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Abstract—Composite alumina membrane was prepared for the hydrogen separation from Hy-N, mixture
gas. The membrane was formed in a porous alumina support by coating with boehmite sol mixture by Yoldas
method[9] with 5 wt% concentration of Pd in dry base. Sonication of the sol mixture increased the Pd disper-
sion compared to that of conventional impregnation method. In order to facilitate penetration of the sol,
the inner side of the porous alumina support was maintained at the vacuum condition of 20 torr during
the coating procedure. Tortuosity of the resulting membrane was increased from 10 to 20. The selectivity
also increased up to 10 because of the activated diffusion by the Pd particles dispersed in the alumina mem-
brane layer. Sealing between membrane housing and supported membrane was designed to endure high
temperature operation and provided a way to develop alumina membrane module.
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Fig. 1. Schematic diagram of vacuum dip-coater.
(A) sol bath; (B) support sealed with stopper; (C)
air-operating cylinder; (D) controller box; (E) air
compressor; (F) vacuum pump
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Fig. 2. Procedure for membrane preparation.
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Fig. 3 (a) Membrane sealing part.
A. housing part, B. O-ring, C. cooling jacket
(b) Membrane module system.
(1) gas bomb; (2) mass flow controller; (3) preheat-
er; (4) membrane; (5) heating jacket; (6) thermo-
couple; (7) needle valve; (8) GC

on ot ke A Fig 2o 2oF =3k

2-3. 29t 2§ M= fux 53

AAAE HA Eelehg g A 7)AV rEEHE
A& WA e Ui (sealing) & F83 Aotk &
Agel A Fig 3(a)9} o] ¥2]2t=} housing Alel&
w3817 98 O-ringg AHE3g . o] WL AR
A= ASE Yo g4 Bl 2 O-ringo) %9 #
3o utg zojFo] Rar)Ale Fd¥E3 ¥t o
ol BE-L A A Rc)h oA Orings 5317
A derl W3R 32 HA" 3 (fla-
nge) C& &7kl A= &k} el XA #A=%7} §-2 ho-
usingg YAz BE A$[7] FEol M Fo
o, 2 A gl A 2] Ag-9f o] LB 7S ] A}
7¥ekstn A2 uta} housinge] AZAEE FEIHE WA
goz i dFuet B o} ofe] FF e A8
A71e) =g AgPE 4 ke Aol ok A
ut Be] A9 7L Fig 3(b) 9} it

HWAHAK KONGHAK Vol. 33, No. 1, February, 1995



32 o157 - 2UH - 771 - Pt -

(a)

<« support filter layer

% +— membrane layer

W < intermediate layer

+— coarse support

(b)

Fig. 4. SEM photographs of (a) the surface of nonsupport-
ed Pd/ALO; membrane and (b) the cross-sectoin
of supported Pd/AlL,O; membrane.

(1) support filter layer(0.08 um); (2) skin layer(2
nm); (3) intermediate layer; (4) outer coarse lay-
er
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Fig. 5. Temperature dependency of He permeability(Knu-
dsen diffusion).
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Fig. 6. Pore size distribution curves.
(O) 5wt% Pd/ALO;; (@) 20 wt% Pd/Al,O; mem-
brane.
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Fig. 7. Nitrogen adsorption-desorption isotherms.
(O) 5wt% Pd/ALOs; (@) 20 wt% Pd/Al:O; mem-
brane at 775K
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Fig. 8. Dot map of mixed palladium in ALO; membrane,
where (a) and (b) are 5 wt% Pd/ALO;, 20 wt%
Pd/ALO; with sonication, respectively and (c) 20
wt% Pd/ALO; without sonication.
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Fig. 9. Hydrogen adsorption isotherms of (a) 1 wt% Pd/Al,-
O; and (b) 5 wt% Pd/ALO; membranes, where (@)
denotes total adsorption and (O) reversible adsorp-
tion.
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Fig. 10. XRD patterns of palladium particles dispersed in
the membrane layer.
(5 wt% Pd/AL,05)
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Fig. 11. Membrane thickness as a function of dipping
time.
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Fig. 12. Membrane thickness as a function of concentra-
tion of alumina sol.
(dipping time; 30 sec)
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Fig. 13. Relative thickness of membrane layer as a func-
tion of number of coating.
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Fig. 15. Dependence of Ha/N, separation on temparature
and pressure difference factor.
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