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Abstract 

Phase change materials (PCMs) play a valuable part in thermal management solutions. 

The immense benefits of PCMs towards energy savings have increased its market demand 

in all developing and developed economies. Emerging progress in the properties of PCMs 

can overcome numerous limitations of conventional heat storage systems, such as low 

thermal conductivity, thermal stability, only energy changing model, etc. The combination 

of the composite material with Micro-Encapsulated Phase Change Materials (MEPCM) was 

utilised by employing a low-cost, small-scale procedure to exploit the better thermal 

transport features of the hybridized PCMs. Composite and microencapsulated PCMs offer 

high thermal conductivity, thermal stability and avoid leakages during phase transition due 

to their high latent heat storage properties. Shape-stabilized composite PCMs have been 

showcasing admirable thermal performance and effective encapsulation for Thermal Energy 

Storage (TES) applications. Many research articles have been published on evaluating 

different TES systems. This review aims to serve as a consistent, reliable, and helpful 

reference for future research on eco-friendly and energy-efficient TES containing PCMs.  
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1. INTRODUCTION 

The increase in temperature has a detrimental effect on the routine activities on earth, 

and in some cases, due to the drop of the average temperature, there is a huge need for 

supplemental energy. In order to compensate for the fluctuating temperatures and stabilize the 

condition for specific applications, a high volume of investment is also required [1]. 
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The PCM is a good energy packing material to achieve obtainable heat energy that is 

kept or available in excess. These TES methods are eco-friendly, and their capacity to store heat 

and the extensive use of temperature-controlled packing in industries such as bio-medical, 

pharmaceuticals, and food and beverage are encouraging their implementation [2]. TES is a simple 

yet effective way to decrease energy consumption and optimise its utilization. In recent years, 

PCMs have found application in many industries such as solar dryers in agricultural 

industries, electronic industries, solar cooling, solar power plant, photovoltaic electricity 

generation system, waste heat recovery systems, domestic hot water, and building 

envelopes. [3]. Most of the studies focused on the upper volumetric TES capabilities with 

minimal consideration given to the semi-permanent escape features. In the indirect 

incorporation method, a leakage problem may occur, and the PCM would be incompatible 

with PU [4].  

This article provides a detailed review of composite PCM from the outlook of synthesis 

procedures, microencapsulation of PCM, thermal stability, and thermal conductivity. Thus, 

this review can benefit new research by highlighting the limitations, challenges, and gap that 

needs to be bridged. The review paves the way for expanding the prospects and applications 

of composite PCMs.  

 

Fig 1.1: Thermal Energy storage stages [5]. 

2. Phase Change Materials 

2.1. Composite PCMs 

PCMs are incapable of efficiently storing and releasing thermal energy. 

Providentially, composite PCMs comprising photothermal materials can respond 

rapidly to light and actively meet the necessities in an exact environment [6]. In 

polyurethane foam, the TES capacity is improved by integrating a fatty acid ester-based 

PCM for latent heat storage. The PU– PCM composite material improved heat 

absorption capacity by 34% compared to the PU rigid foam. The composite materials 

demonstrated the buffering function in the case of temperature variations by improving 

the heat sinks. The PU- PCM composite rises in density and thermal conductivity [7]. 

2.2. Microencapsulated PCMs 

Microencapsulation is a method used to present a core material as PCM (energy- 

storage) and a shell material as organic or inorganic polymers. It retains the thermo- 
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mechanical performance, avoids PCM from leakages, improves the protection from the 

environment, and it widens the surface area for heat transfer. The heat transfer features 

of the MEPCM will be affected by the encapsulation ratio. It specifies the efficiency of 

the PCM inside the shell, and it is calculated by following relation [8]. 

E.R. =
(𝛥𝐻)𝑚𝑝𝑐𝑚

(∆𝐻)𝑝𝑐𝑚
 × 100                                                                                                            (1) 

where (𝛥𝐻)𝑚𝑝𝑐𝑚 and (∆𝐻)𝑝𝑐𝑚 is the latent heat of the MEPCM and the PCM 

respectively. The encapsulation will depend upon the shell material width, wherein the 

encapsulation ratio lowers for thicker shell material [9]. Various methods of 

microencapsulation have been developed and well evaluated by researchers. Regarding 

the low thermal conductivity of PCMs, several matrices, such as compacted graphite 

matrix, thin aluminum sheets, honeycomb-like shapes, have been used with low thermal 

conducting paraffin to improve the thermal conductivity [10].  

2.3. Thermal energy storage (TES) 

The effective utilization of both organic and inorganic PCMs as TES is influenced 

by the thermal conductivity which describes these materials. The phase transition of 

PCM is crucial in latent heat energy storage by solid-liquid transition. In the phase 

change composite material, the energy stored/ liberated is dependent on the molecular 

interaction. The energy is released by the response between moisture and dehydrated 

salt [11]. 

The energy storage density of SHS material, like rock, is concerning 5, or 7 times 

fewer than the storage density of paraffin or sodium sulfate decahydrate PCM. During 

the heating process, the PCM will absorb energy, and when the surrounding temperature 

lowers, the PCM will release energy in the form of solid-liquid phase change, wherein 

latent heat storage is the most effective method for TES. Coconut coir fiber reinforced 

PCM composite material was used in making envelopes, which can also be used as a 

TES material. Henceforth, the addition of carbon fibers to these systems demonstrates 

a combined effect on improving the heat transfer abilities [12]. 

2.4.   Thermal conductivity of PCMs 

The solid state PCM have the low thermal conductivity when compared to PCM 

and MEPCM foam composite material. The degree of positioning of the MEPCM in the 

foam matrix and the improper spreading of PCM to the foam matrix will affect the heat 

transfer rate. Conductive particles are joined to bridge the gap for the discontinuous heat 

flow path. The chemical belongings of the PCM are not affected when supportive 

materials are added, they offer a ceaseless design with a decent way for-heat transfer 

[13]. The G foam composite with P-wax is ascribed to high thermal conductivity of the 

G- foam matrix which permit the rapid heat transfer throughout P-wax. In the solid 

phase the thermal conductivity is somewhat decreases with increasing temperature. 
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Addition of EG to the CPCM was significantly improved the thermal conductivity when 

the EG content is higher. The inorganic PCM, calcium chloride hexahydrate was 

encapsulated with EG to attain 14 times higher the thermal conductivity [14]. 

Thermal properties of CPCM determined by impregnation method 

S. 

No 
PCM 

Melting 

temperatur

e (0C) 

Freezing 

temperatur

e (0C) 

Enthalpy 

(kJ/kg) 

Thermal 

conductivity 

(Wm-1 K-1) 

Application Ref. 

1. 
Polyethylene 

glycol 
60.4 37.9 164.9 - 

Energy 

storage 
1 

2. 
Polyethylene 

glycol 
57.5 34.8 142.6 0.45 TES 3 

3. 
Polyethylene 

glycol 
63.5 34.7 160.7 0.79 

Microelectro

nic device 
4 

4. 
Polyethylene 

glycol 
60.2 41.6 136.8 4.764 

Energy 

conversion 

and storage 

6 

5. Paraffin 36.4 35.5 157.4 - TES 8 

Table 2.1 Thermal properties of CPCM 

2.5. Thermal stability of PCM  
The thermal stability accounts for the strength, leak resistance, and thermal 

degradation of the PCM. These characteristics determine the nature of application of 

thermal energy-storage systems made of composite PCMs.  Paraffin is the most familiar 

PCM used to reduce temperature variations in various applications. They are utilized in 

applications that require non-corrosive systems, wherein small volume variations in the 

phase change process are handled with good thermal stability. The thermal stability of 

diatomite/ paraffin exhibited steadiness up to 95°C. Composite PCMs generally have 

good thermal stability [15]. 

3. Recent applications and advancements of CPCM 

The CPCMs are also used in some high technology fields like Aeronautics Space 

Administration, and smart drug delivery. In the medical field, CPCMs like 1-

tetradecanol are filled into hollow mesoporous CuS2 by impregnation and are used to 

eliminate the tumor and multimodal cancer treatments. In the building application, the 

shape stabilized PCM with supporting materials can be used, and it is utilized in the 

different parts like interior and exterior walls, ceiling, roof, and floor [16]. 
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4. Conclusion 

To conclude, a brief review has been showed on the thermal features of recently 

explored composite PCM directed on the thermal attributes of composite PCMs. As of 

now, different investigations have been conducted to synthesis shape-stabilized 

organic composite PCMs. The synthesized PCMs, their performance, design, and 

overall system have been observed to provide a several useful applications.  

In the composite PCM the thermal physical characteristics like thermal stability, 

thermal conductivity is suitable for integrated TES material. The addition of composite 

PCM is the incorporation of composites in porous material to prevent leakages during 

the phase transformation. Thermal characterization of the composites revealed that the 

temperature of melting and freezing point of the composite was not affected with 

properties of the incorporated material, but had a negative effect on the latent heat 

storage capacity in all cases.  
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