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ABSTRACT

Y-alumina composite membranes were prepared by sol-gel dip coating or pressurized coating of boehmite
sols on slipcasted a-alumina supporl tubes. The particle size of sols synthesized via the madified Yoldas-methed
could be contrelled below 5 nm according to Lhe male ratio of nitric acid/aluminumtri-sec-buioxide (0.07~ 1.0).
The reproducible crack-free composite membranes were produced hy the 2nd dip coating or the pressurized
coating technique using very stable sols with (he particle size of 45 nm. Nitrogen gas permeability Lhrough
the top-layer i the composile membrane was aboul 70~55x 1077 moi/m*-s-Pa. The thermal stabdity of the
top layer was proved to he good enough uptoe the heat-treatment temperaiure of 5007 .
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Fig. 1. Schematic diagram of the gas permeability
measurement apparatus.
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Table 1. Charactenistics of Sols (0.17 mol/ v-AlOy)
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Type Male Ratio of Transparency Mean Crystalline
of HNO /Alkoxide pH of Particle Form
Sol Sals Dia. (nm) {90°C)
Sal-A 0.07 4.7 Cloudy, Blue 45 Poehmite
Sal-B 0.30 4.2 Transparent, Blue 14 Boehmite
Sol-C 1.00 3.7 Transparent, Colorless Undetected | Amorphous
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Fig. 2. XRD curves of gels heat-treated at various tem-
peratures: (a) Sol-A, 807, (b) Scl-A. 500C, ()
Sal-B, 00T, (@ Sol-C, 500C, and (g) Sol-C,

IV. - Fuht 2e)ure $3 54

Zo] delr}r] 93 45nm Ax dAEAE AE
A 2E2 ¥ ¢ Yk ol T4 Yoldasgo®
wo|A] e Al B2 galzr)rh Faakdl 2%
0nmZ HEH AW} v @A A e 27019
=gk Zo| agingd) 3L Ao ¥A woeEZ 34
A g Fe ARAE ZlATE S oAk Az
il A 2ol Ho| A ZE T 9 S04} Ti0:2] 7-$-all=
Zo| b4 A= glA=7)7) pHek agingell wi-$- WAkabed
ST T FE 47 AsledMe pHel aging el
|5ho] Abgal ZRe)e gah S hoehmite 22 A
o &= Table 13} Fig 3o+ @& = li= afe} o] E4
abxdsde] pHel agmgol] £ 4% b #7] o

S R Foex

2
L3, AMHE5= Ostwald npenmg BAke] whAl gz}
0=

Fealol20 HAbA] FFhEE Bake] NO,- o] 2] gAhEw 8

Diameler (nm)
4

Particle

20~

qa T T T T g M
a 10 20 30 40 ad &0 e

Aging Time (day)

Fig. 3. Particle diameter vs. aging time of the boehmite

1000TC . sol.
Tahle 2. Charactenslics of Unsupported Membranes
Type of Sol Mole Ralio of Dned Gel Gel Shape Crystallne BET
{0.17 mal/l HNO,/Alkoxide Shape after Calcination Form Surlace
v-ALOg) (500, 2L (GO0, 2hry | Area (m¥/g
Sol-A 0.07 Crack-free Crack-free v-AlbO, 208
Transparent Transparent Film
Sal-B (.30 Cracked Cracked v-AlLO; 47
Transpaenl Transparenl Film
Sol-C 100 Cracle-free Cracked Amorphous 16
Transparent White Flakes

*Mean pore size of calcumed unsupported membranes prepared by Sol-A=2.2 nm™

A 204 A 12 Z(1992)
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Fig. 4. SEM photographs of y-alumina membrane by the dip coating technique: (a) surface, (b) fracture surface
of first coated membrane, and (¢) fracture surface of second coaled membrane,

3.2. Unsupported Membrane
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Fig. 6. SEM phatographs of y-alumina membrane by
the pressurized coating techmique: {a} surlace
and {b) fracture surface.
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Table 3. The Parameter Used for the Calculation of g, and B; for the Porous a-Alumina Support and Values

of o, and B.
Parameter Value Parameter Value
Porosity, ¢ 0.35 i ) ) ) -
- Viscosity of Nitrogen uy [Poise] 167107
Tortuosity, k. 25
Pore Radius, r[pm] 0.05 Temperature, T[K] 273
Thickness, L[ um] 1,000 Gas Molecular Weight 28
a(Exp)=83x1077 mol/m?-s-Pa, B Exp.)=13x10" mol/m®-5-Pa®
0(Cal)=94x10"" mol/m?-5-Pa, PJ{Cal)=12xX10"" mol/m?-s:Pa’
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