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Interplay of

fracture & plasticity
in swelling-driven fracture of
phase-transforming
battery materials
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Si phase-change during Li intercalation
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Fracture of a 2D disk:
Nonlinear elasticity without plasticity

—0.1 —0.05 0.05 0.1

0
T BN 1172011 s:¢1:49 P T@Q/lu‘a

Liu, X. H., Zheng, H., Zhong, L., Huang, S., Karki, K., Zhang, L. Q,, Liu, Y., Kushima, A., Liang, W. T., Wang, J. W,, Cho, J.-H., Epstein, E., Dayeh, S. A,, Picraux, S. T., Zhu, T,, Li, J., Sullivan, J. P.,
Cumings, J., Wang, C., Mao, S. X,, Ye, Z. Z.,, Zhang, S., and Huang, J. Y. Anisotropic swelling and fracture of silicon nanowires during lithiation. Nano Letters 11, 8 (2011), 3312—-3318.
PMID: 21707052.




Energy functional
B(F*,6.0) = | (a@)WH(F*,0) + W™ (F*.4)) dV

Q
Ge w(¢) 2)
+4C¢/Q< : +&Vo|© | dV

tfo | (Faw®) = kfeare () +w? |V |?) dV
Q

g(d) = ¢*  fanl) = 70— 0)?
8

w(d) = 1 — ¢ fuw=ov® 160+ TP

Multiplicative decomposition of gradient deformation tensor ")

0x;
Fiy= o [i+Vu=F=FFV'Fr  F¥= (148,
j




Constitutive equations °

Neo-Hookean Elasticity with non-interpenetration %’
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Mobility anisotropy of Li insertion in Si
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