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The composites of epoxy resin-expanded graphite(EG)-vermiculite and epoxy resin-expanded graphite-perlite
were obtained and their electrophysical properties were analysed at low frequencies and in the microwave range.

High values (> 30) of real and imaginary components of the complex permittivity for both systems were
achieved with a content of EG of less than 2 wt. %. The values of the percolation threshold and critical index of
systems were defined. for a system with vermiculite the percolation transition (p. = 0.0018); and for a system with
perlite (p. =0.0039). The method of impedance spectroscopy (10°—10° Hz) shows that for all investigated composites
there is no dependence of electrical conductivity to frequency, but up to a value of 10° Hz, indicating a low level of
ionic conductivity.

It was found that the difference in electrophysical characteristics of two systems with the same content of the
expanded graphite arises due to the nature of the surface of the dielectric components. The best indicators, namely,
the lower percolation threshold and the achievement of maximum electrical conductivity values at lower EG, are in
the system with vermiculite. It is due to the hydrophobic properties of the surface the filler particles, as well as the
effect of the flow of a dielectric particle of vermiculite by a suspension of an epoxy resin-EG, while the particles
perlite is impregnated with it.

Changing the content of such dielectric ingredients allows us to expand the functionality of composites when
used for shielding from electromagnetic fields.

Keywords: conductive composites, percolation threshold, expanded graphite, microwave range

INTRODUCTION and conditions of heat and mass exchange during
combustion are changed.

The purpose of this work is to determine the
optimal concentration of expanded graphite, for
two systems: perlite - epoxy resin, vermiculite —
epoxy resin.

Filled composites based on thermosetting
resins and expanded graphite (EG) are used in
various industries due to high conductivity and
thermal  conductivity, corrosion resistance,
inertness in relation to many chemicals, durability
and affordable prices [1-4]. However, the METHODS AND MATERIALS

intensive development of technology constantly i
ts th . ts for th i ¢ In researches there were used: expanded
corrects the requirements for the properties o graphite (GOST 1286-575, TU U 26.8-

conductive composite materials - (CM), which 30969031-013-2007), epoxy resin (Epikote 828),

requires achange in the ﬂlI.lCtl(.)l’lal composition of hardener — polyethylenepolyamine (TELALIT

the composne'and the apphcat'l on of new methods 410), expanded perlite of middle fraction (Mark

and technologies for their receipt. . M-75), expanded vermiculite (GOST 1286-575),
Polymeric CM based on epoxy resins cleared annual sand

belongs to structural materials: plastic, The epoxy reéin (ER) was heated to a

C}rle:;llicalbivristls‘[intt ::r) alkra;lltl)s, tsiilf S ,;);f 1;11§errs, temperature of 60-70 °C, to a rarefied state. A
OrgaAnic SOIVENIs, but are combustbie. 1ACreiore, powder of EG (from 0.1 to 2 % by weight) was

the use of fillers to reduce the combustibility of added to the resulting melt while stirring for

composites with an - epoxy matrix .is very 5—10 min, hardener was added and then the
relevant. In most cases fillers of inorganic nature impurity was added: perlite or vermiculite (9 %

are .used and they are admlmsteored in a by weight), and sand (30 % by weight).
significant amount, more than 20 %, which In order to obtain bulk samples, a

reduces the concentration of resin in the . . .
. . . . rectangular mold with  dimensions  of
composite. So its thermophysical characteristics
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23x10x4 mm was used. Samples in the form
were kept at room temperature during 24 h.

The composites were studied using an ultra-
high frequency interferometer on the basis of a
phase difference meter RFK2-18 and a meter of
the stagnant wave ratio and the weakening of
P2-60 [5]. Frequency dependences of the
complex specific conductivity of composites
were determined by calculating the impedance
spectra in the frequency range 10°-10°Hz
obtained on a Solartron SI 1260 impedance
spectrometer [6].

Electrophysical characteristics — dielectric
permittivity ¢’ and specific electrical conductivity o
were measured at low frequencies of 0.1; 1 and 10
kHz by two-contact method with the help of an
immittance meter E7-14. The value of &' is
determined at the frequency of 10 kHz, and o, is at
the frequency of 1kHz. The relative error of
measurements did not exceed £5 %.
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Fig. 1.

EXPERIMENTAL RESULTS AND
DISCUSSION

The dependence of the real component & of
the dielectric constant at low frequencies has a
nonlinear dependence on the concentration of
EG for ER-perlite-EG and ER-vermiculite-EG
systems (Fig. 1 a, b) and reaches high values
already at 2 % of the content of the filler.

The values ¢ and the conductivity ¢ of the
source materials without EG are similar. With an
increase in the content of the EG, the
corresponding characteristics for the composites
containing vermiculite are significantly higher
than those containing perlite, and reach the
maximum values more quickly. The electrical
conductivity of a vermiculite system is three
times the order of magnitude at the concentration
of 0.6 %, although this difference is leveled
when the content of the filler increases.
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Dependence of the logarithm the real component ¢’y the dielectric constant (@) and of the conductivity o; (b)

on the EG concentration of in perlite (/) and vermiculite (2) based composites

Using the percolation theory, the following
expressions for describing the dependence of the
electrical conductivity ¢ on the content of the
filler:

(M

where: ¢ is the critical index of the percolation
theory, o; is the electrical conductivity of the
composite, o, — conductivity of the filler, ¢ — the
volume fraction of the filler.

According to the dependencies, the value of
the percolation threshold and critical system
indices are determined. For a system with
vermiculite, the mass content, at which there is a
percolation transition is 0.35 % (¢.=0.0018),
correlation length 7=1.4, effective specific

O-i ~ O-n(w_q)c)t’
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conductivity ;=119 Ohrn*]cm*], for a system
with perlite 0.75% (p.=0.0039), =2.1,
6;,=770 Ohm 'cm .

Consequently, for a system with perlite, the
value of percolation threshold is twice as high as
that with vermiculite. This indicates that in a
system with vermiculite, continuous cluster is
formed with less content of the EG.

The initial values of components of the
complex permittivity are the same for both
systems under study (Fig.2) and at high
frequencies. After the percolation threshold in
each system, there is a rapid increase of & and &"
due to the formation of a continuous cluster.
These values for the vermiculite system are
higher. Such a difference may be due to the fact
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that the surface of vermiculite is less hydrophilic
than perlite. Around the particle of vermiculite, a
shell of «epoxy resin-EG» is created, the
electrical conductivity of which is much higher
than the electrical conductivity of vermiculite. A
leading volumetric mesh is formed in a
vermiculite composite, while perlite is leaked by
a EG suspension.

The dependence of the logarithm of the real
component of the conductivity on the logarithm
of frequency for samples with the content of EG
1 and 1.5% of the ER-perlite-EG system
(Fig. 3 @) and samples 0.5; 0.7; 1; 1.5 % of the
ER-vermiculite-EG system (Fig.3 b) is linear
and does not depend on the frequency. For other
samples, such independence of frequency is
maintained up 10’ Hz, which indicates a high
level of electronic conductivity, as well as a
relatively low level of ionic conductivity [6].
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Fig. 2. Dependence of the real & (/,3) and
imaginary &' (2, 4) components of the
complex  permittivity on the EG
concentration in ER-perlite-EG (7, 2) and
ER-vermiculite-EG (3, 4) based composites
at the frequency of 9 GHz
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Fig. 3. Dependence of the logarithm conductivity to of the logarithm frequency for the systems ER-perlite-EG (a),
ER-vermiculite-EG (b) for EG concentrations: / —0.1,2-0.2,3-0.5,4-0.7,5-1,6-1.5%

Sites of smooth growth of conductivity
values at an increase in frequency above
1000 Hz are observed for specimens with a
content of EG from 0.1 to 0.2 % for both
systems, which occurs due to the jumper
conduction mechanism [7] and is satisfactorily
described by the equation:

o (]

where gy — the initial value of the conductivity,
fo — the value of the frequency at which there is a
change in the angle of inclination of the
electrical conductivity of the frequency, n —
power index.
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According to data obtained for the
composites of both systems, n ~0.8.

Consequently, the difference in the electrical
properties of the two systems is significantly
different only in the region of the EG content of
0.2—1.5 %, which corresponds to the area of the
percolation threshold. The best indicators,
namely, the lower percolation threshold and the
achievement of maximum electrical conductivity
values at lower EG, in the system with
vermiculite. They are due to the hydrophobic
properties of the surface the filler particles, as
well as the effect of the flow of a dielectric
particle of vermiculite by a suspension of an
epoxy resin-EG, while that of the particles of
perlite is impregnated with it.
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CONCLUSIONS

Two systems of ER-perlite-EG and perlite, 0.75 % (p.=0.0039), t=2.1,
ER-vermiculite-EG were obtained, a combined 6; =770 Ohm 'cm .
study on electrophysical properties of composite The difference in electrophysical
systems was carried out. characteristics of the two systems with the same

Percolation threshold value and critical content of the EG is due to the nature of the surface
system indices were defined. For a system with of the dielectric components. Changing the content
vermiculite, mass content, which undergoes a of such dielectric ingredients allows us to expand
percolation transition 0.35% (p.= 0.0018), the functionality of composites when used for
t=14, ;=119 Ohm 'cm ', for a system with shielding from electromagnetic fields.

Enexrpodi3znyHi BJacTHBOCTI KOMIIO3UTIB HA OCHOBI €MOKCH/IHOI CMOJIM Ta
TepMOPO3LIMPeHOro rpadiry

O.I'. Cipenko, C.M. Maxuno, O.M. Jlicora, I'.M. I'yns, ILIL I'opouk

Inemumym ximii nogepxui im. O.0. Yyiixa Hayionanvnoi akademii nayx Yrpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Ykpaina, elenasirenko@ukr.net

Po3pobreno nonimepri KOHCMPYKYItiHI Mamepiany Ha 0CHOGI eNOKCUOHOI CMONU, MEPMOPOWUPEHO20 epadimy
(TPI) ma Hanoguw6auié HeopeauiyHoi npupoou — Nepiimy, GepMIKYIIMYy 3 NOKPAUJeHUMU eleKmpoQi3uuHumMu
Xapaxkmepucmukamu. 3 memoro eusnaueHHs onmumanvroi koHyewmpayii TPI, ona 06ox xomnosumie: nepiim —
eNnOKCUOHA CMOA, 8EPMIKYIIM — eNOKCUOHA CMONA OOCTIONCEHO eleKMPOI3uyHi 81ACMU80CmMi KOMNO3UmMie 000X
cucmem HA HUBLKUX YACMOMAX MemMOOOM IMNeOAHCHOI CheKmpomMempii ma 8 HAOBUCOKOUACTNIOMHOMY OiandasoHi 3a
00NOMO2010 HAOBUCOKOYACMOMHO20 IHmMeppepomempa.

Bucoki 3unauenns (> 30) OiilicHoi ma yA6HOI CKIA008UX KOMNIEKCHOI OieleKmpuyHoi npoHuKHocmi 0 0b6ox
cucmem Odocsaearomuvca npu emicmi TPI™ menwe 2 mac. %. Busnaueno 3mauenns nopocy neproaayii ma KpumuuHi
[HOeKkcu cucmem: Oisl CUCIeEMU 3 8ePMIKYIMOM nopie nepronsayii cmanosums ¢, = 0.0018, ons cucmemu 3 neprimom
0. = 0.0039. 3anesxcnicme noeapugmy Oitichoi cKIad080i enrekmponposioHocmi 6i0 Jo2apugmy uacmomu s
3paskie 3 Husbkum emicmom TPI" 0o nopoey nepronsyii Hocums JiHIUHUL Xapakmep [ He 3a1eXCums 6i0 Yacmomiu,
wo ceiouumeb Npo GUCOKUL DIBEHb eleKMPOHHOI NPOBIOHOCHI, A MAKONC NPO GIOHOCHO HU3bKUL DI6eHb [OHHOI
npoGiOHOCMI KOMNO3UMIS.

Bcmanoeneno, wo 6iominnicms enekmpo@izuuHux Xapakmepucmuk 080X cucmem 3a 0OHaxkosoeo eémicmy TPI
00yMO8IeHa NpupoO0o0 NOBEPXHI OieleKMPUUHUX CKIA008UX. Buwyi 3HaueHHs Mae cucmema 3 8epMIKYIImMoM, ujo
00ymMo8eHo 2i0poodHUMU  eracmusoCmAMYU  1l020 NOBePXHI | nposeom egexmy o00miKauHa OieieKmpuyHoi
YACTMUHKU CcycneH3ielo enokcuona cmona—IPl, a uwacmuuku neprimy 4acmrKoso NPOCOUVIOMbCA CYCHEH3IEN.
3mintorouu emicm OierekmpudHux iHepeOicHmMi8, MONCHA POUUPUMU YHKYIOHATLHI MOJICTUBOCHT KOMNO3UMIE npu
iXx 3acmocy8anti 01 eKpamy8aHHs 8i0 e1eKmpOMAsHIMHUX NOTIS.

Knrouosi  cnoea: enexmponpogioni  komnosumu, nopie  NEPKOAAYil,  MepMOopo3wUperut  epagim,
HAOBUCOKOUACTMOMHUL Oiana3oH
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JuiekTpo(Pu3nUecKHe CBOICTBAa KOMIIO3UTOB HA OCHOBE MOKCUIHOM CMOJIbI H
TEPMOPACIIUPEHHOTr0 rpadura

O.I'. Cupenko, C.H. Maxno, O.M. JIncosa, I'.M. I'yns, ILIIL. I'opOux

Inemumym xumuu nogepxnocmu um. A.A. Yyixo Hayuonanwnoi axademuu Hayk Ykpaumvl
yn. 'enepana Haymosa, 17, Kues, 03164, Yxpauna, elenasirenko@ukr.net

Paspabomanvl  nonumepHvle  KOHCMPYKYUOHHble — MAMeEPUanbl  HA — OCHOG8E  NOKCUOHOU — CMOJb,
mepmopacuupenroco epaguma (TPI) u nanonnumeneii HeopeaHuueckol npupoovl - Nepiumd, GePMUKYIUMA C
VAYUUeHHbIMU dNieKmpoguszuyeckumu xapaxmepucmuxamvu. C yenvio onpedenerHuss OnmuMAalbHOU KOHYEHmMpayuu
TPI, Onsi 08yX KOMRO3UMOG: REPAUm - INOKCUOHAL CMOAA, GEPMUKYIUN - INOKCUOHAL CMOAA, UCCLe008AHbl
INeKMpopusuiecKue CEOUCMEA KOMNO3UMOE 00eux CUCmem HA HUKUX YACHOMAX MemoOoM UMNEOAHCHOU
CReKmMpoOMempulL U 8 C8EPXEbICOKOYACMOMHOM duanazone ¢ nomougpio CBY unmepghepomempa.

Buvicoxue snauenus (> 30) OeticmeumenvHot u MHUMOU COCMABIAIOWUX KOMNIEKCHOU OUINEKMPULEeCKOoll
npouuyaemocmu 01 obeux cucmem oocmuzaiomes npu cooepxcaruu TPI menee 2 macc. %. Onpedenenvl 3HaueHus
nopo2a neprosyuu U KpPUMuUYeckue UHOEKCbl cucmem. Ol CUCMEMbl C SEPMUKYIUMOM NOPOZ NEPKOISYUU
cocmaensiem @. = 0.0018, ons cucmemvr ¢ nepaumom @, = 0.0039. 3asucumocms nocapupma OdevcmeumenvHol
cocmasnaowell dNeKmponpogOOHOCmY Om jo2apudma wacmomsl 015 06pazyos ¢ Huzkum cooepoicanuem TPIT k
NOpPO2Yy NEPKOJAYUU HOCUM TUHENHbII XAPAKMEP U He 3a6UCUM OM YACHONbl, YMO CEUOEMENIbCMBYem O GblCOKOM
YPOBHE IIEKMPOHHOU NPOBOOUMOCMU, 4 MAKy#Ce 00 OMHOCUMENIbHO HUBKOM YPOBHE UOHHOU NPOBOOUMOCHIU
KOMNO3UMOB.

Yemanosneno, umo  omauuue 2neKMpo@PUIUMECKUX  XAPAKMEPUCTIUK  O08YX CUCMEM Npu  OOUHAKOBOM
cooepoicanust TPIT obycroenena npupodoll nOGepXHOCHIU OUDIEKMPUHECKUX COCMASISIOwUX. Bvicwue 3nauenus
umMeem cucmema ¢ GEPMUKYIUMOM, HMO 0OYCI06IeHO 2UOPOPOOHBIMU CEOUCMBAMU €20 NOBEPXHOCHU U
nposenenuem dppexma oomexanus OUdIEKMpULecKol yacmuyvl cycnensueil snoxcuonas cvona-TPI, a yacmuywl
nepauma 4Aacmu4Ho Nponumslearomcs cycnensueu. HMzmensisi cooepoicanue OUdIEKMPULECKUX UHSPEeOUeHMO8,
MOJICHO PACUWUPUIND (DYHKYUOHATbHBIE 603MONCHOCIU KOMNOZUMOE NPU UX HNPUMEHEHUU Ol IKPAHUPOBAHUS. OM
QNEKMPOMACHUMHBIX NOJLEL.

Knrwouesvle cnosa: 51ekmponpogooHvle KOMNO3UMbL, NOPO2 NEPKOJAYUU, MEPMOPACUUPEHHbIL  epaghum,
CBEPXBLICOKOUACTOMHDLI OUANAZOH
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