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THE INFLUENCE OF GAMMA IRRADIATION ON ELECTRIC PROPERTIES OF
POLYVINYLIDENE FLUORIDE COMPOSITES WITH SILICON
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The influence of gamma irradiation up to dose 300KGy on electric properties of polymer composites on the base of copolymer
of polyvinylidene fluoride with tetrafluoroethylene P(VDF-TFE) and micro- and nano-particles of silicon is studied. It is shown that
observable changes in electric properties of irradiated composites on the base of P(VDF-TFE) with micro- and nano-particles of
silicon are connected with both processes of radical formation and oxidation with further cross-linking and destruction in
heterogeneous system and redistribution of absorbed dose of radiation energy between components of composite.
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INTRODUCTION

The introduction of different fillers with specific
properties in polymer materials is the one of effective
methods of electric property modification of polymer
materials to use in electronics. The composite materials
obtained by such modification acquire the different active
properties in dependence on filler type and properties [1-
5]. Moreover, the composite acquired properties can be
modified by external influences including the ionizing
radiation [6-9]. The study of scientific literature shows
that composites with semiconductor inclusions are of
large interest. According to supposition of authors of
these works, the current value in composites is defined by
distance of interparticle isolating layer and VAC of
samples forms because of electron tunneling through this
composite interlayer. The influence of gamma irradiation
on electric properties of composites on the base of
copolymer of polyvinylidene  fluoride  with
tetrafluoroethylene P(VDF-TFE) with different content of
micro- and nano-particles of silicon (Si) is also
investigated in the given work.

EXPERIMENTAL PART

The composites are obtained by hot pressing method
of previously mixed powders in definite volume
component ratios. The pressing is carried out at melting
point of polymer matrix under pressure 10MPa during 5
minutes with further melt cooling by the deeping way in
aquatic environment at ice temperature. The resistance
measurement of composite samples is carried out by E6-
13A teraohmmeter at heating rate 2K/min. The samples in
“sandwich” form with plane-parallel electrodes from
aluminum are used for measurement of p, specific volume
resistance.

RESULT DISCUSSION
The composite temperature dependences of p,

resistivity are investigated for study of kinetics change in
conduction process taking place before and after
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irradiation exposure in composites with different filler
content. Temperature dependences Igp = f(1/T) of initial
and irradiated polymer P(VDF-TFE) are shown in fig.1. It
is seen that p, values of initial and irradiated polymer
monotonously decrease but some stabilization of p, value
with further decrease is observed in average temperature
range (363-393K) for irradiated samples.
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Fig.1. The temperature dependences of volume specific
resistance of P(VDF-TFE) polymer irradiated by
different dose.

The insignificant decrease of curve inclination angle
in comparison with one of initial P(VDF-TFE) is
observed in temperature dependence of irradiated polymer
samples. We think that the decrease of P(VDF-TFE)
polymer chain mobility as a result of carrying out cross-
linking after gamma irradiation causes to fact above
mentioned. Moreover, irradiation by high doses leads to
shift of initial value increase of Igp = f(1/T) to the side of
low temperatures connected with destruction beginning of
some weakly bound molecular units of polymer chain. As
it is known from [12,13] the ionizing irradiation of
fluorine-containing polymers is accompanied by decrease
of CF, group number which transform into polymer
radicals CH and CF. As a result, the part of radicals in
polymer structure leads to formation of inter-chain cross-
linking because of recombination on following scheme:
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The intra-chain transversal cross-linking because of
presented reaction is accompanied by increase of polymer
matrix hardness and decrease of molecular chain mobility
in interphase interlayer.

From comparison Igp = f(1/T) dependence for
composites with Si micro-particles (fig.2a) it is seen that
inclination angle of curves in low-temperature region
changes with radiation dose and filler content increasing.
The some stabilization (1%Si) and increase with decrease
(5 and 10%Si) of p, value are observed in high-
temperature dependence part in region below melting
point of polymer matrix. We think that high volume
contents and radiation doses (300kGy) lead to increase of
radical relative concentrations and volume bound charge
number in polymer matrix. At high temperatures the
radical recombination taking place with volume free
charges in matrix leads to relatively rapid decrease of
composite p, value. The further stabilization and decrease
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of p, are the result of saving properties structure of
polymer-filler interface, which destroys at composite
melting as a whole.

Stabilization of p, for samples with 1% volume
content observable in high-temperature part of Igp =
f(1/T) composite dependence shifts to relatively wide
maximum for composites with 3,5 and 10% filler volume
content at radiation high doses (~300KGy). The processes
of free charge capture by radicals (defects and energy
traps) together with cross-linking processes take place at
irradiation of samples [14,15]. The inverse mechanism
leading to charge release takes place at heating. Besides,
radical oxidation can lead to radical trap destroy
accompanying with charge release from them and
increase of sample electric conduction. But values of
accumulated charges aren’t endless ones and the some py
increase taking place after its minimum value at high
temperatures is observed.
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Fig.2. Temperature dependences of specific volume resistance of P(VDF-TFE) composites with micro-Si (a) and nano-Si (b)
irradiated by different doses.
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Table

The activation energy value of electric conduction of P(VDF-TFE) and P(VDF-TFE)/Si composites with micro-
and nano-particles irradiated by different doses.

Dose, KGy Micro-Si Nano-Si

AE4, eV AE,, eV AE,, eV AE,, eV
100% 0 - 0,33 - 0,33
P(VDF-TFE) 100 - 0,298 - 0,298
300 - 0,27 - 0,27
0 - 0,36 0,2 0,387
1% 100 0,036 0,31 0,17 0,26
300 0,15 0,324 - 0,258
0 - 0,31 - 0,39
5% 100 0,13 0,33 0,1 0,31
300 0,21 0,42 0,15 0,29
0 - 0,32 0,18 0,25
10% 100 0,113 0,298 0,18 0,25
300 0,165 0,36 0,18 0,25

We suppose that radicals and matrix oxidation
appearing as a result of gamma radiation influence can
lead to formation of oxygen bonds C-O-Si with filler
surface in composite. Thus, the release of charges bound
with surface of silicon particles becomes difficult in
region below composite melting point because of
relatively strong interaction and changes take place
because of charges released from polymer matrix.

The some resistance stabilization region is observed
only in samples irradiated by dose 300KGy in Igp = f(1/T)
temperature dependences of P(VDF-TFE)/Si composites
with silicon nano-particles (fig.2b). On the base of
comparative analysis of these dependences one can say
that radiation exposure up to dose 300KGy is
accompanied by cross-linking in polymer matrix and
increase of interphase layer interaction with oxidized
active surface of nano-silicon filler in distinct from
composites with micro-silicon filler. From temperature
dependence of initial and irradiated composites with 10%
silicon volume content it is seen that all three curves
coincide with each other with some error. Using Igp,
f(1/T) the activation energy values AE corresponding to
each inclination of rectilinear part of curves are calculated
The observable curve step and comparison of AE
activation energy values from table show that composites

with (10% wvolume content) nano-silicon are relatively
stable to gamma irradiation exposure. The redistribution
of radiation energy on volume takes place in P(VDF-
TFE)/10%Si composites with nano-particles, energy part
influencing on polymer matrix interface with nano-
particles increases that leads to stable character of sample
conductivity. Thus, at one and the same filler content the
particle concentration in composites with nano-particles
has the relatively high value. The transition from micro-
particles to nano-particles is accompanied by increase of
filler effective surface and concentrations of C-O-Si
bonds with surface and this leads to mobility decrease and
resistance increase that we experimentally observe. At
introduction of micro-fillers the concentration of C-O-Si
bonds becomes relatively low because of effective surface
decrease, macro-molecule mobility increases and
resistance decreases correspondingly that reflects on
activation energy values [16]. In conclusion we can say
that observable changes in electric properties of irradiated
composites on P(VDF-TFE) base with micro- and nano-
particles of silicon are connected by both processes of
radical formation and oxidation with further cross-linking
and destruction in heterogeneous system (polymer matrix
and filler) and redistribution of absorbed radiation energy
between components of composite.

[1] P. Thomasa, S. Satapathy, K.Dwarakanath, K.B.R.
Varma. Dielectric properties of Poly(vinylidene
fluoride)/ CaCu3Ti4012 nanocrystal composite
thick films, eXPRESS Polymer Letters Vol.4,
No.10, 2010, pp.632-643.

[2] S.N. Tkachenko, O.S. Qefle, S.M. Lebedev.
Issledovanie SvVoystv polivinilidenftroida,
modifichirovannoqo  nanochastichami  nikelya.
Plasticheskie massi, Ne2, 2008, s.28-32. (In
Russian).

[3] Javier Arranz-Andres, Nuria Pulido-Gonzalez, Pilar
Marin, Ana M. Aragon, Maria. L. Cerrada.
Electromagnetic shielding features in lightweight
pvdf-aluminum based nanocomposites, Progress In
Electromagnetics Research B, 2013, Vol. 48, 175-
196.

[4] A.M. Magerramov, M.A. Nuriyev, L.A. Veliev, S.I.

Safarova. Coronoelectrets Based on Polypropylene
Composites Dispersed by a TlIn,Cey»Se;

45

Semiconductor Filler, Surface Engineering and
Applied Electrochemistry, 2010, Vol. 46, No. 2, pp.
169-172.

Houda Rekik, Zied Ghallabi, Isabelle Royaud,
Mourad Arous, Gérard Seytre, Giséle Boiteux, Ali
Kallel. Dielectric relaxation behaviour in semi-
crystalline polyvinylidene fluoride (PVDF)/TiO2
nanocomposites, Composites: Part B 45, (2013), p.
1199-1206.

A.V. Suxinina. Razrabotka radiachionno-sshivaemix
napolnennix kompozichiy na osnove sevilena dlya
kabelnix termousajivaemix izdeliy. Avtoreferat
dissertachii na soiskanie uchenoy stepeni kandidata
fiziko-matemoticheskix nauk, 2009, 19 str. (In
Russian).

Zelimir Jelcic, Franjo Ranogajec. High impact
polystyrene modified by ionizing vy-radiation,
POLIMERI, 31, (2010) 2, p.52-58.

(5]

[6]

[7]



8]

[9]

[10]

[11]

AM. MAGERRAMOV, I.LM. NURUYEYV, R.N. MEHDIYEVA, M.A. NURIYEV

S.A. Xatipov, E.M. Konova, N.A. Artamonov.

Ros.khim.j. (J. Ros. khim. ob-va im. D.l
Mendeleeva), 2008, t. LIl, Ne 5, s.64-72. (In
Russian).

A.M. Magerramov, M.A. Nuriyev, F.I. Akhmedov,
and .M. Ismailov. Radiothermoluminescence of g-
Irradiated Composites of Polypropilene and
Dispersed Oxides, Surface Engineering and Applied
Electrochemistry, 2009, Vol. 45, No. 5, pp. 437-
440.

K.K. Ametov, B. Kaipov, S.M. Joldasova, A.Q.
Lavrushko, N.M. Qalashina. Elektroprovodnost
polimernix kompozitov na osnove polipropilena |
kremniya, Preprint Ne R-9-308, 1987, 10s. (In
Russian).

V.I. Fistul. FTP, 1993, tom 27, vip.11/12, s.1788-
1794. (In Russian).

Received: 14.01.2015

46

[12] V.M.  Morilova.  Issledovanie  karbonizachii
polivinilidenftroida metodami  emissionnoy |
absorbchionnoy spektroskopii. Avtoreferat

dissertachii na soiskanie uchenoy stepeni kandidata
fiziko — matematicheskix nauk, 2014, 23 str. (In
Russian).

[13] T.S. Sapojnikov, A.A. Mirzoev. FTT, 2008, tom 50,
vip.6, 5.1143-1145. (In Russian).

[14] A.P. Tyutnev, AV. Vannikov, Q.S. Mingaleev,
V.S. Senko. Elektricheskie yavleniya pri obluchenii
polimerov. M. Energoatomatizdat, 1985, 176 s. (In
Russian).

[15] L.N. Ignateva, V.Q. Kuryaviy, T.A. Kaydalova, V.M.
Buznik, A.l. Korchagin. Jurnal Strukturnoy Ximii,
2005, Tom 46, Ne 5, s. 879 — 886. (In Russian).

[16] D.V. Alyavdin, A.P. Klestov, A.A. Shestakov. Fazovie
perexodi, uporyadochennie sostayaniya | novie
materiali, 2012, Nel1, s.1-5. (In Russian).



