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Abstract : Currently, the commercialized cation exchange membranes have the excellent performance
and stability, however, their costs are very expensive and they are not still optimized for the several
application areas. A number of membranenologists are focused to solve the problems on the development
of novel membrane materials to be applicable to each membrane field The present paper will deal with
the introduction of the existing membrane materials and their performances.
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Table 1. 48§ %ol wavte] 54
Chemical Electrochemical Mechanical
Ion Reversible .
Manufacturer exchan Gel water Area : nominal .
ge { ST strength, drying, : size
capacity %’aggy resztﬁce, Selectivity wet dimensional txl':iclkr;szi, available Remarks
meq/g stability "
AMF Incorporated , . Mullen
Homogeneos, 051/0108 IEIIZK'CI (;l gl/tlagel\lr alt{l& burst
polyethlene base e o 1 bf/in®
C-60 15102 | 405 512 80£5 lorfel\é%rsiFle, 12 Rolls. 44
4545 5045/ 10-13% lincar Rolls,
expansion on in wide
C-100 13%02 20+7 712 RBE2 rewetting 6
fluorocarbon base
C-311 06501 | 25£8 31t1 80+5 100£10 reversible, 12
C-313 065501 | 2%+8 92041 8545 5545 12-15% linear 6 Rolls, 44 | outstanding oxidation
R _ o _ ~ expansion on in wide resistance
c-32 090£0.1 | 35£10 25%1 55 90+5 rewetting 0
Asahi Chemical . Transport no. ,
Industry Co.Ltd in seawater in seawater ke/ad
265 0% 20 reversible 7
Asachi Glass _ . Mullen
Company.Ltd fabric é%H}éu Ovt_;)/lﬁ)g?\‘r?\ltl%l burst
- Reinforced = i 4 kg/in®
reversible,
" g - - 9 dimensional - rejects multivalent
CMV 3.0-40 55-65 25735 8-89 6-8 stability better 5-6 %2 m positive ions
than 0.2%
Tonac Chemical
Division, Sybron ac Vaclg‘rgctrea(gi o | bifin’
Corp.Homogeneous 1.0 N NaCl 05/1 ()gN NaCl
fabric-reinforced o
MC-3142 106 -20 34 9% 18 reversible, 6 Sheets cut sheets, full width,
dimensional 404190 in also available: MC-3470
MC-3470 106 48 % 190 stability good | 13-14 also as 30496 pieces
Tonics, Incorporated Hittorf,
fabric-reinforced 01 N Necl 0.6 N NaCl
CR-61 AZGG 21 47(wet) 30 8 300 40 36%40 in
CR61AZL | 27 | dwet) | Il ) 5| e [ T isaoin
N = dimensional 9 ;
CR-61 CZL 21 A0(wet) 11 923 115 stability good 24 1840 in
CR-70 49 W(wet) | 5(2 NaOH) %0 40 13 1840 in
gﬁ%&g:tilt{iirfg voltage ratio, Mullen
homegences, 0'05{?(':110 N 1 %}l/r;fz
polyethylene-baced
PE-C-1 1.2-16 30-40 5-10 93 12
CL-C-1 16 =50 3-9 &-92 8
Tokuyma Soda Co. \ | Transport no. ,
fabric-reinfioced 05 N NeCl in seawater kg/cn
CL-25T 15-18 30-40 27-32 098 3-4 6-7 105 m elecftroosmotic water&
_ _. _ g _ N transference; CL-25T
CH-2T 18-23 40-50 16-20 >0.98 3-4 6-8 AV-AT, 48 & 30 mol
C66-5T 2226 | B4 13-18 5098 24 6-8 per Faraday respectively
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Fig. 1. €Z3% ZdoHadyaAEe] 122
sulfonated styrene-divinylbenzene copolymer+- %
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2.1. EloE=olEEAE(polyetheretherketone,
PEEK)

Figure 1o vehd &E3ta Zeldg oy asAE
(Sulfonated polyetheretherketone, SPEEK)& A&
ANA EE FhoRHEEE 7 2AoltH7]. SPEEK
= FE o2 Axete] Edld(blending) Wi 7hil
(crosslinking) & ?J’—rza_ri ZaNI F doen ol
A2 Wilhelm[6] &2 &&]olH 24 E(polyethersulfone,
PES)Zle] BAHE A xsgon SPEEKEE 70%9)
A1 05 mol/l NaCl&doz 233 WA3Harea resis-

tance) & 8 Qemiollom A E(apparent selectivity)
¥ OU%E A8ste ZiopulAlTokuyama Corp.)el
CMX¢t FAHEE s vehidcl ®=3 van Zyl
[8] &< &Estd Z24dE(Sulfonated polysulfone,
SPSU)te] 7halz AzE %ol 21 82-S pentene/
pantaneit2le] ©]&3H T}, HAHHor o] wgu
(ion exchange capacity, IEC)¥: 1.26~1.84 meq/g
Neei= 87% ool A#E dJew pentened
pentane®] HElol £ HAWE Yehldouk A7k
Aol wel ggo] ZAsHATh ol whel Abzly ol
& pentene/pentane?] M EE ZAZ Qg Zo]
t} Kerres[9] §& Zgolvto]Z(polyiamide, PA
Trogamid P), 2] 8] 2o]u] =(polyetherimide, PEL
Ultem)®| #&Ag7 e} BEAH 08 NH.E 2=
2] E(polysulfone, PSU-NH)¢| 4471 d37tn g
oto] drjgstA 5A4E B8 wusdrh 974
FrAY 2y °*°]£u’-§}7l?l SO3 158
Lo R ol o] 2ARETVL ZAasigoy Myn
7 ]'5}9&‘4 Lokl 4 7‘471'5**"‘5‘0*]"1 %2 NaCl¥
Yo} ML—_.O_ L}E}ulocq Oixq 0}7@&35 )g-‘;ﬂ
5ttt Zaidi®t Kaliaguine[7] 52 SPEEK
324K heteropolyacids, HPAs)S o] &3t
st ZiILS}RiL}‘ HPAsZi: HAEIXA¥L
(tungstophosphoric acid, TPA)& A}&slglom w1t
z{]i 3 wekzol 4o E_‘L]—E o]_Q_ﬁELE. 52—]
stRott Wt gk Fhol AR A2 A
10 *S/cm, 100T ol4elA 10'S/eme] 4%& vhehy)
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2.2. E2|=20H(polyphosphazene)
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2 Pintauro®} Tang[10,11] 5ol o8 A5 o] # ).
Polyphosphazene2 -P=N-¢f o]&:l3l7|t} 1 8=}7}
aE -:4 g FAMES FgeHoR 44 BY ¢+ dx
318t AA, 7IAA A el Sty et gt

-rgl' E A7 Nafion®t}t @7 2] ‘4]5-01
AYEEARAAE o] 2meet Lqg F2

-‘E

Membrane J. Vol. 12, No. 1, 2002



4 o] FA - AldF
o
|
T
P=N4,
i
O
I
Fig. 2. ZgxAag4de #2224
2ith. Pintauro®t Tang[10] 59 A+% polylbis
(3~methylphenoxy)phosphazene ]% ¥ o

benzophenone 3} "’“}5}0“] Avte & UV light® 7}

WHHS-E AJHTE o &7 Uﬂ %%"—'101]"1 Nafion
117 w2y} %Eﬂ%o] AQka FAo|2AREE 5T~
65CAA 004 S/em~0082 S/cm& Nafion 1172tk
30% w2 A5e Yehhidok =3 53 Aus i
AF7F 12x10 'em®/s olgtZ vlg- @Egkow] o
Fpabsbpiol AAAZ] AtEog el did AHdE ¢
Skt
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2.3. Z2|2E[#(polystyrene, PS)

Z g 2~ d(polystyrene, PS)& 3stygoz ot
aAFe sho|t). PSE F2 TE 2Aleh HE5 ]
% Z355 o) xtH12,13]. Carretta®t Tricoli[3]1%2
o] FAt&ol #Hd=(phenyl ring)el AH &#EI7E

Bo| #d3 dol2usus AzeAch o)A A=
A £¥3 Zg 2E ¥ (sulfonated polystyrene, SPS)
1:!1-0

Azx7t folsta rpEAsstuteltt WAl IIEL
E(radiation graft)>.2 £Z3A1Z1 PSET} AAiku]7}
AHsty  dfFAe] 7hs itk "*k°ﬂ"1“ Nafion
173 fAe o 2HEES T0%H S dEEFahes
Holx uf m3 A9 zE 01] 2gold A g
F ol2dEE ZAHAF SPSv ®svt qiey
Nafion 117€ 30%7} 74389t} olelst How 3
HretedaAx-g Foj2usy AR 74l
Atk T. Lehtinel9] %<& Zgn|dadZzelolr=
(polyvinylidenefluoride, PVDF)%oll PS& “H}*

=
[

2} T E (radiation graft) A7 § &3 st =
2P E S(degrees of grafting)dlA] F40l2 dEE
= 20CAA 0.1 S/emelx, o] n g2 2 meq/g

ojden 2 Ires

[14]%= PVDFe] PSZ&

By =3 Flint® Slade
A2 HALE (electron beam

dugel A 12 A A1 &, 2002

irradiation) 02 1 ZEAZl & &Eg3 B H
A71slety Ads ARAXNZACKEE HYO,
- T=20-60C, di7Ishatel AHeg Hsidrt. 4384

e 150417 o] S4delA 0.85 Vo dohg v
Ark =] FAiol2AREE 23CoA 003 S/emol
Aa AEAAZAZY] AN A cell AYg2
65 Q/cm’ol%ith. w3 Nafion#e] HlmAF oA 4
204 H]RF o) XHAELEE JIFAE BFsa A8
AN zAL Aol 50% AR 45S YeEdE
g ol =& F4ER Q) 40T oldelA ol2HE

=7h Zad] diiolt

2.4. Z2|o|n|=(polyimide)

Vallejo$t Pourcelly[4] 52 «Zstd Zdojv=
(sulfonated polyimide, SP)=+-& #j%38}l] Nafion3}
A5S vastgdel SPYL 4ol 233 5 F40)

L1974 (proton  transport number)?} Nafion®.th
10% $48A vebteh Ed H/Cu™ g A7)
EAA80M H'E= Nafion®th 10% o FFHUS
o Cu’ 40% AA FEEAL E£F, 25TAAN F
SOl RAEEE SEM 2910 *S/cme] 3 Nafion
83x10°S/cmo.2 ZA=HAon, Nafion? F5&2
2= Z7bl wek ZA FURIEAW SPee A9
dgatA FAEA ol Aol e FEA A}
2 A9dnh Nafione e AdEo] 44" o4
q9s 2HE| 2Bl 243 aERK(statis-
perfluorinated polymers)o]® SPE= W& Ax
& A del o8 o]&4 9ol ¥y
gAo)7] wjF-olt} o] Genies9t Mer-
cier[13] 59 #&3t8 yzgady & o9 =(sulfo-
nated naphthalenic polyimides)& ©|-&38to] #|z3%
%*Olgﬂfi‘r”“’ﬂ*‘]E FrARSHAl YRk en] o] 2u g

2 186 meq/g, F2OILAEEE 83x10°0=

Zéﬂ%iﬁ‘r.

71-&:

=

=

Zhe
A=)
5

= =
= =

)
al T

=
=

wd Corner®} Gebel[14] 59 Ao w2y 7
& o2 n g o] SPutelA o]y dol F
7t wel FroleAEEE ZashE Aoz yEyt
t} olg} & HEE o] g3 FAMAR SPYE o
2] A7|sksty FAelA A3 F 4 Ads Aot

Figure 3& xerdy eele] sEste Eeolvs
o FxAelt,

2.5. E2|8ZE(polysulfone, PSU)zt 2734
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Fig. 4. &34
o} JIAEE F800A 7AH kA EL AHFe
ol &5 A gttt 53| 315H QrgA

8 gtelojatel AMEEt A A Ty 7 ’214 °
Zagre] EoR o] 2MHEE Hojshm 5o
TF7F AaElo)qd gH15]. Hwangdt Ohyalls] %2
PSUS Z&] &=l A slo] =4 Z(polyphenylemesul fi-
desulfon, PPSS)#e} FFFAR ol nute
Z3tgdeh. 2 M KCIFEHeAe] = ¥ 3Harca
resistanece) 2 2~17Qcm’e]¥ WA vho] )
of wlastdct o] meE AL 15~19 meg/goliL
01-&%1974]T7— 0.77~087¢1 2, F+&L 035~
045 gux/g ary resin®lATE  Kerres#}  Junginger[16]
2 PSU-SOsH¥} PSU-SOHE 7HiAzl Hadg
g Az o] whe ok 12 meq/ge ol &gk
FFAA WA AgL Tt #HAde] ool wji}
025 M NasSOs &4l 169x10 *~337x10 *S/cm
Aom 20C~70CoNA s+ B§ AES B,
7ol A3 kAol #Holwrh Koter[1]9F Cui
[17] $% PSU-SOH% PSU-SOHE 7hunzl 2
A9 whe] EQE Hrbsldu 53], ATy 4
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[18] $& PSUSl &Eshiol] thte] osieon,
FeAA Gl Sz e we proled
EEE Bolr FU2AE s 1 FolH %
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(HaSbpP2Osa-5,xH:0)(n=1 and 3)& &&3t¥ PSU
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]9} FAFSH Al Vyas9t Adhikary[19] 58 Zg)u)
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ol 2w A HFerief Avjek H$vie] Y
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AfAo R 12 pym o|ste] Fol&udsx BHviE
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(transport number)i= 0922 A7]FEAle] A} &5 =
AL 45 A v A5E Jehiid
2.6. 7|E}

Pivovar®} Cussler[20] 52 A#nadadz&

Aafdete] e MElEFALE 2457 “H%"ﬂ 5
FEEF AN WA R 7 Eeuld
°‘£(polyviny1 alcohol, PVA)S o] &3 dajde o
T& stk o5& A8stel dol2uwdu Nafion
1]7, Ionics CR 61 CMP, CR 61 CXMP, CR61 CZR
3% CR 67 HMR(onics)?t 3} 4H&3tel Sap5dat
PV, GFT PV 10003 GFT PV 1005
(Zenon Environmental)9} #| &3k Zylx|olu|t}E
(polybenzimidazole, PBI), Z#]o}a & Z1}olE 2 (poly-
acrylonitrile, PAN)#} Z2]u]d 2] 9l & 2 2}o] = (poly-
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