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Assessment of potential Al ion conductors from large crystallographic databases
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The possibility to store electrical energy enables not only mobile electronics and electric cars, but will be of paramount
importance for the advancing penetration of renewables in the energy grid. Due to the capricious nature of sustainable
energy carriers, in times of high production, energy will be stored for times of low or no production in order to balance out
offer and demand. Li and Pb strongly dominate the battery market at the moment but the search for new chemistries and
technologies for a diversification of applications will become increasingly important in the future. Aluminium offers a
substantially higher abundancy, even higher theoretical energy densities, and may profit from its technological maturity. It is
therefore a highly-promising candidate for post-Li chemistries.

To this point, materials for secondary Al based electrochemical energy storage devices — i.e. electrodes and solid electrolytes
— are not known or have not been proven unambiguously regarding their functionality. This is also due to the high charge of
the trivalent Al ion, which is supposed to strongly impede an ionic conduction. Furthermore, finding new materials has been
a very time-consuming process based on trial-and-error or step-by-step modification of materials already known for their
ionic diffusion behaviour.

From a crystallographic point of view, cation diffusion or conduction in crystalline materials can be described as jumps of a
mobile cation between interconnected crystallographic sites in anion-coordinated voids. Based on this theory, Voronoi-
Dirichlet partitioning can quickly determine structure-immanent void-systems of large crystal structure databases (e.g. the
ICSD). The results can be filtered using a range of crystallographic and economic parameters to point towards the highest-
promise materials [1]. Afterwards, bond-valence methodology verifies the results and estimates activation energies in order
to rank the results obtained beforehand. Eventually, the most promising materials are analysed with density functional
theory in order to simulate a full, dynamic diffusion process, deducing the most important electrochemical parameters.

This work presents the screening for Al ion conductors, involving all three approaches and their comparison. The results for
oxygen-containing compounds will be discussed and a comparison and outlook for sulphur-containing materials will be given.
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