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Photo-induced sol-gel processing for low-temperature fabrication of
high-performance silsesquioxane membranes for use in molecular separation

Tsuru, Toshinori
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i i i Silsesquioxane (SQ) has demonstrated properties that are seen in both silica
(Si02, inorganic) and silicone (organic). Conventionally, SQ-derived sols are coated onto ceramic

, 200~

supports, followed by firing at 200~400C, which facilitates further condensation to form a SQ separation
layer with high separation performance. In this work, we proposed, for the first time, the strategy for

fabricating silsesquioxane (SQ) membranes at low temperature using photo-induced sol-gel processing.
Radical and cationic polymerization of SQ membranes showed high degrees of separation factor and

permeance for water/isopropanol separation in pervaporation.
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Fig. 1 Photo-induced radical polymerization.
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Fig. 2 Photo-induced cationic polymerization of

akoxysilane.
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Fig. 3 FT-IR spectrum of UV-irradiated
MAPTMS films (a: radical, b: cationic reaction,
dotted curves: before, solid curves: after)
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Fig. 4 FT-IR spectrum of UV-irradiated
BTMSE films (irradiated time: 2 min).
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Fig. 5 Time course of SIOH and SIOCHs
absorbance arearatio normalized with SIOSi.
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Fig. 6 Time course of pencil hardness of
with/without PAG films.
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Fig. 7 SEM image of BTMSE-UV membrane.
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Fig. 8 Time course of separation factor and permeance
of BTMSE membranes  with/without PAG
(H,ONPA=1/9).
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Fig. 9 Molecular weight cut-off curves of
UV-irradiated (BTMSE-UV) and 300°C-fired

A . membrane (BTESE-300°C).
IPA Permeance
2.6x 10°mol/(m* s Pa) H,O/lPA
SiOSi 30 (M-18)
IPA 1.15 Si0,-ZrO,
FT-IR 1.94 KBM-503
SQ SIOH BTMSE Flexible BTMSE rigid
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KBM-503 (
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Table 1 . BTMSE-UV 60 g/mol ,
45 PV H,O/1PA BTESE300°C 10)
Table 1 Summary of PV performance for H,O/IPA mixtures (H,O 10wt%).
Tirin H,O H,O .
Membrane photo-initiator temp:rgtur temperature FIL§<, J perrrFl)%nce, fschti?tfg Reference
MAPTMS-UV-PAG  Darcurell73 r.t9 40 1.01 361 30 This study
BTMSE-UV-PAG-1 Irgacure250 rt® 40 1.93 6.12 144 This study
BTMSE-UV-PAG-2 Irgacure250 rt® 40 3.12 10.6 495 This study
BTMSE-UV-WoPAG - rt? 40 1.86 5.94 39 This study
Si0,-Zr0,/TiO, - 550°C 40 153 4.90 19 This study
BTESE - 300°C 75 3.06 23 4370 7
Zeolite A - - 75 1.76 117 10,000 15
a J[kg/(m?h)], b:P[10°mol/(m*sPa)], c: «[], d:room temperature
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