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A Study on the Explosion Characteristics of Off-Gases from Lithium-Ion Battery

Thermal Runaway for EVs Marine Transport Safety

Jeong-Hoon Park and In-Chul Park

Korea Marine Equipment Research Institute, Ulsan 44776, Korea

(Received November 17, 2025; Revised November 27, 2025; Accepted December 1, 2025)

Abstract: As electric vehicles (EVs) are rapidly adopted worldwide, large numbers are now transported by sea on dedicated car

carriers. With this trend, concerns are increasing about fires and explosions caused by battery thermal runaway during marine

transport, while existing SOC limits before loading remain largely empirical. This study experimentally investigates gas

generation and explosion characteristics of EV lithium-ion cells under thermal runaway conditions representative of enclosed
vehicle decks. We identify and quantify the main off-gas components and clarify the flammability behavior and explosion limits
of key combustible species. The results provide basic data for assessing EV battery accidents at sea and support the development

of safer ventilation and gas-management strategies for ships.
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Fig. 1. Vent gas testing machine (a) out-side and (b) in-side.

Table 1. Thermal runaway test condition [10,11].

Standard Temperature rise rate
UL 9540A (4 ~ 7) °C/min
SPC C KBIA-10104-05-7488 5 °C/min
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Table 2. Cylindrical battery (INR 18650-25R) specifications.

Item Value
Nominal voltage 36V
Energy capacity 9 Wh

Capacity 2.5 Ah

CCCV,1.25A,420+0.05V,

Standard charge

125 mA cut-off

CCCV,4A,420+0.05V,

Rapid charge

100 mA cut-off

Max. continuous discharge

20A (at 25°C), 60%

at 250 cycle
Disch -off vol
ischarge cu.t off voltage 25V
End of discharge
Volume 17.11 cm?
Mass 45¢g

(b)

Gas Out Heating pad
Tedlar bag

Fig. 2. (a) Vent gas test set-up and (b) test diagram.
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Table 3. Results of the off-gas analysis: inorganic gases.

Component Before After Variation
(%) (%) (%)
Oxygen 20 10 -10
Nitrogen 76 75 -1
Methane - 0.27 0.27
Carbon monoxide 0.05 3.05 3
Carbon dioxide 0.05 10 9.95
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Table 4. Results of the off-gas analysis: organic compounds.

Table 6. Explosive gas types and flammable limit.

Generated amount

LFL UFL

Component (ue/m’) Component (voli%) (voli%) Component
Benzene 3,700 Methane 4.4 17.0 Methane
Toluene 10,900 Carbon monoxide 10.9 74.0 Carbon monoxide

Ethyl benzene 6,600 Benzene 1.2 8.6 Benzene
m-Xylene 2,300 Toluene 1.0 7.8 Toluene
p-Xylene 2,400 Ethyl benzene 0.8 7.8 Ethyl benzene
o-Xylene 510 m-Xylene 1.0 7.0 m-Xylene

Styrene 14,000 p-Xylene 0.9 7.6 p-Xylene
Styrene 1.0 8.0 Styrene
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Fig. 3. Gas characteristics testing machine (a) out-side and (b) in-side.
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Fig. 4. Configuration of maximum explosion pressure test.
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Table 8. Summary of test results: maximum explosion test.
Oxygen. Oxygen . Mixed gas. Pressure
concentration  volume fraction  volume fraction (kPa)

(%) (vol.%) (vol.%)
16.25 77.38 22.62 2,394
16.00 76.19 23.81 2,498
15.75 75.00 25.00 2,528
15.50 73.81 26.19 2,579
15.25 72.62 27.38 2,641
15.00 71.43 28.57 2,678
14.75 70.24 29.76 2,739
14.50 69.05 30.95 2,432
14.25 67.86 32.14 2,376
14.00 66.67 33.33 2,159
2,800
2,700 . 3
2,600 . :

g 2500 ot

guoo . * .

g 2,300
2,200
2,100 ’

2,000
20 22 24 26 28 30 32 34
Mixed gas concentration [%]

Fig. 5. Explosion pressure according to mixed gas volume fraction.
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