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Abstract: In this study, cation and anion exchange polymers containing quaternary ammonium group or sulfonic group
on poly(vinyl alcohol) were synthesized. The ion exchange polymers were coated on the carbon electrodes by the casting
method and then cross-linked by heat to fabricate composite carbon electrodes. The salt removal efficiency was compared
by applying it to the unit cell of the capacitive deionization process. The salt removal efficiencies were measured by vary-
ing the adsorption/desorption voltage and time, flow rates, several type of salts, concentration of feed, and city tap water.
The best salt removal efficiency of 94% was obtained when it was adsorbed at 1.5 V potential for 5 min and then
desorbed at -0.1 V for 3 min. In addition, the tap water of Daejeon city that has the higher content of multivalent ions
than of monovalent ions showed the salt removal efficiency of 72%.

Keywords: membrane capacitive deionization (MCDI), quaternized poly(vinyl alcohol) (QPVA), sulfonated poly(vinyl
alcohol) (PVA/SSA/PSSA_MA), salt removal efficiency.
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AEME. & A= 784 ZEAS] poly(vinyl
alcohol) (PVA, Mw. 89000~98000)2 ©]-&-31.om 71wA 2
+ sulfosuccinic acid(SSA, Mw. 20000, 70% mass in water)
9 glutaraldehyde(GA, 25% mass in water)& AF-8-3F AT}
PVAd| £Z715 FAIA ol 2ugt 58S FAsFE A
kS 2=  poly(4-styrene sulfonic acid-co-maleic  acid)
(PSSA_MA, Mw. 198.15)5 A&l T}, o283 3174}
o 47 4EF7IE =Ystr] st AR AFo R =
glyciditrimethyl ammonium(GTMAC, 99%)E ARS8t} ©]
9]l potassium hypochlorite(KOH, 99.5%), hydrochloric
acid(HCl, 38% volume in water), anhydrous ethanol(99.9%)
= ARl e RE Aleks AAlFA flo] AF Aldrich
chemicals.oll4 Fiste] ATt e I 70l Al
2| (Seoul, Korea)2] AL 2 A3 o, i &4 2
=2 372171 (Cheong-ju, Korea)®] 2& FYst] AR&-aFiTt.
B3 MCDI A E 9] Fwods Alxst] $lgt Atomes 9
shER, dsbds, dsbrlavls, SetetavlaS ARS-ER
©1m OCI(Seoul, Korea)2] #1& AR&-3}ITh.

SO0|2ustnE2AP [ E SEELATMFT HE. 784 2
AR PVAS 87Ql /ol 10 wi%e® Wit $955 &
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£ 7Bk ol PVASH GTMACZHS] K E moko] wl
Aol HeE71E X&eT7] flete] Mgt KOHSt
GTMACE #7842 4A7F §<F 65°Colx SHs]

PVA 10 wt% solution
Cooled to 65°C

| Stirring 4hr |

2M Glycidytrimethyl
KOH ammonium chloride

| Washed anhydrous |
ethanol

| QPVA |

| 65°C 1day, drying |

Dissolved in D.I water for
10hr

Glutaraldehyde,
HCI
carbon electrode

| Stirring 1day |

‘ 130°C, 1hr cross-linking ‘ | 45°C, 3hr drying |

60°C, 3hr dring

Figure 1. Synthesis of quaternized poly(vinyl alcohol) (QPVA).
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Figure 4. Schematic diagram of MCDI cell configuration.
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» Carbon electrode (CEM)

» Carbone electrode (AEM) ‘:

SRE

‘ PVA 10 wt% solution ‘

‘ Sulfosuccinic acid ‘

‘ stirring 1day ,25°C

‘ PSSA_MA10wt% solution ‘

‘ Stirring 1day ,25°C l

‘ PVA/SSA/PSSA_MA ‘
solution ‘

Casting on carbon ‘
electrode

‘ 60°C, 2hr drying ‘

‘ 120°C, 1hr cross-linking ‘

Figure 2. Synthesis of sulfonated poly(vinyl alcohol) (PVA/SSA/
PSSA_MA).
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Table 1. Basic Properties of the Synthesized Ion Exchange
Polymers for MCDI Application

Swelling Ion exchange Ion
degree capacity conductivity
(%) (meg/g) (S/em)
QPVA 29 1.54 0.026
PVA/SSA/
PSSA_MA 33.5 2.07 0.03
ATl 45 YEF7] Be SF|Z /I8 o]29) olsAdt
Aol YIS VA Arfoltt. 24719 gao] F71e

of ma} o] 2w dhg-o| F7tste] & el SUtethE
Fo] 9}\11 fé}iﬂ ARE Aol 7ol F7HR Qlste] &
T TV Hof el yldo] "Wolx= we] 9l
oldof TEE Hwangol® A-FoM = 2H-87]9] 3hfaol
MCDI ¥4 A&l vx= G A3 v Jom ol A
714 146}94 7]'—/?—3 C’J‘?} A2 7§,946} vl ik, wheba] &
Aol & 25 THE3Sl= Table
12 22 7‘74& O]%JJ—?}_T’_E—ZF— %*3 stod ARSI TH
SEEamMIe| M U i 2A AF A v

EAA T o]V EAE Al FEZ] oRE
SEM #2418 AA13} 2™, Figure 59 YR T Figure
5@ %fs} l 2e o3 B4 S, (b)= PVA/SSA/

A W2, (ofE QPVAZL Y Bha
Lwa—;— ekl Zolct ol LABIEAE 3
Yab] A EHe BT B G Mg Qs o

Figure 5. SEM images of surface (top) and cross-section (bottom) of (a) carbon electrode; (b) QPVA coated electrode; (c) PVA/SSA/

PSSA MA coated electrode.
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Figure 6. Salt removal efficiency in accordance with adsorption
time and potentials at a fixed desorption time and potential of 3 min
and -0.1V, respectively, and feed flow rate of 15 mL/min for
100 mg/L NaCl feed solution.
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Figure 7. Comparison of the effluent concentration with adsorption
time at a fixed desorption time and potential of 3 min and -0.1 V
and adsorption potential of 1.2 V and feed flow rate of 25 mL/min
for 100 mg/L NaCl feed solution.
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Figure 8. Comparison of the effluent concentration with feed flow
rate at a fixed adsorption/desorption time and potential of 1.5 V/
5 min and -0.1 V/3 min, respectively.
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Figure 9. Effect of feed concentration on salt removal efficiency
under the conditions of 5 min/3 min adsorption/desorption time,
1.5 V/-0.1 V adsorption/desorption voltage, and 15 mL/min flow
rate.
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Figure 10. Salt removal efficiency corresponding to various salt
types at adsorption/desorption time of 3 min each, 1.2 V/-0.1 V
adsorption/desorption voltage, and 25 mL/min flow rate for feed
concentration 100 mg/L.
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Figure 11. Effluent concentration and salt removal efficiency for tap
water of Daejeon city, Korea under the conditions of 5 min/3 min
adsorption time, 1.5 V/-0.1 V adsorption/desorption voltage, and
15 mL/min flow rate.
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