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Abstract: Lithium-ion batteries with ternary cathodes have dominated the electric vehicle
market because of their high energy density. However, battery life and safety during low-
temperature charging and discharging have become increasingly critical. Active lithium loss,
active material loss, and solid electrolyte interphase film thickening caused by negative-
electrode lithium plating markedly reduce battery life. The high electrochemical activity of
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deposited lithium metal and lithium dendrite formation also pose safety risks. This study
presents low-temperature charging, discharging, and capacity correction experiments to
investigate the capacity decay characteristics of ternary lithium-ion batteries before and after
charging and discharging at 0°C and -10°C . Relaxation electrochemical impedance
spectroscopy (EIS), a nondestructive method, is further used to investigate lithium plating
under different initial states of charge (SOC). Specifically, relaxation EIS is measured twice at
fixed SOC intervals during the constant-current and constant-voltage charging. The rapid
depolarization and stable EIS results of ternary lithium-ion batteries are used to extract the
abrupt decrease in the mid-to-low-frequency transition resistance (R,) to determine the SOC
range for lithium plating during constant-current and constant-voltage charging. Finally, the
results are verified through postmortem disassembly and scanning electron microscopy. The
study shows that changes in charge-transfer and diffusion transition resistance during
relaxation serve as a key parameter for lithium plating detection and can effectively diagnose
lithium plating in ternary lithium-ion batteries at different SOC levels. This method offers direct
parameter acquisition and simple analysis. For the battery used in this study, under charging
conditions of 0°C, 0.5C-rate, and 5% SOC intervals, the SOC range corresponding to lithium
plating is 29.1%—59.4%. Compared with the quasisteady-state results after 1 h relaxation,
the maximum reduction in the low-to-mid-frequency inflection-point resistance (R,) measured
after 30 min relaxation is nearly 50%. The constant-current to constant-voltage transition
stage during low-temperature charging is more prone to lithium plating. This study provides a
new perspective for optimizing and extending the life of ternary lithium-ion batteries during low-
temperature charging.

Keywords: ternary lithium-ion batteries; low-temperature aging; lithium plating detection;

relaxation impedance; electrochemical impedance spectroscopy
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