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ABSTRACT

The thermoluminescence and dielectric loss of barium titanate ceramic under X.ray
irradiation have been investigated and the results reported here. The irradiated sample
exhibits thermoluminescence in the temperature region 180°-420° C with a peak around 330° C.
X ray irradiation of the sample at room temperature is found to increase its dielectric loss which,
on heating the sample to about 400° C, is reduced to its original value. The excess dielectric
loss A tan 8 of the irradiated sample over that before X-ray irradiation is removed in two stages
with heating: the first part is found to be removed by heating the sample to any temperature
between 110° and 180° C, i.e. to a temperature below the onset of thermoluminescence emission.
The second part disappears when the sample is heated to above 400° C showing that it is connec-
ted with thermoluminescence. The results seem to indicate that, in barium titanate ceramie,
the trapped electrons or holes can, by their electrostatic interaction, inhibit the formation
and movement of domains in ferroelectric materials, and thereby affect the hysteresis loss.

INTRODUCTION

The properties of ferroelectric materials like barium titanate have in-
spired a large amount of work and excellent accounts of such work have been
given by Hippel (1950, 1954), Kanzig (1957), Megaw (1957), Jaynes (1955) and
Shirane et al. (1955). The thermoluminescence and effect of X-ray irradiation
on the ferroelectric properties have however attracted limited attention as yet.
Kosmon and Bursion (1957) have worked on the colouration of barium tita-
nate; they have concluded that the darkening of barium titanate poly-
crystals is mainly due to reduction and liberation of metal, whereas colour
changes in single crystals are due to a physical process similar to the electric
field effects in alkali halide crystals.

It is well known that, in the ferroelectric state, a crystal may contain an
array of domains determined by its thermal and mechanical history as well as
by energy balance. It should be possible in ferroelectrics to neutralize the
free dipole ends by electric counter charges; the domain formation may be
inhibited, if mobile charge carriers are easily available and the neutralization
of the free dipole ends eccurs fast enough (Hippel 1954). X-ray irradiation
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of many ionic solids is known to produce trapped electrons and holes which
recombine during the process of thermal bleaching. The probable presence of
mobile charge carriers, during the thermal bleaching of a ferroelectric material
coloured by X-rays, is expected to affect the dielectric properties of such
materials. It was therefore considered worth while to study the thermo-
luminescence and consequent dielectric loss changes in barium titanate ceramic
irradiated by X-rays.

EXPERIMENTAL

The measurements reported here were carried out with barium titanate
ceramic in the form of plates about 0-2 cm in thickness and coated with silver
paint on either side. The samples were prepared in Prof. Scherrer’s labora-
tory (Zurich, Switzerland). The plates were irradiated for six hours on both
sides with tungsten radiations from an X-ray tube run at 75 kV and 15 mA.

The thermoluminescence exhibited by the irradiated samples during
thermal bleaching could be detected and measured by a photomultiplier
(1P21) facing the edge of the sample and placed very near to it. The dielectric
loss was measured at 500 ke/s by the method of resonance in a manner similar
to that of Garlick and Gibson (1947); the Marconi Circuit Magnification Meter
Type TF 329G, suitably modified for increasing the sensitivity and for working
at different temperatures, was used for this purpose. The applied electric field
was about 50 volts/cm.

The sample was mounted on a holder specially constructed for the purpose
and it could be heated steadily by an electric heater of about 300 watts en-
closed in the sample holder. The temperature of the sample during the
dynamic measurements of thermoluminescence or dielectric changes during
heating could be obtained from the simultaneous record of the deflection of a
calibrated thermocouple fixed to the sample holder. Since the ceramic
plates were comparatively thick, a temperature gradient of the order of 10°C
was likely to be maintained across the sample; the measurements of the experi-
ments were thus uncertain to this extent.

- REsuLTs AND DISCUSSION

The X-ray irradiated barium titanate ceramic was found to show ther-
moluminescence emission in the temperature region of 180° C to 400° C with a
peak around 330° C (Fig. 1). While the sample was heated from room tem-
perature (25° C) to 180° C, no thermoluminescence emission was detected.

On X-ray irradiation at ordinary temperature, the dielectric loss of
barium titanate increased from tan 8 = 0-021 to tan & = 0-027 (Fig. 1). On
heating the sample to about 400° C, the dielectric loss was found to attain its
normal value before X-ray irradiation. The excess dielectric loss A tan & of
the irradiated sample over that before X-ray irradiation was found to be
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removed in two stages with heating: one part of the excess dielectric loss
Ay tan & (Fig. 1) was removed by heating the sample to any temperature
between 110° and 180° C, i.e. to a temperature below the onset of thermo-
luminescence emission. This is quite similar to that observed for many ionic
solids irradiated by X-rays. In such cases trapped electrons or holes may
produce dipolar complexes or other highly polarizable centres in the lattice.
If such centres are destroyed during heating, the excess dielectric loss exhibited
by the irradiated solid should show a corresponding decrease during the
process.
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Frc. 1. Variation of excess dielectric loss with temperature and thermoluminesconce of X-ray

irradiated barium titanate ceramic. The sample was exposed for 6 h to X -rays from
a tungsten tube run at 756 kV and 15 mA at a distance of 2 cm from the target, the
rate of heating being 1-5° Cfsec. in all the measurements.

Curve A: total excess loss A tan 8 produced by X-ray irradiation over that of a bleached
(or non-irradiated) sample.

Curve B: excess loss still remaining A; tan 3 even after heating the ceramic to any
temperature between 110° C and 180° C.

Curve C: difference between curves A and B,

Curve D: thermoluminescence.

The exact shape of the curves beyond 330° C is comparatively uncertain.

The temperature variation of the remaining part of the excess dielectric
loss of the irradiated sample, A, tan 3, is shown in Fig. 1; this part of the
excess dielectric loss is intimately related to thermoluminescence, and remains
unaffected even after repeated heating provided the temperature is below that
for thermoluminescence. If the sample be heated to temperatures between
180° C and 400° C, so that thermoluminescence is observed, A, tan 3 is found
to decrease in value and is reduced to zero only after the completion of
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thermoluminescence, that is, when no further emission is obtained by heating
the sample.

The presence of thermoluminescence attended by a corresponding increase
in dielectric loss indicates clearly that X-ray irradiation of the ceramic plate
produces trapped holes or electrons; these trapped charges are released at
temperatures higher than 180° C. So the excess dielectric loss A, tané in the
ferroelectric state should be attributed to such trapped charges. The fact
that A, tand shows a maximum at about 80° C cannot be explained as due to
relaxation effects of the dipolar complexes likely to be formed by the trapped
charges as in the case of alkalihalides; for, in that case, this excess loss cannot
be expected to be zero after the peak temperature. Further A, tand is not in
any way affected by repeated heating to any temperature below 180° C, i.=.
the temperature for the onset of thermoluminescence; thus, this cannot be
assumed to be due to any increase in carrier concentration as may occur during
thermal bleaching of coloured alkalihalides.

The actual mechanism responsible for the observed thermoluminescence
and dielectric loss is not known for this material. It is therefore not possible
at this stage to make any specific conclusion about the nature of the electronic
processes indicated by the present measurements. It is however interesting
to note that a part of the dielectric loss exhibited by irradiated barium titanate
ceramic in the ferroelectric state is intimately related to the thermolumines-
cence occurring at much higher temperature.

It is tentatively suggested that X-ray irradiation increases the hysteresis
loss of barium titanate ceramic in the ferroelectric state. This implies that
the internal electrostatic field induced in the system by charge separation due
to X-ray irradiation inhibits domain formation and their movement, thereby
increasing the coercive field. Since the screening action is through the elec-
trostatic interaction of the charged lattice defects, this effect should depend on
the magnitude of the dielectric constant of the medium. The maximum
shown by A, tan & can then be explained as being due to a corresponding
variation of the dielectric constant in this temperature region.

Mention may here be made to the work of Lefkowitz and Mitsui (1959)
.and Lefkowitz (1959). They studied the effect of y-ray and pile irradiation
on the coercive field of barium titanate. They report that the coercive field
decreases with an increasing dosage of y-ray or pile irradiation. These
results are in apparent disagreement with those reported here. However, it is
to be noted that heavy y-ray or pile irradiation produces lattice defects and.
displacement of atoms; since no colouration or thermoluminescence is ob-
served, it can be presumed that the observed effects are primarily due to
crystalline defects caused by the irradiation. On the other hand, X-ray
irradiation generally produces charge separation and the thermoluminescence
shown by the irradiated sample is a clear indication of the same. The effects
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reported here are therefore primarily due to the electrostatic field due to the
separated charges which may be trapped in the binding material of the ceramic
plate.
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