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Abstract: The rapid advancement of the electric vertical take-off and landing (eVTOL) aircraft
industry imposes stringent requirements on the energy density, rate capability, and safety of
power batteries. The high flammability of conventional carbonate-based electrolytes
represents a fundamental bottleneck to achieving the goal of zero thermal runaway. This
review examines flame-retardant electrolyte design strategies for low-altitude aviation
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applications. Four categories of technical approaches are systematically evaluated: flame-
retardant additives, with a focus on the roles of phosphorus- and fluorine-based additives and
PFPN composite systems in radical scavenging, interphase formation, and lithium salt
stabilization, as well as their interfacial compatibility limitations; intrinsically non-flammable co-
solvents, comparing phosphates, fluorinated solvents, and ionic liquids in terms of their ability
to eliminate combustible components and provide wide-temperature adaptability, alongside
their respective drawbacks in anode compatibility, cost, and kinetics; solvation structure
regulation, elucidating the mechanisms by which highly concentrated electrolytes (HCE),
localized highly concentrated electrolytes (LHCE), and water-in-salt electrolytes (WSE)
enhance thermal stability and construct inorganic-rich interphases through anion-aggregate-
dominated coordination, while highlighting the polarization constraints imposed by high
desolvation barriers during high-rate operation; and macroscopic phase-state regulation and
active protection, analyzing the physical confinement and thermal barrier functions of gel and
solid-state electrolytes, the triggered protection mechanisms of thermo-responsive smart
electrolytes, and microencapsulation strategies, while identifying critical challenges in
interfacial impedance, response precision, and engineering consistency for each system. The
performance limitations and industrialization challenges of each technology are assessed in
the context of eVTOL operating conditions, including wide-temperature fluctuations, high-rate
pulses, and mechanical vibration. Future directions are proposed in the development of wide-
temperature fast-charging electrolytes, fluorine-free systems, Al-assisted design, and system-
level cooperative protection, providing references for the rational design of high-safety
aviation battery electrolytes.

Key words: electric vertical takeoff and landing (eVTOL) aircraft; lithium batteries; flame
retardant electrolyte; thermal runaway; intrinsic safety; solvation regulation
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Fig. 1

Mechanism diagram of lithium battery thermal runaway. (a) Macroscopic abuse conditions and

microscopic failure of battery components. (b) Combustion Triangle within the battery. (c) Chain reaction of
thermal runaway
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