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			Abstract

			Although polymer membranes have been used for several decades, they are still under intensive development because of some current limitations. In this review, different applications for gas separation are presented with their main development. The main trends for future investigations are also discussed to conclude.

		

		
			Introduction

			Based on the concept of sustainable development people around the world are more and more concerned about environmental issues. This is especially the case for air and water quality. In particular, the former is of interest for any living being. To this end, several processes have been developed for air purification/gas separation such as cryogenic distillation, adsorption, absorption and membrane technology. The latter is getting more and more interest because of its high efficiency, low power consumption, easy control, simple maintenance and low investment cost compared to the other conventional separation processes. Today, membrane technology can be applied in several industrial fields requiring gas separation/purification such as: oxygen enrichment from air (O2/N2), hydrogen separation from a synthesis gas (H2/CH4 or H2/CO2), hydrogen recovery in ammonia plants (H2/N2 or H2/CH4), methane purification from biogas or natural gas (CO2/CH4) and CO2 capture in general (CO2/N2).

			Separation membranes can be made from ceramics, metals and polymers. The latter is of interest because they are less costly and less fragile but suffer from the famous permeability-selectivity trade-off known as the Robeson upper bounds [1]. For this reason different approaches are still under investigation to overcome this limitation and maximize the full potential of polymer membranes for gas separation. Unfortunately, there is no universal system that will work for any gas separation. For example, it has been reported that Ultem (polyetherimide) would performed best for H2/N2, H2/CH4 and O2/N2 separation, while Matrimid (polyimide) would be better for CO2/N2 and CO2/CH4. Nevertheless, Ultrason (polyethersulfone) would be best for O2 enrichment. But these conclusions might be dependent on the operating conditions like pressure and temperature, as well as the inlet gas composition [2].

			To improve on the polymer membrane efficiency, several methods/techniques have been proposed. Although a great deal of work has been done on synthesis (development of new polymers/copolymers), one simple way to control the permselectivity of available polymers is to modify the membrane structure. Some examples are presented next. 

			One of the most investigated structure is the production of mixed matrix membranes (MMM) [3]. This is done by adding functionalized nanoparticles into the polymer. This strategy opens the door to a wide range of particles (zeolites or metal organic frameworks), but several problems like optimum concentration, good dispersion, interfacial adhesion and pore blockage still need to be fully resolved.

			Another way to improve the membrane performance is to use a multilayer structure. In this case, each layer has a specific task to control the chemical, mechanical and physical properties of the system depending on the gases and conditions. For example, a thin polydimethylsiloxane (PDMS) layer was used to control the permselectivity which was coated on a low-cost foamed polyethylene (PE) layer mainly acting as a mechanical support [4]. An easy way to modify the properties of polymer is via additives. These low molecular weight components can modify the matrix chemical, mechanical and physical properties, as well as the interactions between all the components including the diffusing gases. This was shown to be the case by adding aromatic carboxylic acids into Pebax (poly(ether-b-amide)) [5].

			Membrane cost is still a limiting criterion for gas separation. To reduce the membranes cost, continuous processes must be used with commercial commodity polymers. For example, polyethylene was proposed to produce a foamed structure via extrusion [6]. With optimized processing conditions, it was possible to control the porous structure in terms of cell size, density and geometry, as well as the open-cell content to get a complete control of the resulting membrane permselectivities.

			Although the membrane itself can be optimized, the module design and configuration must also be investigated in more details. For example, the type of membrane (flat, hollow fiber or spiral) must be selected [7]. Also, optimization of the complete separation process must be investigated to improve on the separation performance while taking into account the overall costs. This can be done using the concept of stage-cut [8].

			Finally, the membrane production should be better controlled. For example, a clear relation between the rheological properties of the materials (multiphase and multicomponent solutions or melts) must be determined to get a better control on the final membrane structure (active layer thickness, porosity, orientation, crystallinity, etc.). Although some works are available on the shear rheology of these systems [9], their elongational behavior is still to be investigated.

			Conclusion

			Polymer membranes are very interesting for gas separation applications because they can be low cost, easy to process, flexible and low density. Since no single polymer can perform all the tasks required, this is why material selection and structural design must be done, not only on the membrane itself, but also on the modules used for industrial applications. Several solutions were proposed to improve on the membrane performances, but the optimum may be obtained only by a combination of several of them (synergistic effects). So, it is expected that important development will occur in the future and this can be done via experimental investigations to supply data for numerical models (validation).
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