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The demand for rare earth elements (REEs) continues to rise due to their crucial role in sustainable 

energy technologies. Some of the REEs (lanthanides, yttrium and scandium) are essential for high 

strength permanent magnets (e.g. NdFeB magnets) used in wind turbines and electric vehicles1. 

However, their separation in recycling processes is challenging due to the very similar physical and 

chemical properties across the group.   

Solvent extraction (SX) is the main method for the separation and recovery of REEs, with acidic 

organophosphorus extractants such as P507 and D2EHPA widely used due to their efficient 

separation performance2. Despite their effectiveness, these extractants show a lack of pH stability of 

the aqueous phase due to the cation exchange mechanism, which results in the need for constant pH 

adjustment in a continuous SX process3. 

Neutral extractants provide a promising alternative, enabling extraction at near-neutral pH via a 

solvating mechanism and eliminating the need for continuous pH control. In this work a series of 

oxalamide-based neutral extractants with varied backbone structures were investigated for the 

selective recovery of REEs from synthetic Nd/Pr and Nd/Dy mixtures. The results demonstrate that 

the ligand structure strongly influences, not only the extraction behaviour, but also the selectivity 

trends. Introducing branching into the backbone structure of the ligand promoted the preferential 

extraction of light REEs over heavy REEs (e.g. Nd over Dy), reversing trends typically observed with 

acidic extractants. This is consistent with sterically-driven extraction rather than governed by charge 

density, offering opportunities for alternative selectivity patterns. In addition, long linear alkyl chains 

in a separate ligand enhanced overall extraction efficiency. Under matched near neutral pH 

conditions, where acidic extractants are limited by their cation-exchange mechanism, this neutral 

extractant achieved 9.93% Nd extraction vs. 7.54% for P507 and 6.00% for D2EHPA. 

Overall, while conventional acidic extractants can achieve good selectivity, neutral extractants can 

remove the cation-exchange feedback loop, therefore reducing reagent consumption and chemical 



diversity. Alongside the operational advantages, the reversed selectivity pattern can provide new 

opportunities for designing tailored separation processes. These features highlight the potential of 

oxalamide-based systems to support more efficient and sustainable SX operations. Future work will 

validate their performance in multi-stage counter-current trials to assess scalability. 
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