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The increasing demand for rare earth elements (REEs), combined with the scarcity of 

primary resources and the need to strengthen sustainable supply chains, has driven the 

development of recovery routes from secondary sources. However, the chemical 

complexity of these materials and the variability of their compositions hinder the 

implementation of universal processing routes, making it necessary to employ tools 

capable of predicting and optimizing separation systems. In this context, the present study 

aimed to integrate experimental solvent extraction studies with the development of a 

preliminary computational tool to support the selection of operational parameters for REE 

recovery and separation from different secondary residues. A synthetic aqueous solution 

containing 1 mmol L⁻¹ of each rare earth element (Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, 

Dy, Ho, Er, Tm, Yb, and Lu) was prepared in a hydrochloric medium. Solvent extraction 

experiments were carried out using D2EHPA and P507 (PC88A) diluted in commercial 

kerosene and modified with tri-n-butyl phosphate (TBP). The effect of equilibrium pH 

was evaluated over the range of 0.5–3.5. Element concentrations were determined by 

inductively coupled plasma optical emission spectrometry (ICP-OES), allowing the 

calculation of extraction efficiencies, distribution coefficients (D), and separation factors 

(β). The results demonstrated that extraction efficiency increases with increasing pH and 

decreasing lanthanide ionic radius, a behavior consistent with the lanthanide contraction 

phenomenon. The D2EHPA system exhibited high extraction capability, achieving 

approximately 99% extraction of Nd, Pr, La, and Ce at an equilibrium pH close to 1.3. In 

contrast, P507 displayed a more selective behavior, with extraction efficiencies of 

approximately 80% for Sm at pH 1.1 and greater than 95% for heavy rare earth elements 

(HREEs) at pH values above 1.5. The highest separation factors were observed for the 

Sm/Nd pair, with average β values higher than 8 for P507 and close to 6 for D2EHPA, 

highlighting this boundary as the most favorable split point for fractionating the 

lanthanide series. In parallel with the experimental studies, a computational simulator was 

developed in Python using the Google Colab environment to model counter-current 

solvent extraction circuits. Unlike conventional approaches based on constant distribution 

coefficients, the proposed model treats the system as multicomponent and non-ideal, 

continuously recalculating distribution coefficients, mass balances, extractant 

consumption, and acidity variations throughout the circuit stages until convergence is 

achieved. The simulator was structured into three operational modules: extraction, 

scrubbing, and stripping, allowing the prediction of REE behavior throughout the process 

and the optimization of separation conditions. 
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