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As the demand for the rare earth elements (REEs) increases globally due to their ever more prevalent use in
applications relevant to green energy, strategies must be developed to overcome the supply risk created as a result of
export restrictions of these critical minerals from China.’? Recycling of the rare earths from end-of-life products is a
viable method of recovering these metals directly as opposed to mining them from their ores, which is environmentally
harmful and contributes to the “balance problem”, wherein less in-demand REEs produced alongside those that are
considered of high value must be stockpiled and ultimately sold.?

Despite superior energy product and lower costs of production, NdFeB permanent magnets, which have been
successfully refined to produce commercial rare earth oxides (REOs) using recently established magnetic recycling
technologies, such as that patented by lonic Technologies Ltd, possess some key limitations compared to older
generation SmCo magnets.*® This includes better coercitivity for higher temperature applications and greater
resistance to corrosion, creating a need for the development of robust, highly selective and sustainable industrial scale
hydrometallurgical separation processes for SmCo recycling, which to date has been largely overlooked in favour of
NdFeB magnets.

In recent years, the group of Binnemans has investigated the split-anion extraction of REEs from aqueous chloride
solutions using hydrophobic nitrate-containing ionic liquids (ILs) such as [A336][NOs] and [C101][NOs].5” A key
property of these neutral extractants is their reverse selectivity of extraction, i.e. compared to conventional extractants
such as organophosphorus acids which display greater distribution ratios for the heavier rare earth ions, nitrate ILs
extract the lighter REEs with greater affinity.® This selectivity is attributable to thermodynamic Hofmeister bias and has
the potential to be exploited in SmCo magnet recycling through the polishing of a Sm feedstock containing Nd
impurities, generated after the primary Sm(lll)/Co(ll) separation is carried out.

In addition to investigating nitrate ILs generated from commercially available cation sources, it is possible to generate
more bespoke types of IL for REE extraction, for instance, through employing Debus-Radziszewski cyclisation
chemistry.®'® As such, this work aims to bring together a plethora of previous knowledge to establish a clear
performance comparison between various types of nitrate ILs in the context of SmCo hydrometallurgical processing.
Despite their limited adoption in industrial hydrometallurgical flowsheets, it is hoped that even a partial incorporation
of ionic liquid technology into modern separations processes may have an increased environmental and economic
benefit through reduction in resource consumption and the use of regenerable extractant technologies.
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