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Analysis of thermal runaway behaviors of lithium batteries
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Abstract: Lithium manganate batteries (LiMn,0,) for electric bicycles were used as the research ob-
ject. The thermal runaway behavior of LiMn,O, battery under different overcharge rates was investigat-
ed by combining theoretical analysis and experiments. The results showed that the battery reached ther-
mal runaway faster under high overcharge rate, and the average time to reach thermal runaway under
3C overcharge rate was 233. 4% shorter than that under 1. 5C overcharge rate. The effect of overcharge
multiplier on the battery was mainly reflected in the two stages of slow temperature rise and fast tem-
perature rise, and the control measures should intervene in these two stages.
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Fig. 1 Typical process of thermal runaway of

lithiumion battery

(O D =R RS PN B2 e L1 B PO 24 s SO B
e PR S A 3 R AT RS B A (J/s)
TES FERLAT I, H RO R A R R R
HAHER = LG SV O (J/s) . FEHAN O (J/s)
FIAALER O (/) o e H S 7 AR AL B K Ay i 4
5 FE Tt AP A e A R B R A o A v A
ARAHOGHR P AR H AR R B Y 3 IR AL A
O3 R TR YR AR A SR R LR R
T A A B AR AR B AR A
et e 22 M AL AR AR 2 W AL 3 3B 0 A Ak 7™ A
A AR R GRS T R
Qb = Qreaer ¥ Qe + Qo (2)
e S R, R AR A A N L, RE
WO KRR A, SRR T R, s

(a) AL TR RIS R G
KA H e

R 3 B ni A

AR BH A R EL A S5 2 ) A — BB I B
IR, M AR A RRER S, RS T,
BREE KFFIEAT N o BRI R O, (Js)
LR R AR PR O, (J/s) , SARDTRRBE 5 Fi i
JoT R L R 3 0y, (J/s) , SEL R 43 fife 7= $A4 ok %2
O (J/s), HLAR AL R 0, (J/s), Tt s
it 77 AR F Q00 (J/s) FILIE A 73 il 7 44 3
Quunoe (I/s) o L IF FEL M PN 71 A6 77 AV AR 353 T
el )
Qi = Qe + quule + onlur + Qe (3)
Quse = Oua + Qui + Qoy + Qe + Quote + Qi (4)

2 AR RIS PR

XIWEE

AR 5T H A9 H St 2 7 ] 18650 LiMn,O,
(LMO)/frssii, FRFRAEHEM 1.2 Ah, ARFRH
F3.7V, FEHEBIEBEES 2V, FEXHE I TS
FEHIRIR AT, RS R E 4 1V, R
B 24 h, BRI ERIR AT E o (B H Yt 7
LR (B BTS-5V12A) % B it 479040 75
P12 () Sy %o i 2 1 R b 2 47 3 7 ) 512 60 2 R
B A e LR H [ R, E H b AR 1) il
T 1 Nem (97505 7 LA B Fi Tt A B2 42 0 [ A7 2] s
phi E A R, HH RS ER . PR [ e 2
Z I B = B v T RR R, DA/ 7E 2o 7 i 1 1]
i e FLAL i SR B % o (0 P T v 38 K I A
R 3 KA () [0 5 A vt R T SR 8,
B 2(b) s oA B2 $E R 4& A2 (HIOKI MEMO-
RY HiLOGGER LR8450) #{ ] T 2R 4 5246 1 72 rp 11y
TR 2R L 0 A R T Y L e A R A Y
b R, LR MRS EIEI R R s, SRAER
0.1 °Co T3 L TR A FEL b s N 2RO [ C A5 2R
MIFERL AL . (AL SR A L0 i R

2.1

4 (b) # st A
i

men

 Tc1fbrcs

| TC2 :

BoEREMX | T

K2 ke B A

Fig. 2 Schematic diagram of the experimental setup
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Table 1 Experimental comparison of thermal runaway of batteries induced by overcharge at different C rates
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Fig. 3 Battery failure phenomenon under

1C overcharge condition
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Fig.4 Thermal runaway phenomenon of LiMn,0, battery induced by overcharge
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Fig. 6 SEM and EDS analysis of thermal runaway ejecta of battery
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Fig. 7 Temperature of the whole process of thermal runaway of LiMn,O, battery induced by overcharge
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Fig. 8 Temperature rise rate of the whole process of thermal

runaway of lithium manganate battery induced by overcharge
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