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�$B[�. Xklm
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| bipolar�� .� �+� water-splitting d � �[(�, 100 mA/cm2# �r��
W 2.4 V# ��6� �[�.

Abstract − Electrodialysis process with bipolar membrane is economically very attractive and has a multitude of interesting

potential applications. Although the process expand applications such as waste water treatment, and recovery of pure organic
and inorganic acids with the efficient bipolar membrane, the large scale utilization of bipolar membrane is still limited by

unsatisfactory membrane properties and by a lack of application knowhow. In this study, the block copolymer(BPSf) was pre-

pared by copolymerization of polysulfone(PSf) and poly(phenylene sulfide sulfone)(PPSS). The cation exchange membranes

were prepared by the sulfonation of BPSf with chlorosulfonic acid and the anion exchange membranes were prepared by the

chloromethylation by chloromethyl ether and the amination by triethyl amine. The bipolar membranes were fabricated by

stacking anion exchange membrane over cation one with the conditions of good electrochemical characteristics and physical

properties. The influence of intermediate layer components on the bipolar membrane properties such as current-voltage curve

and pH was investigated, and the components were varied by pasting non-woven cloth, various polymers, and amine groups.

Among the various bipolar membranes, the membranes prepared by tertiary amine group exhibited the best water-splitting

effect and 2.4 V of membrane potential at 100 mA/cm2 of current density.
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	�9 � :  ;<" =>9 � :?$ @A BCDE FG?. HI

.� ���� 
	 &'% �1JKL M/NGO PQR" PST U

V#7 �1W" .#H GO, XY4 -�, Z[#  
	G?. F\

U] �1JKL ^T ��_ �X" 5�#1 `E 3�� a��'

bc�d efg hX��i ����' Uc�d e?.

BipolarRL M/NGO PQR" jkE lTm no� RfT%, U

L 'p�T qr �� 3�' �E ����, �� X" ()#7 :

  ��'% s�E �i X14 -�#H tu" 8�, �5#  
	

G .v#H w Uc x`. yS�7 :  lTm 
	fT% HI z

{| �� �} � F~" &�fT ��� ���7 :?[1]. Bipolar
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R" GcE �1JK� � .� bc �4 Table 1' _2��?. wI

_ �� 3�4 �{��  ����' S3%  �D�� 	y� �

�{ B. �1 ��' �Y+� � 'p�+� $'% �..�. �

L RG ���� �#7 :  �	Gd% bipolarR' SE G0U �

�. ��#?.

Fig. 1L bopolarR� water-splitting ����" _2� �fT ��'

% &� $(J)fT y�E �G J'% 3��d H+¡ OH−GOG MG

OPQV(CEL)i NGOPQV(AEL)" ¢#H -��7 X(MX)L 3

��d s�E �(HX) � X1(MOH)T *?. wI_ bipolarR  $'

%� water-splitting ����' £E ¤L .¥G �¦�7 :fg �

D§ ¨© &' :?. G4 ¥ª#1 `3% 2« wien effect[2-4], R 

$� &,V� ¬�[5], NGO PQV t­ � &� $ ,-fT% 1

«, 2« � 3« �®� �W�{(field-enhanced)+i' �E water-

splitting �,[6-15] !� � .� .¥¯G �¦�d :f_ �D§ y

�E j0L �°�� 6L ±oG?. �� � 3� ����' ²� 

&� $� �@U ³9i G ´±G Fd_  R� 	yE `�  �

D µ�� ¶ª�� 6L ±oG?[16].

Fig. 2'%¡ ·G bipolarR' �E �Y/�¸ ¹zL º �-� E 

�Y4 »]?. ¼ ½¾ E �Y   $'% X GO¯� G¿ E  �

�' 5À?. 0.8 VG±� �`«'% �Y
§  0.2 A/cm2�� E 4

»G� 67, w G±'% º ½¾ E �Y ́ ±" »G7, G   $'

%� water-splitting� Á§' SE � 
Â� E  ��' 5À?[1]. Ã

Ä% bipolarR 
	'% �Y/�¸ ¹zL Å .� Æ³fT _Ç � :

?. ¼ ½¾ Æ³'% �Y
§  @A È7, �Y  X GO� G¿'

�3 �5E?. º ½¾ Æ³L ÂÁE �Y� É.4 »G7, G  bipolar

R� &� $'%� water-splitting' �E H+¡ OH−� qr 5,Á§

' 1]E?. Å ½¾ Æ³'% H+¡ OH−� 5,Á§   $fT ¯d

.  �� y�Á§� E ' �3 ÂÊ� Ë�E?. wI_ º ½¾ E

 �Y G±'%� 
	L bipolarR' Ì±" ^Í *?[17].

BipolarR �� � &� $' SE ��T% Chou¡ Tanioka[18] 

bipolarR�  $' £v14 �Î 7-t4 Gc#H �Ï#Ð7, 7-

tT  �®Ñk� Lenisalt¡ PAL-2 Ò��k� PAS-H !" Óc#Ð

?. ÔE CuO, Cu � CuCl !� �GÕÁ�k�" ��#H ,v" Ö

PE ji 7-t  water-splitting" É.�×f_ ±c bipolarR' Ö

3%  w ,vG ÈØfg, &� $' Ù.E �GÕÁ�k�� ÆÚ

L ªy#� 6Ø?7 »7#Ð?. Hao ![19]L &� $' �®14

��#H Û A�E ji4 Ü�7, 100 mA/cm2'% Ý 4.5 V� R�

` �," »Ð?. ÔE Aritomi ![20]L 10-50oC� O§ x`' Ãr

water-splitting +i' £#H ��#Ð7, O§. ��Þ' ÃÄ water-

splittingG É.#  ji4 »Ð?7 �ß#Ð?. w � Chou¡ Tanioka[21]

  �3�T alcohol 4 Óc#Ð7, alcohol � Z§4 É.�à' Ã

Ä alcohol-splitting +i4 ��#Ðf_, water-splittingi ÖPE ji

-�Á§  ÈØ?7 »7#Ð?.

~ ��'%  polysulfone(PSf)i polyphenylenesulfidesulfone(PPSS

" 
&k�á ��* block copolymer(BPSf)4 Gc#H M/NGO P

QR" ��#Ð?. PSf  .�-3¡ ���,G â#7, ãU ¦	,

i 1 U â§. @A A�E ã.�, ��Gg, ́ � äå� !' �

E æc1 �HT GO PQR' bc�d [�1� ÊR � �ç��c

7-t �3� !' w bcG .v#?7 »7 ��?. ��* M/NG

O PQR" UV jk#H bipolarR" ��#7, �Y/�¸ ¹zi pH

è� !" é	#H &� $'% water-splitting' ÆÚ" ^   $�

�' SE ��4 �ê#H ëU� bipolarR" ��#7t #Ð?.

Table 1. Some Technology Applications of Bipolar Membrane 

Polution Control/Resource Recovery

mixed acid recovery Stainless steel pickle liquor recovery
Sulphate recovery Battery acid recovery
Nitrate recovery Ammonium nitrate conversion from uranium processing
Amine recovery Recovery of a catalyst in Al coating moulds
Pulp & Papers Sodium alkali recyling in pulping and bleaching operations

Chemical Processing

Organic acid recovery Acetic, formic, acetylsalicylic and organic acids
Ion exchanger regeneration Production of highly generated ion exchange resins
Waste water treatment Salt splitting of NaCl
Sodium methoxide production EDBM in methanolic solutions
High-purity water production Continuous electrodeionisation for high purity water

Fig. 1. Diffusion and dissociation of water in a bipolar membranes. 

Fig. 2. Current density as a function of the applied voltage and three
distinct areas of operation with bipolar membrane. 
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2. � �

2-1. ����


&k­ ��c �ÝfT% PSf(polysulfone, Aldrich, Mnì26,000),

4,4'-dichlorodiphenylsulfone(DCDPS, Fluka, 95%)i sodium sulfide hydrate

(Janssen, 62%)4 Óc#Ð7, G �� �@T  lithium acetate dihydrate

(Kanto, 98%)4, c@T  1-methyl-2-pyrrolidinone(NMP, ISP Tech.,

99%)" íí Óc#Ð?. Sulfonating agentT chlorosulfonic acid(CSA,

Janssen, 98%)4 Óc#Ð7, G � c@T  1,1,2,2-tetra chloroethane(TCE,

Shinyo, 95%)4 Óc#H sulfonation' �3 GO PQ14 §î#H

MGO PQR" ��#Ð?.

Chloromethylation agentT  chloromethyl methyl ether(CME, Tokyo

Kasei Kogyo, 96%)¡ TCE" wST Óc#Ðfg, G �� �@T

stannic chloride hydrate(Junsei, � 1Â)4 Óc#Ð7, triethyl amine

(TEA, Kanto, 98%)i N,N-dimethyl acetamide(DMAc, Shinyo, 99%)4

Óc#H amination' �3 GO14 §î#H NGO PQR" ��#

Ð?. ÔE ÉY�  ïs GOi pH. �Ïè�' ²�  ÆÚ" 7

°#H F\ ÉY�4 ðs� Hi1 Milli-Q(Millipore)T ?� Hi#

H Ö�§§ 18.3µS/cm G#� ðs�4 Óc#Ð?.

2-2. Bipolar�� ��

BPSf 
&k­  0.066 mol� DCDPS, 0.06 mol� sodium sulfide

hydrate � �@] lithium acetate dihydrate 0.06 mol" c@] NMP

120 mL' ñL ò P\i ¿�' 0.06 mol� PSf4 Ñk#$% ��

-`14 ���á ^�?. G Ñk�" 120oC'% µ� c3�ó ò

160oCT ôO��7 3�� ¿¦ 300 rpmfT P\��$% &k#Ð

?. &kG õ� µç��" � \b	��T 3-chloro-2-methyl-1-

propene(Tokyo Kasei Kogyo, 95%) 20 mL4 ̂ î�á \b" 	��ó

ò ²\b�i \b	��� �õ4 ̀ #H ÉY�4 Óc#H HI ½

Åö" #7, ÷�RfT �Òø" Óc#H Åö" E ò 150oC'%

5�� ¿¦ 60 mmHg'% Ë¸ ù��á BPSf4 Ü�?.

��* BPSf 0.01 mol" TCE' ú] ò BPSf' SE CSA� ëU

ûÖ4 �#1 `#H sulfonation \b O§4 25oCT 7	#7 CSA

� ûÖ4 1 : 1, 1 : 2 � 1 : 3fT è�4 ^d 10- ¿¦ U#��7

50- ¿¦ 200 rpmfT \b" �ó?. G � \b1 ��' CSA¡ �

�� \b" ;�#1 `3% ��-`14 ���á ^�7 �ÒøT

HI ½ ÅöE ò ü��" 90oC'% 4-5�� ù�#H sulfonated

polysulfone(SPSf)" ��#Ð?. MGO PQR �RL BPSf' SE

CSA� ûÖ 1 : 1, 1 : 2 � 1 : 3" íí CEM1, CEM2 � CEM3fT

ªª#H ��* SPSf4 c@] NMP' c3�á 15 wt%� cý" �

�E ò ��þ `'% casting#Ð?.

NGO PQRL BPSf 0.01 mol" TCE' ú] ò chloromethylation

agent] CME 0.2 mol" 10- ¿¦ U#��$%, 25oC'% 6�� \

b�×7, �@  0.0011 mol stannic chloride hydrate4 Óc#Ð?. \b

ò �Òø' 4�� üU��7, 12�� ¿¦ Ë¸ ù��á chloromethylated

polysulfone(CMPS)4 ��E?. NGO PQR� �RL º .� ;<

fT ��#Ð ÿ, ¼ ½¾  amination�ó \bý" BT casting�

�  ;<fT TEAcý" 30, 50 � 70 wt% \b�á íí AEM30,

AEM50 � AEM70fT ªª#H ��#Ð?. º ½¾  MGO PQR

i ·L ;<fT DMAc4 c@T Óc#H �R#Ð7, TEA cý 30,

50 � 70 wt%' ÃÄ AEM30-1, AEM50-1 � AEM70-1T ªª#Ð?. 

BipolarR� ��  MGO PQRi NGO PQR� UV jk��

T% �� MGO PQR" ��þ' casting�ó ò NGO PQR"

UV�á bipolarR" ��#Ð?. ëU bipolarR� �ù" �1 ̀ #H

MGO PQVL �1U �,G .W A�E CEM3fT 7	#Ð7 N

GO PQVL AEM30fT 7	#Ð?. BipolarR &� $� �1J

K 
	' ²�  ÆÚ" ��»1 `#H &� $' �D(, �§,

7-t, B]Ûc 7-t, ��äå  7-t � �®�k� !fT è

�, ��#H bipolarR" ��#Ð7 Table 2' 	�#H _2��?.

2-3. 	
���
 Bipolar�� ���

��* M/NGO PQR' §î* äå�1, �TT��1 � �®

14 y]#1 ̀ 3 FT-IR(Perkin Elmer, model 2000)" Óc#H 4,000-

370 cm−1� x`'% £v14 -K#Ð?. M/NGO PQR� $U�

�(area resistance, A.R.) GOPQc	(ion exchange capacity, I.E.C.), )�

�(water content, W.C.) � 7	GOZ§(fixed ion concentration, F.I.C.)

!i ·L �1��U �,�4 é	#Ð?. $U��L � (1)' �#

H  �#Ð?.

A.R. = (r2 − r1)
S (1)

H1% r1L RG �" �� s�E 3 M KCl �cý� �1�� w�

7 r2  R" �î#H é	E �1��G7, S  R� $UG?. R�

GOPQc	L ù�&	i �
&	 1�fT _Ç � : ÿ, ~ �Ï

'%  � (2)¡ ·G ù�&	" 1�fT GOPQc	" é	#Ð?.

(2) 

)��L ��* GO PQR" ��d ß$' ��* �-" Hi�

T �� ��� ?N 
�c1' ñ7 �	E ò �-G µ�� �õ�

��� 12�� G± 50oC'% ù�E ?N 
�c1' �� ù�* R�

�	" �t��(Mettler AJ180)T é	#Ð?. ù� h�' �E �	 Ë

�	" ù��� 1�fT �#H )��" � (3)' �#H  �#Ð?.

(3)

7	GOZ§  GO PQR' ¯d:  GO," � �Q1� Z§

4 ��T _2� �G?. GOPQc	i )��T�� R ��� �

' SE 7	GOZ§4 � (4)T��  �#Ð?.

I.E.C. meq.  cation/anion  exchange  capacity

gram  of  dry H+ or  Cl  – form resin
----------------------------------------------------------------------------------------------=

W.C. g  wet  membrane g  dry  membrane–
g  dry  membrane

------------------------------------------------------------------------------------------ 100×=

Table 2. Electrochemical properties of cation and anion exchange membranes. 

Ion exchange membrane A.R. I.E.C. W.C. F.I.C.

CEM molar ratio ratio(1/1) CEM1 71.45 0.31 17.65 1.76
ratio(2/1) CEM2 23.10 0.52 23.58 2.21
ratio(3/1) CEM3 4.37 1.71 29.41 5.81

AEM without washing 30% TEA AEM30 7.56 1.69 25.47 6.64
50% TEA AEM50 20.49 1.42 40.71 3.49
70% TEA AEM70 26.12 1.54 45.18 3.41

with washing 30% TEA AEM30-1 362.84 0.43 5.16 8.43
50% TEA AEM50-1 846.92 0.49 6.47 7.71
70% TEA AEM70-1 906.34 0.61 10.89 5.59
���� �40� �4� 2002� 8�
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F.I.C.=I.E.C./W.C. (4) 

BipolarR� water-splitting v� é	" `3% é	c �" Fig. 3i

·G �æ#H é	#Ð?. �3�L 1 M KCl" Óc#Ð7, �Y  D

Y�u 
Â W�(Arbin, battery test system, BT2030-94-10)4 Gc#

H ���`4 0.2-20 V�� è��á ^�?. � M�� ��L Pt þ

��" Óc#Ð7, bipolarR  $ .�G' 2�� Ag wire ��fT

R�`4 é	#Ð?. ÔE é	 � 	±±o4 ��#1 `#H 1 U

P\1T P\#H R ß$' Z§ � VG 51� 6§  #Ð7, ÷G

!T "# $%(Eyela, micro tubing pump, MP3)4 Gc#H 11 mL/min

T ý" sQ�á ^�?.

BipolarR� �1JK bcfT% é	�" Fig. 4¡ ·G �æ#H

��i X1�� pH è�4 é	#Ð?. �1JK � �� �,;<L

Shimizu¡ Tanioka[9] � Aritomi ![20]� ��¡ ¿FE ;<fT%

bipolarR" &&' '�#7 M(' GO PQR� 'ã#  ;<" Ó

c#H íí 2�)� Z[�i *K�" �,#Ð?. XfT  0.1 M�

KCl" Óc#Ð7, ���`  1, 4, 8, 12 � 16 VT è��á pH4

é	#Ð7 G � M/NGO PQRL Asahi Glass� CMV � AMV4

Óc#Ð?. é	 W�  �Y/�¸ ¹z é	i ¿F#g, é	 � 	

±±o �� ;< ÔE ¿FE ;<" Óc#Ð?.

3. �� 	 
�

3-1. �/�	
���� ����� ���

��* M/NGO PQR' §î* �Q14 y]#1 `3% FT-IR

" Gc#H £v14 y]#Ð7 w ji4 Fig. 5' _2��?. PSf

  -(C6H5)-O-(C6H5)-� C-O ÖS� +[{¿G 1,275-1,200 cm−1, -SO2-

� S=O ÖS� +[{¿G 1,300 cm−1, S� +[{¿G 1,150 cm−1,

C(CH3)2� {¿G 1,175-1,165 cm−1' _2,fg PPSS� -(C6H5)-S-

. 1,500-1,400 cm−1' _2- �fT »� BPSf� k," y]9 �

:�?. ÔE -SO3H'%� -OH1  3,500-3,400 cm−1�.'%, S=O�

ÖS� +[{¿G 1,300-1,200 cm−1'% _2- �" y])fT/ M

GO PQRG ����N" y]#Ð?[23]. ÔE 800-600 cm−1�.'

% _2_  �TT��1(C-Cl)� +[ {¿' �E �Q" y]9 �

:�7 1,600 cm−1�.'% N-HG 01 {¿' �E �®1. §î2

" y])fT/ NGO PQR� k," y]9 � :�?[23].

MGO PQRL BPSf¡ CSA� ûÖ 1 : 3F � $U�� 4.37 Ωcm2,

GOPQc	 1.71 meq./g dry membraneT .W 3L �,�4 _2�

�?. wI_ BPSf¡ CSA� ûÖ. 1 : 4'%  gel� ´±G 5�%

\b1�� 7-t. 4d� noT ï5F#Í c3, -��d 5FE

\bG 51� 6Ø?[24]. G �A )��L 20-30%� )��" »G

  ±cRi �ÓE 29.41%G�7 7	GOZ§  5.81 meq./g H2OG

�?. BipolarR'% MGO PQV»?  NGO PQV� ÆÚG !

1 ��'[4] NGO PQRL �®� \b � TEA� Z§4 30, 50 �

Fig. 3. Experimental apparatus measuring current-voltage curve. 

Fig. 4. Experimental apparatus measuring variation of pH in each compartment by electrodialysis. 

Fig. 5. FT-IR spectroscopy of prepared membranes. 
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70 wt%T è��×7, casting cý �� � �ÒøT Åö#� 6L �

A¡ ÅöE �AT �-#H �," é	#Ð?. Åö#� 6L �A

Z§6T íí AEM30, AEM50 � AEM70fT, ÅöE �A  íí

AEM30-1, AEM50-1 � AEM70-1T ªª#Ð?. M/NGO PQR�

�1��U �,�4 Table 3' 	�#H _2��?. $U��L

casting cý" Åö#� 6L 30 wt% TEA(AEM30)'% 7.56 Ωcm2T

.W ÈL $U��" _2��?. GOPQc	L TEA Z§' ÃÄ

7 «G4 »G�  6Ø7 AEM30'% 1.69 meq./g dry membrane"

_2��?. AEM30'% )��L 25.47%T ±cR� 20-30%¡ .W

Ö8E 9" _2��7 7	GOZ§  )��� )�T% )��i

\Ö: ji4 »H^�fg 6.64 meq./g H2O" _2��?. jiUf

T TEA Z§' Ãr NGO PQR� �,L �1��UfT 7 «G

4 »G�  6Øf_, 30 wt% TEA'% .W A�E �," »Ð7,

\bý" Åö#� 6L �A¡ ÅöE �A4 ÖPE ji Åö#�

6L \býG ;< A�E ,v" »Ðfg, G� �1��U �,�

  $U�� 7.56 Ωcm2, GOPQc	 1.69 meq./g dry membrane, )

�� 25.47% � 7	GOZ§ 6.64 meq./g H2OG�?.

3-2. Bipolar�� ��/����

��* bipolarR� water-splitting �," ��»1 `#H �Y/�¸

¹z" é	#Ð7 ���`¡ R�`' Ãr �Y
§4 §�#Ð?.

~ ��'%  water-splitting æcfT% bipolarR ��� NGO PQ

Vi &� $ ,-G �Y/�¸ ¹z' ²�  ÆÚ" 7=#7t #

Ð?. \bý" Åö#� 6L �A NGO PQV� TEA wt%6T

bipolarR" ��#H ���`(a)¡ R�`(b)' Ãr �Y/�¸ �,"

é	E ji4 Fig. 6' _2��?. TEA 30 wt%] AEM30" GcE

bipolarR] BP1G .W A�E �," »Ð7, �Y
§ 100 mA/cm2

'% 4.1 V� R�`(b) � 8.6 V� ���`(a)4 _2��?. G  ±

c bipolarR� R�` Ý 1.2 V' Ö3%  �L R�`G��> �1

JK 
	'  bc .vE R�`G�fg, R�`. �L G�  M/

NGO PQR� �� � &� $� �� ��] �fT 5í*?. G

O PQ��4 Gc#H bipolarR" ��E Chou ![14]� ji'% 

R�` 4.5 V4 _2��7, G¡ ÖP3 BP1G Û A�E �," »

Ð?. ÔE ���`¡ R�`. ¿FE �Ú" _2��f?T Gò 

»? D@U] £ ' :  R�`. R' ²�  ÆÚ>" _2��?. 

Fig. 7L NGO PQ­(AEM30)4 Åö#� 6L �A¡ ÅöE �

A' Ãr R�`4 _2� �fT NGO PQV �� � \b�" Å

öE cýfT ��* bipolarRL 100 mA/cm2'% 10.5 V� R�`4

»AfT% Åö#� 6L cý" NGO PQVfT �,E BP1� 4.1

V' Ö3 ,vG !Í BdC?. G  Table 3� NGO PQR� �1

��U �,� ji¡§ F�#Ð7 Åö#� 6L �A D�°

pore(0.5-3µm). E �F* �" SEM Ó{'% y]9 � :�?. j

Table 3. Composition of bipolar membranes†

Intermediate layer Remarks

BP 1 Non Basic
BP 2 Non-woven cloth Non-woven cloth
BP 3 Polyaniline Conducting 

polymerBP 4 Polypyrrole
BP 5 PTFE Binder
BP 6 PVP
BP 7 PVA
BP 8 BPSf Polysulfone type
BP 9 Mixing +, − solns*
BP10 AEM30-1 soln
BP11 Benzylamine Amine
BP12 Dioctylamine
BP13 Triethylamine
BP14 Tetradecyldimetylbenzylammonium chloride

†: Cation exchanger : CEM3, anion exchanger : AEM30
*+, − : mixing solution were mixture of cation/anion exchanger

Fig. 6. Effect of TEA wt% of anion exchange layer on current-voltage
curve of bipolar membranes. 

Fig. 7. Effect of washing of anion exchange layer on current-voltage
curve of bipolar membranes. 
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iUfT bipolarR �� � NGO PQVL 30 wt% TEAT amination

#H \bcý" Åö#� 6L AEM30, MGO PQVL BPSf¡ CSA

� ûÖ4 1 : 3fT sulfonation#H ��E CEM3G .W UG#Ð?.

AEM30i CEM3fT 7	#H bipolarR BP1" ��#Ð?. BipolarR

�� � &� $G R,v' ²�  ÆÚ" ��»1 `3% BP1�

&� $" íí �D(, �§, 7-t, ��_ capacitor� binderc

7-t, ��äå  � �®14 §î#H �Ï#Ð?. 

Fig. 8L �D(4  $' ��#Ð" � �Y
§¡ R�`� £ 

4 _2� �fT bipolarR �,G ��#� 6L �A»? ?� Bd

C7, G  water-splittingG Fd_  �GÆ³� E   10−8 m 	§

T »7 �7 : ÿ �D(� ºH  2I10−5 mT%  $'% RºH

T ]E ��G É.#  �fT 5í*?[35]. ÔE ð1 XGO G¿

' �E -3 �� �¸G R�`� �A G09 0.8 V»? �Õ 7 1

V	§G�7 ���`� �A Ý 2 VG�?. G�L bipolarR �� �

Óc* M/NGO PQR t­� $U��G Ý� �1 ��G�?[24].

Fig. 9  ±c7-t¡  F� �§§. �L �§, 7-t4  $

' ��E jiT �§, 7-t  polyaniline(PANI)i polypyrrole

(PPy)" Óc#Ð?. F\UfT PPy. PANI' Ö#H �L �§§4

»G ÿ ~ �Ï'% é	* �Y/�¸ ¹z é	ji  G¡ ±\*

ji4 »Ð?. PPy  PANI' Ö#H �§§  A�#�> S1 &'

% ���  ! ï¦	E ��U �, ��GÄ7 -K��?[25].

Fig. 10L &� $' B]Ûc 7-tT/ �1�� �ç' J� K

G  polytetrafluoroethylene(PTFE), polyvinylpyrrolidone(PVP) � polyv-

inylalcohol(PVA)" ÓcE ji4 _2� �G?. �Ïji B]Ûc

7-t4  $' ��L" � �­UfT water-splitting �,G �#�

  ji4 »Ð?. PVA4 GcE Tanioka ![18]� �Ïji4 MN»

$ 8 mA/cm2'% R�`. Ý 5.7 VT/ ~ ��� bipolarR] BP7L

10 mA/cm2� �Y
§'% 1.8 V� R�`T% O< A�E �," »

Ð?. j| B]Ûc 7-t4 &� $' ��L" �  æc1' �

E �@+i4 1S9 � ��7  $� ��> É.E �fT Óç*?. 

Fig. 11L M/NGO PQR �� � ÓcLP 7-t] PSf/PPSS�


&k­] BPSf4 Gc3% &� $" ��E bipolarR BP8, M/N

GO PQR �� � ÓcE CEM3i AEM30� casting cý" ·L �

QT Ñk#H &� $" ��E bipolarR BP9 � �®14 R7 :

  AEM30-1 cýfT ��E bipolarR BP10� R�`4 _2� �G

?. BP8 � BP9� �A BP1' Ö3 ?� ,vG �#��?. G  B

]Ûc 7-t¡ ÷S.�T ��" É.��  �]fT æc#õ_

&� $' GO PQV� ±S æc1. 
¬#H GO� Ji' Û

�	U] ÆÚ" _2�d ��G É.)fT/ water-splitting æcG

Ë�E �fT -K*?[1]. BP10L NGO PQR AEM30-1 �� �

Fig. 8. Effect of nonwoven cloth of intermediate layer on current-volt-
age curves of bipolar membranes.

Fig. 9. Effect of conducting polymer of intermediate layer on current-
voltage curves of bipolar membranes. 

Fig. 10. Effect of binder of intermediate layer on current-voltage curves
of bipolar membranes. 

Fig. 11. Effect of polysulfone type of intermediate layer on current-volt-
age curves of bipolar membranes.
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ol-
Óc��P casting cý"  $�� )fT/ BPSf' �®1. §î*

noG7, �Y
§ 100 mA/cm2'% R�` 3.3 V4 »AfT/  $

�� �G ��* bipolarR' Ö3% A�E ,v" »Ðfg, �®1

. water-splitting" .Á�E?  .¥" TUü#  ji4 »Ð?[18]. 

~ ��'%  �®1. water-splitting" .Á�#  �@T% æc

E?  .¥" y]#1 `#H  $��' �®14 §î#H ��#

Ð?. �®1  1« �®fT benzylamine" GcE bipolarR BP11, 2

« �®fT dioctyl amine" GcE bipolarR BP12, 3« �®fT triethyl

amine" GcE bipolarR BP13 � 4Â V=WXfT tetradecyldime-

thylbenzylammonium chloride4 GcE bipolarR BP144 Óc#H w

ji4 Fig. 12' _2��?. Fig. 12'% � � :XG BP11L �Y


§ 100 mA/cm2'% 3.1 V� R�`4 _2��7, BP12¡ BP13L ¿

FE �Y
§'% íí 2.4 V¡ 2.7 VT%  $�� �G ��*

bipolarRi �D(¡ 7-t4 Gc3%  $" ��E bipolarRi Ö

P#H A�E �Y/�¸ �," »Ð?. ÔE BP12¡ BP13L 170 mA/

cm2G#� � �Y
§'%  BP12. BP13»? A�E �," _2

��f_ w G±'%  3« �®G A�#Ð7 �� �� �/Yi Ö

8E 300 mA/cm2� 7 �Y
§'% R�`4 ÖP3 ~ ji íí 7.1

V¡ 5.5 VT% BP13L 7�Y
§'% BP12' ÖP3% Û A�E ,

v" »A" � � :�?. wI_ &� $' 4Â V=W14 §îE

BP14  BP1� ji¡ Ö8#Ð?. G¡ ·L jiT% �®14 §î

E BP11, BP12 � BP13� �Y/�¸ ¹z é	fT �®1. water-

splitting" .Á�#H �@æc" E?  .¥" �ÏUfT TUü9

� :�7, 1« �®»?  3« �®G +i. 7 �" � � :�?[18].

3-3. pH ��

NGO PQVi &� $� è�' Ãr �1JK +i4 ��»1

`3 ��* �1JK W�� ��i X1�'% pH è�4 é	#Ð

7, é	��L í � 6 300ðT #Ð?. XfT  0.1 M� KCl" Ó

c#Ð7, bipolarR� �1JK' �3 X�'% KOH, ��'% HCl

G -���N" y]#Ð7 pH è� é	fT G4 y]#Ð?.

BipolarRL �Y/�¸ ¹z é	 ji4 ÖP#H .W A�E �,"

»ÐP bipolarR" zZ#Ð?.

Fig. 13L &� $" HI 7-t ,-" ��#Ð" �� pH è�

4 ÖPE jiT �Y/�¸ ¹z� �,G .W A�E 3« �®

triethylaminefT ��E R(BP13)� pH è�. .W 3Ø?. =[ R

'% �Y/�¸ ¹z� �,G 3L RF� , \ water-splittingæcG

3"�  pH� è�. !Í ��fg �� ±c� 
	' Uc .v,

" y]9 � :�?.

4. � �

PSf¡ PPSS� 
&k­] BPSf4 k,#H sulfonationi amination

" ¢#H M/NGO PQR" ��#Ð7 $U��, GOPQc	 �

)�� ! �1��U �,�4 é	#H bipolarR �,��] ëU�

M/NGO PQV" j	#Ð?. ��* GO PQR" Gc#H &�

 $' �D(, �§, 7-t, binderc 7-t, ��äå  � �®1

4 §î, bipolarR" ��#H �Y/�¸ ¹zi pH è�4 é	#H

�]¡ ·L j0" Ü�?. 

(1) MGO PQR �� � BPSf¡ CSA� ûÖ 1 : 3] CEM3'%

.W A�E �1��U �," »Ð7, �1��U �,�  $U��

4.37Ωcm2, GOPQc	 1.71 meq./g dry membrane, )�� 29.41%

� 7	GOZ§ 5.81 meq./g H2OG�?.

(2) NGO PQR �� � TEA� Z§ 30 wt%, \bcý" �Òø

cý' Åö#� 6L AEM30'% .W A�E �1��U �," »

Ðfg, �1��U �,�  $U�� 7.56 Ωcm2, GOPQc	 1.69

meq./g dry membrane, )�� 25.47% � 7	GOZ§ 6.64 meq./g

H2OG�?. 

(3) GO PQV� è�4 ^d bipolarR" ��E ji MGO PQ

Ri NGO PQRfT AEM30" Óc#H ��E bipolarR BP1G

.W A�E �," »Ðfg, 100 mA/cm2� �Y
§'% 4.1 V� R

�`4 »Ð?.

(4) &� $' è�4 ^d bipolarR" ��E ji &� $' �

D(, �§,7-t, B]Ûc 7-t � PSf  7-t' Ö#H �®

1. §î* bipolarR� ,vG 3Ø7, �� 1« �®»?  3« �®

� �A .W A�E �," »Ðfg 100 mA/cm2� �Y
§'% 2.4

V� R�`4 »Ð?. ÔE pHè�4 é	3 ~ ji �Y/�¸¹z�

�,G A�9�  pH� è�§ !Í �d A�E water-splitting �,

" _2��?.

�

�

 
1. Kemperman, A. J. B.: “Handbook on Bipolar Membrane Techn

ogy,” Twente Univ. Press, Enschede(2000). 

2. Mafe, S. and Manzanares, T. A.: Phys. Rev. A, 42, 6245(1990). 

Fig. 12. Effect of various amine of intermediate layer on current-volt-
age curves of bipolar membranes.

Fig. 13. Effect of various intermediate layers on pH changes.
���� �40� �4� 2002� 8�



Bipolar��� ��/����� 	
� �
�� ��� �� 481

: 
3. Ramirez, P., Aguilella, V. M., Manzanares, J. A. and Mafe, S.: J.

Membr. Sci., 73, 191(1992). 

4. Tanioka, A., Shimizu, K., Miyasaka, K., Zimmer, H. J. and Minoura,

N.: Polymer, 37, 1883(1996). 

5. Hinke, E. and Staude, E.: J. Appl. Polym. sci., 42, 2951(1991). 

6. Cherif, A. T., Molenat, J. and Elmidaoui, A.: J. Appl. Electrochem.,

27, 1069(1997). 

7. Mani, K. N., Chlanda, F. P. and Byszewski, C. H.: Desalination, 68,

149(1988).

8. Moussaoui, R. E., Pourcelly, G., Maeck, M., Hurwitz, H. D. and

Gavach, C.: J. Membr. Sci., 90, 283(1994). 

9. Shimizu, K. and Tanioka, A.: Polymer, 38, 5441(1997). 

10. Simons, R.: Electrochim. Acta, 30, 275(1985).

11. Simons, R.: Electrochim. Acta, 31, 1175(1986).

12. Simons, R.: J. Membr. Sci., 78, 13(1993). 

13. Simons, R.: J. Membr. Sci., 82, 65(1993). 

14. Sridhar, S.: J. Membr. Sci., 113, 73(1996). 

15. Strathmann, H., Rapp, H. J., Bauer, B. and Bell, C. M.: Desalina-

tion, 90, 303(1993). 

16. Strathmann, H., Krol, J. J., Rapp, H. J. and Eigenberger, G.J.

Membr. Sci., 125, 123(1997). 

17. Strathmann, H.: Membrane Journal, 11, 97(2001). 

18. Chou, T. J. and Tanioka, A.: J. Colloid Interface Sci., 212, 576

(1999). 

19. Hao, J. H., Chen, C., Li, L., Yu, L. and Jiang, W.: J. Appl. Polym.

Sci., 80, 1658(2001).

20. Aritom, T. D., Boomgaard, T. V. D. and Strathmann, H.: Desalina-

tion, 104, 13(1996).

21. Chou, T. J. and Tanioka, A.: J. Phys. Chem., 102, 7866(1998). 

22. Mulder, M.: “Basic Principles of Membrane Technology,” Kluwer

Academ. Publishers, Boston, (1996).

23. Pouchert, C. J.: “The Aldrich Library of FT-IR Spectra,” 1st ed., Ald-

rich Chem. Co., Wisconsin(1998).

24. Lim, H. C. and Kang, A. S.: Memb. J., 10, 66(2000).

25. Roncail, J.: J. Am. chem. soc., 97, 173(1997).
HWAHAK KONGHAK Vol. 40, No. 4, August, 2002


	Bipolar막에서 전류/전압곡선에 미치는 중간계면 성분의 영향
	정세일·유철휘·황용구·강안수†
	명지대학교 화학공학과 (2002년 4월 3일 접수, 2002년 6월 13일 채택)

	Effect of Intermediate Component on Current-Voltage Curves of a Bipolar Membrane
	Se Il Jung, Cheol Hwi Ryu, Yong Koo Hwang and An Soo Kang†
	Department of Chemical Engineering, Myongji University, Yongin 449-728, Korea (Received 3 April 2...

	요 약
	1. 서 론
	2. 실 험
	3. 결과 및 고찰
	4. 결 론
	참고문헌



