
HWAHAK KONGHAK Vol. 40, No. 6, December, 2002, pp. 719-724
����� ��� 	
��� 	
 �� ��� �� ��� ��

�������†��	
*���
*

����� ����	�

*��
�������� ����	�


(2002� 9� 10� ��, 2002� 9� 27� ��)

Enhancement in the Amine Resistance of Membranes for Membrane 
Contactors by Plasma Treatment

Seung-Hak Choi, Sae-Joong Oh†, Nam-Joon Cho* and Ja-Kyung Koo*

Department of Chemical Engineering, Sun-Moon University, Asan  336-840, Korea
*Department of Applied Chemical Engineering, Korea University of Technology and Education, Chonan 330-860, Korea

(Received 10 September 2002; accepted 27 September 2002)

� �

Celgard � Durapore �� ����� 	
�� �
 ��� � ����� �� ���� �����. ���� ��( 

! "�)�! CF4, Hexafluorobenzene(HFP), Pentafluoropyridine(PFP) #
$ Hexamethyldisiloxane(HMDS)% �����. �

���� 	
&' �
 ()*�! FT-IR +,-.� /��� 01���. ����� 	
&' �
 2� �� 3456

���� ��
 78� 9� �: ;�� <=>?�. Celgard@ Durapore AB HFB/< PFP
 ����� 	
��� C

D�! 345/ E���F<, CF4  ! HMDS
 ����� 	
��� CD�! ����� 	
�G H6 CDI� 3

45/ "J���. Monoethanolamine(MEA)��� �� ���6 Celgard
 CD�! ����� 	
��� CDJ K�

� CelgardI� LMF<, Durapore! CF4 ����� 	
��� CD MEA� �� ���/ "�N?�.

Abstract − Celgard and Durapore membranes were plasma-treated to enhance the hydrophobicity and durability to amine

solution. The plasma gases or vapors used were CF4, Hexafluorobenzene(HFP), Pentafluoropyridine(PFP) and Hexamethyld-

isiloxane(HMDS). The surface structure of plasma treated membranes was analyzed by FT-IR spectra. The contact angles of

plasma treated Celgard and Durapore were dependent of the plasma gases used. CF4 and HMDS plasma increased the contact

angles of Celgard and Durapore, while HFB and PFP plasma decreased the contact angles. Durability to monoethanolamine(MEA)

solution was enhanced for CF4 plasma-treated Durapore, while the durability was not good for plasma-treated Celgard.
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1. � �

���� ����	 
��
� �� ����� ��� ��� �

��� ��� � [1, 2], �!"�� #$%�[3], &'() � [4-8]

*� %�+�, � -./ &'() � � ���� 01 ��2 3

4� 56�
�/ ����7	 
��8 9 :� ;< =>. ?2

@A�B� CD	 EF GH. 3I,, 6JK6� ��� ��� �

L� M9�	 NO�
�, P�� QF GH. 3 �5�, R� B�

S .TU, S V�WU *� XYZ[ ���� �[� \], 0^

�, _�`@� *� a9�b cd ef�g, _�hi, j;hi *

bk �l. %�+� :��, ����� mf��� ��A$O \�

no	 5]�� p��q rh�6 s� =>. tu�, vw� x y

z� *� m{� |�	 �}~H. �'/ �k� ����	 �"�

� ��b ���� ��. −CO, −OH, −COOH *� p��� ]�

�b M9� x tu�	 �4�
� @Aq ?� ��+F GH[7, 8].

��., ��. ?� ��+� �t��(membrane contactor)� ��

� ���9[9-14], �-� ��[15-18] *� ��. %�+� �2 L�

��� 5� ��� t��� ��	 ���H. � = �2 �� ��

�� ��� t��� +� =>. 0A�(durability) x �yz�(non-

wetting)	 ;�� 56�
� �� 4�� -��H. 3 6 s	 ¡a �

�� �� ��. �9+� +� �� ��� ��� +� �'/ �	

¢� ��_£� �¤+F �t��� �¥	 ¦§� ¨��
� ©H.

&'()ª «¢ �¬���� ­��, b�.� «� _�.®6

. �¤ ��� no� ¯F� = e�� �¬, '°±, f���, -�

��, ²�(photon) *	 ³Q j´�b &'()' �H. ���� �

�	 �µ, �µ, 9µ *� mf���� � �� ��. f��

(functional radical)q ]�+¶� q·no� ¸�+F ���� ��
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��	 
��
� ©H. �� ¹� mf���� &'()� ����

����2 
��
67 ���� ��. º�	 ¸��6� s�H.

3k� 5��o�� &'()� ���� ��	 � �� ����

�� 5��� �¬, '°± *» �¼��/ ���� ��. º�	

�u�
� +�, ��	 &'() -o(plasma polymerization)�'

� �H. � º�2 ���� barrier�/� ½¾	 �� =>. bk �

]� %�+� :H[19, 20].

¿ @A./� �t��. ?� %�+� Polypropylene(PP) x

Polyvinylidenefluoride(PVDF) �� ��	 bk dÀ� qÁ x 5��

o�� &'()� � �b ��� ��� µ9� x 0A�	 �4

�
�� �ÂH. ���� µ9�2 �. 4� t�c(contact angle)

	 Ã��b $%�Â�Ä, �� � © ����2 SEM, FT-IR *	

���b ��¸O x ��� A$� $%�ÂH. Å� &'()� �

 �Æ �� 0A�	 $%�� ��b CO2 *� ����. 4� �

9Ç� ?� %�+� MEA ��. 4� ¨È�	 $%�ÂH.

2. � �

2-1. ����

¿ @A� 9��� ��b Celgard(Hoechst Celanese) x Durapore

(Millipore Corp.)� A��b %��ÂH. Celgard� H�� PP�/ pore

size� 0.05µm, porosity� 38%��, Durapore� H�� PVDF�/

pore sizeq 0.22µm, porosityq 75%v �	 %��ÂH. ����� �

�� � ��b CF4(Aldrich, 99%), HFB(Aldrich, 99%), PFP(Aldrich,

99%)� HMDS(Aldrich, 99%)� A��b _�  É� 34� %��

ÂH.

2-2. ���� 	
��

¿ @A� 9��� ��b '°�Ê� ��� &'() �ÁË	 �

��b ����� ��� � 9��ÂH. &'() �ÁË2 Ì� �

� �¦1, &'() �¼C, ��;Í� Î1��� �ÏF6Ä �Ð

�v Ñ[]� Fig. 1. �}0ÒH. &'() �¼C2 !¡ 38 mm, Ó

� 35 cm� pyrexC�� ÇÔ�Â�Ä C� !1� A "�� ÕÖ _

p�� %��ÂH.

��(Å� ��)� mass flow controller ×2 needle valve� ¢�b

�¼C. �¦+Ä &'()� radiofrequency(RF) generator� ���

b e��ÆH. &'() �¼2 ¨Ø(10 torr ��)./ ���Â�Ä

�¼C0� ØÙ2 throttle valve� ���b $`�ÂH.

&'() � � �� A��v ÚÛ��2 Ü¨, ��� �	 Ý�

� Ì�(2Þ2 cm)� �ß Hz �¼C 01. �	 ÑÍ�H. 3 �

��àV� ���b �¼C 0� ØÙ	 10−2 torr ��� 3-4�� 5

6�Æ Hz, ��(Å� ��)� Ý�� á]� �¼C. �¦�� �¼

� 0� ³â $ã� �OOä. ]£�� Ý��� �� &'() �

¼	 ���� �� ��. q·no	 ¸��
¶� &'() -o�

	 åæ�çH.

2-3. ��
(contact angle) ��

&'()� � �Æ � ��� �. 4� t�c2 contact angle

goniometer(Tantec Co, Model CAM-Micro)� ���b Ã��ÂH. �

2 O¬� �À9� %��Â�Ä goniometer. 1u© L%�� ��

�b ��� ��. �À9� � �è éFê � �� ��» ��è

� �ë� t�c	 Ã��ÂH.

2-4. FT-IR ATR ��

&'()� � �Æ � ��� Ô��� 
�� $%�� ��b FT-

IR(Biorad, FTS3000)	 %��Â�Ä, H�Öìí V î� ;u© �

�% ATR(Attenuated Total Reflection, Golden gate)�	 ���ÂH.

2-5. SEM ��

&'()� � �Æ �� ��¸O	 SEM(Scanning Electron

Microscope)	 ���b Cï�ÂH.

3. �� 	 
�
 

¿ @A./ %�� �Nð mµ�o�(HFB, PFP)� &'() ��

�� FT-IR Áñòó	 Oh *[21]� ô�� 0�./ ôõ�b Fig. 2

. �}0ÒH. b�./ PHFB x PPFP� cc HFB x PFP� &'

() ���� �}~H. Fig. 2. �}ö ÷� ¹� PHFB� PPFP�

Áñòó2 �a 5%� |�	 �}0ÒH. Ê;9 1,230 cm−1(C-F)»

1,725 cm−1(CF=CF2)2 6�ð C-F stretching peak� �}0Ä, 745 cm−1

./ ø� C-F peak� ù 9 :�Ä 1,530 cm−1./ �Nð C-F stretching

peak� ù 9 :H. ����1ú HFB x PFP� &'() ���� �

Fig. 1. Plasma treatment system.
Fig. 2. FT-IR spectra of hexafluorobenzene(HFB) and pentafluoropyri-

dine(PFP) plasma polymers.
���� �40� �6� 2002� 12�
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pec-

nce
Nð � q ûü+F 6�ð A$� �Nð A$� ³Q j´�� :

� �	 ý 9 :H. Ê;9 1,000-1,400 cm−1%�� Hß peakB2 �

��� q·noA$ =>. peak� Ì�q þFB¶� ÿ�6�/ �

2 ��� Ê;9. ��/ m�Ú� peak� �}ö ��� ec©H.

Fig. 32 Ú � �o�v HMDS(hexamethyldisiloxane) &'() �

��� FT-IR Áñòó	 O����v PDMS(polydimethylsiloxane)�

Áñòó» �·�b �}~ ��H[22]. 3�./ HMDS &'() ���

� IR Áñòó2 PDMS� 5%� �	 ù 9 :H. Ê;9 2,960 cm−12

C-H stretching peak� �}0� 1,260 cm−12 C-H asymmetric deformation

	 �}0Ä, 1,100-1,000 cm−12 Si-O-Si no� �	��	 �}~H.

� n»�1ú HMDS &'() ���� PDMS� 5%� A$� q

6� �	 ý 9 :H.

Fig. 4 x Fig. 5.� cc CF4 &'(). �� Celgard x Durapore

��� C¥�� $%�� ��b FT-IR ATR Áñòó �
n»� �

}0ÒH. Fig. 4� Fig. 5./ (a)� &'() � _� Áñòó	 �

}0Ä, (b)� (c)� &'() � ��� cc 1� x 3�Ý ¡a� Á

ñòó	 &'()� � _� Áñòó (a)»� ��(difference

spectrum)� �}~ ��H. Ý���� CF4� &'() � � ���

º�	 ¸��6 s�H.

Fig. 4./ Ê;9 2,918 cm−1 L
� �a B2 −CH3 x −CH2�

�4
 Å� 4
 �	��	 �}0Ä, Ê;9 1,456 cm−1� −CH3

asymmetric deformation x −CH2� deformation ��³í�, 1,375 cm−1

� −CH3 symmetric deformation ��³í� �}~H. CF4 &'()�

1�� �  � Ã�� FT-IR Áñòó./ �  _� Áñòó	 �

Fig. 4(b)� ��Áñòó2 ø 1,230 cm−1. �4 �#]� «�Ä

1,000 cm−1./ 1,400 cm−1. ��� ��� �2 �a � «b�H.

&'()� 3� �  �� ��Áñòó (c)./� � �9�a q ø

� � �q�ÂH. � �a � L� −CF3 Ô��� C-F� �	��.

¤��� ��� Celgard� ��� mµ�+Òz	 «bL� n»�H.

Fig. 3. FT-IR spectra of hexamethyldisiloxane(HMDS) plasma polymer.

Fig. 4. FT-IR ATR spectra of Celgard.
(a) No plasma treatment, (b) 1 min. plasma treatment(difference s
trum), (c) 3 min. plasma treatment(difference spectrum)

Fig. 5. FT-IR ATR spectra of Durapore.
(a) No plasma treatment, (b) 1 min. plasma treatment (differe
spectrum), (c) 3 min. plasma treatment (difference spectrum)
HWAHAK KONGHAK Vol. 40, No. 6, December, 2002
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c)
Fig. 5./ Ê;9 872 cm−1� 1,180 cm−1� −CF2 Ô��� ��. �

v� ��Ä, |� 1,180 cm−1. -D	 � �2 �a � C-F �	�

�. ¤�©H. Ê;9 1,404 cm−1. :� �a � CH2 deformation.

¤�+� ��� ec©H. Fig. 5(b)� ��Áñòó./ «�� CF4

&'()� 1� �  �. −CF2� C-F �	��. ¤��� 1,180 cm−1

�½./ ��� peak� �q� «�6 s�� �«H ø� �2 Ê9

./ �9�a � �q� ù 9 :�,, ��2 L� −CF3 Ô���

C-F �	�� �½. ¤��H. Å� &'()� 3� �  � Ã��

FT-IR Áñòó./� �2 Ê;9./] �a q �q�b 1,000 cm−1-

1,300 cm−1� �2 �½./ �a  �q� «b�H. �k� Áñòó

� 
�q ���� �2 &'() �  ��.� L� Durapore�

−CH2 �Í. H 4� CF3q Í�+� ��� ec+Ä �  ��� Ó

F�. �' CF3q q·no	 ¸��Ä CF2� 
�+� ��� ec

©H. Fig. 4� �·¤ ù = C-F Ô��� �9 �q Qík6� �q

�6 s� �2 &'(). �¤ f��© CF3 Å� Fq Í�  9 :

� −CHx Ô��q Durapore.� Celgard«H O4��� �� =>v

��� ec©H.

Fig. 62 Celgard(pore size 0.025µm)� �. HMDS &'() ��

�� åæ�ç	 ¡a� SEM %�	 �}~ ��H. 3�./ «� ÷

� ¹� HMDS� &'()� Celgard ��	 � ¾ ¡a � ���

�q¾9! ��(pore)� Ì�q ÔÖ6� �	 ý 9 :H. ��2 �

� ��. HMDS� &'() ���q åæ+� =>�H.

Fig. 7� Durapore(pre size 0.22µm)�. HMDS &'() ����

åæ�ç	 ¡a� SEM n»� �}~ ��H. Fig. 6./� ¹� &

'() � ��� �q¾9! &'() -o�� ¸�+F ��� Ì

�q ÔÖ6� �	 ý 9 :�,, Durapore� Celgard. ��b ��

Ì�q 10" �] Ì� =>. &'() � . �� �� Ì�� 
�

q Ì6 sz	 ý 9 :H.

Fig. 82 bk dÀ� ��(Å� ��)� ���b Celgard ��. &

'() � � 9�� Hz, � ��� �. 4� t�c(contact angle)

	 Ã�� ��H. b�/ � ��� 0 Ý =� #2 &'()� � 

�6 s2 Celgard ��� t�c	 �}~H. t�c�ª ��� ��

. ��è	 éFê$	 = ��» ��è� �ë� c]� ­�� �

��/, ����� M9�Ý9! ��è� % &'/ t�c� Õµ�

� ��� µ9�Ý9! ��è� &66 sÖ/ t�c� �q�� ©

H. Fig. 8./ %�� �� - CF4� &'() � � ���� ¸��

Fig. 6. SEM photographs of Celgard.
(a) Pure Celgard, (b) HMDS plasma(30 W, 2 SCCM, 10 min), (c)
HMDS plasma(30 W, 2 SCCM, 15 min)

Fig. 7. SEM photographs of Durapore.
(a) Pure Durapore, (b) HMDS plasma(30 W, 2 SCCM, 5 min), (
HMDS plasma(30 W, 2 SCCM, 15 min)
���� �40� �6� 2002� 12�
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6 s� �6 �� ��. q·no	 Ý�
� ½¾	 �67, HMDS,

PFP x HFB� ³Q &'() ���� ¸��b �� ��. åæ�

� ¸��� ©H. 3�./ «� PFP x HFB� &'() � �

Celgard� t�c	 Õµ�ç��, HMDS� CF4� &'() � �

Celgard� t�c	 �4�ç�Ä � ��� ÓF�9! t�c� ø

� Õµ�ÂH.

Fig. 8./ PFB, HFB *� �Nð mµ�o�. ��b e�© &'

() ���� �Nð � q Êü+�/ ¸�© ��� ��B� ()

� A$� q·no	 ¸��6 *�� 1���� ��� � . f�

� (active site)q rh�� =>�� ec©H. �'/ �k� m��

� A$� 4� -./ +� 9�» �¼�b −OH�� ,�-Ú�� ̧

��� +� =>. �. 4� t�c� Õµ�� +� ��� ec©H.

CF4� ��� ���/ &'() � � �����	 e��
6 s

�Ä CF2, CF3 *� '°±� �� ��» �¼�b �	 mµ��


� q·no	 7í� ��� ý.' :H. Fig. 8./ CF4� ���b

&'() � � �Â	 ¡a. Celgard� t�c� q; Ì� �q�

�2 �� ��. q·no� q; % ¸�+� =>�� ec©H. 3

 � &'() � ��2 /2 �� 0. 00� �� 1»��Ä, &

'() � ��� ÓF�9! � ��� q·no�� ��. e�©

��� ��B� &'()� .®6. ��b Êü+� =>. t�c

� Õµ�� ��� ec©H. �O� n»�1ú ��.� &'()

� � �� t�c	 Ì� Õµ�
� HFB x PFP. 4� @A� Ç

!�çH.

Fig. 9� Durapore� ��	 &'()� � �Â	 ¡a� n»� �

}~ ��H. Celgard./� ¹� CF4� &'()� � �Â	 ¡a.

Durapore� t�c� �q�Â��, HMDS� &'()� � �Â	

¡a.� 29� Durapore«H t�c� Õµ�ÂH.

Fig. 10 » Fig. 112 CF4 Å� HMDS� &'()� � �Æ ��

MEA��. 4� ¨È�	 $%� ��H(�, CF4 x HMDS� &'(

) � ��2 cc 1� x 5��ÒH). b�/� &'()� � �Æ

�	 20%� MEA9��. 3q 4� 2-3Ý. �56 70/ ã$�Æ

Hz t�c	 Ã�� ��H. Fig. 10./ Celgard� &'()� � 

�Æ �i ³Q 29� Celgard «H MEA��. 3q� ��� ÓF

�9! t�c� ÔÖ6� �	 ù 9 :H(µ9� Õµ). ��2 &'

() � . ��b Celgard� ��. e�© q·A$q (_�6 *

�¶�, Å� ��� %8. Ý1 n´�� p� Ô��q e�+F

MEA��. +� 9:+� =>�� ec+�, �. 4¤/� ; � @

Aq W�� ��� ec©H.

3k�, Fig. 11./ Durapore� CF4� &'()� � �Æ �iq

Fig. 8. Dependence of water contact angles of Celgard on the plasma
treatment time.

Fig. 9. Dependence of water contact angles of Durapore on the plasma
treatment time.

Fig. 10. Durability of plasma-treated Celgard(The polymer films were
dipped into 20% MEA solution).
HWAHAK KONGHAK Vol. 40, No. 6, December, 2002
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and

.,

ch,

: 

ol-
29� Durapore«H MEA ��./� ¨È�� <F=	 ý 9 :H.

HMDS &'()� ¡a CF4«H Durapore� ̈ È�	 Õµ�çH. CF4

� &'() � . �� Durapore� >�� A$� MEA��./]

;�� 56+Ä, ��. HMDS &'() ����2 MEA��./

>��	 �?�� 56�6 *�� ��� ec©H.

�O� n»�1ú Celgard� ¡a� &'() � � ��¾ ¡a

�� 0A� �4.� @� 1»��6 *�67, Durapore� ¡a CF4

� &'() � . ��b 0A�� Ì� �4A	 ý 9 :H.

4. � �

�t��� �h�� ?� %�+� :� PP� PVDF� ����	

NO�
� ��b &'()� ��� ��� � 9��ÂH. &'(

)� � �Æ �� µ9� x 0A�2 &'() ��� dÀ. �'

B ��� �}0ÒH. HFB� PFF *� �Nð mµ�o�� &'(

)� � �Æ �2 &'() � ��. C[É� �. 4� t�c

� C¨� Õµ�� �	 ý 9 :Ò�,, ��2 åæ© &'()��

()� q·A$� �ë6 *�� =>�� ec©H. ��. CF4

HMDS� &'()� Celgard� Durapore ³Q �. 4� t�c	 �

q�çH. 3 � &'()� � �Æ Celgard� MEA. 4� ¨È�

2 &'()� � �6 s2 Celgard «H D6 sE��, CF4� &'

()� � �Æ Durapore� MEA. 4� ¨È�2 Ì� NO+ÒH.

��2 &'()� � � Durapore� >�� A$q MEA��./]

;�� 56+� =>�� ec©H.

��. �t��. %�+� �2 PPF7 ÖG' PVDF -�%�]

?� %�+� :H.

|� PVDF� PP� £  �4
��	 7B 9 :� =>. &'(

)� ��� 0A�� >Ç ¤n� PVDF� 1»� ��. Ì� �÷

6¾ 9 :	 ��� ec©H.

� 


¿ @A� 2001H] .®6C ��� .®6�I �I�J%K� @

A�. ��b 9�+Ò�Ä �. Õ%íLGH.
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