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Abstract: Phase change materials (PCM) can bridge the gap between heat supply and demand in time and space,
and are widely used in heat storage and thermal management systems. However, a single PCM has defects such as
easy leakage, volume change, phase separation and corrosion. Therefore, microencapsulated PCM to prepare
microencapsulated composite phase change materials (MEPCM) by microencapsulated technology and enhanced
by different nano-fillers can not only effectively overcome the above defects, but also improve its thermal perform-
ance and operational stability. This paper first introduces the selection principle of the core material and shell of
MEPCM, the composition and preparation strategy of MEPCM, focuses on the influence of nano-fillers of different

dimensions on the thermal properties of MEPCM, and summarizes the application of MEPCM in the fields of
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construction, textiles and thermal management. The future research directions and challenges of nano-fillers in

rational design and construction of high-performance MEPCM are also discussed.

Keywords: phase change materials; microcapsules; thermal energy storage; nano-filler; thermal properties
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Table 1 Advantages and disadvantages of different types of shell materials"*
Common shell material Advantage Disadvantage
Organic shell
Melamine-f ldehyde (MF) resi Good struct tabili
elamine-formaldehyde ( . ) resin ooc strue ur'e's ablity Poor chemical and thermal stabilities
Urea-formaldehyde (UF) resin Superb durability after many thermal cycles Low thermal conductivi
Poly(urea-urethane) (PUU) Excellent UV stability Toxici ty
Polyurea (PU) Non-toxicity, easily handle v .
. . . . Flammability
Acrylic resins Exceptional mechanical strength .
. Poor thermal stability
Inorganic shell
Silica (SiO,) Better utilization than organic shell -
I, . e Low long-term stability
Titania (TiO,) Exceptional thermal stability )
i ; . Brittle
Calcium carbonate (CaCO3) High thermal conductivity .
X K K i A X X . Easy to fracture leading to the leakage
Zinc oxide (ZnO) High corrosion resistance, multifunctionality Hich cost
Alumina (AL,05) Good thermal conductivity, low cost 8 X
. . . . Easy to fracture leading to the leakage
Organic and inorganic hybrid shell
Silver nanopar.ticle? in orgaflic shell Outstan('iing thermal conductivity Inorganic additives are easy to detach
Iron nanoparticles in organic shell Mechanical strength
s o . . e from the surface
Silicon nitride in organic shell Chemical stability

2 BBTEMEEERTME (PCM) it H &M EE SHETME (MEPCM) THEEXTLE
Table 2 Performance comparison of microcapsule composite phase change material (MEPCM) prepared by encapsulating
phase change materials (PCM) core with typical shell materials

Shell type Shell material Core material Encapsulation method Enthalpy/(J-g™") irize/lgnsulanon Ref

MF Lauryl alcohol In-situ polymerization 79.5 91.2 [16]

Organic shells MUF Paraffins In-situ p'olymerizat%on ' 134.3 77.1 [17]

PU Methyl laurate Interfacial polymerization 136.2 — [18]

PMMA Stearic acid Emulsion polymerization 102 52.2 [19]

Si0, Polyethylene glycol In-situ polymerization 130 80 [20]

. TiO, N-eicosane Interfacial polymerization 188.27 [21]
Inorganic shells . . o

CaCOq Paraffins Emulsion polymerization 171.9 56.6 [22]

Zn0/Si0, N-docosane Interfacial polymerization 139 [23]

ME-SiO, N-octadecane Emulsion polymerization 167.1 — [24]

Organic-inorganic hybrid PMMA-BN/TiO, Paraffins Emulsion polymerization 124.4 72.1 [25]

PUA-TiO, N-octadecane Interfacial polymerization 181.1 77.3 [26]

Notes: MUF—Melamine urea formaldehyde; PMMA —Polymethylmethacrylate; PUA—Polyurethane acrylate; BN—Boron nitride.
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! O TiC | —
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PMMA—Polymethylmethacrylate; MMA—Methyl methacrylate;
KH570—Silane coupling agent G-570

K6 RE-Si0,/TiC A4 LT HUB R % T 2R R
Fig.6 Schematic fabrication process of micro-capsules

with a polymer-SiO,/TiC hybrid shell*?
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Table 3 Advantages and disadvantages of the four chemical methods

Technique Advantage Disadvantage

In-situ Complex operation; Harmful for the
L. High encapsulation efficiency; Stable shape; Uniform coating . P p

polymerization environment

Interfacial The monomer is required to have a high
l, X High reaction speed; Simple operation; Low permeability . qu . v '8

polymerization reactivity; Harmful for the environment

Suspension High energy; Consumption; Expensive;

P L Environmentally; Friendly; Facile reaction; High packaging rate 5 8y . i P P

polymerization Not used for inorganic PCMs

Emulsiot.l . St.able; High packaging rate; High preparation efficiency; Environmentally Complicated; Expensive

polymerization friendly

3.3 B LFEFE
Yy EAL 2R aE A T W B B Ak 2 T B i

T o BRI I - B e v 2 il % MEPCM ¢
FH B A
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Fig.7 Process of coacervation®!
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Fig. 8 Preparation scheme of sol-gel method
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Table4 Advantages and disadvantages of physical method, chemical method and physical-chemical method

Technique Advantage Disadvantage
The size and shape of microcapsules are difficult to
The preparation process is simple, easy to operate, and the control, which affects the performance stability of the
Physical method cost is low; No chemical reagents are needed, and it is material; It is difficult to achieve functional modification of
environmentally friendly. the microcapsule wall, which limits the application scope
of the material.
The size, shape and wall material of microcapsules can be
precisely controlled to improve the stability and The preparation process is complex, requires the use of
Chemical performance of the material; The functional modification ~ chemical reagents, and requires high operating
method of the microcapsule wall can be achieved through techniques; Some chemical reagents may cause pollution
chemical reactions, expanding the application fields of the to the environment and need to be handled with caution.
material.
Combining the advantages of physical methods and The preparation process is relatively complex, requiring
Physical- chemical methods, the shortcomings of each can be comprehensive consideration of physical and chemical
chemical overcome to a certain extent; The size control of factors, and high operational technical requirements;
method microcapsules and the functional modification of wall Appropriate process conditions need to be carefully

materials can be taken into account during the preparation

process.

selected to ensure the performance stability of
microcapsule composite phase change materials.
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Fig.9 Schematic preparation of the paraffin@MF/graphite MEPCMs'®"
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Fig. 10 Fabrication process of binary-core phase-change microcapsules materials (BCMPCMs) with grafting of carbon nanotubes

with octadecyl isocyanate (OI-CNTs)™!
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Fig. 11 (a) Synthesis of Cu,0-Cu-MWCNTs/paraffin (PW) composites; (b) SEM image of Cu,0-Cu-MWCNTs composite; (c) Dependence of the thermal
conductivity of pure PW, MWCNTs/PW and Cu,0-Cu-MWCNTs/PW composites on the temperature; (d) Schematic fabrication of MEPCMs with PW core
and PMMA/BN/TiO, hybrid shell; (e¢) SEM image of MEPCMs prepared with PMMA/BN/TiO, shell; (f) Thermal conductivity of pure PW and MEPCMs

with different dosages of BN/TiO, hybrid nanoparticles'**")
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