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Abstract — Computational modelling and simulation for the charge-discharge characteristics of Lithium-ion
batteries have been carried out. The battery system consists of a simplified 2-dimensional single cell for the
modelling, in which the thermal modelling on the charge-discharge characteristics was conducted in the temperature
range from 288 K through 318 K by using FEMLAB as an engineering PDE solver. While material parameters
adopted in the present modelling were dependent on the system temperature, their thermal modelling were applied
on the simulations of the charge-discharge period and the rate of transferring charges systematically. The resulting
simulation shows that the cycle of the charge-discharge shorten itself by reducing the system temperature,
regardless of the charge-discharge rates. In addition, the mass-transport phenomena of Lithium ion have been
discussed in connection with the charge-discharge characteristics in the battery.
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Table 1. Design parameters of the cell [7].

Positive Electrode
Li,CoO,

Negative Electrode

L,Go

Fig. 1. Schematic diagram of a Lithium-ion cell.

Parameters Negative(LiyCs) Separator Positive(LixCoO2)

Thickness (um) 73.50 25.00 70.00
Particle radius (um) 12.50 - 8.50
Initial electrolyte concentration (mol/m3) - 1000.00 -
Max solid phase concentration (mol/mS) 3.19%10* - 4.99x 10
Active material density (kg/ms) 5031.67 - 2292.00
Porosity of region 0.44 0.45 0.30
Solid-phase diffusion coefficient (mz/s) See Eq.13 - 1.00x10™"
Reaction rate (mol”mms l) 1.76x10™" - 6.67x10™""
Electronic conductivity (S/m) 100.00 - 10.00
Bruggeman’s number 4.10 2.30 1.50
Transference number - 0.44 -
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Table 2. Boundary conditions for FEMLAB modeling.
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Fig. 2. State of charge profile at both electrodes [7].
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