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Fig.1 Schematic diagram of electrochemical model
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Table 1 Expressions for calculation of different overpotential
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Table 2 Parameter values used in electrochemical-thermal model

Parameters Negative Positive Separator Electrolyte Copper foil Aluminum foil
L/um 34 70 25 6.2 10
R/um 3.5 0.0365
& 0.55 0.43
£ 0.33 0.332 0.54
Cinie/(mol'm ) 1200
Cmax/(mol'm ) 31370 22806
Cini.s/(mol'm ) 26037.1 501.7
E,;/(Jmol ") 20000 3000
k(S'm™) 100 0.5
a,,0, 0.5 0.5
Tmy/K 208.15
F/(C'mol ™) 96487
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Fig. 2 Simulation results and experiment results at 1C charge

rate—relaxing—3C discharge rate
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Simulation research of effect of electrode structure on
polarization characteristics of power lithium ion battery

JIA Ming"? LI Li-xiang', LI Shu-guo', LIU Yu', JIANG Liang-xing', LIU Fang-yang', AI Yan®, GU Hui-jun’

(1. School of Metallurgy and Environment, Centre South University, Changsha 410083, China;
2. Hunan Provincial Key Laboratory of All-Solid-State Energy Storage Materials and Devices,
Hunan City University, Yiyang 413000, China;

3. Hunan Huahui New Energy Co., Ltd., Yiyang 413000 China)

Abstract: An electrochemical-thermal model was developed by COMSOL MULTIPHYSICS to analysis the interaction
between the thickness of positive , the particle radius of positive and negative electrodes and the polarization . On this
basis, the internal relations between the decline of discharge voltage platform, the sharp decrease of discharge cycle and
the polarization inside the battery were summarized and illustrated. The results show that the activation polarization of
the positive and negative electrodes varies significantly with the increase of the thickness of the positive electrode. The
polarization of the positive electrode fluctuates between 18 mV and 31 mV, while the polarization of the negative
electrode reaches 260 mV. The concentration polarization of the negative solid phase at the end of discharge increases
sharply, and the maximum value reaches 425 mV. While the radius of negative electrode particles is reduced to half of
original, which is 0.5R,, the activation polarization of negative electrode at middle of discharge is about 55 mV, which is
about 45% lower than 1R,. The effect of reducing radius of positive active material particles is not obvious. The increase
of activation polarization of negative is the main reason for the decline of the battery discharge voltage platform. The
aggravation of activation polarization and concentration polarization of negative solid phase are the main cause of battery
voltage reaching the discharge cut-off voltage in advance.

Key words: lithium ion battery; positive electrode thickness; particle radius; concentration polarization of solid ;

activation polarization
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