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Dielectric strength of fine grained barium titanate ceramics 
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The effects of particle and grain sizes on the 
properties of ferro-electric materials have been 
studied by many authors [1-5] and it has been 
confirmed that the physical properties have optimum 
values depending on these parameters (the particle 
and grain size). For example, the c/a ratio of the unit 
cell of BaTiO3, measured for powders, was found to 
have a maximum value when the particle size was 
approximately 0.4/~m [5]. Also it has been shown 
[1, 2] that the relative permittivity, er, depended on 
the grain size of the ceramics in the range 0.7- 
53/~m, and Yamashita et al. [6], found that the 
dielectric strength of the BaTiO3 ceramics increased 
with decreasing grain size. In the cases of [6, 7], the 
experimental data related to ceramics having grain 
sizes larger than 25/~m. In contrast, this smdy is 
concerned with the dielectric strength of barium 
titanate ceramics having grain sizes less than 25 #m. 
A chemical route was used to prepare barium 
titanate starting powder having a particle size less 
than 0.1/~m and the grain size of the ceramic was 
varied by varying the sintering temperature. 

Barium titanyl oxalate tetrahydrate [BaTiO- 
(C204)2.4H20 ] powder was prepared following 
[8, 9]. The powder was filtered, dried and heated at 
1000 °C for 1 h to yield a homogeneous BaTiO3 
powder of small (< 1/~m) particle size. The powder 
was processed into disc shapes of about 1.2 mm 
thick and 25 mm diameter, using polyvinyl alcohol 
(2 wt %) as a binder. To vary the grain size, the discs 
were sintered at 1320, 1330, 1350, 1380 and 
1400 °C; the peak temperatures being held for 2 h 
in each case. Five samples were prepared for each 
sintering temperature. X-ray diffractometry was 
employed to identify the phases, and the densities 
were determined. The discs were ground to a 
standard thickness of 1 mm and electrodes applied 
to both faces uslng conducting silver paste. To 
determine electric breakdown strength, each sample 
was clamped between a pair of hemispherical brass 
electrodes and placed in a cell built following the 
design of Owate and Freer [10]. The cell was 
immersed in transformer oil, heated to 60°C, 
pumped by a rotary pump to gemove air bubbles 
and then cooled to room temperature before testing. 
A direct current (d.c.) voltage was applied from a 
commercial power supply (Hipotronics Inc. model 
HD 100). The rate of voltage increase was 30 Vs -1. 
After the breakdown test, the samples were ground, 
polished and thermally etched. The microstructure 
was observed using scanning electron microscopy 
(SEM), and the grain sizes were determined by the 
line intercept method [11]. The total porosity values 
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were calculated by comparison of the measured 
densities with a single crystal value. 

Fig. 1 shows scanning electron micrographs for 
the extremes of the sintering conditions. As 
expected, the grain size is smaller at the lower 
extreme temperature; also, the grain size distribu- 
tions at the lower sintering temperatures are more 
uniform than those for the samples sintered at higher 
temperatures. The grain sizes lie in the fange 3.5- 
25 ,um and the corresponding electric strengths in 
the range 8.5-2.5kVmm -1, as shown in Fig. 2. 
Each quoted electric strength value is the mean of 
measurements made on five different specimens. The 
total porosity values are listed in Table I. 

X-ray diffraction (XRD) confirmed the specimens 
to be BaTiO3 [12]. The (2 0 0) and (0 0 2) reflections 
are shown in Fig. 3, indicating the tetragonal phase; 
however, the structure tends towards cubic for lower 
sintering temperatures. It should be noted that only 

Figure 1 Scanning electron micrographs of BaTiO3 ceramics sintered 
at (a) 1320 °C for 2 h, and (b) 1400 °C for 2 h. 
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Figure 2 Grain size dependence on dielectric strength. Numbers 
indicate sintering temperatures: (1) 1320°C, (2) 1330°C, (3) 
1350 °C, (4) 1380 °C, (5) 1400 °C. 

TABLE I Density and porosity of BaTiO3 ceramics for different 
sintering temperatures 

Sintering cla Density Total porosity 
temperature (°C) (Mg m -3) (%)a 

1320 1.0030 5.85 2.82 
1330 1.0096 5.74 4.65 
1350 1.0126 5.72 4.98 
1380 1.0094 5.73 4.82 
1400 1.0103 5.74 4.65 

aCalculated assuming a crystal density of 6.02 Mgm -3. 

the 'cubic' phase of BaTiO3 was found by Schomann 
[7] who prepared his specimens by isostatic hot- 
pressing at 1250 °C. The dielectric strengths mea- 
sured by Schomann were higher than those measured 
in this study: this may be related to differences in 
preparation methods in the two studies. 

Fig. 4 shows the breakdown track and a crater; 
similar craters were formed on both faces of the 
specimens. Fig~ 5 shows the molten material that 
surrounded the craters. Similar breakdown features 
have been observed by Owate and Freer [10] in their 
studies on alumina ceramics. The crater strueture 
and the edge-marking along the breakdown channel 
appear to be formed by local melting accompanying 
the breakdown process and subsequent recrystalliza- 
tion. 

The data in Fig. 2 fit the relation, EaG -~, where 
E, G and a are, respectively, the breakdown field- 
strength, grain size and a constant; the value of a is 
approximated 0.5. Similar results were obtained by 
Beauchamp [13] for the electrical strength of MgO 
ceramics, and by Pohanka et al. [14] for the 
mechanical fracmre strength of BaTiO3 ceramics. 

In the case of mechanical failure, a pore size 
related to the grain size acts as the critical defect. 
When the enhanced stress in the immediate vicinity 
of the stress-raising pore in the material reaches a 
critical value crack initiation and propagation occur 
and the test piece fails. Similar arguments can be 
advanced to explain electrical breakdown; in that the 
breakdown starts at the grain boundaries, probably at 
pores on the grain boundaries or surface flaws in the 
samples, as pointed out in [13, 15]. 
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Figure 3 Changes in the (2 0 0) and (0 0 2) reflections with sintering 
temperature (sintering temperatures of samples 1-5 are given in 
Fig. 2). 

Figure 4 Conduction channel after breakdown. 



Figure 5 Crater surface after breakdown. 

In conclusion, there is a tendency for BaTiO3 
ceramics to assume a cubic crystal structure as the 
sintering temperature is reduced. Smaller grain size 
inhibits 90 ° domain formation and hence tends to 
hold the structure in the high temperamre cubic 
phase [2]. This study shows the same tendency to the 
cubic phase in barium titanate ceramics derived from 
a chemically prepared powder, as the sintering 
temperature decreases in the range 1400-1320°C. 
The form of the breakdown features is similar to that 
observed by Owate and Freer [10] and suggests that 
local melting accompanies the breakdown. The 
relationship between breakdown strength and grain 
size is of  the same form as observed for the 
mechanical strength of ceramics, and confirms that a 
clear parallel can be drawn between the two (insofar 
as microstructure defects, of a size related to the 
grain size, are the critical defects from which failure 
is initiated). 
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