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Abstract

Environmental concerns and the scarcity of fossil fuels led to the rapid development of rechargeable battery technologies.
It has been proven that the performance of lithium-ion batteries is susceptible to temperature, and temperature
significantly affects the capacity and power of batteries. Therefore, building battery thermal management systems is
necessary to ensure the battery operates at safe temperatures. Utilizing PCMs in lithium-ion batteries' thermal
management systems can be an exciting option, and several researchers have investigated them. In order to achieve
widespread utilization of PCM-based BTMS systems, problems related to the poor thermal conductivity of PCMs must
be addressed. Many studies are available in this field which proposed different types of metal fins (pinned fins, circular
fins, triangular fins, and longitudinal fins), metal-based foams (nickel, copper, and aluminum foams), metal-based
meshes, and carbon-based nanomaterials to solve issues related to the poor thermal conductivity of PCMs. Some
researchers proposed composite nanomaterials prepared using carbon, like expanded graphite, carbon nanotubes, and
carbon fiber. In this article, recent developments and new methods of temperature control and performance optimization

of lithium-ion batteries have been reviewed.
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1. Introduction

Environmental concerns and the scarcity of fossil fuels
have recently led to the rapid development of
rechargeable battery technologies. Lithium batteries are
considered one of the primary sources of electricity
storage due to their high reliability, large capacity, and
no memory effect problem [1-3]. It has been proven that
the performance of lithium-ion batteries is susceptible
to temperature, which also significantly affects the
battery's capacity and power [4]. The narrowing of
electronic devices, such as smartphones, has caused
there to be little space around the batteries of these
devices, and this causes that when using batteries due
to the lack of proper ventilation, the temperature of the
internal components of the battery will increase
sharply, the suitable working temperature range for
batteries is 20 to 45 degrees Celsius [5-7]. Therefore,
building battery thermal management systems (BTMS)
is necessary to ensure the battery operates at safe
temperatures [8]. Many efforts have been made to
develop efficient BTMSs, which can be divided into
two active and passive methods [9]. In passive
methods, the BTMS system operates without external
energy consumption, which makes this method
interesting as a heat control method [10, 11]. One of the

most effective passive methods is using phase change
materials (PCMs). Internal and external management
systems can control heat generation in lithium-ion
batteries. Heat generation can be internally controlled
using different measures, like using internal battery
components consisting of anodes and cathodes made of
different materials or implementing electrodes with
different thicknesses. Heat generation management
through external measures consists of cooling systems
which utilize airflow, two-phase cooling rings, cooling
circuits, and PCMs to improve the dissipation of heat
generated inside battery cells. Using external heat
management technologies in BTMS is more effective
and, as a result, more prevalent. PCMs can store or
dissipate heat in such systems thanks to their high latent
heat [12].

2. Lithium-ion batteries

Lithium-ion cells are devices that store energy
electrochemically using chemical reactions. Lithium-
ion batteries harness the movement of Li* ions from the
anode to the cathode or reverse to induce the movement
of electrons. Lithium-ion batteries are one of the
essential sources of electrical energy for electronic
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devices due to their features, such as being powerful
and having exceptional life cycles compared to other
batteries.

2.1. Complications and dangers of heat
generation in batteries

High temperature destroys the internal components of
batteries. Keeping the battery at temperatures higher
than 40 degrees Celsius strongly affects the life of the
battery. This issue reduces the battery's energy storage
capacity. Another concern is the chemical instability of
the electrolytes generally used in lithium-ion batteries
in the battery's anode. Charging a new battery cell
induces irreversible reactions inside the electrolyte.
Such reactions induce the formation of a thin layer of
metallic lithium, alkyl carbonate, polymers, and
gaseous products on the anode creating hazards [13].
Solid  electrolytes  in  lithium-ion  batteries
exothermically decompose at temperatures higher than
85 °C. At temperatures higher than 110 °C, the
protective coating of the electrodes decomposes,
leading to the corrosion of electrodes by the electrolyte,
producing inorganic carbonates, significantly reducing
the maximum capacity and power of cells. Violent
decomposition reactions occur inside the battery at 200
°C producing combustible gas products and creating
fire hazards [14].

3. Using PCM nanocomposites for heat
dissipation in batteries

Utilizing PCMs in lithium-ion batteries' thermal
management systems can be an exciting option, and
several researchers have investigated them. Thermal
energy can be stored using latent heat, reversible
chemical reactions, and sensible heat [15-17]. Latent
heat can be used to store considerable amounts of
thermal energy. PCMs store the thermal energy as
latent heat of fusion during the melting process. Due to
the favorable properties of PCMs, like having high
latent and specific heats, small changes in volume
during phase change, high chemical stability, and being
lightweight, non-toxic, and non-corrosive, they are
used in thermal management or energy storage
applications. Also, PCMs are widely used in such
applications due to solidification without supercooling,
favorable phase change temperature (PCT), and being
readily and cheaply [18-21]. Despite the advantages of
using PCMs, some limiting factors adversely affect
PCM-based BTMS, including the low thermal
conductivity of PCMs, the difficulty of preventing
leakage of molten PCMs, and the safe disposal of
PCMs after the end of their useful life [12]. In recent
years, the use of PCMs in BTMS systems of electric
vehicles has been heavily studied. Utilizing such
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systems in electric vehicles aims to ensure the safety
and stability of the batteries during charging and
discharging cycles.

4. Types of PCMs and essential parameters
in choosing PCMs in BTMS systems

Phase change materials can be divided into solid-liquid,
liquid-gas, solid-gas, and solid-solid based on the phase
change they perform. Solid-liquid PCMs are classified
into organic, inorganic, and eutectic materials. PCMs
based on organic materials are classified into paraffinic
and non-paraffinic materials. The classification of
different types of PCMs is presented in Figure 1 [12].

Fatty acids

< Paraffin materials
Non-paraffin materials Esters

Salts Alcohols

Metals or alloys

Molten salts
Organic matter - organic
matter

Inorganic matter -
organic matter

Inorganic matter -
inorganic matter

Figure 1. Classification of PCMs [12].

5. Methods of increasing heat transfer in
PCMs

In order to achieve widespread utilization of PCM-
based BTMS systems, problems related to the poor
thermal conductivity of PCMs must be addressed.
Many studies are available in this field which proposed
different types of metal fins (pinned fins, circular fins,
triangular fins, and longitudinal fins), metal-based
foams (nickel, copper, and aluminum foams), metal-
based meshes, and carbon-based nanomaterials to solve
issues related to the poor thermal conductivity of
PCMs. Some researchers proposed composite
nanomaterials prepared using carbon, like expanded
graphite, carbon nanotubes, and carbon fiber [12].
Figure 2 shows various methods that can be used to
improve the thermal conductivity of PCMs.
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Figure 2. Methods of improving the thermal
conductivity of PCMs in BTMS systems [12].

6. Conclusion

One of the critical issues in lithium-ion batteries is the
problem of controlling the heat created in these
batteries. Battery heat control methods are divided into
two active and passive types, which do not require
energy consumption in the passive type. One of the
passive heat control methods is using PCMs. PCMs
store the thermal energy as latent heat of fusion during
the melting process, but almost all conventional PCMs,
except for metals, have poor thermal conductivity. For
this reason, some researchers have suggested adding
different materials and making nanocomposites of
PCMs to improve the conductivity of such materials in
heat control systems. Some researchers have succeeded
in synthesizing stable forms of phase change
nanocomposites by combining paraffin as PCM with
nanoparticles of CuO, Al,O3, TiO», or graphene in the
presence of sodium dodecyl sulfate (as a coating).
These nanoparticles are uniformly distributed in the
PCM. Adding nanoparticles to paraffin reduces the
melting temperature thanks to the high thermal
conductivity of nanoparticles, but doing so also reduces
the latent heat of phase change.
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Abstract

Environmental concerns and the scarcity of fossil fuels have led to the rapid development of rechargeable battery
technologies. It has been proven that the performance of lithium-ion batteries is susceptible to temperature, and
temperature significantly affects the capacity and power of batteries. Therefore, it is necessary to build an efficient
battery thermal management system to maintain the battery's operating temperature in a safe range. Utilizing PCM.s can
be an exciting option in thermal management systems of lithium-ion batteries, and several studies have been conducted
about them. The biggest challenge in PCM-based BTMS systems is to overcome the problems related to the poor
thermal conductivity of PCMs. Many researchers in this field proposed different types of metal fins (pinned fins,
circular fins, longitudinal fins, and triangular fins), metal foams (aluminum, copper, and nickel foam), metal meshes,
and carbon-based nanomaterials to increase the thermal conductivity in PCM-based BTMS systems. Some proposed
carbon-based composite nanomaterials are expanded graphite, carbon nanotubes, and carbon fiber. In this article, recent
developments and new methods of thermal management and performance optimization of lithium-ion batteries have
been reviewed.

Keywords: Phase change materials, lithium-ion battery, battery thermal management system, nanocomposite phase
change materials, Smartphone
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