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Abstract: Ceramic membranes are generally used for various industrial processes operating under extreme conditions be-
cause of its high thermal and chemical stability. However, due to the trade-off phenomenon of permeability and mechanical
strength, preparation of high permeability-high strength membrane is necessary. In this study, the change in characteristics
and performances of ceramic membranes was analyzed depending on the type of polymer binder and its mixing ratio.
Because the solubility between solvent and polymer binder was higher in PSf (polysulfone) than in PES (polyethersulfone),
the viscosity and discharge pressure of the PSf-based dope solution were higher than those of PES-based dope solution.
When PSf was used as a polymer binder, ceramic membrane showed high mechanical strength and low water permeability
due to the dense structure. On the other hand, in case of PES, the mechanical strength was slightly reduced and the water
permeability was increased. It was confirmed that the optimum mixing ratio of the PSf and PES with high water perme-
ability and mechanical strength was 9:1.
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Fig. 1. The fabrication process of the alumina hollow-fiber
membrane
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Table 1. Composition of Dope Solution (wt%)

) Polymer
PSf:PES Alumina PEG 200 Mg(OH), BYK DMAc Total
PSf PES
0:10 70 0 6.70 3 1 0.5 17.8 100
5:5 70 3.35 3.35 3 1 0.5 17.8 100
8:2 70 5.36 1.34 3 1 0.5 17.8 100
9:1 70 6.03 0.67 3 1 0.5 17.8 100
10:0 70 6.70 0 3 1 0.5 17.8 100
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D: pore diameter [um]

Sh: shape factor

St: surface tension [dyn/cm]

6 : contact angle between the wetting liquid and sub-
strate

P: pressure [bar]
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P: water permeability [L/(m” * h * bar)]
J: water flux [L/(m’ - h)]

V: volume of permeated water [L/h]
A: membrane area [m’]

t: time [h]

AP: pressure [bar]
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Fig. 2. (a) Viscosity and (b) discharge pressure of dope
solution in various mixing ratio of polymer binder.

Table 2. HSP of PSf, PES, and DMAc
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Cross-section  Cross-section  Quter surface  Inner surface
(x 63) (x 400) (x 10K) (x 10K)

ey [

1 pm

Fig. 3. SEM images of alumina membranes prepared with
polymer binder of PSF:PES mixture in the ratio of (a)
0:10, (b) 5:5, (¢) 9:1, and (d) 10:0.

Table 3. Outer/Inner Diameter and Thickness of Alumina
Hollow-Fiber Membranes

OD ID

PSf:PES (] [mm) T [mm]
0:10 3.92 2.84 0.540
55 4.02 291 0.555
8:2 3.83 2.74 0.549
9:1 3.77 278 0.500
10:0 4.11 3.00 0.560

Table 4. Mean and Max Pore Size of Alumina Hollow-
Fiber Membranes

Mean pore size
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AatAl k. skA|RE A AFskRe] PSTE 23S
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[nm)] p [nm]
0:10 123 348
5:5 113 297
8:2 107 281
9:1 110 276
10:0 99 232
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PSfE AF23MH 99 nm=z 7H AA YeRgTh 124
HRoIE S ¢ 49 110 nm WY B 71F 7]
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Fig. 4. Pore size distribution of alumina membranes pre-
pared with different ratio of polymer binder (PSf:PES).
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Fig. 5. Pure water permeability of alumina membranes
prepared with different ratio of polymer binder (PSf:PES).
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Fig. 6. Bending strength of alumina membranes prepared
with different ratio of polymer binder (PSf:PES).
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