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ABSTRACT

We wish to elucidate the discrepancy in gas permeability of bulk films and asymmetric membranes of semi-crystalline cellulose acetates (CAs), a long-standing puzzle, from a new perspective of thickness-confinement and its effect on the disruption of crystallization. CAs are the workhorse membrane materials for industrial CO2/CH4 separation. Bulk films of CAs often exhibit a CO2 permeability of 4-6 Barrers at 35 °C, which would correspond to a permeance value of 80-120 GPU when they are made into asymmetric membranes with a selective layer of 50-nm. However, commercial asymmetric CA membranes can have CO2 permeances as high as 200 GPU with a CO2/CH4 selectivity comparable to the bulk polymers. Our working hypothesis is that as the CA films become thinner, the (nano)confinement inhibits crystallization and thus increases gas permeability. In this work, we systematically determine the effect of film thickness (ranging from 200 nm to 20 microns) on the crystallinity and gas transport properties of freestanding CA films. As the film thickness decreases from 20 microns to sub-micron, crystallinity (determined using WAXD and DSC) decreases from 35 % to almost 0, CO2 permeability at 35 oC increases from 3.9 Barrers to 8.7 Barrers by 120%, and C2H6 solubility at 35 oC increases from 0.69 to 0.86 cm3 (STP)/cm3 atm by 25%. These results can be satisfactorily modeled using empirical equations considering the effect of crystallinity. The effect of film thickness on the glass transition temperature is also investigated using DSC and Nano-TA. We demonstrate here that (nano)confinement and dynamics in thin film polymers are important factors in understanding the gas transport properties of industrial asymmetric membranes.

