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Abstract: In this study, the effects of membrane characteristics on the power generation performance in reverse electro-
dialysis (RED) have been investigated with pore-filled ion-exchange membranes (PFIEMs) prepared by employing a porous
polyethylene substrate and the mixtures of three cross-linking agents. As a result, it was confirmed through the correlation
analyses that the cross-linking degree and free volume of the PFIEMs were effectively controlled by mixing the cross-link-
ing agents having different molecular sizes, influencing complexly the electrochemical characteristics of the membranes and
the power generation performance in RED. In particular, the pore-filled cation-exchange membranes at the optimum
cross-linking conditions exhibited the power generation performance superior to that of the commercial membranes and the
pore-filled anion-exchange membranes also showed the excellent performance close to that of the commercial membrane.
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Fig. 1. Schematic drawing of reverse electrodialysis system.
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Table 1. Monomer Compositions of Anion- and Cation-exchange Membranes Prepared in this Work
Membrane Monomer composition
Cross-linker (20 wt%)
AEM VBC Sty
DVB EGDMA HDDMA
PFAEM (VBC3/Styl/A) 3 1 18 1 1
PFAEM (VBC3/Sty1/B) 3 1 16 2 2
PFAEM (VBC3/Sty1/C) 3 1 14 3 3
PFAEM (VBC3/Sty1/D) 3 1 12 4 4
PFAEM (VBC3/Styl/E) 3 1 10 5 5
PFAEM (VBC3/Sty1/F) 3 1 8 6 6
PFAEM (VBC3/Styl/G) 3 1 6 7 7
Cross-linker (20 wt%)
CEM Sty (wt%)
DVB EGDMA HDDMA
PFCEM (Sty80/A) 80 18 1 1
PFCEM (Sty80/B) 80 16 2 2
PFCEM (Sty80/C) 80 14 3 3
PFCEM (Sty80/D) 80 12 4 4
PFCEM (Sty80/E) 80 10 5 5
PFCEM (Sty80/F) 80 8 6 6
PFCEM (Sty80/G) 80 6 7 7
g 21e =&staAt skt oA 7IAE 14

21 M=
AFSZ olxugvhs Axstr] {8 Zgog
712 AHEsThHipore,
thickness = 25 pm, porosity = 48.5%, Asahi Kasei
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Fig. 2. Chemical structures of the cross-linkers employed
in this work.
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Fig. 4. Variations in membrane characteristics (WU, IEC, MER, Transport number) according to cross-linking conditions
(REmymo = the weight ratio of EGDMA and HDDMA among the total cross-linking agents).
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Fig. 5. (a) Current-voltage and (b) current-power density curves of the electrochemical cells employing various anion-ex-
change membranes.

Fig. 6. (a) Current-voltage and (b) current-power density curves of the
change membranes.

Fig. 7. Variations in RED performance parameters and membrane conductivity according to cross-linking conditions
= the weight ratio of EGDMA and HDDMA among the total cross-linking agents).
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Table 2. Summary of the RED Performance Data (Selected)

Membranes Averaged permselectivity (-) OCV (V) Power density(W m?)
AMX/CMX 0.815 0.732 2.08
PFAEM(VBC3/Sty1/D)/CMX 0.760 0.672 1.80
AMX/PFCEM(Sty80/E) 0.762 0.690 221
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