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ABSTRACT

Cellulose acetates (CA) are the workhorse membrane materials for industrial CO2/CH4 separation. However, an un-resolving discrepancy exists regarding their gas transport properties as bulk polymers and asymmetric membranes. As a dense film, CA exhibits a CO2 permeability of 6 Barrers at 35 °C, which corresponds to a permeance value of 30 GPU when it is made into an asymmetric membrane with a selective layer of 200-nm. By contrast, such commercial asymmetric CA membranes typically shows a CO2 permeance up to 200 GPU with a CO2/CH4 selectivity comparable to the bulk polymer. This study aims to elucidate this discrepancy by determining the effect of film thickness (ranging from 200 nm to 20 microns) on the gas transport properties of freestanding CA films. Herein, the effect of film thickness on polymer crystallinity and thermal properties are systemically studied. Prepared films were characterized by DSC, XRD, and nano-TA methods. As film thickness decreases from 20 microns to sub-micron, crystallinity is found to decrease and films of 1 micron or below are found to be completely amorphous. As such, a decrease in glass transition temperature from 202 to 193 °C for CA is observed, indicating greater polymer chain flexibility in the amorphous phase. Permeability-wise, films 1 micron-thick demonstrate a CO2 permeability of 8 Barrers, while films 20-micron-thick demonstrate a CO2 permeability of 4 Barrers, representing a 100% increase. The observed increase in permeability can be partially attributed to the increase in CO2 gas sorption, where solubility in the amorphous phase of CA goes from 1.65 x 10-2 to 3.44 x 10-2 cm3 (STP)/cm3 cmHg.
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[bookmark: _GoBack]Current glassy perfluoropolymers possess attractive membrane gas separation properties, particularly those based on dioxole (Teflon® AF, Hyflon® AD, and CytopTM). By contrast, this studies investigate promising perfluoropolymers based on dioxolane, including poly(perfluoro-2-methylene-1,3-dioxolane) (poly(PFMD)) and poly(perfluoro-2-methylene-4-methyl-1,3-dioxolane) (poly(PFMMD)) and perfluoropolyether analogs of PFMDD. These polymers were synthesized by radical polymerization and characterized thoroughly for their physical properties such as glass transition temperature (Tg), molecular d-spacing, and fractional free volume (FFV). Additionally, their gas permeability and gas sorption were determined at 35 °C. Overall, these dioxolane-based perfluoropolymers exhibited separation properties near or above the upper bounds in Robeson’s plots for He/H2, He/CH4, H2/CH4, H2/CO2, and N2/CH4 gas pairs, and surpassed the performance of commercial perfluoropolymers based on dioxole. The underlying reasons for the superior gas separation properties of these dioxolane-based perfluoropolymers are discussed.
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