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Abstract: Performance of the membrane capacitive deionization (MCDI) process was investigated in terms of the salt
removal efficiency (SRE) at the adsorption voltages higher than the water dissociation voltage of 1.5 V in accordance
with the feed flow rate and concentration. The currents were measured for both CDI and MCDI for NaCl 100 mg/L solu-
tion and the currents and pH levels were also examined to discuss qualitatively for the distilled water at 3 V and 5 V.
It was carried out to look into the SREs for the various di-valent and tri-valent metal salts according to voltages and con-
centrations. The SREs of 100% and 97.3% were obtained at the adsorption voltage 5 V for 300 and 500 mg/L, respec-
tively. However the SRE decreased as the feed concentration increased. The SREs, 91%, 79% and 82.3%, were given
for 500 mg/L feed solution of the di-valent metal salts, MgCl,, MgSO,, CaCl, in sequence.
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(membrane capacitive deionization; MCDI) 7]&-2 Lee 5°]°
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Figure 1. Chemical structure of (a) sulfonated poly(ether ether
ketone) (SPEEK); (b) aminated polysulfone (APSf).
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Table 1. Basic Properties of the Synthesized Ion Exchange
Polymers for MCDI Application

Swelling Ion exchange  lon conductivity
degree (%)  capacity (meq/g) (S/em)
SPEEK 12.7 2.13 0.068
APSf 133 221 0.07

BARe) o] 2w Bhg-aRe 7h7t 2.13, 2.21 meq/gS HERO] A
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£ 151 ume] §AE 747 2ejFAdn)
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Figure 3. SEM images of surface (top) and cross-section (bottom) of (a) plain carbon electrode; (b) SPEEK coated electrode; (c) APSf coated
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Figure 4. Effect of adsorption voltages on salt removal efficiency as
the function of feed flow rate and adsorption time.
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Faol 23 A7) o] 9] o]2wBteto & Q1gh Al A wiE}l
o] opd7} AlEET), ol thsix = tholl AWar= g
oh e HAgelA E2 AYgS 7S W 15 15 mL/min,
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Figure 5. Current changes at both 3 V and 5 V adsorption voltages and pH changes at 3 V adsorption voltage in CDI and MCDI for deionized
water and NaCl 100 ppm solution: (a) current change at 3 V adsorption voltage in CDI for NaCl 100 ppm solution; (b) current change at
5 V adsorption voltage in CDI for NaCl 100 ppm solution; (c) current change at 3 V adsorption voltage in MCDI for NaCl 100 ppm solution;
(d) current change at 5 V adsorption voltage in MCDI for NaCl 100 ppm solution; (e) current change at 3 V adsorption voltage in MCDI
for deionized water; (f) pH change at 3 V adsorption voltage in MCDI for deionized water.
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Figure 6. Effluent concentration according to the desorption volt-
ages at desorption time 1 min and the salt removal efficiency
against the desorption time at desorption voltage -0.3 V for NaCl
100 ppm solution under the adsorption voltage and time, 3 V and
3 min: (a) desorption voltage; (b) desorption time.
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Figure 7. Effect of the feed flow rate on the salt removal efficiency
for NaCl 100, 200, 300 ppm solution at adsorption voltage/time
5 V/3 min and desorption voltage/time -0.3 V/3 min: (a) 15 mL/min;
(b) 25 mL/min; (c) 35 mL/min.
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tion; (b) adsorption time.
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Figure 10. Effect of various multivalent salts in the feed and their
concentrations at the adsorption voltage/time 5 V/3 min and desorp-
tion voltage/time -0.3 V/3 min and flow rate 15 mL/min: (a) 100 mg/L;

(b) 300 mg/L; (c) 500 mg/L.
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