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(School of Mechanical Engineering, Sichuan University of Science & Engineering, Yibin 644000, Sichuan, China)

Abstract The growth of lithium dendrites is one of the important challenges for the safety of solid-state batteries. In
order to further investigate the formation mechanism of lithium dendrites, a phase field model of electrochemic-
mechanical coupling was established to simulate the influence of important factors on the growth of lithium dendrites in
solid electrolyte. In this study, the dynamic distribution of lithium ion concentration field, electric potential field and
stress field was simulated, and the influence of anisotropy intensity, reaction constant, external pressure, ambient
temperature and initial nucleation shape on the growth morphology of lithium dendrites were revealed, and the
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morphological characteristics of needle and moss dendrites were compared. The results show that reducing the anisotropy

intensity and reaction constant can inhibit the growth of lithium dendrites to a certain extent. The growth of lithium

dendrites can be effectively inhibited by increasing external pressure and ambient temperature. The initial nucleation

shape of lithium by in creasing external pressure and ambient temperature. The initial nucleation shape of lithium dendrit-

es can significantly affect their branching direction. The comparison of the three different forms of lithium dendrites

shows that the acicular dendrites have fewer branches, and the stress is mainly concentrated in the dendrite root. Mossy

dendrites have larger branch structure due to their higher spatial freedom of growth and higher internal stress level during

growth. Dendritic dendrites are intermediate between acicular dendrites and moss dendrites, with uniform distribution of

branches and stresses. This study is of great significance for optimizing the design of solid-state batteries and improving

their safety.

Key words phase-field theory, solid electrolyte, lithium dendrite, stress
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Table 1° Phase field simulation parameters
Parameter Value Reference
gradient energy coefficient ky /(J-m™") 4.17x1075 [25]
the strength of anisotropy & 0.1 [18]
interfacial mobility L, /(m3-J'-s™") 2.5%107° [14]
reaction constant L, 0.5 [21]
electrolyte diffusion coefficient D* /(m-s™") 3.68x 10710 [25]
electrode diffusion coefficient D¢ /(m-s™") 3.68x 10713 [25]
barrier height W /(J-m™3) 3.75%10° [21]
anisotropy modulus w 4 [21]
electrolyte conductivity o* /m™! 128 [20]
electrode diffusion coefficient o¢ /m™! 1x107S [20]
symmetry factor o 0.5 [21]
standard volume concentration ¢, /(mol-m™3) 1x103 [21]
maximum Li ion concentration ¢ /(mol-m™3) 7.69% 10* [25]
temperature T /K 298.15 [25]
Young’s modulus £E/GPa 99.7 [32]
Poisson’s ratio 0.2 [32]
eigenvalues of stress tensors ; -0.866x 1073 [8]
-0.733x 1073
-0.529%x 1073




%7 M

A G AR J T AR BRSO 2 DR B0 i A8 AR o R ot A R R 5

2 HFR5T

21 WBCRERREITS

SE B L HL R R I PN B A R R, B T AE
ForboxE LAY 53 234, BB i 8 58 JE 1R )
BIAZ, T SO T80 LA B A AR N 2Ll 78 HEL Ak
RN 77 B SR BT, PR 1 [ A HL AR5 A
AR RELIE 3 Frs. wT LU A 1 AR
HH P S KRR, X Bk PR i AT 20 SCAE R, 5 L R
5 Ren £ 45 UL

B AR 1 B T 4 A R] AR AR AN R %
Mk BT B T IR DL R 35 1 2 AT
O, 1 =0 s FARBAZIT U0, T4 G A I 25 L A ot 2
[BIAFAE LA ZE AR BB, 3 BB RIE A, Horp
TRl AT 0l ) A PR R R, A A R R 2
18, WA 3(a) Pron. 12 3 22 PR O ] 25 H i o 2 A 4
e TR R AR P2, ik L= Al i A 4. ] 3(b) AT

. M . .

t=10s

t=3s

Kl 3(c) 2 N B Ik AT E A oA L H I RT N
15z i PN R A S A R PR o T S Y A A B S R
AR RE . X & TR Ui AR @it A
FLE T A R R 8. T deum AN, IR G B2
(YRR B8 ) AR 1T 8, T B4 g PR A/ AR R T PR,
TR RS DR PRI 58 R R 456 (iR A ARl it PR A=

K 4(a) BEn T B & N T von Mises B /78
A L. HH AT R ) 3 AR A R i 4 v A
R BT . 3K A PRl A i 4 v R 5 1 ) TR R B
AR G TR N AR b | L SN ) VAP B N2 B R
T 8 22 3, A0 s R 500 DX 1) 5t 1 2 7= 2 A B
G N7, AR XN 2y 3G K &L 4(b) AR RS )
143 A . AR g (B 359K R R 2 ) 32 B R %
o (AR AR AR A, A 26 B 2% X 38052 3 R 46, ffE
T X IR K. BN AR K2 S 8
[i5] & LR 5T 52 B R 4 9 R A TR AR, Pt DAL R Ui
Qb BRI 77 IR i 5[] A AR o 4 fik Ak (%) Y 77 2% B

—NWRARUNMAINOO

COooOoooooO00o

(a) tiﬁﬁaft{tﬁ/%;ﬂ
(a) Lithium dendrite growth morphology

t7s

mol/L

—NWEAULNAINOD

cooooooooo—

t= lOs

(m@%%mﬁﬁﬁ

(b) Lithium ion concentration distribution

(c) A

0.10 V
0.09
0.08
0.07

0.05
0.04
0.03
0.02
0.01
0

| 0.06

t=10s

(c) Potential distribution

K3 A (RN Z A A A AR 5
Fig. 3 Simulation results of lithium dendrite growth at different time



N

1

Eitd 2025 4E 2 57 &

ES
t=3s

MPa

90
80
70
60
50
40
30
20
10

.

t=T7s

(a) von Mises . /] 43 Afi

(a) von Mises stress distribution

.
t=3s

yOR

t=T7s

t=10s

(b) AR Ty 3 A

(b) Volume stress distribution

t
(c) SEERLAR 53 Afi

(c) Elastic strain distribution

4 [ AN LRI P g S8 AR ) 3 A

Fig. 4 Distribution of stress and strain in solid electrolyte

W T AR X 3. B 4(c) AR T B R (o) B4y
i LR AR T A RN e = (e, + &, + ). HE
AR R AELE 4 x 107* B, BLAR B/, J8 T # i
NSl I VST 2l 2y N =5 ) i 9
FEorHT.

2.2 WIEARAZFAR X5 SR 3R RO 22

i B AT] 46 A DR A5 i T B AT B L5 i
FEIEL S i, ARSC DA B XN 50 x B, Herpen oy

ASPR IR AL, £ 2.1 T IE IR (K 5(a)) 261 L, B
BT UIENA Al 15 AU E R AR R (B 5(¢))
3 A RIUR AL AR, AU T R I AE KRR, AN
PR AL TR T BB RS 6 Fros. i 6 7]
B, RIAR A SO ) 2 A AN )
b~ 0 [ P LS 8 BT AT AR K I AR A, (RN 77 4%
ks I —E B LE, BiAZ= R AR R
FI 96 A% A A A A B2 B, 10 B el = A [

5 HRREYIR L TESR R B

Fig. 5 Schematic diagram of initial nucleation shape of lithium dendrites



%7 M

e P 5 T AR ) B VO S OL B T R] 30T 7] 28 P 88 5 P RS i A A PRI ) 7

(*+»%)

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

(a) BB S AR AT
(a) Lithium dendrite growth morphology

LAy

)

MPa
90
80
70
60
50
40
30
20
10

(b) von MisesN. /33 4

(b) von Mises stress distribution

) 5+
(&) HEBYE 1511

(c) Volume stress distribution

MPa

20
10

-10
—20
=30
—40
=50
—60
=70

6 ANEIRIUR AR T A R
Fig. 6 Morphology of lithium dendrites under different initial nucleation shapes

A% T A il A0 A, 30 R A~ A [ 0 el 7 17 7
J o X 2R I R T A AR SR A, B2
(] ] REAH FLEZ M, 3 BOE 2 (AR ) ST R 1K
SR (R 45 R AL A 2 H) 50 PR R e, 2 1T 4 i vl
T A A I R XS

23 BEFMEEN RN

B T S 1 i P X A I 2 AR S 8
SRR AR, R RS A B A % 1
I AR 1) S o R 2 i 2 e A R AR KT

1 S AR AT 1 0, WD R S A i R B 28 TS T T
AR 2% 1) S P i B R BB e 2B R 3. N 7(a)
HRT CLAE H, AN TR B R S 6 B T B (s A
AR AR, 2% 1] Sk iR R o RIS, g I e A A 32 381410
. 352 DR D it PRI A R S (03 T R A K, A A )
(I 8 A DAERAS AL 5 1RO 81 80 1 (At L, 3 i S0 0 A
AR B AR K 7(0) ANEL 7(c) FIRL A 73 A
AL, AT RAAS [ 25 i 5 2 50 P2 T S o 2 7 T BB P
B R i AR . e mp eh T O o0 0 A 1 OB



2025 4E 2 57 &

8 hoox % #
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

0=0.01s

0=0.1s

0=02s

(O GTERSIZT
(a) Lithium dendrite growth morphology

0=0.1s

MPa
90
80
70
60
50
40
30
20
10

(b) von Mises/v. /7504

(b) von Mises stress distribution

=

0=0.01s

0=01s

MPa

20
10

—-10
—20
-30
—40
=50
—60
=70

0=02s

(c) RRANE A3 53 A1

(c) Volume stress distribution

Pl 7 ANIR] % Tm) P B BE R AR A AR KR 30
Fig. 7 Growth morphology of lithium dendrites under different anisotropy intensities

IR, IRBB A AN K R
24 REBHNREMIRHFM

S S0 B vk € TR TR LA/ PR AR T Ak
(RITORURIPE T 2%, SO IR BEAR L T8, M o Je
ISR, S M SRR AN R 1] 8 A
[7) B LW BT B AT, b JEI AT, N S
HA, B T TR R R, X s PR
TAE AR AR T A E A A, AR A AR T R N
e S E B SN VAL S €2y 1L VA
S IRONE, AFAF R AR R . A RGN, JE i
(1) A REBE 22 1 73 32, LA AR MR BT M 2 I A4

BRI
2.5 SNFRENXERRFIRHFNE

DR TCAN BT s 7355 SR it 5 A R 52 T, g Ak
FE 205 m T J LT R B St 18] 9 gt 1 AR Ab
S 0 A A RS EL 1 9(a) WA, ERUIRE
T3, BRSO R AR A MR 7 90 R £ 400 1) R R R &
L E AR, T2 D8RI B EE E R, PR A
AR 1 ¥ Je 1) 400 86l S5 R T o i 25 4 5. b1 181 9(b) /T
K1, BEAE I T B R, Ny 1) L RV P 32 1
N2 A3 IZHTHE R, A A 2 B, A i 3 R 5 1)
AR KR DIAFESNR IS T AR R, FAR IR ) N 5



w7 M A G AR J T AR BRSO 2 DR B0 i A8 AR o R ot A R R

L,=0.1 L,=05
(a) AL SR KT
(a) Lithium dendrite growth morphology
L,=0.1 L,=05 L,=10
(b) von Misesy /3504

(b) von Mises stress distribution

L,=05
(c) AR A3 55 A1

(¢) Volume stress distribution

8 AN IR B2 B0 A5 T 35 A 5

Fig. 8 Effect of different reaction constants on dendrite morphology

F=0MPa F=5MPa F=10MPa
(a) HEB A KIS
(a) Lithium dendrite growth morphology
RIS DA LY 2 A

Fig. 9 Influence of external pressure on dendrite morphology

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

MPa
90
80
70
60
50
40
30
20
10

MPa

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1




10

2025 4E 2 57 &

F=0MPa

" =5 MPa -
(b) von Mises/. /3534

(b) von Mises stress distribution

F=5MPa
() AR 7343 A
(c) Volume stress distribution
K19 AhFEEJIREL ISR S (42)

Fig. 9 Influence of external pressure on dendrite morphology (continued)
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