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Fig. 1. Schematic illustration of nanowire electrode buck-
ling during lithiation: (a) With surface effect; (b) without

surface effect.
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Fig. 2. Results of critical buckling load: (a) Evolution of critical buckling load with time (The solid lines represent considering the

surface effect, dotted lines represent without considering the surface effect, and red lines denote k = 0.5, indigo lines denote k =0,

black lines denote k = —0.5); (b) ratio of initial critical buckling load between with and without surface effect as a function of radi-

us; (c) ratio of initial critical buckling load between with and without surface effect as a function of slenderness ratio.
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Fig. 3. Results of axial force F.: (a) Variation of axial
force F, with time ¢ (The solid lines represent consider-
ing the surface effect, dotted lines represent without consid-
ering the surface effect, and red lines denote k = 0.5, indigo
lines denote k = 0, black lines denote k= —0.5); (b) ini-

tial axial force with surface effect as a function of radius.
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Fig. 4. Results of nanowire electrode buckling: (a) Under the condition of with surface effect, the ratio of axial force to critical buck-

ling load as a function of time for different slenderness ratio; (b) under the condition of without surface effect, the ratio of axial

force to critical buckling load as a function of time for different slenderness ratio; (c) ratio of the time required for nanowire elec-

trodes with surface effect and without surface effect to reach critical buckling varies with slenderness ratio; (d) under the condition

of with surface effect, the ratio of axial force to critical buckling load as a function of time for different radius; (e) under the condi-

tion of without surface effect, the ratio of axial force to critical buckling load as a function of time for different radius; (f) ratio of

the time required for nanowire electrodes with surface effect and without surface effect to reach critical buckling varies with radius.

RSF/NT 4 nm I, GOKEK G 2 il X
S MR A RGN, RIS F] 1 4% 1Y
FFAEH, St T AR 1 AR S50 rh 4 oK Al
SR AR X R T R AR AR 8 B B 4 1) ) 2 T
PG B,

i, BB 4 T sk /3 Ak R A (k) X
PR AR 2. anEl 5(b) s, FEJCFR
AONE AR BT, 5L A Ak RT SR A LR X g K S
W AT AR B RWA X B, XSRS
Zhang 45 3] [ HELS W25 R 2575 MR, 7EH
RN GO T, il 5(a) i, s 1L R
B (k> 0) RGN KL A e ity A s i) e B i 5t
P REL (k< 0) B YN K2 A A it 1) Bsf 1]
MR, H 2 k< —0.4 B, OKRE R A TT

REJ . LR SR TR AT LA (26) R (27) 2% L
133, MR AR, HA Y HBOA RN ) gk
2w AR, Sl Al S ith Fe ) 22 L AT RE X A
PEREAL /A RBORTIR 2 808K, 15 LA 5(b) T
PRI 220 A B G B 5 R AN 2 5, J)
(26) R (27) 2 IS I, B R T LR Ak
SRR AL Z R DX 43 B2 PRI AAIE] 5 (a) FTEL 5(D)
WA E, AR TR 1L, B S I 40
KR A EAG A e e ER AR IR 5(c) BT
71N, X T A5 P e B L e A R B 1S R
RS 55, VB S T ZR A5 8 R B
5. B2, 5(a)— 18] 5(c) FMATELNKLE B b Yk
$E 1, JA R E MRS S SR A M B ) A K e R 2
O A R RHY.

033101-7


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

) 32 Z 3R Acta Phys. Sin. Vol. 71, No. 3 (2022) 033101
0
(b) 12 o (c)
(=] \.
& | RN\ 10t \
o & °
—k=-06 \'\
k=0 81 *
— -k=0.6 ®
Y 0 0.2 0.4 “03 0 0.3 0.6
t/s k

5 R EEAR /Al 2R O i A 2 )

(a) TEAT R TR ) 26 AT, A8l 55 s 55 ot g =22 VA A T iy e A 4 56 AL /8

FACT RN 1) 19 A2 A5 0 5 (b) TE 28 TR0 09 25 PF T, ik g 4510 23 I th T 0 =22 PO AR ) ) e A i 4 /85 f b 3 30T B I 1) F) 22
PTG BL; () A =R TR RN 15 TR TR RN 14 44 K £ v A ok 390 6 55 1 9 5 1) IF 0] 22 L Pl A 4 5 1 /49 2R i) A AR A 0

Fig. 5. Effect of elastic hardening/softening coefficient on buckling: (a) Under the condition of with surface effect, the ratio of axial

force to critical buckling load as a function of time for different hardening/softening coefficient; (b) under the condition of without

surface effect, the ratio of axial force to critical buckling load as a function of time for different hardening/softening coefficient;

(c) ratio of the time required for nanowire electrodes with surface effect and without surface effect to reach critical buckling varies

with hardening/softening coefficient.
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Abstract

Nanowire-based electrodes have attracted much attention due to their high surface energy, short distance
for lithium insertion, and the ability to accommodate the enormous strain. However, the buckling behavior may
occur during lithiation for such wire-like electrodes, which would lead the battery performance to deteriorate.
Therefore, it is vital to quantitatively understand the mechanism about the bucking behavior of the nanowire-
based electrodes. Although the buckling behavior of wire-like electrode has been extensively studied in the past
few decades, the influence of surface effect on it has not yet been thoroughly explored. For this purpose, a
theoretical model of surface effects on buckling of nanowire electrode is presented by taking into account the
lithium diffusion, stress, and concentration-dependent elastic properties. Based on the established model, the
effects of the residual surface tension and elastic hardening/softening coefficients on buckling are investigated.
The results show that surface effects can improve the mechanical reliability, thus delaying the critical buckling
time of nanowire electrode. In addition, it is indicated that the surface effects depend on the radius size and
slenderness ratio of the nanowire electrode, specifically, the smaller the radius size and the larger the slenderness
ratio, the greater the influence of the surface effect is. Furthermore, compared with elastic hardening, with the
participation of surface effects, the larger the elastic softening coefficient, the longer it takes for the nanowire
electrode to reach the buckled state, and the better the stability of the electrode is. The novelty of this work is
that the proposed models highlight the importance of surface effects on buckling of nanowire electrode. These

findings provide a prospective insight into the designing of higher structural reliability of electrode.
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