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Abstract: Huge amount of CHs; mixtures has been emitted from landfills and organic wastes via anaerobic digestion. The
recovery of high purity CHs from these gases has two merits: reduction of green house gases and production of renewable
fuels. Membrane technology based on polymeric materials can be used in this application. In this study, asymmetric gas sep-
aration hollow fiber membranes were fabricated to develop the membrane-based bio-gas purification process. Polyethersulfone
(PES) was chosen as a polymer materials because of high CO, permeability of 3.4 barrer and CO,/CH4 selectivity of 50[1].
Acetone was used as a non-solvent additive because of its unique swelling power for PES and highly volatile character. The
prepared PES hollow fiber showed excellent separation properties: 36 GPU of CO, permeance and 46 of CO./CH, selectivity
at optimized preparation conditions: 9wt% acetone content, 10cm air-gap and 4wt% PDMS coating processes. With the PES
hollow fiber membranes developed, mixed CO»/CH, test was done by changing various operating conditions such as pres-
sures and feed compositions to meet the highest recovery of CHs with 95% purity. High CHy4 recovery of 58 wt% was ob-
served at 10 atm feed pressure for the 50 vol% of CO, in CO,/CH,; mixture.
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Fig. 1. Schematic diagram of spinning process of hollow
fiber membranes.
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Table 1. Composition of Dope Solutions from D-1 to D-3

Name Polymer (wt%) NMP (wt%) Acetone (wt%)

D-1 37 60 3
D-2 37 54 9
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Fig. 3. Schematic diagram of CO»/CH; mixed gas separa-
tion system.

o
>
oo
12
e e ofy

rZ L ojd
ol

o

o
=

>~
-

e lo
)
b
hu

_‘>L
i)
2 fo
oﬂ
_{

32
o,
wh
(e}

=]

L
it

ﬂt{

lo
N
(e
3
=
)
oft

%Hﬂ% Fig. 39 Uehd nie} 2
C (mass flow controller, MKS,
UsA)et E#&3 % %%" FEFEHS 4% MFM
(mass flow meter, Line tech, Korea) ¥ TE=Z4S& 9
g 7t~ a 2o Ed e 32 (gas chromatograph, GC, Donam
instrument 6000D, Korea) 181 ¢HxHEL 3
BPR (back pressure regulator, Tescom, Korea)Z T3
HATE FYUFE(feed side)d FIF-E(permeate side)
2 ZFFE(retentate side)?] %4H L LTE AAA
(PID controllen® #F1& + A st 355 4%
H20 e AolAgor AT A 71A
T CHy (99.995%, TG4H7E2)ek COx (99.9%,
FuhE AsAAT. EPs vge 2
MFCY| +Hl & we} 24 7hsstA T4 &
Wi BeAEe wolestael CHSL COol NI
Fasted 50 ;509 EREE FERAES FAE,
2(25°C)F A-(10°C)llA 1, 4, 7, 10 71%+9)
dEEA sl FEREFe 2Hstd F83
%)-"4 Wstel| wet 2HFS

feed

m

-+

01)4 rr

[e]
R

¢l stage-cut (9=

mugel A 21 A A 4 3F, 2011

. MzEzZ(otME &I
e E2(0[MAE

ol AMENCH

X =L

oA ES] A7l WE CO, CH,O FHEA W3
HAb o] 2 2 sla]l PDMS coating A3 E W w3}
Fig. 4o YelNlth. Fig. 49 (a)ollA HE uhel 2o
PDMSZE FH3}7] o]79 PES FaAMS ofAlE<]
ko] 3 wi%ol A 9 wit%, 15 wit%Z Z7hgo] what
HARES] 1 emollA CO»9 CHyol B3 EE 66 GPUO
A 17 GPU 2 16 GPUSA 1 GPUZ 7433t} Fig.
49| (b)ell Al UeRd vle} Zo] IH o]Zo = CO, £}
7} 53 GPUYA 12 GPUZ CHs= 2 GPUYA 0.3
GPUZE 7Z+aatith. ofAlE ol 9 wi%d 735 COy/
CH; A8 E& Fig. 4 (o)A UEhe nie} o] WAL
=017} 1 emolA] 10 emE WAHALS o) FE o]A 5
oM 142 F7HAIL (o e nhel go] = o]
Tole 2394 4602 ZF718ATh olE Mo
Hl gl H7lAl ofAd|Eo] FEkEo] n 1 ¢
87 W& Ao = AFHET20]. Fig. 49 UE}
W nle} o] Mhabzol 7t 10 em$l 75, ok ES] gk
o] 3 wit% (D-DIA 9 wit% (D-2)E 71842 IH
A, & BF FRE9 7‘*9} MEEe] F717 B2y
AA T 15 wt%2 Owl D34 Lol =
COz/CH4«] ez 7} 7 & 2= 99
t}. o]& Fig. 594 e H}Q} gol OMIE 9 Wi%ZE
23t D2 S3AEY HAFEC]7E 1 emol A 10 em
2 wolgol wat AeFo] 200 nmz W &5t A
HHA, 15 wi%] oM E H7bES 4 %— g3 =
| ob

HEAHEO

=

SSAEe| -’.-_“-4“-7 RS

, &2|1Z =)ol
s}

MRS
S

b

ﬂm

E
FioT

I

=

(o3

o
N
=

o r

J../H O

O{N
o ©
E

2 lo r_u

o o 4

=R ]
o &
2

b

N,

o

Job o O fIF ox O _13:

o

U

=

e o

9 wt%2] opAlE
A+ 5 PDMS
HNEEE YEh

(i py wo



Permeance (GPU)

Selectivity (o)

At 7xo] ZEjolAdE ZIAEE S

80

60

40

20

50

40

30

20

10

—f- CO, at 1em
F ~>~ CH,at1em
—@- CO,at 10cm
—7- CH.,at 10em =
o
r o
@
- o
=
<
o
3 £
S
| o
L I . I
o 5 10 15 20
Acetone content (wt%)
(a) before coating
=X 1em
< 10em
=
B =
=
°
- ()
K
| »
L | L | L | L

10 15

Acetone content (wt%)

20

(c) before coating

T Az B o] E o] &3 CO/CH: #E5A

80

60

40

20

50

40

30

20

10

371

M- CO,at fem
>~ CH,at fem

—@- CO,at 10cm
&~ CH,at 10cm

5 10 16
Acetone content (wt%)

20

(b) after coating

— 1em
—F 10cm

5 10 15
Acetone content (wt%)

20

(d) after coating

Fig. 4. The effect of acetone content on permeance and selectivity at different spinning height before coating and after coating.

air-gap
1 cm

air-gap
10 cm

SEM HV: 2000 kY
View ekt 72.23

W SEMMAG! 3,00 k.

=
Dot SE

20pm

(a) shell side, 3 kx

SEM MAG: 2.00 kx
Det sE 20mm

(d) shell side, 3 kx

(e) shell side, 30 k

(f) shell side, 80kx
apparent thickness, 200 nm

Fig. 5. SEM images of shell side of PES fibers as spun at air-gaps of lem and 10cm with D-2 dope solutions.

S
¥l

Aol
olA A

EF71A 2 EFVIA Y FEYEA BT

skt

SR

e

=

Membrane Journal Vol. 21, No. 4, 2011



372 Ry
35
40 4
— i -{ 30
|
o 30| —_
8" . |
P L — —u 2
2 425 2
S 8
E . o
5 L ]
10 - 20
0 é\—‘ 1 1 =] 1 I 1 '—.A—‘ 15
0 2 4 6 8 10

Pressure (atm)

Fig. 6. The effect of pressure and temperature differences
on permeance and selectivity at 10°C.

3.2. PES Z3Alate| 247/xg xest ZHzA
A7|Mel 2ot ¢4)of mE Tz Y &
5}
oME 9 wi%E Ffrote D2 WAHEHE 10 cm?]
‘C‘o”PEOMW HhAbske] 4 wi%] PDMS ZE LS A3
A COo/CHy AEE7} 4605 7H
?MZM S=9} ot Wil w2 A
3lo] wet Azxd ZPolMAHE FFALY
A FIEA4 L Fig. 60 YERRSITE F971419)
1, 4, 8 atmS.Z F7}gH| we} COo, 9 FH=
SHAA T CHyS EA =& vuetAl S713hH
Felo] kgt whet Ao Wt gle AL
. o= o] Fopyo| wet wiAbeto
7 =2 FA7IAQL olitslgae AeE 7tAs
2ol JERARE wgke] 7 °—t— 740
2 o g e =st @
=3

o>4-lo

o r4> b

lo 3@

k

5
o},
il

rir
o XN

b oofN 1 )y AL ot
[e]

e
ofp
SO TSN

I}

rlo

e

3.3. PES S3At 22

Z2dol| o ekl

3.3.1.

i)
i
kA
!
B
2
_E

rn
2
m

B

T

Ao ALgH EEolAA
wt%2] oM EE i3 WAE A
oA A ZHo] 4wt%2] PDMS FH S
MU T} 4602 7HE & T3ALS

magoel, Al 21 @ A 4 &, 2011

AHE
100
°f O/C/O
< 60
> L
=
& 40|
20
—O— 1 atm
B -.- 10 atm
0 1 1 1 | I |
0.2 04 06 0.8
Stage-cut
(a) CH4 purity
100
80 |-
=
& 60 |-
>
™
) B
>
Q
g 40}
3
20 |+
—O— 1 atm
B —.— 10 atm
0 1 | 1 | 1 |
0.2 0.4 0.6 0.8
Stage-cut

(b) CHs4 recovery

Fig. 7. The effect of pressure differences on recovery and
purity of CHs as function of stage-cut at 10°C.

ZZAY RES AL Fig. 79 AzE FF
AF BES o] &3 10°ColA 50 @ 50 EEE9 CH, :
CO9 2AQHE 7 e FF7t2E tde= stage-cut
< 0914 1AelR 2AE Y gE R we F

CH,9 §&5¢ 3+&9 ®¥sE veu o Stage cut
ol 0cllA 19 7WHEFE ZFF CHo $5+¢ 1 am

ANA 63, 72, 74, 83%, 10 atmol A 76, 95, 99%E o}
A1 CH49 3488 1 amolA 91, 72, 60, 41%, 10
atmol A 86, 57, 36%= 217 Yol EAS ey
AT} o]+ stage-cute] 09A 19 7M7h-&F= -EriJr%g
R 52¢ ¥ AARR eg7ts o4



Al xo] ZElolAAdE Z1AE

80 -

60 |-

40 |-

Purlty )

20 H

0 1 | I | I | I | 1
0.4 0.5 0.6 0.7 0.8 0.9

Stage-cut

(a) CH4 purity

Fig. 8. The effect of temperature on recovery and purity of CHy

Bl AAMY COyl CHE Y BTy go22 E3
208 COyt o Bo| FHHER IFZ CHy 5
E3 #wslo] w2

b oA AR Awd & Qo ¢

HEAFL Fig. 794 YeRd vkt Zo] stage-cut©]
SY W CHY 59 3482 1 amolA 71%9F 70%
ZAoZ YeEgon 10 atmol A= 80%9t 78%E ¥

Fe] 1Tt Stage-cute] 0.7%) A% 4ol 1 atmolA 10
amZz sl et CHio 35E% TEv 82%,
46%N A 95%, 56%=E 10 atmol A ZFZ= CH,Y %
T} 3ol A YEhdS #ESAT ol 4EY
oo wet BREE e A gty 5
2 Bt A5l wet F

2 ©
i
ox
4

L
2
Lo
|
E 4
o

o b

Fig. 89 10 atmd}o] 10°C$} 25°CelA stage-cut2]
W3t @& CH, 0159} &S (a9 (b)oll 22 Hl
wate] JeERT. 392571 10, 25°C B5 stage-cut
o] F7tgl wet Xﬁr%— CH,9 s5& 2718y, 3
FEE aste 208 AFHAJY. Stage-cuto] 0.5Y
785 10°Col A 25°CE 2571 e wet CHyo
FEE 8% A 15%=, JFEL 79%A 14%=E @
o}x o1, stage-cut®] 0.7¢1 7-$- 10°ColA 25°CE &
St deded wel CHy 5 95%1A4 92%Z, 34

& A Az H olE o] 8F CO/CH; EESA 373

100

80

60

40 |

Recovery (%)

20
.j‘

||
i

5]

1 < @

0
0.4 0.5 0.6 0.7 0.2 0.9

Stage-cut
(b) CHs4 recovery

as function of stage-cut at 10 atm.

£& 58% A 53% L}E}
$o Aed § 22 %
o2 YERT ol &%
=] o}

w5

el
9} 3
9

A4S CO, : CHy 20 : 803} 50 : 50 BE&
3k, stage-cutS 094 1744 §}/\]7]Eﬂ CH4
9} eES AASIY. 50 EEEY #
Be Ze 7, stage-cut©] %7}&01] w2} CHs9
= 76%01“1 100%% Z7}8tA T 3482 86%9)
6%% FAdte ASE YERT 80 : 20 =R &
ol A$oE stage-cute] ZF7lol wel CH,e F&E&
90%1 A  100%E F7F8tAAT 3]FEL 73%00A
29%E FHaste AC0E Uyt B3 22N o
gzo] 25 o FY=HY CHy FFol =& A5

- =
&2 Yol = Aoz BEHIUH.

l‘Em

Membrane Journal Vol. 21, No. 4, 2011



374 B E - QHE

Table 2. System Configuration of CH, Purification Membrane Process at 25°C
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