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ABSTRACT

This work constitutes a major study of the physical, microstructural and
electrical properties of the sodium bismuth titanate- barium zirconate titanate system.
The experimental workfocused n four aspects:

1. The effect of Zr content on electrical properties of Ba(Ti;-xZrx)O3z ceramics.

2. Ferroelectricity of (1-x)(BipsNags)TiO3 — xBa(Tip.g5Zr0.05)O3 solid solution
ceramics.

3. Piezoelectric and dielectric properties of Ti rich (BigsNags) TiOs-
Ba(Ti.95Zr0.05)O3 System.

4. Electrical properties of 0.94(BiosNags)TiO3 — 0.06Ba(Tio.95Zr0.05)O03

ceramic compounds.



The results show that the effect of additional Zr in barium zirconate
titanate (Ba(Ti1-xZrx)Os) is to deform the crystal structure, which changes from the
tetragonal to the cubic form with increasing Zr content. Moreover, an increase of Zr
content can also decrease the Curie temperature. Ba(Tii«Zrx)O3 ceramics at x = 0.05
mol showed optimum values of both the dielectric constant and remanent polarization
(12700 and 6.7 uC/cm?, repectively).

For the study of the ferroelectricity of (1-x)(BipsNags)TiOsz - xBa(Tig.gs
Zro.05)O3 solid solution ceramics, Ba(Tig.g5Zr0.05)O3 with Ti : Zr = 0.95 : 0.05 mol was
combined with bismuth sodium titanate, ((BipsNags)TiO3). The Ba(Tig.95Zr005)O03
content was varied to locate the region of the morphotropic phase boundary (MPB).
The results show that the combination of Ba(Tip.95Zr0.05)03 with (BigsNags)TiOs3
ranging from 0.06 to 0.09 mol forms solid solutions between the tetragonal and
rhombohedral phase, with similar microstructures of rectangular and equiaxed crystal
shapes. However, the composition Ba(Tig.g5Zr0.05)O3 to (BigsNags) TiOz0f 0.07 to 0.93
mol not only exhibits the highest grain size (2.56 um) but also shows maximum
values of the dielectric and piezoelectric constants ( 1338 and 167 pC/N, respectively).
Thus, the nearest MPB region of (1-x)(BigsNaos)TiO3 — xBa(Tio.95Zr0.05)O3 solid
solutions occurs at the ratio (BigsNags)TiO3 : Ba(Tiggs5Zr0.05)O3 of 0.93 : 0.07 mol.

A study was then made of the incorporation of excess Ti into
0.93(BigsNags)TiO3-0.07Ba(TiggsZr00s)O3 and the piezoelectric and dielectric
parameters of Ti-rich (BigsNags)TiO3s-Ba(Tiogs5Zr0.05)O3 were determined. Since Ti
can disturb the perovskite structure at the B site of ABOg, the excess Ti can induce
abnormal grain growth and significantly decrease both the dielectric and piezoelectric

constants compared with the undoped ceramic. However, TiO, additions of >1 mol%



Vi

can stabilize the first phase transition and the Curie temperature at 125 °C and 298 °C,
respectively.

The composition 0.93(BigsNags)TiO3-0.07Ba(Tig95Zr0.05)O3  System  may
represent the MPB region, but attention was focused on (1-x)(BipsNags)TiOs-
xBaTiO3z which exhibits its MPB region at x = 0.06 mol. Therefore, the
electrical ~ properties of the 0.94(BigsNags)TiO3-0.06Ba(TiggsZr005)O3 and
0.94(BipsNags)Ti03-0.06Ba(Tip.95Zr0,05)O3 system were studied. The optimum
processing conditions of 0.94(BigsNays)TiO3-0.06Ba(TiggsZr005)O3  ceramics
(sintering at 1900 °C for 2 h) resulted in superior values of both the dielectric and

piezoelectric properties than those of 0.94(BigsNags)TiO3-0.06BaTiOz ceramics.
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