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ABSTRACT

This thesis mainly discusses the delamination behavior occurring at the interface
between artificial SEI film and electrode. In the lithium ion battery in which lithium
metal is used as a negative electrode material, artificial SEI film is artificially fabricated
on the surface of the electrode in order to suppress dendrite growth, providing good
mechanical strength and uniform structure, and at the same time having high ionic
conductivity and chemical stability. However, after the charge and discharge cycle, the
lithium metal deposits unevenly on the surface of the electrode, causing the growth of
dendrites, which gradually accumulates as the number of cycles increases, and then

causes the delamination behavior between the artificial SEI film and the electrode.

In this thesis, the delamination behavior of artificial SEI film is simulated by finite
element software, and the interface properties between artificial SEI film and electrode
are described by cohesive zone model. In the simulation model, two conditions are
mainly discussed, which are simulated by different interface properties, different

dendrite sizes and artificial SEI film thickness.

The artificial SEI film delamination mechanical model provided by this paper is
studied. The simulation results of different interface properties can be summarized as
the artificial SEI film can completely react to the delamination radius. For the
simulation results of different dendrite size and artificial SEI film thickness, the
relationship between suppressing force (SF) and delamination radius and the
relationship between dendrite size and suppressing distribution force (SDF) can be
constructed. From the simulation results, the relationship between artificial SEI film,

dendrites and delamination behavior can be further understood.

Keywords: lithium-ion battery, artificial SEI film, dendrite growth, cohesive zone

model.
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3.2 %35l 4 =452 p|:Traction-Separation Law(TSL)

AFE AR LR 6 0k EA2HR 5] 4 -4 2 Pl (Traction-Separation Law) ¢
3 BMaESEo AN S A TSL P il igah S 3514 T (4 PARSAFRA)
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FHWAZ 2 Feni=f P E40@DN
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O(x+dx)

P(x+dx)

M(x)

P(x)

wT-dx l

o) wTvdx

B 4.2 #23pce] & R dxehp d FHE

Bl 429 o B MG E4 P, QAR RTELE 3w 4T T A

ERE S AFR R G P BRI e R84 0 Bl R T fEdd TR fp T

dm 1

—=PV-Q+=whT

dx Q+ 2 0

d—P:wa (4.1)
dx

d—Q:WTN

dx

B waiRenE R o h SHESERE > F M, P2 g bl hdeT (42N 5 E, 5 0

3
Ak 1, =1, = hizw iRl e o

2
M =E,l, 9V
‘j'jx (4.2)
P=E,wh, —
dx
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N, max
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Bl 43 L2 =HELE 3314 B RE

0
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Bt - SRANWART > B KT 2 e X4 Y o] 2% 23 (F=0>

P=0 T =0)> B@ALXT 2 f§ #4358 40T o

M'+Q=0
Q':WTN

(4.3)

Wl A3 LE BAVA LA BIA LT 0V R ATE A RS, B

o BfEFIPOSXSpov,REATE EBE O L Oy TS B pIXSQHF

Bp > 7L EE R34 B e 2 o4 )R

T max H

LMy, if 0<x<p
TN(V): "

_ Nmax ) —V ’|f <x<

5 - 5N,o( Nmax —V2) 3if P g

W(4.2) 7 (A4 &~ (43R AL T LI 40T (4.5) 5

{vl(x) = e **(a, COS A, X + &, Sin 4, X)

V,(X) =a,cos A,x +a, sin 4,X +a, cosh A,x +a,sinh 4,X + 5,
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wT wT
',t-i v /’{1 N, max

= A, = e MR R E AT (AB) R ~@8) R A T
Eblbé‘N,O Eblb(é‘N,maX _50)
M#a ~ag & B BRI FE PR D AR5 o
v, =0, v, =0,
At x=0:{" ! (4.6)
V1'=0, v," =0,
V, =V, =8, V., =V,
At X = p 1 2 N,0 1 2 (47)
Vl" — VZ”’ Vl”' — VZ”I'
V2 = 5max
At x=q:{ , , (4.8)
v, =M, v, :-Fy,
A2 A= (54 4]
* Foof
T JH[!T"
. >V
r s > 0 o

Bl 44 kT =g kT F504 B %R

o3l 5

2

= g o) 4

Pv' = —%thTT

P'=wT,
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4ol 44 KT FHus 5B BIMA AT o U A A RT B RE S, jw
B RPN OSXSreov, 8 & a kT =BT (30, , DM Br<X<s

R T LR E 54 8 0 2 4e(4.10)5 -

T;ﬂul df0<x<r

T .(u) = "°T (4.10)
(0, pax —Up) 3 F<X<S
(5r,max - 51',0)

B (42) F 2 (410) X R o~ (A9 R M T O E P (ALl X 4o T s o o

ﬂ'l—EThm; 22 Eh(;-‘fxmax ) o;lz)—(411) ]l‘)\(42)\4"f|/ fﬂt,J }{lfify—%ﬁi
max 7.0

U (A1 E 49N T EI L 2 ARy o

{Pl(x) =ae¥raet @11)
P,(X) = a,cos(4,x) +a, sin(4,x)
1 ae®-ae™
u, (x) = WhLE, ( 7 )+ay
: (4.12)
() = 1 {ae, cos(A,x) —a, sm(ﬂ?x)} ‘o,
th Eb /12
v, (X) = Y In(a,e™ +a,e ) +a,
2 (4.13)

v, (X) = —hEb In(a, cos(4,x) +a, sin(4,x)) +a,
Hf T iE 4o (4.14)55~(4.16) 58~ (4.12)58 =2 (4.13)° > v ou R jEE i a~a, & TR
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u =0
Atx=0 :q | 0 (4.14)

U, =u, =0,
Atx=r: = 7 (4.15)
P1:P2’P1:P2
u2=é‘r,max
Atx=s : L = F (4.16)
©Ewh,

R A%
O N,max
T,
TT L
>V
o, 0

T ,max

B 45 %314 &= E

Rsand

3 R BEEMy s kTG E 4 FgrdE

£4F, 0 BT 4 (AD)F 7 FILL A1)

M "+Q’—%hOP” = (PV'y (4.17)
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BHMEG O EEF A AR TELE 2B F EFA R4 o hdB mHvA LS BN

Ade oV Rk et E ff.ﬁ%%\_%i&ma‘*ﬁf%ﬁﬂf:ﬁ% C R RIN0SXSpov, HEhd

Jt

FAE O gL Oy EH 0 B PSXSQERIPN o AKTFEHBus A BIAL
Toou R ARTESARES T EF e u‘_ﬁjf’ MROSXSrov, B4 kT
BE O g I O A N SXSSHFERFIP o 2t 3 REFANRI=p, s=q° %7

PFART AL F504 AX=qFF e G LR eX=pRRT AT 514 40

T .
%vl ;if 0<x<p
W=y 7 (4.20)
— N (5, —v,);:if p<x<
5N,max _§N,0 ( e 2) P |
T .
%ul if0<x<p
T (u)= °T (4.21)
— (5. —U,);if p<x<
(é‘r,max _57,0) ( o 2) P |

d (4.20)7 # (4.21)5 & » (4.18) 7 fr(4.19)58 * ff » &O<X<p® 7 12 (7 5](4.22)
R pSX<QREP T L EE](4.23)5
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max 1 14
- Vl_Ehbpl =0

N,0

(4.22)

14 5 14
“hy, ——2—P" + R
2 wT wh,E,

7,max

=0

nr WT V
Wi %) 100

(5N,max - N,O) 2
5 - 5 "
( 7,max z',O) P2 + P2 — 0
wT wh E,

7,max

E v,

(4.23)

% hv, +

d (4.22)38 £1(4.23)5 0 FEILT Ry, P el 2% ~ i R i 2 40(4.24) 58 ~(4.26) 5
oy, PR & B RgR D

o w=0,v/=0
Atx=0: (4.24)
Vl" — 0, Vl'” — O
Ay ; Vl Vz 5N . Vl’ V2 , Vlﬂ :V2”, Vlm :Vzm (425)
R=R, R=P
Atx=gq:4%2 =Mo Vo =-F, (4.26)
P,=F

Fod 0 Ard e S AR T B Sho el R % (Wedge test) ~ R A 3cE
% (Peeling test) ~ % =8 4% v %*4E38 % (End-notched Flexure)enid % 4p 3 Skeg & 2 & »
R BB E 2 VE ORI R I I AR ST NI RIE S

N R A
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(Distribution force)e9375 3¢ & % 38 4= gomt fy L 7 eh— X > 4o 5.

Distribution force : — (N/ m?)
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L Biize4 £ o 4oB 55 B 56 B 5.7 77 L= fAF ik k2314 4 ul i
70GPa ~50GPa ~30GPa & @i+ 23514 §¢ x5 247 k- TFd 0D
B e o @B 588 59 -8 510 5 =47 F ko< %2514 (70 GPa ~
50 GPa ~ 30 GPa)sfEs 8% o £ 33 & o

Max Traction 70(GPa)

70

. th o
=) =) =)

Stress(GPa)

(]
(=]

20 §
10 §
0
0 02 04 0.6 0.8 l 1.2
v(nm)

Bl 55 = fak ~ 2314 5 70 GPa T jf o HEF 2=

30

doi:10.6342/NTU201903758



s Max Traction 50(GPa)

50 —2|

Stress(GPa)
I W oW I
] n < wn < wn

—
Ln

10

0 02 04 0.6 0.8 | 1.2
v(nm)

Bl 5.6 = fid ~ %314 5 50 GPa T jf o HEF 2=

35 Max Traction 30(GPa)
—1
—2
30 —3
25 .
£ 20 1
C
Z
W
ci 15 y
10 y
5 .
0 L 1 | 1
0 02 04 0.6 08 1 1.2
v(nm)
Bl 5.7 = fak + %314 % 30GParT jfd 5EF &=
31

d0i:10.6342/N'TU201903758



Stress(GPa)
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Th AP RSB ARERERE L LS AR o feh A N4 (5.4)

;& (5.5)5¢

a=-20.75x*+141.2x - 39.73 ; (1.30)
£= 0.03x* - 0.085x - 2.264 ; (1.31)
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He SFRT,X) 5842 64 (F) RabsmALE T 541 SElWHER
(T>0) > X 5 PELi=# © a, b 3E fhdiche™ (5.8)7 ~ (5.9)7  (5.10)5 % 7
(1.34)

a=plx*+qlx+cl;
b= p2x®+qg2x+c2;
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