AT

erune mstivteofecnoley—— Thermal Runaway in Cylindrical
18650 Lithium-lon Batteries -
oM, iIKEDG

CONFERENCE Andreas Melcher, Carlos Ziebert, Boxia Lel, Wenjiao Zhao,
2016 MUNICH Jing Luo, Magnus Rohde, Hans Jurgen Seifert

P
Modeling and Simulation of ‘i.!}' IA M

Institute for Applied Materials

_ Oven-Trial Cell-Cycling
— Mean Cell Temperature wl 1 1
Thermal Model o *°
™ ! . E 20
Mathematical . o 1 2
dh, 8 L C_DI n = . = 350 y = co
2 | = o | 3 Description: 2
1+ = —* © - -a0
e O (9] 300 Dischar: e Dischar: ge
2 | 2 2 |3 - ™ |
GEJ 8 % g : Partlal lefe rentlal Equatlons 2500 160 260 360 460 560 560 760 360 900 _800_ 200 200 600 soo o0oo
— I ® ® Initial-Boundary-Problems tins Thermal Runaway Thermal Runaway & 1N'S
. . Coupled system of equations of elliptic PG - o T | | | | | 800 (s
Elektrochemical Exothermic and and barabolic tvoe - Tns = Sty T 0806 Tans =t i 7% 59
450 - 7 450 - ’ |
. > e
Describes Thermal Runaway < 200l e |20l _
- e -
350 e T . 350 - )
- 300 L= : : , : : : . . 300 - : . . i | . . i -
In homogeneous Heat Transport Eq uatlon : 0 100 200 300 4:);:1 . 500 600 700 800 900 0 200 400 600 8toion . 1000 1200 1400 1600 1800

or

Initial- and Boundary Conditions
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Inhomogenity: Heat Sources
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p Density, c, specific heat capacity, x heat conduction, Q,,, generated heat,
n outwards pointing normal vector, h heat transfer coefficient, T, environmental temperature,
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¢ emissivity of cell surface, o Stefan-Boltzmann-constant (= 5,670373 - 1078 W/m? K4)
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Reversible Heat: Q?‘E'U R—— oT Irreversible Heat: rrev. T €q

U cell voltage, I current, U, open circiut voltage (OCV)

cothermic Heat & om Combustion-ModeliSalid-Fusi:Modsll
Qﬂxutherm — Qsei + Qpe T Qne T QEEE

T >T,: Decomposition of the Solid Electrolyte Interface in a exothermic reaction => Qgg,
T>T, Exothermic reaction between the intercalated Lithium-ions in the negative electrode and » , PR A B . | 4 B . . .
the electrolyte => reduction of the electrolyte at the negative electrode =>Qyg, 300 350 _ 400 450 300 350 400 450 dT in Kls
T >T ;: Exothermic reaktion between active particels of the positive electrode and the
electrolyte => rapid generation of oxygen => Qpg - ; aY- Nerimer - N A -1r- NO - DFIMeteE
T >T ,: Exothermic decomposition of the electrolyte => Qg ¢
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c; Dimensionless concentration of Lithium ions in the i-th reactant, m, n,,
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