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Abstract

In order to study the thermal runaway mechanism of lithium-ion batteries and reduce the thermal
runaway accidents caused by high temperatures in lithium batteries, a three-dimensional model of
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thermal runaway caused by thermal abuse was established on ternary lithium-ion batteries with the
help of COMSOL Multiphysics 6.1 software, and the thermal runaway in different high-temperature
environments was numerically simulated. The thermal runaway reaction inside the lithium battery
was analyzed by subjecting the battery to different heating environments, different initial tem-
peratures and different heat transfer coefficients. The results show that the higher the tempera-
ture, the higher the peak temperature of thermal runaway, and the earlier the thermal runaway
moment occurs. Under different heat transfer coefficient conditions, the larger the heat transfer
heat coefficient, the earlier the thermal runaway time, and the greater the temperature drop gra-
dient after reaching the peak. It is found that in the process of thermal runaway, the decomposi-
tion of SEI membranes is more susceptible to the influence of ambient temperature than that of
positive and negative electrode materials and electrolytes.
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Figure 1. Lithium-ion battery geometry mesh
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Table 1. Preliminary values of parameters related to thermal runaway of lithium batteries

F+ 1 EEMAKITEXSHE

i34 WILEH Uit TERRSRE
Ceei 0.2 a 0.05
Cre 0.7 Mpe 1

Meei 1 Mpost 1
Cros 1 Mpos2 1

Cele 1 Meje 1

Table 2. Parameters of lithium battery thermal runaway related variables

? 2. ERMAKERXTESY

ZHY SEI fik(ne) 1EH%(pe) FL A (e)
Ei/(J-mol ) 1.38 x 105 1.32 x 105 0.99 x105 2.70 x 105
Ai (s 1.60 x 105 2.50 x 1013 2.0 x 108 5.14 x 1025
Hi (J-kg ™) 2.57 x 105 1.40 x 106 1.94 x105 6.20 x 105
Wi (kg-m %) 194.7 1700 960 500

Z
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Figure 2. Temperature curves of the battery at different induced temperatures
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Figure 3. The internal reaction rate of lithium batteries at different induced temperatures
[ 3. TREIE 4R E R 2t RER R RiRE

HIFEBOE AR T0°'CHT 100°CHE,  HUBBURTIE AT R S RO R L% il AR
S 2 160°C A1 200°C I, RV IE BBl S B URIAZ 4K, RPN o T3 WY It 5 0 Ll ) PAY 8l 32 T+
1+ B P OB LR A SN (K BIELINS S SRR RO R R R AR A, B it R T i A B A B 0 L PR 3 s
FLAT S RS N TRt 2 i 2 P

FERFE WL E M AL E S T0°CH 100°CHY,  IEBADRHI SN R 5 TR IR . (HAEFE A
160°C A HL, £ 35 min Z AT UM R S BE AP IEAA KL, £E 35 min Zi 7 IEARRT R S L =R R
TR RL, I H 2 )5 B BGE R R ME S . ACRZ N 200°CH IMBL VARRIELSR, PR HURR S (1 1E A
FAREXS 7 Lk P Y R R AR A fi

3.3. FRMEAREXALET R

Trmax (CH

L L L L L L L L
[ 500 1000 1500 2000 2500 3000 3500
atid (s)

Figure 4. Effect of different heat transfer coefficients on battery thermal runaway
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Figure 5. Effect of different initial temperatures on battery thermal runaway
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