In Situ Spatial And Temporal Distribution Of Rare Earth Ions During Liquid-Liquid Extraction With Ionic Liquids
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ABSTRACT 
Liquid-liquid extraction (LLE) plays a crucial role in the hydrometallurgical recycling of Rare Earth elements (REEs). Current industrial processes use large amounts of toxic volatile organic solvents and extractants. Ionic liquids (ILs) offer a promising alternative to organic solvents due to their lower toxiciciy, flammablility and volatility than conventional solvents. Interestingly, it was shown that the use of ILs can remarkably enhance the extraction efficiency of REE ions from leaching solutions.
,
 However, ILs present high viscosities which slow down the mass transfer during extraction. To overcome this problem, Homogeneous liquid-liquid extraction (HLLE), was developed using of thermomorphic ILs i.e. ionic liquids that exhibit temperature-dependent miscibility with water.
,
 By changing the temperature of the IL/water system, a reversible transition from a biphasic mixture to a homogeneous phase occurs, eliminating thus the interface and the diffusion barrier for extraction.4 
This study is focused on a thorough understanding of the extraction mechanisms of critical metals, specifically lanthanides, La(III) and Ce(III), via HLLE using a thermomorphic IL.: 2-hydroxyethyl-trimethylammonium bis-(trifluoromethanesulfonyl)imide [Choline][TFSI] coupled with a zwitterionic extractant (Betainium). The ternary phase diagram of the [Chol][TFSI]/betainium/water system, established via NMR spectroscopy, provided novel information on the reduced extraction efficiency observed for high betaine concentrations. To understand the mechanism of extraction, modelling was performed based on the system’s ternary phase diagram and the metal extraction results. In addition, X-ray Absorption Spectroscopy (XAS) experiments were carried out to follow the speciation and concentration of La and Ce during HLLE in the system [Chol][TFSI]/betaine/water. Furthermore, this work  demontrated, for the first time, the transient accumulation of REEs at the liquid-liquid interface prior to the high-temperature step of the process.
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