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This study aimed to characterize the mechanism of thermal runaway phenomenon in lithium-ion batteries, which represent
secondary cells among energy storage devices. Thermal runaway reaction was induced by heating 18650 cells with 5%,
40%, and 80% state of charge (SOC). We divided the thermal runaway of the battery into three stages and discussed the
physical measurements that distinguish each stage. We also provided a visual comparison and thermal image of the
characterized exhaust gases in all stages. The state of charge and the amount of heat generated by thermal runaway were
proportional, and in the third stage of thermal runaway, where the highest mass transfer occurred, 40% of SOC released
gas for 13 seconds and 80% of SOC emitted gas and flame for 3 seconds. In addition, a temperature and voltage
measurement method that can predict the thermal runaway phenomenon of a battery is presented.
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Fig. 1 Photo of 18650 cell used for induced thermal runaway
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Fig. 2 Lithium-ion battery open circuit voltage and weight loss ratio
after thermal runaway
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1) K-type thermocouples

Fig. 3 (a) The structure and dimensions of the test section, (b) the flow field of the heat sink shown in volume, (c) an overview of numbering
by location of thermocouples located on the bottom of the microchannel
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Fig. 4 Temperature of the cell surface during heating-induced
thermal runaway, (a) 5% SOC, (b) 40% SOC, (c) 80% SOC
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Fig. 5 Description of the phenomenological stages of battery thermal runaway for 80% SOC 18650 cell
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Fig. 6 Visualization of gases emitted from the ventilation phase
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Fig. 7 Visualization of gas emitted during internal short circuit
during thermal runaway step of SOC 40% 18650 cell
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Fig. 8 Visualization of gas and flame emitted during internal short
circuit during thermal runaway step of SOC 80% 18650 cell
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