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Abstract: UHMWPE/SiO, composites have been obtained from a homogeneous mixture of ultra-high-
molecular-weight polyethylene (UHMWPE) and nanodisperse silica dioxide (a-SiO2) powders by hot
pressing method. Temperature dependence (20-170°C) of their specific electrical conductivity cq. before
and after y-irradiation (D=200kGy), effect of absorbed dose on the value o4, (dose dependence), and also
behavior of the function Incy.=f(T) have been studied under heating-cooling conditions. It is shown that,
the dependence Incg.=f(T) in both cases has a complex character: there observed “breaks”, associated with
phase transitions. It has also been studied the frequency dependence (25-10°Hz) of the real (M’) and
imaginary (M") parts of complex electric module. Analysis of these dependencies showed the relaxation
character in nanocomposites UHMWPE+a-SiO; conditioned by interfacial polarization (Maxwell-Wagner
effect) and that the dielectric properties of these composites and also their conductivity in high frequency
range are determined by polymer matrix.

With increasing concentration of a-SiO; in the matrix there is observed a growth in the values ¢’
and &" (tgo), and the dependence of these values on frequency corresponds to the exponential law.

Keywords: ultra-high-molecular-weight polyethylene (UHMWPE), composite UHMWPE+a-SiO,,
dielectric loss, dielectric permittivity, electrical conductivity, frequency, y-irradiation, electric module.

1. Introduction

In recent years studies in the field of development of materials with special and practically
important electrophysical properties based on polymer composites, containing metal nanoparticles
and their oxides, have greatly expanded due to the use of such multi-functional materials in the
development of new, more efficient electroactive elements of dielectronic devices. Despite the
great advances, reached in this area, the ascertainment of interaction mechanisms between organic
and inorganic phases in such nanocomposite systems remains an important and not fully studied
question of developing new polymer composite materials (PCM), having a combination of various
properties that allow using them in different applications [1,2].

In the past decade, ultra-high-molecular-weight polyethylene (UHMWPE) which belongs
to a new generation of polymers are being used as a matrix by applying nanotechnology
approaches modifying the base polymers with nanodisperse additives in order to improve the
performance properties of PCM [3]. In this case it becomes possible to adjust the structure and
properties of the materials in wide range due to nucleating and orientation effects, changes in
conformation of macromolecules, their chemical binding to the surface of nanosize particles and
“healing” of defects in the structure.

PCM have a number of promising electrophysical [4], electret [5] and optical [6] properties
in applied approaching, that make them suitable for being used as base materials in development
of new sensors, photovoltaic cells, various sensors, piezomaterials, etc. [7]. However, the
expansion of practical application of PCM is limited by the lack of detailed information about
adhesion between particles and matrix, and other possible interactions between phases, formation
of boundary layer near the micro- and nanoparticles of the filler, charge carrier transport
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mechanism, role of the phase boundary, electron-ion and polarization processes in formation of
their active properties.

It should be noted that, within the development of new PCM it is necessary to have
information about temperature and frequency dispersion of the real (¢') and imaginary (¢") parts
of complex dielectric permittivity (€), dielectric loss tangent (tgd), conductivity on direct (c4c) and
alternating (oac) field and about the basic laws of structural relaxation within inclusion of micro-
and nano filler into the polymer matrix [8]. Such kind of studies is attractive from the viewpoint
of miniaturization of electronic cells and transition to technologies in molecular level. It is also
known [9-11] that, one of the effective ways of modifying polyolefins is the application of ionizing
radiation. Modification of composites by ionizing radiation is more universal. In this case it is
possible both cumulative effect of modifying factors on polymers and their non-additive
contribution. In this regard, the study of dielectric properties and electric conductivity of the
composite system UHMWPE and nano-SiO: in a wide temperature and frequency range presents
itself actual. Besides, the improvement of the properties of polymer nanocomposites is of interest
in terms of expanding their application fields in micro- and nanodielectronics.

In order to search the opportunities to adjust the properties of composite materials on the
base of nanoparticles of amorphous a-SiO> dioxide in UHMWPE matrix, in the work it has been
studied the temperature dependence of their conductivity cq. before and after y-irradiation,
influence of adsorbed dose on the value cq4. (dose dependence), as well as the behavior of the
function Igoqc=f(T) under heating-cooling conditions and frequency dependence of the real (&)
and imaginary (g") parts of the complex dielectric permittivity, also dielectric dispersion of
UHMWPE+a-SiO2 nanocomposites obtained by hot pressing method using the concept of electric
module.

2. Experimental

As a polymer matrix it has been chosen powdered ultra-high-molecular-weight
polyethylene (UHMWPE) with an average molecular weight of 1,55-10%g/mole, crystallinity
degree of 65%, melting point of 190 °C and density of 940kg/m?. Selection of UHMWPE as a
matrix is due to the fact that, it has a unique set of physical and mechanical properties, high wear
properties and impact strength, stability in harsh environments. As a filler it has been used an
amorphous silica dioxide a-SiO2 (Sky Spring Nanomaterials, Inc.Hauston, USA) with 20nm size
of spherical particles, specific surface area of S=160m?/g and density of 2,65g/sm®.

While producing film samples it was used the following scheme of powder technology
[12]:

- mixing UHMWPE and a.-SiO2 powders in a porcelain mortar;

- pressing a homogenous mixture of powders of the components in hydraulic press with
heated plates at the pressure of 15MPa at exposure 190°C for 5 minutes and obtain of the composite
samples in the form of discs with 20mm diameter and 80-100mkm thickness;

- pressing on both working surfaces of electrode samples of thin aluminum foil with 7mkm
thickness with a subsequent cooling in ice-water mixture (quenching mode) for ensuring good
electrical contact between sample and stainless steel electrodes.

The values ¢’ and tgd were determined by two-electrode system within the frequency range
from 25Hz to 10°Hz and at voltage U=1V using a special shielded and grounded heated measuring
cell of “sandwich” type having measuring system and potential electrodes with 15mm and 30mm
diameters, respectively. The samples were placed in the measuring cell with clamping stainless
steel electrodes. Measurement of capacitance C and tgo of the samples was carried out by a
broadband precision immitance meter of E7-20 type, and bulk resistance py by a teraohmmeter
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E6-13A. Then, on the base of the measured values of the shown parameters and geometric
dimensions of the samples it has been determined the values of the real &' (&' =C - d /&0 S, where
S —the area of planar sample, d — density of the film, go — dielectric constant) and imaginary " (g"
= &'tgd) parts of the complex dielectric permittivity by standard methods. Irradiation of the
composite samples were carried out on y-radiation ®°Co isotope source on the facility PX-y-30.
Radiation dose rate was -3,3-10°Gy/h.

3. Results and discussion

The main results of the studies of temperature-frequency and dose dispersion of ogc
conductivity, real and imaginary parts of complex dielectric permittivity of UHMWPE samples
and composite materials based on it are depicted in fig.1-4. Figure 1 shows the dependence
Incac=f(T) of composite materials based on UHMWPE on a-SiO> content before (a) and after (b)
irradiation at dose of 200kGy. It is seen from figure that, by increasing the filler concentration to
5 vol.% the value of conductivity of nanocomposite samples increases by 5 orders. It can be
assumed that, the increase in electric conductivity is due to the increase in the concentration of
charge carrier.
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Fig.1. Temperature dependence of electrical conductivity of UHMWPE, containing 0(1), 1(2), 3(3), 5(4)
a-Si0, microparticles before (a) and after (b) y~irradiation at 200kGy

Type of dependence In c4c=f(T) is complex, there are “breaks” associated with phase
transitions. Conductivity of UHMWPE+a-SiO> system is greater than the base binder UHMWPE
in all the studied temperature range. All samples have low conductivity (c=1013-10°0hm™m™),
characteristic for dielectrics. With increasing temperature the conductivity of UHMWPE and
composite with a filler concentration of 1%vol. (curves 1,2) is somewhat reduced to the
temperatures of 110 and 130°C, respectively (I region), reaches minimum and then increases to
170°C (11 region). Within the insertion of -SiO2 3%vol. nanoparticles with increasing temperature
the conductivity of the composite (curve 3) increases by about an order till the end of temperature
scale (170°C), and in the composite with a concentration of 5%vol. (curve 4) the conductivity
strongly increases up to 100°C (I region), then decreasing sharply at the melting point (130°C) of
the matrix crystallites reaches minimum (11 region), after that increases again (11 region). Above
135°C the course of the dependence Ig o4c (10%T) is identical to the graphs of the samples of base
UHMWPE and its composites with SiO> concentrations of 1 and 3%vol, respectively.

The effect of y-radiation on electric conductivity of UHMWPE+a-SiO> system has been
studied within the range of adsorbed dose up to 200kGy. The results of these studies are presented
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in fig.1b. The figure shows that, the temperature dependence of oq4c conductivity of all samples
undergoes major changes after influence of ionizing radiation, namely: 1) for pure UHMWPE
(curve 1), unlike the non-irradiated samples, with a temperature increase cqc increases to 125°C,
within the range (125-160°C) there is observed a “plateau”, and after 160°C a slight increase; 2)
with a temperature increase to 125°C the conductivity of the samples of UHMWPE+1%vol.a-SiO>
composites (curve 2) increases and in the range (125-135°C) it sharply increases and then becomes
stable; 3) temperature dependence of conductivity for the samples of UHMWPE+3%vol.a-SiO>
composite (curve 3) remains unchanged after y-irradiation, only the growth rate of oqc increases;
4) after y-irradiation the region of sharp decay in conductivity of unirradiated UHMWPE+5%a.-
SiO2 composite disappears in the range of 130°C, the conductivity of these samples gradually
linearly increases till the end of temperature scale (curve 4). In all cases there is observed a general
property-increase in conductivity with temperature increase.

Let’s consider the possible reasons for the observed changes after y-irradiation. It is known
[7] that, within the accumulation of dose, firstly the radiation-chemical effects are becoming
increasingly important (formation of radical and molecular products of radiolysis which leads to
the change of energy distribution of traps due to appearance of radiation-generated traps), and then
deep chemical conversions prevail in polymer (destruction, cross-linking, amorphization, gas
emission, etc.) leading to the change in the nature of structurally modified layers of the polymer
and enhancement of inconvertible dose effect.

In the irradiation process there also occurs the crystallite fracture (reduction of their size,
increase of the efficient boundary surface), redistribution of traps in depth: decrease in density of
interphase deep traps, but simultaneously the concentration of shallow electron traps, associated
with carbonyl (C=0) groups (oxidation product) or with radiation-induced defects increases.
Capture of charges, generated after y-radiation occurs mainly at interphase boundaries of
amorphous and crystal phases [9,11,15]. Carbonyl and various peroxide groups formed during y-
irradiation, provide small and interphase levels of capture lying at depths of up to 1leV. Within -
irradiation the accumulation of the volume electric charge in UHMWPE correlates with the
formation and accumulation of peroxide radicals which being electron acceptors determine the
whole process of charge accumulation. Therefore, the majority of authors consider that, the dose
effect, i.e. the impact of preliminary irradiation on electrical conductivity of the composites is due,
most likely, to not change of the spectrum of molecular motions but to the accumulation of
stabilized charge carriers in the irradiated material and to their irradiation effects [16].

Figure 2 shows the dependence of electrical conductivity on direct current on adsorbed
dose (D) of y-irradiation for UHMWPE (curve 1) and compositions based on it (curves 2-4).
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Fig.2. Dependence of electrical conductivity (o) on irradiation dose (D) of UHMWPE+ -SiO, composites:
1- pure UHMWPE; 2-1%; 3 - 3%; 4 - 5% «-SiO;
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As it is seen, increase in D up to 200 kGy practically does not influence on oqc of pure
UHMWPE and films of UHMWPE+1%a.-SiO2 composite. We assume that, constancy of oqc of
UHMWPE films and UHMWPE+1%a-SiO> composite with an increase in D in the studied range
is due to the fact that, most of the electrons generated at each ionization event without going
beyond the Coulomb field sphere of their ions recombine with them and cannot participate in
conduction process. Within the transition from pure UHMWPE to the filled systems containing 3
and 5%vol. a-SiO2 there is observed an increase in oqc. It should be noted that, the increase rate of
6dc in UHMWPE+5%a-SiO2 composite is more than in UHMWPE+3%a.-SiO». Thus, these data
show that, not the polymer but the filler is the donor of current carrier.

Figure 3 depicts the curves of temperature dependence of conductivity under heating-
cooling in the coordinates of In c¢.=f(T) for UHMWPE+5% SiO.. Curve 1 — forward (heating), 2
— reverse (cooling).
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Fig.3. Temperature dependence of electrical conductivity for the sample of UHMWPE+5% a- SiO>
composite under heating-cooling conditions

From the presented dependences it is seen that, the conductivity of reverse motion In ogc=f
(T) to 95°C is lower than the forward one, here the curves of forward and reverse motions intersect
and the difference between the values of oqc intensifies: at T< 100°C the value of oqc for the same
temperature is less at heating than at cooling of the sample.

According to [16], the behavior of c4c(T) at heating-cooling can be explained in two ways:
either by restructuring the structure of fractal chains near the melting point, or by the effects of
“asymmetry” of temperature evolution of electrically active defects at heating and cooling. The
lack of clearly defined hysteresis processes for the composite medium of UHMWPE+a-SiO> gives
reason to believe that the main mechanism in our case is the “asymmetry” effect of temperature
evolution of electrically active defects. The value of conductivity of the samples gets a new value
in the result of heating-cooling, composite material turns into a new state with an increased
conductivity that persists for some time (at least for ten days). Such behavior of UHMWPE+5%
SiO2 composites is, apparently, due to the thermally stimulated processes of charge redistribution
on the boundary of nanoparticle — polymer matrix and percolation of slow relaxation processes.

On the other hand, according to the conclusions [17], such behavior of the dependence
lgoqc=f(T) under heating-cooling can be explained by the fact that, solid particles of active nano-
SiO2 within cooling of UHMWPE melt contribute to conversing its crystalline part into more
equilibrium, and amorphous (disordered) into less equilibrium state. In both cases it leads to
stabilization of structure and properties of the polymer at y-irradiation, but on different
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mechanisms. Structure and property of UHMWPE are determined by dispersion degree, nature
and value of specific surface of silicon dioxide particles.

The study results of frequency dependences €' (a) and & (b) of PCM based on UHMWPE
with different volume contents of the filler a-SiO2 (not represented as a separate figure), showed
that, with increasing filler concentration to 5%vol. a-SiO> the real (¢’) and imaginary (¢') parts of
dielectric permittivity at the frequency of 10?Hz increases by about 1,74 and 21,1 times,
respectively, in comparison with the polymer matrix and within the frequency change of the
external electric field from 10% to 10°% Hz, the values €' and &” of the composites with volume
content of filler to 1% slightly depends on frequency. With increasing concentration of the filler
to 5%vol. the rate of change (decrease) of the value &' increases and in the case of
UHMWPE+5%0a.-SiO2 composite the value ¢’ decreases by about 1,50 times, but the parameter
Ag =(ec- €x), Where gc and e» - are low-frequency and high-frequency dielectric permittivity,
respectively, describing the full width of dispersion, equals to 1,61. Absence of dielectric loss peak
in frequency dependence of the studied composites indicates a weak relaxation polarization in
these samples [15]. In the studied frequency range €' and ¢” of the base UHMWPE remains
practically constant, within transition to composites, the functions &' (v) and € (v)decrease to 10*
Hz and 10°Hz, respectively with frequency increase, and then the reduction rate is getting slow. In
this case, with increasing a-SiO> concentration the reduction degree increases. In the case of
UHMWPE+5%a-SiO2 composite within the frequency range (10%-10%) Hz there is observed a
“plateau”. Dielectric loss factor € of UHMWPE+5%a.-SiO2 composite decreases by about 9 times
with frequency increasing from 25 to 10° Hz.

In accordance with the obtained experimental results, the dielectric permittivity increases
with increase of a-SiO> content in the base mixture and of measurement temperature. At the
temperatures above 353K the real component of dielectric permittivity decreases (for
UHMWPE+5% SiO- full width of dispersion from 293 to 353K is A ¢’ =0,63). The observed
character of the dependence indicates the existence of dielectric relaxation in these composites.
However, dielectric loss peaks associated with this relaxation, are not detected. Growth in
dielectric permittivity of the composites with increasing volume fraction of a-SiO; is consistent
with our other experimental data on study of electrophysical properties of similar structures [18-
19]. According to [1], a gradual increase in dielectric permittivity may be associated with the
increase of segmental mobility of polymer molecules.

Earlier we have found out [19] that, in polymer — metal oxide composites there are
dielectric relaxations, i.e. they can be polarized in the applied electric field. Dielectric relaxations
are the results of voltages obtained by various polar segments of structure, formed in the result of
partial thermal oxidation of polymer and after stabilization therein particles of nanodispersed
fillers make a turn towards the applied alternating current. Existence of surface section in these
structures causes interfacial polarization or Maxwell-Wagner effect, conditioned by charge
accumulation on the surface of interface. Dielectric relaxation is observed in polymer composites
at low frequencies and is the slowest of all manifested dielectric processes.

Analysis of behavior of the complex electric module was used for obtaining additional
information and solution of usual difficulties associated with the influence of nature of electrodes,
ohmic contact and effects of space charge injection which according to [20], “hide” relaxation in
frequency dependence of real and imaginary parts of dielectric permittivity. Complex electric
module M is determined by the equation

11 ¢ n e/l
e & —jell T el24ellz T gl24gl/2

M*= =M/ +jM//,

Where M’ and M" are the real and imaginary components of M", respectively.
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In figures 4 and 5 it is shown the isothermal dependence of electric module components of
the studied polymer structures on frequency. The obtained results show that, M’ and M" are
characterized by a small value in the range of initial measurement frequencies. With increasing
frequency the behavior of dispersion characetristics of M’ (f) corresponds to increasing function
which is associated with the mobility of charge carrier within short distance.

Figure 4 shows that, with increasing frequency the value M’ of the composites increases
and in dependence M’ (f) there is a broad peak in high frequencies, which is more notable in
UHMWPE+3%SiO> and UHMWPE+5%SiO, samples. From figure it is also seen that, the real
part of the electric module (M') decreases with an increase in volume content of SiOz in the base
mixture as a result of increase of the real part of the complex dielectric permittivity. For all the
studied composite samples there is a transition from low values to high ones, which implies the
relaxation process.
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Fig.4. Frequency dependence of the real (a) and imaginary (b) parts of the complex dielectric permittivity
of the composite structure UHMWPE+ -SiO>

In the case of pure UHMWPE the value of M’ remains constant up to the frequency
2.10%Hz, and then slightly decreases. On dispersion dependence M” (f) of UHMWPE at low
frequencies it is observed a relatively sharp increase in M" up to the frequency 2-10°Hz, and then
such a sharp decline till the end of the frequency scale. The behavior of the functions M’ (f) and
M" (f) for composites are identical.

Figure 5ab shows the functions M’ (f) and M" (f) for composite structure
UHMWPE+1%Si0O. before (a) and after (b) y-irradiation. It is evident that, after y-irradiation at
dose up to 200kGy there observed a decrease in the values M u M.
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Fig.5. Frequency dependence of the real (a) and imaginary (b) parts of the complex dielectric permittivity
of the composite structure UHMWPE+1%a-SiO; after y - irradiation
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The behavior of M’ (f) doesn’t practically change after irradiation, but there occurs a slight
decrease in the value M’ at the frequency of 25Hz. As regards the behavior of M” (f) it should be
noted that, with increasing irradiation dose up to 200kGy the value M" increases more than twice,
and high-frequency maximum M" shifts towards higher frequencies (from 1-10°Hz to 5-10°Hz).
This behavior implies the slowest process- interfacial polarization, associated with the formation
of surface charges by conduction electrons on interface boundaries, i.e. Maxwell-Wagner
phenomenon, which is consistent with the theory [21] and our previous experimental results in
similar structures [15,18].

It should be noted that, the presented experimental results don’t allow to make a final
conclusion on a particular electric conductivity mechanism in y-modified composite materials yet.
The issues relating to determination of transport and trapping mechanism of charge carrier
depending on temperature, frequency and irradiation dose, requires further simulation studies.

4. Conclusions

1. It has been studied experimentally the temperature, frequency and dose dependencies of the
properties of UHMWPE+a-SiO2 nanocomposites and revealed the features of these
relationships.

2. Itis shown that, with increasing a-SiO2 concentration in the matrix there occurs a decrease in
¢’ and tgd depending on frequency; it corresponds to the exponential law and is explained by
the presence of a number of dipole elements which appear during addition of a-SiO2 and obtain
by thermal pressing method and material processing as a result of thermal oxidation and their
ability to be guided by electric field.

3. Itis established that, for UHMWPE composites with 5% concentration of a-SiO; at T<100°C
the value oqc is less at heating than at cooling for the same temperature.

4. The analysis of dependences M’ (y) and M’(y) showed that, the relaxation character in
UHMWPE+a-SiO2 nanocomposites is due to Maxwell-Wagner effect.
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BJIMSTHUE y-OBJIYUEHUSI HA CBOMCTBA KOMITIO3UTHOM CTPYKYTPBI
CBMII2+a-SiO2
M.M. I'ynues, P.C. Ucmaiinnosa, A.A.lllykoposa, A.A. HabuesB, I'.A. AxyHaoBa

Pe3rome: VI3 TOMOTEHHON CMECH TOPOIIKOB CBEPXBBICOKOMOJIEKYsApHOTO mommaTmieHa (CBMIID) u
HAaHOJUCIIEPCHOTO JAUOKcHAa KpeMHUs (0-SiO2) METOIOM ropsuero mpeccoBaHMUs MOIYYSHBI KOMITO3UTHI
CBMIID/ SiO,. U3yuena TemneparypHas 3aBucuMocTb (20-170°C) ux yaensHol 31eKTpOIpPOBOIHOCTH G

0

u nocne y-oomyuenus (D=200xI'p), BiAMsHME NOTIONMIEHHOHW A03bI HA 3HAYCHHE Odc (030Bas

3aBUCHUMOCTb), a Takxke noseacHue GyHkuuu INce=f(T) B ycrnoBusx Harpe-oxnaxaeHue. [lokazaHo, 4to
3aBUCUMOCTH ING=f(T) B 000MX ClTyuasix UMeeT CIOKHBIN XapakTep: HAOMI0IaCTC «U3TIOMBD», CBI3aHHBIC
¢ (a3zoBbIMH TIepexofaMu. M3ydeHsl Takxke 4acTOTHbIE 3aBucuMocTH (25-10°T1) BemectBenHoii (M') u
MHAMOHK (M'') "gacTedl KOMIUIEKCHOTO JJICKTPHUYECKOTO0 MOIYIsS. AHAJIM3 ATHX 3aBHCHMOCTEH ITOKa3a
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penakcalMoHHbIi  xapaktep B HaHokommosuTax CBMIID+a-SiO; o0ycnoBneHHbIH Mex(pasHON
nossipu3arueit (3 ekt Makcpemra-Baraepa) v To, 4TO B BRICOKOYACTOTHOM JTHATIA30HE TUIICKTPHISCKIE
CBOMCTBa 3THUX KOMIIO3UTOB, KaK W WX TPOBOAMMOCTH OIPENEISIOTCS MoauMepHoi wMatpuieit. C
yBeIMYeHHeM KoHIeHTpaiwu o-SiO2 B MaTpuile HaO0gaeTesi pocT 3Ha4YeHuii €' u &' (tg0), a 3aBUCHMOCTH
STUX BEJIMYUH OT YaCTOThI OTBEYAECT IKCIOHECHIIMATILHOMY 3aKOHY.

Knrouesvte cnoea: crepxBbicOKOMONIEKYsipHbI momaTiieH (CBMIIY), kommnozur CBMIID+a-SiO,,
UDIICKTPUYCCKHAE TOTEPH, JHAICKTPUYECKas MPOHHUIIAEMOCTh, 3JICKTPONPOBOJHOCTh, 4YacTOTa, Y-
00nmy4yeHue, AMEKTPUIECKUN MOTYIIb.

v - SUALANMANIN iYMPE+a-S102 KOMPOZIT BIRLOSMOSININ
XUSUSIYYOTLORINO TOSIRI

M.M. Quliyev, R.S. Ismayilova, A.A. Siikiirova, A.A. Nabiyev, G.A. Axundova

Xiilasa: ifrat yiiksok molekullu polietilen (IYMPE) vo nano dispers silisium dioksid (a-SiO; ) tozlarmin
homogen qarisigindan isti preslomo iisulu ilo [YMPE+a-SiO; kompozitlori alinmisdir. y - siialanmadan
ovval va slialanmadan sonra (D-200kQr) onlarin oy xiisusi elektrik kegiriciliyinin temperatur asililig (20-
170°C), cgc-min qiymotino udulma dozasmin tosiri (doza asililigl), homg¢inin qizma-soyuma soraitindo
Igoac=f(T) funksiyasinin gedisi 6yronilmisdir. Gostorilmisdir ki, iki halda Igog=f(T) asililigi miirokkob
xaraktero malikdir: faza kecidlori ilo bagli olan “sinmalar” miisahide olunur, hamginin kompleks elektrik
modulunun haqiqi M’ vo xayali M’ hissalorinin tezlik (25-10°Hs) asililiglar1 dyronilmisdir. Bu asililiglarin
analizi 'YMPE+a-SiO, kompozitlerindo fazalararasi polyarizasiya (Maksvell-Vaqner effekti) ilo sortlonon
relaksasiya xarakterini vo yiiksok tezliklor diapazonunda bu kompozitlorin onlarm kegiriciliyi kimi
dielektrik xassolorinin do polimer matrisa ilo miioyyan olundugunu gostordi. Matrisada o-SiOz-nin
konsentrasiyasinin artmasi ilo &’ va €”(tgd )-nin giymatlorinin artmasi miisahids olunur, bu kemiyyatlarin
tezlikdon asililiglar1 eksponensial qanuna cavab olur.

Acar sozlar: ifrat yiiksok molekullu polietilen (IYMPE), IYMPE+a-SiO, kompoziti, dielektrik itkisi,
dielektrik niifuzlugu, elektrik kegiriciliyi, tezlik, y-siialanma, elektrik modulu.
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