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Fig. 1. Dispersion stability of composite phase change ma-
terial (GNP 0.5 wt.%) without addition of dispersant and
with adding different kinds of dispersants: (a) Initial state;
(b) let the mixture stand for 15 min; (c) let the mixture
stand for 30 min; (c) solidification state.
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Fig. 2. Statuses of composite phase change material (GNP
0.5 wt.%) after different melting-solidification cycles: (a)
After 5 cycles; (b) after 10 cycles.
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Fig. 3. Composite phase change materials with different
mass fractions of graphene nanoplatelets.
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Fig. 4. The microstructure and morphology of (a) graphene nanoplatelets (x 5000); (b) graphene nanoplatelets (x 25000); (¢) com-

posite phase change materials (x 5000); (d) composite phase change materials (x 20000).
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Fig. 5. FTIR spectra of n-octadecane and 2.0 wt.%
graphene nanoplatelets composite phase change materials.
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Fig. 6. The DSC curves of n-octadecane and composite

phase change materials.
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Table 1. Phase transition temperature and enthalpy of n-octadecane and composite phase change materials during melting
process.
FHEH BB T,./C WEfH T, /C LARWRE T,/ C M H,/Tog!
3 ANE 28.1 33.3 35.9 241.4
0.5% 2N KA 805 7 /1ET/\ e 27.9 33.5 36.5 237.4
LOG%HK A A0 b/ IE /b 27.9 32.9 36.0 237.0
L% KAT B4 Fr /1E /b 27.5 33.4 36.2 234.8
2.0%4 KA 805 /1E T\ 27.9 33.3 35.7 226.9
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2 IR /NBE RIS AT PR ] A B0 R AR TR AR A

Table 2.  Phase transition temperature and enthalpy of n-octadecane and composite phase change materials during solidific-

ation process.

L EAGRE T,/C Wl T,,/C ZALIRE T,/C ARG H [J-g !
IE+ /bt 26.1 21.5 19.8 -240.7
0.5% KA1 5805 /1E T/ \ S5t 26.3 20.9 19.0 -237.8
1.0%4H KA 245 Fr /1E /b 26.5 21.1 19.3 ~237.2
L% A B 1 /1E T\ 26.4 21.5 20.0 -233.5
2.0% KA1 8805 /1 T\ 26.5 21.1 19.5 -223.0
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Fig. 7. Temperature dependence of specific heat capacity of

composite phase change materials.
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Abstract

Latent heat storage mainly uses the latent heat of phase change material (PCM) to realize thermal energy
storage and utilization, which is the most important thermal energy storage method at present. However, most
of PCMs have the disadvantage of low thermal conductivity, which greatly restricts the thermal response rate
and system efficiency of the thermal energy storage system. With the development of nanotechnology, it is
expected to improve the thermal conductivity of traditional PCMs by adding high thermal conductivity
nanoparticles. In this paper, a novel two-dimensional carbon nanomaterial, graphene is selected as an additive
for PCM.

In this paper, graphene nanoplatelets-octadecane phase change composite materials are prepared with a
two-step method and the mass fractions of graphene nanoplatelets are 0%, 0.5%, 1%, 1.5%, and 2%. Their
microstructures, morphologies and thermophysical properties are characterized by scanning electron microscopy
(SEM), infrared spectroscopy (IR), differential scanning calorimetry (DSC), and thermal conductivity analysis.
The effects of the addition quantity of graphene nanoplatelets on the phase transition temperature, enthalpy,
specific heat capacity, thermal conductivity and thermal stability of the composite PCM are compared. The
experimental results show that the dispersion stability of the graphene nanoplatelets in the composite system is
greatly improved by the addition of dispersant, and the system does not produce obvious agglomeration nor
sedimentation after multiple phase transformation cycles. The graphene nanoplatelets still maintain good
lamellar structure and homogeneous dispersion in the n-octadecane matrix, and no chemical reaction occurs in
the composite process. Comparing with the n-octadecane, the melting point of the composite phase change
material decreases slightly, and the freezing point increases slightly. With the increase of graphene
nanoplatelets, the latent heat value of graphene nanoplatelets-octadecane composite phase change material
decreases gradually. For the composite phase change material with 2.0 wt.% graphene nanoplatelets, the
melting enthalpy and solidified enthalpy are reduced by 6.01% and 7.35%, respectively. When the mass
fractions of graphene nanoplatelets are 0.5%, 1%, 1.5%, and 2%, the thermal conductivity values of phase
change composite materials are nearly 32.4%, 77.4%, 83.1%, and 89.4% higher than the thermal conductivity
value of pure octadecane, respectively. Comparing with the significant increase in thermal conductivity, the
addition of graphene nanoplatelets has little effect on the phase transition temperature and latent heat of PCM,

and still exhibits the good heat storage performance.

Keywords: graphene nanoplatelets, phase change composite materials, thermophysical properties
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