Towards rechargeable batteries with lower environmental impact via innovative materials
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Abstract

Energy storage plays a key role for a more sustainable future. However, the increase in the demand requires us to bring better concepts in terms of materials and manufacturing processes for energy storage devices. Some of the materials (e.g. polyvinylidene fluoride (PVDF)/ N-methyl-2-pyrrolidone (NMP)) that are used to build Li-ion battery electrodes are considered as toxic. Additionally, the use of PVDF as binder leads to recycling issues given both its inertness and fluorine content. Others (e.g. Li, Cu, Co and even graphite) have limited availability and are considered as critical materials by the EU. Finally, more than 50% of production and mining of materials such as cobalt, lithium and graphite are conducted in specific countries, which induces questions related to dependencies towards external resources. Therefore, current researches aim at replacing or eliminating such materials from battery manufacturing processes. 
[bookmark: _GoBack]Firstly, the PVDF/NMP binder/solvent combination has been targeted for replacement. Although this duo is the most common binder/solvent couple in the battery industry, its elimination is one of the priorities for moving toward a greener battery design. In this regard, previous work [1] has shown that PVDF/NMP can be replaced by Xanthan Gum/water combination. XG is a water-soluble organic binder which is much more environmentally friendly compared to PVDF/NMP; it is commonly used as thickener in the food industry. This study, which developed Li4Ti5O12 (LTO) and LiFePO4 (LFP) electrodes by water-based processing, reached identical results compared to electrodes processed using the PVDF/NMP combination, both in half-cell and full cell (LFP/LTO) setup. Another study showed XG/water combination can be used to produce LFP electrodes with different coating thicknesses and different active material particle sizes without any problems [2].  Carbon materials such as graphite can also be processed with success, and research is going on regarding nickel-manganese-oxide (NMC) materials currently used for positive electrodes. Therefore, XG can be considered as a good candidate to (universally) replace the toxic PVDF/NMP combination.
Secondly, in order to get rid of the accessibility issues for materials such as graphite and lithium, new chemistries or concepts have to be developed. In particular, switching from Li-ion to Na-ion batteries could help solving the raw material criticality problems given that those batteries do not necessitate Li (as charge carrier), Co (as positive electrode component) or even Cu (replaced by Al at the negative current collector).  In this ambit, and taking advantage of the group’s expertise on carbonaceous materials, carbon xerogels were studied as negative electrode materials of Na-ion batteries. Carbon xerogels are hard carbons with interconnected spherical nodules whose size and pore texture can be easily modified during their synthesis. More importantly, unlike graphite, they can host Na+ ions by insertion. Therefore, they can be considered as alternatives to graphite and open new opportunities for Na-ion batteries development. In this regard, CXs are studied extensively and performance unmatched in literature could be achieved [3]. Last but not least, they can be easily processed using the water-based manufacturing process using XG as binder.
Overall, alternatives to the current battery manufacturing are being developed, both in process and material selection. Those alternatives open new opportunities for lowering significantly the environmental impact of the battery industry and reduce our dependency toward critical materials.
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