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Abstract. The excellent properties of graphene phase change
nanocomposite made it have potential application value in the field of heat
storage materials, which was expected to achieve the integration of heat
transfer and storage. In order to enhance the thermal performance of
paraffin in energy storage, the structure models of n-octadecane and three
kinds of graphene/n-octadecane composites were established. Molecular
dynamics method was used to study the variation of thermophysical
properties. It is found that the strong interaction between graphene and n-
octadecane restricts the diffusion intensity of n-octadecane molecules,
which reflects in the decreasing trend of the self-diffusion coefficient. In
addition, the thermal conductivity of each system in the solid state is
higher than that of liquid, and abruptly drops near the melting point. The
thermal conductivity of the composite PCM always higher than the pure n-
octadecane and increases with the amount of graphene.

1 Introduction

Nowadays, limited reserves of fossil fuels and excessive emissions of greenhouse gases
make efficient use of energy a key problem to be solved. Among various forms of energy,
thermal energy is widely spread in nature as in solar radiation, geothermal energy,
industrial waste heat and building applications. Using phase change materials (PCMs) for
thermal energy storage, can not only reduce the mismatch between supply and demand, but
also improve the performance and reliability of energy distribution networks [1-2]. Phase
change materials (PCMs) can solve the problem of discontinuity and instability in solar
energy supply in time and realize the efficient and rational use of energy, so as to solve the
energy and environment crisis [3-5].

Among numerous PCMs, paraffin (saturated hydrocarbons with C,H,,, formula), has
proved to be desirable for thermal energy storage due to its rich latent heat, low cost,
thermal and chemical stability, non-toxic and non-corrosive. However, paraffin suffers
from inherently low thermal conductivity which affects the rate of thermal response [6-7].
Traditional techniques to enhance the thermal conductivity of PCM is to include metallic
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fins and utilization of metallic foams, while their incorporation in PCM is limited in many
circumstances due to their chemical activity and high density [8-11]. The discovery of
graphene, consisting of a single-layer of carbon atoms that are arranged in two-dimensional
honeycomb structure, has gained considerable attention around the world owing to its
extraordinary physical properties [12-17]. There is still a lack of deep insights into the
microscopic behaviour of melting phenomena and the enhancing mechanism of thermal
transport. Molecular dynamics (MD) simulation is powerful technique to solve the above
problems.

In this work, we proposed a nanostructure of the three-dimensional graphene/paraffin
nanocomposites, which consist of three-dimensional porous graphene networks and energy
storage material paraffin. The thermal properties of the three-dimensional nanoporous
graphene/paraffin nanocomposites during phase transition are investigated systematically
via MD simulations. This work will be beneficial to the development of PCM at thermal
energy storage in the future.

2 Model and Method

2.1 Structure Model of Simulated systems

We performed the MD simulations both for pure paraffin and three-dimensional
nanoporous graphene/paraffin nanocomposites which are applied to represent paraffin
molecule. In the simulation n-octadecane is applied to represent paraffin molecule. The
three-dimensional nanoporous graphene/paraffin nanocomposites, as shown in Fig. 1 (a),
the graphene nanosheets are dispersed into paraffin to form the three-dimensional
nanoporous graphene/paraffin nanocomposites.

2.2 Simulation method

We used MD method to calculate the established models. COMPASS force field is chosen
to describe the interactions among alkane and graphene system. Algorithm is used to
optimize the geometry after each structure was constructed. Then 200 ps NPT ensemble
and 100 ps NVT ensemble were used to equilibrate the system.

The thermal conductivity can be calculated using Fourier’s law as:

K= b (1)

or
(E)ave
Where Jz is the heat flux in the z-direction, and (%—Z)ave represents an average
temperature gradient. The heat flux Jz can be calculated as:
1 AE
;= —— 2)
2A AT
Where AE is the change of the kinetic energy, AT is the time interval, A is the cross-
sectional area perpendicular to the flux direction.

3 Results and discussion

Generally, the maximum deviation of simulated density compared with theoretical value is
lower than 5%, which proves that the constructed amorphous structure is effective.
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3.1 Mean square displacements and Self diffusion coefficients

To rigorously characterize structural changes associated with the melting process and better
demonstrate the phase change of n-octadecane and graphene/paraffin nanocomposites, we
calculate mean square displacement (MSD) of atoms, which can be expressed as:

MSD(t <Z|n (o) > 3)

where r(f) is the position of the atom at the given time and r(0) represents the initial
position of the atom. According to the Einstein formula, the self diffusion coefficient can be
calculated as:

Dz—N}gdtZNQn (o)) o

where D is the self diffusion coefficient and N represents the number of atoms moving

diffusively in the system.

Then, the self diffusion coefficient computed from the linear regime of the MSD curve
of each model at different temperatures is plotted in Fig.1 (b), the self diffusion coefficient
shows obvious change at about 300K in the pure paraffin, which indicates that the phase
transition of paraffin from solid to liquid is happened. For the composites, the self diffusion
coefficients are all smaller than that of pure paraffin, and decrease as the mass fraction of
graphene increases.
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Fig. 1. (a) The structure of three-dimensional nanoporous graphene/paraffin nanocomposites. (b)
Self- diffusion coefficients of pure paraffin and the composites at different temperatures. (¢) Thermal
conductivities of pure paraffin and the composites at different temperatures.(d) Vibrational power
spectra of n-octadecane and graphene in composite system at equilibrium state of 280K.

3.2 Thermal Conductivity and Velocity auto-correlation function

The thermal conductivities of the four systems are presented in Fig. 1(c), which shows that
the thermal conductivity varies with temperature and decreases sharply near the melting
point. The reason for this phenomenon is that the phase change material is in a mixed state
of solid and liquid near the phase transition point, the molecular movement is hindered in
the solid-liquid boundary region and thermal energy is not easy to transfer between these
regions. Constantly, the high thermal conductivity of graphene is more important to the
enhancement of thermal conductivity of composites than the thermal resistance of solid-
liquid interface, which increasing of thermal conductivity of composites obviously.
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Thermal energy is essentially the energy of atomic vibration, the physical mechanism of
heterogeneous coupled heat transfer in the composite system, the atomic vibration power
spectra of n-octadecane and graphene were calculated respectively in this section, the
expression is as follows:

()= Re[;—7T [ Fyv(0))e iW’dt} 5)

Where [(w) is the vibration power spectrum when the frequency is o, <\7(t )\7(0» is

velocity auto-correlation function. The vibration power spectrum of n-octadecane and
graphene in the composite system at equilibrium state 280K in Fig.1(d).

We can see that the atomic vibration power spectra of graphene and n-octadecane
overlap a large part in the range of 20~43THz, while the overlap of vibration modes will
help heat transfer, which is conducive to improving the heat conduction between graphene
and n-octadecane molecules in the system.Furthermore,The peak of graphene at 36THz is
significantly higher than others, most of which comes from the vibration mode of atoms in
the normal direction of the plane, indicating that the movement of graphene atoms outside
the plane has better thermal coupling with n-octadecane.

3.4 The radial distribution function

The radial distribution function (RDF) is a mathematical language to describe the internal
microstructure of the matter. The radial distribution function g,s(r) represents the
probability of the occurrence of a f particle in a spherical shell volume r~r+dr away from
the reference o particle center by using the following equation:

dN
wlr)= —2 6
& ﬁ(r) p47tr2dr ©)

where p is density of system, N is the total number of particles in the system.
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Fig. 3. Radial distribution function of n-octadecane molecules in each system at different
temperatures.

Radial distribution functions of n-octadecane molecules in each system are shown in
Fig.3.We can get that the radial distribution function only has peaks in the short range,
showing the characteristics of short range order and long range disorder. The shape of the
first peak indicates that the atomic number density within this radius is much higher than
the average atomic number density of the system. By comparing the radial distribution
function of each system, it was found that the peak value was higher as the mass fraction of
graphene increased, which is due to the fact that the addition of graphene leads to a denser
architecture, enhanced interaction with n-octadecane, and limited molecular diffusion.

4 Conclusion

Molecular dynamics simulation is applied to reveal crucial thermal properties, such as
thermal conductivity ,melting temperature and heat capacity, of three-dimensional
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nanoporous graphene/paraffin nanocomposites during phase transition. The results could
draw the following conclusion.

1.The mean square displacement and self diffusion coefficients of atoms in each system
increase with the increasing temperature,and the self diffusion coefficient changes with the
temperature change rate near the phase transition point

2.The thermal conductivity of each system in solid state is higher than that in liquid
state, and suddenly drops near the melting point

3.With the increasing temperature, the peak value of the radial distribution function
gradually decreases and the width of the peak increases slightly, indicating that the thermal
motion of atoms intensifies and the order degree of the system decreases.
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