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ABSTRACT 

        This research studies fabrication process and effect of bismuth sodium titanate and doped 

bismuth sodium titanate additions on structure and properties of lead zirconate titanate ceramics. 

PZT, BNT and BNLT starting powders were prepared by a mixed oxide method and were 

calcined at 800�C for 2 h with a heating/cooling rate of 5�C/min. After that, PZT/xBNT and 

PZT/xBNLT (x = 0, 0.1, 0.5, 1.0 and 3.0 wt%) powders were prepared by a mixed oxide method. 

The mixtures were freeze-dried before being characterized using X-ray diffraction method. The 

mixture powders were then pressed and sintered at temperatures in between 1050-1200�C for 2 h 

with a heating/cooling rate of 5�C/min. As-sintered PZT/BNT and PZT/BNLT ceramics were 

characterized in terms of phase identification, physical, microstructure, mechanical and electrical 

properties.  

        Phase identification was examined using an X-ray diffraction technique. It was found that 

pure PZT powder was consisted of tetragonal and rhombohedral phases. Tetragonality (c/a) of 

ceramics increased with increasing BNT and BNLT content while increasing of sintering 

temperature did not cause any significant change in c/a. Density tended to decrease with 

increasing of BNT and BNLT content while increasing of sintering temperature resulted to 

increase the density of both ceramic systems. Therefore in this study, the optimum sintering 

temperature of PZT/BNT and PZT/BNLT ceramics were found to be 1200�C at which the 
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densities of all samples were at least 96% of their theoretical values. Grain size tended to decrease 

when added BNT and BNLT while increasing of sintering temperature resulted to increase of 

grain size. 

        Mechanical properties evaluation was carried out with the ceramics sintered at 1200�C. An 

addition 0.5 wt% of BNT and BNLT into PZT increased hardness, Young’s modulus and fracture 

toughness to a maximum values. However dropped the values when further added BNT and 

BNLT more over 0.5 wt%. It can be seen that suitable content of added BNT and BNLT into PZT 

ceramics could significantly improve mechanical properties. 

        Electrical properties characterization of the ceramics showed that room temperature 

dielectric constant at a measured frequency of 1 kHz was found to be improved with addition 

BNT and BNLT of > 0.1 wt%. However, dielectric loss values also increased. Ferroelectric 

properties of the ceramics showed that an addition of BNT and BNLT into PZT led to a 

decreasing trend in coercive field, remanent polarization and loop squareness. For piezoelectric 

characterization, the highest piezoelectric coefficient was observed in pure PZT ceramic. 

Addition BNT and BNLT into PZT ceramic decreased piezoelectric coefficient values. Small 

values of coercive field directly resulted to higher piezoelectric activities.  

        It can be concluded from this research that PZT/BNT and PZT/BNLT ceramics with good 

electrical and mechanical properties could be successfully fabricated. The most important factor 

controlling these properties was the concentration of BNT and BNLT added into PZT ceramic. A 

small amount of BNT and BNLT content (0.1-0.5 wt%) could improve mechanical properties and 

maintained ferroelectric properties whose values comparable to those of monolithic PZT ceramic. 

While addition BNT and BNLT of > 0.1 wt% could significantly improve dielectric properties of 

PZT ceramic. 


