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[bookmark: _GoBack]Mixed matrix membranes (MMM) offer one potential path toward exceeding the Robeson upper bound of selectivity vs permeability for gas separation performance while maintaining the benefits of solution processing. Many inorganic materials, such as zeolites, metal-organic frameworks (MOFs), or carbon nanotubes, can function as molecular sieves, but as stand-alone membranes are brittle and difficult to manufacture. MMMs have previously demonstrated the ability to add the superior separation properties of molecular sieve materials to a more robust polymeric membrane. 
Here, phase inversion polymer solution processing for the fabrication and testing of asymmetric flat sheet and hollow fiber mixed matrix membranes was employed with CVD-derived multiwall carbon nanotubes (MWCNTs) dispersed in a polyethersulfone (PES) matrix. The effect of MWCNT loading on membrane separation performance was examined. Notably, a distinct enhancement in selectivity was measured for several gas pairs (including O2/N2) at relatively low MWCNT loading, with a peak in selectivity observed at 0.1 wt% loading relative to PES. In addition, no post-treatment (e.g. PDMS caulking) was required to achieve selectivity in these membranes. In contrast, neat PES membranes and those containing greater than 0.5 wt.% MWCNT showed gas selectivity characteristic of Knudsen diffusion through pinhole defects. These results suggested that at low loading, the presence of MWCNTs suppressed the formation of surface defects in the selective layer in both asymmetric flat sheet and hollow fiber membranes. A modest additional enhancement in (O2/N2) selectivity  was observed for the caulked composite membrane, leading to an overall improvement in selectivity from 5.5 (neat PES) to 7.0 for the composite.

