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Abstract: Lithium-based battery systems, including lithium-ion and lithium-metal batteries,
have driven electrification in transportation, large-scale renewable energy integration, and
emerging high-tech applications (e.g., embodied artificial intelligence (Al) robotics, electric
vertical takeoff and landing aircraft, unmanned aerial vehicles, and deep-sea, deep-space,
and deep-earth exploration) owing to their high specific energy, cost-effectiveness, and long
cycle lives. However, the rapid expansion of these high-value applications has made battery
safety a critical challenge. As a key component of energy storage systems, electrolytes play
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an essential role in transporting lithium ions between the cathode and anode. Conventional
organic electrolytes, typically composed of low-flash-point carbonate solvents and thermally
sensitive LiPF, salt, are highly flammable and thus thermally unstable at elevated
temperatures. In addition, abuse conditions can trigger a rapid local temperature rise, leading
to a series of exothermic reactions that further accelerate electrolyte decomposition.
Therefore, rational electrolyte design is a crucial strategy for improving battery safety. This
review focuses on design strategies for high-safety electrolytes. First, it summarizes the
electrolyte failure mechanisms during thermal runaway. It then systematically discusses the
design principles and working mechanisms of electrolyte systems. Special attention will be
given to solvation structure regulation, intrinsically flame-retardant electrolytes, and smart-
responsive electrolytes. Finally, the integration of advanced in situ characterization and Al
technologies is expected to accelerate the development of promising high-safety electrolyte
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candidates.

Keywords: lithium-based batteries; thermal runaway; safety; organic electrolyte
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Fig. 1 A historical outline of the development of
liquid electrolytes for LIBs™""
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Fig. 2 Temperature ranges of different thermal runaway stages in lithium-ion batteries"®
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