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Abstract

This study aims to elucidate the intrinsic mechanisms underlying capacity decay in lithium
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manganate-ion batteries, providing critical strategies for extending battery life and enhancing safety.
Using COMSOL software, a one-dimensional electrochemical-thermal coupling model was established
for spinel lithium manganate (LiMnz04)-graphite (LiCs) batteries. Based on model validation, 2000
cycling charge-discharge simulations were conducted to systematically investigate current and po-
tential responses, capacity evolution patterns under various cycling conditions, and thermal char-
acteristics. The results demonstrate that battery capacity decay exhibits a phased pattern: rapid
initial rate followed by a decelerated subsequent phase. Macroscopically, high-rate discharge (4C)
significantly increases concentration polarization, reducing actual capacity to merely 70% of the
rated capacity, while the resulting high-temperature environment contributes to capacity degrada-
tion. Microscopically, the continuous growth of the solid electrolyte interfacial membrane (SEI) and
lithium deposition at the anode are the primary mechanisms driving lithium loss in active material
(LLI). The study identifies SEI film thickening-induced impedance increase and lithium deposition-
triggered dead lithium accumulation as the main causes of capacity decay, proposing solutions in-
cluding material modification, optimized charge-discharge protocols, and improved thermal man-
agement for extended battery life.
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Figure 1. Schematic diagram of the working principle of lithium-ion batteries
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Figure 2. The variation of potential and current density over time during a single charge-discharge cycle
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Figure 3. Discharge rate curve
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Figure 4. Lithium manganate ion battery temperature distribution map

E 4. BRREEFRIRESHE

gr b, AR ARTRAE 2 1 F AR S R SR T N ARAE LA AR T AR IR ZE W] AR, IR
LSO AR E V22 . il 2 A B I BRI, 5 S A I AL B M BT, 0% iR
FERISIVE, AN BRVA R SN, ISR BT o

50

< | ] ;si/ :
11T A
N % :

—

—%- \CiEF
—o— FgEF
—— BSR
= BEEF

—+— FREREER

o H N W » U1 O N

)
¥ it
5 20} T T . ?EU

15} 15 8
10} | i 1-3
) V F S I
0 * 1

_ 1T 1 °
5 * r 3 17

0 1000 2000

A8 (s)

Figure 5. Temperature rise curve versus charge/discharge rate (battery load)
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Figure 6. Load cycle diagram
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Table 1. Changes in battery capacity with cycle count and operating time
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TERIREL 250 365 485 691 964 1311 1727 2000
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Figure 7. The potential drop of the SEI layer at 1C
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Figure 8. Anode electrode potential at different charging rates
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Figure 9. The curve showing how the remaining capacity changes with the number of cycles
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Figure 10. The improved temperature variation and load graph
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