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ABSTRACT - The aim of this study is to investigate
the effect of carbon-based materials for the thermal
performance of microencapsulated phase change
material (UPCM). The sample was prepared separately
by mixing 5 wt.% of Multiwall Carbon Nanotube
(MWCNT) and 5 wt.% Expanded Graphite (EG) with
MPCM using a powder metallurgy technique. The mixed
powder was then compacted into a disc with a diameter
of 45 mm and thickness of 5 mm using a hot
compaction technique. The thermal performance was
tested according to the ASTM standard. It was found
that the addition of MWCNT into WPCM can absorb
heat effectively as compared to pure PPCM and
MPCM/EG composite.

1. INTRODUCTION

Phase change material (PCM) is suitable to be
applied as energy storage, thermal protection and
passive cooling system [1]. This is because of its
desirable characteristic such as high latent heat of
fusion, low vapor pressure during melting, no super
cooling and chemically inert and stable [2-3]. In
principle, the heat generated by any system could be
absorbed by the PCM by attaching it on the system.
PCM acts as heat sink for the system to eliminate the
heat produced. However, the PCM could melt when the
temperature of the system exceeds the melting point and
the high latent heat of PCM. The melting PCM causes
complexity and limits the full use of its function. In
order to solve the limitation, micro-encapsulated
technique was employed to PCM to solve the problem.
Microencapsulated phase change material (UPCM)
products are very small bi-component particles
consisting of a core material, the PCM and an outer
shell or capsule wall that hold the melted PCM from
leaking. Therefore, whether the PCM is in the liquid or
solid state, the capsule itself will remain as a solid
particle.

The pPCM has disadvantage of low thermal
conductivity to meet required heat exchange rates.
Many techniques were proposed to improve thermal
conductivity of PCM such as inserting fin, incorporating
carbon based materials and adding metallic and
nonmetallic materials [4]. Most researchers use core
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PCM, typically Paraffin wax instead of pPCM,
therefore the matrix lead to melt compare to uPCM.

Based on the above review, there are a limited
number of studies [1-4] that investigate the effect of
carbon-based materials on the thermal performance of
MPCM. This study aims to investigate further the
thermal  performance between WPCM/EG and
MPCM//MWCNT composites.

2. METHODOLOGY

The UPCM type of PX52 was supplied by
Rubitherm Technologies, while for MWCNT and EG
was supplied by Microtek Laboratories. Table 1 shows
the thermal properties of the materials.

Table 1 Thermal properties of the materials

@Properties UWPCM  MWCNT EG
Melting temperature,

ek 52 3625 3000
Thermal conductivity,

Wim.K 0.1 3500 200
Latent heat capacity,

ki/kg 0o - -
Density, 065 003 2.2
g/cm

@From manufacturer

The samples were prepared separately by mixing 5
wt.% of MWCNT and 5 wt.% EG with uPCM using a
ball mixer. The mixed powder was then compacted into
a disc with a diameter of 45 mm and thickness of 5 mm
using a hot hydraulic press. The samples are show in
Figure 1.
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Figure 1 Photo of samples of (a) UPCM, (b) UPCM/EG
composite, and (¢) PPCM/MWCNT composite.
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The thermal performance of the prepared sample
was tested according the modified method in correlation
to the ASTM C518-10 [6]. The measurement stack of
the apparatus is shown in Figure 2. The sample is placed
between the hot and cold copper plates. The hot plate
above the electric heater assures unidirectional heat
flow from the heater up through the sample. The cold
plate above the sample provides uniform temperature
distribution on its surface. Unidirectional heat flow is
achieved by adjusting the electric power supply to such
a level that temperature of the heater is equal to the hot
plate temperature. The sample was covered by
aluminum. The aluminum casing was heated at 12V of
nominal voltage and 5 Watt of power. All tests were
performed at room temperature. The temperature of
aluminum casing was recorded by using an infrared
thermometer for each minute. The result was obtained in
the form of the temperature profile of aluminum casing
over time.
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Figure 2 Measurement stack in plate apparatus.

3. RESULTS AND DISCUSSION

Figure 3 shows the temperature profiles of
aluminum with and without uPCM composites. It was
clearly shown that the temperature of aluminum
increases over time. However, the magnitude of
temperature significantly decreases when the uPCM is
present. Besides, the combination of PPCM and
MWCNT effectively reduce the temperature of
aluminum casing to 91% over the time. This shows that
the composite absorbs some amount of heat from the
aluminum casing, and hence decrease the temperature.
The present of MWCNT into pPCM can absorb more
heat from the aluminum casing as compared to the pure
MPCM and uPCM/EG composite. This is due to the fact
that the MWCNT has higher thermal conductivity and
larger surface area compared to EG. M. Lajvaerdi et al.
[5] reported that the thermal conductivity of paraffin
increases to 31% with addition of 2 wt.% of MWCNT.

4. CONCLUSIONS

In conclusion, the thermal performance of uPCM
can be improved by employing carbon-based materials
as an additive. However, the yPCM/MWCNT
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composites show a great improvement in terms of heat
absorption due to the fact that the MWCNT has higher
thermal conductivity and larger surface area compared
to EG.
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Figure 3 Temperature profiles of aluminum casing over
time with and without uPCM composites.
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