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Research progress of thermal runaway mechanism and
safety improvement strategies of Li—ion batteries
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Abstract ; With the increase of new energy vehicles, the requirements for lithium—ion batteries expands
rapidly. As the heart of electric vehicles, the safety of lithium batteries cannot be ignored. According to
statistics, 80% of the failures of new energy vehicles caused by batteries. With the increasing popularity
of new energy vehicles, their safety problems attract more and more attention. Regarding the reasons of
thermal runaway accidents of lithium batteries, this paper will analyze the mechanism of thermal runaway
of lithium batteries (including external causes and internal causes) and coping strategies, and put for-
ward corresponding countermeasures for the safety improvement of lithium ion batteries, providing theoret-
ical basis for the design of high—safety lithium ion batteries.
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Fig.1 (a) Temperature changes on the surface along with time;

(b) Temperature rise rate on the battery surface'®’
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Fig. 2 Schematic diagram of battery package
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Fig. 3 (a) Illustration of the thermal shrinkages of PP separa-
tor, PEO-GPE, and HVTPE at different temperatures. Flamma-
bility test for (b) PEO-GPE and (c¢) HVTPE. The potential
monitoring and safety tests for the punch cell based on Li/

HVTPE/LNMO (d) before testing and (e) after folding, (f)

nail penetration, and (g) cutting into two parts->’

b RE B TR IR AR I T 01 DA A AR A R ] AR R A T
(Liy, Gay, La, Zr,0,,, LLZO - Ga) A 3 8L, ¥£ PVDF -
HFP WBEIR = LR/ AR IR £ 1@ TR ( TEP/FEC) TR
B S & PVDF-HFP [ S A8 B 1o 72, il £
TR BT SR A KRS f i BT
B G YHfR BUE A R AF B AL
JIE SR 5 0 P AR T ) 5 1P R B R T A 1.84x107°S 7
FE20°C B, HoHL A2 00 LAl 3K 475V, 2B R &
FL fi7E SO LA AR PO S 1 B A B 1) K e il i 2%
PR RE S A HERE (LI 4) .

4 PL60TF-GPE Hl PED-GPE JAbett 1 505
Fig. 4 Burning tests of PL60TF-GPE and PED-GPE with

a fire at about 528°C*!

3.4 ERBUE

WFFE R B, $2 i 7 A L Pl R R AR e R
A —Fp S ik HR  ZE SR L AR R N -0
FEAERE | 23 ) e 748 T IS e 19 N2 T O R
O U, X s S R TR AR RN 5 | R T AR A
PEAN  FERTHLE TR, 23 iR BT 336 4 3 8 42 )& (TM)
TERS ™ R AR | DT SRR A 4 | B T A
T 5 FL AR VR AR S S T, I T MR R AL, SRR
TR 2 BT, 18 1A% MR BE 6 B2 45 M LA S 7E A v
RN 1PN B 5 NI R S 5 - e L WS 1T )
OO EEGE NCM AR RE I B JUOT k2
— @M MgO . A1,0,.Si0, . TiO, .ZnO ,Sn0, . Zr0, 5
Py IR AR REEA TR AL, mT AR Li* J5 1
e 55 PRV SN [T B 92 TE AR Py e 4, 4 o 1
Yok AR 4 i LA R R e M, B AR A% v BH S
T 0 P M, DT B AIC 6 B R A IR N
m[27—29] .

TR FVR 2 4 5T R 5 S 0 2 B
BH = Bt = A BA X TiO, ¥ )2 1Y LiNigs Co,, Mng 5 O,
(NCM523) IEAR FiLf 58 00 B A 3R E FL i AT T LAk
EVEREFN A YRR LA (LI 5) P mRsE R, &
A TiO, 12 NCM523 1E #) 1 # sl 7 5 0k f R
T AR PEIAERE . A AL S I BT IS A R
B, TiO, fL 7 /Y NCM523 1F # A i it HoAT o fin s
AT RSB, TiO,IR)Z E RS T IEAURLRY
TR EPE IO T UKL S 32 P AR 1 ™ EE ol
TiO, .7 RS A R T4 H L 9 22 42

4 JEHH

A S A R S L P P S A LA
YT T 105 PR A 38 B A 1 R TR A, 2538 T 44
AR Pack LI LA T TN AR 5 T
L 22 4 P O BF S AR, 0 3 622 4 i 46
HEAT T 40T, R T 2 A P A B T b A T —
SE I S, O kLR Ok R RS T 4 T 5 R
1‘;%[31—33] .

SE 0k

[1] Zhang Y J, Wang H W, Li W F, et al. Quantitative identi-
fication of emissions from abused prismatic Ni-rich lithium-
ion batteries [ J]. eTransportation, 2019, 2. 100031.

[2] Zhou Q, Dong S M, Lv Z L, et al, A temperature respon-



26

DRERRL S AR F o4l

29 &

Fig.

K5 NCMS523 Fil TiO,~NCM523 FyHERE o

5 Thermal runaway characterization of NCM523 and TiO, -

NCM5231

(3]

(4]

(5]

(6]

(7]

(8]

(9]

sive electrolyte endowing superior safety characteristic of
lithium metal batteries [ J]. Advanced Energy Material,
2019, 1903441.

Sun J, LiJ, Zhou T, et al. Toxicity, a serious concern of
thermal runaway from commercial Li—ion battery [ J]. Nano
Energy, 2016, 27. 313-319.

Huang P, Wang Q, Li K, et al. The combustion behavior
of large scale lithium titanate battery [ J]. Science Report,
2015, 5. 7788.

Kevin M W, Steven J L, Timothy G T. A review on the
growing concern and potential management strategies of
waste lithium ion batteries [ J]. Resources, Conservation
and Recycling, 2018, 129. 263-277.

Sun J, LiJ, Zhou T, et al. Toxicity, a serious concern of
thermal runaway from commercial Li—ion battery [ J]. Nano
Energy, 2016, 27. 313-319.

Liu X, Stoliarov S, Denlinger M, et al. Comprehensive cal-
orimetry of the thermally —induced failure of a lithium ion
battery [J]. Journal of Power Sources, 2015, 280; 516-525.

Huang P, Wang Q, Li K, et al. The combustion behavior
of large scale lithium titanate battery [ J]. Science Report,
2015, 5. 7788.

Hou J X, Feng X N, Wang L, et al. Unlocking the self—
supported thermal runaway of high—energy lithium—ion bat-

teries [ J]. Energy Storage Materials, 2021, 39. 395-402.

[10] Finegan D P, Scheel M, Robinson J B, et al. In—operan-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

do high speed tomography of lithium—ion batteries during
thermal runaway [ J]. Nature Communications. 2015, 6.
6924.

Feng X, Lu L, Ouyang M, et al. A 3D thermal runaway
propagation model for a large format lithium ion battery
module [ J]. Energy, 2016, 115.: 194-208.

Mancin S, Diani A, Doretti L, et al. Experimental analy-
sis of phase change phenomenon of paraffin waxes embed-
ded in copper foams [ J]. International Journal of Thermal
Sciences, 2015, 90, 79-89.

Zheng S Q, Wang L, Feng X N, et al. Probing the heat
sources during thermal runaway process by thermal analy-
sis of different battery chemistries [ J]. Journal of Power
Sources,2018,378 . 527-536.

Zhang P, Xiao X, Ma Z W. A review of the composite
phase change materials; Fabrication, characterization,
mathematical modeling and application to performance en-
hancement [ J]. Applied Energy, 2016, 165; 472-510.
Lee Y,Kim S, Mun J Y, et al. Influence of salt, solvents,
and additives on the thermal stability of delithiated cath-
odes in lithium ion batteries [ J]. Journal of Electroanalyt-
ical Chemistry,2017, 807(15) : 174—180.

Golubkov A W, Scheikl S, Planteu R, et al. Thermal run-
away of commercial 18650 Li—ion batteries with LFP and
NCA cathodes impact of state of charge and overchare
[J]. RSC Advances, 2015, 5. 57171-86.

Feng X, Sun J, Ouyang M, et al. Characterization of pen-
etration induced thermal runaway propagation process
within a large format lithium ion battery module [ J]. Jour-
nal of Power Sources, 2015, 275, 261-73.

Mao B, Chen H, Cui Z, et al. Failure mechanism of the
lithium ion battery during nail penetration [ J]. Interna-
tional Journal of Heat Mass Transfer. 2018, 122; 1103 -
1115.

ShiY,Daniel ] N,Wang M, et al. Exothermic behaviors of
mechanically abused lithium—ion batteries with dibenzyl-
amine [ J]. Journal of Power Sources,2016, 326. 514—
521.

Zhang Y, Mei W, Qin P, et al. Numerical modeling on
thermal runaway triggered by local overheating for lithium
iron phosphate battery [ J]. Applied Thermal Engineering,
2021,192.116928.

Liu X,Zhang Y,Liu Y,et al. A review on thermal manage-
ment system for Li—ion battery [ J]. Battery Bimonthly,
2022, 52(2) . 208-212.

Kim J, Mallarapu A, Finegan D P, et al. Modeling cell



13

P U A RS T R AL B A B T SR M S 27

[23]

[24]

[25]

[26]

[27]

venting and gas—phase reactions in 18650 lithium ion bat-
teries during thermal runaway [ J]. Journal of Power
Sources, 2021, 489, 229496.

Vendra C M R,Shelke A V,Buston ] E H,et al. Numeri-
cal and experimental characterisation of high energy densi-
ty 21700 lithium—ion battery fires [ J]. Process Safety and
Environmental Protection,2022,160;153—-165.

Zhao J, Lu S,Fu Y,et al. Experimental study on thermal
runaway behaviors of 18650 Li—ion battery under enclosed
and ventilated conditions[ J]. Fire Safety Journal, 2021,
125.:103417.

Liu J, Shen X W, Zhou J Q, et al, Nonflammable and
high—voltage —tolerated polymer electrolyte achieving high
stability and safety in 4.9 V—class lithium metal battery
[J]. ACS Applied Materials & Interfaces, 2019, 11,
45048-45056

Xu D, SuJ M, Jin ], et al. In situ generated fireproof gel
polymer electrolyte with Lig, Ga,, La, Zr, O,, as initiator
and ion—conductive filler. Advanced energy materials [ J].
2019, 9(25) : 190061.

Chen J, Ren D, Hsu H, et al. Investigating the thermal
runaway features of lithium—ion batteries using a thermal
resistance network model [ J]. Applied Energy, 2021,
295.117038.

[28] Jindal P, Kumar B S, Bhattacharya J. Coupled electro-

[29]

[30]

[31]

[32]

[33]

chemical - abuse — heat — transfer model to predict thermal
runaway propagation and mitigation strategy for an EV bat-
tery module [ J]. Journal of Energy Storage, 2021, 39
102619.

Wang Z, Yang H, Li Y, et al. Thermal runaway and fire
behaviors of large—scale lithium ion batteries with different
heatingmethods [ J ]. Journal of Hazardous Materials,
2019, 379 120730.

Li Y, Liu X, Ren D S, et al. Toward a high voltage fast
charging pouch cell with TiO, cathode coating and en-
hanced battery safety [ J]. Nano Energy, 2020, 71:
104643.

Wang Q, Mao B, Stoliarov SI, et al. A review of lithium
ion battery failure mechanisms and fire prevention strate-
gies. Prog Energy Combust Sci.,2019; 73, 95-131.
Zhong G Z, Mao B B, Wang C, et al. Thermal runaway
and fire behavior investigation of lithium ion batteries u-
sing modified cone calorimeter [ J].Journal of Thermal A-
nalysis and Calorimetry, 2019, 135. 2879-2889

Zhu X, Wang Z, Wang H, et al. Review of thermal runa-
way and safety management for lithium—ion traction batter-
ies in electric vehicles [ J]. Journal of Mechanical Engi-

neering, 2020, 56(14) . 91-118.



