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Figure 1 Theoretical framework for multi-physics modeling of electrochemical system (color online).
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Figure 2 The applications of multi-physics approach in the mass transfer in charging process [60] (a), reaction and transport coupling [61] (b), and

thermal effect (c) (color online).
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Abstract: Electrochemical energy storage and conversion involve the transport and reaction of electrolytes in the

porous electrodes and membranes. Understanding the microscopic and coupling mechanisms plays a crucial role in

guiding the screening of electrolytes and electrode materials, as well as the design of the electrode-electrolyte interface.

However, exploring the micro- or even nano-scale phenomena and the coupling effects of multi-physical fields through

traditional electrochemical thermodynamics and kinetics theory and experimental techniques remains a challenge, which

requires a novel modeling approach. In this review, based on non-equilibrium thermodynamics, a multi-physics-coupled

modeling approach for electrochemical processes is proposed, and the feasibility and theoretical value of this approach

are illustrated from three typical problems: mass transfer under electrical field, reaction and transport processes, and

thermal effect.

Keywords: electrochemical processes, nonequilibrium thermodynamics, multi-physics modeling, transport and
reaction
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