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INTRODUCTION

Complex perovskite solid solution Pb(Mg1/3Nb2/3)0.9Ti0.1O3 (PMNT) is a well-

known relaxor ferroelectric material that has high dielectric permittivity and high

electrostrictive coefficient around room temperature thus makes PMNT an excellent

material for applications in multilayer capacitors and electrostrictive actuators [1].

However, a major drawback of the materials is a volatility of PbO at high sintering

temperatures which degrades the materials performance [2]. In our previous works,

modifications of CuO and ZnO, as sintering aid additives, could improve densities

and electrical properties of the modified PMNT ceramics [3, 4]. The difference of

dielectric behaviors of the ceramics modified with CuO and ZnO was observed.

Although both metal ions have the same valence (2+), however, they have the

different electronic configurations, which are 3d9 and 3d10 for Cu2+ and Zn2+ ions,

respectively. The different electron configuration would be a cause of the different

dielectric response of the ZnO-and Cu-modified PMNT ceramics. In order to verify

the effect of modifier’s type on properties of PMNT ceramics, other metal oxide such

as NiO was used as a modifier of the ceramics. Therefore, this study aimed to

comparatively investigate effects of NiO, CuO and ZnO modifications on

microstructure, dielectric, ferroelectric and electrostrictive properties of PMNT
ceramics.

EXPERIMENTAL PROCEDURE

RESULTS AND DISCUSSION

CONCLUSION

The lattice parameter of the PMNT ceramic increased with the metal oxide

modifications. The grain size of the PMNT ceramic increased with the MO

modifications. The max of the PMNT ceramic decreased with the ZnO and NiO

modifications. However, the max increased with the CuO modifications. The Tmax of

the PMNT ceramic decrease with the 2mol%NiO modification. However, the Tmax

increased with the 2mol%ZnO and 2mol%CuO modifications. The P-E loop did not

change with the ZnO and CuO modifications. The loop was poor developed with the

NiO modification. The S-E loop was developed with the MO modifications which
resulted in the increase in the maximum strain and the electrostrictive coefficient.
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PMNT powder Metal oxide (MO) powders

PMNT/xMO powders
where x = 2 and 4 mol% 

PMNT/xMO ceramics

Ceramic characterizations

Ceramic Sintering temperature 
(C)

Density 
(g/cm3)

Lattice parameter

(Å)

PMNT 1025 7.95 ± 0.02 4.0373

2mol%NiO 1025 7.74 ± 0.02 4.0381

4mol%NiO 1025 7.85 ± 0.10 4.0388

2mol%CuO 1000 7.83 ± 0.01 4.0394

4mol%CuO 1000 7.74 ± 0.01 4.0385

2mol%ZnO 1025 7.88 ± 0.02 4.0438

4mol%ZnO 1000 7.86 ± 0.01 4.0438

Table 1. Optimum sintering temperatures and densities of the PMNT/MO ceramic.

The PMNT/MO ceramics with the density above 7.7 g/cm3 were obtained. XRD

patterns of the ceramics, as shown in Fig. 1, well matched the XRD standard of

PbMg0.3Nb0.6Ti0.1O3 in the cubic space group (ICSD file No. 99710). No impurity

phase was observed in the patterns. Lattice parameters of the ceramics were

determined and given in Table 1. The lattice parameter of the PMNT ceramic

increased with MO modifications. This was resulted from substitutions of the larger

metal ions for smaller Mg2+ ions located on B-site of PMNT lattice (rMg2+ = 0.72, rNi2+ =
0.69, rCu2+ = 0.73 and rZn2+ = 0.74 Å).

Fig. 1 XRD patterns of PMNT/xMO ceramics where x = (a) 2 and (b) 4 mol%.

Fig. 2 SEM images of (a) the pure PMNT

ceramic and the PMNT/2mol%MO ceramics
where M = (b) Zn2+, (c) Cu2+ and (d) Ni2+.

Fig. 3 SEM images of (a) the pure PMNT

ceramic and the PMNT/4mol%MO ceramics
where M = (b) Zn2+, (c) Cu2+ and (d) Ni2+.

Grain size of the monolithic PMNT ceramic increased with ZnO and NiO

modifications and extremely increased with CuO modifications. This indicated the

sintering aid behaviors of the modifiers. Based on the energy dispersive X-ray

spectroscopy (EDS) technique, the black phase distributing inside grains and grain

boundaries of the PMNT/ZnO and the PMNT/NiO ceramics, as indicated by arrows,

were found to be Mg-rich phase. The observed secondary phases was attributed to

the substitutions of the modified ions for Mg2+ ions. Moreover, other secondary phase

was observed at grain boundaries of the PMNT/CuO ceramics, as shown in Fig. 2(c)

and 3(c). The secondary phase was a Pb-rich phase, which was believed to be a low
melting point phase helping grain growth mechanism of the ceramics to increase.

Fig. 4 Plot of dielectric constant and loss as a function of temperature, P-E and S-E loops
of the PMNT/2mol%MO ceramics.

A maximum dielectric constant (max) of the pure PMNT ceramic decreased with

ZnO and NiO modifications. The max significantly increased with CuO modification.

This was due to the increase in the grain size of the PMNT/CuO ceramics. A

temperature of max (Tmax) of the PMNT ceramic decreased with the NiO modification.

However, the Tmax shifted to higher temperatures with the ZnO and CuO

modifications. The 2mol%ZnO and 2mol%CuO modifications did not change a P-E

loop of the PMNT ceramic while the loop showed a poor development with the

2mol%NiO modification. However, the S-E loop of the PMNT was developed with the

MO modifications which resulted in an increase in a maximum strain and an

electrostrictive coefficient. It was believed that the change of the electrical properties

of the ceramics was caused from the distortion of unit cell structure and the increase
in the degree of ferroelectric ordering due to the ion substitutions.


