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Simulation of Warburg impedance spectra under finite
diffusion boundary conditions for porous energy electrode materials
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Abstract; In understanding the electrode kinetics of porous electrode by means of Warburg imped-
ance, it is necessary to firstly take the single pore filled with electrolyte as a model system to ob-
tain the quantitative evolution trend of Warburg impedance spectra and their relationships with
dimension parameters and material properties. The following studies are conducted in this paper:
(D The Warburg impedance model for a single pore filled with electrolyte under ideal interface and
finite diffusion boundary conditions constructed based on the calculation from transcendental
function to algebraic function; @ The effect of pore diameter, pore length, electrolyte resistance
per unit length, and capacitance at the interface of electrode/electrolyte per unit length on War-
burg impedance spectra is numerically simulated; @ Based on the results simulated above, knee
frequency., low—frequency resistance spanning Warburg region, and low-frequency equivalent ca-
pacitance are analyzed systematically with respect to dimension parameters and material proper-
ties of the pore filled with electrolyte; @Finally, the observed result of the competitive effect be-
tween finite diffusion and semi-infinite diffusion Warburg behaviors is elucidated in terms of elec-
trochemical kinetics. The simulated results in present work offer a valuable theoretical basis to
understand the behavior properties of the porous electrode for energy storage devices. Further-
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more, it benefits to design the pore structure and material composition in order to obtain the opti-

mal energy density and maximum output power density.

Key words: pore electrode; finite length diffusion; semi— infinite diffusion; Warburg impedance;

penetration depth
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Schematic of penetration depth of metal ions in a single pore filled with electrolyte solution simulated

by current signals at different {requencies
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Evolution trend of Warburg impedance spectra with respect to c;
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