%15 % 5% 2 W it B& A ¥ 5 # K Vol.15 No.2
2026 2 H Energy Storage Science and Technology Feb. 2026

| tEEEI ST |

NS FRBAERRERES SRR

OB R RS, W T, REET W e
CWRE LT B RE R R TUE A 7], WlRS A9 4120005 *rp EATZGE 04, 08 L
430000; WL A=A RERE 5 TR 2B, Wil Hi/l 310058)

T E. 25 TR hAER(ISCONE A 2R, LTHBETRREEE T L MEhEm, HLRasbn
FITAAEED TR RR. BR, FEIAELA G I MMM AELET, LEBNHGERNEE
i —HAEIIIE, RITAERA 1ANEN R OME T hik, BT ENREFE, HME Ty 4 LR
8 AL BEAEA BEATAE DL, ST HAR T BRBR4K4Z(LFP) A= = L(INCM)R & 6942 B F v fodh B T i R ™ 148 5%
FATEAREL. RNNE T REEAFNERAER T, RS EREFRIRAFANERTEZLRR AT L,
T 5428 FakAntt, AR 6 AAEKARE TME FRRBAEE. & T4 AARERIKE GA4E W i R RK
e SR, FRAMMPEBEMAELR, BEEETFIRE, LNFMHE ARERKREAYRG, BER
KA B TR NI TARG BIEA. S—F IR AA 5 4 3270049 B L A AE40 B T ok, IET RAREA
BRGNS R ZR S4B TR, HB T )M R I Ao B LR R R K,

K BT RE; NAERTX; wibzatal; 488N

doi: 10.19799/j.cnki.2095-4239.2025.1028

FESES: TM912.9 XEktRERE: A NERES: 2095-4239 (2026) 02-628-09

Internal short-circuit modeling and safety performance
improvement in sodium-ion batteries

NIE Yang', HE Wei*, XU Xiongwen', TU Jian', ZHOU Bixiang', XIE Jian®
("LI-FUN Technology Corporation Limited, Zhuzhou 412000, Hunan, China; *China Classification Society
Wuhan Branch, Wuhan 430000, Hubei, China; *School of Materials Science and Engineering, Zhejiang
University, Hangzhou 310058, Zhejiang, China)

Abstract: The internal short-circuit (ISC) mechanisms of lithium-ion batteries (LIBs) have
been extensively studied. Given the structural similarities between sodium-ion batteries (SIBs)
and LIBs, research on SIB ISC mechanisms can draw from LIB studies. However, simulation
validation for SIBs remains essential due to differences in key and auxiliary materials. In this
study, 1 Ah pouch SIBs were used to simulate four ISC models and to compare the thermal
behavior of SIBs and LIBs (e.g., lithium iron phosphate and nickel cobalt manganese) under
the most severe short-circuit conditions. The results show that SIBs exhibit the highest heat
generation in the Al-anode ISC mode, with significantly higher temperature rises than LIBs
under identical conditions. Differences in electrical conductivity, thermal conductivity, and
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chemical stability between aluminum foil (used in SIB anodes) and copper foil (used in LIB
anodes) prompted a single-factor experiment in which the SIB anode current collector was
replaced with copper foil. This modification significantly reduced localized temperature rise
during the ISC process in SIBs. Further experiments using commercial 32700 SIBs confirmed
that using a copper foil current collector significantly improves the nail-penetration pass rate,
offering a viable strategy to enhance safety performance of SIBs for commercialization.
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Fig. 1 (a) Schematic illustration of ISC test; (b) digital photos of different ISC cell models; (c) cell pre-treatment
method before ISC test
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Fig. 2 (a) External voltage, (b) cell body temperature,
and (c) cell top temperature curves of cells under
different ISC tests
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Table 2 Key parameters of 4 ISC tests of SIBs
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Fig. 3 (a)—(d) Photos of disassembled cells after
different ISC tests; (e) enlarged photo of the ISC site.
The placement sequence from top to bottom is:
positive electrode, negative electrode, and separator
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Fig. 4 Voltage (a) and cell body temperature (b) curves of 1 Ah LFP, NCM, and SIB under the Al-An short-circuit
model; photos of (c) LFP and (d) NCM cells disassembled after Al-An internal short-circuit tests. The placement
sequence from top to bottom is: separator, cathode, and anode
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Fig. 5 (a) External voltage, (b) cell body temperature,
and (c) cell top temperature curves of SIB with
different anode current collectors under Al-An short-
circuit model. (d) Photo of the dissembled SIB with
Cu current collector after Al-An internal short-circuit
tests
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Fig. 6 Photos of 32700-SIB before and after nail
penetration tests: (a) Al anode current collector,
(b) Cu anode current collector
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Fig. 7 Voltage and temperature changes during nail
penetration tests: (a) Al anode current collector,
(b) Cu anode current collector
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