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sample, respectively. Larger quantities of admixtures such as 
manganese, antimony and tungsten in the composition of PZT 
material have a positive impact on the piezoelectric parameters 
of the ceramic samples.

4. Conclusions

In the present work were obtained successfully the multi-
component PZT-type solid solutions doped by Mn4+, Sb3+, W6+, 
Ni2+. Two chemical compositions were designed: Pb[(Zr0.49
Ti0.51)0.94Mn0.015Sb0.013W0.012Ni0.02]O3 (C-1), Pb[(Zr0.49Ti0.51)0.94
Mn0.02Sb0.016W0.014Ni0.01]O3 (C-2). The microstructure of the 

C-1 sample has smaller grains, but much larger heterogeneity 
of the particle size compared to the C-2 sample. The greater 
amount of manganese dopant at the same time causes the growth 
of grains. 

The ceramic samples exhibit high values of dielectric per-
mittivity both at room temperature as well as high as the phase 
transition temperature. In addition, the temperature dependences 
of the dielectric properties showed that obtained materials have 
low dielectric loss. Increasing the amount of dopant tungsten W 
and antimony Sb in multicomponent solid solutions of PZT-type 
reduces the coercivity field. Bipolar strain-electric field loops 
for the obtained compositions show practically linear relation 
S(E) and are typical for piezoelectric materials on the PZT 

Fig. 7. Plot of hysteresis loops P-E of the C-1 and C-2 samples (at room temperature and frequency of 1 Hz)

Fig. 8. Bipolar strain-electric field loops (S-E) for C-1 and C-2 samples measured at room temperature, under electric field 3.5 kV/mm (frequency 
of 0.1 Hz)




