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Abstract: In this research, composite samples consisting of epoxy-diane oligomer ED-20 and 5-30 vol%
aluminium hydroxide were prepared, and the effect of gamma radiation on their electrophysical properties
was investigated. The real part of the dielectric permittivity and electrical conductivity of ED-20 and
ED-20/wAl(OH); composites were studied at 303 K over the frequency range of 25 to 10° Hz, both before
gamma irradiation and after exposure to absorbed doses of 50 to 800 kGy. For the composite samples, the
frequency dependence shows a decrease in the real part of the dielectric permittivity (¢') and an increase in
electrical conductivity with increasing frequency. The high &' value of the initial ED-20 and
ED-20/mAl(OH); composite samples in the low-frequency region may be related to Maxwell-Wagner
polarization at the interphase boundary formed in heterogeneous structures. The decrease in €' at high
frequencies is caused by the rapid change of the electric field, causing a distortion of the orientation of the
dipoles. The low values of conductivity (ca) in the low-frequency region are attributed to interfacial
polarization. At a certain critical frequency (v.), the real part of the conductivity follows the power law
cac (v) ~ f°. For all samples, the exponent satisfies the condition 0 <'s = 0.14-0.38 < 1, indicating that Gac
is governed by a hopping conduction mechanism. The electrical properties of the composite samples can
be adjusted by using gamma radiation (up to a dose of 800 kGy) and changing the amount of filler used.

Keywords: epoxy-dian oligomer, composites, aluminium hydroxide, gamma radiation, absorption dose,
electrophysical properties.

1. Introduction

In recent years, polymer composite materials based on epoxy diane oligomers have been
widely used in electrical engineering, mechanical engineering, the construction industry, and other
fields. This is due to the wide range of technological, physico-mechanical, thermophysical, and
physicochemical properties of these composites, as well as the availability of a relatively
favourable raw material base for their synthesis [1, 2, 3, 4]. Epoxy oligomers are used as binders
in the production of various chemically resistant coatings, polymer solutions, and polymer
concretes reinforced with coal, basalt, and glass fibres for the repair and reinforcement of building
structures. Recently, stringent fire resistance requirements have been imposed on polymer
materials used across various industrial sectors—including civil equipment, industrial facilities,
and medicine—because polymers are generally flammable due to their organic chemical
structure [5, 6, 7].

With the emergence of environmentally friendly flame retardants, some brominated flame
retardants are being replaced by halogen-free alternatives, particularly magnesium hydroxide and
aluminium hydroxide. These hydroxide flame retardants are among the most popular, safe,
halogen-free, and smoke-suppressing flame retardants available. Other advantages include their
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low cost, absence of heavy metal contaminants (e.g., antimony oxide), and lack of toxic fume
emissions. For fire-resistant epoxy materials, silicon dioxide, aluminium oxide, aluminium
hydroxide, and magnesium hydroxide are commonly used. Both aluminium hydroxide and
magnesium hydroxide are environmentally friendly inorganic flame retardants. When aluminium
hydroxide is heated to 235 °C and magnesium hydroxide to 325 °C, water molecules are released,
creating a cooling effect and eliminating smoke. The aluminium oxide and magnesium oxide
formed during this process create a dense oxide layer that coats other materials, isolating them
from oxygen. Aluminium hydroxide is less expensive than aluminium oxide. The effectiveness of
hydroxides is directly proportional to their content in the polymer. [6, 8, 9].

It is known that in epoxy resins with a globular supramolecular structure, the epoxy ring
opens under radiation exposure, leading to either recombination or destructive reactions. It is
believed that the recombination reactions result from radicals formed at the central atom of units
containing di- or methyl groups. Epoxy groups do not participate in the recombination reactions
because they are hydrated by hydrogen atoms during irradiation. At certain doses, radiation can
enhance the physical and mechanical properties of composite materials containing epoxy
oligomers [10].

The aim of this work is to develop new environmentally safe, fire-resistant
ED-20/0wAl(OH); composite samples consisting of epoxy-diane resin (ED-20) and micro-sized
aluminium hydroxide (AI(OH)3) particles as a flame retardant and to investigate the effect of
gamma radiation on their electrophysical properties (¢’ and o).

2. Experiments

In the study, ED-20/wAl(OH); composite samples with varying filler content were
prepared from epoxy-diane resin (ED-20) and micro-sized (200 um) Al(OH); particles as a flame
retardant. The effect of gamma radiation on their electrophysical properties—the real part of the
dielectric permittivity (¢') and electrical conductivity (c)—was investigated. The polymer was
prepared from a liquid homogeneous mixture consisting of ED-20 epoxy-diane resin
(GOST 10587-84), hardener - methyltetrahydrophthalic anhydride (MTHFA) (TU 38.103149-85),
accelerator - UP-606/2 (TU 6-00209817.035-96), and plasticizer - Laprol 503 (TU 2226-009-
10488057-94), all taken in stoichiometric amounts within the epoxy matrix. To prepare the test
samples, micro-sized aluminium hydroxide powder of the AH-20 brand (CAS 21645-51-2, China)
was separately introduced into the epoxy matrix at a temperature of 323-333 K in specified
amounts (o = 5, 10, 20, and 30 vol%) and mixed until a homogeneous system was obtained. The
resulting liquid mixtures were poured into metal molds, and composite samples with a diameter of
54 mm and thickness of 900-1000 um were cured in a SNOL-type muffle furnace using a stepwise
heating mode at temperatures ranging from 353 to 453 K.

The frequency and dose dependencies of the electrophysical parameters of the studied
composites were determined based on the relationships €' = f(lgv), Igc = f(lgv), and ¢’ = f(D),
lgo = f(D) before and after y-irradiation. Capacitance (C) and active resistance (R) were measured
using an alternating current with a measurement voltage amplitude of 1 V over the frequency range
of 25-10° Hz at 303 K. Measurements were performed in a two-electrode system using a
broadband immittance meter (RLC) E7-20, equipped with a specially shielded, grounded, and
heated "Sandwich"-type measuring cage. Based on the measured values of capacitance (C), active
resistance (R), and the geometric dimensions of the samples, the real part of the dielectric
permittivity (¢') and electrical conductivity were calculated using standard methods.
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ED-20/mAl(OH); composites were irradiated with y-rays at room temperature using an
MRX-y-25 device equipped with a ®°Co radiation source to absorbed doses ranging from 50 to
800 kGy. The absorbed dose rate was 1.45 Gy/s.

3. Results and discussion

Figure 1 shows the frequency dependence of the real part of the dielectric permittivity
(€' = f(lgv)) for the initial ED-20 and ED-20/mwAl(OH); composite samples at a temperature of
303 K over the frequency range of 25 to 10° Hz. The AI(OH); filler content in the
ED-20/mwAl(OH)3 composite samples was o =5, 10, 20, and 30 vol%.

As shown in the figure, the €'=f(lIgv) dependencies for all samples exhibit a similar trend,
with a linear decrease in &' values observed over the frequency range of (25 + 5 x 10°) Hz. In the
frequency range of 5 x 10° + 10° Hz, the &' values increase slightly. At low frequency (v = 25 Hz),
the €' values of the original ED-20 and ED-20/mwAl(OH); composites vary differently. Thus,
compared to the ED-20 composite (¢' = 9.57), a decrease in dielectric permittivity is observed in
the ED-20/5v0l%AIl(OH)3 sample (&' = 6.84), while an increase is noted in composites with filler
contents ® = 30 vol% (' = 14.39), ® = 10 vol% (&' = 15.23), ® = 20 vol% (&' = 17.41). In the
studied frequency range (25 + 5 x 10° Hz), no peaks were observed in the &' = f(Igv) dependence,
indicating no significant changes in intermolecular mobility. No clear correlation was found
between changes in €' values and the increase in AI(OH); filler content in the ED-20/wAl(OH)s
composite samples. In our opinion, the polar groups formed during the preparation of
ED-20/5vol%AI(OH); and ED-20/30vol%AI(OH); composite samples—due to the curing
temperature and partial oxidation—are poorly oriented in an alternating electric field. [11, 12].
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Fig. 1. Frequency dependence of the real part of the dielectric permittivity (¢'=Algv)) for the initial
ED-20 (curve 1) and ED-20/wAIl(OH)5; composite samples (curves 2-5) at T = 303 K. AlI(OH); filler
contents: 2 —w = 5vol%,; 3—w = 10vol%,; 4 —w = 20 vol%, 5 — w = 30 vol%.

The increase in ¢’ values for the initial ED-20 (curve 1) and ED-20/wAl(OH)s
(curves 2-5) composite samples in the low-frequency region may be attributed to interfacial
polarization (Maxwell-Wagner polarization). This phenomenon occurs in heterogeneous
structures due to the accumulation of charges at the interface between the matrix and filler, which
have different dielectric constants and permittivities [13]. The decrease in the value of €' in the
high-frequency region is attributed to the fact that the interphase polarization of the composites at
high frequencies does not correspond to the applied electric field, i.e., at high frequencies the
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electric field changes so rapidly that polarization effects cannot manifest themselves. Furthermore,
charges trapped at the interface between the composite sample and the electrodes create an
additional capacitive element in the system, causing the &' values of all composite samples to
decrease as the frequency of the applied electric field increases. [14].

Figure 2 shows the frequency dependence for the electrical conductivity (o) of the initial
ED-20 and ED-20/mwAl(OH); composite samples on a double logarithmic scale (Igo = f(Igv)) at
a temperature of 303 K, over the frequency range of 25 to 10° Hz, with filler contents of
o = 5-30 vol%.
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Fig. 2. Frequency dependences of logarithmic values of electrical conductivity of the initial ED-20 (1) and
ED-20/wAIl(OH)s (2-5) composite samples lgo = Algv), T = 303K; AI(OH); content of the filler:
2—w =5vol%; 3—w =10vol%; 4 — w = 20 vol%; 5 — w = 30 vol%.

All 1go = f(Igv) dependences exhibit a common behavior: electrical conductivity linearly
increases with increasing frequency over the range of 25 to 10° Hz for filler contents of
® = 5-30 vol%. The electrical conductivity (o) of the initial ED-20 composite (Fig. 2, curve 1) is
lower than that of the ED-20/wAI(OH)3; composites, ranging from Igc1.4 = -9.26 to 1gos = -5.17.
The electrical conductivity values of the ED-20/wAl(OH); composites (Fig. 2, curves 2-5)
increase with increasing filler content [14]. So, at ® = 5 vol% the range is (from Igo1.4 = -9.05 to
lgos = -4.77), at ® = 10 vol% the range is (from Igo1.4 = -8.89 to0 lgos = -4.38), at @ = 20 vol% the
range is (from Igo1.4 = -8.78 to 1gos = -4.16) and at ® = 30 vol% the range is (from lgo14 = -8.67
to lgoes = -3.84).

The decrease in conductivity (cac) at low frequencies in an alternating current field is
associated with interphase electronic polarization (Maxwell-Wagner polarization). This effect
arises from the trapping of volume charges at the interphase boundary and the formation of polar
substances due to partial oxidation during the thermal treatment in sample preparation. In this
region, the applied voltage transports charge carriers over long distances within the sample, and
Gac conductivity predominates. As the frequency increases, the average transport distance of
charge carriers decreases. When the frequency reaches a certain critical value (vc), the real part of
the electrical conductivity varies according to the power law Gac (v) ~ fS, where fand s (0 <s < 1)
are parameters that determine the mechanism of conductivity. [13, 14].

For the initial ED-20 composite, the range is 0.14< s <0.21; for the ED-20/5vol%AIl(OH)s3
composite, it is 0.16 < s < 0.24; for the ED-10/10vol%AI(OH); composite, it has the range of
0.17 < s < 0.34; for the ED-20/5v0l%AI(OH); composite, it exhibits the range of 0.18 <s < 0.35

17



and for the ED-20/30vol%AIl(OH); composite, it is 0.19 < s < 0.38; In all cases, the parameter s
satisfies the condition 0 < s < 1, indicating a barrier-hopping mechanism of 6. conductivity—that
is, electrons move via hopping transitions around the Fermi level [14].

Figure 3 shows the dose dependence &' = f(D) of the real part of the dielectric permittivity
of initial ED-20, unirradiated D = 0, and for ED-20/mAl(OH); composite samples irradiated with
y-rays at absorbed doses ranging between D = 50-800 kGy, measured at T = 303 K and frequency
v = 1 kHz. Initial ED-20, unirradiated D = 0 and ED-20/wAl(OH)3 irradiated withy-rays at
absorbed doses of D = 50, 100, 200, 300, 400, 600 and 800 kGy.
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Fig. 3. Dose dependences of logarithmic values for electrical conductivity of initial ED-20 (1), unirradiated
D =0 and ED-20/wAl(OH)3 composite samples irradiated with y-rays at D = 50-800 kGy absorbed doses
¢ = AD), T = 303K and v = 1 kHz, AI(OH)s content of filler: 2 — w = 5 vol%, 3 — @ = 10 vol%;
4 — =20 vol%; 5—w = 30vol%.

The values of €' in the &' = f(D) dependences of the composite samples are presented
in Table 1. As can be seen, the &’ values of the samples at D = 0 correspond to those presented in
Table 1. As observed in Table 1, y-radiation exhibits a distinct and individual effect on each
composite sample.

Table 1
The €' values of the real part of the dielectric permittivity for initial ED-20, unirradiated (D = 0)
and ED-20/wAl(OH); composite samples measured at absorbed y-ray doses ranging from 50 to
800 kGy.

Absorbed ¢' values of the real part of th.e dielectric permittivity
dose, KGy Amount of AI(OH)s filler, volume %
0 5 10 20 30
0 8.92 8.13 14.11 16.55 13.31
50 9.30 9.29 13.11 9.65 11.49
100 13.51 7.92 8.90 5.59 10.00
200 7.41 7.26 11.49 4.19 10.34
300 6.43 6.77 9.60 8.02 8.06
400 8.60 8.95 8.77 8.54 9.54
600 10.87 7.20 6.97 8.23 8.53
800 8.76 9.06 9.44 9.65 11.52
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As can be seen from the &' = f(D) dependences of the composite samples, €' reaches a
maximum value (€'100 = 13.51) at an absorbed dose of 100 kGy for the irradiated ED-20 composite
and a minimum value (g'200 = 4.19) at an absorbed dose of 200 kGy for the ED-20/20vol%AIl(OH);
composite. As is evident from the €' = f(D) dependences, although the &'s0.600 Values of the
composite samples at absorbed doses of D = 50-600 kGy are lower than the corresponding values
of the unirradiated samples, they vary in the range of 8.76-11.52 at an absorbed dose of 800 kGy,
i.e. they are in the range of the €'o values of the samples. It should be noted that the €'goo Values of
the composite samples at an absorbed dose of 800 kGy vary in accordance with the increasing
filler content w. The polar ED-20 oligomer and the ED-20/wAl(OH); composite samples
(dielectrics) based on it undergo simultaneous destruction and recombination processes during
radiolysis. The changing nature of the &' = f(D) dependence indicates that from 50 kGy up to an
absorbed dose of 300 kGy, destruction processes predominate in the epoxy matrix—such as
breaking of the main molecular chain, formation of free radicals, oxidation in an oxygen
environment, and separation of low-molecular-weight substances. However, with a further
increase in dose, the recombination process becomes dominant, involving cross-linking between
macromolecules due to radical recombination, leading to the formation of a three-dimensional
network structure.

Fig. 4 shows the dose dependences 1go = f(D) of the logarithmic values of the electrical
conductivity of the initial ED-20, unirradiated D = 0, and the ED-20/0wAl(OH)3; composite samples
irradiated with y-rays at D = 50-800 kGy absorbed doses.
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Fig. 4. Dose dependences of logarithmic values of electrical conductivity of initial ED-20 (1), unirradiated
D =0 and ED-20/wAl(OH)s composite samples irradiated with y-rays at D = 50-800 kGy absorbed doses,
lgo = AD), T = 303K and v = 1 kHz, AI(OH)s content of filler: 2 — w=5 vol%,; 3 — w=10 vol%;
4 — w=20vol%; 5 - w=30vol%.

The Igo values in the Igo = f(D) dependences of the initial ED-20, unirradiated D = 0 and
ED-20/wAl(OH); composite samples irradiated with y-rays at D = 50, 100, 200, 300, 400, 600 and
800 kGy absorbed doses are shown in Table 2.
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Table 2
lgo values of the electrical conductivity of initial ED-20 unirradiated D = 0 and ED-20/0wAl(OH)3
composite samples irradiated with y-rays at D = (50-800) kGy absorbed doses.

Absorbed Logarithmic values of electric?l conductivity, (Q2-m)™?
dose, kGy Amount of Al(OH)s filler, volume %
’ 0 S) 10 20 30
0 -8.47 -8.85 -8.71 -8.36 -8.37
50 -8.94 -8.69 -8.57 -8.45 -8.33
100 -8.61 -8.78 -9.15 -8.97 -8.45
200 -9.15 -8.88 -8.60 -8.75 -8.45
300 -8.94 -8.78 -8.75 -8.55 -8.68
400 -8.96 -8.68 -8.87 -8.55 -8.44
600 -8.73 -8.98 -8.84 -8.61 -8.59
800 -8.98 -8.70 -8.38 -8.49 -8.18

As can be seen from the electrical conductivity values of the composite samples given in
Table 2, Igo reaches a minimum at an absorbed dose of 100 kGy for the ED-20/10vol%AI(OH);
composite and at 200 kGy for the irradiated ED-20 composite (both having -9.15 (Q'm)™%). In
contrast, the ED-20/30vol%AIl(OH); composite exhibits maximum conductivity values at
absorbed doses of 50 kGy (Igc = -8.33 (Q-m)™*) and 800 kGy (Igc = -8.18 (Q-m)™*). The ED-20
composite exhibits lower dielectric permittivity within the absorbed dose range of 50 to 800 kGy.
In ED-20/@Al(OH)s composite samples, the values of electrical conductivity increase as the
amount of filler increases (v = 5—30vol%) in the dose range (50-800) kGy. At an absorbed
dose of 800 kGy, the lgo wvalues of the composite samples change as follows:
lgoo <: 1gosw < 1g620% < 1g0100% <: 1g630%.

In general, the dose dependences of €' = f(D) and Igoac = f(D) for the studied composite
samples exhibit regions with both maximum and minimum values of these parameters. It is known
that irradiation not only induces structural changes in the composite—such as recombination and
branching of intramolecular chains—but also enhances the interaction between phases by
influencing the filler [15]. Low-dose radiation primarily activates recombination processes, with
some degree of destructive effects. High doses of y-radiation cause an increase in the conductivity
oac due to the products of the destruction process occurring in the epoxy matrix.

The effect of radiation on the conductivity (cac) in the composite (dose-dependent effect)
is not caused by changes in the mobility spectrum of polymer molecules, but rather by the
accumulation of stabilized charge carriers in the irradiated polymer, as well as by radical or
molecular agents formed during radiolysis that act as trapping centers [16]. On the other hand, the
annealing of radiation-chemical effects—the formation of molecular and radical products during
radiolysis—is highly specific to each polymer, making the determination of its role a distinct task.
Moreover, irreversible effects on radiation-induced conductivity can be expected since once the
generated radicals in the irradiated polymer are completely consumed, changes in its chemical and
supramolecular structure will occur. The complex dependence of the conductivity cac on the
absorbed y-radiation dose arises from radiation-induced changes in the polymer’s structure and
molecular mobility. The mechanism of the effect of dose on the transport of charge carriers is
associated with a change in the molecular relaxation spectrum. [17].
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4. Results

For unirradiated ED-20/wAl(OH); composite samples, no correlation is observed between
the decrease in the real part of the dielectric permittivity (¢') with increasing frequency and the
amount of filler in the frequency dependences &' = f(lgv). During the preparation of
ED-20/5vol%AIl(OH); and ED-20/30vol%AIl(OH); composite samples, the polar groups formed
as a result of the curing temperature and partial oxidation exhibit poor orientation in an alternating
electric field.

The increase in electrical conductivity (o) with rising frequency, as observed in the
dependence 1go = f(Igv), is influenced by the chemical nature and concentration of the amphoteric
Al(OH); filler. The decrease in conductivity (cac) at low frequencies in an alternating current field
is attributed to Maxwell-Wagner polarization. The cac Values increase proportionally with the
amount of AI(OH); filler in the composite samples. The nature of the variation in the dependence
lgo = f(Igv) is consistent and characteristic of hopping conduction.

The changes observed in the electrophysical properties of ED-20/mwAl(OH)z; composites
under gamma radiation are attributed to the predominance of destructive processes in the epoxy
matrix—such as main molecular chain, free radical formation, oxidation in an oxygen
environment, and the release of low-molecular-weight substances—at absorbed doses from 50 to
300 kGy. However, at higher doses, recombination processes dominate, involving cross-linking
between macromolecules due to radical recombination, leading to the formation of a three-
dimensional network structure. During radiolysis, Al(OH); particles located at the interphase
boundary between the ED-20 matrix and the filler enhance the polarity of the composites by acting
as additional sources for charge carrier regeneration.

The electrophysical properties of the studied composite samples can be effectively tuned
by varying the gamma radiation dose and the filler content, up to an absorbed dose of 800 kGy.
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BJIMSTHUE TAMMA-U3JTYYEHUS HA DJIEKTPO®M3NYECKUE CBOVICTBA
KOMIIO3UTOB HA OCHOBE YMIOKCHUIHO-IUAHOBOI'O OJIMTOMEPA U
TUIPOLIAIA ATTIOMAHMS

M.H. baiipamos, H.I1I. Aunes, B.M. Cajdaposa

Pe3rome: B xone uccnenoBaTellbcKOi padoThl OBLTH TOATOTOBICHBI 00Pa3Ibl KOMIIO3UTOB, COCTOSIINX U3
SMOKCHAHO-AManoBoro onuromepa I/1-20 u (5-30) ruapokcuaa aTfOMUHUS B 0OBEMHOM IPOIEHTHOM
COOTHOIICHNHU, U3YUCHO BIIMAHHUEC I'aMMa-U3JIYUCHUA Ha UX SHCKTpO(I)I/ISI/I‘IeCKI/IC cBoricTBa. MakTHueckas
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YacTh  JIMAJICKTPUYECKOTO TIPOHUKHOBEHUS W 3JICKTPONPOBOMHOCTH  Kommo3zutoB DJ[-20 wu
31-20/wAl(OH); uccenoana npu temneparype 303 K B quanaszone gacror (25 + 106) ', nmepen ramma-
u3nydeHueM W npu go3ax moriomeHus (50-800) k['p. B 4acTOTHBIX 3aBHCHMOCTSX JUIsl COCTaBHBIX
00pa310B HaOMOJaeTCS YMEHBIICHHE AeWCTBUTENBHON YacTH JAUAIEKTPUIECKOTO TTPOHUKHOBEHUS (£°) C
YBEJIIMYCHUEM YaCTOTHI, YBEJIMYCHHUE AIICKTPOIPOBOJAHOCTH. B HU3KOYACTOTHON 00JaCTH BS3KOCTh
€'-3HAYCHUS HMCXOHBIX KOMMIO3UTHBEIX oOpasmoB J/[-20 m 3/1-20/wAl(OH); MoxkeT OBITH CBsS3aHA C
nonsipu3anuelr Makcpena-Baraepa Ha MexxdasHo# rpaHuIle, BOSHUKAIOIIEH B T€TepPOTEHHBIX CTPYKTYpax.
CHmkeHHe 3HaYeHHs € B BBICOKOYACTOTHOW 00JacTH ObICTpoe M3MEHEHHE 3JIEKTPHUUYECKOro MoJs Ha
BBICOKMX YaCTOTaX MPHBOAWT K HAPYIICHUIO OpUeHTAanuu aumoiied. [lodydeHue MaybIX 3HAYCHHUN
MPOBOJAMMOCTH B IOJI€ TIEPEMEHHOTO TOKA HU3KOW YaCTOTHI (Gac) CBA3aH ¢ Mex(pazHOU MOJSpU3AIMCH.
Onpenenenne vactoThl C. (pakTHueckass 4acTh BIEKTPONPOBOJHOCTH HPH €€ KPUTHUECKOM 3HAYCHUH
M3MEHSETCS 10 3aKOHY Gac (V) ~ f5, 11st Beex 06pasuos BuimonHsercs yeaosue 0 <s=0.14-0.38< 1, 1. €.
MMOKa3hIBACT  CKAYKOOOPA3HBIH  MEXAaHHM3M  Gac-TIPOBOJUMOCTH.  DJIEKTPODU3MUECKHE  CBOWCTBA
UCCIIETyeMbIX KOMITO3UTHBIX 00pa3lloB MOKHO PEryJIMPOBATh C IMOMOINBI0 FaMMa-yded W KOJMYecTBa
HaroJHUTENS A0 A03b1 noraomenus 800 kI'p.

Knwouesvie cnosa: >NOKCUAHO-AMAHOBBIM OJIMTOMEP, KOMIIO3UTHI, THAPOKCHUI AIIOMUHHS, IaMMa-
U3JIydeHHe, 103a MOIIOIEHH s, 3JeKTpodr3ndeckre cBoiicTBa.

EPOKSI-DiAN OLIQOMERI VO ALUMINIUM HIDROKSID OSASINDA
KOMPOZITLORIN ELEKTROFIZiKi XUSUSIYYOTLORINO QAMMA
SUALANMANIN TOSIRI

M.N. Bayramov, N.S. 9liyev, V.M. Safarova

Xiilasa: Todqiqat isindo epoksi-dian oligomeri ED-20 va (5-30) hocm faizi miqdarinda aliiminium
hidroksiddon ibarst kompozit niimunslori hazirlanmis, onlarin elektrofiziki xassalorine gamma-
stialanmanin tosiri aragdirilmigdir. ED-20 vo ED-20/wAl(OH); kompozitlorin dielektrik niifuzlugunun
hoqiqi hissasi va elektrik kegiriciliyi 303 K temperaturda (25 + 106) Hz tezlik diapazonunda, gamma-
stialanmadan avval vo (50-800) kQr udulma dozalarinda todqiq edilmisdir. Kompozit niimunalori tiglin
tezlik asilihiglarinda tezliyin artmasi ilo dielektrik niifuzlugunun hagiqi hissasinin (g°) azalmasi, elektrik
kegiriciliyin artmas1 miisahido olunur. Asagi tezlikli oblastinda ilkin ED-20 vo ED-20/mAl(OH); kompozit
niimunalarinin €' qgiymatinin doyiik olmasi heterogen strukturlarda yaranan fazalararasi sarhodds Maksvell-
Vaqgner polyarlagmasi ilo alagali ola bilor. Yuxar1 tezlikli oblastinda &' qgiymatinin azalmasi yiiksok
tezliklordo elektrik sahasinin siiratlo doyismosi, dipollarin orientasiyasinin pozulmasina sabab olur. Asagi
tezlikdo dayison corayan sahasinds kegiriciliyin kicik qiymotlor almasi (cac) fazalararasi polyarlasma ilo
alagalidir. Tezliyin miioyyan v kritik giymotindo elektrik kegiriciliyinin hagigi hissasi .. (v) ~ f° ganunu
ilo dayisir, biitiin niimunalor ti¢iin 0 < s = 0.14-0.38 < 1 sarti 6danilir, yani, o, kegiriciliyinin sigrayish
mexanizmini gostarir. Todqiq olunan kompozit niimunalorin elektrofiziki xassolori 800 kQr udulma
dozasina goador gamma siialar vo doldurucunun miqdari ilo tonzimlans bilar.

Acar sozlar: epoksi-dian oliqomeri, kompozitlor, aliiminium hidroksid, gamma-siialanma, udulma dozasi,
elektrofiziki xassalor.
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