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Analysis of transport properties of radiation-grafted cation and anion exchange
membranes and their application to reverse electrodialysis

Sawada, Shin-ichi
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I developed the cation exchange membranes (CEMs) and anion exchange
membranes (AEMs) by a radiation grafting method and then applied them for reverse electrodialysis
(RED). CEMs were prepared by grafting of styrene into ethylene-co-tetrafluoroethylene (ETFE) base
Tilms and subsequent sulfonation. AEMs were prepared by grafting of chloromethylstyrene into ETFE
films and subsequent quaternization. The resistance of the prepared CEMs and AEMs dramatically
decreased with increasing the ion exchange capacity (IEC). The minimum resistance of the CEM and AEM

was considerably lower than those of the commercial CEM and AEM. Five pairs of the grafted CEMs and
AEMs were used for the RED. The high- and low-concentration sodium chloride solutions were supplied
to the RED cell. The output power density was significantly higher than the cell employing the
commercial CEMs and AEMs. It was demonstrated that the radiation-grafted CEMs and AEMs were suitable
for RED application.



(Reverse ElectroDialysis, RED)

U RED (Cation Exchange Membrane, CEM)
(Anion Exchange Membrane, AEM)
Nat+ CEM CI- AEM
(
) RED
( )
RED CEM AEM
0] 55 US m? - (ii) 2.2 Wim¥( 0.5 mol/L
) 2 RED 3 1
(2 CEM AEM
( ) (
) 1.2-
1.3 W/m? (23]
RED CEM AEM
RED CEM AEM
CEM AEM
RED CEM AEM
(lon Exchange Capacity, 1EC)
CEM AEM 58 US /m?
( (i) )
CEM AEM CEM AEM
RED
CEM  AEM
(ETFE) ( 50
um) CEM AEM 1 ETFE 10
kGy ( 60 )
(CMS) Wo
Wi 1)
=100 (Wl—Wo)/W 0 (1)
24 CMS
0.2 mol/L 50 8
CEM
CMS 30% 8 CMS
AEM CEM AEM IEC( )
CEM AEM 2 AC 2
CEM AEM 0.5mol/L
( 100 mV 100 kHz) Rrotal
Rsol Rrotal Rsal
CEM AEM
% |:,|> n |:,|> n % |:‘,> n |:‘,> n
-~ § ; H" S0, - cl - NT
1 CEM AEM



RED
RED
CEM AEM 5
2 ( AglAgCl
22 cm? 300 pum)
25 0.5mol/L
4.3x 103 9.3x 102 mol/L

E7)LiEK
DT

|

REWIPIEN  CEM - AEM®D
D7 A7 (558)

0 15A/m2 =
2 REDHEERt /L DHVER
CEM  AEM
12 63% CMS 85 49%
3 IEC=0.79
24mmol/lg CEM CMS IEC=0.39 1.6 mmol/g AEM
CMS
IEC IEC
87% 7%
CEM AEM IEC 4 IEC
CEM IEC=2.4 mmol/g 0.28 Q cn? CEM
CMX(( ) ) 27 Qcm? 90% AEM |IEC=16
mmol/g 0.39Qcm? AEM AMX(( ) )
22 Qcm? 82%
@) (ii) 80 85um (CMX 168 um  AMX
156 pm) 2
CEM(0.28 Q cm?) 57% AEM(0.39 Q cm?)
46% RED
2.0
25 | CEM AEM
® e
520 | ® G
S . S [
L ®
g 1.5 E 10 L °®
o 1.0 | O
i Wos | /®
05 L
0.0 L L L 0.0 L L
0 20 40 60 0 20 40 60
(%) CMS (%)
3 CEM AEM IEC
10 10
CEM AEM
g X CMX 5 X AMX
s, S
01 I I I I I 0.1 L L L L

0 05 1 15 2 25
IEC (mmol/g)

0 05 1 15 2 25
IEC (mmol/g)

CEM AEM IEC



RED
CEM(0.28 Q cm?)

AEM(039 Qcm?) 5 4.3x 10 mol/L
5 0A/MY ) 0.95V
/ Nernst 1.22Vv
CEM AEM 1 Na* CI 1
1 2
(W/m?) = x IN (N =10) (2
8.2 A/m? Pwvax=0.39
W/m? CMX  AMX Puax 1.3
PMAX 6
CEM AEM CMX AMX Pumax
4.3x 10 mol/L 2.3x 102 mol/L
Puax 0.63 W/ (CMX  AMX 13 )
PMAX
CEM AEM RED
RED
21x 30cm(A4 ) CEM
AEM RED
0.4 0.7
0.6 |
I 0.3
Z & 05 |
£os
0.2
~ 2
3 o o2 |
<
0.1 L [ J CEM AEM
0 CMX AMX
0 !
0 0.05 0.1
5 (mol/L)

., CMX AMX)

[1] R. Tufaet al., “Progress and prospects in reverse electrodialysis for salinity gradient energy conversion
and storage”, Appl. Energy 225 (2018) 290.

[2] A. Daniilidiset al., “Upscale potential and financial feasibility of areverse electrodialysis power plant”,
Appl. Energy 119 (2014) 257.

[3] J. Veerman et al., “Reverse electrodialysis: Comparison of six commercial membrane pairs on the
thermodynamic efficiency and power density”, J. Membr. Sci. 343 (2009) 7.

[4] L. Gubler et al., “Radiation grafted membranes for fuel cells. Strategies to compete with PFSA
membranes”’, ECS Trans. 58(1) (2013) 149.



2 2 0 0

Shin-ichi Sawada, Mitsuaki Goto, Hiroshi Koshikawa, Akane Kitamura, Mitsuru Higa, Tetsuya in press
Yamaki
lon and water transport properties of cation exchange membranes prepared by heavy-ion-track 2020
grafting technique
Separation science and technology in press
DOl
doi.org/10.1080/01496395.2019.1648510
146
2019
28-29

DOl

2018

2018

17

2018




2017

2017

Shin-ichi Sawada, Masahiro Yasukara, Mitsuru Higa, Yasunari Maekawa

Preparation of cation and anion exchange membranes for reverse electrodialysis by radiation-induced grafting method

5th International Conference on Nanotechnology and Materials Science

2017

2018

2018

(Maekawa Yasunari)

(30354939) (82502)




