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Synthesis and Low-Temperature Detemplation of High-Silica
MFI Zeolite Membranes
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('CAS Key Laboratory of Renewable Energy, Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences,
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Abstract: High-silica MFI zeolite membranes supported on porous a-alumina discs were prepared by a seeded
secondary growth method, using tetrapropylammonium hydroxide (TPAOH) as organic template. First,
nanocrystals were deposited on rough a-Al.O; discs by a spin-on process. Then, based on controlling the H,O/
Si molar ratio of the synthetic solution, a restricting in-plane hOh-oriented growth method with an ultra-dilute
precursor was designed to prepare non-defective zeolite membranes that were as thin as possible. Finally, cross-
linked and dense MFI zeolite membranes were prepared after the third synthesis step, giving a membrane layer
thickness of about 8 pm, including ~5 um dense layers and ~3 um intermediate layers. A novel, two-step method,
coupling by low-temperature hydrocracking and oxidation, is proposed for efficient removal of the tempiate from
zeolite membranes. Compared with traditional high-temperature calcination, template removal by the two-step
method could eliminate the grain boundary defects formed in response to stresses induced by heat treatment.
As a result, the membranes treated by the two-step detemplation method displayed a preferable CO./N;
separation factor (about 5.2) and high CO, permeance (5.8 x 10~ mol-m2-s~'-Pa™") at 30 °C.

Key Words: High-silica MFI zeolite membrane; Template removal;, Low-temperature hydrocracking;
Gas permeation; Support
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Table 2 Regression parameters and average pore sizes of the membranes from steady state N; permeation data

B/(mol-m~+s~'+Pa?)* Average pore diameter/nm®

Membrane a/(mol*m™+s™+Pa™')*
a-AlLO; supports 3.58 x 10°°
M,, 6.39 x 10°*
M., 7.93 x 1077
M:s 3.01 x 10~

1.91 x 107" 486
-1.81x10™" -
-3.93x 107" -

2.72 x 1077 83

*a and S were given by Eq.(2); ® This formula applies only to calculate the diameter of porous material which is larger than 50 nm.
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