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Abstract : Silica membranes were prepared on a porous ¢ -alumina tube with pore size of 150 nm by
sol-gel and chemical vapor deposition(CVD) method for hydrogen separation at high temperatures. Silica and 7
—alumina membranes formed by the sol-gel method possessed a large amount of mesopores of a Knudsen
diffusion regime. In order to improve the Ha selectivity, silica was deposited in the sol-gel derived silica/y
-alumina layer by thermal decomposition of tetraethyl orthosilicate(TEOS) at 600°C. The CVD with forced cross
flow through the porous wall of the support was very effective in plugging mesopores that were left unplugged
in the membranes. The CVD modified silica/alumina composite membrane completely rejected nitrogen
permeation and thus showed a high Ha selectivity by molecular sieve effect. The permeation of hydrogen was
explained by activated diffusion and the activation energy was 9.52 kJ/mol.
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2.1. ct34 alumina tube

714 Faebel A2 A2 vhE4A g-alumina tubeZ
AHEEIA ) Figure 18 ¥ A4 AME-3 @ -alumina
tube (NOK Co., Japan)el @ F38& Yehgon,
tube2] 74 % 2172& Z2+2 1.8 mm, 21 mmo] i, 3
o AFAAL 150 nm, 7| FES 48%0lt}. o] ¢k
250-270 mm %9 @-alumina tubeE FRH|8lo}, 1
FAE 15 mm FE%E Faptor Algslgen Uy
o] FEE AEE sealing?dle] AME-E4 L Sealing
< Nippon Electric Glass Co.8] ¥ glass GA-13
(NaO:B0s-Si00) & AHE-3M T} Sealing-binders ethyl
cellulose®  « —terpineol(Junsei chemical)el % 7}314
(ethyl cellulose 10 wt.%%HY), S0CoA 713t &
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(a) Fractured section

Fig. 1. SEM image of a porous « -alumina support tube.
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Fig. 2. Calcination program for glass sealing of
porous support.
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Fig. 3. Procedure for 7 -alumina membrane prepa—
ration by sol-gel method.
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Fig. 4. Experimental apparatus
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Fig. 5. Details of quartz tube reactor for CVD
modification and permeation test.
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Fig. 6. TEM image of (a) bochmite and (b) silica sol.

(a) Fractured section

(b) Top surface

Fig. 7. SEM image of silica membrane formed on @ -alumina tube from silica sol.
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(a) Fractured section

(b) Top surface

Fig. 8. SEM image of y —alumina membrane formed on «-alumina tube from boehmite sol.
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Fig. 9. Nitrogen adsorption-desorption isotherm of
a 7 ~alumina film prepared from boehmite sol.
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Fig. 10. Fractured section of CVD-modified composite membrane in silica’ 7 -alumina coated on @ -alumina tube.
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Fig. 11. Energy dispersive X-ray spectrum of

silica/ ¥ ~alumina composite layer.
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Fig. 12. H; and Ny permeance of silica and alumina
composite membranes prepared by sol-
gel method.
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Fig. 13. Permeance of silica membranes modified
in 7 -alumina layer by sol-gel and CVD
method. Open keys, sol-gel-derived SiOy/
y ~ALOy @ ~AlLOs; membrane. Closed keys,
CVD-modified SiO: membrane on sol-gel-
derived SiOy v —~AlOy/ @ ~AlO; membrane.
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