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Abstract − Taking advantage of a property that heteropolyacids (HPAs) are highly soluble in some polar organic solvents,

HPA-imbedded polymer films (film catalyst) were prepared and their catalytic characteristics were studied. Furthermore, uti-

lizing the permselectivity of the film catalyst for the organic chemicals, its application to the catalytic membrane reactor was
discussed. It was revealed that an activity of the film catalyst was much superior to the corresponding bulk catalysts due to the

fine and uniform dispersion of HPA throughout the polymer film, and that its acidic and redox function could be controlled,

depending on the solvent used during the preparation of film catalysts. Possibility of an application of the catalytic polymer

membrane reactor was established by the development of a coating technique of the film catalyst on a porous alumina tube.

Preparation procedures, characteristics and application areas of HPA-polymer film catalysts and catalytic membranes were

reviewed in this report. Typical examples of the application of these catalytic materials to the vapor-phase and liquid-phase cat-

alytic reactions, the selective separation, and the catalytic membrane reactors were described. 
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1. � �

������(heteropolyacid) ��	 
� �
��� �� � ��

� ����� ��� �� ��  �! � " �#$% �&� '(

) ��� �	 *%�& ��*+[1-4]. ������, - ., /0

12 3* �4� 567 89 :� ;�) �� � <�� =>2

3, ?89 ;�)	 � <� @	 A9* �+[5-7]. B!C 89

:�-* DE-� F;G H� ������� �IJ(pseudo-liquid

phase)[8, 9] A9) �K ��� DE, ��� LM��  �! ��

NO)C PO� QRST UVW XYV(bulk-type) DE A9� Z[

+[10]. \]^ ?89-_, ��� LM)� 4` abcT ���

DE� PO�* ��� LM)C QRS	 LMV(surface-type) DE

A9� Z[+[11]. d7 �#$% ��� F;c	 H�)e �#$%

fDg� hi) B! LMV DE2 XYV DE* QR�+[12-14].

+j Vk� �g ��l �mS	 ������ ���* ��	 J

�� A9, nop ���q ��  �! rnop ���q ���

��� E;� s&ct cu�T, v�wx y#DE(1972z)[15], {

|Y}~[� �#) �7 {|Y�� ��DE(1982z)[16], *4O�

y#DE(1984z)[17], THF(tetrahydrofuran) �$ �
DE(1987z)[18],

)�x� ���#) �7  ��� ��DE(1997z)[19] �* ���
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318 �������
���� �;c	 J;# ���� ��#S�+.

������� ��DE9 �V, U�W�� ������� �9

� oO ., UO� ��*��� �$c�^ ., ��%4h� �

#(���q *��� �+[20-22]. ������� ��DE9 �V�

�K (e� d c^� ��, ������*�* ��	 UcW A

9� *;c  ������ ��� ���) ¡
c	 ¢*+[23]. *

£ �;S	 ���	 ������*�� ¡
� �K �Uc� �¤

¥ cT, *]7 ¦W) O
S	 Ue9 ���s §, ¨�� PJ

* S�+. Pozniczek �[24], Ue9���[ �� ��x w©)

12-ª�«e[�(H3PMo12O40)� e¬7 ­ *� �g ��� �;c 

�J�� QRS	 )®1 U#DE� yR7 ¡2 �#DE( ��/

¯°± ²9DE), -³ �DE()�x " ´)�)�µ))C ¶· X

YV ��Z+ �y7 DE9� Z[+� Z�cu+. *]7 DE9,

������* Ue9 ���) �� � ��S�� ��  �! U

e9 ���l� e¬) Bj ������� U�W A9�V £¸*

!� \¹, Z�cu+. Hasik �[25], �� º»� �
c	 2�

) 12-¼½¾[�(H3PW12O40)� ¿sc  ������-�� º» �

�� ��cu�T, *4v�À1 U#DE� yR7 ¡2 XYV ��

Z+ Á, �#DEA92 Â, ��� DEA9� Zu�� Z�cu

+. ������� Ue9 ���) ¡
c	 ��, Ã`g�OÄ U

e9 ���� �
c	 2�)C ������� ¿sc  Ue9 �

��� LM " XY) ������� �µt ¡
c	 ��2 ÅÆ

Ue9 ���� �
c� ^�) ���� LM� Ç�c  ����

��� ¡
(È	 ��* �+[26]. ������� ¡
 �g�q �

�É}(polypyrrole)) P7 ¨�e JÊ° QRS� ��T ��� �

�) P7 A9¨�e §* Z�S� �+[27].

������� ��DE9 �V� �K ���� E;c	 d c^

� �Ë, Ì ¨�Q) �K �Í� ¢�� ������2 ���� ;

�� *;c  Î9(ÏÐÑ)7 ­ *� �����Ò ����) �K

Ó, w©�� 9Vc  �g��� ., ��Ò�� *;c	 �Ë*

+[28-53]. * �Ë� ÔÕ, ������* ÖÖ :� ;�) � <

	+	 ������� �:7 A9� *;7 ¢�� ���s �Uc

� �¤¥G *:s ×� £¸) +�7 ���� ØÙG y �+	

ÚÛ� �Ü+. d7 Î9 �Ý) �K ���) P7 �������

�9� Þ�� +�ct �#(ß ���� ������ à� ���

á� y �� ��  �! *;S	 ��� " ;�� +�7 ØÙ)

B! \¹� A9) �K ������� � " �#$% DEA9 �

Ve s&c+	 ÚÛ� �Ü+. *l âr� �����Ò �����

*;c  w©��� VJ " ��� Þ�� �ãG y �� �� D

E9� d7 �VG y �+. *]7 ������-��� w©��	

äy��� �7 ��Ò��q d7 ��ÒDE�� ��Ò��q ��

E;* s&c+	 A9� �Ü+. Ì �)C	 ������-��� w

©��� A9 " �J�� QRS	 � " �#DE)�� E;[28-40],

w©��� ���5 �ã A9 " E;�Ë[41-43], ØÙW ��� �

7 äy ��Ò��q� E;[44], IJ �DE� �7 w©���q�

E;[45-47], ��Ò " ��ÒDE�)�� E;�Ë[48-51]) PK Z

Table 1. Solubility properties of heteropolyacids(HPAs) and polymers in solvents

Functional group Solvent Hydrogen bonding group
Solubility parameter

(cal/cm3)1/2

Solubility

HPAa) PSF PES PPO

alcohol
amine
acid
aldehyde

water
formamide
methanol
ethanol
n-propanol
n-butanol
quinoline
aniline
n-butylamine
diethylamine
triethylamine

strong
hydrogen
bond

24.3
19.2
14.5
12.7
11.9
11.4
10.8
10.3
08.7
08.0
07.4

+

+
+
+
+

+
-

-
-
-
-
-
-
+
+
-
-
-

-
-
-
-
-
-
+
+
-
-
-

-

-
-

-

ester
ether
ketone

dimethylformamide
dimethylsulfoxide
dimethylacetamide
cyclohexanone
acetone
methylethylketone
ethylacetate
tetrahydrofuran
diethylether
isopropylether

moderate
hydrogen
bond

12.1
12.0
10.8
9.9
9.9
9.3
9.1
9.1
7.4
7.1

+
+
+

+
+

+

+
#
+
+
#
#
#
+

-

+
+
+
#
#
#
-
#

-

-

-

-

hydrocarbon
& its
nitrohalocompound

benzene
chlorobenzene
chloroform
toluene
xylene
cyclohexane
n-octane
n-heptane
n-pentane

poor
hydrogen
bond

9.9
9.5
9.3
8.9
8.8
8.2
7.6
7.4
7.0

-
-
-
-
-
-
-
-
-

#
+
+
#
#
-
-
-
-

-
#
+
-
-
-
-
-
-

+
+
+
+

-
-

+soluble; -insoluble; #some part insoluble(swelling), a)H3PMo12O40(PMo) or H3PW12O40(PW).
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+ �gW�� �Ëc�� 7+.

2. ��	
��-
�� ����� ��

2-1. �� � ��� ��

������-��� w©�� ��� �7 ������ ��h��

PLW[ KegginV ������ ��[ 12-ª�«e[�(H3PMo12O40,

*c PMo� å6)2 12-¼½¾[�(H3PW12O40,*c PW� å6)� �

;cu+.

Î9� �7 ���� �pW æel çW è�9* �y7 polysul-

fone(Union Carbide�� Udel-1700, *c PSF� å6), polyethersulfone

(ICI�� Victrex 5200P, *c PES� å6), polyphenylene oxide(Aldrich

�� poly-2,6-dimethyl-1,4-phenylene oxide, *c PPO� å6)� Ø

Ùc  �;cu+.

2-2. 	�
 ��

������ ��l ���� <o y �	 ;�� Ø�c� �K

;Ke A9��[54] " éê* ØRS�+[28]. Table 1)	 ë; ;�

) P7 ������ �� " ���� ;K A9� ^|N�+. �

Ø ;�¹� y4¡
 �e) B! ;�� �&� m� ��c  ��

cu�T, 3, y4¡
 ì) �c	 ;�¹, �m ;�s ��	

�:í[ solubility parameter äC) �K ;�� �çcu+. Table

1� �î	 ������-��� Î9� �7 gpW[ ;� Ø�� s

&ct 7+. ï� ¹� dimethylformamide(*c DMF� å6)� �

;G H� ������2 PSF(., PES)� '() <o y ��ð�

������2 PSF(., PES)s Î9� noJ� ��-��� ;I�

��G y �+. \]^ PPO	 DMF) ;KS� @� £¸) DMF

� �;G H� ������-PPO Î9 ;I� ��G y ×+. �ñ

7 �é, Table 1� �î� �òW�� óôõ £ ������ .,

���� ;K  O) P7 ;�¹* ì(grouping)� *ö+	 �é*

+. *	 ÷�f ;�� ØÙc	¯ ��C ¸ø[54]��OÄ ù��	

;�� y4¡
 �el solubility parameter� Table 1� KÊ��)

��(ú H� \ ;�) P7 ������ " ���� ;K9  O

� éê×* ïûG y ��� �ü7+.

�ØW�� �ýG y �	 ������-��� Î9��, ���

���2 ���� '() <*	 �� ;�� þ N	 o*+. �)

C ÿ�7 ¢Ç� DMF� ��;�� �;G H� PMo-PSF-DMF�

*��Q �Ûe� no Î9 ;I� ��G y �+. ������2

���� Î9c	 d c^� ��, Î
;�� �;c	 ¢*+. ï

� ¹� PMol PPO� '() <*	 ��;�s ×� £¸) Ão

;�� �;c  PMol PPO� Î9G y	 ×+. \]^ PMos {

®1(M�� å6)) � ;KS� PPOs ���5©(C� å6)) �

;KS	 A9* ��T, {®12 ���5©, �U7 Î
* *��

�� £¸) {®1-���5© Î
;�� �;G H� PMol PPO

� Î9G y �+. *]7 ûM)C ������2 ���� Î9c

� �K ØÙG y �	 Î
;�� �(pair), �� +�cT B!C

������ ��	 PO�� ���l Î9* s&c+. ¡2W��

PMol PSF	 �)C ÿ�7 ¢Ç� DMF� ��;�� �;c  Î

9G ye ��T, {®1(������� �7 ;�)-���5©(PSF�

�7 ;�) Î
;�� �;c  Î9G y �+.

no Î9 ;I� Ûe	 ��Ò Vk� w©��� 9Vc�) Wã

c ¥ 7+. äy ������ ;I, ������ �� �#)e

Û9�#s �� ×� £¸) é� Î9;I* Wã7 Ûe� :�c

� �KC	 ;�) P7 ���� �* �ñc+. Wã7 ���� �

, ���� hi) B! +µT  ] �� éê) �K ¡��+. o

DW�� PSF ., PES� H�)	 ���� �* Ug Î9;I�

5-40 wt% ë�*M Wãc�, PPO� H�)	 3-15 wt% ë�) ��

£ ��Ò Vk� w©�� 9V* s&c+. ���l �������

Î9 ?�, ?�W 	, ë�)C s&c�� A� Î9?� *J*

SM Î9;I� J��s o�^� £¸) ù�s ñ��+. J��s


ûS	 �9, �;c	 ��� " ;�� hi) B! +µt ^|

�+. ï� ¹� PMo-PSF-DMF Î9 ;I� H� PMo� �* Î9

�î(�� " ���)� å 25 wt%� 
2c	 H� J�� �J* ^|

^ no7 Î9 ;I� ��G y ×	 ¢�� /ý�� �+[28].

2-3. 
���
 ��

��;� ., Î
;�� �;c  ������2 ���s Î9�

no ;I* á��M *� *;c  U�W[ �����Ò ����

) �K w©��� ��ct S	¯, PLW[ ï� ��;�� *;

c	 PMo-PSF-DMF w©�� " {®1(M)-���5©(C) Î
;�

� *;c	 PMo-PSF-MC w©��� ��2�� e�cM Fig. 12

3+. J�)C ��;� ., Î
;�) o�`� PMo " PSF� ¿

sc� �O�OÄ æ� �D� cM ��	 �t ;Ks ST ���

	 �� Jk� �^ CC° ;K�+. á�Q noJ� �Ûe ;I�

o� ·�s Se� U�W[ ��) �K :�À �) U�(casting)(

�+[29]. J� " JP�e 56% c)C U�� w©� 1� Ý�7 ­

'o�Ý)C 4-5(� �e â Ý�6��q ��Ò Vk� %c	 w

©��[ PMo-PSF-DMF " PMo-PSF-MC� á�+. ��� �gW

�� ��ct �  ] w©��¹, Am7 ��* ×	 7 �)Cl

'o7 U��Ý " Ý��Ý)C ��� w©��¹*+. ��� w©

��� hi " Î9�Ý� �gW�� óôZM PMo(4.76wt%)-PSF

(23.81 wt%)-DMF(71.43 wt%), PMo(1.22 wt%)-PSF(d	 PES d	 PPO)

(6.9 wt%)-M(4.41 wt%)-C(87.47 wt%)*�+. d7 w©��� A9?�

� �K ��� ¿sc� @, ��� w©[ PSF-DMF " PSF(d	 PES

d	 PPO)-MC� 'o7 �Ý)C ��c  \ A9� C� ?�cu

+. ��� w©��� ·�	 17µm*��T ��DE ., A9��

� �K ��� w©��	 170oC)C ü� UÇ�c  �;cu+.

oDW�� �����Ò� ��c	¯ ��C U��Ý " Ý��Ý

, �����Ò� VJ(morphology) " ��(pore)V9) � � ü!

Fig. 1. Preparation procedures of PMo-PSF-DMF and PMo-PSF-MC.
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320 �������
+[55, 56]. "#s�� 'o7 �9� ������-��� Î9;I�

�;c	 H�)e U� " Ý��Ý) B! w©��� VJ2 ��

V9) �*s ^|^	¯ *) P7 �gW[ ��, 4ã)C +(

�Ëce� c$+[41-43].

3. ���� �� � ���� ��

3-1. PMo-PSF-DMF 
���
 �� � �� �����

��;�[ DMF� �;c  ��� w©��[ PMo-PSF-DMF N

)C ������2 ���� Î9Vk� / Z� �K ��� w©

��� DSC ��� yRcu�T \ ¡2	 Fig. 2l 3+. ���s

������2 -�#%W ¡
� c� �	 H� :�U*�e(Tg)	

Á �T -�W ¡
�� :�c� �� H� :�U*�e	 Â Q

+. Fig. 2) ^|� &l 3* PSF-DMF w© " PMo-PSF-DMF w©

��� :�U*�e	 '' 187oC " 174oC� PSF� :�U*�e

	 PMol Î9 ­ Â �	 ¢�� ^|^ PMol PSF� Î9, -

�W Î9Þ� / y �+. *]7 -�W Î9 Vk	 PMo-PSF-DMF

w©��� IR ��)Ce ([S�	 ,̄ 600-1,200 cm−1 �))C Keggin

��� PMos ��	 4�� ù� ¡
* w©��)Ce ¶· ^|^

	 ¢* ([S�+[29].

-�W Î9Vk[ PMo-PSF-DMF w©��N)C PMo� ��Vk

� / Z� �K SEM ��� yRcu�T \ ¡2	 Fig. 32 3+.

PSF-DMF " PMo-PSF-DMF w©��� LM *ü�)C õ y �

	 &l 3* · w©, ��� ��T VJ)e * �*s ×� �

�  �! PMo-PSF-DMF w©�� J)C ��+�!� ÀÃS��

	 �,7 -�e þ� ys ×+. *	 Î9) �K PSF matrixN)

������ ��s U��üH�� 
ûc� �ý. �e� �� �

j +�� � ��S� /�6� /ýù	 ¡2*+[30]. w©�� N)

C ������� ��Vk	 Fig. 4) ^|0 &l 3* EDX ���

�e ([S�+. m2 3, 1, Û, ���N PMo� Mo ���

^|N ù	 ¢��, -�W Î9��) �K ���N) �� �µt

��� ������ ��� �pG y ��� /ýù	 ¡2*+[30].

w©��� ��c	¯ ��C ��;�� �;� DMF(:�2�)s

������ ��� �A9) ü�	 � � óôZ� �K PMo �

�J)C U�W[ ��) �K DMF-TPD éê� yRcu+. XYV

PMo ��J)C DMF� 3b, 150oC)C (Fc  270oCl 337oC

)C 4P� DMF 3bÉY� Zu+. *	 w©��N)C DMFs ¶

· 3bS� /�c	 ¢*  �! oO åct ¡
� DMF	 UÇ

� 2�) �K ��S�� ������� �Û) æct ¡
c�

�	 DMF	 ��S� @� w©�� N) \P� /�c� ���

�ü7+[30]. *	 d7 ?� XYV ������ ��s � " �#

$% �&� '() ��� ��� ���l� Î9) �K ����

��� �A9� 5�G y ��� �ü7+[31]. *]7 A9, w©

��� �;6��q A�DE)C ������� ��&� 5�c�

���) Bj �#�&� -s(���q ØÙe �#l 3, DE9

�V� :eG y ��� �ü7+.

�gJ� ������ ��	 ù�) /�c	 ¡�y ., :�-

� hi " �) B! �� :¨7 3�%W 2���� Z*	 ¢��

/ý� �+[1]. ������� 2���	 XRD) �K ([* s&

cT XYV PMo(300oC)C UÇ�6) " PMo-PSF-DMF� XRD

��¡2	 Fig. 5l 3+. PSF	 
�V A9) �K A�W[ XRD

Vk� Z*� @�� PMo-PSF-DMF w©��	 A6W[ XRD V

Fig. 2. DSC analyses of (a) PMo-PSF-DMF and (b) PSF-DMF.

Fig. 3. SEM images of (a) PSF-DMF and (b) PMo-PSF-DMF.

Fig. 4. EDX image of PMo-PSF-DMF by mapping on molybdenum.
���� �38� �3� 2000� 6�
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k� Z*^ XYV ��[ PMol	 J*7 A9� Z*	 ¢��

^|7+. *	 w©��N)C DMF� � � P�K ù	 d c^�

¡2� DMFs w©��N) ������� �Û2 ¡
c  /�6

��q w©��) /�c	 ������� ¡�Vk)e � � ü�

� ��� �ü7+[30].

PMo-PSF-DMF w©��� �;c  170oC)C �J�� QRS	

)®1 U#DE� yR7 ¡2	 Table 2l 3+. )®1 U#DE,

¨�8©� DE�� �;c  QRS�+. DE� �K ��� w©�

�� 2 mm92 mm Y�� �:7­ ��;DE�) <Qcu�T, D

EU) 170oC)C 1(�'è ��(5 ml/min)� =ýùMC UÇ�cu

+. )®1, ïç�� �K �#S� fD�g[ ��l 6� �J�

� DE�) e+S��T, �JJk)C ²9-� �5� G.C.� ��

cu+. � " �#$%�&� '() ��� �	 ������ ��

J)C )®1 U#DE� yRG H� ������� �#�� F;

) �K  ��/¯°±(acetaldehyde)s ²9ST, ������� �

��F;) �K )�x(ethylene)2 ´)�)�µ(diethylether)s ²9

�+. Table 2) ^|0 &l 3* PMo-PSF-DMF w©��	 XYV

��Z+ �y7 )®1 U$�� Z[+. d7 w©��	 XYV �

�) ?K ��  J� �#��DE A92 5�� ���DE A9

� Zu+. A° w©��� �#DE >9, XYV ��Z+ å 10

� �e Yt ^|^� ��� / y �+. *]7 �# ��DE9�

-s	 Î9) �K ������* �� �µt ��S�� £¸*T,

5�� ���DE9, ������ ��� �Û) æct ¡
�

DMF £¸[ ¢�� ÀÃ�+[29, 30]. ������� ��� F;)

P7 DMF� � , Table 2) ^|� &l 3* DMF�OÄ �¡�

#� PMo ��� >9��OÄ / y �	¯, é� DE)C DMF�

[K PMo� ��� F;* 5�S� �	 ¢�� ^|^� �+. *

]7 PMo-PSF-DMF w©��� DEA9, �J)C QR� 2-v�

À1 U#DE)Ce 'o7 �J� Zu	¯, PMo-PSF-DMF w©�

�	 XYV PMo ��) ?K ��  J� �# ��DE9( �?

²9DE)2 5�� ���DE A9(v�wx ²9DE)� Z*	 ¢�

� ^|7+[32].

*Ç� ��;�� �;c  ?�W �Ã7 ��) �K w©���

��6��q ���� ������ ��� �pG y ���T, ��

� ��e	 Î9) �;S	 ��`� �ã6��q ��W[ ��s

s&cu+. A° )®1 " v�À1 U#DE A9)C ^|� �é

Ç� w©��� �;6��q *%�&� A9� ��� �	 ���

��� ��� ��&� 5�c� ���) �K ������� �#

�&� Yt -s(ú y �� £¸) Æ�)C QRS	 �>9� Ø

ÙW �#DE ��� ������-��� w©��� �;c	 ¢*

s&c+[33].

3-2. PMo-PSF(PES, PPO)-MC 
���
 �� � �� �����

{®1-���5© Î
;�� *;c  ��� w©��� DSC ¡

2	 Fig. 62 3+. PES� :�U* �e	 PMol Î97 *­) Â

 �T, PSF� H�)e ��;�[ DMF� �;@� £l "#s�

� PMol Î97 *­) :�U* �e	 Â Q+. \]^ PPO�

H� UA +j �J� Z*	¯ PPO� :�U*�e	 PMol Î9

7 *­) B°ý Á Q+. *	 PSF " PES) PK PMo	 Ãä

rä-2 3, )G� cT *¹ ���l ������� Î9* -

�W Î9Þ� �üc	 DM), PPO) PK PMo	 Ãä7 rä-�

)G�� c	 ¢*  �T PPOl PMo� Î9, · -_� JCF

;) �K oh� ¡
* 
 � -�#%W Î9Þ� �ü7+[34].

*]7 PMo-PPO-MC w©��� J*7 Î9Vk	 SEM ��¡

2) �KCe ([S�+. Fig. 7) ^|0 &l 3* XYV PMo

��	 10-100µm �e Y�� ¡��� /�7+. 7D PMo-PSF-

MC " PMo-PES-MC w©��	 ?+�9 A9� Z*T, A° *¹

w©��� VJ)C PMo!� ÀÃS��	 �,7 -�e ([S�

Fig. 5. XRD patterns of (a) bulk PMo and (b) PMo-PSF-DMF.

Table 2. Catalytic activity of PMo-PSF-DMF for EtOH conversion at
170oC

Catalyst
EtOH 

conversion
(%)

Amount of EtOH converted to product
(�104 moles/g-PMo-hr)

CH3CHO C2H4 C2H5OC2H5

Bulk PMoa)

PMo-DMFb)

PMo-PSF-DMFc)

2.7
1.5
6.2

0.69
1.50
7.44

0.42
0.19
0.49

3.00
0.50
1.39

W/F=66.73 g-PMo-hr/EtOH-mole, air=5 cc/min, film thickness=17µm, a)bulk
PMo was treated at 300oC before reaction, b)PMo was recrystallized from
dimethylformamide and then treated at 170oC before reaction, c)film catalyst
was treated at 170oC before reaction

Fig. 6. DSC analyses of (a) PPO-MC, (b) PMo-PPO-MC, (c) PSF-MC,
(d) PMo-PSF-MC, (e) PES-MC and (f) PMo-PES-MC.
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322 �������
@E+. *	 PMo-PSF-DMF w©��)Cl "#s�� · w©��

N)C PMo	 �� �µt � ��S� /�6� �ü7+. \]^

PMo-PPO-MC w©��� H� å 1µm �e ., \ *c Y�� �

�¡�� ([G y �+. *	 no Î9;I��OÄ PMo-PPO-MC

w©��� ��c	 2�)C ������ ��¹F� C� EGc�

£¸[¯, *]7 �J, PPOl PMo� �H JCF;(-�#%W ¡


)) �[c	 ¢�� ÀÃ�+[35].

w©��N)C ������� ��Jk� Z+ �(ct ��c�

�K EDX ��� yRcu�T \ ¡2	 Fig. 82 3+. *ü� J

)C 1t I^	 O�, PMo� Mo ��� ^|N	 ¢��, � w©

��	 C� �*s �� ×* 'o7 EDX *ü�� Z*� �	¯

*	 ¶J w©��N)C ������ ��s �� �µt � ��

S� /�6� �ü7+. Z+ A6W[ ¢, Fig. 7� SEM *ü�)

Cl	 K� PMo-PPO-MC w©��� H� ̂ L� · w©��l �m

S	 Am7 EDX *ü�s ^|^� @	+	 �é*+. *	 PMo-

PPO-MC w©�� J)C oO� PMo ��	 Fig. 7� SEM *ü�

)C ([G y �	 ¢Ç� * +�� C� EGK ��T d7 ^

L� �� +�	 PMo-PSF-MC " PMo-PES-MC)CÇ� �� �

µt PPO matrix) F, +� Vk� � ��S� ��� �ü7+.

+(MKC PMo-PPO-MC w©��� H� PMo	 SEM�� ([S

	 +��* UOs  �T Yt NOQ +�l �µt ��� +�s

J/6� / y �+.

PMo-PPO-MC w©��J)C PMos /�c	 Vk� Pâ �(c

t QRc� �K 31P-MAS NMR ��� yRcu�T \ ¡2	 Fig. 9

l 3+.  �)C õ y �	 &l 3* XYV PMo " PMo-PSF-MC,

PMo-PES-MC w©��	 c^� ÉY� Z*	 DM) PMo-PPO-

MC	 · �� ÉY� Z*� �+[36]. XYV PMo� H� −3.9 ppm)

C ÉYs ^|^	¯ *	 ¸ø[3]� �îl � o�7+. oDW��

������ ��� NMR ÉY ��	 ��%4h " ��� :�-

) � � S	+. B!C PMo-PSF-MC " PMo-PES-MC w©��

)C T�S	 NMR ÉY ��� F, �*	 · w©��� Î9Vk

) * �*s ×�� �ü7+. \]^ PMO-PPO-MC w©J)C ^|

^	 · �� ÉY	 C� +j ¡
��� �Ü PMOs /�c� ��

� �üc	 ¢�� DSC, SEM " EDX ¡2� &U�� V³K õ

£ -�W Î9) �K �µt ��� PMO " -�#%W JCF;)

�K ¡
� PMO · his J/c� �	 ¢�� ÀÃ�+.

Î
;�� �;c  ��� w©��� XRD A9�� ¡2	 Fig.

102 3+. XRD A9��� �K w©��¹, 170oC)C ü� U

Ç�S�+.  �)C õ y �	 &l 3* PMo-PSF-MC " PMo-

PES-MC w©��)C	 A6W[ XRD A9 ÉYs ^|^� @E+.

*	 · w©��N)C ������ ��	 
�V� Vk� ��

Fig. 7. SEM images of (a) bulk PMo, (b) PMo-PSF-MC, (c) PMo-PES-
MC and (d) PMo-PPO-MC.

Fig. 8. EDX images of (a) PMo-PSF-MC, (b) PMo-PES-MC and (c) PMo-PPO-MC by mapping on molybdenum.

Fig. 9.31P-MAS NMR spectra of (a) bulk PMo, (b) PMo-PSF-MC, (c)
PMo-PES-MC and (d) PMo-PPO-MC with respect to H3PO4.
���� �38� �3� 2000� 6�
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�µt ��S� ��� �ü7+. \]^ PMo-PPO-MC w©��	

PMo-PSF-MC " PMo-PES-MCl	 K� A6W[ XRD A9 ÉY

s ^|^	¯ *	 · w©��l	 +j Î9 Vk £¸) �[c	

¢�� ÀÃ�+[37]. *J� ¡2	 Î9) ��C 'o7 ��l ;

�� �;7+ G�!e ���� hi) B! ������* Î9S

	 Vks �*s ��� �ü7+. d7 Fig. 5 " Fig. 10� �î)C

/ y �	 &l 3* PMo-PSF-DMF	 A6W[ XRD A9 ÉY�

Z*^ PMo-PSF-MC	 A6W[ XRD ÉYs ^|^� @	+. *

	 Î9� �K 3, ��l ���� �;7+ câ!� �;c	 ;

�s K!_ H� ��� ¡�9(��Jk)) �*s ��� �üc	

¢��, ��W� �(ct 1A��	 @E�� ��-;� ., ���

-;�� JCF;* 
 c	 ¢�� V³�+[38].

¨�8©� DE�� *;c  ��� w©��J)C ��� fD�

g� �;c  )®1 U#DE� yR7 PLW[ ¡2	 Table 32

3+. ¶J w©��	 XYV ��Z+ �y7 )®1 U$�� Z*

� �+. *]7 )®1 U$�� -s	 w©��N PMo� �j ��

) Bj �� LMW� -s) �[c	 ¢�� ÀÃ�+. 'o7 �Ý)

C )®1 U$�, PMo-PSF-MC>PMo-PES-MC>PMo-PPO-MC>PMo

ä�� ^|7+. w©�� �)C PMo-PPO-MC� U$�* �o Â

, *:	 ��� O�W[ EG�J) �K �� ��es +j w©

��Z+ Â� £¸[ ¢�� ÀÃ�+. XYV ��l Î
;��OÄ

�¡�#� PMo ��	 :�7 ��DE9� Z*	¯ *	 �� �

g) P7 ;�� � * Y� @�� �üc	 ¢�� w©��� -

s� >9* ��� �j ��) �[c� ��� ^|0+. PMo-PSF-

MC " PMo-PES-MC w©��	 XYV ��) ?K �y7 �#

��DE92 ���DE9� Z*	 ¢�� ^|7+. *	 PMo-PSF-

DMF w©��)Cl	 K� {®1-���5© Î
;�	 ����

��� �Û X�) �� � � ù� �� @� £¸*+. PMo-PPO-

MC ��� �#DE ØÙe	 +j w©��� 3� *J[ DM ��

� DE) P7 ØÙe	 +j · w©��� 50% *c� ^|^ A

*7 ��DE9� ��cu+. PMo-PPO-MC� *]7 ��DE9,

?� Î9) �K �� ��es JÊ° -scu+ G�!e ��l

���� Î9Vks +j · w©��l	 K� JÊ`� ��s -

�#%W Î9� :�c� £¸*�^ ., +j ñ4s F;c� £

¸[ ¢�� ÀÃ�+[34, 38, 39].

*]7 w©��� �#DE A9� Z+ �gW�� Y�c� �K

��� w©��� ��Ò�� �;c  �4/)®1� Z2ØÙe(perm-

selectivity)� û�cu�T \ ¡2	 Table 4l 3+.  �)C õ y

�	 &l 3* Z2�)(permeation side))C �4/)®1 Z2ØÙe

	 feed �)Z+ Ft ^|^� �	¯ *	 w©��� �7 �4�

Z2es )®1� Z2eZ+ F�T B!C �4� Z2�e(UK�

e)e �#DE� ��ÃpÞ� �ü7+. Table 3 " 4) ^|� &l

3* Z2�))C� �4/)®1 Z2ØÙe	  ��/¯°± ØÙe

l PMo-PPO-MC>PMo-PSF-MC>PMo-PES-MC ä�� 'o7 H 

� Zu+. *J� ¡2�OÄ PMo-PPO-MC w©��	 ØÙW �J

�#DE� �7 ��� �� Wãct �;G y �� ¢�� �P�

+[40].

��;�� �;c  ��� w©��� ��� DEA9� óôZ�

�K ¨�8©� DE�)C [\� fD�g� �;c  )®1 3y

DE� yR7 ¡2	 Table 5l 3+. PMo-PSF-MC " PMo-PES-MC

w©��	 XY ��Z+ �y7 )®1 U$�2 6� �y7 ��

�DE y�� Z*	 ¢�� ^|7+. \]^ PMo-PPO-MC w©�

�	 Â, U$�2 Â, ���DE y�� ��cu+. *]7 H 

, Table 3� )®1 U#DE A92 :�7 ¢�� PMo-PSF-MC "

PMo-PES-MC w©��� ��� DE9 -s	 ��� �j ��)

�[c	 ¢�� ÀÃST, PMo-PPO-MC� 5�� ���DE9,

JÊ`� PMos PPOl -�#%W Î9� *�� £¸[ ¢�� À

Ã�+[37].

Table 1� ;Ke �î� ]�� ÀÃK õ £ ��;�[ {®1-=

Table 3. Catalytic activity of PMo-PSF(PES or PPO)-MC at 170oC

Catalyst
EtOH 

conversion
(%)

Amount of EtOH converted to product
�104 moles/g-PMo-hr(Carbon selectivity)

CH3CHO C2H4 C2H5OC2H5

Bulk PMoa)

PMo-MCb)

PMo-PSF-MCc)

PMo-PSF-MCc)

PMo-PPO-MCc)

06.9
07.4
39.5
33.7
13.4

0.52(12.8)
0.46(10.5)
4.67(20.0)
1.79(09.0)
4.71(59.4)

0.34(08.4)
0.38(08.6)
3.76(16.1)
6.46(32.4)
0.78(09.8)

03.22(78.8)
03.54(80.9)
14.93(63.9)
11.68(58.6)
02.44(30.8)

W/F=169.1 g-PMo-hr/EtOH-mole, air=5cc/min, film thickness=17µm, a)bulk
PMo was treated at 300oC before reaction, b)PMo was recrystallized from
methanol-chloroform mixture and then treated at 170oC before reaction, c)film
catalyst was treated at 170oC before reaction.

Table 4. Permeability of O2 and ethanol through film catalyst at 80oC

Film catalyst Pressure(atm)
Permeability ratio of O2/ethanol

Feed side Permeation side

PMo-PSF-MC
PMo-PPO-MC
PMo-PES-MC

0.9
1.1
0.9

1.04
1.04
1.04

0.57
0.85
0.11

Permeation area=17.65 cm2

Table 5. Catalytic activity of PMo-polymer-MC at 170oC

Catalyst
EtOH 

conversion
(%)

Amount of EtOH converted to 
product�104 moles/g-PMo-hr

C2H4 C2H4OC2H5

Bulk PMoa)

PMo-MCb)

PMo-PSF-MCc)

PMo-PES-MCc)

PMo-PPO-MCc)

01.8
02.3
23.0
45.9
01.0

0.96
2.08

12.300
57.600
0.93

05.27
05.86
68.00

100.000
02.49

W/F=28.69 g-PMo-hr/EtOH-mole, helium=5cc/min, film thickness=17µm, a)bulk
PMo was treated at 300oC before reaction, b)PMo was recrystallized from
methanol-chloroform mixture and then treated at 170oC before reaction, c)film
catalyst was treated at 170oC before reaction.

Fig. 10. XRD patterns of (a) PMo-PSF-MC, (b) PMo-PES-MC and (c)
PMo-PPO-MC.
HWAHAK KONGHAK Vol. 38, No. 3, June, 2000



324 �������

or.
>� �;c	 H�)e ������2 ���� Î9* s&c+. PMo

(1.22 wt%)-PSF(6.9 wt%)-{®1(M, 4.41 wt%)-=>(B, 87.47 wt%) ;

I� �;c  ��� PMo-PSF-MB w©��� H�)e PSF� :

�U*�e	 PMol� Î9�� [K T4S	 ¢�� ^|^ PMo-

PSF-MC w©��l :�ct -�W Î9� *�� �	 ¢�� ^

|7+. d7 PMo-PSF-MB w©�� )( ��� ��� �� @,

?+�9 w©��u�T, SEM ��)Ce w©��)	 PMo!� À

ÃS��	 ¡�* 
^S� @  w©��N)C ������ ��s

�µt �� � ��S� ��� / y ��+. PMo-PSF-MB w©���

��DE9� ([c� �K �J�� QRS	 ��� DE[ MTBE

(methyl tert-butyl ether) �KDE� ¨�8©� DE�)C yRK Ì

¡2 w©��	 �gJ� XYV ��Z+ �� �y7 MTBE U$

�� Z*	 ¢�� ^|7+[38].

4. ����� ���� � ��  !

4-1. 
���
 ���� � ��

��W� ÿ�� w©��	 J� " 56%� JP�ec)C U�W

[ �����Ò ���Ë) �K U�S� Ý�S��T *� �:7

­ ¨�8©� DE�) ��� <Uc  \ DE A9� óôZE+.

w©��s ��	 ���q� �&�#� �7 (e� ������*

Î9� ��� w©��� ��c	¯ ��C U��Ý " Ý��Ý�

K�6��q w©��� ��� �ãc  ��DE92� 
_9� /

 Z�� cu+. *� �K �����Ò ���Ë)C *;S	 phase

inversion(PI)�� E;cu+[55, 56].

PI�� E;c� �K Fig. 1) ^|0 &l 3* 'o �9� no

Î9;I[ PMo(4.76 wt%)-PSF(23.81 wt%)-DMF(71.43 wt%) " PMo

(1.22 wt%)-PSF(6.9 wt%)-M(4.41 wt%)-C(87.47 wt%) ;I� `?cu

+. �Ø PMo-PSF-DMF ;I� �;c  J� " 56%� Jk�ec)

C ;I� U�c� Ý�c  w©��(PMo-PSF-DMF-1� å6)� �

�cu�T, d7 J� " 85%� JP�e)C ;I� U�c� Ý�

c  d +j w©��(PMo-PSF-DMF-2� å6)� ��cu+. PMo-

PSF-MC ;I� H�)e J� " 56% JP�ec)C w©��(PMo-

PSF-MC-1� å6)� ��cu�, d7 J� " 85%� {®1 JP5

#e Jk)C w©��(PMo-PSF-MC-2� å6)� ��cu+.

*at ��� w©��� ÃM SEM *ü�	 Fig. 112 3+. ¶J

w©��)C PMo! ÀÃS��	 bW* ^|^� @	 ¢�� Z 

¶J w©��)C ������, �� �j +�� ��S� /�6�

/ y �+. PMo-PSF-DMF-1 " PMo-PSF-DMF-2 w©��	 ��

� ÍK� * ��� ��� ��� / y ��T, Table 6) ^|0

&l 3* PMo-PSF-DMF-2� ��A9* PMo-PSF-DMF-1Z+ �y7

¢� / y �+. \]^ PMo-PSF-MC-1� H� ��* ×� ��A

9, ^|^� @E�� PMo-PSF-MC-2� H�)	 �� � ÍK�

* ��� ��� �	 ¢�� ^|7+. *J� ¡2	 'o7 Î9

;I� �;7+ câ!e �� �Ý� ��6��q w©��� ��

A9� �:ct �ãG y ��� �ü7+[41].

PI�)C	 ���, ���� ;� " ���) P7 ?;�(non-sol-

vent)� A9* �ñ7 �y� �ý�+[55, 56]. ��V9) ��C n

o Î9 ;IN� ;�l w©�� �� �Ýc� ?;� �*� JC

Î
A9* �� �ñ7 �y� F;c	 ¢�� ^|7+. PMo-PSF-

DMF w©��) V9� ��, PSF� ;�[ DMFl w©�� ���

Ýc� y-�(PSF) P7 ?;�)s C� �d7 Î
9(miscibility)

* �� £¸) V9�+. PMo-PSF-MC-1 w©��)	 ��* V9S

Fig. 11. Cross-sectional SEM images of (a) PMo-PSF-DMF-1, (b) PMo-PSF-DMF-2, (c) PMo-PSF-MC-1 and (d) PMo-PSF-MC-2.

Table 6. Pore characteristics of PMo-PSF film catalysts

Catalyst
Porosity

(%)
Average pore 
diameter(mm)

Total pore area
(m2/g)

PMo-PSF-DMF-1a)

PMo-PSF-DMF-2b)

PMo-PSF-MC-1c)

PMo-PSF-MC-2d)

14.0
56.0

-
81.5

2.78
4.26

-
5.48

26.5
29.7

-
14.9

a)It was prepared in ambient condition(at 56% relative humidity); b)It was pre-
pared at 85% relative humidity; c)It was prepared in ambient condition(at 56%
relativehumidity); d)It was prepared at 85% relative saturation of methanol vap
���� �38� �3� 2000� 6�
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� @E	¯ *	 Î
;�� PO�� ��c	 ���5©* w©�

� �� �Ýc� y-�(PSF) P7 ?;�)l Î
9* ×� £¸*

+. DM) PMo-PSF-MC-2)C ^|� ��, ���5©* ���

�Ý(85% {®1 JP5#e)c� {®1(PSF) P7 ?;�)2 Î


9* �� £¸*+[42]. Fig. 12	 PMo-PSF-DMF w©��)C� �

�V9 �� " ��� �5) P7 ¶e� �(7 ¢*+. U�� Î9

;I��OÄ DMFs ¨�W�� -ÍcT �O� y-�	 Î9;I

�� (�S� ¹��+. *]7 2�* ��SMC no Î9;I,

J��s o�^ PSF-rich J2 PSF-lean J�� ^f�Q+. DMF	

y-�J�� ��W�� -ÍST d7 PSF-lean J�� ¨�W��

*'7+. *£ PSF-lean J�� *'c	 DMF) �K <  �g PMo

e 6� PSF-lean J�� *'ct �+. *]7 2�* DhSMC PSF-

lean J, Û� i�MC ���� ÍKS� Û� jes -s� ?;

�[ -) �K PSFs �V#SMC +�9 w©��s 9V�+. B

!C *at V9� +�9 w©��N)C 4hÝ�2�� k�MC

PMo ��� PO�, ��� LM*^ �� ]Ç� PSF matrix) /

�G ¢�� ïJ�+[43].

4-2. ����� �����

PI�) �K ��� w©��� ¨�8©� DE�) <Q7 ­ *�

*;c  �J�� QRS	 )®1 U#DE� yRcu+. Table 7)

	 ��� �Ü PMo-PSF-DMF w©��� PLW[ ��DE9� ^

|N�+. w©��¹, ¶· XYV ��Z+ Á, )®1 U$��

Zu�T,  J� �#DEA9( ��/¯°± ²9DE)2 5�� �

��DE()�x " ́ )�)�µ ²9DE) A9� Zu+. *]7 PMo-

PSF-DMF w©��� DEA9, 3-1ã)C UË7 &l 3* Î9)

Bj ��� �j ��2 Î9) �;� DMF� �� �Û) P7 � 

£¸*+. ��A9* Z+ �y7 PMo-PSF-DMF-2 w©��	 PMo-

PSF-DMF-1 ��Z+ �y7 )®1 U$�� Zu	¯, *	 ÍK�

��� �K DE- " ²9-� -_UK Æl* T4S�� £¸[

¢�� ÀÃ�+[41].

PMo-PSF-MC w©��� UVW[ )®1 U#DE A9, Table 82

3+. PMo-PSF-MC w©�� ¶· XYV ��) ?K �� �y7 )

®1 U$�� Zu�T, ²9-� y�) ��Ce �# ��DE,

-³ ��� DE)C XYV ��Z+ ��  J� ��DE9� Zu

+. PMo-PSF-MC-2 w©��� *]7 DEA9, Î9) Bj ���

�j ��2 ÍK� ��) �7 -_UK Æl� T4) �[c	 ¢�

� Z[+. ?+�9 w©��[ PMo-PSF-MC-1� -s� ��DE9,

3-2ã)C ÿ�7 &l 3* Î9) Bj ��� �j ��2 w©��N

��s Z*	 
�V A9�� [K ��s Z+ :¨7 ��� *��

�� £¸[ ¢�� Z[+. *]7 ¡2	 XRD A9���� V³G

y �	¯, PMo-PSF-MC-1� H� A6W[ ������� XRD ÉY

s ̂ |^� @	 ¢�� ^|  ̂w©��N)C ������, 
�V

� A9, +(MKC �IJA9� ��� �	 ¢�� ÀÃ�+. DM)

ÍK� ��� ��� �	 w©��[ PMo-PSF-DMF-1, PMo-PSF-

DMF-2 " PMo-PSF-MC-2	 XRD ��)C A6W[ �������

¡���� ��� �	 ¢�� ̂ |7+[43].

5. "#$ ��% &' () ��*+	,� �-

������2 ���s Î9� w©��	 ���q� �&�)e

äy��� �7 �g��Ò��qe E;* s&c+. ��?º/01

(PVA), -) � ;KS� d7 ������e -) �� � <	+.

*m ;K A9 £¸) ��;�� -� �;G H� ������2

PVA� Î9G y �+. 2-3ã)Cl 3, ��) �K PMo(2.44 wt%)-

PVA(9.76 wt%)-H2O(87.8 wt%) Î9;I� ��cu�T, d7 ?��

�K ������* ¿sS� @, PVA(10 wt%)-H2O(90 wt%) no

;I� ��c  U�W[ ��) �K ''� ��Ò� ��cu+.

*at Î9� ��Ò� H�)e ������, PVAl -�W Î9

� :�c� �	 ¢�� ^|7+. d7 PMo-PVA ��ÒJ)C �

�	 O�W�� EGS� ¡�� Vk� /�c	 ¢�� ^|7+.

*at ��� ��Ò� *;c  J�)C y4 " o�#®4� �

gZ2 A9� óôZE�T \ ¡2	 Table 9l 3+.

 �)C õ y �	 &l 3* PMo-PVA Î9Ò� �7 y4 "

Fig. 12. Model for pore formation and PMo distribution through PMo-
PSF-DMF.

Table 7. Catalytic activities of PMo-PSF-DMF for EtOH conversion at
170oC

Catalyst
EtOH 

conversion
(%)

Amount of EtOH converted to product 
(�104 moles/g-PMo-h)

CH3CHO C2H4 C2H5OC2H5

Bulk PMoa)

PMo-PSF-DMF-1
PMo-PSF-DMF-2

2.7
6.2
9.6

0.69
7.44

11.500

0.42
0.49
0.63

03.000
1.39
2.23

W/F=66.73g-PMo-h/EtOH-mole; Air=5cc/min; Film thickness=17µm; a)bulk PMo
was treated at 300oC

Table 8. Catalytic activities of PMo-PSF-MC for EtOH conversion at
170oC

Catalyst
EtOH 

conversion
(%)

Amount of EtOH converted to product 
(�104 moles/g-PMo-h)

CH3CHO C2H4 C2H5OC2H5

Bulk PMoa)

PMo-PSF-MC-1
PMo-PSF-MC-2

06.9
39.5
46.0

0.52
4.67
2.95

0.34
3.76
9.67

03.22
14.93
14.60

W/F=169.1 g-PMo-h/EtOH-mole; Air=5cc/min; Film thickness=17µm; a)bulk
PMo was treated at 300oC

Table 9. Permeabilities of H2 and CO through PVA and PMo-PVA me-
mbrane ar 25oC

Membrane Gas
Permeability

cm3-cm/cm2-sec-cm Hg
Perm-selectivity

H2/CO

PVA

PMo-PVA

H2

CO
H2

CO

9.76�10−9

7.88�10−9

3.31�10−7

1.12�10−7

1.24

2.96

H2 permeability ratio(PMo-PVA/PVA)
CO permeability ratio(PMo-PVA/PVA)

03.391
14.210
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326 �������
o�#®4� Z2e	 PVA Ò� �7 Z2eZ+ '' å 30� "

15��e Yt ^|7+. d7 PMo-PVA Ò� �7 y4/o�#®4�

Z2ØÙe	 PVA ÒZ+ Yt ^|^ ������* Î9� ��Ò

, ØÙW �g��Ò�� �;G y ��� / y �+. ¡³W��

PVA Ò)C 
^S�g Â, Z2` " Â, Z2ØÙe	 PVA Ò)

������� Î9(���q \ ��&�  J(ú y ��+. Î9

��Ò� *]7 �� A9, ¡n ������� ¿s) �7 o2

� P�K ù	 ¢��, *]7 ¡2	 ������* y4� Z+

ØÙW�� ybc� £¸[ ¢�� /ý�� �+[44].

6. ����� ./0 1� ��� ��

UË7 2-3ã " 3-2ã)Cl 3, ���� {®1-���5© Î


;�� *;c  ��� ?+�9 w©��	 IJ�� QRS	 TBA

(tert-butyl alcohol) 
9DE� rno ��� W; s&c+. ����

��� �;c  TBA� 
9c	 J;#��[17])C	 ������

� -) <[ �je� no ������ ;I2 *4O�� DE(ß

TBA� ��7+. ��;�� *;c  ��� �gJ� w©��� -

) ��(� Dp��DE�)C �J�� *4O�� ̈ �W�� e+

cMC TBA� 
97 ¡2	 Fig. 132 3+. � hi� w©��	 ¶·

no PMo ��pZ+ �y7 TBA y�� Z*	 ¢�� ^|7	¯,

��DE9, PMo-PPO-MC>PMo-PES-MC>PMo-PSF-MC>no PMo

y�� ä�� ^|7+[45].

w©��¹* Z*	 *]7 ��DE9� Y�c� �K J�)C

''� w©��) P7 *4O�� ab`� û�cu	¯, PMo-PPO-

MC w©��� H� +j · w©��) ?K �� qr7 *4O�

ab&s� Z*	 ¢�� ̂ |7+. *]7 A9¡2�OÄ PMo-PPO-

MC w©��s TBA >9DE) qr7 >9� Z*	 *:	 3-2ã

)C ÿ�7 &l 3* ?� � hi� w©���)C PMo-PPO-MC

� �J ��� DE9* sÚ Â�� TBA 
9DE)C	 DE-[

*4O�) P7 ab&s* +j · w©��) ?K r�° Á� £

¸[ ¢�� ÀÃ�+. A° no ������ y;I� �;c	 U

�W[ TBA 
9DE)C -) P7 *4O�� ;Kes �� Â,

¢* ��J� * ¸�ÛÞ� TèK õ £ PMo-PPO-MC w©��

�  J� IJ ��� DE9, ¡n Î9) �;� PPO� F;)

�K *4O�* Z+ §* ��l ��G y ��� £¸[ ¢��

ÀÃ�+[46].

TBA IJ 
9DE)C PMo-PPO-MC w©��s Z*	  J�

��DE9) P7 d c^� *:	 -) P7 w©��� è�9)

C þ� y �+. +j · hi� w©��l	 K� PMo-PPO-MC

w©��� H� JÊ`� ������* PPOl -�#%W Î9�

*t��q Z+ è�W�� PPO matrix) ¡
c� �� £¸) TBA


9DE �_c)C w©���OÄ ;uS	 ��� �* �o F+.

éê¡2 DE�( å 30(� ­ Ug PMo ��`� 2.7% �* y

;I �_� ;uS��T \ *­)	 ;uS	 ��`* �� ×�

+. *	 w©��� LM) /�c	 ��� oOs ;u� ¢��

ÀÃST DEU ­ PMo-PPO-MC w©��) P7 SEM �� ¡2

LM VJ) * �*s ×	 ¢�� ^|7+. *Ç� ������-�

�� w©��� no IJ ��DE� Pg ��� �;G y ��,

é���)C ­�c	 ����� ¸�� Z+ �Ãct K¡G y

��� �ücT B!C Z+ H�W[ ���Í* s&G ¢�� ï

J�+.

������-��� Î9;I��OÄ w©��� �� ��c  �

;c�^ ., no Î9;I� /�ü^ �� àg) 0vc  ���

�;G y �+. 
� àg) 0vG H� �� 9V* yrc� +�

� �+	 ÚÛ* �� £¸) Z+ é;W[ ��� *;* s&c+.

7 ï� PMo-PPO-MC Î9 ;I� /�ü^ �) 0vc  ��� �

�[ PMo-PPO-MC/Al2O3� SEM �� ¡2	 Fig. 14l 3+.  �

)C õ y �	 &l 3* /�ü^ �) PMo-PPO-MC w©* �

0vS� ��� / y �+. 'o7 �Ý� TBA 
9DE)C ��

>9, PMo-PPO-MC>PMo-PPO-MC/Al2O3>no PMo;Iä��, 0

v� ��� >9, -s� -_UK Æl�� [K w©��Z+ +4

ÂE��  U° no ������ �� ;IZ+ �y7 ¢�� ^

|7+[47].

Fig. 13. TBA yields with respect to reaction time; isobutene pressure
=2.0 kgf /cm2, temperature=50oC, �= PMo-PPO-MC, �=PMo-
PSF-MC, �=PMo-PES-MC, �=homogeneous PMo solution. Fig. 14. SEM images of (a) bare Al2O3 and (b) PMo-PPO-MC/Al2O3.
���� �38� �3� 2000� 6�
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7. ��*���2	� �-

������ ��� ��ÒDE�) E;7 �w	 · s� �¥�

^x y �+. �Ø ������ ��l �����Ò* c^� J*

 Ü +j J(phase)�� /�c	 ?>9��ÒDE�(inert catalytic

membrane reactor)) 
7 ¨�[¯, *	 ������ ��s ��	

�:7 ��W A9(LM " NODEA9, DE-� hi) Bj ab

A9)2 ��� ��Ò* ��	 �:7 ��&� ¡
6��q s&c

+[57-66]. Ì �)C +��� c	 d c^� E;�w	 �����

�2 ���� Î9c  á, w©��� ��ÒDE�� ��Ò��

�� *;c	 ¢*+[48].

¶eDE[ MTBE �KDE� �K ��� PW� ØÙcu�T �

�&� �Ü ���� PPO� ØÙ@+. éê) �;� *�
V ��

ÒDE�� ��	 Fig. 15l 3+. �Ø ��Ò� ��g� +�9�

α-/�ü^ y«� `?cu+. ��Ò� ��c� �K {®1-���

5© Î
;�� �;c  noJ� PW(14.6 wt%)-PPO(7.3 wt%)-M

(5.1 wt%)-C(73.0 wt%) ;I� ��cu�T, *� /�ü^ y«) Ó

, ;�� 0vc  /�ü^) 0v� ��Ò[ PW-PPO/Al2O3(Type-

1)� ��cu+. d7 /�ü^ �) PPO-���5© ;I� 0vc 

Ý�7 ­  �) +( PW-PPO-MC ;I� 0v6��q d c^�

��Ò* ��Ò2 ¡
� Vk[ PW-PPO/PPO/Al2O3(Type-2) h
�

�Ò� ��cu+. *¹ ��Ò� *;c  Fig. 15)Cl 3, ��Ò

DE�� �9cu�T �J�� QRS	 MTBE �KDE� yRcu

+[49].

��� ��Ò� SEM *ü� ��¡2	 Fig. 162 3+.  �)C

õ y �	 &l 3* PPO " PW-PPO	 /�ü^) � 0vS� �

�T, /�ü^ y«� ��¹, 0v-_� z{� �+. d7 PW-

PPO/PPO/Al2O3 *ü�)C õ y �	 &l 3* PW-PPO ��Ò;

, PPO;2 � �mS� /�c	 ¢�� ^|^ %c	 ��Ò .,

h
��Ò* � ��S��� / y �+. \]^ 0v� ·�s U

gW�� o�c�	 @E+. d c^ A*7 Û, PW-PPO ��Ò�

Fig. 15. A shell and tube-type catalytic polymer membrane reactor.

Fig. 16. SEM images of (a) bare Al2O3, (b) PPO/Al2O3, (c) PW-PPO/
Al2O3 and (d) PW-PPO/PPO/Al2O3.

Fig. 17. Isobutene selectivity in the tube(feed) side of the catalytic mem-
brane reactor with respect to W/FMTBE; (a) PW-PPO/Al2O3(Type-
1, PW=0.023 g) and (b) PW-PPO/PPO/Al2O3(Type-2, PW=0.01 g).
HWAHAK KONGHAK Vol. 38, No. 3, June, 2000
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nd

M.:

ek,

c-

ea
H� 3-2ã)C ÿ�7 PMo-PPO-MC w©��l	 K� ��!� À

ÃS��	 bW* SEM *ü�� 
û* S� @	+	 �é*+. *

	 ������2 ���� Î9c	¯ ��C 'o7 ��� " ;

�� �;7+ câ!e ��� K�cM Î9Vk) �*s |� �

ü7+. PW-PPO ��Ò� H� ��	 �� F, +�� � ��S

� /�cu+[50].

*¹ ��ÒDE�)C MTBE �KDE� yR7 PLW[ ¡2	

Fig. 172 3+. Ão ��ÒDE�[ PW-PPO/Al2O3(Type-1)� H� y

«}(reacted stream))C� *4O� ØÙe	 å 59%� o�7 í�

:�c	¯ * í, MTBE �KDE� *³W ØÙe[ 50%� Jp7

+. d7 h
��ÒDE�[ PW-PPO/PPO/Al2O3(Type-2)� H� y

«}(reacted stream))C� *4O� ØÙe	 ��(�� -s) B!

Û� -scT 59% *J� Jp7+. *J� ¡2	 Ão��Ò " h


��Ò, MTBE �KDE� ²9-[ {®1 " *4O�) P7

Z2ØÙe� ��T A° {®1� ØÙW Z2	 s)DE)C #%

~V� *'(ß ~VU$�Z+ Á, U$�� ��ÒDE�)C á�

y ��� �ü7+. PW-PPO/PPO/Al2O3(Type-2)� Úb7 h
��

ÒDE�	 PW-PPOs ��	 DE92 Z2ØÙ9 \�� ­�c	

PPO Ò� Z2ØÙ9�� [K Type-1 Vk� ��ÒDE�Z+ 9&

* Z+ �y7 ¢�� ̂ |7+[51].

8. 34 � 56

Ì�)C	 ������* :�;�) � <	+	 A9� *;c 

������2 ���� ;�) <  Î9;I� ��c	 �Ë� 4

�cu�T d7 Î9;I� *;c  �����Ò ����) �K

������-��� w©�� " ��Ò� ��c	 �Ë " \ A9

� 4�cu+. *l 6� ������-��� w©��� E;c	 �

¥� �J�� QRS	 � " �#DE)�� E;, w©��� ��

�5 �ã A9 " E;�Ë, ØÙW ��� �7 äy ��Ò��q

� E;, IJ DE)�� E;, ��ÒDE��� E;�Ë) PK Z

+ �gW�� �Ëcu+.

������-��� w©��	 ������� ��e� �:ct

�ãG y �+	 A92 6� ������* �� �µt ��� �

�� à�V ��!	 A9� �Ü+. �gJ� w©��	 ØÙW �

#DE ���q ., ��� DE� ���q �� *;* s&cu

�T, ��Ò, äy ��� �7 ØÙW ��Ò��q d7 DE2

��� '() yRc	 ��ÒDE�� �9ñ4� �� *;* s&

cu+.

��W�� ̈ �� &U��  ­)	 ������-��� w©��

� 9V�Ë " ��# �Ë, ��Ò� ��Ò��q� E;�Ë, �C

�C� E;�Ë, ��ÒDE�)�� E;�Ë �) 
7 ¨�s Z+

Õe�t ��� ¢�� U��+.

7 8

Ì ¨�	 (ù)P���, où%Ë¸#�Ã " C.P%�� �%��

yRS��T *) T�±��+.
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