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Abstract: Sodium-ion batteries are regarded as an ideal technology for energy-storage
applications because of their cost and resource advantages. However, the risk of thermal
runaway remains a major bottleneck to their deployment. This study investigates 75 Ah and
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210 Ah prismatic aluminum-cased, layered-oxide, sodium-ion single cells, along with an
equivalent-capacity pack formed by connecting three 75 Ah cells in parallel, aiming to clarify
the effects of the cell capacity and parallel configuration on overheating-induced thermal
runaway under external one-sided heating. The onset temperature for thermal runaway
increases from 266.5°C for the 75 Ah cell to 276.0°C for the 210 Ah cell, indicating that the
larger-capacity cell exhibits greater tolerance to external heating. The maximum temperature
increases from 609.3 to 946.3°C, the internal propagation rate increases from 1.365 to 1.553 mm/s,
and the apparent gas yield is 4.3 times higher than that of the 75 Ah cell, whereas the
maximum rate of temperature-rise decreases from 2349°C/min for the 75 Ah cell to 1386°C/min
for the 210 Ah cell. The gases released from both single cells are highly flammable, but no jet-
fire combustion occurs. In contrast, the equivalent-capacity parallel pack exhibits stepwise
triggering and progressively more severe thermal runaway. Thermal runaway of the preceding
cells continuously heats the subsequent cells, and the vent jet of the last cell is ignited by
flames from the cover materials of the preceding cells, resulting in intense jet combustion, with
a peak heat-release rate of 77.754 kW. The gas-generation scale is close to that of the 210 Ah
single cell, whereas the gas composition shifts from hydrogen-rich to carbon-dioxide-rich.
Comprehensive hazard assessment further shows that the equivalent-capacity parallel pack
presents the highest hazard, followed sequentially by the 210 Ah and 75 Ah cells. These
results indicate that the cell capacity is the main factor triggering the threshold and hazard
intensity of thermal runaway in single cells, while the parallel configuration significantly alters
the pathway for the evolution of thermal runaway and amplifies the combustion hazard. This
study provides useful data for designing and implementing safe energy-storage systems
employing sodium-ion batteries.
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