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Abstract: Lithium-based battery systems (e.g. lithium-ion and lithium-metal batteries) have
effectively promoted the electrification of transportation, the large-scale utilization of
renewable energy, and the development of emerging high-tech applications (e.g. embodied Al
robotics, electric vertical takeoff and landing (eVTOL) aircraft, unmanned aerial vehicles
(UAVs) and deep-seal/deep-space/deep-earth exploration), owing to their high specific energy,
cost-effectiveness, and long cycle life. With the rapid advancement of these high-value
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applications, a key challenge is ensuring battery safety. Electrolytes, as critical components of
energy storage systems, play a vital role in facilitating lithium ions transport between the
cathode and anode. Generally, the conventional organic electrolytes composed of low-flash-
point carbonate solvents and thermally sensitive LiPF, salt possess high inflammability, which
renders them thermally unstable at high temperature. Furthermore, various abuse conditions
can lead to a sudden rise in localized temperature, which results in a series of exothermic
reactions and further accelerates the electrolyte decomposition. Thus, rational electrolyte
design is considered as a vital strategy for improving battery safety. Hence, this review will
focus on the design strategies of high-safety electrolytes. First, the failure mechanisms of
electrolytes during the thermal runaway process will be summarized. Then, the design
principles and working mechanisms of electrolyte systems will be systematically elucidated.
Solvation structure regulation, the design of intrinsically flame-retardant electrolytes, and the
construction of smart-responsive electrolytes will be highlighted. Finally, the integration of
advanced in-situ characterization and artificial intelligence (Al) technologies is expected to

foster the development of promising candidates for high-safety electrolytes.
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 LIB
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