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Discharge behavior of all-solid-state
Li-ion batteries based on electrochemical model
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Abstract: Based on COMSOL multiphysics simulation platform, one-dimensional electrochemical model was
established to study the effect of discharge rate, electrolyte diffusion coefficient, and electrode thickness on the discharge
performance of the all-solid-state Li-ion batteries. The results show that the polarization within the cells increases with
the increase of the discharge rate, and in each period of discharge, the polarization inside the battery also changes. When
the diffusion coefficient increases to 5 times of the initial value, the concentration gradient of negative electrode/
electrolyte interface and the positive electrode/electrolyte interface decreases by 80%. The electrode thickness changes
affect the length of the diffusion path, when the electrode thickness increases to 2 times of the initial value, 1C discharge
time decreases by 1.72%. When the electrode thickness decreases to 0.5 times of the initial value, 1C discharge time
increases by 0.46%.
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Fig. 1  Schematic diagram of electrochemical model of

all-solid-state Li-ion batteries
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Table 1  One-dimensional electrochemical model parameters of all-solid-state Li-ion batteries
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Fig. 2 Comparison of simulated results with experimental

results of discharge curves of all-solid-state Li-ion batteries at

1C rate
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Design specification

Lithium ion concentration

Kinetic and transport property

Material

Thickness, Geometrical surface _ _ _ o
L/nm area/um’ Cmax/(mol'm ™) ¢yp/(mol-m ™) ay, a;  DJ(m*s™") kyf(mol'm>s™)
Positive electrode 320 1 23300 11767 0.5 1.76x107%  s51x10™*
Electrolyte 1500 1 60100 10818 9.0x107°




55 25 5 8 3]

UM, A BT R AR 4 [ A B T A FUBCRAT 2179

4.29

e,
f=]
T

o
L=}
T

Cell potential/V
LS
LFS)

3.0F n=1C
o— 3
L A—5C
2.7 v —7C
241 :_9C L 1 L
0 20 40 60 80 100

Depth of discharge/%

3 [ A AN A A I R i 2
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Table 2 Concentration of Li-ion in cathode electrode and
discharge time at 1C discharge when batteries with different

electrode thickness

Thickness of Lithium ion Discharge

electrode concentration/(mol-m ) time/s
2.0L (640 nm) 3.39451X10° 3339.8
1.5L (480 nm) 3.18054 X 10° 3374.0
1.0L (320 nm) 2.50598 X 10° 3398.2
0.75L (240 nm) 2.28033 X 10° 3406.3
0.5L (160 nm) 1.82608 X 10° 3414.0
0.25L (80 nm) 1.14153 X107 3415.9
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