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Study on Effects of Electron Beam Irradiation on Electrical
Characteristics of Polymer Insulating Material

Katsuyoshi SHINYAMA

ABSTRACT

Polymer insulating materials are used as insulating materials for electrical equipments and
insulating cables under such special environmental conditions as in atomic reactor and radia-
tion-applied facilities. Furthermore, its application to such fields as aerospace and medical
treatment is being considered recently. However, in the above-mentioned cases, in addition to
a high-energy radiation environment its application is also under extremely severe environmen-
tal conditions characterized by high temperatures, extremely low temperatures, and high
vacuum. Consequently, for the purpose of securing the safety of the facilities and conducting
smooth maintenance management, it is necessary to use materials featuring even higher
reliability to meet severer conditions.

Polyetheretherketone (PEEK), which is said to be particularly excellent in heat resistance
and radiation resistance among super-engineering plastics, is receiving attention as a next-
generation electrical insulating material. However, no record is available for systematic study
of the characteristics of electrical insulation of PEEK exposed to radiation, so it is necessary
and important to throw light on any unknown points in order to apply it for actual purposes.

In the experiments introduced in this thesis, for the purpose of examining the electrical
insulating properties of PEEK exposed to radiation, high-dose electrical beams capable of
radiating high-dose radiation in a short time and having the same effect as y rays were
radiated to PEEK in the air, so as to throw light on the relationship between the change before
and the electron beam irradiation and its electrical characteristics and clarify its practicality
and range of application, thereby contributing to engineering progress. This thesis comprises
6 chapters in all.

Chapter 1, the introduction, gives a brief statement on the purpose of this study, describing
the broad outlines of the process of studies on polymer insulating materials to be used under the
radiation environment, alluding to the content of the study introduced here.

Chapter 2, describes about the evaluation of free volume of PEEK exposed to electron
beam irradiation by making use of positron annihilation. With respect to samples unexposed
to electron beam irradiation, the long-life component (z;) of positron gradually expanded in
accordance with temperature rise, beginning to make a steep increase suddenly at around
143°C, the glass transition temperature of PEEK. Concerning samples exposed to 50 MGy and
100 MGy doses of radiation, the same tendency as that of unexposed samples was presented at
temperatures below the glass transition temperature, however above that temperature the rate
of increase became small. From this, it was revealed that in the temperature range above the
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glass transition temperature increase of free volume could be suppressed by electron beam
irradiation. From the results, it was made clear that molecular crosslinking was promoted
through radicals when PEEK is exposed to electron beam irradiation, and it was shown in a
concrete manner that positron annihilation turned out to be effective as a method for the
evaluation of internal structural change of polymer insulating materials exposed to radiation.

In Chapter 3, the examination on the effects of electron beam irradiation affecting the
conduction current characteristics of PEEK is described. [t was made clear from the result of
the measurement of the time dependence of conduction current that ionic conduction would
occur when the temperature of the sample is above the glass transition temperature. From the
result of measuring the temperature dependence of conduction current, it was clarified that the
temperature at which conduction current began to abruptly increase shifted to a higher
temperature side in accordance with the increase of radiation dose. Furthermore, with respect
to samples exposed to radiation, it was made clear that peaks would appear in the higher
temperature range between 205°C and 215°C, and that the number of ions would increase by
electron beam irradiation. From the result of measuring the electric field dependence of
conduction current, evaluation of ionic hopping distance was conducted, wherehy it was
clarified that the chance of the occurrence of hopping conduction would be diminished by
electron beam irradiation. From these results it was made clear that although such phenom-
ena as capturing in ionic hopping site and increase of the number of ions would occur by
electron beam irradiation, ionic conduction would be suppressed by the crosslinking effect by
electron beam irradiation, resulting in improvement of electric insulating characteristics.

In Chapter 4, examination of the effects of electron beam irradiation affecting the thermal
stimulated current (TSC) characteristics of PEEK was conducted. It was made clear from the
temperature dependence of spontaneous current before the application of a bias current, that
the temperature at which spontaneous current would abruptly increase would be shifted to a
higher temperature side by electron beam irradiation. From the results of measuring TSC, it
was revealed that the temperature difference between an unexposed sample and a sample
exposed to electron beam irradiation expanded under any hias voltage with the increasing bias
temperature, the peak temperature for the exposed sample shifting to a higher temperature
side. When bias temperature was 140°C, the larger the quantity of electron beam irradiation,
the more the peak area of TSC tended to decrease gradually, at bias temperature 180°C, the
peak area of TSC of a sample exposed to 50 MGy radiation was larger in comparison with that
of an unexposed one, but when the dose was more than 50 MGy, it decreased. From these
results, it was made clear that the numbers of dipoles and ions would increase in accordance
with the increase in the quantity of electron beam irradiation, but when it was in excess of 50
MGy, the crosslinking effect would be increased, with the free volume becoming smaller and the
polarization occurring less often.

In Chapter 5, discussion is made on the effects of electron beam irradiation affecting
dielectric characteristics. By measuring the temperature dependence of specific dielectric
constant and specific dielectric loss factor, it was found that the temperature at which specific
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dielectric constant would make a steep rise and the absorption of specific dielectric loss factor
would appear would shift to the side of higher temperatures in accordance with the increase of
radiation dose, and the larger the maximum value of absorption, the larger the quantity of
electron beam irradiation would become. From the result of conducting Williams Landel-
Ferry (WLF) plotting on the temperature dependence of specific dielectric loss factor, it was
found that the glass transition temperature would shift to the higher temperature side by
electron beam irradiation, and that the larger the quantity of electron beam irradiation, the
larger the relaxation time in the glass transition temperature would become. From the result
of studying the frequency dependence of specific dielectric constant and specific dielectric loss
factor, it was confirmed that dielectric absorption would shift to the lower frequency side in
accordance with the increase in the quantity of electron beam irradiation. Furthermore, cole-
cole-plotting was made from the frequency dependence of specific dielectric constant and
specific dielectric loss factor, and it was made clear that the distribution of relaxation time
would expand by electron beam irradiation with the amorphous area increasing.

In Chapter 6, as a conclusion, the result of the study introduced here and its engineering
significance are described.
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