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Abstract : As the application area of lithium secondary batteries becomes wider, performance
characterization becomes difficult as well as diverse. To address this issue, battery manufac-
turers have to evaluate many batteries for a longer period, recruit many researchers and con-
tinuously introduce expensive equipment. Simulation techniques based on battery modeling are
being introduced to solve such difficulties. Various lithium secondary battery modeling tech-
niques have been reported so far and optimal techniques have been selected and utilized accord-
ing to their purpose. In this review, the electrochemical modeling based on the Newman model
is described in detail. Particularly, we will explain the physical meaning of each equation
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included in the model; the Butler-Volmer equation, which represents the rate of electrode reac-
tion, the material and charge balance equations for each phase (solid and liquid), and the energy
balance. Moreover, simple modeling processes and results based on COMSOL Multiphysics

5.3a will be provided and discussed.

Keywords : Electrochemical Modeling and Simulation, Butler-Volmer Equation, Material and Charge

Balance, COMSOL, Lithium Secondary Battery
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Fig. 1. Scale-specific modeling approach in lithium secondary battery system
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Calculate
Overpotential

(Butler-Volmer Eq.)

Calculate Current Density

4—[ Initial Condition (C,, C) ]4—

_>[ Initial Condition (¢, ) J

Calculate Salt
Concentration
(Mass Balance Eq.)

Calculate Potential
(Charge Balance Eq.)

Calculate Salt Concentration
(Electrolyte Mass Balance Eq.)

Fig. 8. Flow chart of electrochemical modeling.
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Parameters Explanation Values
ag Specific area of electrode m!
C Concentration mol m™
C, Heat capacity Jkg'm!
D Diffusion coefficient m* s’
F Faraday constant 96485 C mol!
v Fugacity
h Lumped heat transfer coefficient W m?K?
J mol flux mol m?s™!
J Current density on the electrode A m?
k Reaction rate constant of electrode ms’!
n Number of electrons participating in the reaction
Ry Film resistance
R Ideal gas constant 8.314 Jmol' K'
s Stoichiometric coefficient
T Temperature K
t Transference number
U Equilibrium potential v
z Ionic charge
o Symmetric factor
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Parameters Explanation Values
Eemis Blackness of the battery surface
& Volume fraction
n Overpotential on the electrode v
K Tonic conductivity Sm’!
A Thermal conductivity of liquid phase Wm'K!
A Thermal conductivity of solid phase Wm-1 K"
2 Density Kgm?
o Electric conductivity of electrode Sm’!
Osp Stefan-Boltzmann constant 5.676x10% W m™ K!
T Tortuosity
¢ Potential \Y
Subscripts
0 Initial state
eff Effective
s Solid phase
/ Liquid phase
ref Reference
Superscripts
Max Theoretical maximum
Surf Surface

+ cation




