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Modeling and Validation of Lithium Battery Aging-Electrochemical-
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Abstract: In the long-term use of lithium-ion batteries, the formation and thickening of the solid electro-
lyte interphase (SED film are key factors that lead to performance degradation and shortened lifespan. To
accurately assess the health state and thermal behavior of lithium batteries, this paper proposed an aging-
electrochemical-thermal coupling model based on the impact of SEI thickening. Firstly, the model, based
on classical electrochemical equations, battery heat generation theory, and energy conservation equations,

considered the internal resistance increase and capacity decay caused by SEI thickening to establish an
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electrochemical-thermal coupling model for lithium-ion batteries. Secondly, we modified the model param-
eters using the Arrhenius equation and conduct joint simulations using genetic algorithms combined with
COMSOL and MATLARB to constructed a double-layer radial model for precise identification of the ther-
mal physical parameters of the battery. Finally, different rate charge-discharge experiments were con-
ducted at 25°C to obtain voltage-capacity characteristic curves and temperature rise curves, which were
compared with the model simulation results. The experimental results show that the aging-
electrochemical-thermal coupling model can effectively predict the battery’s health state and thermal char-
acteristics at various discharge rates. It can accurately assess the capacity degradation and health status, as
well as predict the capacity degradation trajectory with a maximum absolute error of only 2.616% of

capacity retention rate, validating the model’ s accuracy and reliability. This provides a solid theoretical

foundation for the development of battery management systems for electric vehicles.
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0 3| &

BB PR R NGRS T, AT
YEHL ., F i AR AR AT 20, Bk
AR EZ S IR 76 it % 52 bR
2SR U AT, O R I H Y A Y H Ak A
PEREAAEEME . TERZBUE LT, Ak i L
fief Fi, i EL AT O g ) R RGN R e T BR U AE
—20~60 "C 5 I B2 i 1B P9 A, 7 A g {1 o
R AN, AR | JE I A i b
Al RES A2 B 5 . WFFE R, 7E 25~40 ‘Ciit
JER, SR TAEPERR R MRS E . I,
AL RZ A AR R Tt R A 2 - AR R R (R R )
RELREMH | BRI AN ELEFB . [
BF, R UM A ) F it ™ A ) 23 6] v Sl FH P BB 4
FESPER AR I AAELEE L,

L, AL 0 8 Pt A B I 7 | AR L S
CRGVEHIRSE R . BB T r b SE bR 0L 5 2P i
HNINEY/BLIE e Y A= O S =i (5 L S W i e =
o PRSI, A2 P b T A L T TR Solid
Electrolyte Interface, SEIJ)IGE | 1EARAT R |
H i % 328 BHL BT A5 TR 3R S 30 8 7 H T f R IR S
Ak, ELHLH 3 AL ARBILHIE LA b , Jois HdE R
WL N AL S B0 AR A, PR S B o S T
BT R B WA T o A XE RS AN 9 2RISR . B
Wi B %) F, e AV B AR 468 LA AW DO v, Y 5 TP U 2y
i A AV BT Yok R L S e b = A AR i 7
F A B Doyle! ™ Al Newman'*#/45
T Z AL H S I & 1 D — 4k (Pseudo-Two-
Dimensional , P2D) HL A RS, A] L NFRHLIE H &

e B RS, HLABADRE ) | T BRORE R e A
Mo TEDCEERE b, PRI T 2L R S Rk
PSR T —FP o B B O 30 2R fRi ik P2D
BRAY s XAE 2 PR T — R T A Y s
R TRT Aty L R AV AT 1k P2D ASEARY 5 2R fRifk
BRI ERG B ORAF TH A T i, JOA PR IF BRAR (5
RIS A . Tang 5513 13 HE A7 A Ak 2 - A A5
WFSE T HL s L B P AT Oy, LA R L AT
SRR R A3 A BB AT T AT, (AR AR
XA AR S B T IE S, ARG AL
fik. Kumaresan 467 3L FHLAL2F- AR G AR, AIF5E
TSI AU [R5 B s F P R A AR Ak, O
BT ZIWAAFEHLE KR, # TE TSR,
VRORE IR ORI A 1R BB TR 3 AN S AR fh
KFR, I TR R B P SR
VAT HCR BORT AR B R B e B A S DL T
BRI FLAE R 22 5 RN T — R T
SET 38 J52 A r it AR AR | ] DA 350 A L Tt A
AR, PR A HAMEEINZR ; Y24 h ik, HA D
BRI AE ST L SR % P T 2 . Bk
AIF5E3E 3 P BEL A 28 Ak e FAF i b i 2 AR, R
T3 HL T PN S FEL kA i I AT SET S JEL 5 7= 44
R 2 (8] A AR D e i, 3SR
22 1T i 5 25 A A TR T 235 S ) i 22

Sk T A O R P, AR SO T — R A
HLfb 2 L RN R O A SRR T RE Ry £ B
FHOM AR, 1500, FET P2D AR S H it SET i
ARG SRR, AT TR R b A S DA LB,
JFH Arrhenius 75 XA a2 1L E 20 (14 HL Ak 27 Bh S
SR T TEIE; Hak, FEF Bernardi P~ #UBIS FIGE
PR TR AT T H A TR, SRR AL ST



308 b R A s CASRBREROD

2025 45 3 )

Bl rh i AL R RS RS I I E S B A T T
SRR e, O HIIE TR A PERE .

1 REFJET
I R RFA 0 DL =TT R R SR S v
BB B RETE 18 650 41 85 7 HL i S BFSE 0 42, ok

ARSI 1 PR .
ERWE LR UEE TS

Tab.1 Basic parameters of the battery used in the experiment
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+VQAVT)— AT, — T.), (10

ZHL EH% itk I A
JEJ¥ L/pm 70 80 50
BFPAE R/ pm 5 5 /
FEAHFLBL R e, 1200 1200 1200
WAL R €, 0.726 0.644 /
L FRE a Fla 0.5 0.5 0
TR 0.363 0.363 0.363
A SR 6/(Sem ) 3.8 100 /
WA BRB D,/ (m>s™") 2.8X10710 2.8x1071 2.8x10° "
JEE IR SAAH B
R/(Jomol K1) 8.3145
RS H R/ (Comol 1) 9.648 <10 *
BHIRYE T/K 298.15
E
b=k exp| ——— |, (1D
’ p( RT)

s ko IR T, FNTCRER NGO R IR AL
E, RN TEACRE, 2R ROV T SOIR Rt e

PR H T T A R IR A AR
A v B A 2 RO I S v FE AR . A Arrhenius
77 AT LA BE USRS B ATIB IE , DL s Al
PIMERRE . 5 2 EA T IR BEAE 1E i S ECH R 1K
ZED, ., AR TR e, I U AR ER AL
D, FE R N 35 B A,

RESTRE 7 R IR T A L A S VR B | IR
OCFR o TEPR S+ Fa s AY v | FH B S0 Ay
X TE SR R 0 I B H S AT B T /NI AR
AT F fige Jo vk B s e, e — B =R

E:E+Rﬂ%%ﬁ (12)

nk Aoy

e E bR A 35 O S L R ) S



310 b R A s CASRBREROD

2025 45 3 )

5 g B A IOTEIE 5 @ R MLAS TR
2 SHPHR

e RIS, T E R T S R
BN, EAE R AL A S RO PR E S . BERUA
FRANEE 2 TR .

A

TG E

Y

N

X

=l R
3

2

K
3yt

&
=
dE
A

[ 2 A HRR R S RO R A
Fig. 2 Flowchart of battery parameter identification using genetic

algorithm

LAk 2 2 B0 O B 43 e U S 8K,
TR 2 B RE A% Y AR e P A A H A S A T
s PSR T N IS | SRR X
PERB, IR AR AR AL I A BRI Y
AE T . F M N AR R (AR B R T L L N R AR
PIHERCRE T3 o AR SO a8 A% 5307 (Genetic Algo-
rithm, GAY YA TSN, LL0. 5 Clt R il 2k
FNRTEE th 4k Hbr
2.1 BUAFSEIHR

BB AL AR D, B R 2R
W RN, BABORIIEL M . P mBiARS
FZ, & B2 E0R U TR S B T BN, RS
SCHRL 31 I S BORE R o3Br , AR SCEE T st Ak
YRR ERERES D, R e kA,

x, y HEATHER, HAZSHARIEAR ST S % (.

FIH COMSOL 5 MATLAB #E7B6 A 2L, Hirpr

MATLAB & H COMSOL B A 2F A | i i {544

Xt AL s 2 SO TR, AR WA 3 PR .
PHAZE R WIESEL START

1 3

SR A R AT

t HL LA
B " de(r,t) _ D, 2( ,d¢,r,1)
s 2ol 2. 2 2ele)
de(x,1) _ ,,(720,(x,1) l—_l, .
1 i
TR R L
4\ VathWorks* w COMSOL

3 COMSOL 5 MATLABBA I E
Fig.3 Combined simulation with COMSOL and MATLAB

I R
SV ()= V(i)
F= |2

N )
A Vil EHRE, V; VBB E, V.
2.2 PUFHESEIHR

FEE ST T R PRSI I BRI
A IEEVE S 8, 1 ST SCRR B A U TS
Bl A EAT AN O RS2 4G, TFRE 07 4G
G YR A R AEAT R, DT A S R0 HUfE
ARICHESE 9 18 650 128 1~ oA R AL , 7 ri it
ANTF] D o) S R ER By AR A ] A e AR
6 SCHR [33 ]/ Sr A ) 7 JR AL, R BR A A0 2 A8
B, NIE N ER/NBIAE , SNZE S EREN R Z )5 5
RIAER Y, ROIBARIH Y — K o A SO L 4
[ WUZ AR IR % B AT A r Wl A o b A9 R A
S ROR N S Wl Wi V= 5 0
TS AN IR A . HAREE T

TE LM N RSN Z S BB R

cm(i?)zq_\.Jrq” (14>

b CHHAZE, 1/ (kg KD, BTN AN AR
AR ; m A, kg, WANZ BT 20505
tRWSTE], s 5 dT/de R ) P RE AR AR MR, N Ah
2P g Rl AR, W, EARE LI
SNEEBIBIASL 5 g LR, W, &R iidr X
MANBPIAR R, NINZE BT

(13)



G 221 1)

SET SETEHE A L it & - Al - BSOS 300iE (4% BLAE) 311

TR S FL ) 7 AR L Bernardi
A
dE,
AT
e qu WA, W IO FERCR R, As EoN
FFEE, Vi U TAEHE, V.

([/f:L,(EoUL)L,T( ), (15

WANZE 35
‘vll
q«m_(IIi(‘UZ)9 (16)
(lxw_CIB(z,:), a7

K g WNZETR S g WANZ TGRS 0,

WIZ R v SRR o, HANEET
WONZAFAEAL IR, W B AR s, ST L

M-I HORTH R PR

dz
q__;{(dl‘)o (18)
R fb =0 (8) , 192 PN ANZE 42 fith i 44 #HoR
Gue=—2S,, (L-T) ()
1 Jrl(r—r)
2r11 2 n

A S, WANZHEMiE B T, WZFERE; T,

SNZEIREE 5 r, AN )Z AR
Sy AT LGE I N2 AR T, B

S = 2., (20)
Kb r WNEREA ORI R
AR aE
QLU:hSw(Tw_Ta)D (21)
ANZ T3 AR50
AT, = 8T g )AL (22)
cov,
AT, = e g AL (23)
OV
PR (E I E N
T.(1)=T.,, (24)
Tll(l):Ta9 (25)
ﬂJUZDX)ETJDL (26)
L R
Q)=

IG)E,—EG)]—1()T,(7) (if;)

)}At, QD

Ao TC3) A A~ Ar ik 2 1 e i UM, A6 97 i He
BUEE ;s E () N5 A~ A 2000 TAF L E

N ANZ = 433
Qﬁﬁ—QM%?» (28)
Qu(i)=Qu(i) (Z) (29)
PN A2 fi i A% P
Q.. (1)=—2S,. T.G) = Tu() At (30)
L +l (r—r,)
2Ty "
2 (35) 52 (3 15 N JZ Az ] P A9 iR T
AT,,(Z'):MO (31)
P,
N Z T — B 20 A8 S 243
T,i+1)=T,({)+AT,(i), (32)
ANZE SIS AT X AR
Q.(1)=hS (T, (i)—T,)At, (33)
At B ZMNZ B iR T
AT (1)— Qo (1) Qu(i)— Qw(i)o (34)
COUs

ANZ T — B 2 )2 IR R
T.i+1)=T,(0)+ AT, (i), (35)
T ZI AN Z 4R

T4 1= LDt 1)+2 TG+ 1)]

PSR T —E, EE Lk, it
AR L b A R P 22 L

R A8 SCHiR [ 34 1356 B £ 25 1 i fth B 1 S 8K
T, gk 3 s,

#3 BB EGER
Tab. 3 Range of thermal properties

. (36)

HE ¢,/ (Jokg K™ 600~1 300
Bl FMREA/ (Wem K ) 0.01~6
XA R ECA/ (Wem %K ™) 1~25

S 7 R
F=min\M[T.()~ T.()Ff, G
i=1

T, 2 256 A HRL Tt R AT L 5 0 DA S (] ]

Ao
S, HAE AN AR IEAR R

b

3 RWEH REEBIE

3.1 XEFEE

ARSI RS FEA )1 =R IR SE g0 4 (JK-
HL-80L) |, 32 B | 5l o vt 7 i e 15 25 (1



312 b R A s CASRBREROD

2025 45 3 )

FEFEHCR MR AL CT-4008T-5V6A , ffi Bl i CA-
4008-1U-VT-EVT (VT) M FHUGEE, FHLAE
i A BTS 6. 0l ik R G b A 745 461
SRR AR 4 iR o 3l b AR
R L SR AR BRI , IRl AT 05 B, S
FEER G AE R TRT L, DA IR A o

B4 905 B R

Fig.4 Overall layout of the experimental platform
3.2 REIEIE

1625 CIREAREE T, 0.5 CHEA T, R4k
500 WAEIRFERCARL B EHE . 0. 5 CHEMICH B 25 i
FRR I e 5 FiR, ATLAE 1, SR B 5 505
Xf L EE R B R A h iR 258 2. 616 %6, HLHAEIAET,
FEL 25 B DR I Bl o, L 8 15~38 YR S
Fa R RPR R 100%, SO% i TR A,
WESTE YIS 5 8T m T, 4R 500 RAFHR 7
R, A R R 9500

103r o -0scp

A00kbh - 0.5 C5255

¥ og) Wiy s

& TRe

o 96

& o4l

0 100 200 300 400 500
EA AL
(a) 500 MG A FRPR

----05C{HE
—0.5 C

ll() ZIO 3I() 4I() SIO 6|0 7‘0 SIO 9IO
TEERIEL
(b) JR TR PR Y 23t PRI
5 A IR 0 B SR E SR 1L
Fig. 5 Comparison of simulation and experimental results for

capacity retention rate

HE— AR A A, 7 25 “CIRE IR 5%
T#470.5C, 1.0C, 1.5 CF12.0 C By HH 52
0y, AR (14 T H ) B 4R 5 S 6 i 4R AR A [
WK 6 iR,

4.5r - - - 0.5CTEL
—— 0.5 CI
4.0F
=
S 3.5
3.0F
25 ' i ' : '
0 0.5 1.0 I.5 2.0 2.5
C/Ah
(a) 0.5C
4.5r - - - 1.0 Cfiy 2
1.0 CLHy

C/Ah
(b 1.0C

0 0.5 1.0 1.5 2.0 2.5
C/Ah

(e 1.5C

- - -20CHHAE
—2.0 CL5%

CIAh
) 2.0C

PG AR R A HL TR A (1 L 5 SR 45 510 L
Fig. 6  Comparison of simulation and experimental results for discharge

capacity-voltage at different rates

M & 6 T LLE e 1R 28 B X3 B AE i

W1 5 R R, e KR 2 40 00 2.016 %,
2.583%, 3.464%, 4.209% . i # LA A 1
K, R i M4 5 07 Bl th Ze iR 2515 K,
R T TAEE AR R AR T, it e



G 221 1)

SET SETEHE A L it & - Al - BSOS 300iE (4% BLAE) 313

PR AL 2R B 2 R AR AR, AT S BOR i sh
S AR Ak, BE A IR AT R B R, FUB R
FRIGIN, H A BT VA B AR RE G K, WA AT R B
MR, I FEOR 22K

1E 25 CIRESREE F#470.5C, 1.0C, 1.5C
F12.0 C 7o A% 28 1 F St 3 T S 38, S5 R an &l 7
fis. M7 AT LAE HY . AR 2R 5 S0 ik
LR A IAIEAR — S, BERH B ] LU R4
BB F LA AS R A5 R R RS, K
TR IR H0.85, 0.99, 2.04 F13.63 °C, HTEH
R A 5 B A R A R B O, R G L
SR, 33 2 Fh T R R A SR 0 i, sk
FEAASE TN, TS BR A 0T R R B g 114 7 AR
AR R, et R ZY, T BUBE RS R AR A Y
b S BRI AR T 0 PR

39
05CHH o 1.0 Gl

36k |-~ -0SCliEg 1.0 Cji 2]
& 33F
by
IE 3oL

/V
% S
e LI TR TR R IO Ty
0n® —
24 1 1 1 1 1 1
0 1200 2400 3600 4800 6000 7200
fif[E] /s
() 0.5CH11.0C
50
o 15CHH o 20CHHR

g5k 1St —20chi
& 40 .
mo e ey
535t S i

g eesse T peedest
301 ..' /..;:
25 -~ L 1 L 1 1
0 500 1 000 1 500 2 000 2 500

A 1] /s
(b 1.5CHI2.0C
7 ORISR ) ] - #7522t L
Fig.7 Comparison of simulation and experimental results for time-

temperature at different rates
4 &
AR SCHE IR S T T SET RS JEE 52 0 4 £
BT A - AL AT A ) R

FARE - Ay B, i 4% Bk AE COMSOL #l
MATLABBES 5 B 6 F X BUZ 42 0] 45 A ) 44

Ytk SEGHATHER . SCIR A B AR, A
TR B A0 Y B DAk Fl it R PR S R AT SR, A Ak
FHEFEIRPGT, 25 R RRR I e R4 xR 22U R
2.616%0, 15 204 k1A 0 25 1 ek | R H R
A Wit S A DIV e i TN W S| K MRS P O
oA AT 2B« SETSEIG JE 25 X6F i b P BEL ™ A 5 0]
SET iy 3 J52 5 S0H b P BH 52 328 1, 3k AN
FERS T E 0 CH R R 2, TR TR R A R T
P S S0 A, BN T et Y R
P, 2 il SETE 9 A 4 0% AN 1k i b 1) #48
P22 45 2 A K FL Tt 7 i G R o RO A R e
(I B AT S, F Tt AE S TR LA R iR
T2 5 02, R AT R, R R, S
FAHE R {5 EL45 5, AT LLAG 850k U0 R [ 475 R
T HL I R TR L, I R B i A R S R b 1) 7 AR
SR YE R R T, PR AT AR SE R A A Ak
WA TR GE, LABR DR TE & A0 238 45 T X6 v b et B2
HEATA B W R Y

Ji 252 AT LK H i P S Y R A S 19 2 () A
58 2 e, dE— D R S B R RS, O
T Ak L AL AR A D AR S TR CR AT 20085

SE

(1 oREE, WA, IUE R, &5 . T[] XU ™ s H AR iy

PR AR R T AE SR . ik SR T Bl
MCTRE2EAR L 2022, 58(22): 3-18.
LAI Xin, CHEN Quanwei, GU Huanghui, et al. Life
cycle assessment of Lithium-ion Batteries for Carbon-
peaking and carbon-neutrality: Framework, methods,
and progress [J]. Journal of Mechanical Engineering,
2022, 58(22): 3-18. (in Chinese).

[ 2 ]ARAIJ, YAMAKI T, YAMAUCHI S, et al. Devel-
opment of a high power lithium secondary battery for
hybrid electric vehicles[J]. Journal of Power Sources,
2005, 146(1): 788-792.

[ 3 1EJEHH, MRar iR, BAA . SR 7 b B AR R 45

Bt 5otk (] e s gk ', 2011, 23 (ZD) -
284-301.
WANG Zhaoxiang, CHEN Liquan, HUANG Xuejie.
Structural design and modification of cathode materials
for lithium ion batteries[J]. Chemical Progress, 2011,
23 (Z1): 284-301. (in Chinese)

[ 4 ]QUIRIN K. High-performance electric vehicle duty
cycles and their impact on lithium ion battery perfor-
mance and degradation [D]. Coventry: University of
Warwick, 2019.



314 b R A s CASRBREROD

2025 45 3 )

[ 5] YANJ, WANG Q, LI K, et al. Numerical study on
the thermal performance of a composite board in bat-
tery thermal management system [J]. Applied Ther-
mal Engineering, 2016, 106: 131-140.

[ 6 ]PESARAN A A. Battery thermal models for hybrid
vehicle simulations. [J]. Journal of Power Sources,
2002, 110(2): 377-382.

[ 7 ]5kbt, =R, LHH, 55 . HLE 7 o b PR 5Y
BERELT]. P EA )R EA, 2023, 33(3): 817-828.
ZHANG Hang, YUN Fengling, SHEN Xueling,
et al. Research progress on thermal model of lithium
ion battery [J]. Chinese Journal of Nonferrous Metals,
2023, 33(3): 817-828. (in Chinese)

[ 8 ] okIFLT, o, BAPJR, 45 IRIAFRETT NCM =0l

B MR [T]. RACR 2= CH SRR
RO, 2020, 41(6): 881-887.
ZHANG Peihong, YUAN Wei, WEI Zhongyuan,
et al. Thermal runaway analysis of NCM lithium-ion
battery in humid and hot environment [J]. Journal of
Northeastern University (Natural Science Edition) ,
2020, 41(6): 881-887. (in Chinese)

[91JIA Y K, XU J. Modeling of thermal propagation
based on two cylidrical Lithium-Ion cells [J]. Journal
of Electrochemical Energy Conversion and Storage,
2019, 17(2): 1-24.

[10] 245K, RANE, TR T . a4 s Iyl i E 3

HARB OIS LBT]. )4 TR, 2016, 38(1) -
22-27.
LI Jungiu, WU Puen, ZHANG Chengning. Study and
implementation of thermal management technology for
the power batteries of electric vehicles[J]. Automotive
Engineering, 2016, 38 (1): 22-27. (in Chinese)

[11]DOYLE M, FULLER T F, NEWMAN J. Modeling
of galvanostatic charge and discharge of the lithium/
polymer/insertion cell[ J]. Journal of the Electrochemi-
cal Society, 1993, 140(6): 1526-1532.

[12] NEWMAN J S, TOBIAS C W. Theoretical analysis
of current distribution in porous electrodes[J]. Journal
of the Electrochemical Society, 1962, 109(12): 1183-
1191.

[13] NEWMAN J, TIEDEMANN W. Porous-electrode
theory with battery applications [J]. AIChE Journal,
1975, 21(1): 25-41.

(14] PENE . JET g A A A0 i 40 B0 1 v vl 22 IURE AT B G
ik (1], Y3, 2017, 66(23): 312-322.
PANG Hui. Multi-scale modeling and its simplifica-
tion method of Li-ion battery based on electrochemical
model[J]. Acta Physica Sinica, 2017, 66(23): 312-

322. (in Chinese)

(I5] XMET:, B, BLA LT, 5 . W RARY By B L

PR T HL L L A R [T ] M B2 4R, 2019, 68
(9): 251-258.
LIU Zhengyu, YANG Kun, WEI Zihong, et al. Elec-
trochemical model of lithium ion battery with simplified
liquid phase diffusion equation [J]. Acta Physica
Sinica, 2019, 68(9): 251-258. (in Chinese)

[16] TANG Y, WU L, WEI W, et al. Study of the ther-
mal properties during the cyclic process of lithium ion
power batteries using the electrochemical-thermal cou-
pling model[J]. Applied Thermal Engineering, 2018,
137(1): 11-22.

[17] KUARESAN K, SIKHA G, WHITE R E. Thermal
model for a Li-ion cell [J]. Journal of The Electro-
chemical Society, 2008, 155(2): A164-A171.

(18] AN, Mm%, sKikise, & . BT H ik 2wl

RO H1 S 1 2l B b AR LT ] MR, 2022,
71(3): 345-353.
LI Xiaojie, YU Yuntai, ZHANG Zhiwen, et al. Exter-
nal characteristics of lithium-ion power battery based
on electrochemical aging decay model [J]. Acta
Physica Sinica, 2022, 71 (3): 345-353. (in Chinese)

[19] HASHEMZADEH P, DESILETS M, LACROIX
M, et al. Investigation of the P2D and of the modified
single-particle models for predicting the nonlinear
behavior of Li-ion batteries[ J]. Journal of Energy Stor-
age, 2022, 52: 104909:

[20] YU Z, TIAN Y, LI B. A simulation study of Li-ion
batteries based on a modified P2D model[J]. Journal of
Power Sources, 2024, 618: 234376.

[21] SPINGLER F B, WITTMANN W, STURM J,
et al. Optimum fast charging of lithium-ion pouch cells
based on local volume expansion criteria[ J]. Journal of
Power Sources, 2018, 393: 152-160.

[22] MUKHOPADHYAY A , SHELDON B W . Defor
mation and stress in electrode materials for Li-ion bat-
teries [ J]. Progress in Materials Science, 2014, 63:
58-116.

[23] YANG L, CHENG X, MA Y, et al. Changing of
SEI film and electrochemical properties about MCMB
electrodes during long-term charge/discharge cycles
[J]. Journal of The Electrochemical Society, 2013,
160(11): A2093-A2099.

[24] AGUBRA V, FERGUS J. Lithium ion battery anode
aging mechanisms[J]. Materials, 2013, 6(4): 1310-
1325.

[25] WMy Je, (LS, JaibA, 45 fEFUNERI A TS SET



G 221 1)

SET SETEHE A L it & - Al - BSOS 300iE (4% BLAE) 315

JIE R g g it B BFSE L), T AR AR TS, 2022, 49
2D 11-13.

GUO Panlong, WU Peng, FAN Hongsheng, et al.
Construction of artificial SEI film on silicon anode sur-
face and application of soft-pack battery [J]. Guang-
dong Chemical Industry, 2022, 49 (21): 11-13. (in
Chinese)

(261 5K T, SUEFE, Babak, 5. 4 om b i -5 Rk Ak A

9 B B2 RE K wc P SR e [T R, 2024, 54 (4)
450-454.

ZHANG Xue, YUAN Zhixiang, YANG Zhilin, et al.
Side reaction and modification strategy of perfluoro
electrolytes with Si/C anode [J]. Battery, 2024, 54
(4): 450-454. (in Chinese)

[27]LU C, SONG Y K, YANG D Z, et al. Online predic-

tion for heat generation rate and temperature of lithium-
ion battery using multi-step-ahead extended Kalman fil-
tering [J]. Applied Thermal Engineering, 2023, 231:
120890.

(28] JA st i, X7k G, TKAESG: . Arrhenius 23 305 1% 1L fiE

L. Al AR e i, 1995(4) : 76-80.

ZHOU Yipin, ZHAO Yongjin, ZHANG Yanjin.
Arrhenius’ equation and activation energy[J]. Journal
of Shihezi Agricultural College, 1995 (4): 76-80. (in
Chinese)

[29] Billirik, BU%E, Dibiz, & . dfb2 el ClH—

BTy 5 RE TR T R S N T LT ] A RER o S
FeA, 2013, 2(1): 63-68.
LIAO Sida, JIA Zhijun, MA Hongyun, et al. Funda-
mentals of electrochemistry (II) : Thermodynamicl
equilibrium and Nernst equation [J]. Energy Storage
Science and Technology, 2013, 2 (1) : 63-68. (in
Chinese)

[30] MEI W, CHEN H, SUN J, et al. Numerical study on
tab dimension optimization of lithium-ion battery from
the thermal safety perspective [J]. Applied Thermal
Engineering, 2018, 142: 148-165.

(31 P . B T4 R sk 7S B0 ) £ 2 1 Lt 2 B0 5K

mg[J]. PR, 2018, 67(5): 259-269.
PANG Hui. An extended single particle model-based
parameter identification scheme for lithium-ion cells
[J]. Acta Physica Sinica, 2018, 67(5): 259-269. (in
Chinese)

[(32] 55 . WL sliR 42 10 A AL 4 8 7 g Y AVBE R AF 52 [ D .
Jent: et B TR %, 2015.

[33] 275K, BkRT . B 73 1 3 AL i BV BEOR (M ]
Abmt: HUBE Tl R, 2021,

(34] EFHRE . Z2 1 B AE B4 55 5 i i A M 2 MO0
WREGEID]. st JEaE TR, 2018.



