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Abstract: In order to remove CO, from the DME plant process, we investigated the composite membrane with rubbery
polymers as the separation layer and its separation performance of CO, and H,. Hollow fiber membranes for supporting lay-
er were prepared by solution spinning method. In case of using PDMS as a separation layer, the composite membranes
showed the permeation rates of CO, were over 300 GPU and minimum CO,/H, selectivitties were 4.3 and in case of using
PEBAX as a separation layer, the composite membranes showed the permeation rates of CO, were over 120 GPU and mini-
mum CO/H; selectivities were 5.
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PA : Polyamide group (Hard block)
PE : Poly (ethylene oxide) or Poly (Tetramethylene oxide) (Soft
block)
(a) Chemical structue of PEBAX

CH3 CH3 CH3
| | |
-Si-0-Gi-0)x-8Si-0-

| | |
CH3 CH3 CH3

(b) Chemical structue of PDMS

Fig. 1. Chemical structure of coating material.

Table 1. Gas Permeabilities Data of Various Materials

PDMS Polybutadiene = PTMSP  PEBAX

(5] (6] (6] 3533[7]
Py 650 49 16200 15.2
Pic 350 303 6510 19.7
Pro 280 8.7 6757 72
Po; 600 24 10000 8.4
Pco 3120 134 33100 123
Poo/Pro 2.1 2.8 1.48 12
Peor/Pve 1111 15.4 4.9 17.1
Pcor/Pro 4.8 27 2.0 6.5

Permeability coefficient (P) : 10" cm’ + cm / em” - sec - cmHg
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Fig. 3. Typical p vs. t graph from Time-lag test.
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Fig. 4. Schemetic diagram of spinning process.
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Table 2. Gas Permeabilities Data of Various Materials

PDMS PEBAX 3533
Lite:[ga]mre I\f;;fge Lite[r;t]ture I\fggsge
(35°C) (20°C)
P2 650 577 15.2 20
Phe 350 311 19.7 22
Pno 280 243 7.2 6.3
Po> 600 517 8.4 7.5
Pcoz 3120 2860 123 132
Po2/Pra 2.1 2.1 12 1.2
Pco2/Pn2 11.1 11.8 17.1 20.9
Pcoo/Prz 4.8 5.0 6.5 6.1
Permeability coefficient (P) : 10" cm® - em / em® - sec - cmHg

Table 3. Gas Permeabilities Data of Various PEBAX
Materials (at 35°C and 10 atm) [4]

CO, H, N,  COyH; CO»/N;

55PEO/PA12

(PEBAXI1074) 10

15 2 7.3 55

57PEO/PA6

(PEBAX1657) 00

10 1~2 6.0 54

Permeability coefficient (P) : 10" em® - em / cm? - sec - cmHg
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Fig. 5. Structure of spinnerette for spinning.
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Fig. 6. Procedure of hollow fiber preparation.
Table 4. Spinning Conditions in This Study
Composition PEI/DMACc/IPA
Dope Temp. 25°C
Degassing 12 hr
Content Water
Bore Temp. 20~25°C
Degassing 1hr
Coagulation Bath Water
. Temp. 20°C
E(’)‘:lrd“lill(‘)’r‘: RH. 30~60%
Air gap 50 cm
Washing bath Temp. 20°C
Post treat- Washing Bath Temp. 20°C .
ment Solvent exchange 1 day in alcohol
Drying 1 day at 50°C
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Table 5. Gas Permeation Properties of Supporting Hollow
Fiber Membrane

N> per- O, per-
Membrane Coatin meation meation 02/N»
material & rate rate Selectivity
(GPU) (GPU)
Non 23450 21340 0.91
PEI
Coated 32.1 68.0 2.11
- operation pressure : 2 kgf/cm2
- operation temperature : 25°C
- GPU = 10® x cm’/em® - sec * cmHg
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‘ Development of supporting membrane | | Development of coating solution |

| Material selection for separation ‘

| Development of coating method |
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| Composite hollow fiber membrane |

Fig. 10. Development of composite membrane.

Fig. 11. Photographs of sample module (Size of sample :
#2 inch x L22 inch).
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Fig. 14. Cross-section of PEI supporting hollow fiber
membrane (x900).
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Fig. 16. Outter surface of PEI supporting hollow fiber
membrane.
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A wgd A FAT £ At ol FFA AAA
o WAL A w2 AEYE 53519 Coagulant9} Sol-
vento] W2 X130 Z Uehd Zlojgt AARHET. d81
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FTEAERY] R 29S YeRd Aolth (a)E x10,000
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Fig. 17& PEI AAA F3FAete] PDMS 28 A3}
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Aok =3, ZRFY FAe o 670 nmE SHE &
AR o= Wi FHHE Z-E FAH Yi &
Ao 8 Aol AsE IVZTY FA= G
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3.5.2. PDMS-PEI £3A &2t LT Alg

A ¥ PDMS-PEI &34 £35S DMA (Dynamic
Mechanical Analyzer)E ©]83}9 Stress/Strain curveZ
E4 AEE 3kATh AF2AE Pre-load force= 0.001 N,
Isothermal Temperature= 30°C, Soak time< 5 min,
Force ramp ratex 1.0 N/min, Upper force limit= 18.0 N
o7 &9ty Ad A3 Stress= 11.93 MpaZ 235
om WAl 7A=Y stress?! 10 Mpakth £
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Table 6. Gas Permeation of PDMS-PEI Composite Hollow
Fiber (at 25°C, GPU)

Pressure Poy/  Pcor Pcoof
P P P P
(bar) N2 02 co2 o po Py Py

1 30.7 654 321.0 746 21 105 43
2 321 68.0 370.0 77.0 21 115 48
3 333 695 3834 80.0 21 115 48

4 332 685 3941 813 21 119 48

GPU = 10® cm’/cm” * sec - cmHg
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Fig. 18. Gas permeation properties of PDMS-PEI com-
posite membrane with various gases.
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Fig. 19. Permselectivities of PDMS-PEI composite mem-
brane with various gases.
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Table 7. Gas Permeation of PDMS-PEI Composite Hollow
Fiber (at 25°C, 1 bar)

Module di-
mension Poo/ | Pcoo/ | Peoo/
cpaxpn | P | Por | Peox | P p i
inches

LPM 1.8 | 3.8 | 192 ]| 44
2.1 | 106 | 44
GPU 30.7 | 64.5 |325.4| 74.2

GPU = 10" em’/cm® - sec - cmHg

Table 8. Gas Permeation of PEBAX 1657-PEI Composite
Hollow Fiber (at 25°C, GPU)

Pressure Po/  Pcor/ Pcod
P P Pc P
(bar) N2 02 co2 H2 Pro Pro Pip

1 1.2 1.7 203 634 14 169 32
2 1.3 1.8 256 692 14 19.7 3.7
3 1.3 1.9 269 727 14 207 37

4 14 20 297 731 14 212 41

GPU = 10" em’/cm® - sec - cmHg

Table 9. Gas Permeation of PEBAX 1074-PEI Composite
Hollow Fiber (at 25°C, GPU)

Pressure Pos/  Pcor/  Pcod
P P Pc P
(bar) N2 02 coz P Pn2 Pz
1 1.7 7.1 1024 203 42 60 5.0

2 1.8 79 1082 214 44 60 5.06
3 1.9 85 1144 225 45 60 5.08

4 2.1 9.5 1286 252 45 61 5.1

GPU = 10" em’/cm® - sec - cmHg
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Fig. 20. Gas permeation properties of PEBAX (1657)-PEI
composite membrane with various gases.
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Fig. 21. Permselectivities of PEBAX (1657)-PEI com-
posite membrane with various gases.
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Fig. 22. Gas permeation properties of PEBAX (1074)-PEI
composite membrane with various gases.
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Fig. 23. Permselectivities of PEBAX (1074)-PEI composite
membrane with various gases.
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