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Fig. 1. Schematic of hollow cylindrical electrode.
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Fig. 2. Concentration (a) and stresses distribution (b), (c), (d) in hollow cylindrical electrode, radial stress (b), hoop

stress (b), axial stress (d), solid and dashed lines represent with and without the effect of local velocity respectively.

070203-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 67, No. 7 (2018) 070203

7T, 5 R8I e 5 I o A VA BE B
I, ZRTHI AL IR E MR X T . 3 A2 DR A i %o 42 8 1
] HR O O —E HIER. WL 2 (b), 1218 M
JIAE NSRRI R E, FF6 N AR H Rl T 5%
PEAETCEA] 7 = 0.008, r = 0.7R; My HLS i
KARWILST, MBS 7 NI B oAb, Btk
[yt A2 N I WA E S il S E TS E DANAA NS S
KRBIAPREN R ). RN KRR, NR
TN ) Th i, AR R ) BRAIG. 2 78 B — Bt
F)J, I )l ) 2 ORI R ). il ) 82 g (E
W TR/, FEAMR TG R, A2 1) B S AH EE T30 1) |
iy ) N7 BN, XA BT A O TR FAR AR A
TR BB ATIHEAARTEA T REK D). EF
TAEZR W S B0 AR R (1 3 R R R Ay B2
BRI Y R T AL BN fa s

B3 (a) stz —w, WANERIS =
0.25, 0.5, 0.75 I Filr ) 7 A0l 7 BR e 7 [ s 18]
TR 2R, B3 (b) N REBORE. Bl Ak
RIELLHR, LB EER A HEK, WAEREL
o} 0 1) 3 BRI, LR I T R RN R T AL
. (3 R, SRR = IR N R R
JEOR AL IR S e Ay il 26, kg B BR 2 STt B
I FL e il 7. AREAREE 6 = 0.25,0.5,0.75 73 HIFE
7=0.1,0.17,0.2 TR SE TS L, BESE N AMERLE
(Tt v, 78 H 50 RS S 92 6 Bt ) 52 s FT BRAR. AT EA
B 0O, [F)— B 252 ) 3T+, T R
I 5 il 2798708, 273 O AR A 42 R SF— 2 i
i o 2 o B A 5 B2 PRI, H i ) g 2k 3 5 e 75

6=0.25
6=0.75

§=0.5

L (a)

Dt/R2

1 1 1 1 1 1 1 1 1
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

F./ER?

(R TR, ) kA T . 24 AR Y A2 AR AN
NI SUESO R EF Al AL

2 H AR KA — 2 I, MBS E(E, D, 2) X
7] 32 R IR MAAN R PRk s R B LR B, 43 A
AT AR MR R SR Ty B BRI A e g
TE b, PRt PR AR B 40l 1) gk B BR B it )
B ZIAAR . 3 B R B R B 175 AR U
CEWAR iﬁrﬂﬁﬁiﬁﬁﬂg‘?r/}%ﬂcﬂﬁﬂﬂﬁﬁf}%, SR T
TR E] T = ia M Ry ANER, TR EUE K,
iR B WL il g S TR AR BE R R AR SRR RN
AT, AR LR, B4 (a) FIE 4 (b) N
TR BESRARFRER (0.892, 2, 1.202, 1.502), 1£ 7 = 0.008
I A 0] )82 77 5 3 ) S B o AT B G AR SR e R
I IR 2 ve, M B AR AT B 5 I K 14 %
ve B BL. P 4 (a) FTEE 4 (b) 7T LA H, Bl i
JEE SR A AR B3GR, P AT M I 26 %6F 7 7 43 A ) 5 )
WK, B4 () Syt BE/RARFREUAS [FE I, il i) 52
R TBERT (] 7 AR i 2k, SRR = AT 4 0 5
JERIAE B FZIKER. WEHATLUE H, A
i BE R AR RREE O, A [R] BsF Z21 il [e) 386 K, 3k Bl 5+
e i A R TR, T 4 () AN [ H R B Ak
K@ & (0.550, jo, 2j0,) N HIHH J1A8 10 128, 78
HL TR 250 B e SE TS HE. FH T HAROAN AR, S 4 1T
RYNRE )1, PRI 58 4 70 FEL I B K 1) g R A
25 ML BT & TS sl b AT LB Y, B
IR FER BT, ve XS R AR AR 3G R, H
LR AL 25 S0 R0 T UART S R, A o B2 ik 338 2 ot g ) )
P AL

0

—0.01}F
—0.02

—0.03 | §=0.75

—0.04
—0.05

(b)

1 1 1 1 1 1 1
0 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040
Dt/R2

—0.06

3 AEWANEREE (6 = 0.25,0.5,0.75), A J7 (a) A R EEOKE (b) BERRIRAR (b SR28F0 = M 5 i KR

HIBMAFEIEN FUZIKIES, MLl 7 th /g

Fig. 3. Development of axial stress with different radius ratio (§ = 0.25,0.5,0.75) (a), partial enlarged drawing of

axial reaction force (b), solid and triangle lines represent with and without the effect of local velocity respectively,

dashed lines represent critical bulking force.
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represent with and without the effect of local velocity re-

spectively, dashed lines represent critical bulking force.
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Abstract

Silicon, as the next-generation cathode material in lithium-ion batteries, exhibits excellent electrochemical per-
formances compared with traditional cathode material, such as high capacity and cheap price. However, its cycling
performances are greatly affected by the volume change of silicon due to the insertion of Li atoms. Lots of work focuses
on the analysis of diffusion-induced stresses in electrode, but the convection term is seldom considered in analyzing the
diffusion-induced stress in an electrode. In this paper, a mathematical model is established, where the convection term
is taken into consideration in the diffusion process. The mechanics equations and diffusion equation are derived based
on continuum mechanics and the diffusion theory. Diffusion-induced stress, axial reaction force and the critical buckling
time in a hollow cylindrical electrode under galvanostatic charging are calculated. The effects of local velocity, ratio of
the outer radius to inner radius, charging rate, material parameters and lithiation induced softening factors on stress
field and the critical buckling time are studied. According to the results, it is found that the influence of local velocity
on stress distribution increases with the increasing of Li concentration, and the contribution of local velocity to axial
reaction force is insignificant. Compared with the results without local velocity, the tensile hoop stress of inner surface
is large, and compressive stress at the outer surface is small. The axial reaction force and the critical buckling time are
calculated with different ratios of outer radius to inner radius. As the radius ratio increases, the axial reaction force
and critical buckling time decrease. The effects of three main material parameters (elastic modulus, diffusion coefficient,
partial molar volume) on axial reaction force are discussed. The dimensionless force is independent of elastic modulus
due to stress varying linearly with Young’s modulus. The critical time is inversely proportional to diffusion coefficient.
As the partial molar volume increases, which indicates larger volume change induced by the intercalation of the same
quantity of Li-ions, the critical buckling time drops and the effect of local velocity on stress field increases. It takes less
time for axial reaction force to reach the critical buckling force at a higher charging rate. The elastic properties of silicon
in the lithiation process should be a function of Li concentration due to the formation of Li-Si alloy. The elastic modulus
is assumed to be a linear function of Li concentration. The hollow cylindrical electrodes with increasing absolute value
of lithiation induced softening factor have lower maximum axial reaction force. However, the lithiation induced softening
factor has a limited effect on the critical buckling time due to the fact that the Li concentration at critical buckling time

is relatively small.

Keywords: diffusion-induced stresses, local deformation velocity, lithium-ion battery, Euler’s buckling
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