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1. Introduction

The discovery of phase change material (PCM) starts from the early 1900s in the work of Alan
Tower Waterman of Yale University [1]. While studying thermionic emission of certain hot
salts, Waterman noted some peculiarities in the conductivity of molybdenite (MoS,). It was
found that the conductivity of the chalcogenide can be altered progressively.

Phase change material or latent heat storage material is the most efficient used method to
store thermal energy. Energy per unit mass is stored during phase changes from solid to
liquid, and released during freezing at a constant temperature. The energy absorbed by the
material allows increasing the vibrational energy states of the constituent atoms or molecules
[2]. During melting, the atomic bonds loosen and consequently the material changes its state
from solid to liquid. However, during solidification, the material transfers energy and, conse-
quently, the molecules lose energy and order themselves in solid state.

There are several types of phase change material available, but the there are three main types:
organic (paraffin and nonparaffin), inorganic (salt hydrates and metallic alloys), and eutectic
(mixture of two or more PCM components: organic, inorganic, and both).

In the last decades, the researchers place emphasis on phase change material in which heat
storage is carried out due to latent heat of fusion [3]. Application such PCM allows to lower
the volume of heat storage units (HSUs), essentially. Low-temperature PCM became objects
of prime investigations. However, the limited reserves of fossil fuel, the increase in green-
house gas emissions, and the rapid growth of energy consumption have shed the light on
the importance of effectively utilizing energy. For these reasons, the development of new
sources of energy has been the focus of several researches. The use of phase change material
for thermal energy storage provides a suitable solution, cheap and efficient energy storage,
for improving the performance of energy systems and therefore reducing peak demand and
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energy consumption. Thermal energy storage (TES) includes latent heat storage and thermo-
chemical heat storage. Sensible heat storage requires large volumes because of its low energy
density and requires proper design to discharge thermal energy. Hence, latent heat storage
systems are low coast and easier to work than those thermochemical heat storage systems.

In this context, PCM-based cooling is a very attractive process of thermal control, considering
the advantages of the PCM, such as high latent heat storage capacity, small volume change in
the phase transformation, high specific heat capacity to provide additional sensible heat stor-
age, chemical stability and no degradation for large number of cycles, phase transition occurs
within the desired operating temperature range of the system high nucleation rate to avoid
supercooling of the liquid phase, high thermal conductivity to assist the absorption and release
of energy in the storage system, high density, noncorrosiveness, nonflammable, nontoxicity,
relatively low cost, and high availability [4-6]. On the other hand, different solutions were then
developed to improve the heat transfer in PCM-based thermal control units (TCUs), all related
to the insertion of conducting paths or materials in the heat storage volume such as metal matri-
ces or foams, micro- and nanosized metal and metal oxide fillers, discrete elements such as pins
and fins, graphite, carbon nanotubes or fibers, and exfoliated graphite or graphene [7, 8].

2. Applications of PCM

The application of PCM has grown incrementally in various industries, such as the solar
cooling and solar power plants [9], photovoltaic electricity systems [10], electronic industry
[11], waste heat recovery systems [12], solar dryers in agricultural industry [13], domestic
hot water [14], pharmaceutical products and preservation of food [15], and space industry
[16]. Apart from the preceding utilizations, PCM improves energy performance and thermal
comfort in buildings [17]. Therefore, PCM applications could be a powerful tool in designing
net zero energy buildings [18]. PCM must be put in specific containers that depend on the
thermal storage application [19]. The content of PCM depends on the specific thermal storage
application. For example, in the case of building integrated latent heat storage, PCM can be
contained in a porous matrix (wood, concrete, plasterboard, etc.).

The aim of this book is to assist the scientists and to provide the reader with a comprehen-
sive overview of the properties of phase change material with a focus on their technological
applications. The phase change characteristics by various investigators are reviewed with the
applications of the phase change characteristics in information storage applications. The pres-
ent status and future perspectives of phase change material are discussed.
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