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Abstract: Herein, the results of the study of the effect of ionizing y-radiation on the electro-physical
properties of HDPE/SiO, nanocomposites obtained at different volume ratios have been presented. It has
been shown that the changes in the molecular structure of the polymer due to the influence of y-radiation
on the HDPE/SiO, nanocomposites have a significant effect on the dielectric properties and relaxation
processes of the material. The electro-physical properties of the composites are determined by the
relaxation processes of accumulated charge on the inter-phase boundary of polymer-filler and crystallite-
amorphous phase in the polymer matrix and these properties can be controlled by the influence of gamma
radiation
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1. Introduction

Inorganic fillers and polymer-based composite systems are the most relevant and
important group of materials in terms of their large-scale application and irreplaceable hybrid
properties. For this reason, the synthesis and development of polymer-based nanocomposite
materials in various areas of science, technology and industry is one of the main priorities. Thus,
the acquisition of two-component hybrid systems by adding nano-SiO: filler to polymer matrix
provides endless practical opportunities in modern micro and nanoelectronics, as well as in
highly sensitive sensor technology and functional smart materials industry. The properties of
materials obtained by the addition of nanosize fillers to the polymer matrix show superior
properties as a result of synergistic effects, that is, the combined properties of the polymer and
the filler are higher than those shown separately. Of course, it is worth noting the change in the
properties by the sharp increase of the interphase layer with the insertion of the filler into the
polymer matrix. A large number of authors have shown that this effect can be observed even at
very low concentrations of fillers [1-4]. For example, the following authors have shown that
although permittivity of inorganic fillers such as Al>Os, MgO, SiO2 and BN are close to the
polymer matrix, the permittivity of nanocomposites obtained by their inclusion into the polymer
matrix can significantly increase in very small volume fractions of nanoparticles [5].

Despite the above, the main purpose of our present work was to investigate the influence
of y-radiation on the electro-physical properties of HDPE/SiO> nanocomposites obtained at
different volume ratios.
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1. 2. Sampling and measurement techniques

High-density polyethylene (HDPE) of 20806-024 brand with a molecule mass of
95-10%g/mol, crystallinity degree - 60%, melting temperature - 130°C, density - 958g/cm?® was
used as polymer matrix during the acquisition of nanocomposites. And, a-SiO2 (Sky Spring
Nanomaterials, Inc. Houston, USA) nanoparticles with a special surface area of S=160 m?/g,
density - 2.65 g/cm?®, particle size - 20-30 nm, purity degree - 99.9%, having an amorphous
structure with spherical morphology was used as a filler.

The composite samples were prepared by thermal pressing of homogeneous mixture of
components taken at different (1, 3, 5, 10, 20%) volume ratios, at 438K, under 15 MPa pressure,
for 10 minutes, and then instantaneous cooling it in a water-ice system. The electro-physical
parameters of the obtained “sandwich” type samples were measured using an E7-20
immitansmeter. Samples were irradiated at room temperature (T=298K), in MPX-y-25M type -
radiation device with ®°Co radiation source [6, 7].

2. Results and discussions

Frequency dependences of real €'(v) and imaginary " (v) parts of complex value £*(v)
of permittivity of HDPE/SiO2 composite samples, initial and irradiated at different doses (100,
300 kGy) by y-radiation, defined at a room temperature have been given in Figure 1. It should be
noted that the real and imaginary parts of the permittivity were calculated using the following
equations:

c,d
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Here, C; is electrical capacity of the sample, d — the thickness of the sample, S - electrode surface
area, &,— dielectric constant of vacuum (¢, =8,85-107* %), tgo - tangent of dielectric loss

angle.

As can be seen from the figure, the values of the real and imaginary parts of the
permittivity are high in low-frequency regions (100Hz — 1 kHz) both before and after irradiation,
but in the high-frequency regions, it sharply decreases starting from 5 kHz and then it remains
completely stable. This law has been proven by sufficient scientific evidence that has already
been explained in research. Thus, the tendency to the decrease of permittivity with increasing
frequency in different dielectrics, especially polymer-based composite materials, is explained by
various polarization mechanisms and relaxation effects [8, 9]. It should be noted that the real
value (&") of the permittivity is a measure of the polarization amount of the material in a
physical sense, and describes the ability of the material to collect the energy of the electric field,
that is, the electrical capacity. However, the imaginary value (&") of permittivity describes the
part of electric field energy, accumulated in the material, which is converted into thermal energy,
that is, lost energy. As it is seen, the values of real part of the permittivity of nanocomposites
increases sharply in the low-frequency region (100 Hz - 1 kHz) compared to pure polymer, both
before and after irradiation depending on volume of filler. This increase can be seen even in the
lowest filler volume (1%). Naturally, this increase is due to the polarization in the interphase
boundary between the polymer matrix and the filler under the influence of the external electric
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field, more precisely due to the Maxwell - Wagner - Sillars effect. Usually this polarization
occurs between interphase macroscopic surfaces with different conductivity and having
permittivity, of two or more phase heterogeneous systems. It should be noted that interfacial
polarization is characterized by a higher relaxation period than other polarization types. As the
dependencies show, while the real and imaginary part of the permittivity decreases at 100kGy in
comparison with the corresponding parameters of the initial samples, the increase in these

parameters at the dose 300kGy starts again.
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Fig. 1. Frequency dependence of real &' = f(v) and imaginary € = f(v) parts of the permittivity of
polymer nanocomposites HDPE+%SiO, with different volume fraction before and after irradiation

We consider that this is due to the increase of the radiation construction process in
polymer matrix and between the matrix and nanoparticle surface around the 100kGy dose, and of
the destruction process in the matrix and interphase boundary when approaching 300kGy dose. It
is seen that all these factors cause the peaks, characterizing the relaxation process from 5%
volume amount of filler, to shift to high-frequencies in the frequency dependence of dielectric
losses of polymer nanocomposite HDPE/SiO> and to increase their half-width (Figure 2). It is
known that the relaxation period is determined by the time it takes to transfer the relaxators that
make up the dielectric, i.e. molecules, from the excited state to the stable. The polarization
process occurs more conveniently when the electric field frequency is lower than the relaxation
frequency. At this time, the dielectric losses in the material are very low. If the frequency of the
external electric field increases and becomes equal to the relaxation frequency, then we observe
the resonance state of dielectric parameters, that is, the maximum value. The subsequent increase
in the frequency of the external electric field weakens the polarization process and the parameter
values begin to decrease. The dielectric losses depend on the type of polarization and dielectric
losses occurring in about 103-10* Hz frequency region characterize the inter-phase Maxwell —
Wagner polarization. Dielectric losses during dipole polarization are observed at a frequency of
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108Hz, losses due to atomic polarization are at 10*?Hz, and dielectric losses due to the electron
polarization are observed at 10*® Hz [10].

Along with all this, the increase in permittivity due to inter-phase polarization sometimes
impedes the material's ability to accumulate energy. Thus, the local electric field generated by
the charges accumulated in the interphase layer gets very high value, which results in a decrease
in the alternating current (AC) conductivity and the electrical strength of the material and in an
increase in dielectric losses [10].
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Fig. 2. Frequency dispersion of tgd = f(v) of dielectric loss angle tangent in HDPE+% SiO. polymer
nanocomposites before and after irradiation

Along with this, the dependence of the permittivity (¢) and dielectric loss angle tangent
(tgd) of the HDPE/SiO2 nanocomposites initial and irradiated by gamma-radiation at different
doses, which were defined at a constant frequency, on the volume amount of filler (Figure 3). It
was found that the samples’ permittivity and dielectric loss angle tangent increase by exponential
law in all doses depending on the volume amount of the filler. However, the permittivity of the
sample under a dose of 100 kGy is lower than that of the sample under 300 kGy dose. We
believe that the increasing number of constructions in the composite structure, matrix and
polymer-filler interphase boundary layer at a dose of 100 kGy decreases the polarization
capability by reducing the relaxors (polymer chains) mobility, increases the activation energy of
the associated charges and as a result, the permittivity of the sample decreases. Increasing the
absorbed dose up to 300 kGy results in a relative increase in permittivity due to the small-sized
aggregates formed due to the destruction processes in the composite structure and increased
polarization ability of free elements of the chain.
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Fig. 3. Dependence of permittivity (¢) and dielectric loss angle tangents (tgd) of YSPE/SiO;
nanocomposites initial and irradiated by gamma radiation at different doses on the volume amount of
filler at constant frequency (v = 1 kHz)
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The formation of a special interaction zone, that is, the third phase between nanoparticles
and polymer chains in the composite materials obtained when nano-size filler was added to the
matrix is nothing new and has been mentioned by many authors [9, 11, 12]. The amount of the
third phase (effective surface area) formed between the particles and polymer matrix sharply
increases when the filler size is lower than 100 nm, and it plays a very important role in
modifying the physical properties of the material. It is known that the interphase area in
nanocomposites sharply depends on the activity, form and geometric parameters of nanoparticle
surface. Therefore, the interphase area can be regarded as a layer with a certain thickness formed
between polymer matrix and particle. Sometimes, polymer nanocomposites containing spherical
morphology fillers are presented as 0-3 systems with a certain thickness and volume [13].

In order to identify the influence of thermal activation on the dielectric relaxation
processes of irradiated polymer nanocomposites HDPE/Si», we investigated the temperature
dependences of dielectric permittivity (&) and dielectric loss angle tangent (tgé) (Fig. 4)
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Fig. 4. Temperature dependence of permittivity (¢) and dielectric losses (tgd) of HDPE/SiO> polymer
nanocomposites irradiated at different doses: a-100 kGy; b-300 kGy

As it is seen, in the polymer matrix, two relaxation peaks are observed at the temperature
ranges of 70-110°C and 110-140°C in the values of both dielectric permittivity and dielectric loss
angle tangent starting from 3% volume fraction of filler. We believe that the relaxation peaks
observed at 70-100°C temperature range occurs due to the melting of crystallites in the polymer
matrix by the influence of temperature and to the thermal degradation of crystal-amorphous
interphase boundary. But, the relaxation peaks formed in the high temperature regions (100-
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130°C) occurs due to the thermal relaxation of charges of Maxwell-Wagner polarization in
polymer-SiO> interphase layer [14-15]. On the other hand, as we mentioned before, while
dielectric permittivity and loss of the sample irradiated at 100kGy dose decrease due to the
influence of construction and destruction processes occurring under the influence of ionizing
radiation, these parameters sharply increase in the samples irradiated at 300kGy dose. The
decrease in the half width of the peak in the tgd = f(T) dependence of these samples and its
shift to the low temperatures give us reason to say that the destruction process mainly affects the
crystalline and amorphous phases of the polymer. Thus, we can say that relaxation processes
observed during the temperature dispersion of dielectric permittivity e = f(T) and dielectric loss
angle tangent tgé = f(T) in the polymer nanocomposites HDPE/SiO> confirm the results we
obtained during TSD measurements [14]. As the electro-physical properties of these composites
are defined by the relaxation processes of charges accumulated in the crystallite-amorphous and
polymer-filler interphase boundary in the polymer matrix, it is possible to control these
properties by the influence of gamma influence.

3. Conclusion

The changes, occurring in the molecular structure of the polymer due to the y-radiation
influence on the dielectric properties of nanocomposites HDPE/SiO> obtained by the addition of
inorganic nano-SiO; filler with different volume amount to the polymer matrix and on the
relaxation processes, have a significant effect on the electro-physical properties of the material.
As the electro-physical properties of these composites are defined by the relaxation processes of
charges accumulated in the crystallite-amorphous and polymer-filler interphase boundary in the
polymer matrix, it is possible to modify these properties by the influence of gamma influence.
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BJIUAHUE TAMMA U3JIYYEHUSA HA DJIEKTPO®PU3INUYECKUE CBOMCTBA
HAHOKOMITO3UTOB INOJTYYEHHBIX HA OCHOBE IOJJUETAJIEHA BHICOKOU
MJIOTHOCTHU C HAHOYACTHULAMM SiO2

A.A. HaOueB

Pe3tome: B pabore mpencTaBiIeHbl pe3yibTaThl BIMSHHE TraMMa M3Iy4eHHMs Ha JJIEKTpopH3UUIEecKUe
cBoiictBa HaHOKOMIO3uTOB I[IDBII/SiO; moONydYeHHBIX MPU PA3IMYHOM COJACPIKAHUH HATIOTHHUTEIIS.
Ilokxa3zaHo, 4TO MPOMUCXOAINE N3MEHEHUS B MOJEKYJISIPHOM CTPYKType MOJMMepa Iocie BO3AEHCTBUSA
ramMmma u3inydeHus Ha Hanokommo3utsl [1DBIT/SIO; mocrarouna CHIBHO BIUSET Ha IMAJICKTPHUYCCKUC
CBOWCTBAa M pellaKCallUOHHBIE IIpOIlecCchl Marepuana. OJIeKTpodu3ndeckue CBONCTBa KOMIIO3UTOB
OTpeJieNisieTC  peNlaKCallMOHHBIMU — MIPOIlecCaMK  HAaKOIJICHHOTO 3apsiia B MexX(a3sHOH TpaHuIe
KpUcTaUIMT-aMopHast (a3a B MOJTUMEPHON MaTpUle M HANOJIHUTENb-TIONUMEp B Kommosute. Kpome
3TOTO UMEETCS BO3MOXXHOCTH YIPABIATH 3JIEKTPOPU3NIECKUMU CBOWCTBAMH KOMIIO3UTOB BO3/IEHCTBHEM
raMMa U3IIy4eHUsl.

Knioueevte cnosa. TlomustuieH Boicokod turotHoctd (TIDBIT), kpemuumit  mumokcun  (SiO»),
HAHOKOMITO3UT, MeXK(A3HBINA CIIOH, TUIICKTPUUCCKAs CTICKTPOCKOIIHS, PEIaKCallHs, raMMa PaHaIiisl

YUKSOK SIXLIQLI POLIETILENLO NANOOLCULU SiO2 OSASINDA ALINMIS
NANOKOMPOZITLORIN ELEKTROFIZiKi XASSOLORINO
QAMMA RADIASIYANIN TOSIRi

A.A. Nabiyev

Xiilasa: 1sdo miixtolif hacm nisbatinds alinmis YSPE/SiO, nanokompozitlarinin elektrofiziki xassalorino
ionlagdirict y-stialanmanin tasirinin tadgiginin naticalori tagdim olunub. Gostorilmisdir ki, alinmis
YSPE/SiO> nanokompozitlaring y-siialanmanin tasiri naticasinds polimerin molekulyar strukturunda bas
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veron doyisikliklor materialin dielektrik xassalorino vo relaksasiya proseslorino ciddi tosir gostorir.
Kompozitlorin elektrofiziki xassalorini polimer matrisada kristallit-amorf faza ilo polimer-doldurucu
fazalararasi sorhoddinds yigilan yiiklorin relaksasiya proseslori miisyyonlosdirir vo qamma siialanmanin
tosiri ilo bu xassalori idars etmak olar.

Acar sozlar: yiksok sixligh polietilen (YSPE), silisium dioksid (SiO2), nanokompozit, fazalararasi
tobaga, dielektrik spektroskopiyasi, relaksasiya, gamma radiasiya
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