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Abstract — One-dimensional modeling was carried-out to predict the capacity loss of a lithium-ion polymer battery
during cycling. The model not only accounted for electrochemical kinetics and ionic mass transfer in a battery cell, but
also considered the parasitic reaction inducing the capacity loss. In order to validate the modeling, modeling results were
compared with the measurement data of the cycling behaviors of the lithium-ion polymer batteries having nominal
capacity of SAh from LG Chem. The cycling was performed under the protocol of the constant current discharge and the
constant current and constant voltage charge. The discharge rate of 1C was used. The range of state of charge was
between 1 and 0.2. The voltage was kept constant at 4.2 V until the charge current tapered to 50 mA. The retention
capacity of the battery was measured with 1C and 5C discharge rates before the beginning of cycling and after every 100
cycles of cycling. The modeling results were in good agreement with the measurement data.
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Fig. 1. Schematic diagram of a lithium-ion polymer cell.
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Fig. 2. Schematic illustration of the RC measurement and the
cycling of a lithium-ion polymer battery.
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Fig. 3. Variation of the voltage of the fresh battery during RC mea-
surement with 1C and SC before the cycling.
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Fig. 4. Comparison between the discharge and charge curves from
the experiments and modeling during the RC measurement
of the battery with 1C followed by CC charge with 1C and
CV charge at 4.2 V.
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Fig. 6. Discharge curves during the RC measurements with SC.
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= ke
a : specific surface area of porous electrode
a, : anodic transfer coefficient
a, : cathodic transfer coefficient
a : specific electroactive area
c  lithium concentration in solid phase [mol m~]
¢ : maximum lithium concentration in solid phase [mol m~]
¢’ :lithium concentration in solid phase at electrode/electrolyte
interface [mol m~]
C, : lithium concentration in electrolyte phase [mol m~]
D, :diffusion coefficient in solid phase

DY : effective diffusivity
F : faraday’s constant [96,487 C mol™]
j : positive or negative electrode
I : exchange current density of parasitic reaction
Joardly © parasitic reaction rate after N cycles [A m2]
k : rate constant of intercalation reaction
k, : electrical conductivity of film
: molecular weight of parasitic reaction product [kg mol™]

=

: negative electrode

3lerast H473H HMI3E 20094 62

A - AR - ol

p : positive electrode
Qyss : loss rate of active material after N cycles
R : universal gas constant [8.3143 J mol™ K]
Ry|y :electrical resistance of film after N cycle

: radial coordinate

r
T : absolute temperature [K]
t : time [s]

t

: transference number

Jzjo|A =Xt
Ol parg - transter coefficient of parasitic reaction

&y :film thickness after N cycles [m]

€ : porosity
n : electrode overpotential [V]
Npara - OVerpotential of parasitic reaction [V]

k¥ : effective conductivity of the liquid phase [S m™]

kg : effective conductivity of the liquid phase due to diffusion [S m™]
p : density of parasitic reaction product [kg m=]

of  : effective conductivity of the solid phase [S m™]

@,  :potential of solid phase [V]

@, :potential of liquid phase [V]
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