Polymer based ionic liquid gel membranes for gas and vapour separations
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In the last decades membrane operations are becoming increasingly important for industrial gas and vapour separation processes [1]. Polymers form the most abundant class of materials used for commercial membrane preparation. An important limitation of polymeric membranes is the trade-off between their permeability and their selectivity [2]. Among the various approaches to overcome this limitation, the incorporation of room temperature ionic liquids (RTILs) into polymer membranes offers a promising opportunity for optimization of the membrane performance [3]. 
Recently we found that membranes of 1-ethyl-3-methyl​imidazolium bis(trifluoro​methyl​sulfonyl)​​imide ([EMIM][TFSI]) in poly(vinylidene fluoride-co-hexafluoropropylene) (poly(VDF-co-HFP)) have a particularly interesting CO2/H2 selectivity [4]. In the present study we will present these and other polymeric membranes with tailored gas and vapour transport properties by addition of variable amounts of RTILs, up to at least 80 wt.%. Different polymer matrices and different ILs will be studied. The materials choice will be based on their mutual compatibility and their ability to form self-standing membranes, for instance in the form of stable gels. It will be shown that the separation performance and transport properties of such membranes can be correlated with important structural properties such as the elastic modulus, enabling the easy visualization of the transition from diffusion controlled to solubility controlled permeation (Figure 1).
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Figure 1. Correlation between permeability and Young's modulus for a polymer gel membrane with 80% of ([EMIM][TFSI]) in poly(VDF-co-HFP) [5].
The membrane properties will be studied by single gas permeation measurements to determine the basic transport parameters (permeability, solubility and diffusivity), and by mixed gas and gas/vapour permeation measurements to determine their actual separation performance under representative conditions. In addition to self-supported dense membranes, also supported thin film composite membranes will be evaluated. Their performance will be discussed in view of important industrial applications.
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