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Abstract: 
 

 

Metal-air batteries are attractive candidates for next-generation energy storage because they 

offer high energy densities and use abundant materials. Zinc-air batteries are particularly 

cheap as they are easily manufactured, and rely on abundant, non-toxic materials. Up to 

now, only primary cells have been commercialized and further research is required to enter 

the rechargeable battery market. We contribute to this goal with 3D cell level modeling of 

aqueous zinc-air batteries. 

Most models of zinc-air batteries describe the cell dynamics along one dimension 

connecting anode and cathode [1,2]. They describe the temporal evolution of the 

concentrations of species, the volume fractions of phases, and the electric potentials. These 

transport equations are coupled with the (half-)cell reactions. This approach can 

qualitatively capture cell properties during discharge [1]. In this work, we want to 

understand local inhomogeneities inside the electrode structure as illuminated by Horn and 

Shao-Horn [3], and make quantitative predictions. To this aim, we develop a 

thermodynamically consistent [4] volume averaged 3D model. We focus on the correct 

description of transport taking into account electrolyte convection, zinc passivation, and 

multi-phase coexistence. 

We perform simulations to understand the intimate connection between electrode structure, 

electrolyte composition, multi-phase coexistence, and zinc passivation. Our model is 

validated by comparisons with specially-designed recent and ongoing experiments on zinc 

anodes. 
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