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Abstract

In this study the thermal conductivity of the epoxy composites
were characterized as function of volume fraction, particle size of
fillers and the time of immersion(30,60,90)days in water
.Composites plates were prepared by incorporating (bi-directional)
(0-90°) glass fiber and silicon carbide (SiC) particles of
(0.1,0.5,1)mm as particle size at (10%,20%,30%,40%) percent
volume in epoxy matrix.

The composites shows slightly increase of the thermal
conductivity with increasing volume fraction, particle size and
increase with increasing the days of immersion in water. The
maximum thermal conductivity (0.51W/m.K) was obtained before
the immersion in water at 90 days for epoxy reinforcement by bi-
directional glass fiber and SiC particles with volume fraction 40%
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Introduction

Polymers have low thermal conductivity
compared with metal and many inorganic
materials, to resist transfer of heat by
conduction[1].In order to obtain materials
of desired thermal and mechanical and
other properties, polymers were used as a
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matrix material mixed with different kinds
of fillers (fibers or particles).

The thermal conductivity of composite
materials which are represented as a
multiphase substance depends upon the
thermal conductivity of each face, the
proportion of each phase, and the
distribution of the phase [2]. The
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distribution of the phase includes their
size, shape, volume fraction, weight
percentage, orientation and conductivity
relative to the heat flow direction [3,4].

James et al.[5] study the thermal
conductivity for polyester composites
reinforcement by carbon fiber with

different volume fraction (45,59,72)% and
study the mechanism of the heat transport
along the fiber, the result shows that the
thermal  conductivity increase  with
increase the temperature for all volume
fraction.

Garret et al. [6] study the effect of the

particle size on the thermal conductivity
for epoxy reinforcement by (Al;O3,
diamond), the results shows that the
thermal conductivity increase when the
particle size increase because of decrease
the photon scattering.
Yunsheng Xu et al.[7] study the effect of
SiC whiskers (and /or particles) on the
thermal conductivity of PVDF composites,
the results shows that the use of whiskers
and particles in appropriate ratio gave
composites  with higher  thermal
conductivity than the use of whiskers
alone or particles alone.

Polymer composite materials are widely
used in many applications such as thermal
grease, die (chip) attach, thermal interface
material and in building as thermal
insulators of fencing structures [8].

The thermal conductivity under steady
conditions is the quantity of the heat flow
in unit time through a unit area of a
substance caused by a unit thermal
gradient [9].

J=-K(dT/dx)......... (1)

where

J: flux of the thermal energy transmitted
across a unit area per unit time.

K: is the thermal conductivity coefficient.
dT/dx: is the temperature gradient.

The random nature of the thermal
conductivity process brings the
temperature gradient and a mean free bath
into the expression for the thermal
flux[10]. It is know that the transport of
heat in nonmetals occurs by phonons or
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lattice vibration. The thermal resistance is
caused by various types of phonon
scattering  processes:  phonon-phonon
scattering, boundary scattering and defect
or impurity scattering [11]. in order to
maximize the thermal conductivity these
phonon scattering process must be
minimized. The scattering of phonons in
composite materials is mainly due to the
interfacial thermal barriers [12].

The possibility that absorbed water could
change thermal properties of composites
by weakening the bonds between the
fillers and polymer resins lead to simulate
the effects of long term exposure to
moisture by immersion the composites in
water for different periods of time at room
temperature and high temperature, to study
the mechanical, electrical and thermal
properties of composites [13]. Soderholm
et al. study the effect of immersion in
water for PMMA reinforced by glass
particles at volume fraction (50%), this
specimen was immersed in water through
6 months at 60 'C. The result showed that

the thermal conductivity increase at
increase the time of immersion because of
swelling and plasticization in the
composites [14].

Diffusion is defined as the motion of
particles from position to another in the
system that results by the random
molecules walk. This behavior is described
by Flick's first law that represents the main
law of diffusion. This law is defined as the
number of diffusions atoms across a unit
area in unit time [15].

J=-D (dc/dx)...... 2)

where:

J: is the flux of atoms a cross unit area per
unit time

D: is the diffusion coefficient

dc/dx : is the concentration gradient

Experimental

SiC particles of three different sizes
(0.1,0.5,1))mm were weighted by percent
volume(10%,20%,30%,40%) and then
mixed with epoxy reinforcement by two
layers of glass fiber (0--90°). The epoxies
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consist of two parts, resin and hardener
which need to be mixed in 2:1 volumes to
forms the epoxy polymer. For preparing
composite samples, a weighted quantity of
SiC powder was first thoroughly mixed
with a measured volume of epoxy resin.
Then a half volume of hardener was added
and the result mixture was well mixed so
as to obtain a uniform composition. The
samples  for  thermal  conductivity
measurement were made in the form of
circular disk with a radius 4cm. So, the last
set of samples were immersed in water for
(30,60,90) days at room temperature.

For this test lees disc method was used.

Results and Discussions

Table (1) shows that the thermal
conductivity (Kexp) of epoxy reinforcement
by bi-directional glass fiber (0-90) large
than the thermal conductivity of epoxy non
reinforced because of that the bi-
directional glass fiber is heaver long and
oriented, in addition to decrease the air
bubbles in the interface between the fiber
and the matrix[16].

Table (1) the values of thermal conductivity of
epoxy and epoxy composites reinforcement by
bi-dierctional glass fiber (0"-90").

Specimen type | K(W/m.K)
Ep pure 0.187
Ep comp. 0.201

Figure (1) shows that the thermal
conductivity increase  slightly  with
increase filler volume fraction .This can be
explained because of precipitation of filler
particle, which lead to make two layers
with non homogenous in distribution,
which make defect in the material
structure lead to loss in energy[5,17].
Influence of interface between the matrix
and the reinforcement materials was
observed on thermal conductivity. In
polymeric materials, heat was transfer as
elastic wave, and since an interface was
existed, that lead to restraint of transfers
motion of these waves. Transfer of thermal
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energy as elastic wave are still complex
process and difficult since there is
disconnection in structure and transference
from one structure to another, i.e, the wave
lost a part of its energy at interface region
between the matrix and reinforcement
materials this behavior agree with the
obtained results in reference[18].
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Figure (1) the variation of thermal
conductivity Kegp(W/m.K) as a function of
volume fraction of epoxy reinforced by bi-
directional glass and (0.1,0.5,1)mm of SiC
particles
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Figure (2) shows the variation of thermal
conductivity Kegp(W/m.K) as a function of
particle size of epoxy reinforcement by bi-
directional glass fiber with deferent volume
fraction(10%, 20%, 30%, 40%).

Figure (2) shows the variation of thermal
conductivity as a function of particle size.
The thermal conductivity increase when
the particle size increase because of that
the distribution of particles was
homogenous but the small particle led to
agglomerate make no homogenous media
for flowing heat[19].

Figures (3,4,5) show that the thermal
conductivity after immersed in water is
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better than the thermal conductivity
without immersed in water, this can be
explained because of diffusion of water
through the composites. This diffusion
were made by three mechanism: diffusion
of water through the interface region
between the matrix and filler, diffusion
along the longitudinal glass fiber and
diffusion through the micro cracks inside
the composite, this leads to deterioration in
the main properties of composites, to make
the hygroelasticity results of increase
swelling in polymer matrix. So the heat
transfers in polymer caused by rotation
and vibration motion for molecular chain.
This result by the relaxation of bound may
be increase the chain molecular to motion
leads to increase the thermal conductivity
[14,20].
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Figure (3) the variation of thermal
conductivity Ke,, (W/m.K) as a function of time
of immersion (day) in water for epoxy
reinforcement by bi-directional glass fiber and
(0.2mm) SiC particles
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Figure (4) the wvariation of thermal
conductivity Ke,, (W/m.K) as a function of time
of immersion (day) in water for epoxy
reinforcement by bi-directional glass fiber and
(0.5mm) SiC particles
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Figure (5) the variation of thermal
conductivity Key, (W/m.K) as a function of time
of immersion (day) in water for epoxy
reinforcement by bi-directional glass fiber and
(Imm) SiC particles

Conclusions

Thermal conductivity increase with
increasing time of immersion in water,
particle size of filler, and volume fraction
of filler. The thermal conductivity of the
composite material reinforcement by two
types of reinforced material, large than the
thermal conductivity for epoxy and
composite material reinforcement by one
type reinforced materials.
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