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The separation and purification of rare-earth elements (REEs) by solvent extraction is a complex process 
that requires strict process development and control.1 Among the available modelling approaches, 
semi-empirical models offer a distinct advantage in predicting liquid-liquid equilibria over purely 
empirical models, particularly in systems with strong non-ideal thermodynamic behaviour. In this work, 
the semi-empirical Mixed Solvent-Electrolyte (MSE) framework of OLI Systems was applied to develop 
a robust thermodynamic model for solvent extraction of REEs. This framework incorporates detailed 
chemical speciation, enabling accurate representation of both aqueous and organic phases. It also 
effectively handles the non-ideal behaviour present in highly concentrated electrolyte solutions and 
non-aqueous solvents.2,3 This was demonstrated via a series of batch extraction experiments, in which 
various aqueous compositions were tested to address gaps in the existing literature data. Figure 1 
shows the quality of fit for the extraction of Nd(III) with tri-n-butyl phosphate (TBP) in nitrate media, 
where the inclusion of the Nd(NO₃)₃·TBP₃ complex as the extractable species resulted in a satisfactory 
agreement between calculated and experimental distribution data. Experiments showed that nitric acid 
and salting-out agents have no influence on the speciation of Nd(III) during the extraction process. The 
model demonstrated strong predictive capability when extrapolated to REE-acid-salt systems, 
highlighting its generalizability. 

 
Figure 1: Gibbs energy of transfer for neodymium(III) from an aqueous phase to an organic phase 

containing TBP or TBP in n-dodecane. Experimental data are coloured per aqueous phase 
composition; Nd(NO3)3 = black, Nd(NO3)3 - HNO3 = red and Nd(NO3)3 - NaNO3 = blue. The perfect fit 
(dotted line), experimental fit (red line) and the 95% prediction interval (shaded band) are shown. 
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