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Abstract—Alumina composite membranes were manufactured using coating sols which were synthesized
through sol-gel method. The AIOOH sol, prepared with the Yoldas method, appeared the most transparent
and contained the smallest particles when the HCl/alkoxide molar ratio was 0.07. The same sol resulted
in the unsupported y-alumina membrane with the largest surface area. y-Alumina layers with small pores
were formed on top of the a-alumina supports with larger pores by repeating the coating-drying-calcining
cycle with AIOOH sols. Dip coating, vacuum coating and pump coating methods were applied and at least
3 coating-drying-calcining cycles were necessary with 0.8 M sols. Crack formation or peeling of ¢oating layers
were frequently observed when repeated coating-drying cycles were followed by final calcining or concentrated
sols were used. Surfaces of alumina composite membranes could be modified with silica or Ca0. Distribution
of dopant could be controlled by changing the solutions.
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Fig. 1. Procedure of the preparation of alumina compoesite
membranes.
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Table 1. Specifications of support tubes

Type A B
Manufacturer NOK* MKS?
Model - Muitiporelon TD-1
Raw material a-Al,Os a-AlO;
Inside diameter 1.9 mm 8 mm
Outside 2.8 mm 10 mm
diameter
Average pore 0.12-0.15 14 um
diameter um
Porosity 40-67% 34%

Heat stability
Pressure stability

5-800C(max: 1000C)
inner pressure 5 kg/cm?
outer pressure 30 kg/cm?

4: Nippon Oilseal Kogyo
. MKS Mitsui Grinding Wheel Co., Ltd.
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Table 2. Characteristics of AIOOH sols(0.5 M/I)
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Mole ratio of Mole ratio of H Transparency Avg. particle dia.(nm)
H:0/Alkoxide HCl/Alkoxide P of sol after 5 days after 23 days
100 0.03 2.87 cloudy 922 96.2
100 0.05 2.75 transparent 60.1 63.8
100 0.07 261 most transparent 53.1 59.1
100 0.09 251 transparent 785 85.6
100 0.12 234 cloudy 919 103.7
10 0.07 precipitation
5 0.07 precipitation
3 0.07 precipitation
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Fig. 2. TEM photographs of AIOOH sol(0.5 M, HCl/
Al=0.07).
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Fig. 3. Particle size distribution of AIOOH sol(HCI/Al=

0.07).
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Fig. 4. X-ray diffraction patterns of unsupported mem-
branes(HCI/Al= 0.07).
(A) drying at 30T, (B) calcination at 550C for 2
hrs
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Table 3. Characteristics of unsupported y-alumina membranes

Mole ratio of Dried gel shape Crystalline BET surface Pore volume _ Particle diameter(nm)
HCl/Alkoxide ge’ shap form area(m?/g) (cm¥%g)  from XRD from BET
0.03 cracked, opaque v-ALO; 3.0
0.05 cracked, transparent 4 158 0.23 31 10.3
0.07 crack-free, transparent 4 223 0.33 32 73
0.09 cracked, transparent 2 3.0
0.12 cracked, white flake - 194 0.26 3.0 84
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Fig. 5. Adsorption isotherms of N, on the y-alumina mem-
brane at 77 K.
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Fig. 6. Pore size distributions of y-alumina membranes.
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Fig. 7. SEM photographs of alumina composite membranes(support A, after 3rd dip coating cycles).
(A) 0.5 M sol, fracture surface, (B) 0.5 M sol, top surface, (C) 0.8 M sol, fracture surface, (D) 0.8 M sol, top
surface, (E) 1.2 M sol, fracture surface, (F) 1.2 M sol, top surface
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Table 4. Vacuum coating conditions(Support B, 0.8 M

sol)
AP Coating time  No. of Membrane
(mmHg) (sec) coating thickness
100 180 1 peeling
200 180 1 peeling
300 180 1 peeling
200 15 1 pinhole
200 30 1 pinhole
200 60 1 pinhole
200 15 3 2 pym
200 30 3 5 um
200 60 3 7 um
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Table 5. Results of various coating techniques(*: optimum)
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Concentration of AIOOH sol

Membrane Coating method 5 M 08 M oM
Support A dipping(1 min) 3 times-0.5 pym 1 times-too thin to measure 1 times-1.1 pum
: outside —>drying 6 times-2.6 pm 3 times-2.1 pum* 3 times-7.3 pym
—calciantion pinhole pinhole free pinhole free
Support B pump coating no coating 3 times-2.0 um 1 times-3.3 pym
: inside (10 min) 4 times-3.2 uym 2 times-5.1 um
—>drying 5 times-4.8 uym*
—>calcination pinhole free pinhole free
Support B vacuum coating (15 sec)3 times-2.0 um
: outside (AP=200 mmHg) (30 sec)3 times-5.0 um*
->drying (1 min)3 times-7.0 um
—»calcination pinhole free
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composite membranes(support B, 0.8 M sol, 10 min pump coating).
(A) 1st coating, fracture surface, (B) Ist coating, top surface, (C) 3rd coating, fracture surface, (D) 3rd coating,

Fig. 8. SEM photographs of alumina

top surface, (E) 5th coating, fracture surface, (F) 5th coating, top surface
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(A)

Fig. 9. The cross-section of the surface-modified alumina composite membranesilica sol, 10 min pump coating).

(A) SEM photograph, (B) Si map
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(B)
Fig. 10. The cross-section of the surface-modified alumina composite membranes(after 6th impregnation of Ca0O).
(A) SEM photograph, (B) Ca map

Table 6. Loads of CaO in alumina composite membranes
(0.1 M solution)

19l b2 EDAXE %A1

Impregnation . Load -
atom % oxide %
cycles Ca Al Ca0  ALO,
X2 1929 38457 5228 94.773
x4 3.008 37109 8092 90.749
X6 3286 36.787 8822 89.782
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