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Abstract: Lithium-ion batteries are gradually becoming an important component of the
world's new quality productive forces. However, low-temperature environments reduce the
charge - discharge performance, power output, and energy utilization efficiency of lithium-ion
batteries, while aggravating anode polarization and the risk of lithium plating, thereby affecting
the safe operation and service life of electric vehicles, energy storage systems, and low-
temperature equipment. This paper systematically reviews the latest research progress in low-
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temperature preheating technologies for lithium-ion batteries and classifies these technologies
into three categories: external preheating, internal preheating, and hybrid preheating. External
preheating technologies feature relatively high structural safety and maturity, but still suffer
from long heat transfer paths, slow heating rates, and large internal - external temperature
differences. Internal preheating technologies can generate heat directly inside the cell, offering
advantages such as rapid heating and low heat transfer loss; however. Nonetheless, the risks
of overvoltage, lithium plating, and lifespan degradation under high-current conditions at low
temperatures need toshould be carefully controlled. Hybrid preheating technologies, through
the synergy between internal heat generation and external heat supplementation or the
coupling of multiple external heat sources, can achieve a balance among heating rate,
temperature uniformity, and energy consumption control, making them an important
development direction for future low-temperature preheating technologies. Finally, this paper
forecasts the development trends of low-temperature preheating technologies in terms of
energy consumption, integration feasibility, cycle life and safety, vehicle integration and
evaluation framework, which can offer a reference for subsequent research and practical
engineering implementation of lithium-ion battery low-temperature thermal management

systems.
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low-temperature preheating;

lithium plating; temperature

uniformity; heating rate; preheating time
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Fig. 1

(a)Application scenarios and selection guide for low-temperature preheating technologies; (b)schematic

diagram of external preheating; (c)schematic diagram of internal preheating
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plate®; (c)schematic diagram of a topology-optimized liquid cooling plate®
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module®?
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Fig. 7 (a)Equivalent circuit model®; (b)schematic diagram of the SHLB structure®®; (c)prismatic battery
internally embedded with PTC material®”; (d)Layout diagram of the induction heating coil®; (e)wireless energy

transfer experimental setup!
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Fig. 8 (a)Experimental platform configuration; (b)hybrid preheating strategy integrating pulse heating and

electric heating
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Fig. 9 (a) Schematic diagram of the thermoelectric thermal management system”; (b) model of a cylindrical
battery and honeycomb battery module®; (c) three-dimensional structural schematic of the cylindrical battery
preheating system®
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