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Abstract—Boehmite AIO(OH) sol was prepared by sol-gel method from aluminum iso-propoxide under
an acidic condition and this sol was coated on an alumina support. After it was dried for 2 days at room
temperature and calcined at 500C for one hour. The membrane had homogeneous ultra fine pores, about
3.0 nm, with a narrow pore size distribution and the thickness was in the range of 0.5-8.2 pm, depending
upon the number of coatings. Gas permeation characteristics of the membrane with 7.5 pm thickness were
investigated for four gases He, N;, H; and CO,. Knudsen diffusion was the dominant transport mechanism
for these gases. But CO, and N, showed much higher permeabilities than the values predicted by Knudsen
diffusion due to the effect of surface diffusion. The adsorption energy of CO. obtained from adsorption iso-
therms was 2240 k]/mol and the calculated surface diffusion coefficients of CO, and N turned out to be 10.66X107°
m?/sec and 10.84 X109 m¥/sec at 290 K, respectively. The additional flows by surface diffusion of CO; and
N. was about 43% and 22% of the total flows, respectively. The separation factors of COz-H, and CO,-N,
mixtures approached the theoretical values predicted by Knudsen diffusion with increasing temperature.
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Fig. 1. Schematic diagram of alumina membrane forma-
tion from colloidal AIO(OH) sol by dip-coating.
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Fig. 2. Schematic description of the experimental appara-
tus for gas permeation and separation.
(A) Test gas cylinder (B) Molecular sieve
(C) Rotameter (D) Mass flow meter
(E) Check valve (F) Manometer
(G) Preheater with glass beads
(H) Permeation cell  (I) Const. temp. box
(J) Pressure gauge (K) Bubble flow meter
(L) Temperature controller
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Fig. 3. Type IV nitrogen adsorption-desorption isotherm
obtained for a non-supported alumina membrane
heat-treated at 500C for 1 hr.
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Fig. 6. SEM photos of the 4th coated alumina membrane
by dipping on a porous alumina support.
(A) A fractured face view with about 7.5 um thick.
(B) Top view with no cracks.
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Fig. 7. Effect of number of coatings on the permeabilities
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Table 1. The permeabilities of helium, nitrogen, carbon
dioxide and hydrogen at 293 K

Gas Permeability  P;/Pu[—] [Mu/MIV[ -]
He 49.20 1 1
N, 2393 0.486 0.378
CO; 26.00 0.528 0.302
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m

4

£ 0 203K

o 35 ® CO;

g | N

E g0}

E 2 . Y b
= o5t i - 2 a_=

E m—o—u—u

S 20t Knudsen Nj 160

; 15 e e e e e . ___K_nu_dg:x_l__(_l_@wsg_*
f-: 10

g

5

o 5 1 1 1

0 02 04 0.6 03
Pressure difference [atm]

Fig. 11. The permeabilities of carbon dioxide and nitrogen

as a function of pressure difference at 292 K. The
solid(= 18.6) and the dotted(= 14.85) line are the
expected values if only Knudsen diffusion is in-
volved.
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Table 2. Some examples of the calculation of the isosteric
heat of adsorption of carbon dioxide on non-sup-
ported membranes

Mol adsorbed T, T, Eq
Cmol/kg] (K] K] [kJ/mol]
0.20 290 321 21.18
0.25 290 321 1847
0.15 321 348 28.26
0.20 321 348 22.74
0.20 290 348 21.26

Axe Fax ztact AdAes F& 4 $ 9ok
o] AL 71F F49 ¥l Fa=o] £3HE s)Al9
Fol TE AgoB zhaEE A s1A% el

Fig. 13& o] 2xol|A] 43¢ w3l a2 o]4l3}
g2t Aae] Faleke) wsE JehiE 4 54
(isotherm) 0. 2 At 2ol M Abedafe] Fito] ZAgHe &
T Utk A} viwste] o] AtserAo) Faape] B}
Beg 3T 5 9lgled, F3d 9% Fx Tz
AjF Erisatel] ot} 7hae] £3Er) Bl 24
vebdg o 4= o) o) F3 T2 2 RE “isoster-
ic heat of adsorption”-& o} 2} Clausis-Clapeyron 2] ol
oJsted & 4= glch

= "R[ Z((T/TP)) ],,

3

q7]oll 4 g JdAF FiAEe 7197y, T 7|47}
F3=e 2x(K)elth

o)atzlet ol T3t ZA2E Table 26 Yehfson
2 HF}S 2240 kJ/molo|c}. o] e o]AkslelA 9
¥ 3 o] 2 E2)&F 2 (physi-sorption) =& oF3t 33}
A #FZ(chemisorption) o &]&] o]Fjx|x ¢l&-L
HEcH8] dwiHew Fds Fw 58] A3
A= A5 Ao} 9lon[23] 2 vl 0.3-0.50]
B, ¥4 589 A3 o=+ 6.72-11.20 kJ/mole]
ek o] e FaE EA) ERlolA 44 ol E¥ 4
A o2 A[8], A-LolAE o)itstedie] HW 5
F20l$ 282 ¥xjgke] A2 v 7)A2) £
o] 48 £ 9l&& Iviich

3-4. 7|x 2ol &Y

Fig. 14¢} 15 7+7} 0.065% 0.1 atm2) gt zjol 2] &
u)7h 1:19 F EY7)A Fi-olabsiskae) A4oo]
Absleba o] 2 of & e ¢l x}(separation factor) 2
H3HE Jepl i gick 7} el Fakest ¢ AAs)
7 el Ao P 5 e EIHE A&
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Fig. 14. The separation factor for a H,— CO, gas mixture
(H,CO,=1 at feed stream) as a function of the
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temperature.
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Fig. 15. The separation factor for a CO,-N; gas mixture
(CO2/N;=1 at feed stream) as a function of the
temperature.
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Al F=of 2 71A9] 7 FEFel YT £
(cut or fraction of permeated)-& 0.3 °]5l2 3t

Feule X F7led mel FrH(h-ol4tEwL)
EE Fa(Ai-olatgrta)stglon] F A T 2
% %7lol we} Knudsen Hatel] ojste] ol &== 3t
o2 JZsoch ol & Aol e o|AtdElA o
FHol 9 B gabe] o] ZoF Bt ot
\A 22ke g ARARE 2748k Knudsen &4t
o & Ayt 4455 dFoloh Fa-olAlE R
t} Ai-ojAtslebs EFES Agel 2 Frto BB
Felalate] wislyl AshA] & AL A A4 Ed
Akl o8 Fr1HQl 50| £ gEoR A7
Aok 2§ 7149 EeulE Fig 79 < ¥ 71A9
Fatzu)o} ozl el M dRFhs AR Kol EF
7VA Apele] AHE 2H4-(interaction) o) 2% F-2u|<

et A29 H5E 19914 10

de A9 gl Aoz gt
4.4 £

dFu|F ok Z2EAe|=f S B A £
Aol A Z-AWl le] AzF F& A A Y
FRAA A& AALY JA F3 4 Fe AYE
Ytk ol vehd A}EE sokstd o3
i

(D) RB3utol E 9.0 wi%?] F& o83l 42] 250
oJ3te] of 7.5 ume] FAE A iU AXTE
wHE 4 gldch o] =& <F 3nme] FF 7|TA7]9}
W4 FL2 /1FA7] FEF 7FRAH, 500C9] LR
Azt wiE s FAHANE FHAEE & WHEE
Holx| edske).

(2) Pore clogging-cake formation 7}l w2} 43} 9]
zZe7| A Aute] FA e FAZ AP eR Frleg
ov, 2 o]F= F7hge] FEEN 49 % A
Z7} AR ® o gch

(3) ¥3 717e 274 F7 w2t Poiseuille
ZZ 0o 2HE Knudsen #4tel] o3 T2 A} ule
o] 320, 43| o]4ke] 24 Knudsen it o3
E3}7} 2wl Ho]g] 2.0, Poiseuille 352 A3 Al
Ao g A viepydeh

(4) olatslebisl Aie] El BAlel 2% 3FL
74zt AA Faiwe] 43%9) 22%%H o9 L& F7iel
g} 2 7l ey A FaddR, T4 A 2
7|2 A% zZshel

(5) A&ollr] ojAtsieiael Ao ¥ FAAIFE
7+7} 10.66X107° m?/sec®} 10.84 X 10™° m?/seco) i, ©]
Abslerae] Fabolluixls B 224 k]/molo] et

(6) Fa-o)Atslekay, As-o)Altsiels EFES] &
2iu)e 2l AR7)A o) Foken e dX)stgod, £
Azl &% %7} wel Knudsen E4tel] 23 o] &
vl AHZstsich

# A

2 A7E GFHRAD) AT7H) AW E o] Fei
AYvich. ole] A=k

NOMENCLATURE
A, :surface area of an adsorbed molecule [m?]

D, :surface diffusion coefficient [m?/sec]
d  :pore size (slit width) [m]



Z2.AYo g AzxF otFuhtute) 7|4 F3 1 B

Ey :isosteric heat of adsorption [kJ/mol]

Fima : permeability due to Knudsen diffusion [m%/m?-
sec-atm ]

F.y :permeability due to surface diffusion [m?/m?-
sec-atm]

L  :thickness of the membrane system [m]

M :molecular mass of the gas molecules [kg/mol]

N.. :Avogadro’s constant [mol ']

P, :saturation vapor pressure [atm]

AP :pressure difference across the membrane sys-
tem [atm]

q :gas amount adsorbed [mol/kg]

R  :gas constant [8.314 J/mol-K]

r :modal pore radius of the solid medium [m]

T  :absolute temperature [K]

v :mean molecular speed [m/sec]

%, :fraction of surface covered by adsorbed mole-
cules [—]

Y :mole fraction of the gas species in the permeate

-]

Greek Letters

e  :porosity of the membrane system [—]

n  :viscosity of the gas (mixture) or solution [N-
sec/m?]

P : true density of the solid medium [kg/m?]

w  :shape factor for Knudsen diffusion [ —]

K  :shape factor for surface diffusion [—]

Abbreviations

H/A : molar ratio of HCI to alkoxide
STP : defined as 273K and system pressure

1

2.
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