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The high energy demand and its constant increase in the specific power and energy demanded for batteries used in automotive and other industrial processes has led to a great interest in the development of new metal-oxygen batteries.

In metal-oxygen batteries, oxidation and reduction reactions allow a theoretical increase of up to an order of magnitude in stored energy compared to the most optimized lithium-ion batteries. In addition, they offer other significant advantages allowing a more efficient use of strategic materials and significantly increasing operational safety, since conventional lithium-ion batteries require organic electrolytes. 
The chemical reactions of these batteries are based on the principle that during discharge the metal forming the anode is oxidized and the oxygen is reduced (oxygen reduction reaction, ORR), forming oxides and hydroxides as products, according to the type of electrolyte. During the charge the reverse reactions take place leading to the reduction of the products formed to regenerate the metal and obtain oxygen (oxygen evolution reaction, OER).

The cathode in metal-oxygen batteries consists of a porous substrate, generally based on carbon, to which a catalyst material based on platinum group metals is incorporated together with additives to improve electrical conductivity, organic compounds to bind catalyst and support (binder) and alcohols to perform as solvents. However, recent studies have shown that carbon is unstable if certain discharge products are present at certain potentials depending on the configuration of the system, drastically reducing the operability and useful life of the battery.

The Research Plan addresses the development of new porous catalysts for the cathode of metal-oxygen batteries based on nitrides, oxy-nitrides, oxy-nitrides-carbides of six possible transition metals: Ti, Zr, Mo, Mn, Fe, Ta. These catalysts will also be incorporated into nickel foams that will replace the carbon substrate. Finally, a complete morphological, chemical and structural characterization of all the materials will be carried out in order to optimize their properties and apply them as cathodes in non-aqueous lithium-oxygen batteries and aqueous zinc-oxygen batteries.
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