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Prediction of the formation of segmented flow in microsystems for radiochemical liquid-liquid extraction

PREDICTION OF THE FORMATION OF SEGMENTED FLOW IN MICROSYSTEMS FOR RADIOCHEMICAL LIQUID-LIQUID EXTRACTION

One of the most important separation techniques in radiochemical procedures is solvent extraction. It involves concentrated acids and corrosive solvents that require microsystems built with robust materials. In the last decade, a growing interest in its use in microsystems has emerged because such systems allow a good control of both the interface area between aqueous and organic phases, and the contact time of the two phases. After a study of parallel flow [1], our goal is to understand and compare the formation of segmented flow for T, flow focusing, and co-flow junctions, and to predict the optimal design in order to enhance solvent extraction. 

OVERVIEW

Limitation of parallel flow:

 Interface area cannot be optimized  Liquid-liquid extraction controlled only by diffusion Not suitable for low kinetic systems.

COMSOL®

The interface area between the two phases is always greater for droplet-based microfluidics than parallel flows (~5 times higher when optimized).

The size of droplets and their generation rate are shown to be key parameters for liquid-liquid extraction optimization. Microsystems design is therefore investigated in order to determine the operating conditions to control the size and frequency of the droplets, and eventually fasten microsystems prototyping for specific liquid-liquid extractions.

Modelling is an essential asset for rapid prototyping of microsystems in expensive materials resistant to acids and corrosive solvents used in radiochemistry. [6] Utada A S et al., Science, 2005, 308: 537-541. 
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  Very common geometry  Allows high throughput (>100Hz) and monodisperse (<1%) droplet generation [2]  Difficult to form tiny droplets (smaller than channel size)  Allows double emulsions (i.e. w/o/w emulsions)  Access to tiny droplets' volume (i.e. sub-micron)  Polydispersity  Satellite droplets  Very high throughput droplet generation (>10kHz)  Insertion of a small capillary in another one  High dead volume  Satellite droplets Vansteene A. 1 , Jasmin J.P. 1 , De La Cruz G. 2 , Cavadias S. 2 , Mariet C. 1 , Cote G. 3 1) Den -Service d'Etudes Analytiques et de Réactivité des Surfaces (SEARS), CEA, Université Paris-Saclay, F-91191, Gif sur Yvette, France 2) UPMC -Univ Paris 06, 4 Place Jussieu, 75005 Paris, France 3) PSL, Chimie ParisTech -CNRS, Institut de Recherche de Chimie Paris, 75005, Paris, France
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  Fig. 4 : CFD simulation of multiphase flow in a T-junctionVideo accessible online at : https://www.comsol.fr/model/download/11070/droplet_breakup.swf

Fig. 1 :Flow

 1 Fig. 1 : Interface area comparison between parallel flows and droplet-based microfluidics

Fig. 3 :

 3 Fig. 3 : Comparison between the interface area generated in a flow-focusing geometry operating in the droplet jetting regime and parallel flow in a similar microsystem [6]