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A B S T R A C T

Clay minerals are excellent supporting materials to synthesize shape-stabilized phase change materials (ssPCMs)
because of outstanding pore structure, excellent thermal stability, perfect organic compatibility and eco-friendly
features. However, previous clay-based ssPCMs show very low thermal energy storage capacity due to little
loading of working PCMs (< 65wt%). In this work, stearic acid (SA) encapsulated by two-dimensional mon-
tmorillonite nanosheets (MtNS) has been designed in order to form core-shell structural MtNS/SA composite
PCMs with ultra-high core mass fraction and dramatic latent heat capacity. This study mainly investigates the
effect of MtNS shell thickness on thermal energy storage performances, including latent heat, thermal transfer
ability, shape stability and cycling performances. Self-assembly mechanism of MtNS/SA was attributed to that
the positively charged MtNS strongly attached on the surface of negatively charged SA latex particles and formed
a core-shell structure mainly through electrostatic interaction. The MtNS/SA composite showed very large latent
heat capacity (184.88 J/g) due to encapsulation of massive SA (> 85wt%). Besides, the composite PCMs also
displayed improved thermal transfer ability due to the combination of MtNS, which leads to outstanding thermal
charging/discharging rate and excellent photo-thermal conversion efficiency. It was also found that the thinner
the MtNS, the better the thermal conductivity and latent heat storage capacity. In addition, the MtNS/SA
composites show thermal and structural stability, no leakage occurred even under the encapsulation of the
thinnest MtNS shell. Also, the cycling performances of this composite PCMs are very outstanding owing to the
effective protection of MtNS shell. Hence, this non-leaking and green MtNS/SA composite PCMs with high-
performance heat storage properties can be applied in sustainable energy field.

1. Introduction

In recent years, green and pollution-free energy have attracted ex-
tensive interests due to energy crisis and environmental pollution [1].
Due to almost constant phase transition temperature and huge latent
heat storage density, phase change materials (PCMs) can store and re-
lease tremendous latent heat during phase change process [2]. Hence,
PCMs can provide a quick and facile way to solve the problems that
energy supply does not match the demand in time and space [3,4]. As a
result, PCMs has been strongly encouraged in recent decades and uti-
lization of PCMs in various fields has been investigated. For example, in
solar energy storage, PCMs can store inexhaustible and non-polluting

solar energy thus to decrease the building energy consumption required
for air conditioning, refrigeration, water heating and so on [5]. Besides,
PCMs have potentials in recovering and reusing industrial waste heat
which will contribute to low-carbon and free energy resource [6]. PCMs
also provide a proper operating temperature and good thermal man-
agement system for some electronic components such as Li-ion batteries
and photovoltaic cells [7–10]. In addition, PCMs can also played im-
portant role in smart textiles, medical application, thermo-regulating
fibers and so on [11–13]. Therefore, PCMs show great promises in
making full use of cleaner solar energy, saving energy, decreasing CO2

emissions and relieving the currently energy crisis.
However, PCMs generally suffer from leakage during the solid to
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liquid phase transition process, which seriously limits the large-scale
applications of PCMs [14]. In order to overcome the leakage problems,
some supporting materials have to be used to prepare shape-stabilized
phase change materials (ssPCMs) thus to prevent leakage during
melting. Clay minerals are natural abundant, inexpensive and pollu-
tion-free materials which has been widely used in building materials,
ceramics, papermaking, rubber and so on [15]. Besides, clay minerals
are generally characterized by considerable porous structure, excellent
absorbability and environmental friendly, which is considered as per-
fect supporting materials for synthesizing ssPCMs [16]. And various
clay based composite PCMs has been reported in large volumes. Hal-
loysite nanotubes are composed of multiple rolled layers consisting of
hollow cylinders with sub-micrometer dimensions, into which PCMs
can be easily encapsulated without leakage, the loading ratio of various
PCMs are in the range of 20.1%–42.3% [17]. Organic PCMs were ab-
sorbed into the interlayer of kaolinite thus to synthesize ssPCMs and the
maximum content of organic PCMs intercalated into kaolinite interlayer
was 48 wt% [18–20]. Besides, intercalation of n-hecadecane into the
interlayer structure of Na-montmorillonite has been prepared to show
latent heat of 126 J/g with the PCMs mass ration of 60% [21]. Sepiolite
supported stearic acid PCMs composite has also been designed with a
60% loading of PCMs and shows the thermal energy storage capacity of
118.7 J/g [22]. And diatomite with highly porous structure was used as
carriers for Poly-ethylene glycols (PEG) and the latent heat capacity is
111.3 J/g with maximum PEG loading of 63% [23]. Though all kinds of
clay-based composite PCMs has been developed, the thermal energy
storage capacity of these composite PCMs are a little low due to the
limited pore volume and limited loading ratio of PCMs.

Therefore, composite PCMs remain form-stability while present
high content of active PCM materials at the same time is desperately
needed before they can be largely applied in practical applications.
Thus a high-performance ssPCMs with high active PCM materials and
huge latent heat capacity have been attempted to developed in this
work. Considering that montmorillonite is a layered aluminosilicate
mineral and can be easy to exfoliated into two dimensional nanosheets
(MtNS) due to swelling property [24–26], using these MtNS to en-
capsulate PCM and prepare clay based microencapsulated PCMs may
greatly improve the active PCM content due to the ultra-thin shell
thickness. Actually, the microencapsulation technology has been al-
ready widely used in composite PCMs in order to minimize PCM
leakage [27]. However, the commonly used polymer shell materials had
poor thermal stability, and the mass ratio of core PCMs materials is
often not very high because a thick polymer shell is essential to effec-
tively prevent leakage [28]. Recently developed graphene and related
two-dimensional materials has also introduced into preparation of
ssPCMs [29,30]. And the graphene based composite PCMs shows very
good thermal storage properties, but the difficult exfoliation method
and the high price of graphene based materials seriously limited the
practical application of graphene based PCMs at large scale [31]. In
comparison, the Mt with abundant reserves and very low price can be
easily exfoliated into MtNS just through physical ultrasonic method
[32], the MtNS based composite PCMs with superior thermal storage
properties and low cost may show great promise in practical application
because clay mineral is very commonly used building materials and
other raw industrial materials originally.

In consequence, the purpose of this study is to introduce a facile way
to synthesize microcapsule PCMs by using MtNS to encapsulate SA, and
to solve the leakage, low content of active core materials, low thermal
conductivity and high cost problem at the same time. The influences of
MtNS shell thickness on latent heat capacity, thermal transfer ability
and stability property of MtNS/SA composite PCMs has been in-
vestigated. The MtNS/SA composite PCMs with dramatic thermal en-
ergy storage capacity, improved thermal transfer ability, outstanding
cycling performances, non-leaking and eco-friendly feature will show
enormous potential in solar thermal energy storage, waste industrial
thermal energy cycling and other sustainable energy fields.

2. Experiments

2.1. Materials

Natural montmorillonite (Mt) was used to prepare two dimensional
montmorillonite nanosheets (MtNS), which were applied as shell ma-
terials of microcapsule PCMs. Stearic acid (SA) were used as working
phase change materials. Hexadecyl trimethyl ammonium bromide
(CTAB) is a very commonly used cationic surfactant, which is used to
modify the negatively charged MtNS and to induce positive charge on
MtNS surface. As common anionic surfactants, sodium dodecyl sulfate
(SDS) were used to stabilize the SA latex particles and to enable the SA
latex particles negatively surface charge. All these reagents with ana-
lytical purity were purchased from Sinopharm Chemical Reagent
Company Limited in China.

2.2. Exfoliation of montmorillonite

The montmorillonite was exfoliated into nanosheets by ultrasonic as
well as shearing treatments, and the details were shown in previous
study [33]. Mt suspension was treated by a Vernon Hills Illinois CP505
ultrasonic dispersion instrument for 4min in order to exfoliate the Mt
layers, and different ultrasonic strength were chosen to exfoliate the
montmorillonite and produce montmorillonite nanosheets with dif-
ferent thickness. The MtNS exfoliated at 150W, 300W and 450W ul-
trasonic intensity were named MtNS-150, MtNS-300 and MtNS-450,
respectively.

2.3. Self-assemble of MtNS and SA latex particles

The MtNS/SA composite PCMs were designed to self-assemble
through electrostatic interactions. Thus the MtNS and SA latex particles
have to be modified to be oppositely charged at first. MtNS (1.5 g) and
CTAB (1.5 g) were dispersed in water (300mL) and formed the mod-
ified MtNS suspensions after being stirred for 1 h. While SA (15 g) and
SDS (1.5 g) were added to aqueous solution (100mL) and heated to
90 °C, after being stirred for 3 h and then cool down, the solution of SA
latex particles with negative surface charge could be prepared. Finally,
MtNS/CTAB suspension and SA/SDS suspension were mixed and being
stirred for 1 h, after which the MtNS/SA microcapsule PCMs would be
formed by way of self-assembly. These finally resulted MtNS/SA com-
posite PCMs were fully washed by ultrapure water and dried at 50 °C in
vacuum. In order to investigate the effect of MtNS thickness on the
thermal properties of MtNS/SA composite PCMs, MtNS with different
thickness (MtNS-150, MtNS-300 and MtNS-450) have been used to
prepare MtNS/SA composite PCMs with different shell thickness, and
the resulted composite PCMs were called MtNS-150/SA, MtNS-300 and
MtNS-450/SA, respectively.

2.4. Characterizations

Multimode 8 atomic force microscope (AFM) (Bruker, Germany)
were used to determine the thickness of MtNS exfoliated by different
ultrasonic intensity. The thickness of 250 exfoliated MtNS were ob-
tained to measure thickness distribution of MtNS. Zeta potential mea-
surements were carried out to determine the zeta potential of MtNS and
SA, thus to analyze interaction mechanism between MtNS and SA latex
particles [34]. Fourier transform infrared spectroscopy (FTIR) (Thermo
Nicolet, US) were performed to investigate the interaction between
MtNS and SA latex particles. Besides, scanning electronic microscope
(SEM) (Zeiss Uitra 55, Germany) were used to observe the morphology
of MtNS/SA composite PCMs. Differential scanning calorimeter (DSC)
(PE 8500, US) has been applied for the measurement of latent heat
capacity and phase change properties of MtNS/SA composite PCMs,
these DSC measurements were performed at a heating rate of 1 °C/min
ranged from 30 °C to 85 °C under N2 atmosphere. And TPS2500S
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thermal constant analyzer (Hot Disk, Sweden) has been used to de-
termine the thermal conductivity of MtNS/SA composite PCMs. As for
the cycle stability, the MtNS/SA composites were heated in oven (90 °C)
and then cooled in air to room temperature, the DSC measurements will
be performed for this sample after 50 times heating/cooling cycling.

3. Results and discussion

3.1. Exfoliation of montmorillonite

To characterize the exfoliation degree of Mt, AFM images of MtNS
have been captured to observe the thickness of MtNS. Fig. 1 gives the
AFM images of MtNS exfoliated with ultrasonic intensity of 300W and
shows that the thickness of MtNS are only several nanometers. These
observed nanosheets in the AFM image demonstrate the successful ex-
foliation of Mt and the successful preparation of MtNS. In order to re-
presentatively assess the exfoliation degree of Mt under different ul-
trasonic intensity, thickness of 250 montmorillonite nanosheets have
been determined to analyze the thickness distribution of MtNS. As
shown in Fig. 2, 8.7% of the MtNS-150 are in thickness of 1-2 nm when
exfoliated under 150W ultrasonic intensity (Fig. 2a), while it increases
to 56% when exfoliated under 450W ultrasonic intensity (Fig. 2c). It is
known that the thickness of Mt monolayer is around 1 nm, thus most of
Mt are being exfoliated into Mt monolayer under 450W ultrasonic
strength. Besides, the average thickness of MtNS are decreased with the
enhancement of ultrasonic intensity. Thus, the MtNS-450 exfoliated at
450W ultrasonic strength shows the thinnest thickness while the MtNS-
150 shows the relatively thicker thickness.

3.2. Self-assembly of MtNS and SA latex particle

The MtNS/SA composite PCMs were designed to self-assemble and
form a core-shell structure with MtNS shell and SA core. To verify this
hypothesis, SEM images of MtNS/SA composites has been obtained to
observe the morphology. As shown in Fig. 3a–b, the MtNS/SA compo-
site PCMs are in shape of globule with average size of around a dozen
microns. In addition, it is clearly to see that the SA particle are tightly
wrapped by the ultra-thin MtNS. These flake-like MtNS covered the SA
on the core surfaces turned out that the MtNS/SA composite PCMs are
microcapsule products with core-shell structure. These SEM images
have successfully demonstrated that SA latex particles are encapsulated
by montmorillonite nanosheets. Thus, a simple mixting of MtNS and SA
latex enable the self-assembly of MtNS on SA latex particles surface,
which provides an easy and fast way to prepare shape-stabilized

composite PCMs with core-shell structure. And the MtNS shell en-
capsulated on SA surface provides well-defined MtNS framework
wrapping SA latex particles inside, which contributes to stabilize the
shape of MtNS/SA composite PCMs and is beneficial to prevent leakage
during phase change process.

In order to investigate the self-assembly mechanism between MtNS

Fig. 1. AFM image of MtNS-300.

Fig. 2. Thickness distribution of MtNS-150 (a), MtNS-300 (b) and MtNS-450
(c).
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and SA, FTIR has been used to determine the interactions between
MtNS and SA. Fig. 4 shows the FTIR spectrograms of MtNS, SA and
MtNS/SA composite PCMs. In the FTIR spectrograms of Mt [25,35,36],
3624 cm−1 was due to the stretching vibration of –OH in Mt structure,
3442 cm−1 and 1641 cm−1 are considered as stretching and bending
vibrations of –OH in hydration water molecules. Besides, 1032 cm−1

and 464 cm−1 were attributed to the vibration of Si–O bonds, 519 cm−1

is caused by the bending stretching of Al–O–Si. With regard to SA [37],
the peaks at 2917 cm−1 and 2849 cm−1 are caused by the stretching
vibration of C–H, and the peaks at 1703 cm−1 and 1472 cm−1 are due
to the carboxylic acid stretching vibration (C=O) and symmetric car-
boxyl stretching vibration (COO-), respectively. Besides, 1298 cm−1

and 942 cm−1 belong to the bending vibration of –OH group while
719 cm−1 corresponds to the vibration of –CH2 group. In the spectra of
MtNS/SA composite PCMs, it is clear that the main absorption peaks at
719, 941, 1298, 1472, 1703, 2849 and 2917 cm−1 are similar to that of
pure SA while 464, 519 and 1032 cm−1 are belonging to the groups in
MtNS structure. Thus, the occurrences of both absorption bands from
SA and MtNS determined the successful combination of MtNS and SA.
In addition, no absorption bands shift suggests that SA and MtNS are
compound just through physical interactions.

For the sake of exploring the detailed combination mechanism, zeta
potentials of SA latex particles and modified MtNS has been measured,
as shown in Fig. 5. It should be noted that SA latex particles present a
very negative surface charge (−33.57mV) while the MtNS show very
positive surface charge. And the thinner the MtNS, the more positive
surface charge of the modified MtNS. Considering the opposite surface
charge of MtNS and SA latex particles, it is evident that there is very

strong electrostatic attraction between the negatively charged SA and
the positively charged MtNS. Thus, it can be concluded that the MtNS
and SA latex particles are self-assembled mainly through electrostatic
interactions. Compared with previous study, some other interactions
such as hydrogen bond interaction and hydrophobic attractions may
also exist between the MtNS and SA latex particles [38]. To sum up, the
strong electrostatic interactions, the possible hydrogen bond and hy-
drophobic attractions results in the self-assemble of MtNS and SA and
finally leads to formation of microcapsule composite PCMs with core-
shell structure.

Based on the above analysis, the synthetic process and micro-
structure of MtNS/SA composite PCMs has been schematically illu-
strated in Fig. 6. Mt has been exfoliated and modified to be a two-
dimensional montmorillonite nanosheet with positive surface charge,
while SA were stabilized and modified by SDS to form negatively
charged latex particles. After mixing, MtNS and SA latex particles
electrostatically self-assemble to form microcapsule PCMs. Hydrogen
bond interaction and hydrophobic attraction may also play an im-
portant role in the combination of MtNS and SA latex particles. The
MtNS provides the possibility to trap SA inside and prevents the leakage
effectively when SA were melted. Besides, MtNS shell materials with
thinner thickness was believed to greatly enhance the mass fraction of
SA core materials, thus to improve the latent heat storage. The thermal
storage properties of MtNS/SA composite PCMs as affected by the shell
thickness will be discussed in details in the next section.

3.3. Thermal energy storage capacity of MtNS/SA composite PCMs

Latent heat capacity is a very important index to evaluate the
thermal property of composite PCMs [39], thus the DSC has been

Fig. 3. SEM image of MtNS-300/SA composite PCMs.

Fig. 4. FTIR spectrograms of MtNS, SA and MtNS/SA composite PCMs.

Fig. 5. Zeta potential of SA/SDS and MtNS/CTAB.

H. Yi, et al. Solar Energy Materials and Solar Cells 200 (2019) 109935

4



measured to characterize the thermal energy storage property of MtNS/
SA composite PCMs prepared in this work. Fig. 7 gives the DSC curves
of pure SA and MtNS/SA composite PCMs. It is shown that the pure SA
presents a latent heat capacity of 208.0 J/g, while the latent heat ca-
pacity of MtNS-450/SA, MtNS-300/SA and MtNS-150/SA are 184.88 J/
g, 163.69 J/g and 151.83 J/g, respectively. MtNS occupy part of the
volume of the composite PCMs, which leads to the decrease of thermal
storage capacity of composite PCMs compared to pure PCM. As a result,
the thinner thickness of the MtNS shell, the larger loading of SA and the
larger the latent heat of composite PCMs. As can be calculated, the mass
fraction of SA in MtNS-450/SA composite PCM is 88.88% according to
Eq. (1), which are far larger than that of the two other composite PCMs
(78.70% and 73.00%). Therefore, MtNS with thinner thickness will
contribute to decrease the shell volume and increase the mass fraction
of SA PCM, which leads to a relatively high latent heat capacity of
MtNS/SA composite PCMs. It is noted that the MtNS/SA composite
PCMs showed more serious supercooling phenomenon, which may be
caused by the interface thermal resistance between the montmorillonite
nanosheet and the stearic acid [40,41].

= ×η
H

H
Δ

Δ
100%MtNS SA

SA

/

(1)

where η is the weight fraction of SA in the MtNS/SA PCM composites,
HΔ MtNS SA/ is the latent heat of MtNS/SA composite PCMs and the HΔ SA

is the latent heat of pure SA.
In order to quantitatively express the excellent latent heat perfor-

mance of MtNS/SA composite PCMs, some previous research on clay
minerals based ssPCMs have been cited and comparatively analyzed.
Various clay minerals based composite PCMs with relatively high load
capacity of pure PCM has been listed in Table 1, it is obvious that
MtNS/SA composite prepared in this work has significant advantages in

the PCM loading capacity due to the ultra-thin shell. Commonly used
clay minerals shows the maximum loading ratio of 66.1 while MtNS can
load 88.88% of SA at most in this study. A huge improvement of the
mass fraction of PCM will beneficial to greatly improve the latent heat
capacity, which significantly contributes to the enhancement of thermal
energy storage properties.

3.4. Thermal conductivity of MtNS/SA composite PCMS

PCMs have huge promising as advanced thermal energy storage
technique if the thermal transfer ability is good enough, which de-
termines the thermal charging/discharging rate [47]. Herein, thermal
conductivity has also been measured to assess the heat transfer rate of
the MtNS/SA. Fig. 8 shows the thermal conductivity of SA, MtNS with
different thickness and MtNS/SA composite PCMs prepared by MtNS
with different thickness. It is shown that the thermal conductivity of SA
is very low (0.20W/mK), while the thermal conductivity of MtNS is
relatively high compared with that of SA. Besides, the thermal con-
ductivity of MtNS are increasing with the decrease of thickness. It is
clearly to see that the thermal conductivity of MtNS-150 is 0.35W/mK
while that value of MtNS-450 is 0.46W/mK. Thus the MtNS with

Fig. 6. Preparation process and self-assembly mechanisms of MtNS/SA composite PCMs.

Fig. 7. DSC curves of pure SA and MtNS/SA composite PCMs.

Table 1
Latent heat of MtNS/SA and previous reported clay/SA ssPCMs.

Clay based composite PCMs Mass fraction of PCM (%) References

Perlite based composite PCMs 60.0 [42]
Sepiolite based composite PCMs 60.0 [22]
Vermiculite based composite PCMs 66.1 [43,44]
Kaolinite based composite PCMs 44.95 [19]
Diatomite based composite PCMs 63.0 [23,45]
Montmorillonite based composite PCMs 60 [21,46]
MtNS/SA 88.88 This work

Fig. 8. Thermal conductivity of MtNS, SA and MtNS/SA composite PCMs.
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thinner thickness and relatively higher thermal conductivity can con-
tribute to the improvement of thermal conductivity of MtNS/SA com-
posite PCMs. As expected, the MtNS/SA prepared by much thinner
MtNS shows a much higher thermal conductivity (0.29W/mK), this
value presents a huge improvement in thermal conductivity compared
with that of pure SA (0.20W/mK). In conclusions, MtNS with much
thinner thickness not only contribute to a larger latent heat capacity,
but also do good to the enhancement of heat transfer rate of composite
PCMs.

3.5. Photo-thermal conversion performances of MtNS/SA composite PCMS

Solar energy conversion to thermal energy is one of the most effi-
cient methods to take advantage of the most abundant renewable solar
energy [48]. However, the low thermal conductivity and low photo-
thermal conversion efficiency are major drawbacks. Due to the com-
bination of MtNS with improved thermal transfer ability, the solar en-
ergy to thermal energy conversion are supposed to be promoted greatly
due to the significant enhancement of thermal transfer ability. As
shown in Fig. 9, the temperature of pure SA only increase to 41.9 °C
from 28.5 °C under solar radiation for 5min, which suggests the bad
thermal transfer ability of SA and the poor photo-thermal conversion
efficiency. After combination of MtNS, the thermal transfer ability has
been greatly promoted. Only irradiate for 3min, temperature of MtNS/
SA composite PCMs increase to 59.9 °C, 61.1 °C and 62.1 °C, indicating
the rapid thermal transfer ability of composite PCMs. After 3min solar
radiation, the temperatures of composite PCMs are close to the phase
change temperature, and PCMs will undergo solid-liquid phase change
and store massive thermal energy in this case. Thus, it is reasonable that
the temperature increase of composite PCMs become slow after 3min
sun radiation. Compare to the pure SA, all the composite PCMs shows
much faster thermal transfer ability, leading the MtNS/SA composite
PCMs to excellent photo-thermal conversion performances. Besides, the
rapid temperature increase of composite PCMs turns out the fast
thermal charging rate, which enables this composite PCMs the direct
solar energy storage and utilization.

3.6. Shape stability of MtNS/SA composite PCMs

Structure and thermal stability test has been carried out in this
section, and Fig. 10 gives the photographs of SA and MtNS/SA com-
posite PCMs on a hot plate at 85 °C. From these photographs, it is ob-
vious that the SA melt to liquid quickly when the temperature exceeds
the melting point. On the other hand, the SA encapsulated by MtNS

maintains a very stable shape even the temperature is far higher than
the melting point of SA (∼70 °C). That no leakage occurred demon-
strated all the MtNS/SA composite PCMs, no matter encapsulated by a
thinner or a thicker shell, are shape-stabilized. The thermal stable MtNS
shell retain the shape of MtNS/SA composite PCMs even SA were
melted. Besides, the MtNS provides a framework to prevent the leakage
of melted SA. This simple heating test suggests that MtNS is an excellent
shell material to encapsulate the PCM thus to keep the shape and pre-
vent the leakage of composite PCMs. In summary, the MtNS/SA com-
posite PCMs with MtNS shell and SA core is form-stabilized, because the
MtNS trapped SA inside effectively thus to prevent SA from leakage
when melted.

3.7. Cycling performance of MtNS/SA composite PCMs

Stable heating/cooling cycling performances of composite PCMs are
also a key issue when put into real applications [49]. Fig. 11 shows the
DSC curves of MtNS/SA composite PCMs before and after 50 heating/
cooling cycles. The latent heat capacity of MtNS-300/SA before and
after heat/cooling cycles is 166.21 J/g and 165.12 J/g, respectively.
The phase change temperature of MtNS-300/SA composite PCMs is
69.36 °C and 69.51 °C, respectively. Only very slight changes of the
thermal storage capacity and phase change temperature has occurred,
which suggests that this composite PCMs shows excellent cycling per-
formances in the charging/discharging tests. These negligible phase
change properties after 50 times cycling almost have no influences on
the practical application of MtNS/SA. Thus MtNS/SA composite dis-
plays a stable cycling performance, which also demonstrates the shape
stability of MtNS/SA composite PCMs.

To sum up, Mt are natural clay minerals with abundant reserves and
very low prices. Besides, Mt can be easily exfoliated into MtNS just by
ultrasonication due to the swelling property. Through modification, the
MtNS and SA latex particles self-assemble to form microcapsule PCMs
with a core-shell structure under the electrostatic interactions, hy-
drogen bond interaction and hydrophobic attraction may also work in
this process. MtNS/SA displays relatively high thermal conductivity,
ultra-high thermal storage capacity, outstanding photo-thermal con-
version performances, perfect cycling performances and excellent shape
stability, which enables this composite PCMs significant potential in
solar thermal energy storage, building energy cycle, industrial waste
heat recovering and other renewable energy utilization.

Fig. 9. Infrared camera images of SA and MtNS/SA composite PCMs under sun simulator.
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4. Conclusions

(1) Two-dimensional montmorillonite nanosheets are excellent sup-
porting materials for preparing shape-stabilized phase change ma-
terials due to excellent thermal properties and very low price.

(2) The thinner the thickness of the MtNS, the more negative surface
charge of MtNS after surface modification, and the stronger elec-
trostatic interaction in the self-assembly of MtNS and SA.

(3) The thinner the thickness of MtNS, the larger SA mass ratio in the
MtNS/SA composite PCMs and the larger latent heat capacity.

(4) The thermal transfer ability of MtNS/SA composite PCMs are in-
creasing with the decrease of the MtNS thickness.

(5) MtNS/SA composite PCMs show excellent photo-thermal conver-
sion efficiency and dramatic thermal charging/discharging rate.

(6) MtNS/SA composite PCMs prepared by the thinnest MtNS still
shows outstanding shape stability and perfect cycling perfor-
mances.

(7) The MtNS/SA composite shows huge potential in sustainable en-
ergy field due to the ultra-high latent heat capacity, perfect shape
stability and superior cycling performances.
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