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� �

��� ��� �� polycarbonate track etched membrane	 
��
 �� ����� � ���	 ��� �����.

�� �! ��"#� $$ % � 3&'
 �(�) *+��, -�
 ./0 12�3	 
� 4� 5 67� ��"8

9:;�� 
�����. Field emission scanning electron microscopy(FESEM)� <= 12�3	 >?67@ 1.5 bar @�

@A 
�, -� 12B� 1:30'
 ./CD� E 9:;� ��@ F%C+ GH� I J KD�. L�, 12B 1:30	 1

2�3
 1.5 barM, 
��� 9:;�	 � ���N OP 9:;�	 2Q �R@ S����. 
�� 67@ T'� �

�U VJ�� W ��, 
�� 67@ S��� �J�'
 ����. X-ray photoelectron spectroscopy(XPS)� <= 
�

&6@ XYZM [\ 9:;� ��M, ]^
	 
� _�`�� S��N a%� 
�� �b0 ^&	 c� de@ S

�� a%� f J KD�. ��@ �J�� gN 9:;�	 � ���� S�� a%U �� ��@ �J�� hJi slip

jk�lM mn�) Co ��� <� � pq@ Or=s� Et'
 =/CD�.

Abstract − The effect of fluorination on the surface characteristics and water permeability of an isopore polycarbonate track

etched membrane was examined. The membrane was fluorinated with gas mixtures containing fluorine and nitrogen of various

composition under various pressure at room temperature for 3 minutes. The field emission scanning electron microscopy
(FESEM) analysis showed that the shape of the membrane surface was not changed when it was fluorinated with a gas mixture

at 1.5 bar which contained a low molar ratio of fluorine to nitrogen such as 1:30. Meanwhile, the membrane fluorinated with a

mixture having a F2 : N2 ratio of 1:30 at 1.5 bar showed an improved water permeability almost twice higher than that the orig-
inal membrane had. The membrane surface got to possess more hydrophilicity than the original one when it was mildly flu-

orinated at low pressure. However, it became hydrophobic when it was further fluorinated under higher pressure. X-ray

photoelectron spectroscopy (XPS) analysis revealed that the penetration rate of fluorine into the membrane increased along
with the increase of the partial pressure of fluorine and that the inner layer containing fluorine possessed more oxygen than that

in the original membrane. The phenomenon that the membrane having hydrophobic surface showed high water permeability

was due to the slip boundary condition in the pore surface where water droplets pass through hydrophobic pores more easily
with less friction resistance than through hydrophilic pores.
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����( )*+ ,-.� 5� 67( %.- '8 9:, ;', �<

=� (> ?&#�, @A( 'B'� (> CD#  @A%.� (>

�2 EF� G 4[1]. 
2� HI )&3 ����( @A 1  JK

( L�+, MN+ OP, 'B' 9:� Q, @A�RS, ?&., TU2

=� VMWXA @A%.� V�Y� ����( )*+ ,-.� F

ZW[ Q \4. ����( �]+� @A^��  _` a�
 67

( @A^�- �� bc� d
�  MN+ e�f, g�� X-ray, h


ij �
�  kMN+ e�f, a�RS( l
, �
, ��m� @

A`"� n2�  L�+ e�f =� +
o Q \4.

p6(F2)  `".� qr s M0L� Z�t4 u� �2��2 v

MQ6 M0L- w `"�4. �� �� x� `".� �
�y vM

Q6z ����� e��A @A� p6l
T {�#�� 1  @A

� ?0#| \  Q6� p6T }~#| ��� MNOPj �I #

Y� @A%.� VMW[ Q \4[2-5]. p6 T�j �
�  ���

�( p6M ^�f� MN+ e�f( _�m� �2( ^W�, �q

1  �RSl� �� u� �2��2 @A%.� VMW[ Q \a

T�j �
�  ��f�Y� ��� 
��y ��+� @A^� �

f� o �m� '�#a \4.

�� p6M ^�'�� O2-N2, H2-N2, He-N2, CO2-CH4 =( /0

'� ��
 n'a�
 ����( @Ae�� +
3 �T \ !,

p6� ^��A '� ��.B� ;I FZ#  `A ,-�2T 4

6 �6�  �m� ta#| \4[6-13]. ��� poly(4-methyl-1-

pentene)- �� '� ,-2T ;S� Z�+m� ,- )*2T u�

����( @A^�� "
3 � \4[12]. �� �> /0
�( �

�� �Z W��� 
��
j ��� ! d
#  ����( ^�

� �� �O?-  �( ��� \S �4.

� �O��  �_� '8� �  �� t¡�¢ ����� y£

P��� p6� e��y @AOP� %.( VMj Pd�a, ¤�

�¥ L ,-2j �U�y @A p6Me�T 
� ,-.� ¦} 

EF� a§�a, �� t¡�¢ ����( +¨� p6M e�P�

� �W�©4.

2. � �

2-1. ��

p6M ^�� �� ���� @A 9Z� VM�  �� ª§�'

«2¬ track etchingm� ;'� �F� �_� ­®¯9 '8� �2

¬ �P3 polycarbonate membrane(PCTE membrane, Millipore Co.)�

)&�©4. Fig. 1� �� t¡�¢( MN+ OPj �°±4. ­²

�  '8³� 0.1µm, '8´ 5-10%, µ ¶· 10µm� ¸¹ disk type

(³� 47 mm) PCTE membrane� d
�©4. W�� d
#  ���

�� dead-end ,- º»� ¼}�� 1.66 bar( ½¾]� ¿ÀQj 15

�Á Â-WÃ @A( sodium azide� �� �KL�� ÄÅ, ���a

Æ�Ç �PWÈ É p6M ^�`"� d
�©4. 

p6(F2) T�  �Ê-N'��Ol�� KF pËÌ� h'�>�y

�P� crude F2 T�j NaF pellet ÆÍÎ� Â-WÃ a� ¦Ï
�

HFj ��� É a½m� ½Ð�y d
�©4. ����( @A p6

M^��  ½Ð3 F2 T�j NaF pellet ÆÍÎ� 4W Â-WÃ &�

� É �6� ÑÒ�y d
�©4.

2-2. �� ��� �	

����( p6M `"�2� p6M &2  p6 Ó2, p6M ½

¾, ̀ "WÁ, ̀ "�2 =� (> ?&34. p6( `".� qr Ô�

ÕÖm� d
�A vMQ6z ����� «I ×ZWÈ4. ��� �

� p6M ^���  p6� ØÙ, �6 =( �Ú. T�j /0�y

p6( `".� ÛMWXa u� ½¾�� Ü� WÁ ÝÞ `"WÈ4.

���� @A p6M ¼}  Fig. 2� �� p6T� 8�K, p6�

�6 T�( /0K, ß�� p6M `"K� O.#$, p6M `"�

4à á�� Íâ�©4. JK
+� 73 cm3� ß�� lÂ9 `"'

ãäK� å}3 �� 48¹ æ� PCTE ����� ç� É diaphragm

vacuum pump� `"'� T� 8���� 0.1 torrèS é'WÈ4. a

½m� ½Ð3 p6 T�j NaF pellet� ÆÍ3 ­®¯j Â-WÃ p

Ë� êëÇ ��� É �6 T�� /0�y l�  Ó2( p6 /0

T�j �ì4. Z�( `"'� p6 /0T�j _&� ½¾�í 8

��a &>Í WÁÝÞ p6M`"� ÍâWÈ4. ̀ "� ��#A `

"' J( p6 /0T�j éîWXa diaphragm vacuum pump� ê

ëÇ é'WÈ4. ̀ "'� �6j 0.2-0.3 bar &2� p| ïa `"'

j �>�y p6M3 ����� ßQ�4. � -& ã� p6 1  p

6 /0T�j é'W[ ð�  Ú. �ñ¦� pellet� ÆÍ3 ª9 ò

Qó� Â-WÃ ¦`" p6T �'� éî#  �� �S�4. 

2-3. 
 ��
 ��

,ô õ;ö 7�� �÷3 JK
+ 73 cm3( lÂ9 dead-end ,-
Fig. 1. Representative molecular structure of polycarbonate track etched

membrane.

Fig. 2. Schematic diagram of fluorination system.
1. F2 main cylinder 6. Fluorination reactor
2. F2 cylinder 7. Precision pressure gauge
3. N2 cylinder 8. F2 absorber (Al2O3 pellet) 
4. Gas mixer 9. Diaphragm vacuum pump
5. HF absorber (NaF pellet)
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º»� ø&¼}j �
�y ����( L ,-2j ø&�©4. �

ð ����( nù ú�A+� π·1.852cm2�û4. ���� üý( ½

¾]�(transmembrane pressure difference) ∆P  0.28 bar� nS#2

¬ L( 8��2j P¨�©4. ����� ,-� �� h
ëþ

(Mettler, Model PR 502) Z( <ÿÂ� �ma ,-WÁ �-� �¥

� ,-�( �IVMj !�� e� ��¤�(Balancelank Version

2.20, Mettler-Toledo AG)� �
�y ��+m� '¬�©4. �ì ­

²� Z��� Qâ�©4.

2-4. ����

2-4-1. SEM

¿ÀQ� ÄÅ� l�( PCTE ����- �j p6� e�� ��

�� ��� ��y L ,- h ·É( @A 9Z� field emission scanning

electron microscopy(FESEM; HITACHI, S-4200)j Â> ª§	m�


p6^�� �� @A 9:( VMj Pd�©4.

2-4-2. XPS

p6M ̂ �� (� ���� @A( MN+ P.VMj X-ray photoelectron

spectroscopy(XPS, PHI 5800)� ø&�©4. Excitation source�� AlKα

radiation� 350 W, 15 kV, 1253.6 eV� �a, high-resolution spectra  _&

� pass energy mode(wide scan: 187.85 eV; narrow scan: 23.5 eV)�� ³

� 400µm( concentric hemispherical analyzer� take-off 45o�� '

¬�4. ���� @A� O.�  l6( .� 	�� area sensitivity

factorj �
�y �
¢� E�� ø&	m�
 O�©4.

2-4-3. ú��

���� @A( L� �� �à.� ø&�' æ> ú�� ø&¼}

(Kruss GmbH, DSA-10)� ���� @A- L�þ A� �ñ  ú�

�� ø&�©4. ����� p6M &2� �� ÷� ú��� � 

�Q. @A� T� Q2 \a s ú��� �  6Q. @A� T�

Q2 \4. ú��� ���� @A( MN+ p�_.- �� &2�

�� �]T C�� Q \m� ­²��  5ß �Z( �Ò� Â� �

]�æT �� �1.5o &2� ¤4S ;S ��4.

2-5. ��� �
��

l�( PCTE ����- �j p6� e�� ����� R� 5 mm,

�� 26 mm( d� W�m� ��| Instron 4464j �
�y Z��

� �� 10 mm �2� ��� ��( 'z+ �2j Pd�©4. 

3. �� 	 
�

PCTE ����� p6M�A @A( C-H bonding� �] C-F bonding

m� }~#A� -CH2-, -CHF-, -CF2-( �<��� �� @A� �Q

. 1  6Q.m� V�$, @A( U]?0 &2, ?&., h��<,

MN+ P. =2 V� Q \4. ����( @A p6M ^� &2 

p6( Ó2� ½¾, p6M `"�2, `"WÁ =� (> ?&34.

­²��  p6M `"�2� WÁ� _&�I nS�a, p6( Ó2

� ½¾( VM� �¥ @A%. VMj Pd�©4. 

3-1. �� �
� ��

p6  `".� qr s T�� y£ TS n' ·�'M0L�- Z

���2 `"�$, `"W  � !� C��4. vMQ6z a�
 �

���( @A� aÓ2 p6 T�� p6M�  �r  `"� ��

Ç Íâ#a C!� (> �2T �"Ç Z#�Y� ���� @A�

?	� C��4. ��� �Ú. T�� �6� ÑÒWÃ p6 �½�

u$� p6M`"� d
�©4.

/0T�( p6 Ó2j VMWÃ ���� @A� p6M� �r �

���( L ,-2 VM� l�� Pd�©4. p6� �6( /0 %

��� 1:9, 1:30� /0T�� &' ¨�½¾ 1.5 bar�� 3� ÝÞ p

6M e�� ����( L ,-2j Fig. 3� �U�©4. p6� e�

� ����( L ,-2  l�( ����� �> x� L ,-2j

ty p6Mj Â> ����( %.� V	� � Q \4. p6� �

6( /0�T 1:9� �r(F2 �½ 0.15 bar)  L ,-WÁ� �-	�

�� L ,-2T ��Ç ¿T�  DZ� t�4T 20� �- ÉK�

  p6e�j �S �� l�( ����t4 2.5é &2 x� ,-2

j _&�I nS�©4. �� �> p6�½� u� /0�� 1:30(

�r(F2 �½ 0.048 bar)  eàK� l�( ����t4 2é &2 x

� ,-2j t©m$ L ,-WÁ� 2WÁ �Z �-�y2 eà- �

� L ,-2j nS�©4. ����( p6e�� (� L ,-2 V

M  a�
 @A( TU?0� (� '8 9:� ;' VM, L ,-

� �� '8 @A� '�(� (� '8 )�, @A( -CHxFy 9:�

�< VM� �¥ µ @A- '8 J @A( �Q., 6Q. VM, 1 

µ @A( ?	 C� =� '��  �m� n*#û4.

FESEM� �
�y p6� e�� ����- e��S �� l�

����( @A� ª§�y Fig. 4� 5� �U�©4. Fig. 4  L ,

- h( @A� t� �m� p6 �½� VMWÃ p6M e�� �r

�2 ����( '8 ;'  l� ����� �> ¤4S V�S �

�à� � Q \4. Fig. 5  2WÁ ÝÞ L� ,-WÈ É( � ���

�( @A 9:VMj t� �m�, p6 � �6 /0��� 1:9� p

6 �½� x�+ �r(Fig. 5(b))  '8 ³�� l� ����(Fig. 5(a))

t4 1.6-2.0é T� Ô,4. ¤� �> p6 � �6 /0��� 1:30

m� p6 �½� Z�+m� u�+ �r(Fig. 5(c))  '8 ;' VM

T ¤4S �  �m� �°-4. �� �2� p6 � �6( ���

1:4� xy� p6M e�� �r(F2 �½ 0.3 bar)  ���� @A�

K�+m� .�#ûa, 1:2� �� p6 �½� qr x� �r(F2 ¨

��½ 0.5 bar)  ���� _K�� K�£S  DZ� ª§#û4. �

  p6M `"� -2�I Íâ#A @A -HT -F� }~(- 	· T

U?0� ¯/ Íâ#|� �0�0�I w K�S  9:� V	� (

¦�4. Fig. 5(b)( �r2 p6 �½� xõ @A� -2�I p6M

#| L ,- -&�� '8 JK( �0�0>Í @A� �] 1y �

Á �m� ¹Õ#$, �� �� L ,-WÁ� �-�A� �] '8�

Fig. 3. Effect of fluorine concentration on the water permeability of flu-
orinated PCTEmembrane (molar ratio of F2:N2=1:9 and 1:30,
Pfluor=1.5 bar, tfluor=3 min).
���� �41� �6� 2003� 12�
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ÔÍ �m� ¹Õ34. Fig. 4� 5( FESEM ?-j �U�A -2�

I p6M3 Fig. 5(b)  L� 20� �Z ,-WXA '8³�� Fig.

5(a)� �> ¸�+m� 1.8é ¿T�©a, ��� '8A+2 2t'�

3.2é &2� Ô�� L ,-2T 2.5é �Zm� ¿T� �m� t�

4. ¤£� L ,-WÁ� 20� �Z� #A '8@A( 1_ Q \ 

K�� 4 1y �T� ¯ �Z '8� ÔSS �mY� L ,-22

V�S �� �m� ¹Õ34.

��, F2:N2 ��� 1:30 �r� �� p6 �½� u� P�(F2 �½

0.048 bar)�� p6M e�� �r, 3 Fig. 5(c) �r  L� ,-WX

' h- �U�y ,-WÈ É( '8;' VMT �( �mA� L ,

-2  FZ#û4. ��� ���� @A( p6M `"� u� p6

�½�� Ü� `"WÁ = @A( L�+ 9Z� V�S �  á� p

6M P��� â>4 ù-+5� � Q \4. Fig. 5(c)( �r L ,

-2T ¿T� �� '8( ;'VM �6( @A%. VM, 3, �Q.

·6Q.�� @Ah� =( VM� '�� �m� y�Í4.

����� p6� e�	� �� 'z+ .�� V�  DZ� Ý_

� ;'( W�� Instronm� �� Pd�©4. Table 1� �°± �-

�� p6 /0T�� e�3 ����� 7�(strain)- �¼�2(tensile

strength)T �6�a, %Ç p6 Ó2T x� P��� e�#A ¤ 8

� ;I �6�©4. `".� s p6T a�
 W�- ú��A OP

ã( Q6j _K }~�y t4 ?0¾� �� -CF2-CF2- ?0m� V

MW9- ÝW� -OH, -O-, =O =� ?03 �U+ �>#' :� K

�� 8"�y OPj ; É �]+� Ð0`"� n2�  �m� �

�� \4. p6� e�3 ����� �� �� @<Î( OPT TU

?0(� �� 7�� �6�a, p6T @<Î =>� ',�Q¬ 7

�� ;I �6� �m� �>#û4.

3-2. ��� ��� ��

p6M e�� d
#  /0T�( ½¾� VMWXA p6 �½�

V�Y� ���� @A( p6M &2T V� Q \4. /0T�( p

6� �6( %�j 1:30m� a&WXa /0T�( ½¾� ¨�½¾

0.5 bar�� 2.5 bar(F2 �½ 0.016 bar�� 0.081 bar) �æ� VMWÃ

���� @A� p6M e��©4. p6M /0T�( ½¾� �¥

���� @A- L�þ Á ú��( VM� ����( L ,-2 ]

�j �U�©4. ���� @A- L�þ Á ú��� L�þ� @A

� ?|@�a Þ&#  3W L�þ @A- ���� @A� �ñ 

�� ø&�  aAf(sessile drop method)m� ø&�© !, � W�

� �> 4B C! �Z( K�� �� ú��� ø&� ?- �] 

Fig. 4. FESEM images of PCTE membrane surfaces before water permeation; (a) Original, (b) Fluorinated at F2:N2=1:9, (c) Fluorinated at F2:N2=
1:30 (Pfluor=1.5 bar, tfluor=3 min).

Fig. 5. FESEM images of PCTE membrane surfaces after water permeation; (a) Original, (b) Fluorinated at F2:N2=1:9, (c) Fluorinated at F2:N2=1:30
(Pfluor=1.5 bar, tfluor=3 min).

Table 1. Mechanical properties of PCTE membranes untreated or fluorinated with gases of different fluorine concentrations

Membrane Modulus (MPa) Ultimate strain (%) Ultimate strength (MPa)

Original PCTE untreated 2,949 34.8 39.8
PCTE fluorinated with F2:N2=1:30(1) 2,696 9.7 34.4
PCTE fluorinated with F2:N2=1:9(1) 2,719 4.4 28.5
(1)Other conditions: fluorination Pfluor=1.5 bar, fluorination time tfluor=3 min.
HWAHAK KONGHAK Vol. 41, No. 6, December, 2003



726 ���������������

g the
�1.5o ¦�m� �°-4. p6M ^�3 ����( L ,-2  L

,- W÷ É 2WÁ ÝÞ ø&#û4. /0T� ½¾ 0.5 bar�� 1.5

bar �æ�� ^�� �r  eà- DSµ� �( Ý_� L ,-2j

�°J| p6e� É L ,-� (� '�m� '8;'T V�  �

- �� L�+ 9Z( VMT �à� )�� Q \û4. �� �> /

0T� ½¾ 2.5 bar(F2 �½ 0.081 bar)�� p6e�3 ����� Fig. 6-

�� L ,-WÁ� �-	� �� L ,-2T �"Ç ¿T�© !,

�  L ,-� (> '8 @A� '�3 ðEm� �>#û4.

Fig. 7( p6M ^�� �¥ @Aú��( VMj tA, ^�3 ��

��( ú��� p6M /0T�( ½¾� xõF� �� ̈ �½¾ 0.7

bar(F2 �½ b 0.023 bar) KGèS  �6�4T ¤ �ÉK�  �]

¿T�©4. �  ���� @A� p6'T 2�(� �� -CH3 1 

-CH2- ?0� p6'j �  -CHF-, -CF2- ?0m� V>Ta -H� -F

( ?0�� ZH�I (� �� @Ah�( �7 DZ� �°�� �

Q.� ¿T�4T, I ¯ p6M#A @A� -CF2-, -CF3( perfluoro

group�  õSA� �� 6Q.� JI (� �°±4. L ,- W÷

É 2WÁ �- W( L ,-2j ø&�y �U> tA p6� ^��

�r  l�( ����t4 x� L ,-2j t©a, p6M /0T

�( ½¾� xõ�Q¬ L ,-2T ¿T�  �F� t©4. ¤£�

¨�½¾ 2.5 bar(F2 �½ 0.081 bar)� �� x� p6�½�� ^�3

�r  Fig. 4� 5(b)� �� ���� '8 @A� -2�I p6M#

| v.� Ka �0�0>� Â-�  L� '�#| '8� ÔFm

�
 L ,-2T ¿T� �m� t�4.

@A( L�+ 9Z VMT �  &2� p6M3 ����( L ,

-2 ¿T DZ� 4à- �� L�� '�� �m� y�Í4. _`+
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L òA.� uõSS� '8� Â� L OP� FZ#| h�+� L
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�A @A �Q.( �6T L òA� u*  ù-t4 '8 JK@A

( 6Q. ¿T� �> MNj Â� L OP� lÚ>� L ,-2j
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�' ðE��a t�4.
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�U�©4. @<Î� SiO2 µ� 4-5 Å &2 1õJ  Ä'( �RS�

Ar etching� =�( JK l6 	�� Pd� ��4. PCTE ����

� Fig. 1- �� dS� �ñ  a�
�� -[C16H14O3]n-( l
��

� O.#| \4. ��� v6� Ë6 l
��� zË Z 84.2:15.8

&2� Table 2( @A Z l
��� 84.8:15.2� �T�4. PCTE �

���� /0T�� 0.5-1.5 bar(F2 �½ 0.016-0.048 bar) �æ�� p

6e�� �r @A l
��� �U C:O:F=54:21:25� Pd#ûa, �

8� p6�½� V�¯�2 ¤4S V�S ��4. ��� ­²P��

� p6e�� PCTE ����( @A� p6T 2�3 -[C16HxFyOz]n-

(y=4-5, z=4-5) �� ��� MN+ OP� V� �m� *&34. Arm

� ���� @A� sputtering �a �Ò� @<Î JK�2 @At4

Fig. 6. Effect of fluorination pressure on the water permeability of fluori-
nated PCTE membranes (molar ratio of F2:N2=1:30, tfluor=3 min).

Fig. 7. Effect of fluorination pressure on the surface contact angle and
the water permeability of fluorinated PCTE membranes (molar
ratio of F2:N2=1:30, tfluor=3 min).

Table 2. Elemental analysis of PCTE membranes fluorinated under
various pressures of the fluorinating gas

Absolute pressure of 
fluorination(1) (bar)

Atomic ratio (C:O:F)(2)

Surface Subsurface(3)

0 84.8 : 15.2 : 0.0 95.2 : 4.8 : 0.0
0.5 54.9 : 20.4 : 24.7 84.6 : 6.3 : 9.1
0.7 54.3 : 20.9 : 24.8 83.6 : 6.8 : 9.6
1.0 54.4 : 21.2 : 24.4 82.9 : 6.7 : 10.4
1.5 54.1 : 21.0 : 24.9 82.2 : 7.0 : 10.8

(1)Other conditions: molar ratio of fluorinating gas F2:N2=1:30, fluorination
time tfluor=3 min.
(2)Average values with maximum deviation of  ±0.4.
(3)Atomic ratio at the depth sputtered by the same energy as for sputterin
SiO2 surface to the depth of 4-5 Å .
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