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1. Battery case

2. Anode pole ear (Cu)

3. PTFE shim

4. Graphite electrode

5. Positive pole ear (Al)
~ 6. LFP electrode

Figure 1 Model cell: (A) a schematic illustration; (B) the photograph of assembled cell. (color on line)
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Table 1 The parameters employed in simulations

Parameter Description Value
100 S-m™ (graphite electrode)™
p the electric conductivity in 91 S-m'(LFP electrode)
: solid electrode 3.77¢’ S-m™ (Al current collector)
5.998¢’ S-m™ (Cu current collector)
1 1
-13, . —- 2,1
. the diffusivity of lithium in [14523¢ - exp68025.7/8314+ (3¢ = 4 | [m?s
' solid phases (graphite electrode)™
3.2¢™ m?-s™ (LFP electrode)?!
[ the liquid electrolyte conductivity Ji(c)-exp {4000/8.3 14- ( 2;8 - 17 ) } S-m’
D, the electrolyte salt diffusivity IAGE exp{ 16500/8.314- ( ﬁ - % ) }mz- s
P the electrode potential at J3(e) +fi(e)+(T - 298) V (graphite electrode)™
“ equilibrium state Sfi(©) +f5(c)- (T — 298) V (LFP electrode)™
- . 11
f the activity coefficient f()(c)-exp{— 1000/8.314- ( 208 T ) }
t. the transference number the interpolation function about ¢
ko the reaction rate constant 2e "' m-s™
the maximum concentration 31507 mol-m? (graphite electrode)
i ¢ L concentratio 21190 mol-m? (LFP electrode)?”
fi(©) the interpolation function the interpolation function about ¢

*Data from the batteries and fuel cells materials database, built-in database and batteries & fuel cells module of COMSOL

Multiphysics.
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Figure 2 Photos of the circular graphite electrode, charging (A) 1 min; (B) 20 min; (C) 80 min; (D) 120 min. (color on line)
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Figure 3 Photos of the square graphite electrode, charging (A) 1 min; (B) 20 min; (C) 80 min; (D) 120 min. (color on line)
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Figure 5 Photos of the triangle graphite electrode, charging (A) 1 min; (B) 20 min; (C) 80 min. (color on line)
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Figure 6 The cloud maps of lithium concentration in electrolyte for different shapes of electrodes, unit: mol-m?, (A,C,E) initial

state; (B, D, F) charging 7200 s. (color on line)
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Figure 7 The distribution curves of electric field strength and lithium concentration in electrolyte along different routes 1, 2, 3 (A-C).
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Figure 8 Cloud maps of lithium concentration in graphite electrode with 2-h charging, unit: mol-m?, (A) circular electrode; (B)

square electrode; (C) triangular electrode. (color on line)
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Figure 9 Evolution of lithium concentration with time along different routes 4, 5, 6 (A-C).
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Effects of Electrode Shape on Lithiation Process of
Lithium-ion Battery Electrodes

Shi-Wei Sun, Jian-Jun Nie, Yi-Cheng Song’
(Shanghai Institute of Applied Mathematics and Mechanics, Shanghai Key Laboratory of Mechanics in Energy
Engineering, School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China)

Abstract: This paper studies the influence of electrode shape on the lithiation process of lithium ion batteries. Both experimen-
tal observation and numerical simulation are employed to investigate the competitive interaction between the diffusion of lithium
ions in both solid and liquid phases and the lithium intercalation reaction at the electrode surface. Experimental cells were prepared
with the anode and cathode being placed parallel, leaving the latter embracing the former. An experimental device based on CCD
camera was set up for in situ observation of electrode lithiation. The lithiation levels of the graphite anodes were estimated accord-
ing to the observed color profile. Three shapes of electrodes, namely, circular, square and triangular shapes, were investigated. It is
found that the lithiation levels were not uniform for all cases. The edge areas of all anodes were lithiated to approach saturation
quickly, meanwhile the core areas of the anodes remained in very low lithiation level. The sharp tips of the electrode with high cur-
vature were more likely to have more lithium ions intercalated, leading to quick saturation and even lithium dendrite deposition.
Compared with the electrode voltage-capacity curves, although the recorded reacted capacity was equal to the theoretical capacity
of the anode at the end of charge operation, the color profiles show that the anodes were far from full saturation. In addition, large
clusters of lithium dendrite depositions were found at the electrode edges. It indicates that quite a portion of lithium ions were con-
sumed in side reactions instead of being intercalated into the anode. Numerical simulations reveal that the non-uniform lithiation is
induced due to the combination effects of the electric field distribution, the lithium flow in the electrolyte and the lithium concentra-
tion distribution in the active material. The electrode edges lead to a singular distribution of the electric field in the electrolyte, re-
sulting in a concentrated flow of lithium ions in an electrolyte. Therefore, the electrode edges are subjected to excessive supply of
lithium ions in an electrolyte, leading to quick saturation and even dendrite deposition in the edge areas. At the same time, the core
area of electrode cannot capture enough lithium ions from an electrolyte and, therefore, remain in low lithiation level. This effect is
more significant in the electrodes with sharper tips. For example, the square and triangular anodes show more heterogeneous distri-
bution of lithiation level than the circular anodes. In addition, more lithium dendrites are found around the electrode tips. Therefore,
electrode designs with irregular shapes should be avoided to minimize the edge effects. The electrode surface should also be pre-
pared smoothly to reduce the edge effects due to rough surfaces. This work sheds some lights on the understanding the lithiation

process of lithium-ion batteries. It would be helpful in the design of lithium-ion batteries.

Key words: clectrode shape; lithiation process; in-situ observation; curvature; electric field distribution
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