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Abstract: In this study, we developed an evaporation-driven self-assembly coating method for an ceramic intermediate
layer on an ultrapermeable o -Al,O; support with large pore size of ~1.5 pum. The method led to the formation of a ceramic
intermediate layer with higher surface homogeneity and less surface roughness than the conventional dip-coating method. A
mesoporous Y -AlLO; layer was deposited on the support to evaluate support quality. A supported 7-Al,O; membrane was
defect-free even without repeated coating. Furthermore, the membrane showed 2.3 times higher nitrogen permeance than one
prepared on a macroporous support with pore size range of 100~200 nm, which is widely used for ceramic membrane coating.
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Fig. 1. Schematic of gas permeation test set-up.
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Fig. 2. Electron micrographs and Hg intrusion porosimetry
characterization of macroporous supports prepared from
AlLO; powder with the size of (a,b) D50 ~5 um and (c,d)
D50 ~0.6 um.
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Fig. 3. A electron micrograph of a macroporous support
with a boehmite layer coated by a dip-coating without an
intermediate « -ALLO; layer.
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Table 1. Nitrogen Permeances of Macroporous Supports

Nitrogen

Macroporous substrate permenace (GPU)

Prepared from ALO; powder with
the size of D50~0.6 um

Prepared from ALO; powder with
the size of D50~5 um

Prepared from AlL,O; powder with
the size of D50~5 pm with 40,154
an intermediate @ -AlLO; layer

5,951

127,985

Fig. 4. (a) Schematic illustration of a devised coating
method for an intermediate « -Al,O; layer deposition on a
macroporous support and (b) an electron micrograph of
the intermediate o -Al,O; layer.
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Fig. 5. Atomic force microscopy images with RMS (root
mean square) roughness values of (a) a macroporous sup-
port without an intermediate «-Al,O; layer, (b) a macro-
porous support with an intermediate «-AlLOs layer coated
by the proposed coating approach and (c) a macroporous
support with an intermediate «-ALO; layer coated by
dip-coating.

Fig. 6. Digital photographs of macroporous supports with an
intermediate @ -AlL,O; layer coated by the proposed coat-
ing approach without water impregnation (left) and with
water impregnation (right).
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Table 2. Single Gas Permeances of Various Gases Through
a 7y-AlL,O; Membrane at Room Temperature (22°C)

Gas Permenace Ideal selectivity —Theoretical Knudsen

G)  (GPU) (P/Px2) selectivity (Mnoy/M)™
Cco, 7232 0.84 0.80
N, 8,640 1.00 1.00
0, 7,888 0.91 0.94
CH,4 12,269 1.42 1.32

Fig. 7. An electron mlcrograph of a supported 7 -Al,O;
membrane.
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