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2 oF Yole(Na) 2 20l&(C)o] Z4Ze] CEM3} ABMS §3) Halz o2 Rejsjo] 942 o 58
2o} 2+3}/8k9 (redox couple)d A& Egtsla s AFA WA AFE o83 17] oux =
A x|olth. RED Al2='19] A4 F skl o] ndete 52 28 W 243 fal 1) @& 4T, 2) 4
A7 o] ewBy, 3) ¥ OJLAEE, 4) ¥ o] UL BEAF 0} ATk B =RAE olF BHEATE
wgote] A7EF % ddel sl 2Eaisin.

Abstract: The reverse electrodialysis (RED) is an energy generation system to convert chemical potential of saline water
directly into electric energy via the combination of current derived from a redox couple electrolyte and ionic potential ob-
tained when cation (Na") and anion (CI) pass through cation exchange membrane (CEM) and anion exchange membrane
(AEM) into fresh water, respectively. Ion exchange membrane, a key element of RED system, should satisfy requirements
such as 1) low swelling behavior, 2) a certain level of ion exchange capacity, 3) high ion conductivity, and 4) high
perm-selectivity to achieve high power density. In this paper, research trends and prospects of ionomer materials and ion ex-
change membranes are dealt with.

Keywords: Reverse electrodialysis, lon exchange membrane, Ion conductive materials, Electrochemical properties,
Salinity gradient power
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W@ F840] 98 A4H1 Utk of F gRaprd  WE AL At Yk
o 5o Fre 33 UAE A7) U2 AH EHQ FEAPEA Ve AL EA EEuts
HIA A, A7 L 7ARE S Agko] glo] YA AHE3tE A A A4 (pressure retarded osmosis, PRO)
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9} A7 % (reverse electrodialysis, RED)%2]0] 2l
th. PROYA L slet & Abolol] AAIg &2 & &
4 BEuks B, e sEE 93] 98 '
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wgehs il Ao 384 914 oA (chemical po-
tential energy)E %17] AMUAZ 24 HEA7|7] W
o duUAHEFRTEEo] FL& AHES AYL UTH10-20].
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Y8 AYE ol 8N cation exchange mem-
brane, CEM)¥} 5°]-21%%Hanion exchange mem-
brane, AEM)©] Fig. 29} o] w2 wjg=o] &= 7
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Fig. 2. Schematic diagram of RED system.
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Fig. 3. Chemical structure of representative CEM, Nafion®.
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Table 1. Fundamental Characteristics of Commercially Available Ion Exchange Membranes

Ion exchange Classification Areal resi:.tance Perm-selectivity IEC Swelling ratio  Thickness  Functional Reference
membrane (Qem”) (%) (meq/g) (%) (pum) group
Neosepta® CMX 1.8-3.8 97.0 1.5-1.8 25-30 140-200 -SO5” [26]
Neospeta® CMS 1.5-2.5 - 2.0 38 150 -SO5” [26]
Selemion® CMV CEM 2.9 95 24 25 150 -SO5” [26]
Fumasep® FKD ~ homogeneous 2.14 89 1.14 29 113 -SOy [49]
Fumasep® FKS 1.5 94.2 1.54 13.5 40 - [46]
Qiangiu® CEM 1.97 82.0 1.21 33.0 205 - [46]
Ralex® CMH-PES heter((j)sxeous 11.33 94.7 2.34 31 764 -SO5 [2]
Neosepta® ACS 2.0-2.5 - 1.4-2.0 20-30 150-200 -N(CH;);" [50]
Neosepta® AMV 3.15 87.3 1.78-1.9 17.0 120-124 - [2,26]
Neosepta® AMX AEM 2.0-3.5 90.7 1.4-1.7 25-30 120-180 - [2,26]
Selemion” ASV homogeneous 3.7 97 - - 120 - [2,46]
Fumasep” FAD 0.89 86.0 1.42 34 74 - [46]
Fumasep” FAS 1.03 89.4 1.12 8.0 33 - [46]

Table 2. RED Performances Depending on CEM and AEM Pairs[65]

Producer CEM

AEM Spacer thickness Membrane area

Fresh/saline water

Cell # Flow rate Power den51ty Reference

(um) (cm’) @@  (ems) RN (W)

Neosepta ~ CMX  AMX 200 100 25 1.16 0.017/0.51 0.65 [29]
Neosepta ~ CMS ACS 200 100 25 1.16 0.017/0.51 0.60 [29]
Asahi Glass CMV ~ AMV 200 100 5 17 0.017/0.513 113 [46]
Asahi Glass CMV ~ AMV 200 100 25 1.16 0.017/0.51 118 [29]
Fumatech  FKS FAS 200 100 5 17 0.017/0.513 111 [46]
Fumatech  FKS FAS 100 100 5 4 0.017/0.507 22 [38]
Fumatech ~ FKD FAD 200 100 5 17 0.017/0.513 1.19 [46]
Fumatech ~ FKD FAD 200 100 25 1.16 0.017/0.51 117 [29]
Fumatech ~ FKD FAD 200 100 50 6.7 0.017/0.513 0.93 [29]
Fumatech ~ FKD FAD 200 100 50 0.58 0.017/0.51 0.95 [57]
MEGA CMH-PES AMH-PES 200 100 5 17 0.017/0.513 0.6 [46]
MEGA CMH-PES AMH-PES 250 100 5 17 0.017/0.508 0.65 [56]
Tokuyama ~ CMX  AMX 200 100 5 1.7 0.017/0.513 1.07 [46]
Tokuyama ~ CMX  AMX 190 ) 10 0.54 0.0096/0.605 0.46 [17]
Tokuyama ~ CMX  AMX dﬁggvg;’“s;;’g;) 100 3 0.83 0.017/0.5 0.8 (57]
Tokuyama ~ CMX  AMX 320 100 3 0.83 0.017/0.5 027 (57]

29 S §Eotal, dols uiAITTH28,43,44].
RED Al2H 53 #H" ﬂ% ol Crola 1
o & ol AG¥ dHd Ao] du, A==V}
Folobtt gttt 48 Sol2mde BT sl A
ZIRto & AxEo] fYth H Kiyohide et al.
Nafion®2}9] f7]4HE ojnjo|=& W3k & 43 YRF

N

Myl A 27 A A2 3, 2017

ojgst] HEiA FolEueS
Az G& RAFATH4T]. oAY, 2 FELA &
o] Zuguto] thh Thgt okl ¢ nALL e ARA
AelAe] a2 e, #d A7237 ExH ot
[48]. SHAIRE, Fol&meo] o] Fofxl Fof o]em &
sl=o] FAT A B4 L ASFHERE g

o= uige e
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Fig. 4. Polyion complex formed in PVA and PEI[62].
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A A% 7o AAAAE BoF CEM3} AEMOE
A Ztz} Fumatechol A | %3+ Fumasep® FKS9} FAS
Z%& 7HAA RED Al28ls FAYS A, 22 ¥
AAgoz Q3 =2 579 29 U5E(1.1-2.2 W/mz)
£ HAFTH38]. =3 REDA G 5YS ol
2o] Z3he A wj &AL, spacer Ao o § %‘f%k%
Wt AAR 7] ol2ngvte] =g
spacer 75 200 pmolA 100 umE Al ]U 73
T, WE A AAaAA 29 UEE of 28] =o
ANE A & F ATH46,49,50]. ©1E Fll, 2749
RED o],Q_ﬂil-t,']-g] FQ _3-?274& u].&sljr,} ZEA oﬂ
spacer®} 2 F-F 2949 AUA7} HZ RED As<
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—_— O
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Folu7] 913t deo] 2 ¢ QlES AR AT

 ATH51-57].

3.4. REDE o|2matato| of uljgt AX|

RED /\l*ﬁ“ﬂ ALEEE o] ndLe o]E FAT)
T ol met 1) ©3lriA ol 2) I}
B4 olnguto g BFRHEL B FAoi= F AE
o] yEAE AWNEEE 9 AU-S OE Aot

3.4.1. EtslEAd| o|2mEtet

gslraAe] olxugut: FE ZEotdl(poly
(arylene)) A€ C-H 8+xE 7AW, Az}
AR s, g TRE 2 dEA
=4S B8 ST RAAN &olsiH, &4 Ve %

dgol 7hestths A 2L Sk SR, o2 =
e FA7I7] el A SRR kel - IEC)
< S7PR el A s o)l Audt A
ool BAst, o] LA 23 FaT < 3
o ol A AR AERAM, ZAA FEE AT
k= g AAAL] 715 el =l gsiEA A
g =3 AgstEE zhs gilead] ook s &
AR AeEdeS Alzdhe (s8], XA ©3t
FaA oleim et &gl "l 1EAE £

Z(blending)d= WH[59,60], 7}xl(crosslinking)E &

3 FrA nEAY =2 BEEE SYHOE A
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Fig. 5. The concept of pore-filling membrane[64].
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