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Abstract:
Energy storage using batteries plays a key role for a more sustainable future. However, the demand increase requires better concepts in terms of critical material use and manufacturing processes. Those new concepts should help solving issues of material availability (in particular Li) and of toxic or difficult-to-recycle materials use in electrode manufacturing (e.g. NMP as solvent and PVDF as binder). This published [1] study focuses on developing carbon materials for negative electrodes of Na-ion batteries; electrodes are further manufactured from carbon powders with a water-based process using a biosourced binder, xanthan gum.
A series of nanostructured hard carbons (carbon xerogels - CXs) were synthesized by pyrolysis of phenolic resins at 800°C [1]. Those hard carbons are made of interconnected microporous nodules of various sizes (i.e. 50 nm, 1 µm, 1.3 µm and 2 µm). As such, it is foreseen that they cannot perform properly as Na-ion insertion materials due to their high specific surface area (> 600 m²/g for all samples), leading to high irreversibility at the first electrochemical cycle. In order to overcome those shortcomings, a few methods to improve carbon xerogels have been discussed [3]. Chemical vapor deposition of carbon is one of those methods that allows blocking the micropores, which leads to reducing the surface area accessible to the electrolyte [3], and thus could improve the Initial Coulombic Efficiency (ICE). Therefore, the selected CXs were coated by a secondary carbon layer by cracking of ethylene at 675°C. 
Firstly, the effect of the CX nodule size to performance of the electrodes has been observed and it has been concluded that, with increasing the nodule size, both the capacity and ICE increase. While ICE could be as low as 29% for the 50 nm nodule size CX, it can go up to 80% ICE for the 2 µm nodule sized CX. Changes in ICE is a result of SEI formation on the surface of the electrode: in literature, that phenomenon is generally correlated with the BET surface area (i.e. measured under gas phase) of the material. However, in this study it was concluded that ICE is highly related with the area accessible to the electrolyte since all four powders had almost the same BET surface areas but different ICE values. Additionally, around 250 mAh/g reversible capacity with 80% ICE could be obtained with the CX with 2 µm nodules: to our knowledge, this is the highest value obtained at such a low pyrolysis temperature.
Secondly, the effect of the CVD coating has been studied. The secondary carbon layer has a very significant impact on the pore texture. The BET surface area of the powders drops from ~600 m²/g to 131 m2/g for the CX with the smallest nodule size (50 nm) and to 2 m2/g for the CX with the largest nodule size (2 µm). In the meantime, the performance of the corresponding electrodes also changes massively as both capacity and ICE improve. The capacity goes up to 300 mAh/g and 84% ICE in the case of 2 µm CVD coated sample.
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