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Review on Failure Mechanism of Lithium-ion Battery

LI Peixuan'?, ZHANG Lixia'?, FENG Wutong"z, HONG Jun'?, WU Xijaofei®
(1. Xi’an XD Power Systems Co., Ltd., Xi’an 710077, China;
2. Xi’an XD Digital Technology Co., Ltd., Xi’an 710077, China)
Abstract: Lithium-ion battery, as a kind of important energy storage device, plays a crucial role in such
fields as power system regulation, utilization of renewable energy and electric transportation. In view of such
problems of the lithium-ion battery as various failure phenomena, leading to performance degradation,
shortened lifespan, and potential safety hazards during the long term application period, in this paper the
common failure mode and its corresponding failure mechanism of the lithium-ion battery, including the
aspects of including structural damage, electrolyte degradation, and thermal runaway, is comprehensively
described. The performance optimization of the lithium-ion battery in the future is forecasted, aiming to
provide positive impetus for the further development of failure analysis technology for energy storage lithium-
ion battery.
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Fig.1 Structural diagram of lithium-ion battery
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Fig. 3 Image of the negative electrode surface after 0,
1000, and 2 000 cycles™”
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due to depletion of lithium salts

FI TR 5 A A B G
ARG N R ¢ gl AL 03 45 , L m] g

BOR R TR AR . TR IR T, Bl A
P Bl FEE TP T L % B9 4 A R R ARRT R Y
ZAL, S BRI AR A AR AN AL A A SO R A
WP, BEMT S ARG . R B A
IRFFEET , EOR FL b PN R 1Y B 3 AR B {H
T A U AR O AR 2 R R REIR
P LI b TR B 28 G AR AR, S 30r vl P A A
HELUA SR, BE— 22 R T IR B AU o 1
b, BUBRA 1 o n] RE IR L b 6053, S B b Y
T B4 T 7R b R L B B S, 1 R VR R
P 7 Bizs  AESN SR TR B IR, Rt A St JEE
il b b, B 2 S BRI AR A WU 15 i E R
FY T R T A i 2 2 el P o e A2 BB
e S AN I S R A o PRI, X TR B 1 e
A2 VAT B 5 B 500 5 IR AN SRR BT N R
SR, SR IUA A5 5 it ke 5 9 A0 2 A1 S PR 3R 0
FEL T A A5 A O R AR A PP T AR IR T 2 A

iB17



2025 455 2 ] FE,F AETFHIRSWIINZR (B 21840)
._The specifications of posch coll
L LT
[ ‘w!:, D 5t
[Copaciny: 336 An (T
Toal weight: Ma2g (i 2\
' Oate: wwm:‘v@ -u
-2 CT
— | —
(2) NCM 52348 H 1 (1) B A
5001 15
T,: 4074 °C 10}
4001 _ I {4
o [TT= L T. 882°C \
O 300f < 107 i \ 3 >
i = 1 H
2 200} = ({ 2 &
T,: 882 C = ’ 1§
10 4
100} T: 727°C \A\ﬂ | | 4 1
: 10° — : : g
0 1 2 3 4 5} 0 100 200 300 400
t/h B/ C
(o) AL H IR IR E AL (d) #R i A2 o PR B S I R 54 BRI R &
6 EV-ARCUKHEIRGE Bt R R g™
Fig. 6 Thermal runaway characteristics of cyclic soft pack batteries tested by EV-ARC"™
161 14 40¢ , * 156
ul W lso HiIE /4
12 . 13 30t { $3 132
i BB 160 BB
2 2l 2 % 2
= 8 121 # =20 124 #
H ({2'9) #1940 5 g o | -
of | we WEE \
BBl i )
af 1 o 10F 1
, 120
2 I BeE
0 0 0 i L
fr#% & /mm f# 5 /mm
(a) R H IR (b) V- 5% He

7 AEFESRE T N-RE-RE ™

Fig.7 Force-voltage-temperature curves under different extrusion loads

3 EREETRMBFGENTE

3.1 fRALEMigT
e iR TR e M A . 1
S AR FL AR AR Y IE 5 B3R FH B B L B R L, D2
FL B 70 P A e AR R AR Ak . LR, e L i
B &35 RA T T 1, 1 i L A ) 45 R 5 R Dk /0 m AR R R
TEPEER S AR AU . e Ah , DA H il ) 2
(A2 HE) TR A T 2L L, 0 T 2 5 L AT PO R o2 A
Faoe Mo I ek b A 4, ek D F AR A AR AR
b, I 34 58 AR A S5 AR B, T DA S A T
HA Ith () 2 A R MR AT RS DT TG M AN

[30]

[Fi 157 FH AT O0T L ) 55K o
32 FEEMREME

T, B IERRRE R, AT AT R BAT A
T sEVE B RE . BN, SR AT BB B 7 IE AR L
NG ALY G R T IERRREEE,
XA R ) LA R A A PR AR E
A BT v B B RE R AR I A A . AR, RS
TR, AT LATT A v 5 e AT S A R0V A9
o B, SR ATEE B REB & 6 F U A R, X sk
FORHRAT B e ) HO A (U 52 SRS SO Y
SN T S BRI E R ZE . I, IF R M il A
d A AR A SR JZ RO, AR R D A Y

- 157 -



2025 4F55 2 1

L LA S O A

Fa0t

(AN Sy IR PR P S - L R o)
fifp I 7 MIAS A LT, WA B A e S - L PR A
e i 1 R A, R B R R T P RE R S .
SR 10 265 HL i B v AR A A UL B 55, I
L el it o R AT A e O S 1 LR AR ) AR E
P, A B T4 M A PR AR PE A2 e
3.3 fRALTERR R R R

DR v L T R T )P R A F L A
ARG A e i r 2 o SR ) B e L
J PR I AR 8 47 T SR, LA AR AR AR 80 I e K
e HE S R Y ) 0 A7 i o 1 G, TR SRR D T,
] £ P 78 PR PR R T R PR A T SR o S
FUHEL LM AR R YRR B R A T 1, DA Ik
FEL R S A R P AR P 2 A SRS, AT A AER R
W AP E P o [N, 2 72 i F Ot , o L Fl
Ao R SRR B AR A 5 75 AR A 0L 8 T, A7 By
THE A A A A o UK, AR L T T L R
5 B TR FEL L P MTHIC L P A SR o S
P M B R A R 5 S FR AR AR A 453 3 A L i it
(870, IR I IR AR E M . BEAh , 38 1
TE Al L ) AR RE S 5 B A A 5
W o 2 A ] P B ) AR RE e Gt g )l
ECR AR R PR A AR A R A, A B T e A
(A0 QALY 32 S 1 N2 R Y O R e

4 g

PR L YL 1) 2K BOPIL B — > 22 7 T Y A2
PR, W S N ER A AP RHRRE | D) LA
WA 22 N 2R o 7R L AR 4 A 5 T, RS T
WA BB ZE A B | PR AR 5 L AR 22 8] 0 R L)
M H g JO ) 403 R S PR R, 3K 4 [ 0 AT - B
DA PSR % R AR 0. ) 184 o, DA T 552 o b e 1) 12
IR A5y o CERPRHRRPE DT T, 2R 25000 K b e
AR Tl D R A B i R BT A S fin 25, k£
[ 80 T 5 0 b ) R B B I IR BRAS E M
A, FETTS2 e Y ) R TR . 2 IRAT
ik fitt BE A 2 - F 9l ) 2R AR BN T 4 S A R
BTz [y eSO R S 1 PO N[ R E RN ESR I
BHRITZE, AT DL e i M R K i, IF R4
XU, T HE S A BB A2 5 N
S0k
[1] ABU S M,HANNAN M A,LIPU M S H, et al. State of the

art of Lithium-ion battery material potentials: an analytical

evaluations, issues and future research directions|[J]. Jour-

nal of Cleaner Production,2023,394:136246.
« 158 -

[2] ANANSUKSAWAT N,SANGSANIT T,PREMPLUEM S, et
al. How uniform particle size of NMC90 boosts Lithium-ion
mobility for faster charging and discharging in a cylindrical
Lithium-ion battery cell[J]. Chemical Science,2024, 15(6):
2026-2036.

[3] BIZH,YIZL,ZHANG L. Z,et al. Ultrathin dense LiF cov-
erage coupled with a near-surface gradient fluorination lat-
tice enables fast-charging long-life 4.6 V LiCoO[]]. Energy
& Environmental Science,2024,17:2765-2775.

(4] XIE Yuxiang, HUANG Yixin, CHEN Hui, et al. Dual-pro-
tective role of PM475: bolstering anode and cathode stabili-
ty in Lithium metal batteries[]]. Advanced Functional Mate-
rials, 2024,34(21):2310867.

[5] WANG H, ZOU W, LIU C, et al. B-Ketoenamine-linked
covalent organic framework with Co intercalation : improved
Lithium-storage properties and mechanism for high-perfor-
mance Lithium-organic Batteries[J]. Batteries & Supercaps,
2023,6(3).111-121.

[6] CHOI M, CHOI H,PARK S, et al. Stabilized high-voltage
operation of Co-free NMX cathode via CEI-controlling [J].
Energy Storage Materials,2024,67:103291.

[7] NISHI Y. The development of Lithium ion secondary batter-
ies[J]. Chemical Record,2001,1(5):406-413.

(8] XUX Q,CHENG X B,JIANG F N, et al. Dendrite-acceler-
ated thermal runaway mechanisms of Lithium metal pouch
batteries[J]. SusMat,2022,2(4) :435-444.

[9] YUFIT V,SHEARING P, HAMILTON R W, et al. Investi-
gation of Lithium-ion polymer battery cell failure using X-
ray computed tomography|J]. Electrochemistry Communica-
tions,2011,13(6) : 608-610.

[10]5K T, ARRIHE , 5K ~ B 42 B RS 1~ A i R 8 o0 A 15 1ot
B ELRIA]. 4 TR, 2023(4) :1-8.

ZHANG Yukun, ZOU Chaohui, ZHANG Yunxia. Failure
analysis and mitigation measures of Lithium-ion batteries
for vehicles[J]. Automotive Engineer,2023(4):1-8.

(UL ETT S, e, W R, A58, B0 AS H I 2L 8 v 3t

R T )). HF7 ahn] SR S BRI, 2018, 36
(3):5-12.
YOU Wanlong, YANG Chunli, HU Jianyao, et al. Failure
analysis of Lithium-ion battery for notebook[]]. Electronic
Product Reliability and Environmental Testing, 2018, 36
(3):5-12.

(12 ] 545, BB T LR PPl S RS8R AR ST D],
B AL AU S AR R, 2020.

(3] EM, BRedn, I, 5. R B Tl 2 2 PR AL
BB R 73T B ERIR )], fRERF 5 HAR ,2023,12(7)
2079-2094.

WANG Yi,CHEN Xuebing, WANG Yuanxi, et al. Overview

of multilevel failure mechanism and analysis technology of



2025 4F57 2 1

B R S e S M N O B LA (BEE218 1)

energy storage Lithium-ion batteries[J]. Energy Storage Sci-
ence and Technology,2023,12(7) :2079-2094.

(14 EIER, F90, 5k 45 7 H i R A BT R ).
i ERL2 5HAR ,2017,6(5) :1008-1025.

WANG Qiyu, WANG Shuo,ZHANG Jienan, et al. Overview
of the failure analysis of Lithium ion batteries[J]. Energy
Storage Science and Technology,2017,6(5) : 1008-1025.

15 T, ShAAty, BUK . WEIRR BR A 3 ) i s ARS8 AT e ik
JE[T]. HIREA,2016,40(2) :458-461.

MIAO Meng, MA Dongmei, HE Dilong. Progress in failure
of power LiFePO, batteries|J]. Chinese Journal of Power
Sources,2016,40(2) :458-461.

[16] Pl , Z# 8 Rty , 5. PRS- R R B 2 Pk

P R OR , 2020(5) :62-68.
LYU Yuanyuan, QIN Jianfeng, SONG Yang, et al. Brief
perception on thermal runaway of failure analysis for Lithi-
um ion battery[J]. China Port Science and Technology ,2020
(5):62-68.

(17 IRl RBE, bR, 8 U0, 55, =08l 1 1B i vl A [

TR PRI R HT )] RO 24 (A AR RRD |
2021,45(1):92-97.
LU Daban, LIN Shaoxiong, HU Shuwan, et al. Analysis of
cycling performance failure of ternary power Lithium -ion
cell at different temperature[J]. Journal of Anhui University
(Natural Sciences),2021,45(1):92-97.

(18 2 fEZ8. MR 8 MO ) R8BI KR BUZE RIS D).
JCHR : LT RH R, 2022,

(191210, E.58 , 5K PU g , 5. PR IR ol 0 HH 88 1 M M VR 380 T

B FCRRRAARFPEL ) . VG- 5 4 5 RE IR, 2024, 15(1) :
83-91.
LI Han, WANG Yan, ZHANG Xilong, et al. Thermal fail-
ure behaviors and the heat efflux characteristics of Li-ion
batteries triggered by thermal radiation[]]. Journal of Auto-
motive Safety and Engergy,2024,15(1):83-91.

[20 JBAAIZF. LMO HI NMC 3E-F TEAR S 128 i it 3043 BT ).
L TBR R, 2020,48(11) :132-134.

HU Lifen. Failure analysis of lithium-ion battery with LMO+
NMC blended positive electrode[J]. New Chemical Materials,
2020,48(11):132-134.

(21 6 5A%%. s AT B P S 1 H il 22 RUBE SR A LTS [ D).
Jemt: B EBERE (P E R B BT S RT) , 2023.

(22 JZ= ik . S - FL Tt FeTiO, SR RHES A AR Y e s
REFRBEFE[D]. FEAIEAE : NSEh Tl R, 2023.

[23 i FERE. PECVD fkf S b A 1 L P BiE SR 38T D .
B TEDUR, 2023,

(24 ] FHEE, Z=i0. P 22 A ) R AT, B RE TR

#,2021(11):15-19.

WANG Qiyu, LI Hong. Safety issues and failure analysis of
Lithium batteries[J]. New Energy Technology, 2021 (11) :
15-19.

(250038, ok, BB I, 55, SAS it 0 st (S W) 2 A= AL
WRFSHEREL]. fHAERL A S HAR,2017,6(3) :418-432.
SHEN Xin, ZHANG Rui, CHENG Xinbing, et al. Recent
progress on in-situ observation and growth mechanism of
Lithium metal dendrites[J]. Energy Storage Science and
Technology,2017,6(3) : 418-432.

(26 15827 , B, 58T . DA HA AR WRRR B 2l ) 1 s 1
LT 2R (). Hitk , 2023, 53(5) : 549-553.

GUO Huifang, CHENG Shuguo, ZHENG Shu. Failure of
Lithium - iron phosphate power Li-ion battery seen from
electrolyte[J]. Battery Bimonthly,2023,53(5) :549-553.

[27]ADENUSI H, CHASS G A, PASSERINI S, et al. Lithium
batteries and the solid electrolyte interphase(SEI)—progress
and outlook [J]. Advanced Energy Materials,2023,13(10).

[28 IDELACOURT C,KWONG A,LIU X, et al. Effect of manga-
nese contamination on the solid - electrolyte - interphase
properties in Li-ion batteries[J]. Journal of the Electrochem-
ical Society,2013, 160(8):107-109.

[29]SPOTTE-SMITH E W C,PETROCELLI T B,PATEL H D, et
al. Elementary decomposition mechanisms of Lithium hexa-
fluorophosphate in battery electrolytes and interphases[J].
ACS Energy Letters,2023 ,8(1):347 - 355.

(30 JJmimn 2 , EHE, 5B, 45, Bt 15/l To0 T R

T HL R AR A A 3R AT (). o5 TR A B4, 2024,
38(4):154-163.
GU Lirong, WANG Jingde, ZHANG Xinchun, et al. Analy-
sis of influencing factors of failure for cylindrical Lithium-
ion batteries under compression/impact conditions[J]. Chi-
nese Journal of High Pressure Physics, 2024, 38 (4):154-
163.

{EE &I
FRiZ(1990—), %, LA, EENRF BB F LA 47

SRR R AVA R T A FAIEH TAE, E-mail:shadow1804@

163.com,

R E (1987—), %, TRF, L ENF L b F 2545

AR AR,

BRH(1979—), 5, LA, LAF @ 7 & F & &)

KX Ie 7y R AT TAE
P2(1989—), 5, TAIF, £ BN F LS RIBIME AT

T4
ZBeC(1990—), F , TALIF, EZMF & iR K435

M AR

159 -





