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Abstract: In this study, we studied the fabrication of a cation-exchange membrane (CEM) with high permselectivity for
monovalent ions that can be applied to an electrodialysis (ED) process for efficient separation of acid-metal ions from acid
wastewater. The pore-filled cation-exchange membranes (PFCEMs) were fabricated by filling a porous substrate with sodium
4-vinylbenzenesulfonate (NaSS) monomers having sulfonic acid groups and vinylphosphonic acid (VPA) monomers having
phosphonic acid groups together with a crosslinker into an asymmetric structure and in-situ photopolymerization. The fab-
ricated PFCEMs had a slightly lower ion-exchange capacity than that of a commercial membrane, but they exhibited elec-
trical resistance and mechanical properties suitable for practical applications. The permselectivity of the PFCEMs fabricated
with various NaSS:VPA molar ratios and a commercial membrane (CSE, Astom, Japan) in H'/Fe*" mixed solutions was
measured. The best permselectivity was confirmed at the condition of NaSS:VPA = 25:75, which was more than 10 higher
than that of the commercial membrane. In addition, the ED results of H'/Fe*" mixed solution using the optimally fabricated
membrane showed excellent acid-metal ion separation performance compared to the commercial membrane. The CEM in-
cluding both sulfonic acid groups with excellent ion conductivity and phosphonic acid groups with strong binding affinity
for metal ions is expected to be effective in separating various valuable metal ions in addition to Fe’* from acid waste
solutions.
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Fig. 4. FT-IR spectra of PSF substrate before and after
treatment with NaOH.
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ing to pre-treatment times.
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Membrane and Asymmetric Ion-exchange Membranes
According to Pre-treatment Times
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CSE (Astom Corp.) 24.0 59.4
0 min 54.0 11.3
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30 min 30.1 10.6
50 min 18.9 7.5
70 min 11.8 4.8
90 min 7.4 5.1
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Fig. 6. FE-SEM cross-sectional images of substrate and
membranes: (a) substrate (b) PSF side of substrate (c)
non-woven fabric side of substrate (d) membrane (e)
PSF side of membrane and (f) non-woven fabric side of
membrane.
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Table 2. Various Properties of Commercial and Prepared Pore-filled Cation-exchange Membranes

Membrane (g.l; S{zlflgg) (I(Eg ﬁam?é/gl)) ((l)icb/([m;%gli) (o.gv ;\J/I (IO\I/Oa)Cl) (O.SWI\I/IJ I(\(I)é))OH) ™)
CSE (Astom Co.) 1.82 220 315 0.971
NaSS:VPA = 100:0 3.99 0.58 0.58 447 443 0.980
NaSS:VPA = 90:10 4.02 0.55 0.64 453 46.1 0.974
NaSS:VPA = 75:25 426 0.55 0.97 46.4 482 0.980
NaSS:VPA = 50:50 5.09 0.39 1.37 49.0 51.4 0.971
NaSS:VPA = 25:75 5.16 0.33 1.52 52.0 542 0.971
NaSS:VPA = 10:90 531 0.23 1.68 55.2 56.8 0.966
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Fig. 9. H'/Fe*" permselectivity and flux through commer-
cial and pore-filled cation-exchange membranes.
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