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Abstract

The purpose of the paper is to study the effect of gamma irradiation on the temperature depen-
dence of the dielectric constant (¢) and dielectric loss (tand) of composite materials PE + x vol%
(0< x < 10). Measurements are carried out with an alternating current at a frequency of 1 kHz us-
ing the measuring bridge E-20. Measurements are carried out at temperature range 300 - 450 K,
irradiated at doses of 50, 100 and 150 KGy. It is revealed that in all irradiated samples with in-
creasing volumetric filler content increase the dielectric characteristics of composites PE + x vol%.
TlGaSe,. Temperature variation of the dielectric parameters, after gamma irradiation are the re-
sult of occurring in the electron-ion and polarization at the interface of the matrix polymer with
filler of TlGaSe:>.

Keywords

Gamma Irradiation, Dielectric Properties, Composite Materials

1. Introduction

It is known that there are several ways for changing the properties of polymers. One of them is to add the low
molecular weight disperse fillers to the volume of the polymer. This composite materials take an entirely new
electro-physical, electret, strength, thermal, optical and other properties [1]-[5].

Usually, additives change supramolecular structure that largely determines physical, chemical and mechanical
properties of polymers and composites based on them. This is due to the fact that when injecting small amount
of fillers into polymers, the fillers act as artificial crystallization nuclei that leads to a change in the material
properties. Thus, by changing the kind of fillers, the properties of polymer-based composite materials may be
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controlled. At present, there exists a rather large amount of works on investigation of fundamental properties of
composites. However, there are no perfect models that explain the processes responding for change of electro-
physical properties of polymers when introducing into them fillers, and also the action of ionizing radiations on
these properties. In this connection, investigations of the effect of disperse fillers and also irradiation with y-rays
on electro-physical properties of polymers and composites based on them are very actual [6]-[8].

The purpose of work is to study the dielectric properties of y-irradiated composites with semiconducting fil-
lers as PE + x vol% TI1GaSe, dimensions 100 nm.

2. Experimental Technique

Composite samples are obtained by mechanical mixing of TIGaSe, powder with the PE powder in porcelain
mortar. The mixing is continued until we have obtained a homogeneous mixture. The mixture is kept for some
time at the melting temperature of the polymer under pressure of 5 MPa. In the same temperature by compacting
the homogeneous mixture and the pressure slowly increases to 15 MPa. At this temperature, the sample is main-
tained for 5 minutes and then is quickly cooled in water. The sizes of the samples are: thickness is about 80 -
120 x 10 % mm, diameter of the obtained samples is 35 mm. Provide reliable electric contact between the sam-
ples and electrodes made of stainless steel, the electrodes made of thin aluminum foil of thickness 7 x 10° mm
was pressed to both working surfaces of the sample.

The measurement of dielectric constant and dielectric loss PE + x vol% TIGaSe, carried out in the range 296 -
520 K with a linear rise in temperature at the rate of 2.5 K/min. Block diagram of the setup is shown in Figure 1.
Measurement of ¢ and tgo realized with alternating current frequency at 1 kHz. Sample (2) is kept between the
two electrodes of the cell for measurement. Then the sample is heated in the cell via the heater (4) that was de-
signed integrated in the laboratory with constant speed 2.5 K/min. The temperature of sample is registered by
the thermocouple (3) by the system that attaches the heater 4. Resistance of the sample is measured by the tera-
ohmmeter (5) (E6-13A), while dielectric constant and dielectric loss measuring by the bridge E-20. The sam-
ple’s temperature is measured by the temperature meter (6) (M-64). For the power supply of the heater used
three-auto-regulated system (7).

3. Results and Discussion

The results of dielectric constant (¢) and dielectric loss of composites PE + x vol% TIGaSe, at different tem-
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Figure 1. Block diagram of the apparatus for measuring temperature depen-
dences of dielectric constant and dielectric losses: 1-measuring cell, 2-sample,
3-thermocouple, 4-heater, 5-immittance meter, 6-termometer, 7-three-auto-

regulated system.
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peratures up to y-radiations is shown in Figure 2. The investigations were carried out at temperature range 300 -
450 K for the composites PE + x vol% TIGaSe,, where x = 0; 3; 5; 7 and 10. TIGaSe,. As is evident in Figure 2.
in dependences ¢(T) and tgd(T) at temperatures 320 - 326 K there appears one low temperature maximum. With
increasing the content of the filler TIGaSe, the values of ¢(T) and tgd(T) increase.

At room temperature the values of dielectric constant of the composites with fillers x = 0; 3; 5; 7 and 10 vol%
TIGaSe, is 2.35, 2.7, 3, 3.40 and 3.65, while at temperature 320 K, 2.35, 3.1, 3.55, 4.15 and 4.5, respectively. In
particular, for the composite 3 vol% TIGaSe, with increasing the temperature from the room temperature to 320
K, &(T) increases by 17% (curve 2), for the composite with x = 5 (curve 3) at the same temperature range &(T)
increases by 18%, for the composite with x = 7 (curve 4) by 22%, for the composite with x = 10 (curve 5) by
23%. For the compositions under investigation, with increase of the filler content there happens increase of the
quantity of ¢(T) and tgd(T), in particular, for the composites with x = 0; 3; 5; 7 and 10 x vol% TIGaSe; at room
temperature tgo(T) becomes 0.013, 0.027, 0.043, 0.070 and 0.10, while for 330 K - 0.013, 0.043, 0.073 0.113,
0.24, respectively. With increasing the filler content at temperature 330 K the diffuse maximums are observed.
With change of temperature from the room temperature to 330 K, for the composite 3 vol% TIGaSe, the ampli-
tude of tgd(T) increases for the composites with fillers 5; 7 and 10 vol% TIGaSe, the increase of tgd(T) at the
indicated temperature range is 17%, 16% and 24% respectively. For this composites with increasing the filler
content, the value of &(T) and tand(T) in the entire investigated temperature range is increased.

The effect of y-irradiations on dielectric properties of the composites PE + x vol% TIGaSe; is investigated.
The studies were carried out on the composites irradiated at 50, 100, 150 kGy. The results are given in Figure 3.
Temperature dependence of dielectric constant of composites PE + x vol% TIGaSe,, irradiated at dose of 50
kGy is given in Figure 3(a). As it follows in Figure 3(a), with increasing the filler’s content, on the whole of
temperature range there happens increase of ¢, and on the curves ¢(T) the maximums appear. However, in the ir-
radiated samples the maximums are shifted to the area of higher temperatures (360 - 370 K) and become weakly
expressed. In the composites irradiated at dose of 50 kGy dependencies of maximums in tand(T) were not re-
vealed, monotone decrease of tand(T) (Figure 3(b)) are observed.

The results of investigations of temperature dependence of dielectric constant of composites PE + x vol%
TIGaSe,, irradiated at dose of 100 kGy are given in Figure 3(c). As is seen from Figure 3(c), ¢ increases due to
increase in the filler content. In particular, at room temperature, ¢ for the composites with admixtures x = 3; 5; 7;
and 10 vol% TIGaSe; is 3.6, 4, 4.4 and 4.66, respectively, and at temperature 360 K, ¢ of these composites was
3.87; 5.2; 5.87 and 7.47, respectively. Thus, in irradiated 100 kGy composites, at low temperatures with in-
creasing the temperature from the room temperature to 370 K, ¢ increases, and with a further increase in temper-
ature it decreases. Dielectric losses of these irradiated composites typical for all samples increase to 380 K, and
at temperature range 380 - 450 K it decreases (Figure 3(d)). The results of investigations of temperature depen-
dences of dielectric constant of composites PE + x vol% TIGaSe, irradiated at dose 150 kGy are given in Figure
3(e), from which it follows that in &(T) dependence with the exception of pure polyethylene for all irradiated
samples, with increasing temperature at wide range, dielectric constant increases. With increasing the filler content,
the appropriate maximums of composites shift to the area of higher temperatures. Temperature dependence
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Figure 2. Temperature dependences of dielectric constant (&) and dielectric loss of composites PE + x vol%
TIGaSe,, where 1-x = 0; 2-x = 3; 3-x = 5; 4-x = 7; 5-x = 10.
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Figure 3. Temperature dependences of dielectic constant (¢) and dielectric loss of composites PE + x vol%
TIGaSe,, under irradiated 50 kGy (a) (b); 100 kGy (c) (d); and 150 kGy (e) (f) where 1-x = 0; 2-x = 3; 3-x =
5;4-x=17;5-x = 10.

of dielectric loss of composites radiated at the dose 150 kGy is given in Figure 3(f). As it follows from Figure
3(f), the temperature dependence tg(T) of composites, irradiated at dose of 150 kGy is relatively complicated, i.e.
at lower temperatures tand increases, at the certain interval it decreases, and at 420 K increases. Note that for the
composites irradiated by y-rays at dose of 150 kGy the value of tgd increases due to increase of the filler content.

Analysis of the results of investigation of dielectric properties of irradiated composites PE + x vol% TIGaSe,
shows that on the temperature dependence &(T) before and after irradiation one single maximum is observed.
Apparently, appearance of this maximum in connected with participation in polarization process deeper traps
emerging after y-radiation.

Effect of y-radiation on composites PE + x vol% TIGaSe, reduces to significant alternation in the dependence
&(T) and tano (Figure 2). So, after y-radiation of composites in the interval 50 - 150 kGy, at temperature depen-
dences ¢(T) one distinct maximum is observed. With increasing the dose of y-radiation, the maximums in &(T)
dependences shift to area of higher temperatures. Probably, appearance of maximum is connected with partici-
pation of deeper traps in the polarization process, and shift of the maximums is the result of change of the cha-
racter of interphase boundary layer parameters after irradiation effect.
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Analysis of dependences tand before and after y-irradiations (Figure 2, Figure 3) shows that effect of y-irradi-
ation on the composites PE + x vol% TIGaSe, reduces to significant change of dielectric losses. It is seen from
tand dependences that at lower doses (50 kGy) of radiation, the observed decrease of tano is connected with the
cross-linking processes that occur both in polymer matrix and in interphase layer of the polymer with TIGaSe,
filler. In the samples radiated at doses of 100 kGy, the observed relative stabilization of the value of tano is the
result of balancing of cross linking and destruction processes. In the samples irradiated with dose of 150 kGy the
changes of tang are observed. Apparently, this is connected with prevalence of destruction processes.

Thus, changes in the dielectric characteristics of the composites based on polyethylene with TIGaSe, filler af-
ter y-radiation is the result occurring in the electron-ion and polarization processes in the polymer matrix and the
interface of the polymer with the TIGaSe, filler. These processes manifest themselves in increasing the concen-
tration of low-energy surface states with increasing the filler content and the appearance of deep traps after
y-irradiation.

4. Conclusion

In this paper, we studied the effect of different doses of y-irradiation on composites PE + X vol% TIGaSe,. The
temperature dependence of the dielectric constant and dielectric loss of composites revealed that by changing the
temperature and fillers content and the radiation dose could be obtained composite material with desired dielec-
tric parameters
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