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ABSTRACT: Erythritol has attracted much attention recently in
the field of phase change materials (PCMs) for thermal
management because of its superior phase-transition properties.
However, the liquid-phase leakage and solid-phase rigidity
commonly existing in organic PCMs greatly limit its practical
application. Herein, we have constructed a form-stable erythritol/
high-density polyethylene (HDPE) composite PCM for the first
time, in which erythritol serves as a PCM unit and HDPE as a
supporting material. The most impressive aspect of this composite
PCM is that the supporting material HDPE can also contribute
extra transition enthalpy because of its overlapped melting
temperature region with that of erythritol, and consequently, the constructed composite PCM exhibits a superior high melting
enthalpy of 308.52 J/g. The erythritol/HDPE composite PCM reported in this work may provide a strategy of synthesizing from-
stable PCMs with large thermal energy storage density. Moreover, we have further fabricated bulk erythritol/HDPE into a lamellar
composite PCM with advanced flexibility and tailorability using a hot-pressing method. This lamellar shape-stable composite PCM is
very promising to be utilized in the field of thermal management with a complicated application scenario or special configuration
requirements.
KEYWORDS: phase change material, thermal management, erythritol, high-density polyethylene, form-stable, flexibility, tailorability

1. INTRODUCTION

At present, with the continuous development of human
society, the consumption of nonrenewable energy sources such
as fossil energy is huge, which imposes a serious burden on the
global climate and environment. Because the supply and
demand of energy sources often have mismatches in time and
space, it is extremely important to have an advanced
management technique for improving the energy utilization
process with a more efficient, safe, and clean way. Phase change
materials (PCMs) have attracted much attention in thermal
management field in recent years because of their superior
phase-transition properties of absorbing and releasing sig-
nificant amounts of latent heats at almost constant temper-
atures, which can be utilized as thermal energy storage or
temperature control units used for thermal management fields,
such as solar energy thermal utilization, electronics or battery
thermal management, and energy-saving buildings.1−4

The main concern currently involved in PCM research field
is to design and construct new materials with improved phase-
transition properties for the purpose of increasing thermal
management efficiency in the applications mentioned above
and also with functional performance other than thermal
properties to further expand the application field of PCMs.
Sugar alcohols have been extensively studied recently in the
PCM research field because of their attractive phase-transition

properties, low cost, nontoxicity, noncorrosivity, and non-
flammability.5−7 Most importantly, theoretical studies have
revealed that non-natural sugar alcohols could possess the
largest transition enthalpy in the present known organic
PCMs.8,9 Among various sugar alcohols, erythritol has been
particularly concerned because of its relatively high phase-
transition enthalpy (ΔHM), which can be utilized as a
promising medium-temperature PCM for thermal energy
storage applications.10,11 However, the liquid-phase leakage
and solid-phase rigidity commonly existing in organic PCMs
greatly limit the practical application of erythritol.
In order to solve this problem, erythritol has usually been

constructed into form-stable composites by loading it into
supporting materials, and consequently, a large number of
research works on erythritol-based composite PCMs have been
extensively reported. For instance, Yuan et al. prepared an
erythritol/EG (expanded graphite) composite PCM using an
“impregnation, compression, and sintering” three-step method,
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and the composite phase-transition enthalpy was evaluated to
be 212.50 J/g.5 Puupponen and Seppal̈a ̈ reported a form-stable
erythritol composite using a cross-linked sodium polyacrylate
as a supporting material, and a phase-transition enthalpy of
251.97 J/g could be realized for this composite.12 Xiangfa et al.
synthesized a form-stable silica aerogel/erythritol composite by
means of a melting infiltration method, and the results
indicated that the phase-transition enthalpy could reach as
large as 289.92 J/g.13 Chen et al. performed a preparation and
thermal energy storage property study on an erythritol/
polyaniline form-stable PCM, in which the erythritol loading
amounts in the composite could reach 75% and the melting
enthalpy was about 260 J/g.14 Jiang et al. conducted further
research by Chen et al. and added silver nanowires to the
erythritol/polyaniline composite to improve the thermal
conductivity, but the loading of erythritol was correspondingly
lower, and the enthalpy value dropped to 220 J/g.15 Although
these reported form-stable composites can effectively prevent
the leakage of liquid-phase erythritol, and the latter composite
material has higher phase-transition enthalpy, they all have a
common problem that the addition of the supporting material
without melting enthalpy contribution would greatly reduce
the thermal energy storage density of erythritol and did not
have application characteristics such as flexibility and plasticity.
High-density polyethylene (HDPE) has been recently
proposed as a supporting material for the preparation of
myristic acid,16 paraffin waxes,3,17 and palmitic acid9 form-
stable composite PCMs because of its low cost and high
corrosion resistance to acids, alkalis, organic solvents, and
various salts. It should be noticed that the melting temperature
of HDPE is approximately 125 °C, which is very close to the
erythritol melting transition temperature region. Although
HDPE can melt above the melting temperature, the liquid
phase of HDPE has no fluidity because of its high viscosity.17,18

Therefore, it can be predicted that liquid HDPE as a
supporting material could still prevent the leakage of liquid
erythritol. Moreover, HDPE can also exhibit a general plasticity
as a polymer compound near the melting temperature region,
and this plasticity may lead to a possibility of processing
HDPE-based PCMs with a specific shape or configuration.

In the present work, we have employed HDPE as a
supporting material for the first time to construct a form-stable
erythritol/HDPE composite PCM with superior high melting
enthalpy. HDPE can not only effectively prevent liquid
erythritol from leaking even at its melting temperature region
but also contribute extra phase-transition enthalpy to the
composite PCM. The bulk erythritol/HDPE composite has
been further processed into a flexible lamellar composite PCM.
The sample morphology, composition, thermal performance,
flexibility, and tailorability have been extensively investigated
using various techniques. This work may provide a strategy for
design and construction of a flexible form-stable composite
PCM with high thermal energy storage density.

2. EXPERIMENTAL SECTION
2.1. Materials. Erythritol (C4H10O4, ≥99%) was purchased from

Dalian Meilun Biological Technology Co., Ltd. HDPE with an melt
mass-flow rate of 0.25 g/10 min (190 °C/2.16 kg) and a density of
0.95 g/cm3 was provided by Alfa Aesar. Xylene (C8H10, ≥99%) was
provided by Tianjin Damao Chemical Reagent Factory. All these
starting materials were used without any further treatment.

2.2. Preparation of Erythritol/HDPE Composite. An eryth-
ritol/HDPE composite was synthesized using a solvent-assisted
melting infiltration method. In general, erythritol and HDPE with
various weight ratios (wEry/wPE = 60/40, 70/30, and 80/20) were
added into a three-necked flask with xylene solvent (the ratio of
HDPE to xylene solvent was 1 g/10 mL). The mixture was heated to
120 °C in an oil bath with continuous stirring for about 3 h to make
erythritol fully infiltrate into HDPE. After that, the mixture was
poured into a Petri dish and dried in an oven at 100 °C for about 12 h
to evaporate out the xylene solvent. The form-stable erythritol/HDPE
composite PCM was consequently obtained as shown in Figure 1 and
named in Table 1 according to the starting material amounts used in

Figure 1. Process of preparing erythritol/HDPE composites.

Table 1. Sample Name and Composition of Erythritol/
HDPE Composites

sample erythritol (wt %) HDPE (wt %)

HDPE 0 100
erythritol/HDPE40 60 40
erythritol/HDPE30 70 30
erythritol/HDPE20 80 20
erythritol 100 0
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the synthesis. The bulk erythritol/HDPE20 sample was further
ground into powder, loaded into a hot-pressing equipment for
pressing at 150 °C for 10 min, and then cooled naturally to room
temperature. Finally, a lamellar erythritol/HDPE composite with a
thickness about 0.5 mm was obtained.
2.3. Characterization. The sample surface morphology and

microstructure were detected using a scanning electron microscope
(JSM-7800F, Japan) with a 3 kV acceleration voltage. Phase
compositions were analyzed by a powder X-ray diffractometer
(X’pert Pro-1, PANAlytical) with a Cu Kα radiation (λ = 0.1514
nm). Chemical structure analysis was performed on a Fourier
transform infrared (FTIR) spectrometer through KBr tableting
(Nicolet iS50, Thermo Fisher Scientific, spectral range: 400−4000
cm−1). A thermogravimetric analyzer (SETSYS 16/18, SETARAM,
France) was employed to analyze the thermal stability of the sample
from room temperature to 600 °C with a heat rate of 10 °C/min
under a nitrogen atmosphere. The phase-transition property was
investigated using a differential scanning calorimeter (204HP,
Netzsch, German). The melting temperature is obtained by
extrapolating the onset temperature of the transition region of the
differential scanning calorimetry (DSC) curve, and the phase change
enthalpy is obtained by integrating the temperature and heat flow of
the DSC curve. The measurement uncertainty of temperature is in the
range of ±0.1 °C and the enthalpy uncertainty is in the range of ±5%.
The DSC measurement was carried out for two cycles in the
temperature range of −80 to 200 °C with a heat rate of 10 °C/min
and a nitrogen flow rate of 20 mL/min. The DSC data collected in the
second run were used to analyze the sample phase-transition property.

3. RESULTS AND DISCUSSION
3.1. Shape Stability, Tailorability, and Flexibility. The

shape stability of the erythritol/HDPE composites was
evaluated by heating them at 125 °C for 4 h and then
checking their shape change and liquid leakage behavior. It
should point out that the melting temperature of the erythritol
sample used in this work is about 119 °C, and therefore, at 125
°C heating temperature, erythritol should be totally in liquid
phase. In order to clearly observe the sample changes, the
erythritol/HDPE composites as well as a pure erythritol
sample were placed on a filter paper in the test, and the photos
of these samples taken before and after heating are presented
in Figure 2. It can be seen from the figure that the pure

erythritol is melted into liquid and completely absorbed by the
filter paper after the heating process. As for the composites, all
these samples may become slightly soft but still maintain their
original shapes after the heating process, indicating that the
HDPE supporting material can effectively maintain the shape
stability of the composites. Also, there is no leakage traces
detected in the filter paper for erythritol/HDPE40 and
erythritol/HDPE30, and only a very small amount of liquid

trace is found for erythritol/HDPE20, suggesting that the
HDPE supporting material can encapsulate the erythritol PCM
well and effectively prevent the leakage of the liquid phase.
Because the liquid-phase leakage in the erythritol/HDPE20
sample is so small, the maximum erythritol weight percent
loaded in our erythritol/HDPE composite can be achieved to
80% approximately.
The erythritol/HDPE20 sample was further fabricated into a

lamellar composite PCM using a hot-pressing method. This
lamellar composite can be easily tailored into various shapes,
such as square, circular, moon, heart, and star. It can be noticed
that there are some little white dots appearing on the lamellar
surface, which is likely due to a small amount of erythritol
absorbed on the composite surface and may be crystallized
separately because of its significant undercooling behavior.
These interesting shaped composites are demonstrated in
Figure 3a, indicating that the lamellar erythritol/HDPE

composite PCM prepared in this work can exhibit an
outstanding tailorability. Besides, the lamellar composite also
shows an excellent flexibility. As can be seen in Figure 3b, the
square-shaped composite was bent with different angles
without any breaking, and it still can possess good flexibility
even with a 180° bending angle. This advanced tailorability
and flexibility possessed in our lamellar composite should likely
be resulted from the intrinsic toughness and mechanical
property of the HDPE supporting material. It can be predicted
that the erythritol/HDPE composite PCM constructed in our
work may have a promising application in the thermal
management field with complicated scenarios or special
configuration requirements.

3.2. SEM, FTIR, and XRD Characterization. The
microscopic structure of the erythritol/HDPE composite as
well as the pure erythritol and HDPE sample was inspected
using a scanning electron microscopy (SEM), and the
corresponding SEM images are presented in Figure 4. It can
be seen that the HDPE surface is uniform and smooth, while
the erythritol involves irregular-shaped particles stacked
together with a smooth surface and a size of about several
microns. As for the composite, it can be observed that
erythritol still maintains its original irregular particle state,
while HDPE shows an interesting “adhesive” structure
adhering to the surface of each erythritol particle and glueing
these particles together. This interesting “adhesive” structure

Figure 2. Sample photos of erythritol (a,e), erythritol/HDPE40 (b,f),
erythritol/HDPE30 (c,g), and erythritol/HDPE20 (d,h) taken before
and after heating at 125 °C.

Figure 3. (a) Lamellar erythritol/HDPE20 with various shapes and
(b) flexibility demonstration of square-shaped lamellar erythritol/
HDPE20 with different bending angles.
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formed in HDPE is likely to account for the superior shape
stability, tailorability, and flexibility exhibited in our erythritol/
HDPE composite.
The chemical structure of the erythritol/HDPE20, pure

erythritol, and HDPE samples was also investigated by means
of FTIR measurement, and the obtained FTIR spectrum for
these samples is presented in Figure 5. In the FTIR spectrum
of HDPE, the peaks at 717, 1470, 2850, and 2912 cm−1 should
be assigned to out-of-plane bending vibration, in-plane
bending vibration of C−H, and symmetric and asymmetric
stretching vibration of C−H, respectively. In the FTIR
spectrum of erythritol, the peak at 3259 cm−1 represents the
stretching vibration of O−H, and the peaks at 2912 and 2970
cm−1 can be assigned to the symmetric and asymmetric
stretching vibration of C−H, respectively. The peaks at 1416
and 1258 cm−1 should represent the in-plane bending vibration
of C−H, and the peaks at 1055 and 1082 cm−1 stand for C−C
skeleton stretching vibration. In addition, the typical
adsorption peak of out-of-plane swing vibration of −OH is
located at 969 cm−1, and the peaks at 882 and 709 cm−1

represent the out-of-plane bending vibration of C−H. The out-
of-plane bending vibration of 1000−650 cm−1 represents that
there are four or more −CH2 groups in the erythritol
chain.19−22 As for the composite, the FTIR spectrum reveals
that all the peaks mentioned above for HDPE and erythritol
are included in this composite, and no other additional peaks
can be detected. This suggests that there is no chemical
bonding formed between HDPE and erythritol, and the

physical adhesive force between them should be responsible
for the form-stability of the erythritol/HDPE composite.
Furthermore, in the X-ray diffraction (XRD) spectrum of
HDPE, erythritol, and erythritol/HDPE20, the pure HDPE
crystal unit cell exhibits a monoclinic characteristic, and it can
be seen that there are three main peaks located at 21.8°, 24.2°,
and 36.5°, attributing to the crystal planes of (110), (200), and
(020).23−25 As shown in the pattern of erythritol, the strong
peaks located at 14.7°, 19.6°, 20.2°, 24.5°, and 29.6° are
attributed to the characteristics of erythritol, which are in
accordance with the previous reports.26−28 For the composite,
the XRD pattern shows that no new characteristic peaks
appeared, which further confirms that the composite is
constructed only by a physical combination of erythritol and
HDPE.29,30

3.3. Thermal Stability and Phase-Transition Property.
The thermogravimetric measurement was performed to
determine the thermal stability of the erythritol, HDPE, and
erythritol/HDPE composites. The thermogravimetric analysis
(TGA) and derivative thermogravimetric (DTG) curves are
shown in Figure 6, and the corresponding decomposition

parameters are summarized in Table 2. As the TGA and
derivative thermogravimetric analysis curves show, both
erythritol and HDPE show a similar one-step decomposition
with onset temperatures of 301.09 and 465.38 °C, respectively,
revealing that the HDPE supporting material is more thermally
stable than erythritol. As for the composite, it is not surprising

Figure 4. SEM images of HDPE (a), erythritol (b), and erythritol/
HDPE20 (c,d).

Figure 5. FTIR (left) and XRD (right) spectrum of HDPE, erythritol, and erythritol/HDPE20.

Figure 6. TGA and DTG curves of HDPE, erythritol, and erythritol/
HDPE20.

ACS Applied Polymer Materials pubs.acs.org/acsapm Article

https://dx.doi.org/10.1021/acsapm.0c00584
ACS Appl. Polym. Mater. XXXX, XXX, XXX−XXX

D

https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.0c00584?fig=fig6&ref=pdf
pubs.acs.org/acsapm?ref=pdf
https://dx.doi.org/10.1021/acsapm.0c00584?ref=pdf


to find a two-step decomposition with onset temperatures of
292.90 and 462.21 °C, which are corresponding to the
decomposition of erythritol and HDPE, respectively. These
results suggest that the erythritol/HDPE composite is
thermally stable in the temperature region below 292.90 °C.
It should be pointed out that the composite decomposition
temperature is slightly lower than that of pure erythritol and
HDPE, which should stem from the physical interaction
between erythritol and HDPE, likely promoting their
decomposition at lower temperatures.31,32 Additionally, the
weight loss in the composite is 81.15 and 18.85% in the first
and second decomposition step, respectively, which is almost
in agreement with the erythritol/HDPE mass ratio of the
erythritol/HDPE20 sample used in the synthesis procedure.
The DSC technique was used to explore the phase-transition

properties of the erythritol, HDPE, and erythritol/HDPE
composites, and the corresponding results are shown in Figure
7 and listed Table 3. As can be seen in the melting process,

both erythritol and HDPE exhibit a phase transition with onset
temperatures of 118.60 and 121.03 °C, respectively, and these
temperature onsets are so close that the phase transition of
these two compounds are overlapped in one temperature
region. Consequently, it is not surprising to observe that the
erythritol/HDPE composite behaves a single continuous
transition in this overlapped temperature region. However, in
the crystallizing process, the phase-transition regions of

erythritol and HDPE are separated obviously from each
other because of the significant subcooling behavior generally
existing in erythritol.6−8 The crystallization onset temperature
of both pure HDPE and supporting HDPE in the composite is
about 117 °C, suggesting that erythritol could hardly affect the
HDPE crystallization behavior. As for the erythritol, the
crystallization onset temperature is about 33 °C for the pure
sample and about 14 °C for the sample in the composites,
indicating that the physical interaction from the HDPE matrix
may lower the erythritol crystallization temperature.32−34

As for the transition enthalpy shown in Table 3, the melting
enthalpy of erythritol/HDPE20 is slightly smaller than that of
erythritol and much larger than that of HDPE and increases
with the increase of erythritol contents in the composite. A
maximum melting enthalpy can be achieved as high as 308.52
J/g in the erythritol/HDPE20. We have compared the melting
enthalpy of our erythritol/HDPE20 composite with that of
other related PCM composites in Table S1 (shown in the
Supporting Information), and it can be seen that erythritol/
HDPE20 possesses a comparably large melting enthalpy in
these erythritol-based form-stable PCMs5,12−15,19,39 and
exhibits the largest melting enthalpy reported in the literature
for flexible PCMs35−38 as far as we know. In order to have
accurate erythritol and HDPE contents in the composites, we
have employed the melting enthalpy listed in Table 3 in the
flowing equation40,41

Δ + Δ = ΔH x H x HM,A A M,B B M,FSPCM (1)

+ =x x 100A B (2)

where xA and xB represent the weight percent of erythritol and
HDPE in the composite, respectively. ΔHM,A, ΔHM,B, and
ΔHM,FSPCM are melting enthalpies listed in Table 3 for the
erythritol, HDPE, and erythritol/HDPE composites, respec-
tively. The calculation results for xA and xB are also presented
in the last two columns of Table 3. It can be found that the
erythritol weight percent calculated using these equations is
slightly lower than that of the starting material ratios listed in
Table 1, which is likely due to the erythritol loss in the
composite synthesis process, such as sample transfer from the
three-necked flask to the Petri dish or long-time evaporation of
xylene in the oven at 100 °C. In the erythritol/HDPE20
composite, the weight percent for erythritol and HDPE is
about 80 and 20%, and the melting enthalpy contribution
calculated using their pure sample enthalpy from Table 3 is
about 76.16 and 23.84%, respectively. Compared with other

Table 2. Decomposition Parameters of Erythritol, HDPE, and Erythritol/HDPE20 from TGA Measurement

sample Tonset1 (°C) Tpeak1 (°C) ΔW1 (%) Tonset2 (°C) Tpeak2 (°C) ΔW2 (%)

erythritol 301.04 333.83 98.86 / / /
HDPE / / / 465.43 476.94 96.54
erythritol/HDPE20 292.90 322.45 80.50 462.21 481.25 16.39

Figure 7. DSC curves of erythritol, HDPE, and erythritol/HDPE
composites.

Table 3. Phase-Transition Parameters of Erythritol, HDPE, and Erythritol/HDPE Composites from DSC Measurement

melting crystallization

samples TM (°C) ΔHM (J/g) TC,1 (°C) ΔHC,1 (J/g) TC,2 (°C) ΔHC,2 (J/g) xA (%) xB (%)

erythritol 118.60 347.71 33.31 202.25 / / 100 0
erythritol/HDPE20 117.41 308.52 14.36 126.38 117.12 25.73 76.16 23.84
erythritol/HDPE30 117.65 285.16 14.90 106.30 117.24 28.50 61.95 38.05
erythritol/HDPE40 117.37 267.79 13.89 32.85 116.80 49.78 53.17 47.83
HDPE 121.03 183.31 / / 117.29 179.44 0 100
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supporting materials without the phase-transition function,
HDPE can contribute 23.84% extra melting enthalpy to the
erythritol-based form-stable PCMs, suggesting a promising
strategy of constructing form-stable PCMs with high thermal
energy storage density.
3.4. Thermal Management Performance. In order to

evaluate the thermal management performance of the
erythritol/HDPE composite, the circle-shaped lamellar sample
shown in Figure 3a was placed on a heating sheet and
continuously heated from room temperature to 150 °C, and
the temperature change was recorded by an infrared imager
(Fluke Ti400). Figure 8 shows the comparison of the
temperature between the heating background and the
composite PCM during the heating and cooling processes.
As we can see from Figure 8a−c, in the heating process, the
temperature of the composite PCM increases with the increase
of heating time, while obviously lower than that of background,
representing that the thermal energy is stored in the composite
PCM. As the heating source is removed, the temperature of
both the composite PCM and background naturally decreases;
from Figure 8d−f, we can observe that the composite PCM
temperature is relatively higher than that of the background,
indicating that the composite PCM releases its latent heat
during this cooling process. These results illuminate that this
circle-shaped lamellar composite PCM can obviously manage
the thermal energy as the background temperature changes
using its phase-transition performance. Also, as demonstrated
above, our lamellar composite PCM can be tailored into
various shapes and exhibit an outstanding flexibility and
superior high melting enthalpy, suggesting that this form-stable
erythritol/HDPE developed in this work may have very
promising applications for advanced thermal management
techniques in the future.

4. CONCLUSIONS

In summary, we have reported a form-stable erythritol/HDPE
composite PCM, for the first time, with advanced flexibility
and tailorability and superior high transition enthalpy for
thermal management applications in the present work. The
erythritol/HDPE composite has been synthesized using a facile
solvent-assisted melting infiltration method and then easily
fabricated into a lamellar composite PCM by means of a hot-
pressing process. Most impressively, the lamellar composite
PCM has been tailored into various configurations, showing
good flexibility in solid-phase state. The SEM, FTIR, and XRD
investigations have revealed that the erythritol PCM is
effectively adhered by the HDPE supporting material through

their physical interaction, preventing liquid-phase erythritol
leakage from the composite to result in a form-stable PCM.
Additionally, the melting transition enthalpy of the composite
has been determined to be 308.52 J/g, in which not only
erythritol but also the HDPE supporting material can
contribute transition enthalpy to the composite. This superior
high melting enthalpy is the largest as reported in the literature
for flexible PCMs as far as we know. The lamellar composite
PCM has also demonstrated an obvious thermal management
performance in a specifically tailored configuration, exhibiting
an attracting utilization in thermal management with a
complicated application scenario or special configuration
requirements. Based on these advanced performances, this
erythritol/HDPE composite PCM constructed in our work
may have promising applications for the development of next-
generation thermal management technology.
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