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An Investigation of the Effect of the Surface Roughness
on Lithium Transport through the Li;-sCoO2 Film Electrode
in terms of Fractal Geometry
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The effect of the surface roughness on lithium transport through the
Li;-sCoOs film electrode was investigated in terms of fractal geometry using
potentiostatic current transient technique, atomic force microscopy (AFM),
image analysis method, and numerical analysis method. For this purpose,
200 nm-thick LiCoO; films were deposited on the substrates with different
surface roughnesses by RF magnetron sputtering method and then annealed
at 700 °C for 4 h in air. Surface morphology of the films was examined by
using AFM and self-similar fractal dimension of the films was determined by
triangulation method. Experimental current transients were obtained from the
Li;-sCoO2 films in a 1 M LiClOs~PC solution as a function of self-similar
fractal dimension. All the experimental current transients showed the
behaviour of ’cell-impedance-controlled’ lithium transport. The current level
increased and the time to reach a new equilibrium decreased with increasing
self-similar fractal dimension. From these results, it is suggested that lithium
diffusion in the electrode is enhanced by the increase of the surface
roughness. In addition, theoretical current transients were calculated from the
numerical solution to generalised diffusion equation under both the
'cell-impedance-controlled’ constraint at electrolyte/electrode interface and the
impermeable constraint at electrode/current collector interface. From the
comparison of two current transients experimentally obtained and theoretically
calculated, the effect of surface roughness on lithium transport was discussed

in terms of fractal geometry in detail.
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