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Selected Phenomena in Li-lon Batteries
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@ Phase transition within particle ensemble
@® lon transport
@® Adsorption

@® Electron transfer reaction

@® Double layers
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Electrochemistry
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Structure of Models

Balance equations Balance equations of

of matter the electromagnetic field
Coupling

Constitutive equations and
2"d [aw of thermodynamics

Asymptotic analysis

Models for electrolytes
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Nernst-Planck model

Variables
@  electric potential

V  barycentric velocity
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Nernst-Planck model

Variables
@  electric potential

™  barycentric velocity

Essential flaws of the Nernst-Planck model

@ The solvent and the barycentric velocity are ignored

@ The pressure due to the constituents of the electrolyte is ignored

@ The diffusion fluxes do not reflect the interaction of anions and cations with the solvent
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Example: Boundary Layer

Nernst-Planck, 1890
Zan
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Example: Boundary Layer

Nernst-Planck, 1890
Z e
J, =-M(Vn +-220
kT

n Vo) for a=12,..N-1

Dreyer, Guhlke, Miller, 2012
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Example: Boundary Layer

Nernst-Planck, 1890
J,=-M(Vn,+ leﬁo nVg) for  a=12..,N-1

Dreyer, Guhlke, Miller, 2012
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Example: Boundary Layer

Nernst-Planck, 1890
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Example: Boundary Layer

Nernst-Planck, 1890
J,=-M(Vn,+ Z;?O nVg) for  a=12..,N-1

Dreyer, Guhlke, Miller, 2012
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Example: Role of Elastic Pressure

Nernst-Planck, 1890
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Dreyer, Guhlke, Miller, 2012
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Example: Role of Elastic Pressure

Nernst-Planck, 1890
J,=-M(Vn,+ Z;? nVg) for  a=12..,N-1

Dreyer, Guhlke, Miller, 2012
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Example: Solvation Phenomenon

Nernst-Planck, 1890
J, =-M(Vn_+
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Description of electrolytes

1

N
Ap=——n° with n°=%"z n_ —div(P)
a=1
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o, pv+div(po®v—06)=—n"Vo

Variables
@  electric potential

V  Dbarycentric velocity

Ng _ _ _
om,n, +divim,n,v+J )=> mv.(Rr—R))  aefl2..N}
i=1
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Description of electrolytes
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Ap=——n° with n°=%"z n_ —div(P)
a=1
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Variables
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V  Dbarycentric velocity
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Description of electrolytes

1 _ N _ Variables
Ap=—-—n" with n°= Z z,n, —div(P) @ electric potential
g -
’ 1 (N,)u12 N particle densities
o, pv+div(po®v—06)=—Nn"Vo v  barycentric velocity

Ng _ _ _
om,n, +divim,n,v+J )=> mv.(Rr—R))  aefl2..N}
i=1
I

Definitions |

p:imana pu:imanana J,=mn_(v,—v) —> iJa:O
a=1 a=1 a=1

0,0 +div(pv) =0 ‘
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Description of electrolytes

1 _ N _ Variables
Ap=—-—n" with n°= Z z,n, —div(P) @ electric potential
g -
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Definitions |

p:imana pu:imanana J,=mn_(v,—v) —> iJa:O
a=1 a=1 a=1
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o, pv+div(po®v—-X)=0
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Constitutive model and 2" |aw of thermodynamics
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