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Abstract: It is well-known that polyethersulfone (PES) has high CO, selectivity over N, (or CHs) and excellent pressure
resistance of CO; plasticization among many commercialized engineering plastics[1-4]. Asymmetric PES hollow fiber
membranes for flue gas separation were developed by dry-wet spinning technique. The dope solution consists of PES, NMP
and acetone. Water and water/NMP mixtures are used in outer and inner coagulants, respectively. Gas permeation rate (i.e.,
permeance) and CO/N; selectivity were measured with pure gas, respectively and the micro-structure of hollow fiber
membranes was characterized by scanning electron microscopy. The effects of polymer concentration, ratio of NMP to
acetone, length of air gap, evaporation condition and silicone coating were investigated on the CO»/N, separation properties
of the hollow fibers. Optimized PES hollow fiber membranes exhibited high permeance of 25~50 GPU and CO»/N,
selectivity of 30~40 at room temperature and have the apparent skin layer thickness of about 0.1 ym. The developed PES
hollow fiber membranes, would be a good candidate suitable for the flue gas separation process.
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Fig. 1. Chemical structure of Poly(ether sulfone).
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Table 1. Composition of PES Polymer Solution

Dope solution

Dope solution composition

No. PES NMP/Acetone
(Wt%o) wit% Ratio
A 25 37.5/37.5 /1
B 25 25/50 12
C 25 25/50 172
D 30 35/35 1/1
E 30 21.7/43.3 12
F 35 32.5/32.5 1/1
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Fig. 2. Schematic diagram of hollow fiber spinning apparatus.
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Fig. 4. Prepared PES (a) spinning solutions and (b) hollow
fibers.
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Table 2. The Effect of Air-gap on Membrane Perfor-
mance

Air-gap
heigh

(cm)
5 87
25 39
60 35
5 64
20 37
30 30

Dope composition
(PES/NMP/Acetone)

P CO,
(GPU)

Py,

( GPU) aco, IN,

58 1.5
6.3 6
4.5
15
3.4
1.6

25/37.5/37.5

30/35/35
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Fig. 8. SEM images of (a) cross-section, (b) inner surface and outer edge of PES hollow fiber.
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Table 3. The Effect of Dope Composition on Membrane Permeance and Selectivity

. NMP/Acetone = 1/] NMP/Acetone = 1/2
PES Air-gap
wt% PCOg PNz PCO2 PNz
(%) (em) (GPU) (GPU) e0: N (GPU) (GPU) 0N
25 60 35 43 8.2 46 4.6 10
30 30 30 1.6 19 25 1.1 22.7
35 30 14 0.9 16 - - -
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Table 4. The Effect of Evaporation on Membrane Performance

No evaporation Evaporation
PES/NMP/AC Air-gap o o - .
(1%6) (em) GPU) (GPU) 200 GPU) GPU) 00N
25/25/50 60 46 4.6 10 334 1.9 17.5
30/21.7/43.3 40 34 2.6 13 26.5 1.1 24
30/3535 30 30 1.6 19 14 04 35

Table 5. Membrane Performance of Silicone-coated and Un-coated PES Hollow Fiber

Before coating After coating
PES/NMP/AC Air-gap A —
P P P Py pparent skin
wt%% cm CO, N, Co, N,
(1) (em) (GPU)  (GPU)  “C™N:i | (Gpu)  (GPU) %N thickness' (A)
30/35/35 30 30 1.6 19 25 0.6 40 1200
30/35/35° 30 14 0.4 35 12 0.3 29 2500

® Permeability of PES membrane: 3 barrer, " evaporation induced

Table 6. Gas Permeation Properties of PES Hollow Fiber in this Study (KRICT) and Reported Data in the Literature

[2,13,15-19]
Membrane Materials Temp. (°C) Permeance (GPU)  Selectivity ( Pco, /n,) References
6F-Du : 6FDA-Durene 25 1210 6.5 15
PEO-PI(1) : BPDA-PEO3/0ODA 25 16 73 16
PEO-PI(2) 25 29 53 16
PEO-PI(3) 25 69 33 16
PES(1) 50 62 28 17
PES(4) : KRICT 25 25 40 ;
Cardo-P(1) : PMBP64(4Me)-Br 25 1020 42 13
Cardo-P(2) : PMBP64 40 300 34 13
6FDA-2,6 DAT 25 120 52 18
PI/PES(1) : 20/80(Matrimid) 25 40 . 40 2
PU/PES(2) : 80/20(Matrimid) 25 60 39 2
PSF(Prism) 25 40 25 2
Ube(1) : BPDA 25 150 25 2
Ube(2) : BPDA PI 25 63 35 19

xo) MYHE DeRS W HHY PES FFAPEL W)

3 A

NMP/E Z3&dE
Acetone/NMP = 30/35/35 wt% YA
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