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This research aims to better understand ion sorption and transport through ion-exchange membranes (IEMs), particularly when transport includes both monovalent and divalent ions.  Such transport through IEMs is vital in electrodialysis separations, energy generation through reverse electrodialysis, and fuel cells.  When an IEM contacts an electrolyte solution, fixed charges attract counter-ions to the membrane via Coulombic forces. However, few studies focus on simultaneous sorption of monovalent and divalent counter-ions into an IEM, even though both types of counter-ions often appear together in water treatment. This work reports simultaneous K+ and Mg2+ sorption into an aliphatic polyamide Fujifilm type 1 cation exchange membrane (CEM). Sorption data qualitatively agree with the ideal Donnan model, which yields preferential partitioning of divalent cations into CEMs. With equimolar Mg2+ and K+ in solution, the ratio of Mg2+ to K+ in the membrane increases dramatically with decreasing ionic strength.  Thus, Mg2+ becomes the dominant cation in membranes immersed in mM solutions of KCl and MgCl2 because the Donnan potential at the membrane-solution interface is highest at low ionic strength. Remarkably, in simple diffusion experiments with equimolar KCl and MgCl2 on both sides of the membrane, differences in Mg2+ partitioning at the two membrane-solution interfaces lead to transmembrane Mg2+ transport from a low-concentration phase (0.1 mM salts) to a high-concentration phase (0.1 M salts).  In contrast, the monovalent K+ ions move in the opposite direction. 

