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Abstract
Ion exchange membrane (IEM) performance in electrochemical processes such as fuel cells, redox flow batteries, or reverse electrodialysis (RED) is typically quantified through membrane selectivity and conductivity, which together determine the energy efficiency. However, water and co-ion transport (i.e., osmosis and salt diffusion / fuel crossover) also impact energy efficiency by allowing uncontrolled mixing of the electrolyte solutions to occur. For example, in RED with hypersaline water sources, uncontrolled mixing consumes 20-50% of the available mixing energy. Thus, in addition to high selectivity and high conductivity, it is desirable for IEMs to have low permeability to water and salt in order to minimize energy losses. Unfortunately, very little quantitative information on water and salt permeability is available for commercial IEMs, making it difficult to select the best membrane for a particular application. Furthermore, it is currently unknown how the water and salt permeabilities of IEMs are related to one another and to other membrane properties such as polymer chemistry, charge concentration, etc. Accordingly, we measured the water and salt transport properties of 20 commercial IEMs and investigated relationships between water permeability, salt permeability, water content (i.e., swelling), fixed charge concentration, and surface hydrophilicity. We found that water and salt permeability were highly correlated to one another and to membrane water content for all IEMs studied, regardless of polymer chemistry, reinforcement, charge, or surface hydrophilicity. In addition, the water and salt permeability, partition, and diffusion coefficients of commercial IEMs were similar in magnitude to those of polymers for desalination applications (e.g., reverse osmosis or nanofiltration).  Overall, our results suggest a ‘conductivity-selectivity-permeability’ tradeoff in IEMs in which membrane swelling is the crucial determinant of IEM performance. 
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