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ABSTRACT: Graft semi-interpenetrating polymer networks (IPNs) out of poly(ethylene glycol), PEG8000-based polyurethane,
and acrylic copolymers were synthesized for phase change applications. The chemical structure of the IPN samples was checked with
Fourier transform infrared spectroscopy. Thermal properties of the IPNs were studied using differential scanning calorimetry and
thermogravimetric analysis. A scanning electron microscope was used to study the surface morphology of the IPN samples.
Moreover, polarized optical microscopy and X-ray diffraction were utilized to examine the crystallization properties of the IPNs. The
cycling stability of the IPNs was studied as well. Overall, graft-IPN samples show high thermal and cycling stability with excellent
shape solidity and no change in crystallization properties compared to the pristine PEG8000. The results confirm the enormous
potential of IPNs in a wide variety of phase change applications.

KEYWORDS: graft semi-interpenetrating polymer networks (IPNs), phase change materials (PCMs), thermal energy storage,
polyurethane, acrylic-based copolymers, poly(ethylene glycol) (PEG)

1. INTRODUCTION

Phase change materials (PCMs) undergo a phase transition in
a narrow temperature range, making them a good candidate for
thermal applications. The critical factor for PCMs is their high
latent heat, making them capable of thermal energy storage.1,2

PCMs have a wide variety of applications, including thermal
storage and thermal protection. For thermal storage
applications, high heat conductivity is required, while for
thermal protection, low heat conductivity is desirable. Thermal
storage in solar energy; different cooling and heating
applications such as ice bank and underground cooling
systems; medical applications such as smart packaging for
transferring food and medicine; temperature maintenance for
buildings, food, and electrical instruments; different military
and civil applications such as collectors for microwave antenna
in ships and helicopters; and a controlled greenhouse are just a
few examples for uses of PCMs.1,3−13

PCMs are classified into three different kinds based on their
transition phase: solid−solid PCMs, solid−liquid PCMs, and
liquid−gas PCMs. Solid−solid PCMs are materials where the

crystalline structure changes to another crystalline structure or
amorphous phase. Solid−solid PCMs consist of inorganic,
organic, and polymer-based PCMs.14−17

Fatty acids,18 paraffin waxes,19 fatty hydrocarbons,20 fatty
alcohols,21 and poly(ethylene glycol) (PEG) are traditional
materials widely used as PCMs. However, all these materials
suffer from material leakage, which makes them undesirable for
phase change applications.22,23 Therefore, new kinds of
methods such as utilizing capsules and copolymerization of
polymers were introduced to minimize the leakage in PCM
applications.24

The essential benefits of polymer-based PCMs compared to
traditional PCMs are the absence of leakage, no requirement to
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seal, no generation of a gas or liquid, a low-cost and
straightforward fabrication process, long cycling stability, and
minimum volume change.12,13,25,26

There are two different types of polymeric solid−solid
PCMs. One type consists of a mixture of two polymers where
one of the polymers acts as the support with a higher melting
point, while the other changes the phase from solid to liquid.
Therefore, as long as the supporting polymer does not reach its
melting point, the whole system can maintain its structure.
This type is called a shape-stabilized PCM.27 The most
significant disadvantage of these materials is the phase
segregation after a couple of cycles.12 The second type of
polymeric solid−solid PCMs is synthesized by grafting or
copolymerizing two polymers with each other. Overall, low
thermal stability, a high transition temperature, and low
transition enthalpy were reported as the most important
disadvantages of polymeric solid−solid PCMs. Therefore,
semi-interpenetrating polymer networks (IPNs) are used as
polymeric solid−solid PCMs with excellent stability28 and high
latent heat of fusion for the system. Semi-IPNs benefit from all
the advantages of polymeric solid−solid PCMs as well.28

Semi-IPN is one kind of polymer blend where one of the
polymers is cross-linked. In contrast, the other polymer is
linear, making the polymer chains move freely and align in the
crystalline structure.29,30 Two polymers in the IPN structure

are entangled, and it is impossible to separate them without
breaking their bonds. Li et al. mentioned that although IPNs
show phase separation, these materials exhibit a uniform
morphology from forced compatibility due to the structure’s
physical entanglement.31 Graft semi-IPN is one kind of IPN
system where chemical bonds between two polymers are
utilized to increase the compatibility of two polymers and
increase the shape stability.29,30,32,33 IPNs can be classified as
simultaneous and sequential IPNs based on the polymerization
method. In the sequential process, the first polymer is
synthesized while being swollen by monomers of the second
polymer. Then, polymerization of the second polymer starts to
happen. In simultaneous IPN, polymerization of two polymers
occurs together, and there is no interfering reaction between
two polymer phases.29,33,34

Extensive work has been published related to different
aspects of IPNs.23,29,35−37 Various elements affecting the final
morphology and properties of IPNs such as the ratio of two
polymers, choice of precursors and their ratio,38,39 diol
molecular weight, the polymerization process,40 utilizing
chemical bonds between two polymers,41,42 and curing
profile38,40,43−45 were investigated. It was concluded that
synthesizing graft-IPNs with linear isocyanate enhances the
compatibility of two IPNs and therefore improves the final
properties.46−52

Figure 1. (a) Poly-addition polymerization to synthesize linear PU. (b) Free-radical polymerization of the acrylic copolymer. (c) Simple schematic
of graft semi-IPN synthesis.
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PEG is considered one of the best polymeric materials for
PCM applications due to its high latent heat of ∼200 J/g, good
corrosion resistance, and a wide melting temperature.53

However, it needs to be sealed in packages to avoid leakage
in the system, limiting the opportunities and increasing the
final cost of PEG-based PCMs.54 Different research groups
tried to solve the leakage problem of PEG by synthesizing
polyurethane (PU) and copolymers out of PEG.11,13 For
instance, Su and Liu55 synthesized PEG-based PU. Calorimetry
results suggested high latent heat for synthesized PU with no
shape change at high temperatures. Sarı et al.12 synthesized
polystyrene-graf t-PEG6000 copolymers for use as PCMs. The
results indicated good thermal stability with high latent heat
for copolymer samples. It was also suggested that enthalpy
increases by an increase in the amount of PEG in the system.
Different research groups utilized PEG in the IPN structure

to reach shape stability with high latent heat. Zhang et al.
fabricated semi-IPN out of PEG and a gel for phase change
applications. Excellent latent heat and shape stability were
observed in the synthesized samples.28

Sundararajan et al. fabricated PEG-based graft semi-IPN
with the simultaneous method. The authors observed
enthalpies in the order of 145 J/g.23 Jiang et al. synthesized
graft semi-IPN out of PEG and cellulose diacetate as a support
phase. Semi-IPN samples with 90 wt % PEG10000 showed the
highest enthalpy of fusion in research.56 Liu et al. were another
research group that synthesized semi-IPN out of PEG/
poly(polyethylene glycol diacrylate). The highest heat
enthalpy, which was achieved in research, was 117 J/g. All
semi-IPN samples showed excellent shape stability as well.57

In this research, graft semi-IPN out of PEG8000-based PU
and bisphenol A bis(2-hydroxy-3-methacryloxypropyl)ether
(BisGMA) and methyl methacrylate (MMA)-based acrylic
copolymers were synthesized for the first time. PU acted as the
phase-transition material, while the acrylic copolymer acted as
a skeleton to keep the whole structure together at high
temperature. The polymerization of two phases was studied
utilizing Fourier transform infrared (FTIR) spectroscopy
analysis. Moreover, the crystallization properties of semi-IPN
samples were analyzed using X-ray diffraction (XRD) and
polarized optical microscopy (POM). Cycling stability, as one
of the essential features of the PCMs, was also examined.
Overall, IPN synthesized in this research shows tremendous
potential in PCM applications such as solar cells, biomedical
and biological containers, heat management for buildings and
electronics, the cooling system in the collector of a microwave
antenna in ships, and helicopters, among others.

2. EXPERIMENTAL SECTION
2.1. Materials. Poly(ethylene glycol) (PEG, MW = approximately

8000 g/mol) was purchased from Acros Organics. Hexamethylene
diisocyanate (DCH) was received from Tokyo Chemical Industry
Co., Ltd. (TCI). Dibutyltin dilaurate (DBTDL) was purchased from
Pfaltz & Bauer. MMA and BisGMA were purchased from Acros
Organics and Esstech, respectively. Moreover, 2,2′-azobis(2-methyl-
propionitrile) (AIBN) was purchased from Matrix Scientific. 4 Å
molecular sieves, purchased from Alfa Aesar, were used to remove the
moisture from MMA and DCH.
2.2. Methods. 2.2.1. Synthesis of Graft Semi-IPNs. PEG8000 was

dried before the experiment using an oven. Then, it was melted by
transferring into an oil bath at 70 °C.
In a separate container, 20 wt % of BisGMA was dissolved into 80

wt % of MMA. Then, 1 wt % of AIBN based on the total mass of the
copolymer was dissolved into the mixture. Afterward, DCH and four

drops of DBTDL were added to the mixture and mixed for 3 min.
Finally, the mixture was added to the molten PEG8000 placed in the
oil bath at 70 °C. Afterward, the mixture was transferred to closed
glass molds and cured at 80 °C for 6 h. A simultaneous
polymerization method was followed to synthesize the graft-IPN
system as two polymers do not follow interfering reactions. Figure 1
shows the chemical reactions of graft semi-IPN samples.

As shown in Figure 1, PEG and DCH follow the poly-addition
polymerization to synthesize linear PU. Extra isocyanate also reacts
with hydroxyl groups of BisGMA to make bonds between two
polymers. PU is a polymer phase with high latent heat to fulfill
requirements in phase change applications. Monomers in the acrylic
copolymer, however, follow free-radical polymerization to make a
cross-linked acrylic copolymer. The acrylic copolymer acts as a
support to maintain the original form of IPN at a temperature higher
than PEG’s melting point. The final product is graft semi-IPN with
chemical bonds between two polymer phases. Five different IPN
samples with varied PU and acrylic copolymer compositions were
synthesized, where numbers behind IPN indicate the wt % of PU in
the IPN system. For instance, IPN90 has 90 wt % of PU.

2.2.2. Characterization. A Nicolet 6700 FTIR spectrometer from
Thermo Scientific (USA) in the attenuated total reflection infrared
mode was utilized to study the FTIR spectra of the synthesized
samples. FTIR analysis was performed within the 400−4000 cm−1

wavenumber range with 64 scans and a 4 cm−1 resolution.
A differential scanning calorimetry (DSC) experiment was

performed on a TA Instruments DSCQ2000. Approximately 5−10
mg of the sample was tested each time. The sample was first
equilibrated at 0 °C for 5 min, and then, the temperature was
increased to 150 °C to remove any thermal history in the samples,
followed by decreasing the temperature to 0 °C, and finally brought
back to 150 °C all with a 5 °C/min heating rate in a nitrogen
atmosphere. The second heat was utilized to determine the thermal
properties of the IPN samples. Three replicas were tested for each
sample to confirm the validity of the results. Equation 158 was used to
calculate the percentage of crystallinity

χ =
Δ
Δ

×
H
H

(%) 100c
m

m
0 (1)

where χc is the crystallinity percentage, ΔHm is the enthalpy of fusion
of the IPN sample, and ΔHm

0 = 196.8 J/g58 is the enthalpy of fusion
for totally crystalline PEG.

XRD analysis was performed on a Proto manufacturing powder
diffraction system having a Cu Kα source with a 1.54 nm wavelength,
40 kV, and 30 mA. Approximately 500 mg of samples in the powder
form was tested in the range of 2θ within 15−40° with around 15 min
scan time. The Scherrer formula59 (eq 2) was utilized to calculate the
mean size of crystallites in IPN samples

λ
β θ

=L
K
cos (2)

where λ is the wavelength of the X-ray source in nanometers (0.15406
nm); K is the Scherrer constant, which is related to the crystallite
shape (generally taken as 0.9); β is the diffraction peak width at half-
maximum height in radians; θ is the peak positions in radians; and L is
the average crystallite size.

An Olympus BH-2 polarized optical microscope with a FMA050
digital camera was utilized to study the samples’ crystalline
morphology. IPN samples were cured between two micro slides to
reach the thin, consistent thickness for all the samples.

A Zeiss EVO 50 variable-pressure scanning electron microscope
with digital imaging and energy-dispersive spectroscopy was used to
study the surface morphology of the fractured samples. Samples were
immersed in liquid nitrogen and then were broken to make a brittle
failure in samples and avoid fracturing of the samples below their glass
transition, which could alter the surface morphology, and fractured
surfaces were utilized for scanning electron microscopy (SEM)
imaging. The samples were sputter-coated with an EMS 550X auto
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sputter coating device with carbon coating attachment before SEM
imaging.
Samples were cut to circles with a 12 mm diameter using a Boss

Laser LS 3655 and kept in a hot plate at 80 °C for 30 min to test the
shape stability of the IPN samples.
Thermogravimetric analysis (TGA) was performed under a

nitrogen atmosphere using a platinum pan on a TA Instruments
TGAQ500. 10−20 mg of samples was heated from room temperature
to 800 °C with 10 °C/min.
The thermal cycling stability of the IPN samples was studied by

placing the samples into glass vials and then transferring to an oven at
90 °C for 20 min, followed by 20 min in a refrigerator at 10 °C to
make sure that solid−liquid−solid transition occurs in the system.
The phase-transition cycle was done 25 times. Then, DSC, TGA,
FTIR, XRD, and wetting experiments were performed on thermal-
cycled samples.
The contact angle of 1.5 μL of ultrapure water (UPW) with the

IPNs’ surface was monitored for 20 s using a DataPhysics OCA 50
instrument. The reported results are the average contact angles of
UPW with at least four different IPN samples areas. A Thermo
Scientific Barnstead Nanopure (18.2 MΩ·cm) system was employed
to deionize and purify the water. The measurement was analyzed
using SCA 20 software.

3. RESULTS AND DISCUSSION

3.1. Chemical Structure Analysis. FTIR analysis was
utilized to confirm the successful polymerization of two phases

in graft semi-IPN. Values on the Y-axis were normalized based
on the peak at 2880 cm−1. Figure 2 shows the FTIR spectra for
all of the samples after polymerization. As shown, a peak at
approximately 3320 cm−1 indicates the stretching of the N−H
bond due to PU formation in the IPN structure. No peak was
observed at around 2270 cm−1, which corresponds to the
isocyanate bond and confirms the isocyanate consumption to
synthesize PU.60 The peak at about 1720 cm−1 is attributed to
amide CO, the peak at 1240 cm−1 belongs to the C−N
bond, and the peak at about 1538 cm−1 corresponds to the N−
H bond. These signals are evidence of the successful
polymerization of PU. Moreover, there is no peak at
approximately 1630 cm−1, which belongs to the alkene C
C bond, indicating successful free-radical polymerization to
synthesize the acrylic copolymer.

3.2. Thermal Analysis. Thermal properties are critical for
PCMs. DSC was used in this research to study the thermal
properties of the IPNs. Table 1 exhibits a summary of thermal
results for pure PEG and IPN samples. As shown, pristine
PEG8000 shows the highest enthalpy of fusion. This result is
expected due to the perfection of the crystalline structure in
pure PEG. However, synthesizing IPNs out of PU and the
acrylic copolymer hinders the free movements of PEG chains
and therefore decreases the crystalline structure in the system.
The enthalpy of fusion declines, and as shown, IPN50 shows
the smallest number in comparison to other IPN samples due
to the high percentage of the acrylic copolymer in the system.
Crystallization results show the same trends due to the reason
mentioned above. IPN90 shows the highest latent heat of
fusion with 177.5 J/g, which is still lower than that of pure
PEG. However, this number is higher than the reported latent
heat of fusion for IPNs and copolymers used in phase change
applications.12,28,56 For instance, Zhou et al.13 synthesized the
PEG4000/MDI/poly(vinyl alcohol) copolymer with a 72.8 J/g
enthalpy of fusion and a 61.1 °C transition temperature. Chen
et al.61 synthesized PEG/PU PCMs with the enthalpies of
fusion within 103−124 J/g. Sundararajan et al.23 synthesized
PEG8000-based graft semi-IPN. 145 J/g was the highest

Figure 2. FTIR spectra of IPN samples with different compositions.

Table 1. Summary of DSC Results for IPN Samples

sample

enthalpy of
fusion
(ΔHm)
(J/g)

melting
temperature
(Tm) (°C)

enthalpy of
crystallization
(ΔHc) (J/g)

crystallization
temperature
(Tc) (°C)

PEG8000 196.0 61.8 198.2 43.6
IPN90 177.5 59.9 174.3 43.9
IPN80 140.3 59.8 141.4 44.2
IPN70 108.7 59.9 105.1 43.3
IPN60 78.1 58.9 74 38.6
IPN50 47.7 54.4 41.3 33.7
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enthalpy of fusion observed in the paper. Li and Ding11

fabricated the PEG10000/MDI/PE tertiary copolymer with
the highest enthalpy of fusion at 152.97 J/g. Liu et al.57 also
manufactured PEG-based semi-IPN, and the highest enthalpy
of fusion obtained in the research was 117 J/g. Su and Liu55

fabricated PEG10000-based PU with a 138.7 J/g enthalpy of
fusion. Finally, Cao and Liu25 synthesized PEG6000-based
hyperbranched PU with a 138.3 J/g enthalpy of fusion.
Transition temperatures increase with the PU wt % because

Figure 3. XRD curves of PEG8000 and IPN samples.

Table 2. Mean Size of Crystallites and Percentage of
Crystallinity for IPN Samples

sample mean crystallite size (nm) crystallinity percentage (%)

PEG8000 19.9 99.6
IPN90 16.8 90.2
IPN80 16.8 71.3
IPN70 16.5 55.2
IPN60 14.6 39.7
IPN50 9.4 24.2

Figure 4. POM photographs of (a) PEG8000 at room temperature, (b) IPN90 at room temperature, (c) IPN80 at room temperature, (d) IPN50
at room temperature, (e) IPN90 at 80 °C, and (f) IPN80 at 80 °C.
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PEG chains have more free volume and mobility to align and
make a perfect crystalline structure.
3.3. Crystallization Behavior Analysis. XRD was utilized

to study the crystallization properties of the samples. Figure 3
shows the diffraction peaks of the samples. As shown, pristine
PEG8000 shows the peaks at 19 and 23°, which are
characteristic peaks for PEG8000. All IPN samples show a
peak at the same diffraction angles, which shows that the
crystallization properties of PEG8000 does not change after
the synthesis of the IPN samples. However, the height of the
peak starts to decrease in IPN90, and it continues to decline by

reducing the amount of PEG in systems. IPN50 shows the
lowest height in diffraction peak due to the reduction of PEG
in the reactive system and the presence of the acrylic
copolymer, which destroys the perfection of the crystallization
in PEG. Moreover, although the chemical interaction between
the −OH group of PEG and BisGMA with the isocyanate
group in DCH brings shape stability into the system, it
decreases the perfection of the crystallization even more.23

The Scherrer equation (eq 2) was utilized to calculate the
mean size of crystallites in IPN samples. Moreover, the

Figure 5. SEM images of (a) IPN90, (b) IPN80, and (c) IPN50.

Figure 6. Digital photographs of (a) pristine PEG8000, (b) IPN90, (c) IPN80, and (d) IPN50 before and after the shape stability experiment.
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percentage of crystallinity for each sample was calculated using
eq 1. Table 2 shows a summary of the results.
As shown, the crystallite size and percentage of crystallinity

confirm the results from XRD analysis. Pure PEG8000 shows
the most significant crystallite size and crystallinity percentage.

The crystallite size and crystallinity percentage start to
decrease by adding the acrylic copolymer to form the IPN
network, as is expected.
The crystalline morphology of the samples was studied using

POM. Figure 4 shows the photograph of the pristine PEG8000

Figure 7. TGA results before and after the thermal cycling test. (a) IPN90 and (b) IPN80.

Table 3. Summary of DSC Results for IPN Samples before and after the Cycling Test

sample
enthalpy of fusion (ΔHm)

(J/g)
melting temperature (Tm)

(°C)
enthalpy of crystallization ΔHc

(J/g)
crystallization temperature Tc

(°C)

IPN90 before the cycle 177.5 59.9 174.3 43.9
after the cycle 177.7 60.2 176.6 43.9

IPN80 before the cycle 140.3 59.8 141.4 44.2
after the cycle 140 60.3 142.9 44.8
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(Figure 4a), IPN samples at room temperature (Figure 4b−d),
and IPN samples at 80 °C (Figure 4e,f). As shown, pristine
PEG and IPN samples exhibit similar spherulitic crystalline
structures. This fact indicates that the crystalline structure of
PEG8000 in IPN samples does not change.
Furthermore, the crystallite size becomes smaller by adding

more acrylic copolymer to the system due to a decrease in the
amount of PEG8000 and the presence of the acrylic
copolymer, which acts as a hindrance in IPN samples,
therefore destroying the perfection of the PEG crystallization.
The crystalline structure of the IPN samples at 80 °C faded
away due to the crystalline structure’s disappearance at higher
temperatures. In other words, the crystalline structure of
PEG8000 in the IPN structure was transformed into an
amorphous structure. This fact is due to the free movements of
PEG8000 chains at 80 °C, which therefore do not align to
make the crystalline structure. POM images confirm the results
from XRD analysis.
Figure 5 shows the SEM images of fractured IPN samples.

As shown, IPN50 (Figure 5c) shows the flat surface with
ductile behavior on fractured samples. However, the surface
starts to show brittle failure with cracks all over the surfaces by
adding more PU to the system due to higher crystallization
(Figure 5a,b). Higher crystallization and alignment of chains in
IPN90 and IPN80 increase the brittle behavior of the IPN
samples. However, the presence of more amorphous regions
with many chains entangled in each other is the reason for
ductile behavior in the fractured surface of IPN50. SEM images
support DSC, XRD, and POM results, indicating higher
crystallization by increasing wt % of PU into the IPN system.
3.4. Shape Stability Analysis. IPN samples were put on

the 80 °C hot plate for 30 min to examine the shape stability.
Figure 6 shows the digital photographs of the pristine
PEG8000, IPN90, IPN80, and IPN50 before (first row) and
after (second row) of the shape stability experiment. PEG8000
loses its shape immediately after reaching 80 °C and starts to
flow because of passing its melting point. In contrast, IPN
samples maintain their shape even after 30 min at 80 °C. The
presence of the cross-linked acrylic copolymer phase in graft
semi-IPN and chemical bonds between the hydroxyl group of
PEG and BisGMA with the isocyanate group in DCH, which
act as a boundary and trapped long chains of PEG8000, are the
reasons behind excellent shape stability of the IPN samples
even at a temperature higher than the melting point of
PEG8000. It should be added that the transparency of the
IPN50 sample is higher than that of other IPN samples. The
transparency starts to decrease by adding more PU into the
system due to the crystallization increase, as mentioned before.
3.5. Thermal and Cycling Stability. Cycling stability is a

critical property in PCMs. TGA results before and after cycling
experiments for IPN90 and IPN80 are shown in Figure 7. As
shown, the degradation process for samples starts at around
300 °C and ends at about 460 °C. The degradation
temperature of IPN samples is much higher than the
application temperature for phase change applications. These
data are in good agreement with literature works on phase
change applications of materials.11,12,23,28,57 Moreover, TGA
results approximately overlap before and after cycling experi-
ments.
Table 3 summarizes DSC results for IPN90 and IPN80

before and after the cycling stability experiment. Table 3
indicates that phase-transition temperatures and enthalpies are

very close before and after 25 times of melt−freeze−melt
cycles.
FTIR results for IPN90 and IPN80 before and after the

thermal cycling revealed good overlap, as shown in Figure S1.
This implies that the chemical structure for IPN samples does
not change after the thermal cycling experiment.
Furthermore, Figure S2 shows the XRD analysis results for

IPN90 and IPN80 before and after the thermal cycling
experiment. Good overlap was observed with a small drop in
peak intensities in both samples. The mean crystallite sizes for
IPN90 and IPN80 after thermal cycling are 15.6 and 15.8 nm,
respectively, which are close to their crystallite size before
thermal cycling (16.8 nm for both). These findings confirm the
FTIR, TGA, and DSC results and indicate excellent thermal
cycling stability of the IPN samples.
The contact angle and hydrophilicity of the IPN sample

surfaces after thermal cycling were checked. IPN90 and IPN80
showed 29.1 ± 4.0 and 22.2 ± 1.9 contact angles with UPW,
respectively. The low contact angle in both IPN samples
indicates high hydrophilicity of the samples due to urethane
groups in PU and esters in the acrylic copolymer.

4. CONCLUSIONS
Graft semi-IPNs with the high latent heat of fusion were
synthesized in this research. Chemical bonds between two
polymers were used to enhance the compatibility between two
phases and improve the shape stability of the IPNs. PEG-based
PU is the polymer phase with high latent heat, while the acrylic
copolymer acts as a skeleton to keep the whole structure
together even at a temperature higher than the melting point of
PEG8000. FTIR spectra of IPN samples confirm the successful
polymerization of both phases. DSC results show excellent
enthalpies higher than other literature values with a proper
phase-transition temperature. TGA indicates excellent thermal
stability for IPN samples, which is required for phase change
applications. XRD analysis and POM images show that the
crystalline properties of PEG8000 does not change after the
synthesis of IPNs. However, the latent heat and phase-
transition temperature become smaller by adding more acrylic
copolymer to the system due to a decrease in crystal size and
perfection. IPNs exhibit excellent shape stability at 80 °C in
comparison to pure PEG8000, which starts to flow
immediately after reaching 80 °C. Finally, excellent cycling
stability with overlap between DSC, TGA, FTIR, and XRD
results before and after cycling experiments was observed.
Overall, synthesized IPN shows promising results required in a
wide variety of phase change applications.
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