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In this study, a kind of phase change materials (PCMs) with a low melting point (around 0 ℃) was prepared using n-decyl
alcohol (DA) and lauryl alcohol (LA) as PCM, expanded graphite (EG) as supporting matrix. Nano silicon carbide (SiC)
as a thermal conductivity promoter was added to modify the composite PCM. Expanded graphite with strong adsorption
performance was used to not only prevent the leakage, but enhance the thermal conductivity. Leakage experiments showed
that the maximum adsorption rate of DA-LA in composite PCM was 92 wt.%. The physical properties and chemical
compatibility of composite PCM were studied, and the results showed that the raw materials were well absorbed and
dispersed homogeneously into the porous structure of the EG, and they were only a physical bond with each other without
chemical reaction. The melting and solidification temperature of composite PCM with the SiC mass ratio 3 wt.% was 0.85 ℃ and 1.08 ℃, and the latent heat of melting and solidification was 85.62 J/g and 74.94 J/g, respectively. the thermal
conductivity of composite PCM with 9 wt.% SiC addition was 1.61, which was more than 4.19 times that of pure DA-LA.
Thermogravimetric Analysis (TGA) experiment showed that composite PCM had outstanding thermal stability and
durability. The present study confirms that this composite PCM is a potential candidate for cold energy storage in
refrigerator applications.
Keywords: phase change materials, n-Decyl-Lauryl alcohol, nano-SiC, expanded graphite, cold energy storage, thermal
properties.

1. INTRODUCTION
With the rapid development of modernization and the
improvement of people’s living standards, the demand for
energy and the consumption of electricity are increasing by
the day. Therefore, it is increasingly important to find a
feasible energy saving solution [1]. In the household
appliances, the refrigerator as a 24-hour continuous
operation of household appliances, has become the highest
energy consumption of electrical appliances [2]. According
to statistics, China produces more than 80 million
refrigerators each year, with a population of about
300 million, and its energy consumption accounts for about
40 – 50 % of residential electricity consumption [3]. The
research on refrigerator energy-saving technology is of great
significance to alleviate energy shortages, reduce
environmental problems, and realize the sustainable
development of the national economy.
Phase change materials (PCMs) are materials that are
able to store or release heat energy in the process of phase
change at an almost constant temperature. Many researchers
have applied PCMs to refrigerators. Angelo et al. used water
as the PCM, and put 15.6 kg of tap water on the bare tube
evaporator. The results showed that the introduction of PCM
reduced the fluctuation of product temperature during the
operation of the refrigerator and the temperature difference
between the top and the bottom of the refrigerator, and
prolonged the OFF time of the compressor [4]. Khan et al.
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experimentally studied the use of PCMs behind the five
sides of the evaporator. The experimental results indicated
that the number of ON-OFF cycles of the compressor was
3 – 5 times lower than that of the system without PCMs, and
the running time was reduced by about 5 – 30 % [5].
Pirvaram et al. used polyethylene glycol-1000 and
polyethylene glycol-600, which were arranged in a cascade
configuration, as PCMs, and placed them on the back of the
wire-and-tube condenser in the order of their melting
temperature decreasing in the direction of refrigerant flow.
With results showing that, compared with the refrigerator
without PCM, the working time of the compressor and the
temperature fluctuation inside the refrigerator were greatly
reduced, and the energy consumption was reduced by 13 %
[6]. Cheng et al. proposed a regenerative condenser wrapped
with the heat conduction enhanced shape-stabilized PCM
(HSE-SSPCM), which was made of paraffin, high-density
polyethylene and EG. The thermal conductivity of HCESSPCM was 1.35 W/m⋅K, which was 4 times higher than
that of traditional PCMs. The new system could
significantly improve the overall heat transfer of the
refrigeration system [7]. Sonnenrein et al. used copolymer
PCMs to apply them to the evaporator and condenser of the
refrigerator freezer compartment. They found that the
overall power consumption of the refrigerator was reduced
by 17 % and the temperature fluctuation of the refrigerator
compartment was reduced from 4 °C to 0.5 °C [8]. Gin et al.

[9] placed a PCM aluminum plate with a thickness of 10 mm
on the wall of the freezer. It was found that the temperature
fluctuation in the freezer was significantly reduced, and it
can still be kept at a lower temperature in case of power
failure. In another study [10], they found that the energy
consumption during refrigerator door opening and
defrosting can be reduced by 7 % and 8 % respectively by
using PCMs in the freezer compared with that without using
PCMs. Elarem et al. put the PCM on the evaporator, walls
and racks of the compartment of the refrigerator, which can
effectively help to rapidly stabilize and homogenize the
temperature, and increase the OFF time of the compressor
to achieve the effect of energy saving [11].
Among the PCMs for refrigerators, solid-liquid organic
PCMs have become the focus of research due to their
chemical and thermal stability, high latent heat, non-toxicity,
low subcooling, low cost and corrosion resistance [12, 13].
However, the low thermal conductivity of organic PCMs
greatly limits its application. It has been proved that the
thermal conductivity of organic PCMs can be effectively
improved by adding nanoparticles [14 – 16] and enhancing
the adsorption of heat-conducting porous media [17 – 19].
Safira et al. prepared a composite PCM that used coconut
oil as PCM and sonicating graphene as thermal conductivity
enhancer. Through the test fount that, when the addition
amount of sonicating graphene was 0.3 wt.%, its thermal
conductivity was increased by 69% compared with pure
PCM [20]. Lin et al. prepared the palmitic acid (PA)/nanosilica composite PCM with the optimum mass ratio of 70:30,
the latent heat of melting (Hm) and the melting temperature
(Tm) were 128.42 J/g and 60 ℃, respectively. Graphene
nanosheets were used as a thermal conductivity enhancer.
When the mass fraction was 5 wt.%, its thermal
conductivity was increased by 1.65 times [21]. Zhang et al.
prepared the n-eicosane/nano-silica composite PCM with
the best mass ratio of 70:30, the Hm and Tm was 135.8 J/g
and 35.35 ℃, respectively. EG was used as the thermal
conductivity promoter. When the mass fraction of EG was
7 %, the thermal conductivity of the composite PCM was
2.37 times that of the composite PCM without EG [22].
Zhao et al. prepared 1-dodecanol-tetradecane/EG composite
PCMs by high-speed emulsification and natural physical
adsorption. The Tm and Hm were 3.63 ℃ and 197.95 J/g,
respectively. The best mass ratio of EG was 7 %. Compared
with pure PCMs, the thermal conductivity of composite
PCMs with EG increased by 10 times [23]. Chi et al. used
EG as the porous carrier and graphene oxide (GO) as the
surface coating to prepare new myristyl alcohol (MA)/EGGO composite PCM. Compared with the pure PCM, its
thermal conductivity increased by 10.8 times, with good
application potential for thermal energy storage [24].
With the continuous development of refrigerator
technology, the intermediate thermostatic preservation
chamber in the three-door refrigerator can keep food fresh
without icing, and preserve the nutrition of the food to the
greatest extent without destroying the nutritional structure
of the food itself. Although there are many technologies for
food preservation in refrigerators, such as precise
temperature control, zero-degree vacuum preservation and
biological preservation, etc., there is still serious problem in
the refrigerator compartment, that is, large temperature
fluctuations. This has a vital impact on the quality of food

storage. In the existing research, there are few lowtemperature organic PCMs with a temperature range of
0 – 8 °C, especially for the popular intermediate
thermostatic fresh-keeping chamber, and there are almost no
scholars to study the low-temperature PCM near 0 °C.
Aiming at this temperature range, this study adopts the
eutectic method to prepare a new type of n-decyl alcohol
(DA)-lauryl alcohol (LA) composite PCM through
theoretical predictions and experiments, and uses EG as a
support material for adsorption to prevent leakage and
improve its thermal conductivity rate. On this basis, nanoSiC is used to further modify the DA-LA/EG composite
PCM to improve its thermal conductivity. DA-LA/EG/SiC
composite PCM has good phase change enthalpy, high
thermal conductivity, and good stability. It has a certain
reference value when applied in the theoretical preservation
chamber of the refrigerator.

2. MATERIALS AND METHODS
2.1. Materials
Lauryl alcohol (C12H25OH, purity > 98 %) and n-decyl
alcohol (C10H21OH, purity > 98 %) were purchased from
Aladdin Biochemical Technology Co., Ltd (Shanghai,
China). Nano-SiC (< 300 nm) was obtained from Cote New
Materials Techonology Co., Ltd. Absolute ethyl alcohol
(C2H5OH, purity > 99.7 %) was obtained from Xilong
Scientific Co., Ltd (Shantou, China). Expanded graphite (C,
80 mesh) was purchased from Tengshengda Graphite Co.,
Ltd (Qingdao, China). All reagents were analytically pure
and can be used directly without treatment.

2.2. Preparation of DA-LA composite PCMs
The theoretical prediction method is used for the
preparation of the DA-LA binary eutectic mixture PCMs for
minimizing the number of test samples as well as the cost
associated with the characterization. The theoretical mass
ratios of binary fatty alcohol eutectic mixture are
determined by the phase diagram. The Schroeder equation
is derived from the second law of thermodynamics and the
phase equilibrium theory [25 – 27]. Schrader equation is
presented below:
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where Tm is the phase change temperature of the DA-LA
eutectic mixture; Ti and Hi are the phase change temperature
and latent heat of DA and LA, respectively. Xi is the molar
ratio of DA (X1) or LA (X2), X1 + X2 = 1. The results from
the Schrader equation of the eutectic mixture mass ratio and
eutectic melting temperature of the DA-LA curve were
shown in Fig. 1. Based on the above theoretical prediction
results, a certain quality of DA and LA were weighed with a
mass ratio of 75.27:24.73 and put into a 100 ml beaker, then
heated in a constant temperature water bath at 40 °C. When
the two fatty alcohols were completely melted, stirred them
in a magnetic stirrer at 300 r/min for 20 minutes, to ensure
that DA and LA can be fully mixed. The mixture was cooled
to room temperature to obtain a DA-LA binary eutectic
mixture.

2.3. Preparation of DA-LA/EG and
DA-LA/EG/SiC composite PCMs
DA-LA/EG and DA-LA/EG/SiC composite PCMs
were prepared by melt blending method and vacuum
adsorption method.

Fig. 1. The predicted phase diagram of the DA-LA binary eutectics

Firstly, a certain mass of EG was put into a 500 ml
beaker, and placed in a vacuum drying oven at 70 °C for
12 hours to dry the water in it to obtain usable expanded
graphite. Then, a certain mass of DA-LA mixture in a beaker
was put into a constant temperature water bath at a
temperature of 40 °C, and slowly pour EG with a mass ratio
of 5 % into the beaker for mechanical stirring for 1 hour.
The same method was used for EG with other mass
percentages. Finally, it was put into a vacuum drying oven
at a temperature of 70 °C for vacuum adsorption for
12 hours, DA-LA/EG composite PCMs were obtained.
The production method of DA-LA/EG/SiC is similar to
that of DA-LA/EG, just add a certain quality of SiC to the
beaker before adding EG, and stir for 20 minutes to ensure
that SiC is fully dispersed in the DA-LA solution. As a result,
DA-LA/EG/SiC composite PCMs with different mass ratios
were prepared (the ratios were 3 %, 5 %, 7 % and 9 %). The
experimental flowchart is shown in Fig. 2.

2.4. Characterization
The chemical structural analysis of the EG and

Fig. 2. The processing sketch for preparation of the composite PCMs

composite PCMs was carried out by Fourier Transform
Infrared Spectroscopy (FT-IR) spectrophotometer (Nicolet
iS50) using KBr pellet at the frequency range of 4000 cm-1
to 400 cm-1. In the nitrogen atmosphere and the heating rate
was 10 ℃/min in the temperature range of -20 ℃ to 80 ℃.
The surface morphologies and microstructures of raw EG
and composite PCMs were analyzed by Quanta200 FEG
environmental scanning electron microscope (ESEM). The
ESEM images were taken with high resolution and 20 kV
acceleration voltage in low vacuum mode. Differential
Scanning Calorimeter (DSC, 8000, PerkinElmer, USA) was
used to investigate the thermal energy storage properties of
the DA-LA and composite PCMs. In this process, all
samples were heated and cooled repeatedly between -20 ℃
and 30 ℃ and heating-cooling rate of 5 ℃/min under a
constant stream of nitrogen at a flow rate of 10 ml/min. The
thermal conductivity of different composite PCMs was
analyzed by Thermal Conductivity Meter (Hot Disk) (TPS
2500 s) at 25 ℃. Among them, the sample was compressed
into two cylinders with a diameter of 25 mm and a thickness
of 5 mm. Put a polyimide-coated probe (5501,
R = 6.403 mm) in the middle of the two cylinders to
measure the thermal conductivity. Each sample was tested
3 times. Thermogravimetric Analysis (TGA) was used to
study the weight change of composite PCMs with
temperature. The measurements were conducted by heating
the samples from 30 ℃ to 600 ℃ at a heating rate of
10 ℃/min under nitrogen atmosphere with a flow rate of
20 ml/min.

3. RESULTS AND DISCUSSION
3.1. Determination of the optimum mass ratio of
DA-LA to EG
When PCMs are applied in the field of a household
refrigerator, the leakage of PCMs will contaminate food in
the refrigerator and cause harm to the human body to a
certain extent. Therefore, it is very important to prevent the
leakage of PCMs. Due to its porous structure, EG can
effectively adsorbate DA-LA and improve its thermal
conductivity.

Although excessive EG will not affect the phase change
temperature of DA-LA, it will affect the latent heat value of
DA-LA, which is very important for the application of PCM
[19]. Therefore, it is of great significance to determine the
optimal mass ratio of DA-LA. In the experiment, 0.5 g
molten state samples were weighed and placed on the filter
paper and placed in the drying oven with a temperature of
50 ℃ for static treatment. The weighing results were carried
out every half an hour, as shown in Fig. 3.

absorption at 3340 cm-1, which was very strong and broad,
was attributed to the stretching vibration of the –OH group.
The peaks at 2962 cm-1, 2927 cm-1 and 2856 cm-1 belong to
the C–H bond stretching vibration of the –CH3 and –CH2
groups, respectively [23]. However, the peaks of 1461 cm-1
and 1378 cm-1 represented the scissor bending vibration of
the –CH2 functional group and the in-plane bending
vibration of the –CH3 functional group [25]. There was an
absorption peak at 1059 cm-1, which was characterized by
the asymmetric stretching vibrations of the –C–O functional
group. The peak at 721 cm-1 denoted the in-plane rocking
vibration of the –CH2 group.

Fig. 3. Leakage rate of different DA-LA/EG samples

Table 1 lists the mass loss and percentage change of
mass loss before and after weighing. It can be clearly seen
from the figure that with the increase of EG content, the
leakage rate of DA-LA/EG gradually decreased. Among
them, when the content of EG was 5 %, the leakage rate
reached 40.56 %. This was because the content of DA-LA
greatly exceeded the adsorption capacity of EG, and the
excess liquid DA-LA was absorbed by the filter paper after
leakage. When the mass ratio of EG exceeded 8 %, the mass
loss ratio of DA-LA in the composite phase change material
was less than 4 %, which may be caused by measurement
and observation errors [28]. Based on the above results, it
was determined that the best mass percentage of EG in DALA was 8 %. Therefore, in the following research, DALA/EG-8 composite phase change material was the object
of continued research.

3.2. FT-IR analysis
To characterize the chemical compatibility among
components, Fig. 4 shows the FT-IR spectra of EG, SiC,
DA-LA, DA-LA/EG and DA-LA/EG/SiC-7%. The

Fig. 4. FT-IR spectra of the EG, SiC, DA-LA, DA-LA/EG and
DA-LA/EG/SiC-7% composite PCM

EG, which was composed of the carbon element, had no
absorption peak in FT-IR spectra. In the SiC spectrum, there
was a wide absorption peak at 820 cm-1, which was due to
the stretching vibration of Si–C bond [29]. Conclusively, all
the characteristic absorption peaks in DA-LA existed
simultaneously in the spectra of DA-LA/EG and DALA/EG/SiC. There was no new absorption peak and no peak
position move. DA-LA was merely adsorbed by EG in the
pores without any chemical reaction but physical adsorption.
The result indicated that DA-LA had good compatibility
with EG and SiC.

3.3. Morphological analysis
The surface morphologies and microstructures of EG,
SiC and DA-LA/EG/SiC composite PCMs were observed
by ESEM at different magnification and are shown in Fig. 5.

Table 1. Weight loss of composite PCM samples before and after the thermal treatment
Samples
DA-LA/EG-5
DA-LA/EG-6
DA-LA/EG-7
DA-LA/EG-8
DA-LA/EG-9
DA-LA/EG-10
DA-LA/EG-11
DA-LA/EG-12

Mass before standing
treatment, g
0.5000
0.5054
0.5020
0.5010
0.5010
0.5017
0.5013
0.5016

Mass after standing
treatment, g
0.2972
0.4224
0.4257
0.4908
0.4836
0.4833
0.4868
0.4838

Mass loss, g
0.2028
0.0830
0.0763
0.0102
0.0174
0.0184
0.0145
0.0178

Mass loss
percentage, %
40.56
16.42
15.20
2.04
3.47
3.66
2.89
3.54

Fig. 5. ESEM photographs: a – EG; b – nano-SiC; c – CPCM-0; d – CPCM-3; e – CPCM-7, f – CPCM-9

The ESEM of EG in Fig. 5 a showed that EG had a
porous structure and well-developed network pores can be
clearly observed at the micro-scale [30]. This porous
structure increased its specific surface area, so that DA-LA
in the molten state was more easily adsorbed, and its
adsorption rate can reach 92 wt.%. Moreover, due to the
capillary force of the porous microstructure in EG, DA-LA
was tightly wrapped in its porous structure, as shown in
Fig. 5 c, which can effectively prevent the leakage of the
loaded DA-LA [31]. After adding nano-SiC to DA-LA/EG,
nano-SiC with crystal structure was evenly distributed in the
interlaminar and micropore of EG. As can be seen from
Fig. 5 e, a part of nano-SiC was wrapped in EG thin layer,
which had no regular morphology and no agglomeration. As
the mass fraction of nano-SiC increased, the surface of the
DA-LA/EG become rougher. This was because a large
amount of nano-SiC adhered to the surface of EG,
increasing the contact area with DA-LA, and enhancing the
thermal conductivity of the composite PCMs. Consequently,
the addition of nano-SiC had a good supporting effect on
DA-LA/EG, which can further prevent the leakage of DALA.

3.4. Thermal properties analysis
The thermostatic chamber in the three-door refrigerator
has strict requirements for temperature control. Therefore,
the Tm and Ts within the working range are one of the key

parameters for considering the corresponding PCMs. Other
thermal properties include excellent Hm and Hs, which
indicate better energy storing/releasing PCM performances
with a smaller mass and volume, and its cost-effective [23].
The thermal properties of DA-LA, CPCM-0, CPCM-3,
CPCM-5, CPCM-7 and CPCPM-9 were measured via DSC.
The relevant data are listed in Table 2, and the phase
transition process is shown in Fig. 6. All DSC curves of
CPCMs were operated under the first heating/cooling. It can
be seen from the table that the melting and solidification
temperatures of DA-LA were -1.25 °C and 0.72 °C,
respectively, and the corresponding latent heats of melting
and solidification were 113.92 J/g and 96.71 J/g,
respectively. The melting and solidification temperatures of
CPCM-0, CPCM-3, CPCM-5, CPCM-7 and CPCM-9 are
-0.77/1.33 ℃, -0.85/1.08 ℃, -0.77/1.39 ℃, 0.12/2.23 ℃
and 0.13/2.24 ℃, respectively. Compared with pure DA-LA,
due to the addition of EG, its microporous structure limited
the melting and solidification process of DA-LA, which
increased the melting point and freezing point temperature
of CPCM, but its phase change temperature still met the
requirements of PCMs near 0 °C used in the thermostatic
chamber of the refrigerator. It was worth noting that the
peaks of CPCM and DA-LA were similar, which stated
clearly that the phase transformation behavior of CPCM and
DA-LA was similar, further indicating that the addition of
EG and SIC had no effect on the thermal properties of DALA.

Table 2. The thermal properties of the PCMs during melting and solidification
Samples
DA-LA
CPCM-0
CPCM-3
CPCM-5
CPCM-7
CPCM-9

Onset
temperature, ℃
-1.25
-0.77
-0.85
-0.77
0.12
0.13

Melting
Peak
temperature, ℃
2.6
2.01
1.86
1.81
3.51
3.51

Latent heat, J/g
113.92
94.69
85.62
71.98
70.05
69.79

Onset
temperature, ℃
0.72
1.33
1.08
1.39
2.23
2.24

Solidifying
Peak
temperature, ℃
-3.56
-1.54
-2.87
-1.25
-1.30
-1.30

Latent heat, J/g
96.71
81.06
74.94
69.22
75.56
66.55

Fig. 6. a – solidifying DSC curves; b – melting DSC curves of DA-LA and CPCMs

The latent heat of melting and solidification of CPCM0, CPCM-3, CPCM-5, CPCM-7 and CPCM-9 were
94.69/81.06 J/g,
85.62/74.94 J/g,
71.98/69.22 J/g,
70.05/75.56 J/g
and
69.79/66.55 J/g,
respectively.
Obviously, the latent heat of CPCMs decreases with the
increase of SiC, because the latent heat in CPCM was only
related to the ratio of DA-LA. Therefore, the theoretical
latent heat values can be calculated by the following formula:
𝛥𝛥𝐻𝐻𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝛥𝛥𝐻𝐻𝐷𝐷𝐷𝐷−𝐿𝐿𝐿𝐿 × �𝑤𝑤𝐸𝐸𝐸𝐸/𝑆𝑆𝑆𝑆𝑆𝑆 %�,

from Fig. 7 that the thermal conductivity of CPCM
increased with the increase of the mass fraction of SiC.
When it was 3 wt.%, the thermal conductivity of CPCM
reached 1.31 W/m⋅K.

(2)

where ΔHtheoretical represents the theoretical value of CPCM;
ΔHDA-LA represents the latent heat of DA-LA; and wEG/SiC is

the EG/SiC mass fraction in the CPCM. It had
beencalculated that the experimental test value of CPCM
was lower than the theoretical value. One was due to the
abnormal interaction between PCM and the inner surface of
EG pores, the other was due to the testing error of DSC [32].
In conclusion, the DA-LA/EG/SiC PCMs with suitable
phase change temperature and higher latent heat was a better
choice for refrigerator 0 ℃ thermostatic chamber
applications.

3.5. Thermal conductivity
The thermal conductivity of PCMs is one of the
important parameters for low-temperature thermal energy
storage applications, because it significantly affects the rate
of heat storage and release [28]. In this work, the thermal
conductivity of DA-LA, DA-LA/EG and DA-LA/EG/SiC
composite PCMs was measured by the Hot Desk. The test
conditions were carried out at an ambient temperature of
20 °C. As shown in Fig. 7, the thermal conductivity of DALA was about 0.31 W/m⋅K, which was too low for thermal
energy storage to meet the requirements. The thermal
conductivity of DA-LA/EG rapidly increased to
1.13 W/m⋅K by adding 8 % of EG. Compared with pure
DA-LA, the thermal conductivity is increased by 265 %. To
further improve the thermal conductivity of CPCM, SiC
modified particles were added to DA-LA/EG. It can be seen

Fig. 7. The thermal conductivity of pure DA-LA and the prepared
CPCMs

When it was 9 wt.%, the thermal conductivity of CPCM
reached 1.61 W/m⋅K. Compared with the thermal
conductivity with only EG added, the thermal conductivity
was increased by 42.5 %, and the thermal conductivity was
increased by 419 % compared with pure DA-LA. On the one
hand, SiC itself was a kind of high thermal conductivity
particle, and on the other hand, SiC was filled in the EG
honeycomb pores, supporting the EG skeleton structure so
that the thermal conductivity of EG maintains good
continuity and integrity, and enhanced its thermal
conductivity. Therefore, SiC was an effective thermal
conductivity additive for composite PCMs. However, with
the increase of SiC mass fraction, the thermal conductivity
of CPCM will increase accordingly, but too much SiC will
reduce the mass proportion of DA-LA in CPCM, resulting
in a decrease in the latent heat in CPCM.

Table 3. Characteristic temperatures and charred residue at 600℃ of the DA-LA and DA-LA/EG/SiC composite PCMs
Mass of
DA-LA, g
18.4
18.4
18.4
18.4
18.4
18.4

Samples
DA-LA
CPCM-0
CPCM-3
CPCM-5
CPCM-7
CPCM-9

Mass of
EG, g
1.6
1.6
1.6
1.6
1.6
1.6

Mass of
SiC, g
–
–
0.6
1.0
1.4
1.8

Mass rate of
EG/SiC, %
–
8.0
10.7
12.4
14.0
15.6

Hence, we need to pay more attention to improve the
thermal conductivity of CPCM and meet the high latent heat
at the same time. Combining the phase change latent heat
and thermal conductivity of CPCM, CPCM with a mass
fraction of SiC of 3 wt.% was the most ideal refrigerator
cold energy storage material.

3.6. Thermal stability
TGA was carried out to characterize the influence of EG
and SiC on the thermal stability of composite PCMs, which
determined the availability and sustainability of PCM [29].
The results of DA-LA and CPCM samples are shown in
Fig. 8 and Table 3.
DA-LA
CPCM-0
CPCM-3
CPCM-5
CPCM-7
CPCM-9

100

Weight, wt%

80
60
40
20
0
100

200

300
400
Temperature, ℃

500

600

Fig. 8. TGA curve of DA-LA and different CPCMs

It can be found that there was a single mass loss process
from 30 ℃ to 600 ℃ for DA-LA and CPCMs, which was
attributed to the vaporization and decomposition of fatty
alcohol. As the temperature increased, the onset
decomposition temperature (Tonset) of DA-LA was 82.6 ℃
in a nitrogen atmosphere and the maximum mass loss
percentage (Tmax) was almost 100 % at about 199.9 ℃.
However, the degradation curves of CPCMs were
commenced at 105.6 ℃ and were completed at about
220 ℃. According to Fig. 8, the initial degradation
temperature of CPCMs was obviously higher than that of
pure PCM. The results indicated that EG can effectively
slow down the mass loss process and improve the thermal
stability of DA-LA, which was due to the use of EG as a
support material via van der Waals force [23]. In Table 3, the
charred residues of composite PCMs were in good
agreement with the loading rate of raw material EG and SiC
in the PCM, respectively. Thus, the TGA results suggested

Tonset, ℃

Tmax, ℃

82.6
105.7
105.7
105.7
105.7
105.7

199.9
216.4
222.1
223.6
229.8
214.1

Charred residue
amount, %
0.1
8.3
10.6
12.7
13.9
15.9

that the composite PCMs had good thermal stability in lowtemperature applications.

4. CONCLUSIONS
In this work, DA-LA, with its melting latent heat of
113.92 J/g and melting temperature of -1.25 ℃, was chosen
as a low-temperature eutectic PCM. EG, with good
adsorption, was used as the supporting material. SiC with
high thermal conductivity was utilized to modify CPCM
thermal conductivity. Leakage experiment results show that
the maximum adsorption rate of DA-LA in EG was 92 wt.%,
and then 3, 5, 7 and 9 wt.% SiC were, respectively, added to
the CPCM in this proportion. The chemical and
morphological characterizations were carried out by SEM
and FT-IR. The results showed that SiC was successfully
adsorbed on the surface and pores of EG, and DA-LA/SiC
and EG were only physically combined and no chemical
reaction occurred. Its thermal performance was
characterized by DSC, TGA and Hot Disk. The analysis
results showed that the melting and solidification
temperature of CPCM-3 containing 3 wt.% SiC was
-0.85 ℃ and 1.08 ℃, and the latent heat of melting and
solidification was 85.62 J/g and 74.94 J/g. The TGA results
showed that CPCM had good thermal stability and
reliability within its phase transition temperature range. SiC
effectively improved the thermal conductivity of DALA/EG composite PCMs. The thermal conductivity of
CPCM-3 was 1.21 times that of DA-LA/EG and 4.23 times
that of pure DA-LA. The application of DA-LA/EG/SiC
composite PCM in the thermostatic chamber of the
refrigerator had suitable phase change temperature, good
thermal stability, high thermal conductivity and high energy
storage density, which had a very good application prospect.
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