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ABSTRACT

Model equations for the gas permeation through a ceramic composite membrane were derived for examning
the existence of crack, the reproducibility, and the microstructural properiies of composite membranes. From
the results of analyzing the nitrogen permeability data through alumina-tube supporled TiO: and Si0y composite
membranes, the extent of cracking, and the formation and structure of membrane top-layers were modelled.
It was proved that the crack-free and reproducible coinposite membranes could be easily prepared only by
the pore-filled coating within pores of the support in the sol-gel coating process.
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Fig. 1. Direction of gas flow in composite membranes:
{a) high pressure on the top-layer side and (h)
low pressure on the top-layer side.

81’ v E
% NE 3
( 3LEnMRT)v ) I, )
r? £
=)= 4
PR ®

A (DelA wgl B 27 Knudsen® viscous 5%
g8 A€ AsE visie] 4 @3 @ o]
2hel A @) ~E)ell A Pyl Pre 2 sl ek @
s AgdEoAe] 4E(Pa), P d@9d Fe 47
&8 Proll 4 F3ek(mole/m?-s), r& A 7] T m),
RE A4, Te &%2%E, Le 29 54im), p=
71A 8 Helg/m-s) 222 M F317)3 2] Fafepelc),
=32 33 el 3 5 e whel 2] ol
TS A FAERe R de"n r)Ede| e
AT $ee] FlEEETH 712 FZAK,  tor
tuosityyel) Wk Q1Alg ARREle) BA3Elac),

EgEolery] [ Fig 1o Mg} o] ghAlg & 7
bRl E e FlA Rl 2R 28] W] 3
el Fedel FAlEA dEEts A (el e}
& S v st Ho wpel] 2
A2 oy K55 ey fsledae Fde)
A% ARl WA ek Bkl A
g Aol skt A 2e] B

1]
= LS
T4 B4 mdg

he)

I

e A de o

i

flo 1%

l—]m

of =8 #

_?_‘4
M
£
I'-]

i
A
e
A,
2,
i
B
i

™

2
oo
ok
&

22. E2laEol 298
AA2 2 Fig 18] FAUY el 9} o] - 25

EEEEE



A Z2] olA)l ATt A o] Z)- TR FEE 7] ede) s
sk Bej2h2te) Age)] F8lo] FTLH Y Fig. 1(a)2)
Aol A EeleZe) wete] A= W B2
Al bel ARdelale 3 PLe g o] P 5=
ek & B3RS Mg 2 A AR 4
Holvl Az A A5 nlsin R Al ae] 74
T3k Z g Adel gt o448} ¥ d(resislances m series

model) 0o slstel 4 (@)} el EAY A gle

ra

S} A9 2 el 4 (el Ashel FAE S e o)A
L3 APE F el A A2 g Py A
03 e

1 1 1

e ®)

q qlop qa

Po'= [ (/B + 2P (/B + P2 2F/B)} 2~ /B,

{7}

A (B (e A elbal] = topil st A7 deieEat

WAE AT 4 (ol o g5 £

FEAYAN Fa doed 4 (] mek B£5
9 o Axel AV AEA)REE T S glch, w9
reldrs £Y FEe SyFeadel PU4RE

(sleady state (low)e] o|&o|zlr}x VA3lu)ld Eelot
a7:\‘1;1’]:| —’] 'lc:l]ﬂ ;ﬂ E—L:'I PJ\ 7(Ph+Pm )/2 0" /l’] "] qu"E‘ qlnp‘%

e AezrE A48 v,
Qo =F/(Py— P} ®)

A= o4 @& T
Put P24 Tﬂzﬂ TJ"]’%% ?=‘l

FasleiE A el A & 4 sl ubel ;Q'O] A gl
gk F]A o] Fe] §7) ohiiel] Tgel Al whE P
bl PEgEae] Yeld ol
Bl AR % A

el Fig 1@)ohe el 2o Az 9 348 27
A8l BAY 8 Aol 2l 0] A
agbe) Hela Felupd el
Aslal 8] 3k P Fig 1419 Py'sh o127 o
2ol A (& A8 37} 9 Bk e A @A
qe WA PP o S3ule) Faldg vepl,
et gz A7 bEAE Pu-PiE P—Pudd W Ee
HE3 Aol Aol Fal-o vfeblly] wEel] A el A
g9 Pud Y (N2 F= A4 wiErbE A (6)
M =t bt 2l

R 2P Al

= { (as/Bs)z + 2PI|((I5/BE)+P112 _QF/E'J w— aa/ﬂs

A 2a ¥ A 11 &(1992)

wapgetue] ek DL 7HE )

mdo) Sig we) 54 7

wheha] A @)ell eigte] Aldel e gRE)S R
chi 4 @elel 22 wyles A A0 2HA
ARzdelsne] FaeL T2 & U4 9n

A ()8 (10)% vz 2 o mbde) f|ahEe) gge]
EAEle g FYUHe] Friael] uel é?l— B
Fade Frla) dige] Jebd o gl & Rl
Arkgl Fade] weol Ealgheld o2 7lzal% it
HE2 uwlg} ofFetd Ho Sxqtgel Folgel s}
Puel P} wid AR o5 dold] P—Pe] 29
dagl wwie] Fe wgde] g A%Ec AT &
el &Jalel FHE F2)lE Hel 4] (10)2 o450
Aabsl LajghgdAe] Falgd Sriela Elo, 2

A e e magdnie] 247 4 (@ (9
diste 2] AL Pot Fokdel wel g3
Po—Pi2] 74 b;- 71 AEel wid Fo Frieke] A7
wiEel A A (10 o)-gake] bl RelubE e
Fehge] Fg I(a)cﬂ;«l-ﬂf w2 Fhhsle Beld #
AE v 2 = Qe

3 U W e

2

L] Bae] Aebe Eibilevis) 54 §HE
ﬁﬂ% TRyl B glemnz B oolFAldlA A
|7z B4t 714 Fabgol w7 el slal

] ’5'%/?' Baes A=A e-dFeh)
Bl e g 2e] 14 mmels el 125
Hoz dadgen Al ol

A

ok o
_IE -~

.—'5}_

=
=

ofe

A

LI U )
£

B

|'|'“l
:n:.

BT

min T
R Ee] Eald Boplayer)E st B
Efuobiel A]FHS Hgyelute] AF % Aa

FA AW g g A A T o

SR EE glek

1l'rr
=

%}(Pa)'ﬂ Aol Al &
B3 A FEL 4 )9}

(100& el 43ted Algbsldn). Z, g Ue) ve 24
3 Agdelersh 4 (D3} @] Habed

T FAEEE BFYAPL= P2 vt

Fere 9ol gue A9 2R as pE

At e



140

Membiang

5130

Permeuability x10 (mol/nf's Pa)
Permeability x107{mol/m*s Pa)

120
s
410
al
0 - L L a
1 1.5 2 2.5 3

Mean Pressure (10°Pa)

Fig, 2. Permeability of nitrogen gas ihrough the TiQ:
composile membrane al 208 K.
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