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Abstract - In this work preparation and characterization of
composite materials for phase change material encapsulation
in thermal energy storage (TES) was focused. The structure
was produced by combining epoxy resin with paraffinic phase
change material (PCM) mixed with thermal conductive fillers
which is reinforced with carbon fibre. The thermal response
was conserved after various thermal heating and cooling
cycles. Due to the thermal conductivity fillers present inside
the composite laminates increases the thermal conductivity of
the material. Carbonaceous particle was mixed with the epoxy
resin with 1% weight ratio, thermal conductivity is enhanced
approximately 33% and 21% was found for graphene
nanoplatelets and expanded graphite mixtures
respectively.Infrared emission sensor is used for monitoring
the laminates cooling rate. Thermal analysis was carried out
for different ratios of thermal conductivity fillers, carbon
nanotubes in epoxy resin and the potential material with
higher thermal properties was found by using various analysis
and structure properties were studied by using SEM analysis

Key Words: PCM - Phase Change Material, TES - Thermal
Energy Storage, SEM - Scanning Electron Microscopy.

1. INTRODUCTION

Thermal energy can be stored as latent heat and sensible
heat. Thermal energy storage is the temporary storage which
is used for storing excess heat. Among sensible and latent
heat storage, The latent heat system consist of phase change
material can store and release large amount of energy this
system consist of large phase change enthalpy. Pcm can
function in a specific temperature with small volume
deviation. Paraffin waxes, ethylene glycol and fatty acids are
the common PCM’s. Though paraffin wax has enormous
advantages it has very low thermal conductivity and leakage
problem is encountered in the molten state. Leakage can be
overcome by micro or nano encapsulation of pcm by shells
are by polymer confinement. Thermal conductivity also the
main factor considered for phase change material in order to
increase the thermal conductivity, conductive materials such
asnano fillers are added. Metals are used extensively due to
their excellent thermal properties and mechanical strength.
Although metals having some demerits such as chemical
compatibility and issues regarding fouling. The advantages
of polymer or plastic components are they are reduced in
weight, low cost, compatible with corrosive fluids and
coefficient of thermal expansion is low. The major barrier is
Thermal conductivity of polymer material is low. When the

thermal conductivity increases it can be used in various
fields. PCM’s are used in building industry and also
employed in electronic device cooling applications. Weight
and volume are also main parameters considered in TES
System. Polymer composites with good mechanical
properties and light weight with structural and non-
structural functions. Shape-stabilizing agent (carbon-based,
organic, ceramic or metallic), up to rapidly little has been
done to mean and delineate polymer-matrix structural
composites with TES capacity.

The aim of the work to produce epoxy /carbon structural
laminates having the capacity to store and release large
amount of thermal energy in a certain temperature range.
Epoxy resin is combined with carbon fibers and paraffin wax
shape stabilized and also with alumina and graphite. In this
paper the thermal properties of the laminates were
investigated extensively.

1.1.PHASE CHANGE MATERIAL

When a material melts or vaporizes, it absorbs heat; when it
changes to a solid (crystallizes) or to aliquid (condenses), it
releases this heat. This phase change is used for storing
thermal energy in PCMs. Also, the PCM has been subjected to
accelerated life cycling equivalent to 12 years of
performance with no loss of capacity. With the physical
equilibrium of the PCM established after the first few cycles,
the phase change appears to be stable and the TES capacity
constant indefinitely, or at least as long as the life of chiller
equipment used to freeze the PCM. Latent TES in the
temperature range 0-120 °C is of interest for a variety of
low-temperature applications, such as space heating,
domestic hot water production, heat-pump-assisted space
heating, and greenhouse heating and solar cooling. The
melting and freezing characteristics of PCMs, and their
ability to undergo thermal cycling, and their compatibility
with construction materials is essential for assessing the
short and long-term performance of a latent TES. Using two
different measurement techniques (e.g, differential scanning
calorimetry and thermal analysis), the melting and freezing
behavior of PCMs can be determined. Thermal cycling and
corrosion behavior are also of importance in the appropriate
choice of materials as they affect the life of a latent heat
storage.
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2. EXPERIMENTAL WORK

The Polymer Thermal conductive barrier made by
Epoxy/Carbon Fibers. The reinforcement material carbon
fiber is 3k plain weave type used to fabricate the thermal
conductive material. Carbon fiber plain weave has good
mechanical formability and strength than 6k, 12k and twill
weave. Carbon fiber 3k tow (3000 filaments per fiber) and is
a commonly selected fabric style for aerodynamic parts. It
delivers uniform strength in both longitudinal and latitudinal
directions. A high-performance resin system with curing
agent has been pre-impregnated into the fabric for an ideal
35% strength-to-weight ratio, and repeatable high-quality
results.

The Thermal Conductive Fillers (TCFs) we have to use
Aluminium and Copper. Those metal has desirable thermal
conductive properties. It’s can be used as a filler to improve
the thermal carrying properties of epoxy/carbon fiber
reinforced polymer composite. Lamellar structures will
make by the lamellar die pattern die. Interlamellar Cavities
filled by the PCM materials and fully concealed by thermal
conductive reinforcement materials.

The most significant difference between polymer and metal
materials is the thermal conductivity. The thermal
Conductivities of most polymers listed are lower than
1W/mK, which are around 100 times lower than those of
most metals. Because of this, it might appear futile to pursue
polymers for heat transfer application. However, if we
consider the application of heat exchangers with corrosive
fluids, seawater in particular, the only possible metals will be
Cu-Ni alloy sand Titanium. Cu-Ni alloys offer good
resistance to corrosion, polluted water, and deposit attack,
but can be expensive. Recent advances in manufacturing
technologies now permit the use of titanium, which is highly
resistant to corrosion and provides more flexibility in the
design of heat exchangers due to its low density and high
strength.

2.1. Composite sheet Fabrication

The composite sheets were manufactured through
lamination of carbon fiber fabric and epoxy resin with nano
aluminium and expanded graphite. The curing agent (Hy
991) had a gel time of approximately 1 hour. Two types of
carbon fiber fabric were used, as shown in Table 1.

Table 1 - Types of carbon fiber fabric used.

Fabric Type| Areal weight Direction of the fibers

RC 200 P 200 gm-? | Bidirectional plain weave in a
0/900 orientation
RC200T 200 gm-? | Bidirectional twill weave in a

0/900 orientation

The epoxy resin and the curing agent are weighed, mixed
and placed in a desiccator to remove dissolved air using a

vacuum pump for 10 minutes. Three layers of carbon fiber
fabric are placed one by one on the positive mold and the
resin is evenly spread over each layer with a brush. Carefully
bubbles get rid from in between layers. The fabrics are laid
on the mold in the sequence presented. Release film and peel
ply are used to facilitate the removal of excess resin and to
give the desired finishing to the surfaces of the laminates.
Finally, the bubbles completely rid by heat gun. The
assembly is placed in an environment protect to control the
resin curing temperature at 30°C - 50 9 C for at least 10
hours.

After curing, the polymer films are removed resulting in
different finishes on the positive (outer) and negative (inner)
surfaces of each plate. While a glossier texture is achieved on
the former, the inner surface is rougher to facilitate bonding
of two identical plates with epoxy resin to form the perfect
laminated polymer. Each part is weighed to determine the
ratio of carbon fiber fabric to epoxy resin, which is
approximately 50% wt. Table 2 presents the main material
characteristics of the laminates. The selection of the
carbonaceous particle fillers will be discussed in Section 2.2.

Table - 2: Main material characteristics of the heat

exchangers
Tvpel Matrix Carbon fiber| Carbonaceous
yp fabric Fillers
Epoxy 3 layers
L o) (50%) None
2 Epoxy 3 layers Expanded
(45%) (50%) graphite (5%)
3 Epoxy 3 layers Aluminium
(40%) (50%) Particles (10%)

2.2. Epoxy Resin Thermal Conductivity Enhancement

In order to improve the thermal performance of the polymer
composite, the following thermally conductive carbonaceous
particles and Aluminium fillers were selected as potential
candidates to increase the thermal conductivity of the epoxy
resin: Clear, carbon fiber 3k, expanded graphite (HC 30).
Mixing was performed manually using a scoop. Theload was
limited to 1% wt., since larger loads were observed to
greatly increase the viscosity of the epoxy resin (making it
harder to mix), thus impairing the lamination of the plates.

The thermal conductivity of the epoxy resin/particle (filler)
composite was measured using an IRX-63 Infrared Thermal
Laser sensing meter. Specimens were manufactured using a
silicone rubber mold to comply with the dimensions
specified by the meter manufacturer. Initially, pure epoxy
resin specimens were fabricated with and without the
application of vacuum to the resin. Air bubble entrainment
was inevitable during the resin-curing agent mixing process
and this was observed to cause a significant reduction of the
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specimen thermal conductivity. During the vacuum process,
the resin with the carbonaceous particles showed a more
vigorous degassing (resulting from heterogeneous
nucleation of gas bubbles on the particles). The pure epoxy
resin specimen prepared under vacuum had a consistently
higher thermal conductivity in comparison with the others.
The epoxy resin specimens mixed with graphene Nano-
platelets and expanded graphite presented the highest
values of thermal conductivity.

3. RESULTS AND DISCUSSIONS

3.1 Heat transfer Enhancement and thermal

conductivity measurement

The effective thermal conductivities of the composite
warmness exchanger plates (epoxy resin and carbon fiber
cloth composite) had been measured the usage of an IR
thermal conductivity meter. Despite its higher size
uncertainty in comparison with the Laser comp meter (five%
as opposed to 3%, as declared by using their respective
manufacturers), the device changed into applied due to its
higher flexibility with appreciate to the specified thickness
and form of the specimen. Also, for the reason that IR
Thermal conductivity meter is primarily based on a brief
measurement technique in response to a warmth pulse on
the floor, it's miles capable of estimating the “local” powerful
thermal conductivity of the vicinity adjacent to the sensor.
On this manner, measurements could be accomplished on
each sides of the plate (i.e., positive and bad surfaces) to
offer an idea approximately the uniformity of the powerful
thermal conductivity within the direction perpendicular to
the orientation of the fibers. Determine 6 shows the
powerful thermal conductivity consequences for the pure
epoxy resin and for both facets of the composite plates. The
effects for the composite plates are considerably higher.
However, there is also a large difference between the
effective thermal conductivities measured on the positive
side and on the negative side of each plate. This discrepancy
is possibly related to the highly anisotropic nature of the
composite material due to the carbon fiber fabric layers. The
different values of fiber density and orientation give rise to
different heat conduction properties in each direction. The
different thicknesses of the epoxy resin layer and fiber
weavings on each side (positive and negative, see Table 1)
may also contribute to the different values of effective
thermal conductivity in the direction normal to the fibers on
each side. Another aspect is related to the thermal
conductivity meter itself, which does not recognize the
anisotropy of the different composite layers in its embedded
temperature thermal conductivity effusivity correlation.
Therefore, as the presence of a carbon fiber fabric layer
closer to the negative surface contributes to a more effective
heat diffusion through the composite material, a higher
apparent thermal conductivity is measured in the direction
perpendicular to the orientation of the fibers. A somewhat
unexpected result was the consistently higher effective
thermal conductivity of the unloaded plate (without

particles) compared to the other plates with carbonaceous
particles. To find an explanation for the behaviour of the
thermal conductivity, samples of the three composite heat
exchanger plates were evaluated in a Hitachi TM3030
scanning electron microscope (SEM).

M x50 2 mm

Figure - 1: Sem image of epoxy resin without particle

Fig 1 and 2 with a magnification of 40 times. The samples
with carbonaceous particles exhibit the carbon fiber fabric
layers further away from each other than in the sample
without them. This is an indication that the delamination
was more severe in samples with particle loading due to the
greater number of voids. The sample with expanded graphite
exhibited the greatest delamination.

M ®50 2 mm

Figure - 2: Sem image of epoxy with expanded graphite
particle

3. CONCLUSION

From the obtained results it was found that epoxy resin in
addition of carbon nanotubes, carbon nanofillers and
expanded graphite. An enhancement of approximately 33%
and 21% in the thermal conductivity of the epoxy resin was
achieved with the addition of 1% wt. graphene nanoplatelets
and expanded graphite particles, respectively, And effective
thermal conductivity in the range of 5.1 to 5.4 Wm-1 K-1
have been found
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