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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 beldtimgater-sp
effect and 2.4 V of membrane potential at 100 mA/afcurrent density.
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Table 1. Some Technology Applications of Bipolar Membrane
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Polution Control/Resource Recovery

mixed acid recovery
Sulphate recovery
Nitrate recovery
Amine recovery
Pulp & Papers

Stainless steel pickle liquor recovery

Battery acid recovery

Ammonium nitrate conversion from uranium processing
Recovery of a catalyst in Al coating moulds

Sodium alkali recyling in pulping and bleaching operations

Chemical Processing

Organic acid recovery

lon exchanger regeneration
Waste water treatment
Sodium methoxide production
High-purity water production

Acetic, formic, acetylsalicylic and organic acids
Production of highly generated ion exchange resins
Salt splitting of NaCl
EDBM in methanolic solutions

Continuous electrodeionisation for high purity water
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Fig. 1. Diffusion and dissociation of water in a bipolar membranes.
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Table 2. Electrochemical properties of cation and anion exchange membranes.

lon exchange membrane AR LE.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 23.1. 0.52 23.58 221

ratio(3/1) CEM3 4.37 171 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 26.12 154 45.18 341

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
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Table 3. Composition of bipolar membranes

Intermediate layer Remarks

BP1 Non Basic
BP 2 Non-woven cloth Non-woven cloth

BP 3 Polyaniline Conducting
BP 4  Polypyrrole polymer
BP5 PTFE Binder
BP6 PVP

BP7 PVA

BP8 BPSf Polysulfone type
BP9 Mixing +,- solns*

BP10 AEM30-1 soln

BP11 Benzylamine Amine

BP12 Dioctylamine
BP13 Triethylamine
BP14 Tetradecyldimetylbenzylammonium chloride

T: Cation exchanger : CEM3, anion exchanger : AEM30
*+, — . mixing solution were mixture of cation/anion exchanger

70 wi%= WA 2L, casting® e A2 Al WekS® AHER] e
ok AF G AR st B S8 AAHEA 82 4
F=HE ZFZF AEM30, AEM50 2 AEM702.2, A&t 7 ¥
AEM30-1, AEM50-1% AEM70-12 HHalat). ofeo]L gk
ZA718l8td EA X & Table 3 A& ste] VehAch HH A4
casting&-<8-2 A& 814 -2 30 wi% TEA(AEM30¥IA 7.56 QenPE
7Hd ke WA S VEp ST o] 2w ekE-Re TEA S mit
2 2Jo]E RolXE QYL AEM30A 1.69 meq./g dry membrafe
ER R TE. AEM30RIA] <82 25.479%62 *48-2+9] 20-30%4 717
vk e VERIAE ol s &) rEA ErgE
vEE AAE Bols3len 6.64 meq/g HOS WERSITE A3F e
F TEA kol b2 Zo]& wehe] 548 #7|gsdog & 2jo]
E HolXE FShort, 30wt TEAIA 7HE 278 E4E R,
W3OS A EER] B2 Ao AT A5 Blas 23 AF A
Fgolo] FHA 943 A2 BHYoH, ol A7|etes B4
A& 7.56 Qen?, ©]2wH8-% 1.69 meq./g dry membrang}
5.47%% o] F% 6.64 meq./g DA

il
N
—‘O o,

L3

L=
b &

[e]
e

o
4
[o]
T 4

2o

N

3-2. Bipolar2fe| MF/AAEY

A ZH bipolakte] water-splitingS7d-2 golR7
M-8 2 A B e AFEEE 2AEET
B Aol A= water-splittingZ-8-2.24 bipola®t W+-2]

3 FAE AR AFAY FAd) wAE 99

AT BFEHG MHFR] B AL ol wEEo] TEA wilsd =
bipolarh-g Alzste] A=29) (a)F 29 (b)ell e AR 53-8
A% 472 Fig. &1 YERRSIEE TEA 30 witogl AEM30E- o]8-3F
bipolatel BPI] 7Hd 9428 42 R4Y, AFUE 100 mA/cnd
oM 4.1ve] 2R $)(b) ¥ 8.6 Vo] AFHS () YERSITE ol
£ bipolaEte] ¥ 9) oF 1.2 W Bl s =& el x e A7)
T4 3= &8 rhest oo, S 28 ol ¢
Fol wekte] 23wl Z7HAE ] A8 iRl 208 AziEr), o
& WFTA|E o]4-3le bipolafhg A& Chous[14]¢] AztoA=
WA 4.5 VE VERSLAL, o]} Bl wE) BPER| 1 -7 548
ATk g A9 BP9t T ARE el e nE ol
R} A H1 FA ) e 2R 7 el v A = G kg VeIt

Fig. 72 0] w3 (AEM30)E M&H kA 2o A9 AH 3 4

£
=
ol
)
2
3
)
O
o

g
=

=

ir e

stst=st M40# M45 20024 8H

300

—— 30 wt% TEA @
<O 50 wt% TEA
250 1| —y— 70 W% TEA

Current density [mA /cm?)

Electrode potential [V]
300

—e— 30 wt% TEA ®)
O 50 Wit TEA
250 1| —»— 70wt% TEA

Current density [mA/ cm?)

Membrane potential [V]

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

300
—@— without washing
-+ O -+ with washing
250 A
&
E
Q
-
< 200
£
-
2
G 150
c
]
T .00
1] R Lo
& 100 o
c
3
(&)
50 A
04 T T T
0 8 10 12

Membrane potential [V]

Fig. 7. Effect of washing of anion exchange layer on current-volta
curve of bipolar membranes.

o W A S el Fo® ol wilE AX Al Y
d 3]
Q

[REE= 3t

5 gol oz Az bipolafte 100 mA/cnfllA] 10.5\e] 2EA 9 S
Ao A HABIR] & falg Fol& WEF o A BPL 4.
Vel 8] Aol A HoiFT ol& Table ¥ &0 w9l A7
s8t4 B4R AFet= AAFAL AR k& A 29

&
pore(0.5-amy’t & wad 718 SEM ARZICIA E1% = 3iich. 4

B Ho
=Y



Bipolar=tellx] /e

300

—o— BP1

Current density [mA / cm?]

Membrane potential [V]

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

400
—e— BP1
350 {| -0 BP3
—v— BP4 9

< o
E 300 -
(4]
2
T 2501
2
£ 200
o
[
T 150
s
£
3 100 1
o

50 -

0 ®-

12

Membrane potential [V]

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

2o = pipolalt AlFE A 2-0]2 W2 30 wi% TEAR amination
Blo] BkE-ol-8 A Z8lx] ek& AEM30, %ol & w832 BPSREF CSA
2] EH]E 1:3%= sulfonatioste] Az=s CEM3P] 7FE A@-3t3tt.
AEM303} CEM3%.2 45l bipolaR}t BP12- Al=351%1t}. Bipolart
Az A FHAWEe] B vAle FFE Loty f)ElA BP1Y
ENANE 2 HAE AxA w722} AX|1} capacitof] binders-
AL, FEeEA B oIS EYste ddsiart

Fig. 82 F-AXE AWM Mg W AFEES} e 34
& Pl 2102 bipolart 40 AgatR] @2 A9-ETh Thh Hol
HaL, ol water-spliting] dolvle= Hol9gde] dAE 108m F=
2 Ba H3 g FATY FAE 2x<10° m2A AdelA 25
2 Qg Ago] Frtete o= AZETH3E]. B3k 7] gol ol
o &g e 7IA Aol BES Y] A o]E%k 0.8 VET 27 £ 1
VAol AS7919] A9 oF 2 Vo[dr}. o] A& bipolart Al Al
ARSE YFREo] wEh AR 9] WAA|Fo] o 7] wEo| A TH24].

Fig. 9= A8 iAebe 28 Axert & AnA AEAE AY
d Mg dx= AxA ZE A= polyaniline(PANIR polypyrrole
(PPY)2 AMg-8l99t} dukd o2 PPyt PANI H3l £& Axws
Holed B d3dA 24" AFRY 4 S 45 ol ke
AFAE BT PPy PANM Hldte AxZs 48127 7] Fo

ot

MRk= FAH AR 9% 479

300
250 -
E
o
< 200
E
2 -
£ 150
=
(]
©
£ 100 A
£
=1
(3]
50 -
0 ¢
Y 14
Membrane potential [V]
Fig. 10. Effect of binder of intermediate layer on current-voltage curve

of bipolar membranes.

350
—e— BP1 j
O BP8
4

300 1| _y— gps /
&g‘ —-- BP10
S 260
£
= 200 v
2 x
Q /i ©
@ 150 e .0
3 b I
- . Re
c . "
£ 100 V/v .o
£ R
© Vy L d ...0"'0”

50 B /'/ _,.O"“O

’Y-O"'O
0 —— T T T T .
0 2 4 6 8 10 12

Membrane potential [V]

Fig. 11. Effect of polysulfone type of intermediate layer on current-volt
age curves of bipolar membranes.

A A= T BeP R sheka SA melhal B4 5 ATH25].
Fig. 162 F7 A vl & ZEAZH A7)5e A7 de] &
o] polytetrafluoroethylene(PTFE), polyvinylpyrrolidone(PVE)polyv-
inylalcohol(PVA)S AH&-8F A#E Lheld Zlo|th. A8 A7 vl &
AEAS AW 2§ m AX 2oz water-splitingS-d o] # 5k
= 2435 BYrh PVAS ©]8-8 Taniokas[18]9) A d3E AR
W 8 mA/ecnfolA] 27T oF 5.7 VEA 2 d7¢] bipolaEhe]l BP7
10 mA/ente] AFA=AA 1.8 0] HA)2A] B 953 548 B
At A=t aele g 2EAE FHAE X P v 28014 ¢
g EMEAE 7S = UL AR APt FU1e 2l ew A RE,
Fig. 118 %Hgo]2 we Az A AR 728711 PSHPPSS|
TFLA] BPSE o 8elx F0AIEE 2|7 bipolat BPS, W<
o] 2 W& Al A] AR-EF CEM3Z AEM302] casting8-<8-g- 7-& 5
2 E3te] FAHE * 23 bipoladt BP9 R ©}FI71E 2k 9]
= AEM30-1 8Ho= A3 bipolart BP1® 2HA9)S veRd 7o)
th. BP8Y BPY| 7% BPHI I3} tha Aol AskEAR. ol vt
Aok TS BRI E g ST 2o Aeat
FOAR o€ 28F) ) 48717} gl o] &2) Fjo) o
BEE HERHo A o] S71Eo.24 water-splitting#-8-0]
o2 BMEUH1). BP162 2o]& w3k AEM30-1 A% A

HWAHAK KONGHAK Vol. 40, No. 4, August, 2002



480 A - 8T - BT A

400

—e— BP1
350 | -0 BPM
—v— BP12 /y’v )',V o
|| == BP13 o
300 1] —m— Bp14 e

Current density [mA / cm?]

Membrane potential [V]

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

ApH

64 =& - BP1 ..4-- BP10
—— BP3 —o— BP13
v - BP5
-8 T T T T T T T T
0 2 4 6 8 10 12 14 16 18

Electrode potential [V]

Fig. 13. Effect of various intermediate layers on pH changes.

AHE Y castingg-H-g AHA g g BPSH) o7/t =Y E
Gefo] 2, AFLE 100 mA/cnfolA =9 3.3VE By o= AW
27 glo] AZE bipolaEtdl] BIEA] 958 He-S HYow, olml7]
7} water-splittingg- 714 akslvhe 71 -8 Jilsle 4392 B8]
2 ﬁ—?oﬂ/ﬂh o}e17]7} water-splitingd 71438l & 24 248
ke 7S #9187 fste] AMEL oS =Ysle] s}
At} oR7= JZ} o102 benzylaming ¢]-&-3 bipola®t BP11, 2
2} opl o2 dioctyl aming- ©]&-3t bipolaft BP12, F} o} 2.2 triethyl
amineZ ©]8-3} bipolartt BP13 %! 47 YR EYCE tetradecyldime-
thylbenzylammonium chlorigg 18- bipola®} BP14= AM-g-3te] 2
AFE Fig. 121 YERRIT. Fig. 1214 & = §l%0] BP11 AR
= 100 mA/enfellA] 3.1\e] 2R gE yehli9ix, BP12} BP13- &
At AFEEAA 7Hz} 2.4V} 2.7 VEA AWAZ glo] AxH
bipolar}} F-2 22} wHALE o] 884 AW-5 A E bipolartst Hl
23] e AFAEY 548 BT g BP12) BP13 170 mA/
cnfolate] A AFAZAME BP1Z} BPLEL S48 54 vt
Wl o} 1 o] 4ol x)= 33} o}lo] §rEt . 53] AR Al2gF v
2231 300 mA/ente] 2 ABH T oA wA S v wE] B A3 7k 7.1
V) 55 VEA BP13>- ZAFU A BPL2] HlwalA © S5k A

520U T Uk A FA) 47 GREE =YE
BP14= BPE] s1a} ssisict. ol 28 Ak okl 9

ststa 8l M40H 4% 20024 s

gk BP11, BP128! BP13| AR/ F4d S0z opl7|7} water-
splittings: 7H&-2tste] Suja8-3 dvhe 7HE dPHos SN E
T AL, 13} ol 37) oprlo] BFTEE 21 & < AARITH18].

3-3. pH &5}
0|2 WS F7HAML] Wl mE AV FA IS golr|
el AzE A7|TA AR ] A G714 pH HEkE S35
A, SAA7e 7 A 3002 3T 9o 2= 0.1 M2 KCEE- A
/3192, blpola Fre] 715400 ofs) dAlelA] KOH, A e)A HCI
o] £ HATS FABAL pH Hg o= o5 FlsHrh
Bipolart-2- XqE/Xdc" F4 24 AHE vaste] TP pE 548
B9 bipolaglg- A=k},

Fig. 132 S 0AH-S o] L&A AE-2 Aelsls W] pH A3}
S vlng A3E AFAY T4 SAo] bE £ 33} opdl
triethylamine®2 2] gt ¥/(BP13p] pH Hslr} 7 £t} 2 &

oflA] ARG FAe] EAo] L& HdFE, 2 water-splitting-8-0]
FETE pHel "t 20 Hlen dA Adgat 34 28 7

2 9918 % A0,

N

4.4 £

PSE} PPSS] 35321 BPSE 3/d5ke] sulfonatio® amination
& Boto] ol s AXSIAL WA, o] LuddE 9
= A §],6‘]— 24 ;qw 5763}0:] bipoIaF—'% A QA ﬁﬁ-J
< w35-g ARG Axd o wavhg o]gste] F1t
RAE, AwA 784}, binde A, ZTEEA B ofRlY)
&3]

=9, bipolarhg Azl AFAY A3 pH HELE

(1) <kole- m3hek A= A BPSE} CSA2 EH] 1:321 CEMIA
K S AV g2 s, WIS SAAE A

4.37Qcn?, 0] &322 1.71 meq./g dry membrangts& 29.41%
gl 7ol F: 5.81 meq./g 1500]2;1\:}
(2) ol W Al Al TEAY 55 30 wtd, IH&-8-4-8 vehs
o)
R

golo] AFalx] ke AEMBOIA JHa et A7IsE Se

5
Qo A7|gete BAAE dH4% 7.56 Qent, o] 2w8-8-%F 1.69
meq./g dry membran&l<& 25.47% % 17 o]F = 6.64 meq./g
HZOOI&’iE‘r
(3) o] 2832 WS o] bipolarh-g Axgh A3 ol e

3
oz} —%]—& ZEto 2 AEM30S ARt Alz3 bipolaft BPL]
7P $rd B3-S RYeH, 100 mA/ente] ARl 4.1 Vve] 2t
AR E nAT.

(4) E7A) A HEE Fo] bipolafts Azxd A3} F7HA A
2 EZ, ARAREAL, vIHE A 9 PSH iAol Bt ofvl

17F =€ bipolaFt®] Ad50] £33, 53] 13} o}HlHTl= 33} o}F)
o) AL 7P 948 542 100 100 mAlente] AREEdl 2.4
Vel BESE Blnh B3 pHASE SAs) B A3 ARG
EAo] 95EpE pHY Wal=E A Ho] 43 water-splittingS-4]
& UERfSIT

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

ogy; Twente Univ. Press, Enschede(2000).
2. Mafe, S. and Manzanares, T. Rhys. Rev. A2, 6245(1990).



BipolaEteild] A7 /2=r4de]

. Ramirez, P., Aguilella, V. M., Manzanares, J. A. and MafeJS.:

Membr. Sci.73 191(1992).

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

N.: Polymer 37, 1883(1996).

. Hinke, E. and Staude, B.: Appl. Polym. sci42, 2951(1991).
. Cherif, A. T., Molenat, J. and Elmidaoui, A.: Appl. Electrochem.

27, 1069(1997).

. Mani, K. N., Chlanda, F. P. and Byszewski, C.Pesalination 68,

149(1988).

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

Gavach, C.J. Membr. Scj.90, 283(1994).

. Shimizu, K. and Tanioka, ARolymer,38, 5441(1997).
10.
11.
12.
13.
14.
15.

Simons, R.Electrochim. Acta30, 275(1985).

Simons, R.Electrochim. Acta31, 1175(1986).

Simons, R.J. Membr. Scj.78, 13(1993).

Simons, R.J. Membr. Scj.82, 65(1993).

Sridhar, S.J. Membr. Scj.113 73(1996).

Strathmann, H., Rapp, H. J., Bauer, B. and Bell, CDésalina-

e FHE e 9%

Sl

481

tion, 90, 303(1993).

16. Strathmann, H., Krol, J.J., Rapp, H.J. and Eigenberger].G.:
Membr. Sci.125, 123(1997).

17. Strathmann, HMembrane Journalll, 97(2001).

18. Chou, T.J. and Tanioka, AJ. Colloid Interface Sci.212 576
(1999).

19. Hao, J. H., Chen, C., Li, L., Yu, L. and Jiang, W.Appl. Polym.
Sci.,80, 1658(2001).

20. Aritom, T. D., Boomgaard, T.V.D. and Strathmann, besalina-
tion, 104, 13(1996).

21. Chou, T.J. and Tanioka, Al: Phys. Chem102 7866(1998).

22. Mulder, M.: “Basic Principles of Membrane Technoldgiwer
Academ. Publishers, Boston, (1996).

23. Pouchert, C. J.: “The Aldrich Library of FT-IR Spetti&ed., Ald-
rich Chem. Co., Wisconsin(1998).

24. Lim, H. C. and Kang, A. SMemb. J. 10, 66(2000).

25. Roncail, J.J. Am. chem. sq@7, 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



