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DIELECTRIC PROPERTIES OF POLYMER COMPOSITE MATERIAL BASED
ON VANADIUM DIOXIDE

Results of investigation of the dielectric characteristics of “polyethylene-
vanadium dioxide” composites with different volume fractions of filler within the
radio frequencies range and the temperature range of 30-90 °C are presented. The
two dispersion regions are found. The high-frequency region is due to the
Maxwell charge separation on the boundaries of the polyethylene matrix -
conductive filler of the crystallites VO,. The low frequency region is associated
with the presence of the transition layer at this boundary.

The semiconductor-metal phase transition is observed in the frequency
dependence of the electrical conductivity of composite. This transition is realized
in the filler particles of vanadium dioxide.

With increasing temperature, the relative permittivity of the composite has
a tendency to the absolute value decrease. An increase of high-frequency
electrical conductivity and a reduction of the dielectric relaxation time are
observed.
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IpeacraBiieHbl pe3yabTaThl HceaeJ0BaAHUS AUITEeKTPHYECKHX
XaPAKTEePHCTHK KOMMNO3HTOB MNOJHITHJIEH-IHOKCH]I BaHAAUSA ¢ Pa3JUYHBIMH
00beMHBIMHM JOJNSMHM HAaNOJHHUTeJNd B AHANA30HE¢ PaJHOYACTOT U TEMIEPATYPHOM

auamazone 30 - 90°C. O0Hapy:xuBawTCsad JgBe JAHCHEepCHBbIe o0JugacTH.
BbicokoyacToTHas 006JacTh 00ycJOBJIEHA MaKCBEJJOBCKHM pa3ieJleHHEeM 3apsja
Ha rpaHune NMOJHITUIIEHOBAS MaTpuna —  NOpoOBOASIIMIL HANOJHHUTEJb

(kpuctanauntel VO,). Hu3zkouyactoTHas 00JacTh CcBA3bIBaeTCss ¢ HaJHYHEM
NnepexoJHOr0 CJOS Ha 3TOW rpaHume.

B 4YacTOTHOI 3aBHCHMOCTH J3J1eKTPONPOBOAHOCTH KOMIO3HTOB MNpOfABJIsieTCS
¢pasoBblIii nepexon mertana-noaynposoanuk (®IIMII) B HamoaHuTeE.

OTHoOcuUTenbHAsm JHUIJIEeKTpHYEeCKAas TMNPOHHIAEMOCTb KOMMNO3UTAa HMeeT
TEHACHUHI0 K CHHXKEHHI0 N0 a0COJITHOH BeJHMYHHEe C POCTOM TeMIepaTypbl.
Bpicoko4yacToTHasA »JJeKTpHYecKassi NPOBOAMMOCTb YBeJHYHBaeTcss, a BpPeMEHH
peJaKCcalMH ANDJIEeKTPHKA COKpallaercs.

KnwueBble cJ0Ba: KOMIO3HUT, MNONHATHUIEH, HANOINHHUTENb, AHOKCHUA BaHAOHA,
OUAIEKTPHUYECKast MIPOHUIAEMOCTD.

IIpeacraBiaeHi pe3yJabTaTH AOCHiIJKeHHS JieJeKTPUYHUX XapaKTEPHCTHK
KOMMNO3HUTIiB MNoJieTHJeH - JBOOKCHJ BaHaAil0 3 pPi3HUMH 00'€éMHHMMH 4YacTKaMu
HANOBHIOBa4Ya B Aiama3oHi pagioyacTror Ta TemmepatypHomy aiamasoni 30 — 90°C.
Busapaeno aBi paucmepcHi oO0aacti. BucokouacTtrorHa o0JgacTh 00yMOBJEHA
MaKCBEeJOBCHKHM pO3aiJIeHHAM 3apsily Ha rpaHUNi NoJieTHJIeHOBa MaTpuusa —
npoBigHMii HANOBHIOBAY (kpucraaitu VO,). HuzbkouacTroTHa ob0aacTh
NOB'A3Y€EThCH 3 HASIBHICTIO MepeXiJHOro mapy Ha uid rpanuui.

Y 4YacToTHiii 3ajJeXHOCTi eneKTPONPOBiAHOCTI KOMNO3UTIB NPOABIAAETHCSHA
¢pa3zoBuii mepexin meran-nanisnpoBignuk (PIIMH) B HanoBHIOBaui.

BinnocHa fgieseKTpMYHA NPOHUKHICTP KOMNO3UTY Ma€ TeHAEHUi 10
3HUKeHHS 3a a0COJIOTHOI0O BEeJHYHHOIO 3 POCTOM TeMmepaTypu. BumcokxodacTtoTHa
eJeKTPHUYHA NpPOBiaAHicTh, 30inbmyeThcsi, a 4ac peaakcanii pgieaexkrpuka
CKOPOYYEThCH.

Knw4yoBi caoBa: KOMIO3HUT, MOJi€THIEH, HANOBHIOBAaY, JIBOOKCHJI BaHaiilo,
NieTeKTpUYHA MPOHUKHICTH.
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Introduction

Recently, polymer composites with conductive fillers, in particular carbon-based
system in a polyethylene matrix, have found application as self restoring fuses and
posistors [1, 2]. Use as a filler material with a phase transition of the semiconductor-metal
could eventually allow the development of electronic elements, which apart protect
against current overloads and high temperatures also implement other functions including
shutdown at low temperatures.

In order to develop the optimum technology for producing such composites one
need information about their electrical properties at alternating current and physical
processes responsible for them.

This paper presents the results of investigations of the dielectric characteristics of
polyethylene-vanadium dioxide composites with different volume fraction of filler in the
radio frequency and ranges of temperatures 30-90 °C.

Samples and methods of investigation

The initial components of the composite were fine crystalline vanadium dioxide
(VO,), obtained by reduction of vanadium pentoxide (V,0s) with carbon [3], and high-
density polyethylene LDPE (15803-020).

The process of synthesis of polyethylene -VO, composites was performed using the
technological scheme, similar to the technology of making self recovering fuses of the
PolySwitch type [1].

The volume fraction of filler P, was varied from 25 to 60 volume per cents. The samples

had a cylindrical shape with the base diameter of 10 mm and the height of about 1 mm.

The dielectric characteristics were performed with a Q meter BM-560 in the radio
frequency range (50 kHz to 10 MHz). Studies have shown the near-electrode phenomena
that the measured electrical values are determined by the bulk properties of the samples.

The sample was placed into thermostat for studying the temperature dependences.
Data registration was carried out after the establishment of the thermodynamic
equilibrium of the sample with the environment.

Experimental results and discussion

Fig. 1 shows a typical frequency dependence of permittivity &'(f) and electrical
conductivity & (f) of composites with different percentages of vanadium dioxide. As seen,
dielectric dispersion takes place in the test frequency range.

A decrease of dielectric permittivity €’ and the increasing of electrical conductivity ¢
with increasing frequency f at a constant temperature at low volume fractions VO,

( Py <50%) were observed. Conductivity values depend weakly on the frequency f (see

Fig. 1b, curves 4 and 5) with a higher filler content P, . The resulting regularities are also

observed at other temperatures of the investigated range.
Dependences of €' and o on the volume fraction of filler are shown in Fig. 2. As can
be seen, relative permittivity and specific conductivity increase with increasing volume

fraction of filler p,, .

The values of rapprochement o, measured at different frequencies and the same
temperature at high frequencies with increasing p,, is observed. It should be noted that

the change in electrical conductivity of composite samples at the transition through
temperature of VO, PTMS (68 °C) is not very high (less than one order) [4].
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Fig. 1. The frequency dependence of the relative dielectric permittivity and conductivity of samples of
composites based on polyethylene with different volume fractions of filler — vanadium dioxide
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Fig. 2. The dependence of the relative dielectric permittivity (a) and conductivity (b) of composites
based on polyethylene on the volume fraction of filler — vanadium dioxide at 30°C and 90°C

The effect of temperature on the dielectric spectra of the investigated
composites is shown in Fig. 3.

It should be noted that the appearance of a minimum in the frequency
dependence of the dielectric loss &" (Fig. 3b) was previously observed in other
studies [5]. The presence of the minimum indicates the manifestation of two
relaxation processes in the frequency range under consideration.

Decrease in values of &' to those of the order of several units (Fig. 3a)
indicates the Maxwell-Wagnerian nature [6] of high-frequency dispersion region.

The most likely reason of the low-frequency region dispersion is the presence
of transition layers in the studied composite and polarization processes associated
with them, as investigated and observed in other similar composites with conductive
fillers [2, 7]. This assumption proves to be true because of anomalously high values
of the low-frequency relative permittivity of the investigated structures.
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The absolute value of the low frequency &'(f) is much higher than the values
given by the two-component theory of dielectrics with conductive inclusions. So
our calculations were performed with the use of the most correct well-known
Bruggeman-Hanai formula & = &pg /(l— py )3 [4] where &pg is a relative

permittivity of polyethylene matrix &pg =2 [2], and P, is the volume fraction of
filler VO, (py = py /100=0.3 for the data in Fig. 2, 3). They result in the value
&f, =~ 6 that is significantly less than obtained in the experiment.

With temperature increasing to the temperatures in the range of the phase
transition VO, (<68°C) the observed decrease in the absolute value of the relative
permittivity of the samples corresponds to the thermal expansion of the
polyethylene matrix [2].

Dispersion curves of 8'(f) and 5”(f) before PTMS (curves 1, 2, and 3 in Fig.

3) have fuzzy character that corresponds to a relaxation process with a wider scatter
of relaxation times. Thus PTMS leads to increased homogeneity of the filler
particles VO, at the electrical properties (conductivity).
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Fig. 3. The frequency dependence of the relative dielectric permittivity (a) and of the dielectric loss
factor (b) of the composite sample based on polyethylene with a volume fraction of 30% of the
vanadium dioxide at a temperature, °C: 1 -30; 2 —50; 3 — 70; 4 — 90.

Conclusions

Dielectric characteristics of “polyethylene - vanadium dioxide” composites
with the volume fraction of filler from 25 to 60% show two dispersion area at radio
frequency and temperature range from 30-90°C. The first one is the high-frequency
region to be explained by the Maxwell charge separation at the boundaries of the
polyethylene matrix-conductive filler of the crystallites VO,. The second one is the
low-frequency region associated with the presence of the transition layer at this
interface.

In the frequency dependence of the electrical conductivity of the composites a
phase transition semiconductor-metal occurring in the filler particles of vanadium
dioxide is manifested. There is an increase of high-frequency electrical conductivity
and reduced the set of the dielectric relaxation time.
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