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The specific conductivity of metal-polymer composites in the
microwave range

The specific conductivity dependence of the
metal-polymer composites on dispersed phase vol-
ume part in the frequency range 8...12 GHz are in-
vestigated. The models of the specific conductivity
structure dependence based on equations of Max-
well-Garnett and Nielsen are obtained. The com-
parison of the models was performed. Results of
the numerical modeling and experimental data are
shown. References 3, figures 3.

Keywords: composite, specific conductivity,
microwave range, dielectric permittivity, dielectric
loses.

Introduction

Currently, electronic systems are increasingly
used in various fields of human activity. This leads
to an increase in the quality requirements of the
electronic devices. Particular attention is paid to re-
liability, noise immunity, reduce of the mutual influ-
ence of electronic devices and blocks. Moreover
environmental protection from electromagnetic ra-
diation is becoming increasingly important nowa-
days. Many different methods were developed for
solving these problems. However, one of the most
effective among them is shielding. In accordance to
this developing of the protective coating systems
based on the composite metal-polymer materials
seems to be promising line of research.

Composite materials based on fine-dispersed
metal particles are of great interest for experimen-
tal and theoretical studies. The physical properties
of such materials are radically different from the
properties of continuous medium, made from the
same materials. Selection of the optimal ratio be-
tween the components provides composite materi-
als with the desired magnetic, dielectric, radio ab-
sorbing and other special properties. However, to
date, these materials are studied insufficiently,
which limits their effective use. That's why the aim
of this work is to study the specific conductivity of
metal-polymer composites in the microwave range.

The specific conductivity of the metal-polymer
composites

It is known that there is a direct relation be-
tween the specific conductivity of material (¢ ) and
its loss coefficient (&), which is described by the
formula:

o = 2nfege”, (1)

where f is the frequency, g; is the dielectric per-

mittivity of the vacuum, and &” is the imaginary
part of the relative dielectric permittivity of material.
Therefore, knowing the complex dielectric permit-
tivity of the material allows calculating its specific
conductivity.

There are many equations that allow the calcu-
lation of the complex dielectric permittivity of a
composite material if dielectric constants of its
components and their volume parts are known. The
most known and used among them are the Max-
well-Garnett (2), the Lichtenecker (3) and Nielsen
equations (4) [1, 3].
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where ¢, ¢,, g4 are dielectric permittivities of

composite, matrix material and metal dispersed
phase respectively, g is the volume part of dis-

persed phase, Bis the form factor (for spherical

particles B =3¢, /(g +2¢1,) ).
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where B:M, \P:']_}_ﬂq’ A is the
eglem+A q2,

form factor which can take values from 1,5 (for
spherical particles) to 4 (for scale-shaped parti-
cles), g, is the maximum possible volume part of

the dispersed phase.
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The complex dielectric permittivity of the dis-
persed metal phase can be determined from the
expression:

2
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where o =2nf is the cyclic (angular) frequency,
Op is the plasma frequency, t is the relaxation

®)

time.
The relaxation time can be defined as:
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where o, is the specific conductivity of dispersed

phase material (metal).

Models of composite material’s conductivity
based on the expressions 1,2,4 - 6 were obtained.
Lihtenecker's equation was not considered be-
cause it is intended for the case when the proper-
ties of the matrix material and the dispersed phase
differ little.

Experimental results

Results of calculation were compared with ex-
perimental data to verify obtained models and to
select the most appropriate one. Simulation and
experimental investigation were conducted in the
frequency range of 8-12 GHz.

The composite materials were prepared by
electromechanical mixing of the dispersed phase
with the matrix material at room temperature. Ob-
tained material was shaped in form of rectangular
samples whose dimensions were specifically cho-
sen so they completely fill the cross-section of the
waveguide. The sample’s thickness was 2 mm.
Polymer with complex dielectric permittivity
£=2,73-j0,2 was used as the matrix material.

Aluminum and copper powder with a particle size
of 0,06 — 0,2 um were used as disperse phase.
Dielectric constants were measured with im-
plementation of the method of the reflection-
transmission [2]. Measurements of reflection (Si4-
parameter) and transmission (S,i-parameter) coef-
ficients of electromagnetic microwave energy radia-
tion were performed using panoramic meter. Then
conductivity of the tested samples was calculated
and experimental results were processed using
least squares method. The theoretical and experi-
mental results are presented in Figures 1 and 2. As
seen from these figures, the difference between

experimental results and simulation does not ex-

ceed 18%.
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Fig. 1. The specific conductivity of Al-polymer
composite: 1 — experimental data; 2 — Nielsen model;
3 — Maxwell-Garnett model
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Fig. 2. The specific conductivity of Cu- polymer
composite: 1 — experimental data; 2 — Nielsen model;
3 — Maxwell-Garnett model

As could be seen from presented figures, ex-
perimental data (Fig. 1, 2, line 1) agrees better with
the numerical results obtained using model, which
is based on the Nielsen equation (Fig. 1, 2, line 2).

In this case the form factor used in the Nielsen
formula was equal to 4 which correspond to scale-
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shaped particles. Such shape of the metallic phase
particles is the result of their clumping during mix-
ing, which is confirmed by the electron microscopy
results of the material structure studies (Fig. 3).
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Fig. 3. The structure of metal-polymer composite

Conclusions

— The modeling of the composite’s specific con-
ductivity dependence on structure was per-
formed. The models are based on equations of
Maxwell-Garnett and Nielsen.

— Model results are in good agreement with ex-
perimental data up to the moment when vol-
ume part of metal in the composite exceeds
0,4.
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— Comparison of experimental and numerical re-

sults shows that model based on Nielsen equa-
tion provides more accurate results. The differ-
ence between experimental results and simula-
tion does not exceed 18%. It indicates this
model is applicable for prediction of properties
of metal-polymer composite materials.
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NMutoma npoBigHicTb KOMNO3uUTiB MeTan-nonimep y HBY gianasoHi

HocnidxeHo 3anexHicmb numMomMoi npogidHocmi KoMrno3umie memarn-nonimep 6i0 o6'€MHOI Yacmku
ducriepcHoi ¢hasu e diana3oHi 4acmom 8...12 [Ty. Ha ocHosi pieHsiHb Makceenna-lapHemma i HinbceHa
ompumaHi Moderi 3anexHocmi nuMomMoi nposidHocmi cmpykmypu. BukoHaHo nopieHsiHHSI modernel. Ha-
8e0eHO pe3ysibmamu Hucs108020 MOOESI08aHHS ma eKkcriepumMeHmaribHi 0ari. bion. 3, puc. 3.
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efleKmpuyHi empamu.

© Didenko Y., Tatarchuk D., Patsora |., Kharabet |., Franchuk A., 2014



12 ISSN 1811-4512. ElectronComm 2014, Vol. 19, Ne3(80)

YOK 621.372.41

10.B. Onpexko, A.0. TaTtapuyk, kaHa.Tex.Hayk, A.B. Mauépa, E.U. XapabeT, A.C. ®paHuyK
HaumnoHanbHbIN TEXHUYECKU yHUBEPCUTET YKpanHbl « KUEBCKMIN NOMUTEXHUYECKUIA UHCTUTYTY,
yn. MNMonutexHunyeckas, 16, kopnyc 12, r. Knes, 03056, YkpaunHa.

YpenbHasa npoBOAMMOCTb KOMNO3UTOB MeTann-nonuvep B CBY
AnanasoHe

UccnedosaHa 3asucumocmb yOesibHOU rpogoouMocmu KOMIO3Uumoe Memari-rnoaumep om obbem-
Hol donu ducriepcHol ¢basbl 8 OQuana3oHe Yacmom 8...12 [Tuy. Ha ocHoee ypasHeHuli Makceenna-
lapHemma u HunbceHa nony4yeHsbl Modenu 3agucumocmu yOesibHoU npo8oouMocmu cmpyKmypbi. Bbiro-
JIHEHO cpasHeHue modenel. [NpusedeHbl pe3yribmambl YUCIIEHHO20 MOOENUpo8aHUsi U 3KcriepuMmeHma-
IibHble OaHHble. bubn . 3, puc. 3.

KnroueBble cnoBa: komrno3um, ydenbHas rpogodumocms, CBY diana3oH, duanekmpuyeckasi rnpoHU-
uaemocmsb, QuanieKmpuyeckue nomepu.
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