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The influence of silicon dioxide (a-SiO,) and the absorbed dose of y-irradiation on the electret properties of
UHMWPE+a-SiO, composites were studied. It is established that the dependence of the stabilized charge on the
volume content of the a-SiO, filler has an extreme character: at 1% a-SiO,, the charge reaches a maximum and then
decreases. TSD spectra show that the thermalstability of electrets of the UHMWPE+1 vol.% a-SiO, composite is
improved. The nature of the TSD current of the films which preliminarily y-irradiated up to 50...100 kGy doses
proves that after y-irradiation the charges injected from corona discharge zone are mainly accumulated in the
subsurface layers. However, the deterioration of the electret properties of composites irradiated at high doses of
y-irradiation is related both to an increase in electrical conductivity so, and an increase in the rate of charge

relaxation.

INTRODUCTION

It is known [1-3], that polymer composite materials
with micro- and nanosized fillers are widely used in
electrical engineering, electronics, condenser and cable
technology. In addition, PCM has been successfully
used as an emergency shield for a nuclear reactor, in the
power supply system for artificial satellites and
spacecraft, in sensors for monitoring the operation of
radiological systems of nuclear reactors, where various
types of ionizing radiation are always present that affect
the operational properties of these materials.

Consequently, the success of these areas in
providing new “functional” materials is to a certain
extent related to the creation of stable electrets based on
PCM. In this regard, in recent decades the interest of
researchers to create new promising PCM and
technologies has increased [4, 5].

One of the promising polymers meeting these
requirements is ultrahigh molecular weight polyethylene
(UHMWPE), since it possesses a unique complex of
physic-chemical (high wear resistance, stability in
corrosive media, high impact strength, low brittleness
temperature, etc.) properties [3].

This allows you to create on its basis new composite
materials for various applications. It is no accident that
numerous studies [5-8] have been devoted to the study
of the synthesis and physical properties of composites
based on various polymers and inorganic fillers. In these
works, the authors note that nanoscale silicon dioxide or
aerosol (a-SiO,) is one of the promising materials for
creating radiation-protective composite structures [2, 6-
10].

As already noted, polymers, and composites based
on them, are exposed to various types of ionizing
radiation during operation. However, despite the
existence of experimental works [7,8,11-13], the
question of the effect of radiation exposure on the
electrophysical properties of polymer materials remains
relevant, since composites based on them are widely
used.
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In this paper, we investigate the influence of
y-irradiation on the electret properties of UHMWPE+a-
SiO, compositions and reveal the character of the TSD
spectra. It is known that electrets should be
distinguished by high valuesand stability of the
parameters (o, t). Therefore, nowadays in the scientific
literature, there is an active search for disperse fillers,
modifiers, additives capable of increasing the electret
properties of polymers. The introduction of a-SiO, as a
nanofiller is accompanied by an increase in the density
and degree of crystallinity of UHMWPE in the
composition of the composite, which in turn leads to a
decrease in the conductivity, and thus can improve the
stability of the electret state of the composite films
based on them [14-19].

The purpose of this work is to obtain and study the
electret properties of UHMWPE+a-SiO,, which can
serve as the basis for the production of composite
materials capable of operating under the y-irradiation
conditions.

EXPERIMENTAL PART

UHMWPE powder with an average molecular
weight of 1.55-10° 65% degree of crystallinity and
190 °C melting point was used as a polymer matrix. The
density and plastic transition temperature of thepowder
is 940kg/m® and 138...142°C, respectively.
Amorphous silica a-SiO, particles (Sky Spring
Nanomaterials, Inc. Hauston, USA) with a spherical
shape and the size of 20 nm were used as the filler. A
specific surface area of the filler particles is 160 m%/g.
The density of the filler particles is 2.65 glem® [3, 7].
The ratio of inorganic a-SiO, to UHMWPE was (1:99,
3:97, 5:95).

When manufacturing film samples, the following
technological scheme was provide:

— mixing in the porcelain mortar of UHMWPE and
a-SiO, powders;

— pressing a homogeneous mixture of component
powders in a hydraulic press with heated plates at the



pressure of 15 MPa with holding at the temperature of
190 °C for 5 min and obtaining samples of composites
in the form of disks with a diameter of 20 mm and a
thickness of 80...50 um;

— to ensure a reliable electrical contact between the
sample and grounded electrodes made of stainless steel
pressed on the surface of samples of an electrode of thin
aluminum foil 7 pum thick, followed by cooling in a
water-ice mixture (quenching regime).

All the concentrations indicated in the work are
volume concentrations. The manufacturing mode of the
composite allows obtaining the samples with recurring
electro physical parameters. Polarization of samples
from the side of a non-metallized surface was carried
out in a corona discharge field with a polarization
voltage of 6 kV in the needle-plane system with a
needle distance 1 cm from the surface of the sample
(charging time 300 s).

Immediately after polarization, to measure the
thermally stimulated depolarization currents (TSD) of
the samples, they were placed in a special screened and
grounded heated measuring cell of the “sandwich” type
with stainless steel pressure electrodes. The alignment
of the electrodes was provided with a special mandrel.
The electrodes were connected to an electrometric
amplifier ¥5-11, to the output of which a two-
coordinate recorder “Endim 620.02” was connected, on
which the current change was recorded as a function of
temperature. The recording of the currents of the TSD in
the temperature range of 20...190 °C was carried out
with a linear increase in temperature at the rate of
2.5 deg/min.

The temperature of the sample was monitored with a
copper-constantan thermocouple. Electrification of the
samples was carried out by exposing them to corona
discharge and *°Co gamma-quanta. Measurement of the
surface potential of electrets U, was carried out
periodically with the aid of the IPEP-1 device. The
irradiation was carried out at the MRX-y-25M
installation from the ®°Co source. The surface density of
electret charges o was calculated by the formula:

S

g, = €& 7
where ¢ is the permittivity of the sample; g, is the
dielectric constant; d is the thickness of the sample, and
S is the electrode area &g;0,= 3.9.

RESULTS AND DISCUSSION

For the analysis of the electret state of polymers,
was used an informative and reliable method — thermo-
stimulated depolarization [8]. The dependence of
stabilized electret potentials difference on absorbed dose
(D) of the UHMWPE (curve 1) and composite based on
it (curves 2—4) are shown in Fig. 1.

Uepg (D) dependencies show that for the UHMWPE
samples the difference of potential reach the maximum
value at D = 50 kGy. Further increase in irradiation dose
leads to a decrease of the Ug,q values of the samples. An
increase in D up to 100 kGy practically does not affect
the values of electrets of UHMWPE+x% a.-SiO,.

We assume that the invariance of Ugyg of the films
containing (1...5%) a-SiO, with increasing dose in the

investigated range is due to the fact that most of the
electrons generated in each ionization act does not
recede beyond the Coulomb field of their ions and
recombine with them can participate in the conductivity
process.

Comparison of electret characteristics of composites
with different composition is correct only in the phase
of stabilization of polarization processes.
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Fig. 1. Dependence of the electret potential difference
Uepg ON p-irradiation absorbed dose D
of the coronoelectret samples: 1 — UHMWPE;
2 —1vol.% a-SiO,; 3 -3 vol.% a-SiO,;
4 —5vol.% a-SiO,

Relatively high stability of the electret state in the
irradiated  UHMWPE+1 vol.% a-SiO, composites is
probably firstly due to the increase in the degree of
crystallinity (lower volume conductivity) of ultrahigh-
molecular polyethylene in the composition of the [8]
composite film, and secondly, by stabilization of the
internal electric field on sub-surface traps that provide a
low rate of charge relaxation.

In addition, the filling of UHMWPE can lead to the
change in the nature of the supramolecular structure
(SMS) of the polymer — the formation of a loosened
adsorption layer [19], a decrease in the size of
crystallites and spherules [13] which are new nucleating
agents.

Therefore in Fig. 2 the dependences of the density of
the stabilized electret charges of electrets from
UHMWPE (curvel) and UHMWPE+x% a-SiO,
composites on the storage time t are presented.
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Fig. 2. Dependence of the electret charge density
of UHMWPE films and composites on the storage time:
1 - UHMWPE; 2 — 1 vol.% «-SiO5; 3 — 3 vol.% a-SiO,;
4 —5vol.% of a-SiO,
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Studies have shown that the introduction of a filler
has a significant effect on the manifestation of an
electret effect in UHMWPE: 1% vol. of silicon dioxide
in UHMWPE reaches a maximum value, and then
decreases (see Fig. 2, curves 3, 4), that is, the best



electret properties of UHMWPE compositions with
1 vol.% of a-SiO, content.

The observed increase in o, UHMWPE composites
(curve 2) is due to the presence of the above-described
energy traps and also injected charge carriers which is
characteristic for polymer compositions.

One of the characteristics of the electret state of the
dielectrics is the electret potential difference U, of their
surface. It depends on the number of injected charge
carriers penetrating into the material during the
electrification of polymers under the corona discharge.

The stability of the coronoelectret mainly depends
on which energy traps most of the injected charge
carriers fall into-small or deep ones. The curves of the
dependence of the o, coronoelectret on the basis of
UHMWPE polyethylene on storage time are shown in
Fig. 2.

It can be seen that the electret characteristics of pure
UHMWRPE and composites based on it on the first day
of storage in room conditions are sharply reduced and
stabilized by 20...30 days.

This phenomenon is typical for traditional electrets.
A sharp decrease in the values of o, on the first day of
storage is explained by the release of injected charge
carriers from small traps, which can be specific surface
defects caused by oxidation processes, adsorbed
molecules, the short-range order of molecules on the
surface and in a volume [20].

The presence of charge carriers in deep traps, which
can serve as impurity ions, the phase boundary, the free
volume of the polymer, determine the magnitude and
stability of the charge of the polymer electret.

To elucidate the reasons for improving the electret
state of the UHMWPE+1% a-SiO, composition, the
TSD spectra were taken. The results of these studies are
presented in Figs. 3-5.
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Fig.3. TSD curves of the sampleas: 1 — UHMWPE;
2 —1vol.% a-SiO,; 3 — 3 vol.% a-SiOy;
4 - 5v0l.% a-SiO,
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The results of investigations of the currents of the
coronoelectret of the UHMWPE films before and after
the modification by the y-radiation are shown in Fig. 3.

The spectra of the UHMWPE TSD (curve 1) show
two peaks at (48+2)°C and a weak maximum at
(116+2) °C. On the spectra of the TSD of the composite
with 1 vol.% a nanoparticles a-SiO, (curve 2) two peaks
are also observed: positive with a maximum at
(65+3) °C and negative with a maximum at (125+3) °C.

The first peak can be caused by the movement of
weakly bound charges, which causes their relaxation.
The second peak corresponding to the softening
temperature of UHMWPE is due to the destruction of
the main part of the deep traps located at the interface
between the crystalline and amorphous phases of
UHMWPE.

The spectra of TSD composites with a high
concentration of 3 and 5 vol.% of the a-SiO, filler also
exhibit two maxima at the appropriate temperatures.
However, for a composite with 1vol.% a-SiO,
nanoparticles, the value of the current of the TSD at a
maximum at 125 °C is approximately 5 times greater

than the peak intensity at 116°C  for
UHMWPE.
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Fig. 4. Curves of TST for UHMWPE+1 vol.% -SiO,
polarized under the corona discharge (1); previously
irradiated, and then polarized in the corona
discharge (2); pre-electrification in the corona
discharge, and then irradiation in air under the action
of yirradiation (3), and j-irradiated (4)
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Fig. 4 shows the spectra of the currents of the TSD
of coronoelectret samples from the compositions of
UHMWPE+1 vol.% a-SiO,: 1) subjected to discharge
(curve 1, coronoelectret); 2) previously irradiated with
y-quanta (D = 100 kGy) in air; and then polarized under
corona discharge (curve 2); 3) previously polarized in
the corona discharge zone, and then irradiated in air
(curve 3); 4) y-irradiated samples (radioelectric,
curve 4).

It can be seen from Fig. 4 that preliminary
y-irradiation has a noticeable effect on the spectra of the
TSD currents (curves 2-4) of the composite:

1) the amplitude of the high-temperature peak of all
irradiated composites increases;

2) its shift toward low temperatures by
approximately 50 °C (absorption dose D = 100 kGy);

3) after the y-irradiation, the low-temperature peak
practically disappears (curves 3-4) the maximum
amplitude of the high-temperature peak is
approximately 2 times smaller than the low-temperature
peak of the composite UHMWPE+1 vol.% a-SiO,
(curve 2).

It follows from Fig. 5 that corona electrics from
unirradiated (D=0) compositions of
UHMWPE+1 vol.% of a-SiO, are more stable. Since
the stability of electrets is determined by the number of
charge carriers in deep volume traps, the low stability of



the y-irradiated coronalectrode samples can be
associated with their increased conductivity and a high
rate of charge relaxation.
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Fig. 5. Curves of TST for UHMWPE+1 vol.% «a-SiO,
irradiated with a dose of kGy: 1 — 0; 2 —-50; 3 — 100

The nature of the currents of the TSD indicates that
the currents of the TSD are mainly associated with near-
surface low-energy traps. Consequently, y-radiation
leads to the destruction of deep volume traps at the
interfaces between amorphous and crystalline phases
and the deterioration of the electret properties of
composites [5, 8, 20]. The current of the TSD of the pre-
irradiated films proves once again that after y-
irradiation, the charges injected from the corona zone
are mainly accumulated in the near-surface layers of the

120 160

irradiated samples [8]. Optimum characteristics of
nanocomposite corona electrets UHMWPE+1 vol.%
a-Si0, are shown in the Table.

CONCLUSIONS

1. In this paper, the influence of nanofiller-
amorphous «-SiO, and the absorbed dose of y-
irradiation on the electret properties of UHMWPE was
studied. It was found that with the filling of UHMWPE
with silicon dioxide, up to 1 vol.% its electret properties
are improved, which is explained by the appearance in
the system of new energetically deep traps, injected
charge carrier.

2. Introduction of silicon dioxide-into UHMWPE
leads to an increase and thermal stability of the
composite  UHMWPE+1 vol.% «-SiO,. The low
stability of corona electrodes at high doses of irradiation
of samples can be associated with their increased
conductivity and high rate of charge relaxation. The
increase in conductivity with an increase in the
percentage of aerosil can be explained by the
appearance of additional conductivity over the surface
of the filler particles.

3. On the basis of the time dependence of el (ty) of
coronoelectret samples, it was shown that electrets from
the composition of composition UHMWPE+1 vol.%
a-SiO, irradiated at D = 50 kGy are more stable.

Electret characteristics of corona electrets from compositions UHMWPE+1 vol.% a-SiO,

Sample Dose D, Max. temperature T, Activ. energy U, Charge o,
UHMWPE+1%0-SiO, kGy °c eV C/m?
Unrradiated 0 65 0.014 38.5-10°
Coronoelectret 125 0.23 143.0-107
L 50 120 0.044 128.0-10°°
y-irradiated 100 122 0.21 240.0-107
UHMWPE+1%o0- 50 75 0.044 128.0 -10°
SiO, (coronoelectret after
premliminary
y-irradiation) 100 70 0.055 85.1-10°°
120 0.18 137.2.107
UHMWPE+1 vol.% a- 50 118 0.59 243.0 .10
SiO, (coronoelectret
before premliminary
y-irradiation) 100 120 0.15 103.0-10°
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SJEKTPETHBIE CBOMCTBA y-OBJTYYEHHBIX KOMIIO3UTOB
CBEPXBBICOKOMOJIEKYJIAPHOT O ITIOJIMDTUJIEHA/a-SiO>

A.M. Mazeppamos, P.C. Hemaiiunosa, M.M. Kynues, A.A. Haoues, E.I'. I'aoxcuesa, /Iorc. U. Hcmaiiunos,
P.C. Aboynnaes, I A. Axynoosa

W3zyyensl BnusiHus aAuokcnaa kpeMuus (a-SiO;) ¥ MOTJIONEHHON O3kl Y-00JIy4EeHHUs Ha 3JIEKTPETHbIe CBOMCTBA
KOMIIO3UTOB CBEPXBBICOKOMOJIEKY sipHOTro monudtiieHa (CBMIID)+a-SiO,. YcTaHOBIEHO, YTO 3aBHCHMOCTH
CTaOMIIM3UPOBAHHOTO 3apsa OT 0OBEMHOTO COJEp)KaHMs HarmogHHUTeNns a-SiO, MMeeT dKCTpeMalbHBIN XapakTep:
npu 1% a-SiO, 3apsg ocTuraer MakcUMyMa, a 3aTeM yMmeHblaercs. Ha ocHoBe anamisa cnekrpos TC/l moka3zaHo,
YTO yJydlIaeTcs TEePMOCTaOMIBHOCTH 3iIeKTpeToB n3 Kommoszuta CBMIID+1% a-SiO,. Xapakrep toka TCJ]
MpeaBapUTEeNbHO  y-00mydeHHBIX 10 103 50...100 k[p mmIeHOK JoKas3pBaeT, 9YTO TOCHE Y-OOIydeHUs
WHKEKTHPOBAHHBIE W3 30HBI KOPOHBI 3apsiibl B OCHOBHOM HAaKaIUIMBAIOTCSI B TIPHIIOBEPXHOCTHBIX CIIOSX.
VYXyameHne 37eKTPEeTHBIX CBOMCTB IpEIBAapUTEIbHO Y-O0JyYEeHHBIX KOMIIO3HTOB CBS3aHO KaK C MOBBIIMICHHEM
JIEKTPOIPOBOAHOCTH, TaK U C BO3PACTAHUEM CKOPOCTH PEJIaKCAIH 3apsiI0B.

EJIEKTPETHI BJJACTHUBOCTI y-OITPOMIHEHUX KOMIIO3UTIB
HAJIBUCOKOMOJIEKYJSAAPHOI'O NOJIETUJIEHY /a-SiO,

A.M. Mazeppamos, P.C. Icmaitinosa, M.M. Kynice, A.A. Habics, €.I'. I'adxcucsa, /Irc.1. Icmaiiinos,
P.C. Aooynnacs, I A. Axynoosa

BuBueno BmmB miokcuay kpemHito (0-SiO,) i MOTIMHYTOI T03M Y-ONPOMIHEHHS Ha €IEKTPETHI BIACTHBOCTI
KOMIIO3UTIB  HajBHUCOKOMOJIeKyisipHoro mofietwieHy (HBMIIE)+a-SiO,. BcraHoBneno, 1o 3aiexHICTH
cTabii30BaHOro 3apsy BiJ 00'eMHOr0 BMicTy HamoBHIOBauda a-SiO, Mae ekctpemMasbHuit xapakrep: npu 1% a-SiO,
3apsi]] 0cATae MaKCUMyMY, a IOTiM 3MeHIyeTbesl. Ha ocHoBI anainizy criektpiB TCJ] mokaszaHo, 0 IOJIMITYETHCS
TepMocTabinbHICTh enekTpeTiB 3 kommo3uty HBMIIE+1% a-SiO,. Xapaktep ctpymy TCJl nomnepenHbo
y-onpoMiHeHux 10 103 50...100 k['p miiBoK AOBOAMTH, IIO IICIS Y-ONPOMIHEHHS iHXKEKTOBAHI i3 30HM KOPOHH
3apsiqd B OCHOBHOMY HAaKONHMYYIOThCS B IIPUIIOBEPXHEBUX Iapax. IIoripimieHHS eJIeKTPEeTHHX BIACTHBOCTEH
TIOTIepeTHbO Y-OIIPOMIHEHHX KOMIIO3HTIB IOB'SI3aHO SK 3 IiJABUIIEHHSAM €JIEKTPONPOBIIHOCTI, TaK 1 31 3pOCTaHHIM
IIBUJIKOCTI peJaKcaiii 3apsiiB.



