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Abstract: The Phase change materials (PCMs) have the unique ability to store and release large amounts of
heat within a relatively small temperature range due to their latent heat properties. The PCMs are used in
solar power system, textile industry, buildings etc. The paraffin wax was one of the cheapest PCM and used
in thermal energy storage applications. However, its drawback is its low thermal conductivity which affects
the heat transfer. Hence, in this work, we have used graphene which has higher thermal conductivity to
enhance the thermal conductivity of the paraffin wax. The graphene of various concentration such as 0.25,
0.5, 0.75 and 1.00 % were added to the paraffin wax. The results show improvement in thermal properties
of the paraffin wax offers a promising solution for enhancing heat transfer in thermal management systems
and heat exchangers. The thermal conductivity of the paraffin wax improved significantly with the addition
of graphene and higher thermal conductivity was observed with the graphene dosage of 1%. Additionally,
the melting temperature of the paraffin wax has reduced significantly with graphene addition. Also, the
graphene addition resulted in faster melting and solidification rates due to and enhanced the overall thermal
performance of the paraffin wax.
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1. INTRODUCTION

The Phase change materials (PCMs) are a class of
materials that exhibit the remarkable ability to
store and release thermal energy during phase
transitions. The PCMs have gained much
important in recent years because of their storage
ability to store higher energy in a compact and
efficient manner. The PCM materials can undergo
a physical transformation from one phase to
another, such as from solid to liquid or vice versa,
while absorbing or releasing a large amount of
heat in the process. This unique property makes
PCMs invaluable in various applications ranging

from energy storage and thermal management to
temperature regulation and building insulation. [1,
2].

The PCM has a high energy storage capacity;
however, its temperature remains constant
during the phase transition, resulting in a stable
material temperature throughout the process,
which is crucial for applications requiring stable
thermal environments, such as electronics, green
buildings, and transportation. This constant-
temperature property makes PCMs particularly
effective for temperature regulation.
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The selection of a suitable PCM is primarily
depend upon by its phase transition enthalpy and
the temperature at which the phase change
occurs as these properties determine the
material’s ability to store and release thermal
energy efficiently [3]. The PCMs offer several
advantages over conventional energy storage
materials. One of the key benefits is their high
energy storage density compared to materials like
water or concrete, meaning a smaller volume or
mass of PCM can store a substantial amount of
energy. The PCM is available in a wide range of
types, each tailored to specific applications
depending on their properties which play a crucial
role in determining their suitability for different
thermal energy storage or temperature
regulation needs. Advanced PCMs, including
eutectic mixtures and composite materials, are
engineered to improve specific characteristics,
such as enhancing thermal conductivity or
mitigating supercooling [4,5]. The applications of
PCMs are diverse and expanding rapidly. The
PCMs also play a vital role in electronics cooling,
absorbing and dissipating heat generated by
devices, which helps prevent overheating and
extends the lifespan of electronic components In
the construction industry, PCMs are integrated
into building materials like floor, ceiling, walls,
ceilings etc to minimise heat gain and
temperature control [6]. In recent vyears,
microencapsulated PCM is getting attention and
popular among researchers. The
microencapsulation of PCMs offers an effective
solution to challenges such as volume change,
phase separation and leakage during phase
transitions as this technique not only enhances
the structural stability of PCMs but is also one of
the most widely adopted methods to improve the
overall efficiency and reliability of thermal energy
storage systems [7].

The primary source of paraffin wax (PW), an
organic substance that is colorless, odorless, and
chemically based, is petroleum waste. It is a
combination of hydrocarbons with a melting point
that typically ranges from below freezing to over
100 degrees Celsius. The number of carbon atoms
in the crystal structure is the primary criterion
used to classify PW. The paraffin, also referred to

as pure alkanes, is a gaseous substance with one
to four carbon atoms at ambient temperature. At
normal temperature, paraffin with five to
seventeen carbon atoms is typically liquid;
paraffin with more than seventeen is a wax.
Saturated hydrocarbons make up solid waxes,
which are inherently linear, isobranched, or
cycloalkanes [8]. The PW is widely utilized across
various applications due to its distinctive thermal
and chemical properties due to its ability to
absorb and release substantial amounts of
thermal energy during phase transitions makes it
a popular choice as a PCM. During periods of
excess energy production, PW melts and stores
thermal energy; this stored heat is later released
as the wax solidifies, helping to meet increased
energy demand or compensate for fluctuations in
renewable energy availability. It has low melting
point (47 to 65°C), low reactivity and chemical
inertness enhance its safety and compatibility
with a wide range of materials, minimizing the risk
of undesirable chemical interactions [9].

The solidification of the PCM can be reduced using
radial fins with turbulence promoters which also
increases the interface velocity; however, fin
parameters have to be optimised to get better
performance [10]. The microencapsulation of
PCMs is used to minimise PW leakage during its
transition (from solid to liquid phase) and this type
of PCMs are preferred in recent years, however its
thermophysical properties has to be enhanced
[11].

1.1 Literature Review

The PCM has a greater energy storage capacity
because it retains energy in the form of latent
heat [12]. The heat transfer characteristics of the
PCM are enhanced by the addition of
nanoparticles (NPs) which have higher thermal
conductivity. The addition of copper NPs in the
PCM greatly improves the thermal conductivity
[13]. When the liquid phase is heated, a
temperature gradient develops between the
heated surface and the surrounding liquid, which
can impede or reduce the efficiency of heat
transfer. As a result, the layer of PCM loses
thermal energy. It is essential to transfer this heat




to the colder surface until solidification occurs
[14]. It is reported that the PCM integrated with
heat pipe provides a cooling load of about 87%
within the specified power range, however it is
necessary to design various typologies [15].

Various methods are used to improve the thermal
conductivity of PCM; however, these methods
should be cheap and environmentally friendly. It
is suggested that adding NPs is one of the
methods [16]. The use of titanium oxide (TiO2) as
additive enhances its thermal properties and it is
suggested that the PCM added with TiO2 can be
used in solar PV/T applications [17].

The aluminium oxide (Al203) and multi wall
carbon nanotubes (MWCNTs) also used to
enhance the properties of PW. The results
revealed enhancement in the thermal properties
of the PCM added with these materials [18]. A
study was carried out to use PW as the PCM for
the thermal battery [19]. A study was conducted
to improve the thermal performance of energy
storage in a hydronic system by integrating
evacuated tubes into a hot water tank. The
findings indicated that the system achieved
optimal thermal performance under warm
weather conditions [20]. It is reported that the
graphene oxide and single walled carbon
nanotubes (SWCNT) also can be used for the
improvement of thermal properties of the PCM.
The obtained findings show the addition of
SWCNT NPs with dosage 10% enhances the
melting point [21]. The results of a study indicate
that adding Fe,Os NPs at any dosage enhances
both the density as well as viscosity, however the
thermal conductivity of PW is enhanced [22]. A
numerical investigation was conducted on the
melting of PW dispersed with Al,Os, Copper Oxide
(Cu0), and Zinc Oxide (ZnO) using ANSYS. The
results indicate that dispersing NPs in small
dosage causes enhancement in rate of heat
transfer among the NPs tested, the Al,03 showed
slightly better thermal performance compared to
other NPs [23]. A study investigates the influence
of Alb,Os NPs concentrations, the impact of
activated wall orientation and hot wall
temperature on the melting process and thermal

energy storage performance. The computed
results demonstrate that these parameters
significantly impact both the melting rate and the
amount of stored energy. The findings indicate a
greater enhancement in performance when the
enclosure is filled with a 1 vol% NP dosage and
heated from the bottom. However, increasing the
NP dosage beyond 1 vol% leads to diminishing
returns [24].

The purpose of this work is to improve the
characteristics of PW by adding graphene (G),
with an emphasis on dosage optimization. We aim
to determine the optimal concentration of G that
optimizes PW's performance through meticulous
investigation, thereby enhancing its efficacy as a
phase transition material.

1.2 Materials and methodology

One inexpensive material that is frequently used
as a PCM is PW. lIts reduced TC, however, may
make it more difficult to distribute heat evenly
and may cause cooling processes to lag. In order
to overcome this restriction, G was added as an
additive to PW in order to increase its TC and
benefit from its better thermal characteristics.
The G of dosages such as 0.25, 0.5%, 0.75, and 1%
by weight, were considered and added to the PW
and a study was carried out, how different G
dosages affects the PW’s TC.

Figure 1illustrates the PW, while Figure 2 presents
the G and the SEM image of the G is displayed in
Figure 3.




Figure 2. photo of Graphene (G)

Figure 3. Graphene’s SEM image

2. EXPERIMENTAL SETUP

To accomplish consistent mixing of G and PW,
an ultrasonicator was used and is shown in the
figure 4. First, the PW was heated to 70 degree
C using water bath and added with 0.25%
graphene and sonicated for 20 minutes. The
solution was mixed, then allowed to cool, which
produced a consistent dispersion of G
throughout the PW. This process was followed
in a similar manner for G dosages of 0.5%,
0.75%, and 1% by weight. After that, samples of
the synthesized PW were gathered for various
assays at different doses of graphene. The
ultrasonicator utilized in this investigation to
effectively mix G and PW and provide
consistent characteristics among the samples.
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Figure 4. Ultra sonicator used in this work

Figure 5 illustrates the PW with various G
dosages and the samples were collected. The
tests were performed to understand the impact
of G on its heat transfer properties.

Figure 5. PW with different dosages of
graphene

2.1 Results and discussion

Incorporating G into PW can significantly
impact its properties. The G, a two-dimensional
carbon material recognized for its outstanding
mechanical and thermal characteristics, alters
the behavior of PW in several ways.

Table 1. Properties of PW and Graphene

Properties of PW

Property Value
Thermal conductivity 0.179 W/mK
Density 901 kg/m3
Melting point 60 °C
Freezing point 51 ¢C

Properties of Graphene
Property Value
Thermal conductivity
(W/mK)
Thickness 5t09 nm
Density 0.01 g/cm?3
Surface area 60 to 200 m?/g
Size 10 pum
Purity 99 %
Odour Odourless

The PCMs are characterized by their thermal
conductivity (TC), which is a critical component
in determining successful heat transmission
and is shown in figure 7. Although PW is known
for having a low TC, adding G, which has a high
TC, can greatly enhance the composite
material's  thermal  performance. This
improvement is especially helpful in
applications like thermal management systems
where effective heat transport is crucial. The




amount of G supplied has a direct impact on
how much the PCM improves in terms of heat
conductivity; significant improvements are
shown at 1% dose. The increased heat
conductivity with higher doses of G make the
material more useful for a variety of purposes.
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Figure 6. Influence of G addition on the TC's of
PW

One important feature affecting PW’s usage as
a PCM is its melting point, particularly when the
substance is changing from a solid to a liquid.
Although PW normally has a high melting
temperature, adding G may change this
characteristicc.  When incorporated, G's
remarkable TC and stability can change how PW
melts. Its exceptional heat transfer qualities
raise the composite's overall TC and encourage
more effective heat transfer, which could have
an effect on the melting process. Furthermore,
the composite can withstand higher
temperatures before decomposition or
deterioration happens due to graphene's
thermal durability, which could raise the
melting point or postpone the start of thermal
breakdown.

However, depending on variables like G
concentration, the quality of its dispersion
within the wax matrix, and the interactions
between G and wax molecules, the precise
effect of G on the melting temperature of PW
may differ. The kind and purity of the PW
utilized are two other factors that affect
melting behavior. Notably, the dosage of G has
a substantial impact on the melting
temperature; PW tends to melt at a lower
temperature as G concentration rises. The
melting temperature is significantly lowered at

1% G dose in comparison to other levels, but
only somewhat at 0.25% and 0.50% dosages.
The melting temperature fluctuations at
different dose levels of G are shown in Figure 8.
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Figure 7. Influence of G addition on the
melting temperature of PW

The total density of the composite material may
decrease as a result of G being mixed with PW.
However, a number of variables, such as the
concentration of G and its dispersion within the
wax matrix, affect how much of an increase
there is. The addition of G results in a lighter
component, reducing the composite's density.
Nevertheless, the resulting density decrease
could not be very large if the G concentration is
low in relation to the PW. As a two-dimensional
material with a high aspect ratio, G can
considerably improve the characteristics of the
composite, even at modest concentrations,
without leading to a considerable increase in
density.
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Figure 8. Influence of G addition on the
density of PW

It is essential to understand the precise
concentration of G and how it was dispersed
throughout the wax matrix in order to provide
an appropriate assessment of the density




changes. The density of the composite is also
influenced by variables like the G’s size and
shape. Significantly, a tiny and deemed
insignificant change in the density of PW has
been noted with different G dosage levels. The
density variations corresponding to various
doses of G are depicted in Figure 8.

3. CONCLUSION

The PW is a readily available material
commonly used across a wide range of
applications. It possesses a high latent heat
storage capacity, allowing it to absorb and
release substantial amounts of thermal energy
during phase transitions, which facilitates
effective heat storage and release. Additionally,
PW demonstrates excellent thermal stability,
resisting degradation or decomposition over
numerous phase change cycles. It can endure
repeated heating and cooling without
substantial loss of performance. Moreover, PW
is non-toxic and non-hazardous, ensuring its
safety for various uses. However, its relatively
low TC can limit its effectiveness as the PCM. To
address this issue, this study incorporates
graphene as an additive to enhance the TC of
PW. The results indicate that the addition of G
significantly improves TC, with a 1% weight
dosage of G vyielding the most favourable
results for enhanced heat transfer.
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