the conventional solid state reaction method. 
And then their microstructure and ferroelectric properties were investigated according to the 
amount of PNN substitution. Small amounts of Li2CO3 and CaCO3 were used in order to 
decrease the sintering temperature of the ceramics. The 0.10 mol PNN-substituted PMW-PNN-
PZT ceramics sintered at 920℃ showed the excellent physical properties of piezoelectric 
constant (d33), electromechanical coupling factor (kp), mechanical quality coefficient (Qm), and 
dielectric constant of 566 pC/N, 0.61, 73, and 2183, respectively. 

1. Introduction 
Recently, PZT-based ceramics have been widely used for applications such as transformer, and 
multilayer actuator [1-4]. Because PZT-based ceramics including Pb(Ni1/3Nb2/3)O3-Pb(Zr,Ti)O3 and 
Pb(Mg1/3Nb2/3)O3-Pb(Zr,Ti)O3 show an excellent piezoelectric properties at MPB(Morphotropic Phase 
Boundary), these three-component perovskite compounds have been actively studied [5]. However, a 
main problem encountered in manufacturing these ceramics is the volatilization of PbO during 
sintering process. High temperature sintering of PZT-based ceramics brings about serious problems 
such as environmental pollution and compositional fluctuations due to the volatilization of the lead 
oxide. Therefore, it is necessary to improve the physical properties of the ceramics using low 
temperature sintering. Many researchers have been tried to lower the sintering temperature of PZT-
based ceramics without degrading the properties of the materials. In order to lower sintering 
temperature of the ceramics, sintering aids as additives are widely used [6-8]. Sintering aids used in 
this experiment were Li2CO3 (melting point=732℃) [9] and CaCO3 (melting point=825℃) [10]. In this 
study, Pb (Mg1/2W1/2) 0.03(Ni1/3Nb2/3)x(Zr0.5Ti0.5)0.97-xO3 were prepared as a base composition . And also, 
in order to develop piezoelectric ceramics with excellent piezoelectric and dielectric properties, the 
amount of PNN substitution was changed.  
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2. Experimental procedure 
The specimens were prepared by a conventional mixed oxide process. The compositions used in this 
study were as follows. 

0.9925 Pb(Mg1/2W1/2)0.03(Ni1/3Nb2/3)x(Zr0.5Ti0.5)0.97-xO3+0.0075BiFeO3 (x= 0.02, 0.04, 0.06, 0.08, 
0.10, 0.12) 

The raw materials of PbO, MgO, WO3, NiO, Nb2O5, ZrO2 and TiO2 were weighed by mole ratio 
and mixed together by ZrO2 balls using the acetone as the medium. After drying, they were calcined at 
850℃ for 2h. The calcined powder and BiFeO3 was milled again with the additives, Li2CO3 (0.2 wt%) 
and CaCO3 (0.25 wt%) for 24 h. The powders were pressed into disk of diameter of 14Φ and 2mm in 
thickness under pressure of 1,000 kg/cm2. Burned out at 600℃ for 3h, and then sintered at 920℃ for 
1 h 30 min. For measuring the piezoelectric properties, after sintering the piezoelectric ceramics were 
lapped into 1 mm thickness and then metallized with Ag paste at 600℃ for 15 min. Specimens were 
poled under a dc field of 3.5 kv/mm in silicon oil at 120℃ for 30 min. All electrical measurements 
were performed about 24h after poling. The crystal structure and microstructure of specimens were 
analyzed through scanning electron microscopy (SEM) and X-ray diffraction (XRD), respectively. For 
measuring the dielectric properties, capacitance was measured at 1 kHz using an LCR meter (ANDO 
AG 4304) and dielectric constant was calculated. For piezoelectric properties, the resonant and anti-
resonant frequencies were measured by an Impedance analyzer (Agilent 4294) in conformity to IEEE 
standard and then the electromechanical coupling factor and mechanical quality factor were calculated. 
Piezoelectric constants were obtained using d33 meter (APC YE2730A). 

3. Results and discussion 
Figure 1 shows density of specimens as a function of PNN substitution. With increasing PNN 
substitution, the density was gradually increased. The maximum value of 7.85 g/cm3 at x=0.12 was 
appeared. It is considered that the densification of density can be improved by sintering aids. 

 
Figure 1. Density of specimens as a function of PNN substitution. 
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Figure 4. Temperature dependence of dielectric constant as a function of PNN substitution. 

Figure 4 shows the temperature dependence of dielectric constant as a function of PNN substitution. 
Curie temperature (Tc) was decreased with the increase of PNN substitution. It shifted from 377℃ to 
337℃. In addition, when the PNN substitution amount was x= 0.10, Curie temperature (Tc) was 355℃.  

4. Conclusions 
In this study, in order to develop the ceramics with excellent piezoelectric properties, 
0.9925[Pb(Mg1/2W1/2)+(Ni1/3Nb2/3)x(Zr0.5Ti0.5)0.97-x]O3 + 0.0075 BiFeO3 ceramics were investigated as a 
function of PNN substitution. The results obtained from the experiment are as follows: 
 When x= 0.10, the maximum values of kp= 0.61, εr= 2183, and d33= 566 pC/N were shown. 
 As amount of PNN substitution increased, Curie temperature (Tc) shifted to low temperature 

range. When the x = 0.10, Curie temperature(Tc) was 355℃. 
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