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º £

7�Òï 7/V¢ V�~ �>Ë~ö �>V� ê«~� �»� hybrid �Ê�j �Ï~� �Özê²~ ªÒÁ²>ö

&� ��¢ >¯~&
. ªÒÎN� Ö>� 7�Òï 7/V¢ BB~V *� 
·� ��' ßWj &æº PVDF, PTFE

5 PP 7�Òïj �Ï~� b� VÚ 5 �>B Fï �~ Ú*��ö V� �Özê² B�ÎN ßWj �Ò~&
. � Ö

" 7�Òï 7/V& V�~ Ïê �>÷ö j� � V-�*~ 7/�'b� �� ªÒÎN� ¸~b�, � 7öBê PVDF

7�Ò ï� n;B V-�*~ ê�j Fæ�b�B 
� 7�Òïö j� Ö>� ªÒÎNj ¾æÚî
. 6�, �>B~ «

~(H2O, K2CO3, MEA)ö V� �>WËj �Ò~�, CO2-MEAêöB ' 7�Òïö &� bî*� ßWj jv~&
. �

Özê² ªÒÎN, ãBW, bî*� ßW �j �J~�, MEA¢ �>B� ÒÏ� ãÖ, PVDF 7�Òï� ï 7/V�B

&Ë '�� ©b� V&B
.

Abstract − Membrane contactor-stripper hybrid process was used to recover CO2 from the flue gas. Porous PTFE, PVDF, PP

hollow fiber modules were used as the membrane contactor. The CO2 was removed by the porous polymeric hollow fiber

membrane contactor using H2O, K2CO3 or monoethanolamine(MEA) solution as the absorbent. Then, the CO2 was recovered

from the absorbent by the thermal stripping tower with steam. The membrane contactor increased the gas-liquid contactor area

and mass transfer coefficient, and thus the hybrid process showed a higher CO2 removal efficiency than the conventional

absorption tower. PVDF module with smaller pore size showed the most stable gas-liquid interface and the highest removal

efficiency among the hollow fiber membrane contactor modules.

Key words: Membrane Contactor, Carbon Dioxide, Hollow Fiber, Gas Absorption

1. B �

N
Î"ö ~� æ� NÂz *çf, ¶�'� ö.ævª O�~ Û

B� �� Vêæz¢ FB~�, ��� Vêæzº Vç�æ, ;>ï

æz, �>� çß �j .¾~� �ï�/, >¶ö�/, �*�; �

��êf Ò²ãB' ª¢ö ò�Ò > ìº 'Ëj �� ©b� .Ò

>� ®
. ��� ö�� >º �B&ç N
&Êöº �Özê², z

ê, jÖzî², "®zê², >²®zê², G®z� �� ®æò, �

7 �Özê²& *Ú N
&Ê VÂï~ 80% �çj Næ~� ®b

�, "� �*�ÿö ~� �*'b� VÂ>� ®Ú �" ^ê Vêæ

z 7£ �öBê �B& êÏ® º�>� ®
. Öë��ç zC�ò

¢ " ö.æöb� ÒÏ~� ®º ÖÒ¾¢~ ãÖ æ�NÂz*ç~ "

º�¢ � > ®º N
&Ê 7 �Özê²& 87.7%¢ Næ~� ®
[1].

V¢B �Özê²~ &ï B�öb�¦V �Özê²¢ ÎN'b� ª

ÒÁ²>� > ®º ªÒ�; VFf �Ú~ Öë�� �^f �B'

�Bö &w~V *� j>'� VF�� �¢ *� ãB'b� Ö>

~� ªÒÎN� ¸f �Özê² ªÒ�;VF BB� jº~
. ��

� �Özê² ªÒÁ²>VFf � ¾¢~ *Û' ��VF�¢ "

> ®b�, Ëê Fê�~ VF�* Vb � ôf ÂB& ®j *��


. V¢B �Özê² ªÒÁ²> VFf �Ú~ Öë�� �^f �

B' �Bö &w~V *� j>'� VF��, �¢ *� VFBB�

'� jº~
.

�Özê²¢ ¾Ò ¯ ªÒÁ²> �j ~º VFf CFz��ë,

Â�&Ê~ ;B, �Ò� zÎîj �W �ö �� 'Ï>� ®
. ��

¾ ��� ªÒÁ²> VF� jçf FV'��ê ��'� Úê¢

<ºæ á~&b�, 6� z× 7º� ©f B�>º &Êö &� ¾Ò

¢ &Ê~ B�öö V¢ -.¢ 
�, Nê, {K, &Ê~ ³ê 5 «~ -

� ¾ÒO»j �Ò 'Ï�¢ �
º ©�
. V�~ �Özê² ªÒ

VFöº �O», �>» 5 ªÒï» �� ®
. �>»f �� J¾
†To whom correspondence should be addressed.
 E-mail: khlee@krict.re.kr
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*¦V VÚªÒ�;ö ê«>Ú *Òº ¢� � ­­ Fê�öBº z

KB*² 5 BÆ²f ?f �Özê² &�* VÂöö 
B 'ÏB

.& ®
. VÚ~ ªÖj V>b� ~º �>»f VÚ¢ �çö ªÖ

�Úb�� bî*� ³ê¢ Ã&�Ê� ÿ�ö V-�*~ 7/�'j

9®J �z
. ��¾ V�~ �>Ë~º V-�*~ 7/�'j ;{

~² êÖ� > ìbæ� Ë~& jº �çb� "&~² JêF > ®

b�[2-4] 6� �Ú~ º²(flooding)*ç�¾ Þ~(channing)*ç ��

B�~� �Ú¾ VÚ~ F³ö B�j "º VF'� �6
j &æ

� ®
[2]. 6� ïªÒ»ö ~� �Özê²~ ªÒVFf �>Á�

Oö j� ö.æ ²Îï� 'Ú ãB'�æ� ��" ¢� � ¢¦ F

ê�öBº *Ò 
Ïz �êö ®b¾ ªÒïj �Ï� �Özê²~

ªÒÁ²> �;j z× ÎN'b� ¯~V *�Bº ï~ R"Ë 5

F�Ë Ëç, ï~ >«, BïW �~ Ëçj ¦�¢ �
. ��� �>

»" ïªÒ»~ �6j �j~V *� O»b� bW�Ê�� hybrid

�;j 
 > ®
. Hybrid �;f �>»~ �>÷j 7�Òï 7/V

(Hollow Fiber Memebrane Contactor, HFMC)� &Ú� �;b� � �

Ê�j �Özê² ªÒ 5 ²>ö 'Ï� ãÖ 7�Òï ÚöB~ �

Özê²f �>B*~ n;'� V-� >w, 7�Òï~ � FÎ ��

', �Ò� scale-up~ Ï�W �" ?f ôf Ë6
� �~� Ö>�

ãBW" ¸f ªÒ ÎNj V&� > ®
[5, 6]. V¢B scale-upB b

W�Ê�~ ãÖ &�Î �Özê² VÂöö 'Ï &Ë~� zKB*

², BÆ �Ë, �~Þ �Ë 5 CFz� &N plant VV&Ê 7 �Ö

zê² ªÒÁ²> 5 Â�&Ê ;B, bio gas ;B, jF �; � Væ

VÚªÒ~ V> VF� �Ï� &Ë� ©b� .çB
.

7�Òï� V-� 7/V�B ��j ~V *�Bº ^� �V, V�

�, ��' 5 z�' bW �� Ïª® �J>Ú¢ò �
. � ��ö

Bº ï 7/VÏb�B Î"& V&>º PP, PTFE, PVDF 7�Òïj

�Ï~�, Ö>� CO2 �> B�Ï ï 7/V Îîj BB~�¶ ~&


. ' 7�Ò ï Îîf î� �;" �þ �³ B~�b� Ú*~�B,

�>B~ «~ 5 b� VÚ, �>B~ F³ � ' �; æ>ö V�

CO2 B� ÎN 5 bî*� ßWj �Ò~&
. 6�, V�~ Ïê÷ö

~� CO2 �> B� 
þj Û� ªÒÎNj ï 7/Vf jv ï&~

&
. 6� ��� ��Ö"¢ Æ&� 99% �ç~ CO2 B� ÎNj á

j > ®º bW�Ê� �»j *� &Ë '.� 7�Òï 7/V¢ F

; ¦Æ~&
.

2. 
 þ

2-1. �> Îî

� ��~ CO2 �> �;öBº ï 7/V� PTFE (Polytetrafluoruethylene),

PVDF(Polyvinylidinefluoride), PP(Polypropylene) 7�Òï Îîj ÒÏ

~&b�, WËj jv~V *~� 1/4" PTFE rasching ringj Ïê�

V�~ �>÷ Îîj ÒÏ� 
þê >¯~&
. ' �> �; Îîö

&� ¶^� Ò�j Table 1ö ¾æÚî
. Ïê÷öB~ 7/ �'

(contact area)f Ïê Òò� raching ring~ ��'j ¾æÚî�, ï 7

/V Îî~ 7/ �'f ' Îîö ÏêB 7�Ò~ ��'" V��

�¦V êÖ� 8
�
. � ��öB ÒÏB 
�W 7�Òïf Îv

²>W(hydrophobic)��, ^� �V 5 V�� �~ ��' bW�öB

N�¢ ��� ®
. &�W(symmetric) 7�Òï� PTFE, PPfº 


�², PVDF 7�Òïf j&�W(asymmetric)b� V�� 5 7/�'

j ç7'b� êÖ� >& ìî
. ' Îîf 
þ
 �Î�B j�Ú

� housing >îb�, 7�Ò ï Îî~ B· ";f �*~ ��ö ¶

^® ��>Ú ®
[7, 8].

2-2. î� Îî

�>ÎîöB �>B& �>� �Özê²¢ îO~V *~� V�

~ �;j "��~� î�÷(stripper)j J~~&
. î�÷f FÒ�

B·~&� ��f fê. ê�;�¢ ò
Ú ��Î"¢ ¸&b� �

~ vªj &V� > ®² cj ò
Ú FÚ~ vªj £² &V� >

®² B·~&
. î�÷b� F«>º �Özê²¢ �F� �>Bº

îO~ ÎNj ¸�V *~� F« 2�*ö heating band¢ J~�b

�� ¸f Nê(80 oC)¢ Fæ�B "î
. �NöB �>B~ ÃBj

�²z~V *~� î�÷ ç¦~ VVGö w»V(condenser)¢ J~

~&
.

2-3. Hybrid �;

' Îîj �Ï� CO2 ªÒ ²> 
þf Fig. 1ö ¾æÞ :f ?�

�>-î� �³ B~� �;b� >¯~&
. N2 : CO2=75 : 25 vol%~

b�VÚ¢ ï 7/V Îî~ ~¦öB 7�Ò ÚG(tube side)b� �

/~&
[1]. �>B�º B>b(distilled water), 5 wt%~ monoethanolamine

(MEA, Junsei chemical co.) 6º 5 wt% K2CO3(Junsei chemical co.) >

Ï�j 7�Ò �G(shell side)b� �/~&
. 7�Ò ï~ z� �>

Bö &� Ú£®W~ ¦Ã� ¦�~� 
B ÒÏ>º �>B ³ê�


 Ô² J;~&
. 
N~ �/ b� VÚº 100-700 cc/min, �>B

º 12-60 cc/min~ º*öB '' Fïj æz�Ê�B CO2 B� ÎN

j �Ò~&
. �>ÎîöB �>Bf öò&Ê& 7/~� CO2ò F

�'b� �>>� ¾^æ &Êº �>Îî~ ç¦� VÂB
. CO2¢

�>� �>Bº ²*¢ �Ï~� &�B ç�� î�÷b� F«>Ú

CO2¢ îO�
. �r, îOB CO2 &Êº î�÷~ ç¦� VÂ>�,

� ";öB �>Bº Ò�>² >º�, î�÷ ~�öº ¢¦ îO>

æ pf ªÒ &ç&Ê¢ j*® îO~V *~� ÒjV(reboiler)& J

~>Ú �>B¢ Ò��
. &�B Ò� �>Bº ï'B ê 
� �>

Îî� "«>Ú CO2¢ �³'b� �>, ªÒ~² B
. ' �>Bº

heating band¢ ÒÏ~� �> Îî «�öB 30-40 oC, î�÷ «�ö

Table 1. Dimension and properties of absorber modules

Packed column PTFE module PVDF module PP module

Diameter(m)
Length(m)
Surface area(m2/m3)
Contact area(m2/m3)
Volume(cm3)

0.027
0.2
710
710

114.45

0.02
0.23

1339.5
937.64
72.2

0.02
0.23 m
1488.1

-
72.2

0.02
0.23

2855.29
1998.7
72.2

Fiber I.D.(µm)
O.D.(µm)

Pore size(µm)
Porosity(%)

Packing density
Number of fiber

1000
1913

1
70

0.64
70

830
1070
0.03

-
0.4
139

250
550
0.25
70
0.4
519
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B 80 oC� '' Fæ~&b�, î�÷ ~¦öº 105 oC~ reboiler¢ J

~~&
. ï 7/V ÎîöBº Vç(tube side)" �ç(shell side)~ {

Kj needle valveö ~� 2-4 psig º*öB �.~� n;B V-� ê

� ;Wj Fæ~�B �> 
þj >¯~&
. �>Îîj Û"~�

¾Jº VÚ �Wf TCD-GC(GC-14B, Shimadzu)� ªC~&b�, ;

ç ç�öB 20ª *Ïb� 10² �ç auto sampling~� CO2 B�Î

N 5 �>ïj êÖ~&
. VÚf �Ú~ Fï� �;B ç�öB £

4�* &ï �³'b� samplingB 10B�ç~ data& JNº* 5%�

Ú~ 8� �³'b� ¾æâ r~ 8j ï�~� CO2 B�ÎNj Ö

;~&
. ¢;� VÚf �Ú~ Fï~ ��öB ¾rö samlpingB

8� �³'b� ¢;�j ¾æÚº ©f î�÷öB CO2& j*® î

OB
� " > ®
. ��æ� �VB~ Î� Ö"
f î�÷öB �

Özê²& j*® îO>º ��öB Ú*~&
. ' 
þö &� �

ÖW Ëçj *�, Ú* ��� :: rî
 ' Îîf Ïª® ^¿, �

�~� ÒÏ~&
.

3. bî*� ��

7�Ò ï 7/Vö ~� V-�*~ bî*�öBº Fig. 2ö ¾æÞ

©" ?� VÚ ãï, ï~ V�, �Ú ãïj Û� �ÿ�
. ''~ b

î*� flux, Nf 
r" ?� ¾æâ > ®
[5].

N(nπdi)=KL(nπdi)(Pg/He)

N(nπdi)= EkL
0(nπdi)(Pi/He)

N(nπdi)=(kM/RT)(nπdo)(PM−Pi)

N(nπdi)=kG(nπdo)(Pg−PM) (1)

�VB, kL
0, kM, kGº '' �ç, ï, VçöB~ bî*� ê>[m/s]¢ ¾

æÚ�, nf Îî~ 7�Ò B>, di, doº 7�Ò~ Úã" �ã[m],

Pg, Pi, PMf '' Vç, ï-�ç ê�, ïöB~ �Özê² ª{[kPa],

Heº Hennry ç>[m3 · kPa/mol], Eº enhancement factor[-]¢ ¾æÞ
[5].


�W 7�Ò ï 7/V¢ Û� V-�*~ bî*�öB *Ú &�f


r �" ?� ¾æâ > ®
.

(1/KL)=(1/EkL
0 )+(1/kM)(RT/He)(di/do)+(1/kG)(1/He)(di/do) (2)

�ç C*bî*� ê>(KLa)[s−1]º 
r �ö ~� �~&
.

KLa=R/(∆PLM/He) (3)

Rf CO2 �>³ê[mol/s · m3], ∆PLMf VçöB CO2~ ��ï� ª{

[Pa], Heº Henrry ç>[Pa · m3/mol]�
. �>B Fï 5 VÚ Fï

æzö V� ' Îî~ bî*� ßWj �Ò jv~&
. ¢>'b

� VÚ F³� ��'b� Ìæ pb�, VÚ ãï &�f 
� &

�ö j� Z� &Ë~
. 6�, ï 7/VöBº 7�Ò ï~ V�

� Vçj Fæ~º ��öB Ú*j �b�B V�öB~ bî*�

&�j 6²�Ò > ®
. ¯, V-� ê�� 7�Ò ï~ �çG ��

öB Fæ>ê� ~º ©� bî*�ö FÒ~
. � ãÖ, 
�W ï

j Û� bî*� ê> kMf 
r �" ?� "� ^�~ ��' b

W8ö ~� Ö;B
[10, 11].

kM=Deε/(τt) (4)

�VB, Deº �Özê²~ {Öê>(effective diffusivity)[m2/s], εf
V��[-], τº V�~ ��' ê>(tortuosity), tº 7�Ò~ vþ¢

'' ¾æÞ
. ¢>'b� 
�W 7�Ò ï~ V�� Vçj Fæ

~º ��öBº kM� £ 0.012-0.077 m/s ;ê� rJ^ ®
[5].

7�Ò ï V�� Vçb� jòæº ��(gas-filled pore)�¾, 6º

�çb� jòæº ��(liquid-filled pore)f 7�Ò ï~ z�' Òî"

V-�ç Ò�~ bÒ' {KN�ö ~� Ö; 6º FæF > ®
[6, 9].

� ��öB ÒÏB 
�W 7�Òïf Îv ²>Wb� �>Bö &

� <rW(wettibility)� ÎÚææò, ^� �Vö V¢ � ßW� �¢

î > ®
.

4. Ö" 5 �V

4-1. �>B~ Nê'Ë

PTFE Îî" PP Îî~ CO2 B� ÎNö &� z�' �>B MEA

~ Nêö &� 'Ëj �Ò~� Fig. 3" 4ö ¾æÚî
. �>B Nê

& 10 oC çß~� vï Îv CO2 B� ÎN� 10-15%;ê Ëç>î


. z�>wj ÿ>~º j"ê z� �>B~ ãÖ Nê& ¸j>�

z�>w ³ê& Ã&~� CO2 �>ï� ôjæº ©" ¢~�
.

4-2. �Özê² B�ÎN

CO2 B�¢ *� '.� �>B~ F;j *�, Ïê÷j �Ï� '

�>Bö &� CO2 B� ÎNj �Ò~� Fig. 5ö ¾æÚî
. ¢;�

VÚ FïöB bö j� K2CO3~ CO2 �>ïf 1.5V ;ê ̧ ~�, MEA

~ ãÖº £ 20V �ç~ ç�® ¸f CO2 ¾Ò ËKj ��� ®
.

£ 90%~ CO2 B� ÎN º*öB, K2CO3ö j�B MEA £ 1/5 ;

Fig. 1. Experimental set up for CO2 recovery process using absorption.

Fig. 2. Film model for mass transfer accross an ideal non-wetted mem-
brane.
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ê~ Fïb� 10V �ç~ ôf CO2¢ ªÒ ²>~� ®
. ZVê~

�>Bº �/� Ï�~æò j"êö j� CO2 B�N� Ô� >Ç&

5 Îîö CÂ>º ^B6� ®
. z� �>B�B �Özê²f~

>wW" �>B Ö� �Özê²~ �>ï� ·^� j"ê �>Bº

¦�W" ÃB� £² B�~º ^B& ®æò, ·ë Nê 40 oC�~,

MEA ³ê 25 wt%�~~ ��öBº �² ^B& >æ pº ©b� r

J^ ®
[12].

z�' �>B MEAö &�B PTFE, PVDF �Ò� PP ï Îîö &

� CO2 B� ÎNj Fig. 6ö ¾æÚî
. ¢;� �>B Fïö &�

�>ËK� �êö ��� � �êöº VÚ Fï~ Ã&ö V¢ ÎN

� 6²~� ®b�, ¢;� VÚ Fïö &�B �>B~ Fïj Ã&

�Ê� �>ï~ Ã&ö ~� ÎN� Ã&~º ãËj ��� ®
. ?

f �>B Fïö &�B PTFE Îî �
 PVDF Îî" PP Îî� £

2V ;ê~ CO2 ¾ÒËKj ¾æÚ� ®
.

4-3. �* ¦b 5 ��'� �>N

' �> Îî~ CO2 B� ËKj jv~V *�, �>B� MEA¢

ÒÏ®j r, ' Îî~ �* ¦b� CO2 �>ïj Fig. 7ö ¾æÚî
.

7�Ò ï ��öB n;B V-� ãê�� ;W>º PVDF Îî" �

*�'� 7/�'� jv' � PP Îî� PTFE Îî" Ïê÷�
 2-3

V ¸f �>ïj ¾æÚ� ®
. 90%�ç~ CO2 B�ÎNj ��º

b� VÚf �>B~ Fï jº Ïê÷� 20 : 1, PTFEï� 18 : 1, PP

Fig. 3. Effect of MEA temperature on CO2 removal efficiency of PTFE 
module. Absorbent flow rate, 20 cc/min.

Fig. 4. Effect of MEA temperature on CO2 removal efficiency of PP
module. Absorbent flow rate, 20 cc/min.

Fig. 5. CO2 removal efficiency according to gas and absorbent flow rate
in packed column module.
:1ð‚ H2O; ì, 5 wt% K2CO3; ùþ�, 5 wt% MEA.

Fig. 6. CO2 removal efficiency of PTFE, PVDF and PP module.
Absorbent, 5 wt% MEA. ùþ�,  PVDF(30 oC); :1ð, PTFE(40 oC);
ìS PP(40 oC).

Fig. 7. CO2 absorption rate per volume of the module.
Absorbent, 5 wt% MEA 20 cc/min. packed column(40 oC); PTFE, PVDF
and PP(30 oC).
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ï� 28 : 1 �Ò� PVDF ï� 30 : 1� PVDFïöB ?f �>B~ ·

b� &Ë ôf F«VÚ~ ¾Ò¢ �&
. Fig. 8f bÒ'� �>B

water¢ ÒÏ®j r~ �*¦b� CO2 �>ïj ¾æÚî
. Ïê÷

öB &Ë Ôf �>ïj ��� ®� ïö ®ÚBº PTFEï� &Ë ¸

f �>Nj �&
. ^�~ �V& ·f PVDFïf MEA-CO2 system"

>&� PTFE�
 Ôf �>Nj �&
. Water-CO2 systemöB Ïê÷

" PTFE Îîj jv~� 
B 7/�'� £ 2V &ï PTFE& � ©

ö j� �>ïf £ 10V &ï Ã&~º ©b� " r, Ïê÷öB~


B V-� 7/ �'(FÎ 7/�')� Ïêbî~ 7/ �'ö Ïª®

�~æ á~�, V-� ê�öB~ bî *�ê Ïª~æ á� ©b� 6

�B
. �©f Ïê÷ ÚöB FÚ~ º²(flooding), Þ~(channeling)

*ç r^b� �'>�, ï 7/VöBº VÚ 5 �Ú~ vªj j*

® ªÒ~� ëã'b� BÚ�b�B V-� 7/ �'j Ã&�B b

î*�� /ê>�, n;B V-� ê�~ ;Wb� ï~ bî*� &�

f �²zNj r > ®
. PTFEï" PVDFïöB �>B~ Fï" B

� ÎN� ?f º*öB water�
 MEA& £ 5-20V �ç~ F« gas¢

¾Ò~&�, water-CO2 system~ �*¦b� CO2 �>ïf MEA-CO2

systemö j� 1/5-1/30;ê� Ôf ©b� " r bÒ' �>B� water

f z�' �>B� MEA~ �>ËKj jv� > ®
.

Fig. 8~ water-CO2 systemöB PVDFf PTFEï òj jv� " r

Fig. 7~ MEA-CO2 system~ ãÖf >&�, PTFE Îî� £ 2V ;ê

~ z ôf CO2 ¾ÒËKj ¾æÚ� ®
. �>B~ æzö V� �

�� >& *çf PTFEïö &� �>B waterf MEA~ wettibility

N�ö ~� V-�*~ ê� n;Wö ~� ©b� �'B
. ^�~

wettibilityº ï ·�ö ÖÒº {KN�ö V¢B 7�Òï V�Ú~

;Ú[ ç�& :: > ®º 6öB ¾æÂ
. �©f ªê{K(critical

pressure)ö ~� Ö;>º� �©~ �f 
r" ?
.

∆PC = − (5)

¯ ��ËK" 7/'(ï~ ��ö &� �>B& <º ��ËK"

7/') �Ò� �& V��Vö ~� ªê{K� Ö;B
. MEA-CO2

systemöB �>B MEAº PTFEï" PVDFï Îvö &~� Ôf �

�ËK(̧ f �zK)j &æ� ®
. �-æò PVDFïf ^�~ �V

& ·j Ôf ��ËKöê ®�~� <rWj Ö;ùº ªê{K� ¸

j ²>Wj Fæ� > ®æò, PTFEïf ^�~ �V& 
B ªê{

K� Ôjææ� ²>Wj Fæ~æ á~� ï V�j wetting(liquid-

filled pore)�B poreÚö ;Ú[j ;W~² B
. �©� ^�ÚöB

~ bî*�&�j Ã&�Êº º�b� ·Ï~� PTFE 7�Ò ïö

*Ú bî *� &�j Ã&�B �>Nj 6²�Î
. >�ö water-CO2

systemöB~ B>� waterº PVDFï" PTFEï Îvö &~� ¸f

��ËK(Ôf �zK)j &æ� ®ÚB jZÒ PTFEï~ ^�� �æ

¢ê ¸f ªê{Kj Fæ� > ®Ú v ï Îv ²>Wj Fæ� >

®² B
. ��æ� water-CO2 systemöBº ïöB~ &�� �~ ì

º ç�öB bî*�� ¢Ú¾æ� �VB~ CO2 �>Nf 
B bî

*�� ��Úæº ï~ *Ú 7/�'(contact area)ö ~� ²Ö>Ò

¢ ÒòB
. ^�ã~ �V� Fº� " r PVDF�
 30V;ê ^�

� � PTFEïöB 
B 7/�'� �
� " > ®�, �>N 6�

PTFE& z ¸rj r > ®
. 
B� ï~ 7/�'j �~V *�B

º bÒ'� �>B� B>� bj �>B ÒÏ~� êÂB �>ï~

Ö"¢ &æ� ï~ 7/�'j �~Vê �
[5]. ��æ�, V-�*~

n;B ê� ;Wj *�Bº �>B~ «~ö V� ï~ ²>ßW ö

ò jî¢ V� �Vê ÿ�ö BÚ>Ú¢ � ©b� 6�B
.

¢;� ��'öB �>Nj jv~V *� MEA-CO2 systemö &

~� PVDF, PP 5 PTFE Îî~ 7�Ò ï~ ��'(surface area)�

CO2 �>ïj Fig. 9ö ¾æÚî
. PVDF Îî~ �>ï� PTFEö j

� z �² ¾æ¾� ®º ©f PTFEïö &� MEA~ wettibility Ã

&� ��, 7�Ò ï~ V�Ú� MEA Ï�� �R�b�B ïö ~

� bî*� &�� Ã&�j r > ®�, PP ïf ��'� �>N�

&Ë ÎÚæº ïb� � ï~ *Ú~ �>Nf 9f ��'ö ~�~

º ©j r > ®
.

' Îîö &� MEA-CO2êf water-CO2êöB~ C*bî*�ê>

¢ '' êÖ~� Fig. 10" 11ö ¾æÚî
. �>B~ F³j 20 cc/

minb� ~&j r CO2 B�ÎN� 100%�~� VÚ F³ö &~�

¾æÚî
. �B J«� :f ?� �>B& CO2¢ B�� > ®º �

ê(B�ÎN 100%�~)ö ê�~² >� jZÒ VÚF³j ¾Ö
 ~

z¢ê jÝ� ·òj �>� > ®² B
. ��¾ F«>º VÚ~ ·

� ôjrV r^ö Vç~ ï� CO2 ³ê& Ã&~² >Ú VÚf �

Ú*~ ³êNº Ã&~æ� C*bî*�ê>º VÚ Fï� ôjö

ö V¢ 6²~² B
. MEA-CO2 ê~ ãÖ Fig. 10öB PPï� &Ë

� 7/�'j &rröê ®�~� PVDFï� bî*�ËK(KLa)ö

®ÚB &Ë Ö>� ©b� ¾æÒ
. Water-CO2êöBº pore �V&

&Ë � PTFE ïöB Ö>� bî*� ËK(KLa)j �&
. �©f �

~ Ö"
"ê ¢~~º ©b�, V-�*~ ãê[� ï ��öB n;

'b� ;W>æ pb� 7�Òïö ~� bî*� &�� �² ·Ï

~º ©j r > ®
.

Table 2º CO2 25%~ VV&Ê 2 Nm3/h¢ CO2 B�ÎN 99% �ç

 2(surface tension)(cosθ)
(maximum pore radius)

Fig. 8. CO2 absorption rate per volume of the module.
Absorbent, H2O 20 cc/min. packed column, PTFE(40 oC); PVDF(30 oC).

Fig. 9. CO2 absorption rate per surface area of the module.
Absorbent, 5 wt% MEA 20 cc/min. PTFE, PP and PVDF; 30 oC.
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z��� B39² B6̂ 2001j 12ú

b� Ú*~V *� jº� �>Îî~ ¦b¢ jv� ©�
. Fig. 7"

8~ ' Îî �* ¦b� �> Ïïb�¦V .G~&
. 
�W PVDF

7�Ò ïj �Ï� ï 7/V Îîj ÒÏ� ãÖ, º�>º Îî~ ¦

bº V� Ïê÷~ £ 1/3;êræ 6²�Ò > ®
. bj �>B�

ÒÏ~� MEAö j� £ 10V ;ê~ � Îî� jº~² B
. ��

æ�, ¸f V-� 7/�'" n;B V-� ãê[j Fæ� > ®º

PVDF 7�Ò ï 7/Vf �>B MEA¢ �Ï~�, V-� 7/ÎN

Ëç" �*Jj � ¾Ò&Ê~ Ïïj {&�Úö V� Ë~~ ²;

zf �� �� ªÒjÏ~ .6� &Ë�^B �
 ãB'�� ÎN

'b� CO2¢ B�� > ®j ©b� V&B
.

5. Ö �

7�Òï 7/V¢ V�~ �>Ë~ö �>V� ê«~� �»�

hybrid �Ê�j �Ï~� �Özê²~ ªÒÁ²>ö &� ��¢ >

¯~&
. 7�Òï 7/V�º PTFE, PVDF, PP¢ ÒÏ~� �;æ>

ö V� �Özê²~ ªÒ
þj >¯~&b� � Ö"¢ V�~ Ï

ê÷" jv~&
. 6� �>B~ «~(water, MEA) 5 �>B, b�

VÚ~ F³ � Ú*��ö V� �Özê² ªÒÎN 
þj >¯�

Ö" �/ VÚFï� Ã&�ö V¢ B�ÎN� 6²~&�, �>B

Fï� Ã&�ö V¢ CO2 �>ï� Ã&~� B�ÎN� Ã&~&
.

7?f ·~ CO2¢ ªÒ~º� ®ÚB MEAº ¸f z�>wb� �

~� z ôf ·~ VÚ¢ ¾Ò� > ®rj r > ®î
. �Özê²

~ ªÒÎNf V�~ Ïê÷ö j� 7�Òï 7/V~ ãÖ& ¸~

b� MEA¢ �>B� ÒÏ~º ãÖ, PVDF& Ïê÷�¾ PTFE, PP

Îîö j� 
Ö Ö>� �Özê² ªÒÎNj ¾æÚî
.

�>B& MEA~ ãÖº PVDF Îî� £ 2V ;ê~ CO2 ¾ÒË

Kj ¾æÚ�, b~ ãÖº PTFE Îî� £ 2V ;ê~ CO2 ¾ÒË

Kj ¾æÚ� ®
. b-CO2 êöBº PTFE~ V-�*~ 7/�'�

ç&'b� �V r^��, MEA-CO2 êöBº MEA& PTFE V�ö

wetting>Ú bî*� &�� Ã&~V r^�
. Ö>� ï 7/V¢

*�Bº 7�Òï~ z�' Wîöò jî¢, ^� �V 5 �� ��

ÿ�ö BÚ>Ú¢ � ©�
.

6 Ò

� ��º "�VF¦ 76�& ��"B� “N
&Ê &6VF BB

Òë”~ æöö ~� >¯>îÛî
.
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Table 2. Comparison of absorber volume for feed gas 2 m3/hr in CO2-MEA
system and water-CO2 system

Modules

Volume(cm3)

MEA-CO2 system
[>>99%]

Water-CO2 system
[35-37%]

Packed column
PTFE
PP
PVDF

127000
8020
5350
4380

127000
016000

-
060200

*Absorbent, 20 cc/min.

Fig. 10. Overall mass transfer coefficient of the modules.
Absorbent, 5wt% MEA 20cc/min. PTFE, PVDF and PP; 30 oC, Column;
40 oC.

Fig. 11. Overall mass transfer coefficient of the modules.
Absorbent, H2O 20 cc/min. PTFE, PVDF; 30 oC, Column; 40 oC.


