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Abstract — In this research, hollow fiber membranes were used in order to investigate to permeation and selectivity of
the CH, and N,. Polyimide and polyethersulfone hollow fiber membrane were prepared by the dry-wet phase inversion
method and the module was manufactured by fabricating fibers after surface coating with silicone elastomer. The scan-
ning electron microscopy (SEM) studies showed that the produced fibers typically had an asymmetric structure. The per-
meance of CH, and N, were increased with pressure and temperature. However, the selectivity was decreased with
increasing temperature. The permeances of CH, and N, were decreased with increasing the air gap and the effect of post-
treatment on membrane showed the increase in permeance up to 3.2~7.0 times.

Key words: Polyimide Membrane, Polyethersulfone Membrane, Hollow Fiber Membrane, Biogas, Gas Separation, Meth-
ane, Nitrogen
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2-1. 7[MEE% M H BE
2 AFollM= 7552 Ao H (dry-wet phase inversion method)
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o}oﬂu} [10-12]. S=328-9) 24 Bl S3AF Al 270 Table 201
el o FaAM: AlF WS o el Fare +=7[13,141°]
28] Mzaladet. Az SEAMRS XIS 713 $ SEAL
ure] 9 S ik A e flste] Euix|EE A3

Table 1. Landfill gas components

S-Landfill D-Landfill

CH, 404 38.6

Maior C CO, 28.8 29.9
aj"r(vg’l“j/f)"“ems 0, 142 2.63
N, 25.8 25.7

CcO 1.37 0.84

Pollutants H,S 114 162
(ppm) NH, 0.1 1.42
TVOCq 38.2 14.7

Benzene 8.00 2.16

Toluene 1.31 0.95
Hyd(mcilr;ms Ethylbenzene 0.101 0.088
PP Xylene 0.048 0.061
Chlorobenzene 0.041 0.000
1,1,1-trichloromethane 0.032 0.034

S CHYN,2| Fopdel: 54 499

Table 2. Dope composition and spinning condition for polyimide hollow
fiber membrane

Dope composition

PI 26 wt% PES 27 wt%

NMP 60 wt% NMP 68.5 wt%
Et-OH 14 wt% D.Water 4.5 wt%
Spinning condition

Air gap 0.5,2.0,5.0,10.0 cm

Internal coagulant NMP/water: 95/5 wt%
Post-treatment MeOH
Outer coagulant Tap water

Winding-up speed 10~20 m/min

Table 3. Specification of hollow fiber membrane module

PI hollow fiber membrane module

Dimension 50 mm x 355 mm
Strains of fiber 1000
Effective area 0.33 m?

PES hollow fiber membrane module

Dimension 50 mm % 355 mm
Strains of fiber 500

Effective area 0.27 m?

Operating range ~50 °C/~10 kgy/cm?

AnkA o w g f7]8mE ol8-sto] 218 == &1l X2k (post-
treatment)= ¥1-8-11] (poor solvent) B2 AEE sfo] ES o83k Al
2 Al Bro] YRS A shs B Sl = wdlelA Hof wEA 1
ZF o] 2] 327t A daiA)= 7)3% WReh= s alo] R
o] & 2t Hch4].

Az %5'—/\]- EIEE 9}30] 21238t & e defect 2 A = 5ol
uke] Q)i wol A&

2-2. CRIVIH|IE3} A

<5 gl oe wstel] mhE Hle W A4 G A FReE S
sl om Ty == Fig. 10 YERIITH13,14). @71 &
IH= 99.999%9] w gk} ﬂd\_(SAFETY GAS, Korea)= A1 2.
o, L zAe FY] 48k QES o]8dle] REY Tt 7pA9]
25 Fo] o]Fox £ AYE AN 7IAE FEA %

Closed Room

Bubble flow
meter

Hllf

Fig. 1. Schematic diagram of membrane permeation system.
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Table. 4. Experimental condition for mixture gas separation

Experimental conditions

Pressure difference 4,10 kgg/em?
Operating temperature 30°C

Gas composition

CH, 99.999%

Na 99.999%

(lumen side)® &3t 1L, vHE Sato] Fabe 71A9 fFEFe
bubble flow meters ©]-§3to] SIS} 7149 o= 4 (1)
= o]gste] LERdSIT
_ V(STP)
A(Ap)t
©7]4, P: permeance [GPU] (1 x 107® cm3(STP)/cm*sec-cmHg)
Ap: pressure difference (cmHg)

O

V: calibrated permeate volume (cm?)
A: effective area (cm?)

t: permeat time (sec)

Fahg 71A1] AEE @ay= el 9 71AE SHAA 54
St 7} 71A1e] FE vl gelett. Z, 714 Bell ot 71A] A<
B (o prs A ()8 ol AojEh & ATl 215, el of
3+ %L Table 40 YERYIL

P,
Qg = I_’; 2)

w-s Zot 7|A19] £ ol IS v F8 M 2%
o} srolth. 5L, 83 W FAATE semi-log TEEE Aol
A Ao o] MPAo R uigsitt S AlFES e
Arrhenius8 ©. 2 ¥AIE 4= TH25].
D = Dyexp—(E,/RT) 3)
S = S, exp(—AHs/RT) “4)

1714, Ed: &4t &3} o4 (kJ/mol)
AHs: 83l Q€3] (kJ/mol)
R: 7141447, 8.314(J/mol-K)

A (), @elA

P=S-.D=S,D,exp[-(AH,+E,)/RT] ()

o714, Ep: Tl thgt 233} o= (kI/mol)

3. AEdn

3-1. S2AEF M=

Fig. 2= A|x38t T3ARe] AalAFaH] 7 (HITACHI, S-4700,
Japan) AR O F FFAPES] whd U /ey F2E ERISHIY
[14]. PI-A(0.5), PI-A(2)?} PI-A(10)y= 2+ Z&]olu|=2 AzE
ko 2] L5 ko] Sexl= air gape UK Z 07, vhid o]n]x]
= &l 97 27 478, 4139 401 pm= YERGTE oA
Zo= AzxH ZTAMRI PES-A(0.5), PES-A(2), PES-A(10)2] £]
A& 247} 566, 558, 548 pmE VEE AT
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PES-A(10.0) (air gap=10.0cm, a-Cross section, b-shell side, c-lumen side)
(a) (b) (c)

Fig. 2. SEM photos of the prepared hollow fiber membrane.
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Fig. 3. The values of perm-selectivity as CH, permeance.

Tsble 6. Transport properties and molecular parameters of penetrant

gases|17]
Gas molecular data CH, N,
Kinetic diameter, dj; (A) 38 3.64
Collision diameter, d;_; (A) 3.82 3.68
Collision diameter, d,,, greveren (A) 3.76 3.8
Critical temp., T, (K) 190.5 126
Lennad-Jones temp., e/k (K) 149 71

Ebd Flolt}h PLA(0.5), PI-A(S)%} PI-A(10)2] Wgh F3 %=
0.23~0.78 GPUE e 21 PES-A (0.5), PES-A(2), PES-A(10)<]
gk Fuhes 247t 5,02, 2.249) 2.15 GPUCI TR A BI%(CH,/N,)
© PES-A(10)°] 1.48% 7 A Yepsdh. A S (CH/N,)E 1.5
olall=d o]y dt e gall-gat Ry} FalEo] BAdue] &
A= o] 7Fs31TH16]. Table 6014 Mgk} A A0] A} 23]
7d (Kinetic diameter)?} =4+ %527 (Collision diameter)©] 712 H]
3 2715 717 whitel] Ealmelld AL Ajolr) glom e vk
#8 AEes yvepdoh mes AaAE A S (Critical
temperature)”} Sto} H 7| 83l%7] 7] white] W FIEE LE}
e gl ol & S XA Zetth17]. 523t Table 704 E2]
ojn| =g} EToINAHE gg o]g3te] wgk) FAo) Fiw 2 A
Y (CH/NYE A7t Al wp2 wgke] F31%3= 2 GPU ©]
3k UERG O MBI (CHA/N2)YE= 1.31 oJ3t2 T 71419 Aes
£ w2 AoE AFEQlrH18-22].

Fig. 4~55 3398 2 £55 2 vghy) 2%0) Fahe 2 A
B (CH/N)E UERA Zlolt), Fig, 4= 30 °Coll ] A3k dvlz
A steo] St whet wleh} AA48] B B STk A

Table 7. Permeability and selectivity of gases into membrane

Permeability (GPU) Selectivity
Membrane References
CH, N, P(CH/N,)
6FDA-MDA 2.00 1.56 1.282 [18]
BTDA-BAPHF 1.14 0.92 1.239 [19]
PES 0.336 0.328 1.024 [20]
PES/PI 0.38 0.29 1.310 [21]
PES-Zeolite 1.32 1.27 1.039 [22]

183+ CH/N,2| Fopiels =4 .
(a) : I ! ! T T T
| |
=8
- ford ”1"’" ................
5r BT T _

Permeance [GPU]
£y

. ——e
PLA(D.5) e —e T pS
8 R - ST SRS Qe
Solid 'symbol: Methane
Open symbol: Nitrogen
0 L L L L 1 L |
3 4 5 6 7 8 9 10 11

Pressure difference [kg/cm,]

1.25 T . : T T T T
(b)
PL-A(0.5)

1.20 B

115 4

1.10 &

CH,/N, selectivity [-]

1.00 f i 1 1 I I i

Pressure difference [kg/cm,]

Fig. 4. The result of single gas permeation as functions of pressure
difference; (a) CH,(close symbol), N,(open symbol) permeance,
(b) CHy/N, selectivity.

TS Rl wEre] A9 S Ttel ek PI-A0.5)Y W
0.62~0.89 GPUZ 44% %7131 21 PES-A(0.5)d ] 5.02~5.92
GPUZ 18% 5713134t} o= &a-ght mdoflq 7]42] fale
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shof] wlg} PI-A(0.5)Y W= 1.09~1.192 9.2% S7lsh= 43S 1
W PES-A(0.5)Y = 2% Z71sIQit). ko] Z7)3to]| uje}
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, Adse] vl Hgko] "ol o] Fa} FYA FTHE0) Aot &)
ol MBI (CH/N,)E 78R 2 o2 YERit

Fig. 55 474821 10 kg/em® M 23} W vgka} 2
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2] A5E 31 log ZEZ Aol FHEE YERISITE o]
ARESE 212 (3~5)F o] &3St 257} S kel uet &) -Eat
BElo|A] Sl AlGTE AR PR Fibes Sk 250 571
shol] W} FatAlGel] P Wi wgky A4 A9 T
PI-A(0.5)¢} PES-A(0.5)% W S7}ak3itt. WFA ABE(CH/N,)E
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Fig. 5. The result of single gas permeation as functions of tempera-

ture; (a) CHy(close symbol), N,(open symbol) permeance, (b)
CH/N, selectivity.
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Fig. 62 Air gap & 8vllx| 3l w}E wghe)} A0 Foee) A
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9] A% Al gapo] 715 AT 4SS A (CH)
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Fig. 6. The result of single gas permeation as functions of air-gap; (a)
CHy(close symbol), N,(open symbol) permeance, (b) CH,/N,
selectivity.
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