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The electrical and thermal conductivity of the composite based on low density polyeth-
ylene filled with dispersed copper are investigated in a wide concentration range. The
composite with random (R) and segregated (S) types of the filler distribution are
studied. The electrical conductivity of the composites demonstrates the percolation
behavior, with the value of the percolation threshold equals to 23.0 vol.% and
3.3 vol.% for the R-type and S-type, respectively. A segregated system is charac-
terized by higher conductivity due to the high local filler concentration in the wall of
framework. The concentration dependences of the density and thermal conductivity for
the segregated system show a similar behavior: they increase to the value of the
packing factor, followed by reaching a plateau. The thermal conductivity of the R-type
composite was described using the Lichtenecker model and the value of thermal conduc-
tivity parameter of the dispersed phase A, =69 W/(mK) in the composite was found.
The S-type composite is characterized by ﬁigher thermal conductivity than the R-type
composite at the same filler concentration.

Keywords: metal-polymer composites, electrical conductivity, thermal conductivity.

Bnane THNy po3moAisy MeTaleBOTO HAMOBHIOBAYA Ha €JCKTPOIPOBIMHICTH Ta Temao-
MPOBITHICTF METAJOHAMOBHEHOTO MOJiMepHOTro KoMmo3uty. A.l.Micwopa, O.B.Mapyxerxro,
€Il Mamynua, M.II.Kyniuw, AM.ITununenxo.

HocaigxeHo eJleKTPONPOBIAHICTL Ta TEMJIONPOBIAHICTL KOMIIOBUTY HA OCHOBI moJjieru-
JIeHY HUBBKOI T'YCTHHM HAMOBHEHOTO IMCIEPCHOI0 MigA0, y IIHPOKOMY iHTepBaJai KOH-
meHTpariii. Po3ariauyro KoMmo3uT 3 BUMagAKoBUM (R) Ta cerperoBanuM (S) TunmaMu pos-
noginy HamoBHIoBaua. EjJeKTponpoBigHiCcTL KOMIIOBUTIB Mae meproJAInifinuit xapaktep 3i
3HaueHHAM mopory nepkoaanii 23.0 06.% rta 3.3 06.% apas R-tumy ta S-tumny, Bigmosiz-
Ho. CerperosanHa cucTeMa XapaKTepPUBYETHCA BUIINM 3HAUYEHHAM eJeKTPOMPOBiZHOCTI 3a
PaxyHOK BHUCOKOI JIOKaJbHOI KOHIleHTpalii HamoBHIOBaua y CTiHI[l Kapkacy, YTBOPeHOTO
YACTUHKAMU HAMOBHIOBaYa. KOHIEHTPAIifiHi 3a/e/KHOCTI T'yCTUHHU Ta TeIJIONpoBigHocTi
JJIs CerPeroBaHOI CHCTeMU MAlOTh CXOMKY MHOBEAIHKY, a caMe, 3pOCTaHHS A0 MexKi HaTo-
BHEHHS KOMIIOBUTY 3 TOAAJBITUM BUXOJAOM Ha maaTo. TemmompoBifHicTs KOMTOBUTY R-
TUIY OTMMCAHO 3a MOTOMOTOI0 Mozesdi JlixTeHexepa Ta 3HAalileHO 3HAUEHHS MTapaMeTpy
TEeNJONPOBigHOCTI AUCcTIepcHOI (Pasy KOMIIOBUTY Xf =69 Br/(mK). Kommosur S-tumy xa-
PAKTEepU3yEThCH BUIIMMM S3HAUYEHHAMU TEILJIONPOBimHOocTi, HiM Kommosur R-tumy mnpu
OIHAKOBHX KOHIEHTpaIiAx mixmi.
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HccnemoBaHbl 9JeKTPOTPOBOIHOCTL 1 TEILIOTPOBOLHOCTL KOMIIO3UTA HAa OCHOBE TOJUITU-
JleHa HUBKO¥ TJOTHOCTH, HATIOJHEHHOTO AMCIEPCHON MeAbid B NMIMPOKOM MHTEpBaje KOH-
neHTpanuii. PaccMoTpeHBE KOMIOBUTHEL cO caydafubIM (R) U cerperupoBaHHBIM (S) TUmaMu
pacupefieleHUss HATOJHUTEIS. OJeKTPOIPOBOAHOCTh KOMIIOSUTOB WMeEET MePKOJATMOHHBIN
xapakTep co sHaveHueMm mopora neprossanuu 23.0 06.% u 3.3 06.% gaa R-tuna u S-tuina,
cooTBeTCTBeHHO. (erpervpoBaHHAsA CHUCTEMa XapaKTepuayeTcsa O0oJiee BHICOKUM 3HAUEHUEM
9JIEKTPOIIPOBOLHOCTH 34 CYEeT BEICOKO JIOKAJBLHOIN KOHIIEHTPAIUM HATOJHUTENS B CTEHKeE
Kapkraca, o0pasoBaHHOTO YACTUIIAMU HATOJHUTENAs. KOHIIeHTpAIIMOHHEIE 3aBUCUMOCTH TIJIOT-
HOCTU M TEIJIOTPOBOMHOCTH JAJIT CETPETUPOBAHHON CHUCTEMBI HMeEET CXOlKee IMOBeTeHUE, a
WUMEHHO, POCT IO TIpejejia HATIOJHEeHWS KOMIIO3UTA C TOCJeAYIONIMM BBIXOJOM Ha IIJIATO.
TenmoTPOBOHOCTE KOMIIO3UTA R-THIA OMMCAHA C TMOMOIILI0 Momenaun JIuXTeHeKepa,HaIeHO
3HaUeHUe IapaMeTpa TeIlJONPOBOTHOCTI AuclepcHol ha3bl KOMIIO3UTA }\,f= 69 Bt/(MK).
Komnosur S-runa xapakrepusyercs 6ojiee BBICOKMMU 3HAUEHUAMY TEILIOIPOBOLHOCTH, UeM
KoMIO3uT R-THma mIpu OZMHAKOBBIX KOHIEHTPAIUAX MEIU.

1. Introduction

Polymer composites are one of the ad-
vanced materials, because their properties
can be controlled and modified depending on
the conditions of further applying. One of
the leading areas of research is the metal-
filled composites, whose scope is gradually
expanding [1-83]. The main application of
such materials are electronics [2], where
special attention is paid to new types of
electrodes [4], supercapacitors [5], sensors
[6] and shielding materials [7]. Polymer
composites are used as biomaterials [8], in
particular in prosthetics [9] and for the
manufacturing of medical instruments [10].
Also, composite materials are used in the
auto- [11, 12] and aerospace [13] industry.

Dispersed metals are widely used as a
filler for polymer composites. They are
available in a wide range of particle sizes
and shapes, and easily combined with poly-
mers. Metal-filled polymer composites are
less expensive, lighter, have better corro-
sion resistance and typically require simpler
processing than products based on solid
metals. The main problem of metal-filled
polymer composites is that in order to
achieve high conductivity values, these ma-
terials require a considerable amount of
filler within polymer matrix, which ad-
versely affects their processing parameters.

For polymer composites with a random
type of metal filler distribution, the perco-
lation threshold can be obtained at rather
high filler content. The data of [14] demon-
strate that the percolation threshold (¢,) for
a polymer composite with a random filler
distribution is 21 wvol.%, 24 vol.%, and
29 vol.% for PE-Fe, POM—-Fe and PA-Fe
composites, respectively. For composites
based on metal fillers such as cobalt (Co)
and nickel (Ni) embedded in epoxy resin
(ER), silicone (Si) and polyurethane (PU),
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the percolation thresholds were: ¢, = 19 vol.%
in the ER-Co composite, ¢, =35 vol.% in
the ER—Ni composite, ¢, = 27 vol.% in the
Si—Co composite, ¢, = 17 vol.% in the Si-Ni
composite and ¢, =22 vol.% in the PU-Co
composite [15]. High percolation thresholds
were also found in low density polyethilene
(LDPE)-Cu composite, where ¢, = 18.7 vol.%
[16]. For the composite PA6-Zn ¢, = 18 vol.%
[17]. The composites based on HDPE and
different metals have a high ¢, value as
well: in HDPE-Al — 30 vol.%, HDPE-Fe
— 40 vol.%, HDPE-Cu — 50 vol.% [18],
as well as in HDPE-Al — 55 vol.% and
HDPE-Ag — 45 vol.% [19].

One of methods to reduce the value of
the percolation threshold in the composite is
to change the type of filler distribution in
the polymer matrix. One option is creation
of the segregated systems [20—22], which is
possible when the filler particles are smaller
than the polymer particles. First, a me-
chanical mixture of two components should
be obtained, in which small metal particles
cover the surface of the polymer particles;
next, the samples are formed by hot com-
pacting. In this case the filler is localized at
the interface between the polymer particles
and creates the conductive framework in the
polymer matrix [23].

For polymer composites with a segre-
gated filler distribution, the wvalue of the
percolation threshold is lower than for a
random filler distribution. For example, in
the PE-Cu composite, the value of the per-
colation threshold is 10 vol.% [24]. In the
PMMA-ITO composite, ¢, =38 wt.% [25],
and the PMMA-AI system has the percola-
tion threshold of 10 vol.% [26]. For the
system PMMA-Cu with a filler size 3.3-

4.7 pm, ¢, = 9.28 vol.%, and for particles
size 78 nm, ¢, = 13.95 vol.% [27].
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The introduction of a metal filler in the
polymer matrix also affects the thermal
conductivity of the composite. In [28], the
thermal conductivity of the PE-Ag compos-
ite with a random filler distribution was
investigated. In the region up to 15 vol.%,
the results are in a good agreement with the
Lichtenecker and Bruggeman models, at ¢ >
15 vol.% only the Lichtenecker model cor-
rectly describe the experimental data. The
thermal conductivity (A) of the composite
with 22 vol. % of silver reaches as much as
1.5 W/(mK). The authors of [29] investi-
gated the PP-Cu composite with particles
of different sizes, 30 um and 300 um. The
results show that the value of thermal con-
ductivity is higher for the composites
with a smaller filler particle size, namely
A = 2.25 W/(mK) versus 1.7 W/(mK) for bigger
particles. In [30] it was shown that the thermal
conductivity of the HDPE-Al composite in-
creases with decreasing filler particles size.

The nature of the filler also affects the
value of thermal conductivity. The value of
A of the composites is 0.9 W/(mK),
0.85 W/(mK), 0.77 W/(mK) and
1.0 W/(mK) at a filler content of 20 vol.%
for HDPE filled with Zn, Cu, Fe and Cu/Sn,
respectively [31]. In a segregated system
based on UHMWPE filled with a hybrid
filler BN-AIN (6:1), the wvalue of A=
7.1 W/(mK) was reached, at ¢ = 50 wt.%.
This value is higher than for composites
with one type of filler, A (UHMWPE-BN) =
4.6 W/(mK) and A (UHMWPE-AIN) =
1.16 W/(mK) [32]. In [33], two types of the
segregated PS—Cu composites were investi-
gated: (a) with polystyrene spheres covered
by a thin layer of Cu; (b) PS—Cu composites
with copper powder. The thermal conductiv-
ity was 26.14 W/(mK) for type (a) and
0.45 W/(mK) for type (b) of the composites
at 23 vol.% Cu.

As can be seen from the observed arti-
cles, the introduction of a metal particles
into the polymer matrix affects the electri-
cal and thermal conductivity of the compos-
ites. The aim of this work is to investigate
the effect of the type of filler distribution
(random or segregated) on the electrical and
thermal conductivity of polyethylene-based
composites, filled with Cu, in a wide range of
copper concentrations from 0 to 100 vol.%.

2. Experimental

The polymer composites were produced
on the base of low density polyethylene
(type 168-03-070) in the powder form with
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a melting temperature T = 112°C and a melt
flow rate of 7.5 g/10 min. As a filler, dis-
persed copper, grade PMS-1, dendritic form,
with a particle size of 35-50 um (DSTU 4960-
75) was used. Two types of samples were manu-
factured: 1) composites with random filler dis-
tribution (R-type); 2) composites with segre-
gated filler structure (S-type).

The polymer composites with random
filler distribution (R-type) were manufac-
tured using a single screw laboratory ex-
truder (D =17 mm and L/D = 20), into
which a mixture of polymer and copper
powders was loaded. For better dispersion
of the filler, the mixture was extruded
2 times. The obtained strands were ground
to a size of 0.5-1.0 mm, and then pressed
at a temperature of 130°C and a pressure of
40 MPa in a closed steel mold. Samples had
a shape of discs 30 mm in diameter and ~
2 mm thick. The preparation of the compos-
ites with a filler concentration of more than
30 vol.% Cu was not possible by the extru-
sion method because of a significant in-
crease in the viscosity of the polymer/filler
mixture in the melt state.

For the preparation of the segregated com-
posites (S-type), the mixture of polymer pow-
der and filler was first mechanically mixed
and then hot-pressed under the conditions de-
scribed above. The concentration interval for
the R-type composite is 0—80 vol.% Cu, and
for S-type one is 0—100 vol.%. Cu.

To study the structure of the composites,
20 um slices were prepared with a micro-
tome; the structure images were obtained
using a Primo Star optical microscope (Carl
Zeiss, Germany). The packing density coef-
ficient of fillers (packing factor) F was de-
termined by the vibrational compression
method [34]. All the measurements were
performed at T = 20+1°C. The density of
the composites was determined by the
method of hydrostatic weighing (GOST
15189-69). The samples were first weighed
in the dry state, and second, being im-
mersed in water. The sample density (p was
calculated using the equation:

__M 0 (1)
M-mWY

p

where M is the weight of the dry sample; m
is the weight of the sample in the liquid; p,
is the density of distilled water (at a tem-
perature of 20°C, p,, = 0.9981).

At a low filler concentration in the com-
posites (up to 30 vol.%) the conductivity
was measured at constant current using a
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Fig. 1. Optical images of the LDPE-Cu composites structure with two types of the filler distribu-
tion: random (a—c) and segregate (d—f). Microphotos (a, d) correspond to 5 vol.%; (b, e) to 10 vol.%

and (c, f) to 15 vol.% of Cu.

E16-13A teraommeter (RadioTechnik, Lat-
via) with a two-electrode method and volt-
age on the electrodes of 100 V, the diameter
of the electrodes was 2 cm. For the filler
concentration ¢ > 30 vol.%, electrical con-
ductivity was measured with the P4833 DC
bridge (Kharkiv, Ukraine) designed to meas-
ure low resistances. The experimental val-
ues of the electrical conductivity (o) of the
composites were calculated as follows:

h (2)

°=Rs’

where h is the thickness of the sample; R is
the resistance of the sample; S is the area of
the electrode.

The thermal conductivity of the composites
was measured using a method of Hot Disc with
a TPS 2200S instrument (HotDisk AB, Sweden).

3. Results and discussion

3.1 Structure of composites

The structure of the composites, namely
the distribution of filler in the volume of a
polymer matrix, plays an important role in
the determining material properties. The
random type of the distribution is achieved
by mixing the filler powder with the poly-
mer in the molten state during the compos-
ite extrusion (R-type composite). In this
case, the filler is dispersed in a random
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manner over the whole volume of the poly-
mer matrix, the particles can be single or in
the form of aggregates.

The formation of a composite with the
segregated type of the filler distribution (S-
type composite) requires filler particles of
smaller size than the polymer ones [22].
During the mechanical mixing of the two
powders, the filler covers the surface of the
polymer particles. Subsequently, during the
hot compacting, an ordered structure of the
filler occurs within the polymer matrix. In
this case, the filler is localized at the inter-
face between the polymer particles and,
with an increase in its concentration, forms
a conducting framework. With this ap-
proach, it is possible to form a composite
with a high local concentration of filler in
the framework wall, which defines electrical
and thermal properties of composites.

Figure 1 shows the structure of the
LDPE-Cu composites with different filler
concentrations and types of its distribution.
As can be seen from Fig. 1l (a—c), in the
R-type composites, the copper particles are
distributed in a random manner and form a
number of aggregates. As the proportion of
Cu in the composite increases, a conductive
filler cluster is formed that imparts the
conductivity to the composite. In the segre-
gated system (S-type composites) shown in
Fig. 1 (g—e), a cell structure is formed, in
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which the filler is localized at the interfaces
between the polymer particles creating a
conductive framework. As the concentration
of the filler increases, the walls of the
framework become thicker.

One of the important parameters that de-
termines the structure of a composite is the
packing factor (F), which takes into account
the shape of the filler particles and their
distribution in the polymer matrix. This pa-
rameter defines the filling limit of the sys-
tem and can be represented as follows [35]:

V.
Pt 3)
Vf+Vp

where Vy is the volume occupied by filler
particles at their maximum content, Vp is
the volume of free space between the filler
particles (occupied by polymer). For spheri-
cal particles, the theoretical value is F =
0.64 (64 vol.%) in the case of their statisti-
cal (random) distribution. The larger the
shape of the particles differs from the
spherical one, the lower the value of the
packing factor. In [35] it was shown that
the value of F increased from 0.22 to 0.32
with an increase in the average particle size
of copper from 10 to 105 um due to a
change in the shape of the particles with
their size. It should be noted that the
method of production of the dispersed cop-
per significantly affects the shape of its
particles. For the copper particles used in
this work, the experimental value F = 0.36
(36 vol.%) was obtained.

As the copper concentration increases
above the filling limit, i.e. above 36 vol.%
the composite becomes a three-component
system: filler particles, polymer in the
space between them and air pores. An in-
crease in the filler concentration up to
100 vol.% is formal, since the true filler
concentration cannot exceed the value of F,
which is the filling limit. The remaining
part, i.e. (100-F, vol.%), will be occupied
by polymer and pores. When the formal
copper concentration goes towards
100 vol.%, the polymer volume decreases,
the part of pores increases, and at
100 vol.%, the sample consists of the cop-
per particles and the pores between them.

3.2. Electrical conductivity of composites

The dependences of the electrical conduc-
tivity on the filler content in the LDPE-Cu
composites with different types of the filler
distribution are presented in Fig. 2. To de-
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Fig. 2. Concentration dependences of electrical con-
ductivity: points are experimental values; lines are
calculated curves in accordance with Eq. 4 for the
composites with segregated (I) and random (2)
types of the filler distribution. The inset is a fit of
the experimental data.

scribe the obtained experimental results,
the equation of the percolation theory in the

concentration region ¢ > ¢, was used [21]:
o = 6o(¢ — 9.), (4)

where o, is the parameter that determines
the conductivity of the dispersed phase; ¢ is
the filler concentration in the composite; ¢,
is the value of the percolation threshold; ¢
is the critical index.

The calculated curve based on the equa-
tion (4) describes the concentration depend-
ence of the electrical conductivity of the
composite and demonstrates very good
agreement with experimental data (Fig. 2).
The parameters obtained from the fitting of
the experimental data are presented in
Table. Although at ¢ > F the composite be-
comes a three-component system, it is still
possible to use the percolation equation up
to @ = 50 vol.%, since the percolation the-
ory is based on the fact that the conductive
particles are immersed in a non-conductive
media, which is both polymer and air.

From the data given in Table and Fig. 2
it can be seen that a composite with a ran-
dom type of filler distribution has a perco-
lation threshold at the value of 23 vol.%
copper. Such a high value is due to the fact
that the filler is distributed throughout the
whole volume of the polymer matrix with a
large distance between particles. Also, the
extrusion of the composite facilitates good
wetting of the filler particles by the poly-
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Table. Parameters of the percolation equa-
tion for LDPE-Cu composites.

Type Gy> S/em | @,, vol.% t
of distribution
Random (R) 0.28 23.0 2.3
Segregated (S) 234 3.3 3.5

mer melt, which impedes the contacts be-
tween them and the formation of conductive
chains.

The composite with a segregated filler dis-
tribution of S-type is characterized by a much
lower value of the percolation threshold ¢, =
3.3 vol.% and a higher value of the conduc-
tivity oy = 234 S/cm versus oy = 0.28 S/cm
for the R-type composite. This is due to the
fact that the filler is concentrated in a layer
between the polymer particles, and its local
concentration ¢;,. in the walls of the con-
ductive framework is much higher than the
average value ¢ calculated for the whole
volume of the composite, ¢;,. > ¢. In the
segregated system, filler particles directly con-
tact each other; while in the case of a random
filler distribution, a small polymer layer on
the surface of the particles worsens the condi-
tions for the transfer of electric charge.

The formal increase in the filler concen-
tration in the region ¢ > F slightly in-
creases the composite conductivity. Thus, at
35 vol.% copper, 6 = 1.8:101 S/cm, whereas
the pressed copper powder (100 vol.%) has
a value only an order higher, o=
1.5:102 S/cm. This increase in conductivity
is due to the gradual replacement of a part
of the polymer by air pores with an increase
in the calculated concentration of the filler.
When the content of air pores predominates
over the polymer content, the copper parti-
cles are packed more tightly when com-
pressed, which leads to a slight inecrease in
electrical conductivity.

3.3. Thermal conductivity of composites

The concentration dependences of the
density of LDPE-Cu composites with the
random and segregated types of filler distri-
bution are shown in Fig. 3. The mixture
rule was used to describe the experimental
data:

p=01-0)p,+ 0py )

where Pp is the density of the pure polymer,
Py is the density of copper, ¢ is the filler
concentration. As can be seen from Fig. 3,
in the concentration range from 0 to
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Fig. 3. Concentration dependences of the
thermal conductivity and density of the
LDPE-Cu composites: triangles and circles
are the markers for S-type and R-type com-
posites, respectively. Line I corresponds to
the mixture rule (Eq. 5); line 2 is calculated
in accordance to the Lichtenecker model (Eq.
6); curve 3 is guided for eyes.

30 vol.% copper, the densities of the R-type
and S-type coincide and match with the val-
ues calculated using Eq. (5). It can be con-
cluded that the type of filler distribution
does not affect the density of the composite.

In the concentration range ¢ > F, the
density of the S-type composite is almost
unchanged. This effect can be explained by
the fact that the real filler concentration
maintains at the level of ¢ = F and the cal-
culated increasing of the copper content is
formal. In the region ¢ > F, the content of
copper particles in the composite is con-
stant, @ = 86 vol.%, while the substitution
of a part of the polymer by the air pores
leads to a nearly unchanged value of the
density of the composite.

Concentration dependences of the ther-
mal conductivity of the composites of R-
type and S-type presented in Fig. 3. There
are many models describing the thermal
conductivity of a two-component system
[36, 37]. For the R-type composite, the
Lichtenecker model was used:

— 3 (1-
b= ApOAP, (6)

where A, kp, }»f are the thermal conductivity
of the composite, polymer matrix and filler,
respectively. An excellent agreement of

the experimental and calculated data at
the value of }»f = 69 W/(mK) can be seen.
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The Xf value is the conductivity of the dis-
persed filler phase at ¢ = 100 vol.%. This
value is less than the thermal conductivity of
copper A, in the solid state, A, = 400 W/(mK).
The relation k£ = As/A,, is the parameter defin-
ing the influence of high thermal resistance at
the particle/particle and particle/polymer inter-
faces, which worsens the transfer of heat flux
through the composite and limits the value of
thermal conductivity [38, 39].

For the S-type composite with a segre-
gated structure, the thermal conductivity
increases more rapidly, and reaches the pla-
teau in the region ¢ > F. As it is seen, the
curves for thermal conductivity and density
are similar (Fig. 3). A faster increase of
thermal conductivity in the S-type compos-
ites is due to the existence of a framework
consisting of the close-packed metal parti-
cles, which provide an increased heat flux
transfer. However, the thermal conductivity
in the polymer composites is provided both
the filler phase and the polymer matrix,
and their contribution is comparable [40].
At filler concentration ¢ > F, a third phase
appears — air, which gradually increases
with a thermal conductivity Aair) =
0.022 W/(mK) much less than A(LDPE) =
0.37 W/(mK). The air phase reduces the
thermal conductivity of the composites and
leads to the appearance of the plateau at
¢ > F. Such a behavior of the thermal con-
ductivity correlates with concentration de-
pendence of the density since the influence
of air pores in the range of 36—100 vol.% is
similar for both characteristics.

4. Conclusions

In this paper, the electrical conductivity
and thermal conductivity of the composites
with two types of metal filler distribution,
random (R-type) and segregated (S-type),
are studied in a wide concentration range.
The electrical conductivity of the LDPE-Cu
composites obeys the percolation equation
and has a percolation threshold value of
23.0 vol.% for the random filler distribu-
tion and 3.3 vol.% for the segregated struc-
ture. The segregated system is also charac-
terized by a higher value of electrical con-
ductivity due to a high local filler
concentration ¢;,. in the walls of the con-
ductive framework.

The type of filler distribution does not
affect the density of the composites studied.
When the calculated concentration of the
filler is more than the value of packing-fac-
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tor (F), ¢ > F, a third phase, air, appears in
the composite, substituting the polymer
phase. The content of air pores increases
with an increase of the calculated filler con-
tent. At the filler concentrations ¢ > F, the
density of the composite reaches a constant
value, since the true filler concentration re-
mains ¢ = F.

The thermal conductivity of a composite
with a random filler distribution was de-
scribed by the Lichtenecker model. The
value of thermal conductivity of the dis-
persed phase }»f= 69 W/(mK) was found,
which is much less than the thermal conduc-
tivity of the solid copper (400 W/(mK)).
This indicates the high thermal resistance
at the particle/particle and particle/polymer
interfaces, which worsens heat transfer con-
ditions. The composites with a segregated
structure are characterized by a higher
value of thermal conductivity even at low
filler concentrations. At a high filler con-
centration, the thermal conductivity of the
segregated system reaches the constant
value similar to the density behavior.
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