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Abstract: In this study, the conditions of low temperature and high pressure of biogas upgrading process using poly-
sulfone membrane have been designed and tested to achieve the high recovery and efficiency corresponding to those of the
highly selective polymeric materials. Polysulfone hollow fiber membrane with 4-component dope solution was spun via
non-solvent induced phase separation. The hollow fiber membrane was mounted into a 1.5 inch housing. The effective area
was 1.6 m% and its performance was examined in various operation temperatures and pressures. CO, and CH, permeances
were 412 and 12.7 GPU at 20°C, and 280 and 3.6 GPU at -20°C, respectively, while the CO,/CH, selectivity increased
from 32.4 to 77.8. Single gas test was followed by the mixed gas experiments using single-stage and double stage where the
membrane area ratio varied from 1:1 to 1:3. At the single-stage, CH4 purity increased and the recovery decreased as the
stage-cut increased. At the double stage, the area ratio of 1:3 showed the higher CH, recovery as decreasing the operation
temperature at the same purity of CHs 97%. Finally, polysulfone hollow fiber membranes have yielded of both CH4 purity
and recovery of 97% at -20°C and 16 barg.
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Fig. 1. Cumulative reductions by sector and technologies[1].

1 A-i % _ Global CO, capture by sector
2 12

20509 BAZYL BER = LAvta pEoR g 1
A a9 F5E olgrollA s 77 A 9 z
YA H-E "7 9% ARohA ALoE AAHE :
A A A ol Tk fAalo] FobA AL Utk o] FellA] )
T 7 A ES AvE W Fabds 285 Al 0
L‘]X] *34‘}% %}73 1;% 7§Xﬂz—1 %%oﬂ/ﬂ 7]_xo]. ‘%‘_8_5_]_' EH 2019 2030 2040 2050 2060 2070
A oA 2o U 48T UckFig DI % s wierany
LH 94 Eﬂ]]—%,]—% %l—%@j- Al ;(H/\g o]]l;] ] %’ E3] %4’\_}%& B Other energy transformation @DAC
d71v strsedA 53 22 /714 #@VlES ol Fig. 2. Collection by emission source in the 2070 net zero
Hlo] 971243t A ALE oUAIZE o] LF oz emission scenario[7].
SR E FEetA dom, i AR el H
al AAgel ok #, M B ARFR ot & AHo] FIHIL ATH5,6](Fig. 2)[7].
S, QR SolAloh Sl wlo] 07hx8kE B ol wol o7t olsies, Mg 5o F2 74
Q72 Ego] ZTketa Ju2-4]. Il Hpo] L9 o] low, nEe| Flra, FF 9 AE4o] 23y
w9 oA} iAo x] &3 1139 toe/ido] BH o] ARk, A A(Cleaning)$} 112 8K(Upgrading)E %3l
A AT FA) YA & AFste] o] fEHE ML oF B gl FARE A%, I8 24, AFE d8 9
3.7%°) B33, AA7A Y vio] Q7o) g AL vl FE T O FEHE 388 4 3
F2 RAY &4 ALY 7fAEAS E3) AV t}. Hlo] Q72 o)alslEl A g B3 uESE 93
£ Aikske 7]go] Aol o]ef 2 Vs ALt A Hpel ks Bt ouA|9] oF 3~6%7F AREA]
g oA ZgAdo) FREE BAYL Qo) wad b W dlelesk Bl glo} nASE g A He
29| YHE= A3AA AR AUAE AHlska itk FI7VA7F 7V EoF 4% SUFE Kol Utk A
oA olu 20003 HE EU Z/1E FAlo= Al 2315 ulo] 9t olatgEa Bi r&RE F4H,
AYANIA BFHE EFGA AAYAT oF & 2, 2 el glom, HAVIE, Melew, Fd
BAE =9, Af7IR st wlo|ertAs aFEAS) 4 & sty AAsta itk 9 ey 71E
(2dsh3le FEAs B AA7k2 vl AA S 7l 234, 9, AYY 534 Rlasks o
o] AFg3l= 7% e 2 ARIE AdE T glon AUBE FEksEA| ot AluA] &l A, H7|E
747 4 7)o vlo) o7k TEAS ZTAES} A o] A WA WA FHOEA, T} A

Membr. J. Vol. 32, No. 2, 2022



142 Se Jong Kim - Sang Hoon Han -+ Jin Hyuk Yim - Chung Seop Lee - Won Seok Chang * Gill Jung Kim - Seong Yong Ha

7F vl ety R A ESTE 7hdetal A
33tol A 7k ﬂ;ﬂP—%J Aol IT8-11]. ©lel
wet 9] 9 oA FeHa FERH FAANA GE
gos A& AL 7}0}1 Rom, gollofa il
Me ZYEeE Egue o8 H}Oliﬂ* A A2
o] AskE dsta Aok Tl e vho] @7k a1
A3t A FAGESs 1YWt 71 olskel 10
barg ©]3lollA A-&3kaL o) T AI-S 20 barg?]
A ggellA 7|ERT I 5L 59 IFES A
o §R& & e FAVA 873t Qo] ol tig
Zle/NEe] E 83ttt
HPO]JMETH ek
Hho| QW EHS FEdte Y
o] 7} dtdolH, 2t FA
3 13]¢] 7|4 4508 FAH & 7
H8-S Ha4s & 4 e Aol Sl
2% T AE 93 #
g Helxo] ety Y 7159 ve
7171 0134" 34 FHE T
98% & 99% ooz =Y & St 7h
ZIARE Y 2 2e EE 5
A9 A2 o] ibstek Ay e M= 3
Eﬂ}\‘] E.g]o]u]l:;“ /\xﬂ o
R 7)o 3¢ LN 7Hss

AR Fed 1A 2 1A

=2

4 o
(98]
my)
o,
ox
lo
o oo
D‘E o
2
2 Fo =

o

=

©

s

rlo

¥ o

i) l"_,>_"

=

H 3,

- Ea rﬂqz B

:?L_‘,
2
R
©

o o

ol

E
o
mu)
vy
=)
rm 9
[
J
/kg
i
S
o

Fol hal vl

¥ 93ty ABg ), oldsuist vtk w3
SE exo) w2 PFL Wtk ol usheia
B HEEE 257} 44l mhe dolt v £x
7 We7bd BaEs fasid AuETE SR,
S eEoA ZEY S AA 9 &k 449
S AEEE Eo Y 88 9 58S Y
T ATh AL L Aau7kxs o] dstea I FH
B ofy2t Hlo] ek AAl MM E AR AW A
T7F A v glovt e 2AE o] &3 2 T
o det ﬁ] FEE SAO BEE ofHS
o, old wg} %2 I TS} e T 2
34 21& Mstad AL 8 sk 23S T
Fste ZAZHY sA e FA7ILA &t
=i o}

At} B ATAE ZeleE Bt A
A7 S
_(3_

mugel A 32 @ A2 3, 2022

2. & 4
21. Al A F 2 Aok

2 AFoA AHEE FE3A BT Sulo]AtY &
& E(Udel® P-3500)2 50°C c3AXQ A 1
Ax3 § Agsg o, A &4 Az A ALE
Su]2% BASFAF] 1-methyl-2-pyrrolidone (NMP)
Akt 3 A 28kt sk FEAL e
Q) WO ~31% P& #5+ tetrahydrofuran (THF,
b sleh e} of gk E(EtOH ARseh S Bx A7 glo]
ARSIATE FEA AIZRE T Bol &0 R8s 2
TE ARSI e, e '@71E st 100°C €
A F FLoE 255 "ojmy ARSI B2
o] 7|Al B3 EA HIIE {5t o]ibstekas) wiE
(99.99%, tE7}20)E Apgslgon, &3 7)Ae] %A
2 o|qkatE A B=40%:60%2] EAIAE ALESH]
SA3HA T

i e o

22. E3AL 22l M=

FEA B Al2E =X g2 u g &
o](Nonsolvent-induced Phase Separation, NIPS)H-S ©]

g3t TFA e AZEAT FYEE IEAE 24
AIZE wdkste] 48 5 EYEE T89S A
70°Coll Al 24A1%E o) E7)8t] = o] b7
AAsI AT B AFolA = Fig. 33 2& FASE 9
Fojzl WAL AR E o] &3t FEAE o
o, EXg8Ao] £ = 30 co/min, Ho]EH =
2.0 cc/min, ooJ7 30 cm ZHSZE ARSI olu|
Habe] ALREH 7]o]HE w29 2= 70°CE #-A|5
Ao, R 2 50°CE FASHAT. AFE
T 4847 A F A2 A xste] HF T34
e Azsdth Axd SI3A EEHY REEAE
Field-Emission Scanning Electron Microscope (FE-SEM,
philips XL30S FEG)E o]&ato] #2315t}

A

,1‘

%

Foll 2948 ol FA FAF £, FUd
48717 733t & RS Adste] Rejv 2E
SttHFig. 4). Alxd =ES FE A
o, BE A|Zo| AHEH ZFTA 2 Rt m
A& Table 19 A3t



Highly Efficient Biogas Upgrading Process Using Polysulfone Hollow Fiber Membrane at Low Temperature 143

Microfilter

Coagulationbath  Washing bath Winder

[Dope Solution] [Hollow Fiber Spinning Process]

Fig. 3. Schematic diagram of hollow fiber spinning apparatus.

24 7| Fnx B4

241, ST FREM 24N
GA7NA ZAFERES] S8-L Fig. 59 2o] T4

o ZAstHen 19ke Addd ARE e Ae

4

o BEHEEE SAsIATE ¥F REE 2Est

F 4E 0.5 MPaZ 7]A1E
st RES Fhske 7IAY S vEHE
Al (bubble flow meter)ZE Z43FAth 2+ 7149
FAEP)E FYFY FAF 4Eakap), 9H
A), FHHQ= 43t o] 2 (He=E Z 7|A
o] BREE AR, FHES TR 2 (2)°f Y
Bl GPUR E33tcth =3 2 (3)ol whet g 7]A)
i¢} jo] FHEe] HIE o] &3l MHAEE ALkttt
[12, 13].

[e]
pud

2

(b)
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modules, (b) Middle size modules.
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Table 1. Characteristics of Hollow Fiber Membrane and
Membrane Module (/1)
X 3
1006P  1512A (/L) 3)
0.D. (mm) 0.30 0.30
LD. (mm) 0.18 0.18 250 WE @A7|AY] FHREE o] §sto oo
Number of hollow fiber membrane (ea) 1,500 6,000 Arrhenius-Van’t Hoff #A|2 2 RE 2% ®slo]
Effective length (mm) 100 280 2 ZoeE £oue] ojitsieta E wgke)] oigt &4
Effective membrane area (m?) 0.14 1.6 3t qUAIE 4] @)E ol&ste ALtEdt P AE
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Fig. 5. Schematic diagram of single gas test apparatus.
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Fig. 6. Schematic diagram of mixed gas test apparatus. (a) 1-stage, (b) 2-stage.
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Table 2. Single Gas Permeance and Selectivity according to
Feed Gas Temperature

Temperature Permeance (GPU) Selectivity

°O CO, CH, @ (CO,/CHy)

-20 280 3.58 78.2

-10 304 4.95 61.4

0 327 6.71 48.7

10 363 9.2 39.5
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Fig. 9. Single Gas Permeance and Selectivity according to
Feed Gas Temperature.
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