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Abstract. Endowing vitrimers with latent heat storage property can broaden their applications in fields of energy storage
and thermal management. In this study, we present the fabrication of transesterification dynamic bonded epoxy resin vit-
rimer-based form-stable phase change materials (V-PCMs). Poly(ethylene glycol) (PEG), serving as the latent heat storage
component, was covalently anchored within the vitrimer network. The prepared V-PCMs were then comprehensively char-
acterized. The results revealed that the obtained V-PCMs prototype exhibited a reversible latent heat storage and release
property via the ordering/disordering transformation of the PEG segment, achieving a high latent heat storage capacity of
63.2 J/g. The V-PCMs also exhibited outstanding thermal stability with no thermal decomposition below 350 °C in air, along
with excellent leakage resistance up to 150°C. The flexibility of the PEG segments endowed the prepared V-PCMs with
good tensile properties. Additionally, the materials could be efficiently reprocessed via hot pressing without significant prop-
erty degradation. This work presents a novel strategy for developing crosslinked and reprocessable V-PCMs, and broadening

their potential for sustainable thermal energy storage and management applications.
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1. Introduction

‘Zero-carbon’ has become one of the most popular
words [1], while the utilization and storage of renew-
able energy have been the hottest fields across the
world. Heat energy, the most popular energy form
that is consumed by human beings, can be directly
or indirectly obtained from fluctuating renewable en-
ergy such as sunlight, wind and biomass, efc., and
also from waste heat. Consequently, latent heat stor-
age technology (LEST), in which the heat energy is
stored in phase change materials (PCMs), plays a
key role in utilization and storage of renewable en-
ergy since LEST can be used at both the supply side
such as solar thermal power plant and the user side
such as household at varied scales [2].

Polymers, especially plastics, are the main compo-
nent of indoor appliances and ornaments. It is also
indispensable for automobiles, acrospace, transporta-
tion and electronic devices and tools. If polymers are
endowed with the function of latent heat storage,
their applications will be greatly expanded. Polymers
include thermoplastics and thermosets. Thermoplas-
tics-based form-stable PCMs (FSPCMs), which can
be facially prepared by directly mixing solid-liquid
PCMs with thermoplastics, have become a research
topic for decades. The leakage of the PCMs from the
thermoplastics-based FSPCMs could be improved
by anchoring the PCM molecules onto the polymer
chains [3, 4]. Recently, the phase transition heat of
the thermoplastics supporting materials themselves,
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say, high-density polyethylene, was also utilized to
store heat, and thus the obtained FSPCMs exhibited
extra-high latent heat of 308.52 J/g with erythritol as
PCM [5]. In addition, solution mixing of ultrahigh
molecular-weight polyethene oxide with its chemical
identical oligomer poly(ethylene glycol) (PEG) re-
sulted in novel FSPCMs that showed a phase change
enthalpy of 185 J/g [6] and very good anti-leakage
performance. However, there are several limitations,
such as accumulated leakage and polymer chain scis-
sion after repeated melting-freezing cycles, phase
segregation caused by mismatched hydrophilicity be-
tween components, loss of structural integrity near
the matrix's melting point, efc. make the thermoplas-
tics-based FSPCMs cannot be applied as plastics. On
the other hand, although they have not got much at-
tentions, thermosets-based FSPCMs have also been
prepared by grafting PCMs molecules onto the
crosslinked polymer chain [7, 8]. Nevertheless, ther-
mosets possess latent heat storage property is a topic
worth to be investigated since it can greatly expand
the applications of thermosets into fields like heat en-
ergy storage and thermal regulation indoor/outdoor.
One disadvantage of thermosets is that they are non-
reprocessable and non-recyclable due to their per-
manently crosslinked polymer networks. In order to
address this issue, Leibler and coworkers [9, 10] de-
veloped covalent adaptable networks (CANs). CANs
are a class of crosslinked polymer networks that in-
corporate dynamic covalent bonds, allowing them to
undergo reversible bond exchange reactions under
specific stimuli, and thus can rearrange their network
structure while maintaining integrity, and enabling
properties like self-healing, recyclability, and re-
processability. In 2011, Montarnal et al. [9] intro-
duced dynamic transesterification bonds into the
epoxy resin network. With the help of heat and a cat-
alyst, the free hydroxyl group in the epoxy resin net-
work can undergo transesterification reactions of the
ester bonds according to an associative mechanism.
Consequently, the prepared CANs behave as ther-
mosets at ambient temperature, but can be reshaped
and recycled at exchange temperature [11, 12]. From
then on, numerous CANs have been reported, and
the reversible chemical reactions are expanded to
transamination, transalkylation, transcarbamation,
Diels-Alder reactions and dioxaborolane exchange,
etc. [13, 14]. Specifically, those CANs in which the
molecular network rearrangement is carried out
according to the associative mechanism are called

vitrimers [10]. (For readers interested in CANs of
vitrimers, please refer to some notable reviews such
as [10, 13, 15, 16].)

The emerging of CANSs also inspires the research on
thermoset-based FSPCMs. Recently, dynamic re-
versible reactions involving both associative mech-
anisms (vitrimers) and dissociative mechanisms,
such as oxime carbamate bonds [17, 18], disulfide
bonds [19], urethane bond [20] and Diels-Alder re-
actions [21, 22], have been applied to prepare
FSPCMs. The reported FSPCMs overall exhibit
good latent storage and mechanical properties, and
also reprocess or shape memory properties. For ex-
ample, Wu et al. [22] bonded PEG to a polymeric
skeleton through the thermally reversible Diels—
Alder reaction to obtain FSPCMs with good latent
heat storage capacity of about 107 J/g, good thermal
recyclability and solid-state plasticity.

However, it should be noted that none of the above-
mentioned FSPCMs are based on dynamic transes-
terification bonds. It is well known that epoxy resin
is one of the most widely used thermosets, and
epoxy resins with dynamic transesterification bonds
are the first and most extensively investigated vit-
rimers. As a result, if the dynamic transesterification
bonded epoxy resins can be endowed with the func-
tion of latent heat storage, their applications would
be greatly broadened. Consequently, there is an ur-
gent need to investigate the possibility of preparing
vitrimer-based form-stable PCMs (V-PCMs) with
epoxy resins as backbone according to the dynamic
transesterification reaction mechanism.

Herein, we demonstrated that V-PCMs based on dy-
namic transesterification bonded epoxy resin can be
designed and prepared via a facile method. Bisphe-
nol A diglycidyl ether (BADGE) and succinic anhy-
dride (SA) were used to construct the backbone of the
epoxy resin and PEG was grafted onto the backbone
via its terminal hydroxyl. The free hydroxyl of PEG
could then provide transesterification sites in the
epoxy-anhydride system. The PEG was also applied
as phase change segments to endow the product with
the ability of latent heat storage. In addition, zinc
acetylacetone (Zn(acac),) was applied as a catalyst to
promote the transesterification reaction [23]. The pre-
pared V-PCMs possess good latent heat storage and
mechanical properties, and can be reprocessed by a
simple hot press. We believe that this V-PCM proto-
type can shed light on the preparation of epoxy resin-
based vitrimers with latent heat storage properties,
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thereby broadening their potential applications in la-
tent heat storage and thermal regulation both indoors
and outdoors.

2. Experimental

2.1. Materials

All the chemicals, including BADGE (purity: >85 %
(GC), epoxy equivalent: 182—192 g/eq), SA (AR),
Zn(acac), (AR) and PEG (AR, average M, 10000),
were purchased from Aladdin Biochemical Technol-
ogy Co., Ltd., Shanghai, China. They were used as
received without further purification.

2.2. Preparation of V-PCMs

The preparation of V-PCMs is schematically drawn
in Figure 1. The total mass of V-PCMs was fixed as
15 g, and the amounts of each component were
weighed accordingly. The molar ratio of the anhy-
dride group and the epoxy group was varied from
0.4 to 0.6, and the amount of Zn(acac), was 10 mol%
of the anhydride. In addition, the amount of PEG
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was varied from 35 to 55% of the total mass, with
an interval of 5%. When preparing samples, the
weighted BADGE, SA, Zn(acac), and PEG were
mixed and stirred at 120°C for a while to obtain a
homogeneous mixture. The mixture was quickly
poured into a polytetrafluoroethylene (PTFE) mold
preheated at 120°C and then cured in an oven. The
curing program was 1 or 2 h at 120°C at first, then
2 h at 150°C and followed by 2 h at 180 °C. After-
wards, the product was cooled to room temperature
naturally. The prepared samples were named as
Rx-y-z, where x was the molar ratio of anhydride
group/epoxy group, y was the total curing time, and
z was the mass ratio of PEG in the sample. In addi-
tion, vitrimer without PEG and with a fixed anhy-
dride group/epoxy ratio of 0.5 and a cure time of 6 h
was also prepared and named as BADGE/SA.

2.3. Characterizations

The glass transition temperature (7), phase change
temperature and the latent heat of the prepared

Heat storage

ml
o
/!-—c

-2

A
Heat release

]

Order PEG Amorphous PEG Ether bond

OQ\/O—R—O\/‘—\O
OH
o 0 Ho O/\<\o
o O\_’\/\O’R’

Ve
(0]

Ester bond

(e]
(o]
o
0.
S
e
\—-(\O—R_O/\<|O
OH

OH
LR

Figure 1. Fabrication of V-PCMs based on transesterification and mechanism of energy storing and releasing (a) and the
transesterification dynamic linkages in the network (b).
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V-PCMs were measured by a TA Q2000 differential
scanning calorimeter (DSC, New Castle, DE, USA).
Two parallel DSC experiments were performed for
each sample, and the mean values were reported. All
DSC measurements were performed in a nitrogen at-
mosphere within the temperature range of —20 to
100°C, with a heating or cooling rate of 10 °C/min.
The enthalpy efficiency (E;) was calculated accord-
ing to (Equation (1)):

AH, v - peu
E. AH, o 100 (1
where AHy, v.pcm and AHyy, peg were the melting en-
thalpy of the prepared V-PCMs and PEG, respective-
ly. The gel contents of the samples were measured
by swelling the dry samples (~40 mg) in 5 mL of
acetone for 24 h. The gel fraction was calculated
using the mass of the sample before (/) and after
(W) the swelling experiments according to the
Equation (2) [24]:

W
Gel fraction = W:)' 100 2)

The chemical structures of the raw materials and the
prepared samples were characterized by a Nicolet
Avatar 360 Fourier transform infrared spectrometer
(FT-IR, Madison, WI, USA) by KBr pellets from
4000 to 400 cm™!. An X-ray diffractometer (XRD,
Rigaku RINT2000, Tokyo, Japan) was used to study
the crystalline structure of the samples. The working
voltage was 40 kV and the working current was
40 mA with a scanning rate of 5°/min The thermal
stability of the samples was investigated with a ther-
mogravimetric analyzer (TG, Henven HCT-3, Nan-
jing, China) in air atmosphere, and the samples were
heated from room temperature to 800 °C at a heating
rate of 20 °C/min. The anti-leakage performance of
the prepared V-PCMs was characterized by heating
the sample on a filter paper at 150 °C, and photo-
graphs were taken every hour. The tensile strength,
flexural modulus and impact modulus were tested
according to GB/T 2567-2008. The tensile strength
and flexural modulus were tested on a micro-con-
trolled electronic universal testing machine (WDT-
W-60B1, Chengde Precision Testing Machine Co.,
Ltd., Chengde, China). The impact strength was
measured on an Izod impact testing machine (HY U-
XB-5, Dongguan Hongjin Testing Instrument Co.,
Ltd., Dongguan, China). 5 valid tests were per-
formed for each sample.

3. Results and discussions

3.1. Characterization of V-PCMs

The FT-IR spectra of the raw materials and selected
samples are shown in Figure 2a. In the FT-IR spec-
trum of BADGE, the absorption band at 911 cm™!
originates from the epoxy group, and the C—H stretch-
ing vibration can be found at 2950 cm™'. Meanwhile,
the C=O0 stretching vibrations of SA are located at
1868 and 1780 cm™'. On the other hand, the epoxy
group of BADGE at 911 cm™! disappears while two
new peaks at 17361 and 1110 cm™" are found on the
spectrum of R5-5-35. The peak at 1736 cm™' can be
assigned to C=0 stretching of ester, which is gener-
ated from esterification between epoxy groups and
the carboxyl groups. The peak at 1110 cm™!, which
can be attributed to the C—O—C stretching of ether,
witnesses for the etherification between epoxy
groups and hydroxyl groups of PEG [25]. In addi-
tion, the ester bond characteristic peak of R5-5-35 at
1736 cm™! is stronger than that of BADGE/SA, which
proves that the hydroxyl groups at the end of the
PEG chain segment have undergone esterification
with the anhydride and promoted the ring-opening
of the anhydride. These results confirm that PEG has
been successfully grafted onto epoxy networks by
covalent bonding. The figure also shows that broad
absorption peaks at around 3300-3600 cm™!, which
are assigned to the stretching vibration of OH
groups, can be found in the spectra of PEG, the pre-
pared V-PCM (R5-5-35) and BADGE/SA. However,
it has been proved that the PEG molecules in the V-
PCMs have been anchored to the vitrimer networks,
and the mobility of PEG molecules is hindered by
the networks. Consequently, the effect of the hydro-
gen bonds on the latent heat of the prepared V-PVMs
is negligible.

The heat storage capacity of V-PCMs is derived from
the crystallization behavior of PEG. Therefore, the
crystallinity properties of PEG, BADGE/SA, and V-
PCMs were measured by XRD. The XRD patterns
of selected samples are drawn in Figure 2b. The fig-
ure reveals that, due to its high crystallinity, PEG
possesses two sharp characteristic diffraction peaks
at 19.2 and 23.4°. In contrast, these two peaks on the
diffraction pattern of R5-6-55 are greatly weakened,
which can be attributed to the fact that the crystallini-
ty of PEG is greatly hindered by tangles of the PEG
molecules in the vitrimer networks and the covalent
bonds between PEG molecules and vitrimer back-
bones [11]. In addition, the diffraction patterns of the
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Figure 2. FT-IR spectra (a), XRD patterns (b) and DSC curves (c) of the raw materials and prepared samples.

prepared V-PCMs and BADGE/SA are similar, indi-
cating that the crystal structure of the prepared
V-PCMs is close to that of BADGE/SA. This implies
that the melting and crystallizing processes of PEG
in the V-PCMs would be greatly hindered, and the
latent heat storage property would be affected.

3.2. Latent heat storage properties

The DSC curves of PEG, BADGE/SA and R5-6-55
are shown in Figure 2¢, and the DSC curves of the
other prepared V-PCMs are similar to that of R5-6-
55. As can be seen from the figure, the glass transi-
tion temperature (7,) of BADGE/SA is about 47 °C,
and no endothermic peak or exothermic peak can be
observed on its DSC curve. On the other hand, there
are an endothermic peak and an exothermic peak,
corresponding to the melting and the crystallizing of
PEG, respectively, can be found on the DSC curve
of PEG, and the onset melting temperature (74 m) of
PEG is —45°C. The prepared V-PCMs show similar
endothermic and exothermic characteristics to PEG.
However, on the melting curve of R5-6-55, a small

endothermic peak is observed before the main and
large endothermic peak, and this small peak shows
a trend of first strengthening and then weakening
with the increase of PEG loading. This phenomenon
can be ascribed to that PEG and epoxy/anhydride are
connected by covalent bonds. Consequently, PEG in
the V-PCM s is not in its’ pure crystal state. Thus, the
melting characteristics of PEG in the V-PCMs are
deviated from the melting of the pure PEG (the main
endothermic peak), and an additional small en-
dothermic peak which is corresponding to the move-
ment of the entangled PEG molecules, emerges be-
fore the main endothermic peak. When the loading
of PEG is low, the amount of the PEG molecules that
are entangled but can move upon heating is in-
creased with the increase of the PEG loading. How-
ever, when the loading of PEG is high, the restriction
of the PEG segment by the epoxy/anhydride chain
segment lags behind the crystallization ability of the
PEG chain segment itself, and this restriction effect
will decrease with the increase of PEG components.
As aresult, PEG itself occupies a dominant position
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in the phase transition process, which is conducive
to the arrangement of the PEG chain segment into a
stable and ordered structure [26].

The relationship between the loading of PEG and the
melting enthalpies (AH},) of the prepared samples is
drawn in Figures 3a and 3b. Briefly, the AH,,, of the
samples increases with the increase of the PEG load-
ing, which can be attributed to that it is PEG pos-
sesses the ability of latent heat storage. Besides, it
can be seen that the AH,, of the samples with the
same PEG loading shows a gradually decreasing
trend with the increase of the R value and the curing
time. The gel fraction can reflect the cross-linking
density of the sample. The gel fractions of the sam-
ples are depicted in Figure 3c and 3d. It can be seen
that, in general, higher PEG loading, higher R value
and longer curing time result in higher gel fraction.
Higher R value and longer curing time mean that the
epoxy was cured more completely, and the gel frac-
tion of the system increases. In addition, the hydroxyl
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groups of PEG underwent esterification with the an-
hydride. These two factors together lead to the PEG
being more firmly anchored in the vitrimers net-
work, thus affecting the melting and crystallization
behavior of PEG [27]. Therefore, the difference in
enthalpy value between samples the equal PEG load-
ing can be attributed to the limiting effect of high
cross-linking density and covalent bond on the mo-
bility of PEG chain segments, thus hindering the for-
mation of PEG crystallization.

The phase change latent heat storage properties of
PEG and the prepared samples with the highest PEG
loading (55%) are summarized in Table 1. The peak
melting temperature (71,) of pure PEG is 60 °C with
a AH,, of 188.3J/g, while its peak solidification tem-
perature (7) is 41 °C with a crystallization enthalpy
(AH,) of 172.5]/g. On the other hand, the prepared
samples possess AHy, of 53~63 J/g with the E; of
28~34%. It proves that V-PCMs based on epoxy
resin with the function of latent heat storage have
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Figure 3. AH,, of the prepared samples with different R values (a) and different curing times (b) and gel fractions of the pre-
pared samples with different R values (c) and different curing times (d).
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Table 1. Phase change properties of the prepared vitrimers.

Melting Crystallization Er

Sample Tm AH,, T, AH, [%]

[°C] /gl [°C] /gl
PEG 60.0 188.3 41.1 172.5
R4-5-55 52.6 63.2 253 50.1 33.56
R5-5-55 53.1 61.7 259 49.3 32.77
R6-5-55 52.9 57.3 26.4 48.6 30.43
R4-6-55 51.6 56.8 25.2 53.5 30.16
R5-6-55 50.6 543 25.61 52.8 28.84
R6-6-55 50.4 53.2 26.4 50.5 28.25

been successfully prepared. Although the latent heat
storage capacity of the prepared V-PCMs is lower
than some recently reported V-PCMs [17, 19, 20], it
should be noted that, to the best of our knowledge,
this is the first prototype V-PCM based on dynamic
transesterification bonded epoxy resin, and it opens
a new way for the preparation and application of
such systems. Certainly, further efforts are needed to
enhance their latent heat storage capacity.

3.3. Thermal stability investigation

The TG curves and the differential thermogravimet-
ric (DTQG) curves of the raw materials, BADGE/SA
and R5-6-55 are shown in Figure 4. As can be seen
from Figure 4, BADGE, PEG and SA all exhibit one-
step thermal decomposition behavior, corresponding
to their evaporation, and their initial decomposition
temperatures (5% weight loss temperature, 7o) are
255,215 and 135 °C, respectively. On the other hand,
BADGE/SA exhibits a two-step thermal decompo-
sition characteristic. The weight loss in the first step
can be attributed to the decompose of the ester bonds
in the network, while the weight loss in the second
step is related to the thermal decomposition of the
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Figure 4. TG and DTG curves of raw materials, BADGE/SA
and R5-6-55.

aromatic structure in the system [28, 29]. R5-6-55
also shows a two-step thermal decomposition char-
acteristic. However, the weight loss during the first
step is higher than that of BADGE/SA, which can
be ascribed to that the anchored PEGs are also de-
composed at this stage. Besides, the 7’5o, of R5-6-55
exceeds 350 °C, which is much higher than the range
of phase transition temperature and the 7o, of PEG.
It proves that the prepared V-PCMs possess excel-
lent thermal stability. It also confirms that there is
no free PEG in the prepared V-PCMs, and all the
PEG is linked to the polymer chain by a covalent
bond, which is consistent with the results of FT-IR,
DSC and XRD.

3.4. Leakage proof performance

The prepared R4-5-z series V-PCMs are cut into rec-
tangular strips and heated in an oven at 150°C to
study the shape stability and anti-leakage property.
The R4-5-z series is chosen to verify the anti-leakage
characteristics because its cross-linking density is the
lowest among the three series, and thus it is theoret-
ically the most likely to leakage. Figure 5 shows the
photographs of R4-5-z heated at 150 °C for different
times. Pure PEG is solid at room temperature but
gradually melts into a liquid upon heating. In con-
trast, all the V-PCMs remain in solid state throughout
the heating process and no trace of leakage can be
found on the filter papers, Consequently, it proves
that the prepared V-PCMs possess excellent form
stability and anti-leakage performance, which can be
attributed to the fact that PEG molecules are an-
chored to the polymer network in a manner of cova-
lent bond.

3.5. Mechanical properties

The typical stress-strain curves of R6-6-z are dis-
played in Figure 6a. It can be observed that, com-
pared with BADGE/SA, R6-6-z possesses a signifi-
cant increase in elongation at break and all the pre-
pared V-PCMs exhibit toughness as they yield before
final breaking [30]. The data listed in Table 2 further
confirm that the prepared V-PCMs possess relatively
good mechanical properties and can adapt to a vari-
able application environment, such as ornaments and
components without very high mechanical perform-
ance requirements. Obviously, affording such orna-
ments and components with the function of latent
heat storage property is beneficial for latent heat
storage and thermal regulation since it would not
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Figure 5. Photos of R4-5-z heated at 150 °C for different durations to verifying their anti-leakage property.

sacrifice extra space. Figures 6b and 6¢ compares the
tensile strength of the prepared V-PCMs with differ-
ent curing times. It is clearly that, with the increase
of PEG content, the tensile strength increases at first
and then decreases. Since the tensile strength of
polymer is closely related to cross-linking density
and chain segment stiffness, the improvement of ten-
sile strength in the initial stage can be ascribed to the
synergistic effect between high cross-linking density
and flexible chain segment in the network. However,
with the further addition of PEG, the cross-linking
density of the system decreases, and the flexible
chain segment dominates the position, leading to the
deterioration of stress and strain [31, 32].

3.6. Reprocessability

In the transesterification system, when the tempera-
ture rises, the ester bond in the system will react with
the free hydroxyl, so as to realize the rearrangement
of the network structure and enable the materials to
be deformed, reprocessed and recycled. Consequent-
ly, we explored the reprocessing capability of
V-PCMs based on transesterification bonds and the

results are shown in Figure 7. The complete dumb-
bell-shaped spline of R5-5-45 was cut into small par-
ticles, which were then placed in a steel plate mold
with dumbbell-shaped grooves and hot-pressed for
1 h at 180°C under 10 MPa. It can be seen that the
fragments can be reformed. By scrutinizing the re-
processed splines, one can find that the small parti-
cles have been merged together, confirming the re-
processability of the prepared V-PCMs. The re-
formed splines obtained by hot pressing the frag-
ments show some welds, which can be attributed to
the high molecular weight of PEG that restricts the
flow of molecular chains in the network topology re-
arrangement, thus affecting the transesterification re-
action. Subsequent attempts can be made to solve
this deficiency by reducing the PEG molecular
weight.

The FT-IR spectra, DSC curves and TG curves of the
as-prepared and reprocessed R6-6-55 are drawn in
Figure 8. It can be seen that both the FT-IR spectra
and TG curves of the as-prepared and reprocessed
samples overlap, respectively. In addition, the shape
of'the DSC curves is basically the same. These results
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Figure 6. Stress-strain curves of R6-6-z (a) and tensile strengths of the prepared V-PCMs (b), (c).

Table 2. Mechanical properties of the prepared R6-6-z V-PCMs.

Sample Tensile strength | Strain at break | Impact strzength 11:113();::: ];:r:zflt:lcliltz Gel content
[MPa] [%] [kJ/m?] [MPa] [MPa]

R6-6-0 28.12 0.87 - - - -

R6-6-35 471 18.01 13.11 102 25 0.931
R6-6-40 8.46 19.01 16.09 299 115 0.895
R6-6-45 8.36 24.51 26.43 192 160 0.890
R6-6-50 9.78 29.65 30.81 197 181 0.830
R6-6-55 9.54 28.29 28.76 155 216 0.852

Figure 7. Reprocessing of R5-5-45 under the hot press under
10 MPa at 180°C for 1 h.

confirm that the structure and the latent heat storage
property of the sample are not affected by hot press-
ing. Consequently, it can be concluded that re-
processable V-PCMs based on epoxy resin with dy-
namic transesterification bonds have been success-
fully prepared.

4. Conclusions

In this work, V-PCMs based on dynamic transester-
ification bonded epoxy resin are prepared for the
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Figure 8. FT-IR (a), DSC (b) and TG (c) curves of the as-prepared and reprocessed R6-6-55.

first time by anchoring PEG into the vitrimers' net-
work through covalent bonding. The latent heat of
the prepared V-PCMs attains 63.2 J/g and decreases
with the increase of the anhydride/epoxy ratio and
curing time. Thanks to the existence of the covalent
bonds, the hydrolysis temperature of the prepared V-
PCMs in air could be higher than 350 °C. In addi-
tion, it exhibits excellent leakage-proof performance
up to 150 °C. Moreover, the PEG molecules make
up for the lack of toughness of the vitrimers them-
selves, and the prepared V-PCMs have good tensile
properties. Furthermore, the prepared V-PCMs can
be facially reprocessed by hot machining, and the
structure and properties are not affected. Certainly,
further research is necessary to enhance their thermal
energy storage performance and expand their poten-
tial applications.
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