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Fig. 1. Geometric shape and coupling relationship diagram of the model: (a) Geometric shape; (b) mesh; (¢) coupling relationship

between mathematical models.
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Fig. 4. Comparison between simulated and experimental data of voltage: (a) Voltage variation graphs charging to 4.2 V at charging
rates of 0.2C, 0.5C, 1C and 1.5C; (b) voltage variation graphs charging to 4.8 V at charging rates of 0.2C and 0.5C.
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particle surface; (c) position of particles with different sizes (the blue area).

B BURE 2 AT AR B A AT 1L FTLUE B, SR P
JE b ) SR AT A A v, AT ot S ) ——4
{14 ROt b I 5 3 % B AR AH DG B4, R (10) AT,
BT S N AEATT AR F 7 A B B Al &, 22 S5 AR BT R i
JE S AT AT A 28 W S A E AR DGR B 1SS AR AT
MIEL 5(b) i —25 7 i, e RE A Ok AT 4 3 Fi 37 448
SHE . [, B 5(a) i W8 B — AN R Y 31
%, BIVA S UKL A B 2 v FE AT L T, RS2 /s
RRURIU R B . PRI, o TS B Bt g — 3, 3
ANFPRLAR I 2 A T URL R AT 34T, RiAR 43 5k
2.28 pm A1 6.11 pm, WE 5(c) Fiw.

&l 6(a) A RIRLAS SRR FE 2 4.8 V A,
U AT RV B I S A AR ke . VKA BRI
B4R fih % W0 R 29°8 4.453 'V, AR T Ok A% 0RE 1Y

4.466 'V, i H/INRL AR 0K (4 BT 1 Mk B 7E 2o S B B
TR T ICORIAR R S0 2% T 0 R 5 1k 2 L AT
B v A7 AR T AT R A ) 1), S S A
X3 AN AT AT /NRLAR UKL ) bR UK
FA T Z 0T MRS S AR R PO A R
BB, BT LA/ INURE I 5 R 2% T A B8 TR B 1
TRk, 5 3503 10 A S -k B B ek B A AR
2, W 6(b) BN, SRk R 2 0 B Ik S
SR S LA B SR AR G (ULIET 2), PRI/ INFIURE 26 T
HIBT R HL A 23 B ORUREAR R R RS 0 vV, fnf&l 6(c)
Jiizs. BeAb, Uk % T A B Tk R R TR
T /NSRS p 288 D0 33 2 (8 3 FLELAT 5 I ok 3 o
Ak, T ECHF I DR FE R ) K, WKl 6(d) B
IR BRI ) R ATRE , BNk A 545%

038201-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 3 (2025) 038201

(a) — r,=2.28 pm
— rp,=6.11 pm

I
o

6Xx10-9r
4x10-9}

e
=

2x10-9
0

[1.453 )
4,466 V

HEEIKRE / (mol-m—2)

4.2 4.4 4.6 4.8
HE/V

(¢) — rp,=2.28 pm
— rp,=6.11 pm

4.466 V

0
4.453 V
—0.02 |

—0.04

Prifidf/ v

4.2 4.4 4.6 4.8
HE/V

30

(b) — 7, =2.28 pm )
— rp =6.11 pm !
. 4.453 V 11
N\E 11.466 V
= 20F !
) i
g i
= i
< i
i \
¥ i
T 10} i
s i
i
\
0 I I I I | I
0 2000 4000 6000 8000
Bifia) /s
50
(d) — r,=2.28 pm
— r,=6.11 ym
s 40
[a )
=
= v
L 4.453
N 30
=
#
2 2t 1.466 V
il
2
B 10}
ol . . . .
0 2000 4000 6000 8000

1] /s

K6 i BALRE RS e (a) Frif BRI, (b) SORBE TR, (o) SFHMTELT AL (d) PR ZE )Y )
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lithium ion concentration; (c) average lithium precipitation overpotential; (d) average von Mises stress.
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Fig. 7. (a) Lithium metal concentration precipitated on the whole surface of the negative electrode and (b) the temperature of the

negative electrode particles at different charging rates.
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Electrochemical-thermal-mechanical overcharge model on a
scale of particle for lithium-ion batteries”
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Abstract

During overcharging of lithium-ion batteries, lithium plating can occur on the anode surface when the
maximum lithium intercalation concentration is exceeded, while the cathode is in a lithium-poor state, which
can result in shortened battery lifespan and safety. In this work, the geometric structure of the positive
electrode particles is designed based on the tomography data, while the negative electrode particles are
represented by spheres with different sizes. The homogenization method is used, with the carbon filler, binder
and electrolyte regarded as a single porous conductive adhesive domain. Based on the main mechanism of
lithium-ion battery overcharge, a coupled three-dimensional electrochemical-mechanical-thermal overcharge
model on a particle scale is developed for NCM cathode and graphite anode. The coupled mathematical model
consists of four parts, namely the electrochemical model, the lithium plating model, the thermal model and the
stress-strain model. In terms of lithium precipitation, the particle radius parameter and charging rates are
investigated. The results show that the lithium plating concentration of the particles near the separator is
higher, following the “principle of proximity” , namely the sequence of lithium deintercalation is related to the

migration path. The surface of anode particles with small particle size is more prone to lithium precipitation
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due to the high maximum lithium ion concentration on the surface of the particles, the low surface lithium
precipitation overpotential, and the high average Von Mises stress. At high charging rate, fast charge transfer
rate and ion diffusion rate result in a low voltage at the anode, triggering off lithium precipitation. At a low
rate, polarization and low temperature can lead to the precipitation of more lithium on the surface of the anode
particles. In terms of stress, the spatial distribution between particles and thermal effects are investigated. The
ratio of the distance from the contact surface to the center of the particle to the particle radius is calculated and
defined as the contact depth (J;), in order to better describe the law of particle contact stress. It is shown that
the contact depth between particles is inversely proportional to the stress on the contact area. When the heat
generation effect is considered, the temperature of the battery rises faster with the increase of the charging rate.
The electrochemical parameters related to temperature and the lithium concentration diffusion gradient increase
significantly, and the influence of temperature on the particle stress is also more significant. The relevant results

can provide theoretical basis and guidance for designing battery and optimizing charge strategies.
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