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Theoretical Analysis of the Effect of the Surface Roughness on
Lithium Transport through Fractal Lil-6CoO; Film Electrode
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The effect of the surface roughness on cell-impedance-controlled lithium
transport through fractal Li; sCoO: film electrode was theoretically studied by
the numerical analysis of the generalised diffusion equation (GDE). For this
purpose, the numerical solution to the GDE was obtained using the finite
difference method, and then the potentiostatic current transient and the linear
sweep voltammogram (LSV) were theoretically calculated as a function of the
fractal dimension under both the cell-impedance-controlled constraint at the
electrode/electrolyte interface and the impermeable constraint at the
electrode/current collector interface. From the change of shape and value. in
the theoretical current transient, it was noted fhat the initial current level
increased and the characteristic time necessary until lithium reaches the
impermeable boundary decreased with increasing fractal dimension. This result
indicates that cell-impedance-controlled lithium transport is enhanced by the
surface roughness of the electrode, which is consistent with the effect of the
surface roughness on diffusion-controlled lithium . transport. For the sake of
clarity, the effect of the surface roughness on cell-impedance-controlled
lithium transport was discussed in detail by comparison of the relationship
between the peak current and the potential scan rate obtained from the
theoretical LSV with the generalised Randles-Sevcik relation derived from the
analytical solution to the GDE under the diffusion-controlled constraint.
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