N

N

Simulating osmotic equilibria A new tool to calculate
activity coeflicients in solution
M. Bley, Magali Duvail, Philippe Guilbaud, Jean-Francois Dufréche

» To cite this version:

M. Bley, Magali Duvail, Philippe Guilbaud, Jean-Francois Dufréche. Simulating osmotic equilibria A
new tool to calculate activity coefficients in solution. Les 17émes Journées Scientifiques de Marcoule,
Jun 2017, Bagnols Sur Ceze, France. CEA Marcoule, 2017. hal-02417800

HAL Id: hal-02417800
https://hal.science/hal-02417800
Submitted on 20 Feb 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-02417800
https://hal.archives-ouvertes.fr

Simulating osmotic equilibria: A new tool to calculate
activity coefficients in solution

Michael Bley2, Magali Duvail2, Philippe Guilbaud®, and Jean-Francois Dufréche?

anstitute for Separation Chemistry in Marcoule (ICSM), UMR 5257 CEA — Universite Montpellier - CNRS - ENSCM, BP 17171, F-30207 Bagnols-sur-Céze
bCEA, Nuclear Energy Division, Research Department on Mining and Fuel Recycling Processes (SPDS/LILA), BP 17171, F-30207 Bagnols-sur-Céze

michael.bley@cea.fr

michaelbley@outlook.com

Context

= A multiscale approach provides
mesoscopic thermodynamic properties

= Understanding solvent extraction — Recycling of rare 2
earth elements and spent nuclear fuels_

The equilibrium constant K° describes the extraction
process and Is given by the Mass Action Law
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= Measuring activity and the vapor pressure

/ Solvent flow \

P, Vapor pressure

of pure solvent
» Solvent flow: Vapor pressure of

the pure solvent always higher than

of a mixtures Aggregation

» |deal case: Solvent vapor pressure
by Raoult’s law

» Otherwise: Aggregation
Increases, dissociation
decreases solvent vapor pressure
and thus activity

sopiestic
Measurements

Aqueous dysprosium nitrate Dy(NO,), solutions

Water activity a,,
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Simulating liquid-vapor equilibria @) =

» Molecular Dynamics using explicit
polarization @3 at 298.15 K for 15 ns
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Activity coefficients

Thermodynamic
models

Controlling the error of the method
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Solvent mixtures
Molecular dynamics simulation of liquid-vapor equilibria of organic solvent phases = Ethanol-Water mixtures: Risk of 5 0 Fr————T——— =
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DMDOHEMA n-heptane » Aggregation of DMDOHEMA in the
amphiphilic volatile organic phase relies on the
extractant solvent availability of water

Outlook and conclusion
|

= Aqueous salt solutions: Results from molecular dynamics simulation are in good
agreement with experimental data. Validation of the method for agueous solutions of
different cationic species and their mixtures Is necessary.

= Organic Phases: Analysis of organic solvent phases containing non-ionic extractant
molecules (e.g. n-heptane and DMDOHEMA) for understanding their behavior.

= Solvent mixtures: The intermolecular interactions between two different solvents
require adjustments for obtaining a proper description of the liguid-vapor equilibrium.

» Simulation of activity coefficients of complex solutions with
volatile solvents for understanding solvent extraction

Fig. Simulated and experimental®)
water and ethanol activities a,q;g.
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