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Preparation of Silica/Poly(Vinyl Alcohol) Hybrid Gas Barrier Membrane
with Cross—linked Structure —Effect of Addition of Citric Acid—

Yusuke KINOSHITA *, Hiroshi ASHIHARA *, Arifumi HASHIMOTO * and Koji KURAOKA *
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Silica/poly(vinyl alcohol) organic-inorganic hybrid gas barrier membranes with cross-linked
structures were prepared by sol-gel method using silicon alkoxides, poly(vinyl alcohol) and citric acid.
For the highest barrier against water vapor, the amount of citric acid and the cured temperature were
50wt% to PVA and 60°C, respectively. The peak around 600°C in DTA curve shifted to higher
temperature as citric acid content increased. Therefore cross-linked structures were introduced in the
hybrid membranes. Nitrogen adsorption measurement was done to evaluate dispersion of organic
segments in the membranes. It was found that there were meso-pores (with radius less than 5nm) in the
membrane, and it was suggested that inorganic segments and organic ones were dispersed at molecular
level. It was observed that hybrid membrane containing citric acid was lower water vapor transmission
rate than one containing maleic acid because the hybrid membrane containing citric acid was more
efficient in suppression of swelling.
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Graduate School of Maritime Sciences, Kobe University, 5-1-1, Fukae-minami, Higashi-Nada, Kobe 658-0022, Japan
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Table.1 The sol compositions (molar ratio) of the organic—inorganic hybrid membranes

Sol Sol compositions (molar ratio)
TEOS | MeTEOS | H,0 | HNO; | MeOH PVA CA

™ -
TMC16 16wt%PVA
TMC34 0.75 0.25 28 0.01 2 40wt%Alkoxides 34wthPVA
TMC50 50wthPVA
TMC60 60wthPVA
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Fig.1 Water vapor transmission rates of the hybrid

membranes(TM, TMC50-50, TMC50-60, TMC50-70
and TMC50-80)
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Fig.2 Water vapor transmission rates of the hybrid

membranes (TM, TMC16-60, TMC34-60, TMC50-60

and TMC60-60)
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Fig.3 Water vapor transmission rates of the hybrid
membranes (PET, TM, TMC50-60 and PVDC)
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Fig.4 Oxygen Permeability coefficient of the hybrid
membranes (PP, PVDC, TM, TMC50-60 and PVA)
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Fig.5 Thermal behaviors of the hybrid membranes (TM and TMC50-60)
(A) TG/DTA curves between ambient temperature and 800°C
(B) DTA curves between 500°C and 800°C
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Fig.6 Adsorption—desorption isotherm of the hybrid
membrane (TMC50-60); open symbols: adsorption,
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Fig.8 Schematic representations of of cross—linked structure in the membrane
(A) Cross-linked structure with PVA and maleic acid

(B) Cross—linked structure with PVA and citric acid
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