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Abstract. Owing to their high energy density among other beneficial features, lithium-ion batteries
(LIBs) enjoy extensive application across sectors including aerospace engineering, Ccivil
transportation, and electronic device manufacturing. Nonetheless, the LIBs electrolyte presents
certain drawbacks, which contribute to the diminishing performance of these batteries and pose risks
to environmental safety. Considering these issues, the paper begins by presenting the operational
principles of LIBs and examining the constituents of the electrolyte and discusses the roles of the
individual components. Then, the causes of the problems and proposes improvement strategies are
summarized. The working stability of LIBs at extreme temperatures can be improved by a series of
measures, such as adding flame retardants and optimizing the composition of electrolytes. The aim
of the research is to resolve the current problems with LIBs electrolytes and enhance the applicability
and stability of LIBs in various practical situations.
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1. Introduction

LIBs are ideal for aerospace, mobile devices, power tools, and electric vehicles due to their high
energy density, long life, and wide operating temperature range. [1]. As a result of progress in
technology and decreasing expenses, LIBs are becoming more prevalent in vehicle manufacturing,
propelling the growth of innovative electric automobiles. These batteries are fundamentally
composed of an anode, a cathode, and an electrolytic medium, with the transfer of lithium ions across
the anode and cathode facilitating the storage and discharge of power. However, LIBs still face
several challenges in the use of organic solvents and corrosive electrolyte salts, which can lead to the
generation of flammable gases, increased internal pressure and battery swelling and leakage, posing
a risk of explosion. Also, the concern is the short longevity of the electrolyte attributed to the
electrolyte degradation, reducing the performance of the battery. To address these challenges,
academia and industry are working to improve the technology and performance of LIBs. To mitigate
the impact of electrolyte degradation in LIBs, various measures have been taken, including optimizing
electrolyte compositions and battery manufacturing processes, and adding flame retardants.

2. Function of Electrolytes

The current LIBs electrolytes are mainly composed of solvent, solute and additives. Situated
between the anode and cathode, the electrolyte enables the transfer of lithium ions, thus ensuring the
dependable functionality of the LIBs.

2.1. Solvent

The solvent in the electrolyte, as a major component, is responsible for lithium-ion transport.
Common solvents include substances such as propylene carbonate (PC), ethylene carbonate (EC),
diethyl carbonate (DEC), dimethyl carbonate (DMC), and ethyl methyl carbonate (EMC). These
solvents (e.g. EC+DMC, EC+DMC+EMC, etc.) are selected and proportioned to optimize the
physical properties, such as viscosity and electrical conductivity. Various solvents have different
representative characteristics, e.g., cyclic carbonates including EC and PC have high dielectric
constants, which are favorable for the dissolution of lithium solute. In addition, chain carbonates
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including DMC, DEC, and EMC have low viscosities, which are favorable for the migration of
lithium-ions.

2.2. Solute

The primary function of solute is to provide lithium ions, where the commonly used solutes include
lithium tetrafluoroborate (LiBF4), lithium hexafluorophosphate (LiPFs) and the new lithium
bis(fluorosulfonyl)imide (LiFSI). The choice of solute has a direct influence on the electrochemical
performance and the safety of the battery. Illustratively, lithium tetrafluoroborate (LiBF4) boasts a
significant melting point and is thermally robust, enabling it to preserve its chemical integrity even at
elevated temperatures [2]. Moreover, lithium hexafluorophosphate (LiPFs) exhibits superior ionic
conductivity along with reliable chemical stability. These properties make LiBF4 and LiPFs have a
wide range of applications in electrochemical energy storage which is widely used as electrolyte and
additive in LIBs.

2.3. Additive

Electrolytes also contain a variety of additives which can be categorized according to their function.
The main additives include film former, high/low-temperature stabilizers, overcharge protection
agents, flame retardants, multipliers, etc. Usually, additives include vinylene carbonate (VC) and
fluorinated ethylene carbonate (FEC), etc. The specific performance of the electrolyte will be
enhanced by these additives, such as the electrochemical performance, uniformity of lithium
deposition and formation stability of a solid electrolyte interface (SEI) film. Compounds like ethylene
carbonate (EC) and dimethyl carbonate (DMC) serve as agents that generate films and decompose
during the initial charge-discharge sequence, giving rise to the formation of a solid electrolyte
interface (SEI) layer composed of organic lithium salt. SEI layer functions as a protective barrier for
the electrodes, preventing them from coming into direct contact with the electrolyte. It is essential in
inhibiting unwanted chemical reactions, thereby improving the durability and stability of the battery,
as well as maintaining the uniformity of the electrolyte.

The ratio of electrolyte is also a significantly crucial factor affecting the function of LIBs. Too
high or too low a ratio will affect the battery life. Take, for instance, an excess level of active materials
within the electrolyte can hasten the degradation of the electrode and result in its malfunction;
conversely, insufficient amounts of these active materials can diminish the power yield of the LIBs,
thereby compromising its longevity.

3. Problems in electrolyte

LIBs electrolytes suffer from multiple problems, including notably capacity degradation, increased
internal resistance, reduced rate performance, gas generation, fluid leakage, short circuits, and
chemical and physical interactions that can lead to thermal runaway [3]. The specific problems are
listed below:

Safety apprehensions: The pronounced flammability of the electrolyte stands as the chief element
leading to the risk linked with LIBs. Given its crucial role in battery operation, the electrolyte
represents a danger due to its composition of flammable substances. The breakdown of the electrolyte
into a vaporizable mixture of gas and liquid may arise due to several stress factors, such as overly
high charge levels, extreme temperatures, or internal physical harm in the LIBs, which comprise an
organic solvent and a saline solution. Under high pressure, it will form a jet state. When the pressure
is low, it will accumulate in a liquid state. Both will burn rapidly under open flames or high
temperatures, causing fire or even explosion[4]. Thermal runaway caused by overcharging, short
circuit, collision, and extrusion of LIBs is often not detected or resolved in time[5-7], it will lead to
fire or explosion. As a mixture of unstable lithium salts and low-boiling-point flammable organic
solvents[8-10], the energy released when the electrolyte burns is -3 times the energy it contained.
Electrolyte plays a leading role in the entire process of fire and explosion caused by thermal runaway
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and determines the severity of the accident[11]. At the same time, EC may decompose to produce gas
at high temperatures. If there is an excess of EC, the amount of gas generated by decomposition will
also increase. It could have an impact on the LIBs’s operational security, potentially raising its
internal pressure and possibly causing it to swell or experience electrolyte escape.

Lifespan issues: The lifespan of LIBs is closely related to the electrolyte. The type, composition
and deterioration over time will all affect the service life of the electrolyte. If the electrolyte
concentration (EC) exceeds its ideal threshold, it may lead to a denser electrolytic medium, which
can hinder ion transit and increase the LIBs’s internal resistance. As a result, these alterations have
the potential to reduce the energy generation and compromise the LIBs’s efficacy. Furthermore,
having too much EC might result in a reduction in the electrolyte's chemical stability, hasten its
degradation and utilization, consequently diminishing the operational longevity of the LIBs. The
electrolyte's decline also plays a significant role in curtailing the lifespan of LIBs and should not be
overlooked. The deterioration of the electrolyte will aggravate the degradation of electrode materials,
destroy the solid electrolyte interface (SEI) film that protects electrode materials, and lead to
intensified reactions between electrode materials and electrolytes, thereby accelerating capacity loss
and shortening cycling life [12].

High-voltage decomposition limitation: LIBs electrolytes will decompose under high voltage,
mainly carbonate will undergo a continuous oxidation reaction [13]. The widely employed carbonate-
based electrolytic solution breaks down, generating hydrogen and ethylene gases at temperatures
exceeding 55<C. Additionally, the solid-electrolyte interphase (SEI) coating the anode's surface
begins to lose water and fracture as temperatures surpass 65 <C, leading to a swift decline in the storage
capacity of LIBs and potentially causing complete battery breakdown.

Extreme temperature impact: The resistance for lithium ions to move will decrease as the viscosity
of the electrolyte increases in extremely low-temperature environments, leading to a decrease in their
movement speed. In low-temperature environments, the electrolyte may even partially solidify,
especially when there is a high melting point solvent in the electrolyte. This solidification
phenomenon will not only lead to a reduction in the transmission rate of lithium ions in the electrolyte
[14], but also suppression of the reaction on the electrode/electrolyte interface, thereby affecting the
charge/discharge performance of the battery. Moreover, the conductivity of the electrolyte will
decrease in extremely low-temperature conditions, and the activity of active substances will also
decrease. This will increase the concentration difference of the electrolyte and the polarization, which
may lead to the premature termination of charging. At the same time, the diffusion speed of lithium-
ions in the anode will slow down, and there is a possibility of lithium precipitation. Furthermore, the
elevated viscosity and potential solidification will affect the compatibility of the electrolyte with the
other components, which will result in a decrease in the performance of the LIBs. Lithium metal
easily precipitates on the negative electrode and reacts with the electrolyte when the temperature is
low. Building up of material on the solid electrolyte interface (SEI) membrane can result in increased
thickness, which in turn may cause an increase in the battery's internal resistance. High temperature
environments are still a challenge to the stability of LIBs electrolytes. In addition to the problem of
high-temperature decomposition, the problem of thermal runaway still cannot be ignored. For
example, for EC-based batteries, their thermal runaway accidents have attracted much attention in the
academic community. Thermal runaway will cause the rise temperature, burn or even explode. The
main reason for thermal runaway is that the electrolyte of EC-based batteries contains organic
components (such as EC) that are flammable and thermally unstable. Under high temperature or
extreme conditions, the organic components undergo decomposition reactions and release a large
amount of flammable gas. After the gas reaches the ignition point, it burns violently[15].

Lithium diffusion rate limitation: The limiting factors for ion diffusion in the electrolyte of Li-ion
batteries mainly include the electrolyte viscosity, the electrolyte salt solubility, the Li* desolvation
energy barriers, the pore size and shape of the diaphragm. The Li* desolvation energy barrier refers
to the difficulty of separating Li* from the solvent, and the barrier directly affects the Li* transport
efficiency in the battery and the overall performance of the battery. The battery's discharge capability
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and charging rate can be impacted by an increase in internal resistance caused by the increased Li*
desolvation energy barrier. [16].

4. Improvement methods of the electrolyte

4.1. Impact of Flame retardants on the Safety of Electrolytes

Commercial LIBs often use a volatile, low flash point, flammable carbonate-based electrolyte. The
electrolyte can undergo further redox reactions with cathode and anode materials during the thermal
runaway of batteries, releasing flammable gases such as CO, CH3, C H4, H, etc., and even triggering
a fire or explosion. Studies have shown that the addition of flame retardants can significantly improve
the flame retardancy of electrolytes and delay the thermal decomposition process, thus improving the
thermal stability and cycling performance of batteries [17-19]. Therefore, the safety risk of the battery
under extreme conditions such as elevated temperature or short circuits can be suppressed.

There are two types of flame retardants that mainly used in LIBs: phosphate flame retardants and
aluminate flame retardants. Phosphate flame retardants, such as ammonium phosphate, sodium
tripolyphosphate, ammonium polyphosphate, etc., can form phosphoric acid and the lithium
phosphate protective film inside the lithium battery through thermal decomposition, which not only
isolates the oxygen but also reduces the amount of oxygen. It also reduces heat transfer. This type of
flame retardant has the characteristics of low toxicity, high stability and non-volatility, which is
suitable for various types of LIBs. Aluminate flame retardant, the main component of which is
aluminum hydroxide, can expand and release a large amount of water vapor by absorbing heat when
there is a failure inside the LIBs, then forming a gas phase barrier and providing a flame retardants
effect. This kind of flame retardant can play a good flame-retardant effect at high temperatures, which
is also applicable to various types of lithium batteries.

4.2. Optimization of Electrolyte Composition

Enhancing both the makeup and the proportions of the electrolyte constituents can considerably
heighten the efficacy and dependability of LIBs, thus accommodating the requirements of various
usage contexts. It is crucial to factor in the influence of the Solid-Electrolyte Interphase (SEI) layer
as well as the interplay between the electrolyte and electrode boundaries on ionic movement to
advance the battery's performance at reduced temperatures [20]. The performance of Li-ion batteries
is prone to rapid degradation at low temperatures, the main reasons are a decrease in the charge
transfer rate and an increase in competitive reactions. Choosing an appropriate electrolyte is crucial
for low-temperature performance. Improving the performance of LIBs in cold environments involves
adjusting the composition and physicochemical properties of the electrolyte. By adding low melting
point and low viscosity components and reducing the ethylene carbonate (EC) content in the solvent,
the viscosity and eutectic point of the electrolyte at low temperatures can be effectively reduced. The
amorphous electrolyte obtained by mixing two solvents, EC and poly (ethylene glycol) dimethyl ether
greatly improves the performance of the electrolyte at low temperatures, and its conductivity can be
improved to 0.014 mS cm™! even at -60 <C. By mixing the commercially available electrolyte salt and
lithium hexafluorophosphate (LiPFg), a high-impedance SEI film can be formed, resulting in poor
low-temperature performance. It is therefore essential to develop new lithium salt. Integrating
additives designed for cold environments enhances the enduring performance of lithium-ion cells
when operating in chilly temperatures. Different types of additives play different roles. First, fluorine-
containing additives. Testers found that adding fluorine-containing additives to the LIBs electrolyte
helps reduce the impedance of the SEI film and increase the content of LiF, thereby improving the
low-temperature stability of LIBs [21]. Among many fluorine-containing additives, the most common
one is fluoroethylene carbonate [22]. At the same time, sulfur-containing additives can effectively
reduce the impedance of the electrode because sulfur has a lower LUMO energy level and will be
preferentially oxidized on the surface of the negative electrode material and form substances such as
LI S on the electrode surface [23]. In addition, silicon-containing polymers are also often used as
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additives for low-temperature electrolytes of LIBs because they have good ionic conductivity and
chemical stability [24]. Polydimethylsiloxane (PDMS)-derived copolymers exhibit characteristics
including low dielectric constants, resistance to oxidation, non-stick qualities, and chemical
unreactivity. Research has demonstrated that introducing functional groups to the surface enhances
both the electrochemical performance and the interface stability in LIBs when operated under cold
conditions, while also significantly reducing the development of lithium dendritic structures [21].

5. Conclusion

At present, the technical performance of electrolytes has reached a relatively mature and perfect
level. In solving the safety and stability problems, optimizing solvent composition and introducing
flame retardant materials such as phosphate flame retardants and aluminate flame retardants have
been proven to be effective ways of improvement. Advancements in electrolyte technology are
gaining momentum, and the precise calibration of electrolyte mixtures is poised to greatly enhance
the performance and power retention of lithium-ion cells, leading to boundless opportunities in
harnessing their full capabilities.
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