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Impedance spectroscopy of lithium intercalation into tin electrodes

WANG Jian-hua, WANG Yu, ZHOU Xiao-jing, GUO Yu-zhong

(College of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Electrochemical impedance spectroscopy (EIS) was applied to studying the first and the second lithium
intercalation process on tin electrodes. The characters of EIS spectra from tin electrodes with different morphologies were
studied. Equivalent circuits were selected for modeling the experimental data. The dependence of electrochemical
parameters on the electrode potential was obtained. The results show that the EIS spectra of tin nano-array electrode are
of different characters from electrodes of tin film and tin foil. A medium-frequency ace is found on the spectra of tin
nano-array electrode. The formation of solid-electrolyte layer (SEI) on the surface of tin electrode is observed in the first
lithium intercalation process in the potential range of 1.6~0.8 V. The surface resistances, Warburg resistance and lithium
ion diffusion coefficient are controlled by the morphology of the electrode. The lowest surface resistances and Warburg
resistance and the highest diffusion coefficient are observed on the electrodes of tin nano-arrays. The diffusion coefficient
of tin nano-arrays varies from 4.4X 10" to 1.4X 10 "' cm%s, changing obviously with the electrode potential.
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Fig. 1 SEM images of tin nano-arrays made by AAO as
template: (a) Low magnification; (b) High magnification
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Fig. 2 Nyquist plots of tin nano-array electrode at various

potentials
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Fig. 3 High frequency ranges of Nyquist plots of tin nano-array electrodes at different potentials: (a) 1.6 V, 1.4 V; (b) 1.2 V, 1.0 V;

() 0.8V, 0.6 V; (d) 0.4 V, 0.2 V
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Fig. 4 High frequency ranges of Nyquist plots of tin film electrode at various potentials: (a) 1.6 V, 1.4 V; (b) 1.2 V, 1.0 V; (¢) 0.8 V,
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Fig. 6 Equivalent circuits for modeling impedance spectra:
(a) Circuit A; (b) Circuit B
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(¢) Tin foil
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Fig. 10 SEM images of tin film electrode after 10 cycles:
(a) Low magnification; (b) High magnification
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