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Fig. 1 Structure of a RED stack and principle of SGE
conversion using RED stack
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Fig. 2 Relationship between electrical resistance in each
part of a unit cell and thickness of fresh water channel
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Fig. 3 (a) schematic diagram of a unit cell consisting of CEM,
AEM and high- and low-concentration flow channels;

(b) the structure of LS flow channel between CEM and AEM.
The spacer net keeps the intermembrane distance a constant.
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Fig. 4 (a) schematic diagram of a half cell consisting of CEM,
AEM and high- and low-concentration flow channels;

(b) the structure of LS flow channel between CEM and AEM.
The spacer net keeps the intermembrane distance a constant
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Fig. 5 Schematic diagram of a half cell consisting of novel
profiled CEM and AEM.
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Fig. 7 Equivalent circuit and voltage (power) -current curve
of a RED system.
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Fig. 8 Photograph of profiled FAS-50.



Fig. 10 Photograph of profiled FKS-50: (a) surface image by
optical microscope, (b) three-dimensional (3D) image by
laser scanning microscope.
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Fig. 11 200 [mm] spacers: (a) HS channel, (b) LS channel for
flat sheet IEMs, (c) LS channel for profiled IEMs.
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Fig. 12 RED stacks of RED performance test: (a) for flat sheet
IEMs, (b) for profiled IEMs.

]
JZRAE
)

1BEEE
KA

REDASYT

BEk

BT

Fig. 13 RED stacks of RED performance test: (a) for flat sheet
IEMs, (b) for profiled IEMs.
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Table 1 Membrane thickness (d), membrane water content
(W), membrane resistance (Rm), transport number ()
and ion-exchange capacity (/EC) of the used IEMs.

d w Rm t IEC
Sample

[um] [%] [Q cm’] [l [meq/g]
FAS-50 37 28.8 1.16 0.99 2.04
FKS-50 74 17.3 3.28 0.99 1.28
AMX 140 0.24 2.40 0.98 1.40
CMX 170 0.27 2.70 0.98 1.50
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Fig. 14 Voltage-current and power output- current curves of
RED stack using flat sheet IEMs. 50 mS/cm model seawater
and 0.25 mS/cm model river water were fed to the stack. The
feed flow of the HS and LS sides were 0.020 and 0.027 L/min,
respectively.
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Fig. 15 Voltage-current and power output-current curves of
RED stack using profiled IEM. 50 mS/cm model seawater and
0.25 mS/cm model river water were supplied. The feed flow
of the HS and LS sides were 0.020 and 0.027 L/min,
respectively.

Table 2 Open circuit voltage, , internal resistance, power
density and pressure drop of RED stacks using flat

sheet IEMs and PF IEMs.
Open circuit Internal Power Pressure
voltage resistance density drop
[Q] [Wim?] [kPa]
Flat sheet IEM 1.3 1.00
PF IEM 1.2 7.85 1.44 59
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Fig. 16 Voltage-current and power output- current curves of

RED stack using flat sheet IEMs. 95 mS/cm model seawater

and 0.3 mS/cm model river water were fed to the stack. The

linear velocity of both the HS and LS sides were 1.5 cm/s.
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Fig. 17 Voltage-current and power output- current curves of
RED stack using PF IEMs. 95 mS/cm model seawater and
0.3 mS/cm model river water were fed to the stack. The linear
velocity of both the HS and LS sides were 1.5 cm/s.
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Fig. 18 Voltage-current and power output- current curves of
RED stack using flat sheet IEMs. 185 mS/cm model seawater
and 0.3 mS/cm model river water were fed to the stack. The
linear velocity of both the HS and LS sides were 1.5 cm/s
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Fig. 19 Voltage-current and power output- current curves of
RED stack using PF IEMs. 185 mS/cm model seawater and
0.3 S/cm model river water were fed to the stack. The linear
velocity of both the HS and LS sides were 1.5 cm/s.
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Summary

Reverse electrodialysis (RED) converts salinity gradient energy (SGE) between salt waters with different salinity
concentrations into electricity. RED has a structure in which multiple pairs of unit cells are arranged between two
electrodes, each of which is composed of a cation exchange membrane (CEM), a high concentration solution (HS) flow
path, an anion exchange membrane (AEM), and a low concentration solution (LS) flow path. In order to perform the
SGE conversion process of RED efficiently, in this study, we fabricate a profiled (PF) membrane with a concave-convex
structure. This concave-convex structure increases the surface area of the PF membrane, and the membrane distance
can be maintained without a spacer network, which has the advantage of reducing the electrical resistance of the
membrane and the flow path.

FKS-50 and FAS-50 were used as the base flat membranes for PF membranes, respectively. The PF membranes
were fabricated by forming a concave-convex structure on the surface of the flat membranes by a heat press method.
Stacks with 5 pairs were fabricated using flat membranes (Flat stack) or PF membranes (PF stack) were fabricated. In
the power generation test, 50 mS/cm NaCl solution (HS-A), 95.5 mS/cm NaCl solution (HS-B), and 185.5 mS/cm NaCl
solution (HS-C) were fed to the stack as HS, and 0.3 mS/cm NaCl solution as LS to measure voltage-current curves.
The open circuit voltage (Voc), stack internal resistance (Rint), and maximum power density (PDgross) Were calculated
from the voltage-current curves.

When HS-A was supplied, Rint of the PF stack was 31% lower, and PDgross Was 44% higher than those of the flat
stack. When HS-B and HS-C were used as the HS, the PF and flat stacks showed almost the same Voc values even
when the HS concentration increased while PDgross increased due to the decrease in Rint.  In all the types of HS, the PF
stack showed about 40% higher PDg.ss than the flat stack. In HS-C, which was six times higher salinity than HS-A,
both the flat and PF stacks showed about two times higher PDgoss than that in HS-A, and the PF stack indicated 40%
higher PDgross than the flat stack, confirming the superiority of the PF membranes prepared in this study even in highly

concentrated salt water.



