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Fig. 1 Schematic diagram of (a) conventional PF membranes
and (b) novel PF membranes
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Fig. 2 Schematic diagram of the convex pattern on the
dotted type PF membrane
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Table 1 Fundamental properties of flat sheet IEMs used in this study.

lon-exchange Transport Membrane  Water .
) ; Thickness
IEM capacity number reistance Content
[mol/dm’| [-] [Q cm?] (-] [um]
ASE 1.84 0.98 2.77 0.16 150
CSE 1.90 0.98 1.85 0.25 150
FKS-30 1.83 0.97 0.49 0.25 45
FAS-30 143 0.92 0.85 0.33 39
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Fig. 3 Photograph of the channel material used in the RED stacks fabricated in this study.

(a) HS-side spacer (S);

(b) LS-side spacer for flat-IEMs (R);
(©) LS-side spacer for PF-IEMs (R’).
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Fig. 4 Schematic diagram of RED stack for (a) flat membranes and (b) RED stack for PF membranes
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Fig. 5 Schematic diagram of the RED stack power generation
characteristic evaluation system.
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Fig. 6 Optical microscope images of part of the surface of a
PF membrane. (a) Photograph of the surface, (b) Enlarged
image of the tip of the convex structure
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Fig. 7 Laser microscope photographs of (a) the surface of the
obtained PF membrane, and (b) cross-sectional height of the
convex part obtained from the image.
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Fig. 8 Voltage-current and power-current curves for RED
stacks using flat membranes.

Salty solution used: HS, 50 mS/cm NaCl; LS, 0.3 mS/cm NaCl.
Pressure drop: HS, 17.4 kPa; LS, 13.7 [kPal].
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Fig. 9 Voltage-current and power-current curves for RED
stacks using PF membranes.

Salty solution used: HS, 50 mS/cm NaCl; LS, 0.3 mS/cm NaCl.
Pressure drop: HS, 17.4 kPa; LS, 13.7 [kPal].
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Table. 2 Comparison of RED power generation between RED stack using flat membranes and that using PF membranes.

Open circuit voltage

[v] [Q]
Flat stack 3.7 29.1
PF stack 3.7 6.81
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Fig. 10 Relationship between maximum power density and
conductivity at LS side in RED stacks using flat membranes
and using PF membranes. HS, 50 mS/cm NaCl
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Summary

There are few examples of using large RED stacks in research using profiled (PF) membranes, which have a concave-
convex structure on the surface of ion exchange membranes. The linear PF membrane reported last year has a concave-convex
structure maintained at the edges on both sides of the PF convexity, making it difficult to maintain the concave-convex structure
in a large stack. Therefore, in this study, we developed a dotted PF membrane, which is different from the linear PF shape.
It is predicted that the concave-convex structure of the dotted PF membrane will be maintained even if the membrane area is
increased. In this study, we fabricated a PF membrane with this new concave-convex structure and constructed a cell so that
the convex shapes of this PF membrane face each other in the low salt concentration side (LS) flow path, which has a largest
resistance in the cell component. We evaluated the power generation characteristics of the RED in stacks using this PF
membrane and flat membrane, and compared their performance.

The power generation characteristics were evaluated by supplying model seawater, model river water, and model sewage
treated water made with NaCl solution to a RED stack composed of flat membranes and PF membranes. An electronic load
device was connected to the electrodes of the RED stack, and the current and voltage were measured by changing the load
resistance, and the power generation characteristics of the PF membrane stack and the flat membrane stack were compared from
the obtained results.

The open circuit voltages of the two membrane stacks were almost the same under all of the above concentration conditions.
This indicates that forming the concave-convex structure of the PF membrane using a flat membrane does not affect the selective
permeability of the membrane. In the RED power generation test when model seawater (50 mS/cm NaCl) and model river
water (0.3 mS/cm NaCl) were supplied, the internal resistance of the PF membrane stack was less than one-quarter of that of
the flat membrane, and the power density was 300% higher than that of the flat membrane. In addition, the pressure drop of
the stack using the PF membrane was 13% lower than that of the flat membrane. This will be due to the concave-convex
structure of the PF membrane eliminates the need for a spacer net, thereby reducing the electrical resistance and solution feed
resistance of the LS side flow path. These results demonstrated the effectiveness of the PF membrane in improving the stack
power generation output and reducing the solution feed energy. Next, we evaluated the power generation of a stack consisting
of the PF membranes and the flat membranes when using NaCl (0.3 to 3.0 mS/cm), which is equivalent to sewage treated water.
As aresult, the PF membrane stack had a power density of 1.47 [W/m?] at the LS side conductivity of 1.0 mS/cm, while the flat
membrane had a power density of 0.61 [W/m?]. The PF membrane showed a power density 2.4 times higher than that of the
flat membrane, demonstrating the superiority of the PF membrane even when the LS side solution was equivalent to sewage

treated water.



