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Hydrogen Separation by Compact-type Silica Membrane Process

Jong-Ho Moon", Ji-Han Bae”, Sang-Jin Lee”, Jong-Tae Chung”, Chang-Ha Lee’
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Abstract @ With the steady depletion of fossil fuel reserves, hydrogen based energy sources become increasingly
attractive. Therefore hydrogen production or separation technologies, such as gas separation membrane based on
adsorption technology, have received enormous attention in the industrial and academic fields. In this study, the
transport mechanisms of the MTES (methyltriethoxysilane) templating silica/a-alumina composite membrane were
evaluated by using unary, binary and quaternary hydrogen gas mixtures permeation experiments at unsteady- and
steady-states. Since the permeation flux in the MTES membrane, through the experimental and theoretical study, was
affected by molecular sieving effects as well as surface diffusion properties, the kinetic and equilibrium separation
should be considered simultaneously in the membrane according to molecular properties. In order to depict the transient
multi-component permeation on the templating silica membrane, the GMS (generalized Maxwell-Stefan) and DGM
(dust gas model) were adapted to unsteady-state material balance
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Fig. 1 Schematic diagram of Modified Wicke
Callenbach Cell permeation and separation
measurements
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Fig. 2 Schematic diagram of Silica/alumina

composite membrane
ri-rz: organic templating silica layer,
r-13:¥-AL0s/a-ALO; composite support
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Fig.3. Single gas Permeation flux of H;, CO,, CH, and
CO on a MTES membrane : (a) pressure effect at 373K,
(b) transient permeation at 373K and 500 kPa
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Fig.4 Permeation fluxes and separation factors of
binary mixtures on a MTES membrane at 373K : (a)
H»/CO, (b) Ha/CO;, (¢) Hy/CH,4

5.8 &

F71 BEeoly Yo HeP/¢Fuy
Egohg o] 838t (0, CHy, 00 % Heo] 3 &
22 8L A3, 2= 2ol vz
2 4R A A9 71A Tk dElE vE
2} (Knudsen diffusion) ¥ HA 4 (Viscous
diffusion & Pmseuxlle flow)oll 2]&3}glon, ol
3t S99 FUEL DGM (Dusty Gas Model)S 53}
o 7HY F 9;1"”4. B Ao Algst Byt
23 EAS #3114 2 organic templating silica
layer®] 739 Zst & EAHo= A3y JF
Al Bl &9 B4 (Surface diffusion) S YVHERY
ok, weba] 2 Aol GMS  (Generalized
Maxwell Stefan) @& o]-gate] thiEA ®H
24 B2y fAYESS s 249 2
AR 7FE 2 (strongly adsorbable molecule, SA)Q)
olikaiets, wigke vl wA oFE 22 (weakly adsorable
moleculeWA)Ql A4, F4 EFEL AL
ZEZAGA/FFZAWA) FHE B o]

FE2ASA) pore-blocking B4o g s 71E
FAGSA) B $5/5F HAoh

_I

o
o:i P

F 7

2 A7 AeA AAEddA AR (Seou
R&BD Program)®] AW AHoz FHHYOH
Aol 2AE =dYT}

References

[1]J.-H. Moon, Y.-S. Bae, S.-H. Hyun and C.-H. Lee,
Equilibrium and kinetic characteristics of five single
gases in a methyltricthoxysilane templating silica/a
-alumina composite membrane, J. Memb. Sci. 285 (2006)
343

f2] R. Krishna, L.J.P.
Maxwell-Stefan description of mass transport across

van den DBroeke, The

zeolite membranes, The Chemical Engineering Journal,
57, 155-162, (1995).

[3] Tuchlenski, A., Uchytil, P. and Seidel-
Morgenstern, A, “An experimental study of combined
gas phase and surface diffusion in porous glass”,
J Memb.Sci.,140(2),165-184(1998).

[4] Kapteijn, F., Bakker, W., Zheng, G., Poppe, J. and
Moulijn, J., “Permeation and separation of light

hydrocarbons through a silicalite-1 membrane

Application of the generalized Maxwell-Stefan
equations”, Chem.Eng.Sci.,57(2),145-153(1995).

- 339 -



