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Sodium-ion batteries are emerging as a cost-effective and resource-abundant = Tests are performed in an 125 L autoclave under inert gas conditions.
— alternative to lithium-ion technology, yet safety data on commercial sodium- = A pneumatic cylinder with a 3 mm nail and a speed > 8 cm/s is used.
o ion cells remain limited [1]. = Cell voltage, pressure and temperatures at different positions were
= Recent studies emphasize the need to better understand the behavior of o measured during test.
(G sodium-ion batteries under mechanical abuse conditions to enable safe i’ ' T aluminum block
> large-scale deployment [2].This work investigates the thermal and chemical q:) Ts - gas autoclave j
"6 response of commercial sodium-ion cells during nail penetration to support = ¢
safety assessment. ) .
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= Mechanical abuse reveals divergent thermal responses . .
J P = Highest gas amount was measured with 4_SIB_21700
T R R e . - only cell with a significant thermal runway
X . s ol EFEE DT - = EMC was the dominant species, highest in 4_SIB_21700 (~2700 ppm)
. B S = AR . and 5_LFP_26650 (~1000 ppm).
=l = DMC was elevated in 5_LFP_26650 (>2000 ppm) and 7_SIB_18650
(~250 ppm).
- o = DEC and PC remained low (<500 ppm) across all cells.
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= Temperature profiles at five different positions (T,—7z) G g =i
during nail penetration of fully charged cylindrical cells. — ° | oo seeso.
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Q o300 - - v " The 4 _SIB_21700 cell showed by far the highest gas emissions, with
(aa) = | wn CO, > 5000 ppm and strongly elevated hydrocarbons.
e 200 - - E = Methanol, acetaldehyde, and CO were also highest in 4_SIB_21700,
&’ | NN LL] indicating severe electrolyte decomposition.
c 100 - | T 11 w =* The 5_LFP_26650 produced similar species but at lower
© ' ' © concentrations.
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E = The 18650 SIB cells and the 5_LFP_26650 only show light thermal Nail penetration tests revealed strong cell-dependent safety behavior.
o runaway < 120° C g Most 18650 cells showed limited temperature rise without thermal
- .= runaway, whereas the 21700 cell exhibited severe thermal runaway and
© = Only the 4 _SIB_27700 cell shows a significant thermal runaway with g the highest gas release. Gas analysis identified CO, as the dominant
g maximum temperature of ~ 450 °C v species, indicating electrolyte decomposition as the main reaction
@ ¢ pathway. The combined thermal and gas analysis approach provides
e 8 valuable insights for safety evaluation and cell design optimization. [3]
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