Modelling of electron-transfer kinetics in magnesium electrolytes: Influence of
the solvent on the battery performance
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Regarding energy density, safety, cost, and sustainability rechargeable magnesium batteries are a very
promising next-generation energy storage technology. However, the processes in the electrolyte and at the
electrode surface are not yet properly understood. The bivalency of the magnesium cations leads to strong
coulomb interactions with the anion as well as with the solvent. It was found that magnesium salts are prone to
form ion pairs and bigger clusters – especially at high concentrations, which may adversely affect the transport
in the electrolyte and the plating behaviour at the electrode.[1] Consequently, a good solvation is important for
the dissociation of the magnesium salts, which is in turn crucial for a high ionic conductivity of the electrolyte.
At the same time, the desolvation of double charged magnesium cations usually goes along with high energetic
barriers, which can have a crucial impact on the deposition process. This can lead to significantly higher
overpotentials for magnesium deposition compared to magnesium dissolution.
In our contribution we will present a newly developed kinetic model for electrochemical reactions at metal
electrodes, which explicitly couples desolvation to electron transfer and, furthermore, qualitatively considers
effects of the electrochemical double layer. By including this kinetics into our general transport model [2] the
impact of five different solvents on the battery performance is studied for the state-of-the-art, chloride-free
Mg[B(hfip)4]2 electrolyte salt [3]. The parametrization of the model is mainly based on DFT calculations [4]
and the simulation results are validated and supported by experimental measurements. It becomes apparent that
the desolvation of one coordination site of the solvated cation is limiting the overall magnesium deposition.
Consequently, the thermodynamics of this initial desolvation, which are determined by the solvent, play a
crucial role for the battery performance. However, the impact of the electrochemical double layer is equally
important to reproduce the non-intuitive qualitative trends observed in the experiments with different solvents.
All in all, the combination of different modelling techniques with experimental measurements provides
important insights into the operation of magnesium batteries.
Keywords:
Continuum modelling, kinetics, rechargeable magnesium batteries, desolvation, deposition mechanism,
electrochemical double layer.
Acknowledgements
This project has received funding from the European Union's Horizon 2020 research and innovation programme
under grant agreement No 824066 (E-MAGIC). Furthermore, this work contributes to the research performed at
CELEST (Center for Electrochemical Energy Storage Ulm-Karlsruhe) and was funded by the German Research
Foundation (DFG) under Project ID 390874152 (POLiS Cluster of Excellence). DFT calculations were carried out
at the Wrocław Centre for Networking and Supercomputing, Grant 346.
References
1. J. Drews, T. Danner, P. Jankowski et al., ChemSusChem, 3 (2020), 3599-3604.
2. A. Latz, J. Zausch, Journal of Power Sources 196 (2011), 3296-3302.
3. Z. Zhao-Karger, R. Liu, W. Dai et al., ACS Energy Lett. 3 (2018), 2005-2013.
4. P. Jankowski, J. M. García Lastra, T. Vegge, Batteries & Supercaps 3 (2020), 1–11.

