F34E M 124 CEN A Vol.34 No. 12
2024412 H China  Safety  Science  Journal Dec. 2024

B3| AR T, Tk RORAS  AF. v IR AR R ol N RS R M R R AT [T ] P R R A A, 2024,
34(12) :159-167.

X 5| F#&3 : WANG Shaojia, WANG Zhi, ZHAO Qingjie, et al. Analysis of thermal runaway characteristics of lithium-ion batteries under
high and low temperature short-term shocks [ J]. China Safety Science Journal,2024,34(12) :159-167.

R R G R E TRES FHEit
PRI T

ErE, EET aas, REAXR', LA urx
(L PET LAY RLTHER ITH M 21116,
DHET U AE LHFERATRTE ARG P ERE A LB T LR AN 221116)

e
=

=)

Eﬁi

PEDES X932 ARG ES : A DOI: 10. 16265/ . cnki. issn1003—-3033. 2024. 12. 1774

HEDE . BREARNFES ST SFETREN(52204253) ; NWRF ERELXEEFFHIRA(HZ2024-KF03) ;
BNMNIRS 522 TEN) | | @EQRIREANE S EEN(MZ2023KF06) ; PEF T ERSFESE LN
B%81(2023M733766) ,

[ E] HRFEFTERRNZH EHAEH AXEE TRt RmEASI R L2 g R
AR B0 5 B R AR 9 B -40~60 °C ty R S B A T ok AR B Tl bk & 24
48 #196 h &, TR W AN A Ak KT, o R A ERES S TR TE T AN T RRIKE
i JE AR TR Ak AR AR, £ R R U R R A B B R B 70 AR JE A i S K
WEIZIRE 2w FRHEY AR E, ME®HEEAT, BRI 0k 2 4 /52 6 e
By Z A8 Ar, B ILINE R B, 42 TR R AR K AR B W IE B ] e K 4 AR A B R B ZE A, FR
ARG R E R KA, AR IEE Ak A E A XN, Yo R E KR, A, & BT
BN AL ERENTEIRPEMRNERN, RAERBBEEMALAEERERELRE TR, LA
—40 C R AEE E FE B THREE A 15.2 71 175.4 C, KGR B B H T EIK, MHE
o B R B HE K Ar, K IS ARG VR R B A K N GR B A BT IR K

[k##iA) wmEwd; RiEwE; EHFeEd,; HiE;, HRehk

Analysis of thermal runaway characteristics of lithium-ion

batteries under high and low temperature short-term shocks
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Abstract; In order to investigate the thermal runaway characteristics of lithium-ion batteries following
short-term exposure to high or low temperatures shocks during transport and usage, thermal runaway tests

were conducted on fully charged lithium-ion batteries. These batteries were subjected to temperature
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shocks at =40 to 60 °C for 24, 48, and 96 hours before external heating was applied. Analyses were
performed on thermal runaway characteristic parameters to explore change rules in thermal runaway
characteristics after short-term high — or low-temperature shocks. The results indicate that the overall
severity of thermal runaway and the intensity of ejected flames were attenuated by the shock factor. With
rising shock temperature, the time difference (Az,) between the onset of thermal runaway and the rupture
of the battery safety valve shows slight fluctuations overall, while both the time difference (Atz,) between
peak temperature and the onset of thermal runaway and the initial thermal runaway temperature tends to
increase. In contrast, peak thermal runaway temperature and flame heat flux decrease relatively. When the
impact temperature decreases, A¢, gradually shortens, while Az, initially increases and then decreases with
lower temperatures. Both the onset and peak temperatures of thermal runaway drop significantly, with
reductions of 15.2 and 175. 4 °C, respectively, observed at =40 “C , along with a reduction in flame heat

flux. Additionally, with extended shock durations, A¢,, initial and peak temperatures of thermal runaway,

and flame heat flux all decrease.
Keywords: high temperature shock;

runaway; thermal hazards

0 3| &

2020 4 9 H EIZ B XU i B m , H R T
R AR RE IR B NI H 5512 . HHA RERE
W EPR AR T U R TR TS Y AR
A, BN SR A BE R BT RE IR U R AT AT ST T
[yt AR, R P T R T I 4 4 e A,
Hh gl B S U B T R R R R LN R L A
S AN 0] PR T 2 e AR b
et ALk A S TR A AR s DX P i
PR REB AR T2 R B S B A R I 72 A8 R
PR AR o A T G T Ve i IX B A JE
RKATFAMEHREE s LR T LA T
KAAE 55 BT AMRIR SR 45 th T a4 dit
A TRV Al P, 58 2 sl I A ek 52 PR3 R 1 i 2
Lin i WP S/ Rt T C Y N R SE PSR S
SR 7 i SO = S 2 SRR €28 B2 S S R s il
AL PERE UL, BRI i s AR E T, T
D AR AL b ok s B r Yt B B R R AN
1, PR TS i AR i Xk T F b R M B 24
TS

e e R DO F N R R SR R (iR R i o
¥ HL A2 RS AR AL HEAT T ST, I — B S
T AT iR LR T FL I g A RE S A HIL R Y
SO, B A iR TR B T e R T o A R 5
TP SR 1E 45 R SE TR RE I8 % i Al R
AR , R R b 2 Al o 3R B a2 ) T s S R
FEF R s ABADA S50 5T 1 H b A w8 R o o A0

low temperature shock;

lithium-ion batteries;  thermal

TEIUERH DI Ak, B2 A H i 5T 5 18 AH (Solid
Electrolyte Interphase, SEI) i i) 388 4 2 —F B b =&
LA s WANG Zhi %5 %) 18650 Hi i #E AT 1 o i/
PEFAFA s () P P e | 2 302 A v v L
HH Yt B 22 4> ; REN Dongshen A AN E
IRAR B H M PR AT O R BRI & A
T 1 B AR BT R A L 5 FL it 4 5 JR M e MR Ak
I HE I ; KONG Depeng 251 e A [a] s 5L AN
PRI AT AT — R GV B i b P e, &
IURIAEEAT Sy 52 B A Tk B G B R ) (i 255
Wi ; ZHAO Luyao 251" gt~y T MR PR FH0F9T T
RCIRAG B 5 H s 1) TR 45 AT R, A ST B s T
B b A P M RE , WU Senming 2031 52 /I m
MmUY (Accelerating Rate Calorimeter, ARC) il
TS [ BREPR A B B - H v, e BRI S A S 1Y
F, L 67 BB 3R T P TR A 2t 3 R AR 2 1 P T P A
FOEPE MRS R . 25 b BB
TR B S A A R R R IR = G T
e PRI e F A A R Y A A Ry
TERIBESE

YT, T LA 18650 H B T HL MR AT TN 42
38 52 4/ MR R %o AN [] v o Ak B R v B ) R T
DURY BB - H M T J R P v i, SR A T
T E R TR IR R ] B o IS B B s R
AL SHE RN T REZ D e AR PR R b iy
RGBT, DA A R e it % s A A
Froifd R rp AR 2 A B AP R



24120000133003

12 3

1212 /b5 tbd

DA AR vh R AR R T R R R AR A - 161 -

1 AREFHEIEEMTIE

1.1 #EFHEmAKEKIEHR

R e, FRFRZS B 2 600 mAh 1Y
IEMATEL R LiNi, 5Co, ,Mn, 0, AYEHEES - HL i 7E =
AT LL0.5 C HEE B, Y iR T 2
IEHL 2,75 VIS IR, 46 15 min, DL 0.5 C
fE AR, R F A R AR 4.20 V 5,
HopEE T HE R R 0.02 C B, 451k
FEHL . SRIG X AR 2 100% far HL R 2 1 F th i
A7 S B i iy, 2 o Pl vl S D 2R LA B DA 1k
HAE BRI T A JA P A0 BRAT (Y) BR S  F Yh
IRIGRE S A TR E IR AR P 2L -40 . -20,0.,20,
40 F1 60 °C IR B & 1543 1) ih i 24 48 1 96 h, LA
RLAULH L A 28 D) W o B 25 0 T i B b o o o
Ja EERFM T HEE 24 h, 3455 18 FATE T.00
58 B - r s, DA T AR 4R 18650 [ AT: 1Y
“ouiR B R OCHEESEULR 1,

F1 18650 BEEFHEMSH
Table 1 18650 type lithium-ion battery parameters
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Fig.1 Schematic diagram for experimental setup
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Table 2 Setting of test conditions

THF5 iR C Wb e /h
1 24
2 -40 48
3 96
4 24
5 -20 48
6 96
7 24
8 0 48
9 96
10 24
11 20 48
12 96
13 24
14 40 48
15 96
16 24
17 60 48
18 96
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Fig.2 Process diagram of thermal runaway and

combustion behavior of lithium-ion batteries
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rate within Az, under different shock temperatures
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Fig. 6 Flame heat flux versus time for different shock times at typical high and low temperatures
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