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Samarium, a rare earth element (REE) and one of the EU’s critical and strategic raw materials, 

is an essential component of samarium-cobalt (SmCo) permanent magnets. These magnets 

are used for their excellent corrosion resistance and high resistance to demagnetization at 

elevated temperatures [1]. The rapid growth of electric vehicles and wind power has 

significantly increased the demand for permanent magnets and, consequently, for REEs. 

However, because REE mining and processing is geographically concentrated, their supply 

chain remains highly vulnerable to disruptions and associated supply risks [2]. Securing a 

sustainable supply of REEs therefore requires efficient recovery from both primary and 

secondary resources, of which current processing technology demands improvement.  

For instance, solvent extraction (SX), the current state-of-the-art REE processing method, has 

low separation efficiency and selectivity often requiring multiple separation stages to achieve 

the necessary purity, resulting in increased process complexity and cost. Therefore, accurate 

kinetic investigations form the basis to improve extraction processes and in designing effective 

processing equipment.  

Conventional methods such as Lewis stirred cell and its modifications (e.g., Nitsch and 

Armollex cells) minimize the contribution of diffusion to mass transfer; however, the agitation 

employed in these systems produces rippled liquid-liquid interfaces, leading to poorly defined 

hydrodynamics [3]. To overcome this limitation, recent studies applied microporous 

membranes to immobilize the interface to the membrane pores. This configuration provides a 

well-defined interfacial area and a fully diffusion-controlled system, enabling a more accurate 

quantification of diffusion effects. 

In this study, a non-dispersive, microporous membrane-based solvent extraction technique [4] 

was investigated using optical imaging. A diagram for third phase formation is parametrically 

verified and generated for Sm-D2EHPA cation exchange system. In addition, we also explored 

laser-based interferometry approach [5–6] to quantify the Sm (III) concentration boundary 

layer. The in-situ approach, if successful, can bring quantitative insight on the cause of third 

phase formation. For that purpose, we present preliminary results using a designed membrane 

contactor with an optical window for interferometric measurements on direct investigation of 

the interfacial chemical reaction occurring at the membrane surface.  
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