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ABSTRACT

Zeolite MFI and SAPO-34 membranes were prepared on the inside surface of porous aumina tubes by
hydrothermal synthesis, and single gas and binary mixture permeances were measured to characterize
the membranes performance. A mathematical diffusion model was developed to determine the relative
guantities of zeolite and non-zeolite pores in different membranes by modeling the permeation data of
CO,. Thismodel expresses the total flux through the membrane as the sum of surface diffusion through
zeolite pores and viscous flow and Knudsen diffusion through non-zeolite pores. As predicted by the
model, the permeance of CO, decreased with increasing pressure at constant pressure drop for
membranes with few non-zeolite pores, but the permeance increased through viscous flow pores and
was constant through pores alowing Knudsen diffusion. Membranes having more non-zeolite pores had
lower CO,/CH, selectivities.

The SAPO-34 membranes were characterized for light gas separation applications, and the separation
mechanisms were identified. Light gas mixtures with significant differencesin size (H2/CH,, H2/N2)
were separated by differencesin diffusivity, and the selectivities were relatively unaffected by
temperature. Similar sized molecules were separated by competitive adsorption, which decreased with
temperature, and the highest CO,/CH,4 selectivity was 80 at 270 K. For a mixture where the larger
molecule was more strongly adsorbing (CO,/H>) the competitive adsorption and differencesin
diffusivity mechanisms combined competitively, and the selectivity was low. In amixture where the
smallest molecule was also the more strongly adsorbing one (CO,/CHy,), the mechanisms combined
cooperatively, and the selectivity was high.



The effects of humidity on gas permeation were studied with SAPO-34 membranes of different
gualities. Membranes with high CO./CH,4 selectivities (greater than 20) were stable in water vapor
under controlled conditions, but degradation was seen for some membranes. The degradation opened
non-SAPO-34 pores that were larger than SAPO-34 pores as shown by the i-C4H;o permeance, CO,/CH4
selectivity, and CO, flux pressure dependence. In SAPO-34 pores, water adsorbed strongly and
appeared to completely block the pores. In non-SAPO-34 pores, water apparently adsorbed and
increased the gas permeances. Thus the effect of water on gas permeation is a useful indicator of the
membrane quality.
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