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Detail Control of Pore Sizes for Silica Hybrid Separation Membranes
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Detail pore size control for silica composite separation membrane was performed. Silica composite membranes
were deposited on porous ceramic substrates by chemical vapor deposition. An organic group is introduced into the silica
structure by introducing an organic group into the silica precursor used during membrane preparation. A membrane with
a pore diameter of 0.37 nm without organic groups was obtained, which selectively permeated hydrogen. The pore
diameters increased to 0.40 nm when propyl groups were introduced as an organic group. Furthermore, the hydrogen
permeance also increased to 3.7 times. This vapor deposition phenomenon was investigated by investigating the thermal
decomposition behavior of organic groups on hydrated silica powder. The decomposition/deposition behavior changes
at low, medium, and high temperatures. Decomposition of organic groups by ozone was observed at a low temperature
of about 200 °C. On the other hand, at medium temperatures of about 250 °C, the decomposition of the reaction aid,
ozone, progressed, and the decomposition of the organic groups is limited. At high temperatures above 400 °C, thermal
decomposition of the organic groups is dominant, and the amount of organic groups in the separation layer is decreasing.
Keywords: silica membranes, pore size control, decomposition of organic groups
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Fig.1 Schematic diagram for pore size control of the counter
diffusion chemical vapor deposition method.
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Table 1 List of silicon precursors.

abbreviation | substituent
Tetramethoxysilane T™™OS —
Methyltrimethoxysilane MTMOS -CHs
Ethyltrimethoxysilane ETMOS -CoHs
n-Propyltrimethoxysilane PrTMOS -CsHy
Hexyltrimethoxysilane HTMOS -CeHi3
Decyltrimethoxysilane DTMOS -CioHz1
Phenyltrimethoxysilane PhTMOS -C¢Hs
Dimethoxydiphenylsilane DPhDMOS | -CsHs X2
3-Aminopropyltriethoxysilane APrTEOS -CsHeNH>
3-Amino APrtM CsHeNHa,
propyldiethoxymethylsilane DEOS -CH3
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Fig.2 Schematic diagram of the CVD apparatus.
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Fig.3 H: permeance through the deposited membranes by
changing the silica precursors plotted as a function of pore sizes.
Deposition temperature: 270 °C without TMOS (600 °C).
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Fig.4 (a) Pore sizes through the PrTMOS derived membranes
by changing the deposition temperature. (b) FT-IR absorbance
ratio of PrTMOS hydrated powder after O3 treatment. (¢c) TG
measurement of PrTMOS hydrated powder under Na.
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Fig.5 (a) Pore sizes through the HTMOS derived membranes by
changing the deposition temperature. (b) FT-IR absorbance ratio

of HTMOS hydrated powder after Os treatment. (c) TG
measurement of HTMOS hydrated powder under Na.
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Fig.6 TG measurement of MTMOS, ETMOS and DTMOS
hydrated powder under Na.
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Fig.7 (a) Pore sizes through the PhATMOS derived membranes

by changing the deposition temperature, (b) FT-IR absorbance

ratio of PATMOS hydrated powder after O3 treatment. (c) TG

measurement of PhTMOS hydrated powder under No.
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