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The concentration and temperature dependences of the electrical properties of the composites obtained on the
basis of a copolymer of polyvinylidene fluoride with tetrafluoroethylene P(VDF-TFE) with silicon nano- and
microparticles were investigated, and the effect of gamma-radiation on them was studied. It is shown that the cause
of the change in the concentration and temperature dependences of the electrical properties of irradiated composites
P(VDF)-TeFE)/Si, apart from crosslinking and destruction, is the uneven distribution of the energy of the absorbed
radiation between the components of the composite material.

PACS: 61.80.Ed; 61.25.hp; 72.80.Tm

INTRODUCTION

Recently, physics and chemistry of nano-sized
materials are one of the most intensively developing
fields of science and technology [1-4]. In this
connection, of great interest are studies of composites
based on a polymer with a semiconductor, the processes
occurring in them, and size effects [5-7]. It is also
associated with their electrophysical, physico-chemical,
optical, and photoproperties and their practical
application in various devices (photocells, solar cells,
sensors etc.). It is possible to control its electrophysical,
optical and photoproperties by changing volume
quantity and size of filler in polymer composites.

The composite materials have different active
properties depending on the type and properties of the
filler [8-12]. On the other hand, various external effects,
including ionizing radiation, can modify these active
properties [13-16]. Scientific studies in this direction
show that composites with semiconductor fillers are of
great interest. Interest in these composites is due to the
presence of electroactive properties with a wide
spectrum in the semiconductor materials. Electroactive
properties of such composites are mainly formed by
electrical properties, and the current value in the
composites is determined by the sizes of the polymer
layer between the filler particles, and the Volt-Ampere
Characteristics (VAC) due to tunneling of the charge
carriers from this layer [17, 18]. Despite the large
number of scientific studies on the investigation of
electrophysical properties in these materials, the value
of interparticle contact resistance and the beginning of
the percolation border in composites are insufficiently
studied [19-22]. Also, here the effects of ionizing
radiation on these problems have been examined in
superficial. Considering these, in the present work,
different volume composites were obtained on the basis
of nano- and microsilicon (Si) particles and copolymers
of polyvinylidene fluoride with tetrafluoroethylene.
First of all, the concentration and temperature
dependence of specific volume resistance of composites
irradiated with gamma-quantum doses in various doses
were studied. Then, the temperature dependence of the
specific volume resistance of the P(VDF-TeFE)/Si
nano- and microcomposites with contains 1 and 10%

volume was irradiated

0...300 KGy.

EXPERIMENTAL PART

The composites are obtained by thermal pressing
method of previously mixed powders in definite volume
component ratios. Pressing is carried out at the melting
point of the polymer matrix under a pressure of 10 MPa
for 5 min, followed by cooling the melt in an aqueous
medium at an ice temperature. The resistance
measurement of composite samples is carried out by
E6-13A Theraohmmeter at heating rate 2.5 K/min. The
samples in “sandwich” form with plane-parallel
electrodes from aluminium are used for measurement of
py specific volume resistance. Samples were irradiated
with a source of y-radiation based on the ®°Co isotope
on the MRX-y-25M facility.

DISCUSSION OF THE RESULTS

As known, the electrical properties of the
composites are dependent on interparticle contact
resistance, resistance of components, type, size and
quantity of filler [23]. From the dependences (Fig. 1,a,b)
it is clearly seen that the change in the volume amount
of the filler up to 50% in the composite, there is a
change in the resistance p, of approximately ~ 5 orders
of magnitude, which is typical of heterogeneous
composite systems. The separation of the electric
conductivity to the dielectric at the low concentrations
of filler and high conductivity regions at high
concentrations is typical for polymer-filler composite
systems. The interval between two areas where the
resistance is monotonously decreases is called the
percolation zone. Various external factors also affect the
change in electrical properties of composite materials,
and sometimes these factors allow you to control their
properties. The effect of the ionizing radiation we use as
an external factor leads to the certain changes in the
electrical properties by changing the structure of
composite components and the nature of the interphase
boundary.

It has been given the concentration dependence
lgpy = f(®) of the specific volume resistance of the
P(VDF-TeFE)/Si composites, initial and irradiated at
different doses, which was taken on the basis of fillers
with the size of d <50 um (a) and d ~ 50 nm (b) (see
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Fig. 1). Apparently, the percolation transition is
observed in the concentration range of ~5...20% by
volume of filler (curve 1) for composite P(VDF-
TeFE)/micro-Si (see Fig. 1,a). In addition to narrowing
the range of the percolation transition in samples
irradiated with gamma rays with 100 kGy (~ 10...20%;
curve 2), this range doubles with increasing dose (D)
and the beginning the percolation transition shifts
towards higher filler values (curves 3 and 4). We
believe that the observed effect is due to cross-linking
processes between the macromolecules of the polymer
and the polymer chains with the surface of the Si
particles. The intermolecular crosslinking processes in
the matrix due to the influence of gamma irradiation at
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lower values of the filler provide a decrease in the
mobility of macromolecular chains and the relative
stability of the electrical resistance of the composite.

In my opinion, another reason why the electrical
resistance of the composite remains relatively high and
constant is oxidation of the surface of Si particles during
the radiation on the open air. Crosslinking on the matrix
and oxidation of the filler surface are the factors that
observed the percolation transition boundary causes the
filler to move towards higher filler values in gamma-
irradiated samples. A subsequent increase in the amount
of filler in the matrix leads to a relatively large decrease
and stabilization of the resistance value due to contacts
between the particles.
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Fig. 1. Dependence p, = f{®) of P(VDF-TFE)/nano-Si composites, initial and irradiated at different doses,
obtained on the basis of fillers with the sizes of d < 50 um (a) and d ~ 50 nm (b):
1-initial; 2 — irradiated at 100 kGy; 3 — 200 kGy; 4 — 300 kGy

It can be seen that the dependence Igp, = f(®) of the
initial and irradiated composites P(VDF-TeFE)/nano-Si
obtained at different doses, based on fillers (d ~ 50 nm),
differs in comparison with dependencies of samples
obtained with micro-Si (see Fig. 1,b). In these samples,
the transition from the highly résistance state to the low
resistance occurs at a slower rate. There is observed no
sharp boundary of the percolation transition with the
increase in the quantity of filler. The reason is the
increase in the effective surface of the interphase
polymer-Si border, in proportion to the increase in the
filler's volume to ®@ = 50%. The change in resistance is
due to an increase in crosslinking in the polymer matrix
of nanocomposites after gamma irradiation, oxidation of
nano-Si particles, and an increase in Si-O-C bonds
[24]. In addition, we believe that a more uniform
distribution of nanoscale filler over the volume of the
composite leads to a more efficient absorption of the
dose by the filler and ultimately to a decrease in the
effect of radiation on the matrix [25, 26]. To study the
differences in the electrical conductivity of P(VDF-
TeFE) — nano- and microcomposites obtained at two
different concentrations (1 and 10 vol.%) and irradiated
in the 0...300 kGy range, the temperature dependence
of their specific resistance (p,) in the stable electric field
was investigated (Fig. 2). Dependence of lgp, = f(1/T)
for P(VDF-TeFE)/Si composites obtained with the
same amount of nano- and micro-Si and irradiated at
different doses and comparative analysis of activation
energy (AE) calculated from these dependencies allows

us to evaluate the exploitation characteristics and
radiation resistance of composites. It is seen that the
dependence lgp, = f(1/T) of the initial P(VDF-TeFE)/Si
composites obtained with 1% (see Fig.2,a) and with
10% by volume (see Fig. 2,d) nano (curve 2) and micro
(curve 3) of the filler consists of curves, which differ
from each other in resistance value by two orders of
magnitude. The resistance of composites obtained by
nano-Si is higher than the resistance of composites
obtained with micro-Si, and in this case the specific
resistance of the samples obtained with the nano-Si
increases compared with polymers, while the specific
resistance of the composite obtained with micro-Si
decreases.

The activation energy of the conductivity AE was
calculated for the tangent to the rectangular portion of
each curve in the dependence on lgp, = f(1/T) of both
micro- and nanosized composites and the results are
presented in the Table. Comparison of the curves (see
Fig. 2,d,e,f; curve 2) and corresponding activation
energy values (see Table) of the initial and irradiated
samples of the P(VDF-TeFE)/10% nano-Si composites
in the dependence of lgp, =f(1/T) shows that the
parameters remain stable within a certain error the
measured temperature range. The reason why, P(VDF-
TeFE)/nano-Si composites obtained with nano-Si are
resistant to ionizing radiation, as we mentioned above,
is the relatively high concentration of particles in the
bulk of the composite and their uniform distribution
[26].
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Fig. 2. Dependence lgp=f(1/T) for the 1% (a, b, ¢) and 10% (d, e, f) P(VDF-TeFE)/Si composites
and P(VDF-TeFE) irradiated at different doses: a —and d — initial; b —and e — 7100 kGy, ¢ —and f — 300 kGy;
1 - P(VDF-TeFE); 2 — nano-Si; 3 — micro-Si

The activation energy of conductivity AE was
calculated according to the method from the literature
[27] from the dependences lgp, = f(1/T) of both micro-
size and nanoscale composites, and the results are
presented in the Table. The same effect is also observed
for P(VDF-TeFE)/1% nano-Si samples which irradiated
100 kGy dose. Comparison of the curves and values of
the activation energy AE in the Table shows that the
parameters of the composites with a content of 1 and
10% bulk nano-Si and irradiated with a dose of 100
kGy are more resistant to gamma irradiation. And the
values of the irradiation dose of 100 kGy may be
adopted as a modification mode for P(VDF-
TeFE)/nano-Si composites. As can be seen from the
table, P(VDF-TeFE)/10% nano-Si composites can be
used as resistant materials to the effects of gamma
radiation. The radiation energy absorbed in the P(VDF-

TeFE)/10% nano-Si composites, obtained on the basis
of nanoscale Si particles, is distributed, the energy at the
interfacial boundary of the polymer matrix and
nanoparticles increases, and as a result the stable
conductivity of the samples is provided. We believe
that, during irradiation of polymer nanocomposites, the
absorbed radiation energy is redistributed in the
P(VDF-TeFE)/10% nano-Si composites. Part of the
energy supplied to the interfacial boundary of the
polymer matrix and the nanoparticles increases, and part
of the energy of the falling polymer matrix leads to an
increase in crosslinking and, as a result, is the stability
conductivity [26]. We know that, while the filler has the
same quantity, the concentration of particles in the
nanocomposite is relatively high compared to the micro-
composite.



The values of the activation energy AE of conductivity for P(VDF-TeFE), initial and irradiated at different doses
and P(VDF-TeFE)/Si composites obtained with micro- and nanoparticles

micro-Si nano-Si
Sample Dose, kGy v AE, eV AE, eV AE,, eV

0 ~ 0.33 ~ 0.33

100% P(VDF-TeFE) 100 - 0.298 - 0.298
300 - 0.27 - 0.27

0 - 0.36 0.2 0.387

P(VDF-TeFE)/1% Si 100 0.036 0.31 0.17 0.26
300 0.15 0.324 - 0.253

0 - 0.32 0.18 0.25

P(VDF-TeFE)/10% Si | 100 0.113 0.298 0.18 0.25
300 0.165 0.36 0.18 0.25

Transfer from microparticles to nanoparticles results
in an increase in the concentration of the filler's active
surface and the concentrations of C-O-Si bonds and,
consequently, in a decrease in the mobility and
conductivity of the polymer chains we experimentally
observe [24]. The concentration of C-O-Si bonds
decreases due to a decrease in the effective surface in
the case of composites obtained with microparticles, and
an increase in the mobility of the polymer chains and
conductivity is observed, respectively, which affects the
activation energy.

CONCLUSIONS

The reason for the observed changes depending on
the Igp, = f(®) of the irradiated composites obtained on
the basis of the copolymer P(VDF-TeFE) with micro-
and nanosized Si are both crosslinking in the matrix and
oxidation of the filler surface, as well as the uneven
distribution of absorbed energy radiation between the
components of the composite.

Thus, when the filler is nanosized, the concentration
becames higher and its even distribution in the volume
leads to more effective absorption of the absorbed dose
by the filler and, consequently, the attenuation of the
radiation effect on the matrix.

The stability of the p, and AE parameters for
P(VDF-TeFE)/10% nano-Si composites up to a dose of
300 kGy can be estimated as the gamma-radiation
resistance of the composites in the indicated dose range.
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SJEKTPUYECKHUE CBOMCTBA TAMMA-MOJU®UIIUPOBAHHBIX KOMITIO3UTOB
COINIOJIMMEPA NMOJIMBUHUWINAEH®TOPUAY
C TETPA®TOPITUJIEHOM U KPEMHHUEM

U M. Hypyes

HccnenoBaHbl KOHIIGHTPALIMOHHBIE M TEMIIEPATypHBIE 3aBUCHMOCTH D3JIEKTPUYECKHX CBOMCTB KOMIIO3UTOB,
MOJTyYIEHHBIX HA OCHOBE comojmMmepa monuBHHIIHACHPTOpUaa ¢ terpadropatwieHom P(VDF-TFE) ¢ HaHo- u
MHUKpPOYaCTHIIAMH KPEMHHS, U U3Y4EHO BIMSHHE Ha HUX TraMMa-u3nydenus. [loka3aHo, 4To NpUYNHOI H3MEHEHUS B
KOHIICHTPALIMOHHBIX ¥ TEMIIEPaTypHBIX 3aBUCUMOCTSIX DICKTPUUECKUX CBOMCTB 00IydeHHbIX koMno3utoB P(VDF—
TeFE)/Si kpome cluMBaHHSA M JSCTPYKLHMH SBISETCS M HEPABHOMEPHOE DPACIpPENSNICHHE SHEPTHH IMOTJIOMICHHOTO
W3ITy4CHUS] MEXy KOMIOHEHTaMH KOMIIO3UTHOTO MaTepHaa.

EJIEKTPUYHI BJACTUBOCTI TAMMA-MO/IUPIKOBAHUX KOMIIO3UTIB
COITIOJIIMEPA HNOJIBIHUVITAEH®TOPUAY 3 TETPA®TOPETIVIEHOM I KPEMHIEM

I.M. Hypyes

JociipkeHo KOHIEHTpaLiiHi 1 TeMIepaTypHi 3aJIe)KHOCTI eNeKTPUYHUX BIACTUBOCTEH KOMIIO3UTIB, OTPUMaHUX
Ha OCHOBI cormojiiMepa nomiBiHuTineHGTOpURy 3 Terpadroperinenom P(VDF-TFE) 3 HaHo- i MikpoyacTHHKaMu
KpPEMHiI0, i BUBYEHO BIUIMB Ha HUX raMMa-BUIpOoMiHIOBaHH:. [lokazaHo, 1110 MPUYMHOIO 3MiHH B KOHIEHTPALIHHUX i
TEeMIEPAaTYPHUX 3aIEKHOCTAX EINEKTPUYHHUX BIAaCTUBOCTEH ompomiHenux kommo3uTiB P(VDF-TeFE)/Si kpim
3IMIUBaHHA 1 JECTPYKUii € 1 HEPIBHOMIPHUI PO3MOALN €Hepril HOTJITHHEHOTO0 BUIIPOMIHIOBAaHHA M KOMIIOHEHTaMHU
KOMITO3UTHOT'O MaTepiaiy.



