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Abstract: Membrane capacitive deionization (MCDI) is a variation of the conventional CDI process that can improve
desalination efficiency by employing an ion-exchange membrane (IEM) together with a porous carbon electrode. The IEM is
a key component that greatly affects the performance of MCDI. In this study, we attempted to derive the optimal fabricating
factors for IEMs that can significantly improve the desalination efficiency of MCDI. For this purpose, pore-filled IEMs
(PFIEMs) were then fabricated by filling the pores of the PE porous support film with monomers and carrying out in-situ
photopolymerization. As a result of the experiment, the prepared PFIEMs showed excellent electrochemical properties that
can be applied to various desalination and energy conversion processes. In addition, through the correlation analysis between
MCDI performance and membrane characteristic parameters, it was found that controlling the degree of crosslinking of the
membranes and maximizing permselectivity within a sufficiently low level of membrane electrical resistance are the most
desirable membrane fabricating condition for improving MCDI performance.

Keywords: membrane capacitive deionization, pore-filled ion-exchange membrane, desalination efficiency,
volumetric energy consumption, permselectivity
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Fig. 1. Ion removal mechanisms of a) CDI and b) MCDI.
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and thus results in higher salt removal efficiency[7].

g

BAHE AT Yk 17k AT MCDI B
185 24 7412 5 3ol MCDI 49| &
ot A o] 2ulgkute] sitke] g T A&
o348 i AAA Y 71Eel olexHE Af
202 AzEEs AFEZ ol n g (pore-filled
ion-exchange membranes, PFIEMs)2 &2 31314 <o}
A, W& A7A AR AR Az vEY e

(6]
7FX 3 9o} MCDIS B #3

froan ox o [

L2 2 o

o

3t ThF3t electro-membrane
processesl] &3] EF I JATH17].

MCDI 388 3] Kwak S{18]2 sodium salt hy-
drate (NaSS), methacrylic acid (MAA), methyl meth-
acrylate (MMA) 3 @A E 7|9 23 o] wdhat
< A Z3}Y 3, Koo S[19]2 vinylbenzyl chloride-co-
ethylmethacrylate—co-styrene (VBC-EMA-St) &5&A

5 7Rk 2 Fol2 wEehs Alxstal o] MCDI
X—*,%O]-%',E}. Zhang 5{20]-2 graphene oxide/polyaniline
7o 2 o] wdEhS A|Z3sle MCDIo| A-83 A3}
A Fd 9 AA 2&H 2 &FS AT
E3F Kim S{13]12 ©7F ol et w2 AEA
ATE 7H AEFR Fol2n st JEEA L o

MCDI®| #-gste] tr} Fol2o g H2& A
&< B °] Hol= MCDIC d5<
171 $l8l ohdh shebsd F 25 zhs ol 3
wgheto] AdE Ah21-23]. 28k oF& MCDI &

o XU ol ifu



Reinforced Ion-exchange Membranes for Enhancing Membrane Capacitive Deionization 259

Table 1. Basic Characteristics of Reinforcing Materials Used in This Work

Reinforcing Nylon PEEK PET PE
materials
Image (x50,
except for PE)
S
Thickness (um) 111.3 + 047 19.7 + 047 65.0 + 0.82 20.0 + 0.21
Mesh size/porosity* (%) 100 80 80 41*
Tensile stress (MPa) 2.70 19.1 8.95 235
Tensile strain (%) 46.9 16.6 32.5 342
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Fig. 2. Chemical structures of (a) anion-exchange polymer
and (b) cation-exchange polymer.
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() (b)
Fig. 6. FE-SEM images of the surfaces: (a) PE substrate, (b) PFAEM, and (c) PFCEM.
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Table 2. Various Properties of Commercial and Pore-Filled Ton-Exchange Membranes

Thickness o 2 Transport
o Q.
Membrane (um) WU (%) IEC (meq./g) (mS/cm) MER (% -cm”) number (-)
ASE (Astom Co.) 150 21.7 2.03 5.667 2.70 0.990
CSE (Astom Co.) 157 38.7 243 8.612 1.73 0.985
PFAEM-1 (TMPTA 10 wt%) 21.7 26.7 2.05 4.375 0.49 0.975
PFAEM-2 (TMPTA 15 wt%) 21.7 23.5 1.75 3.050 0.71 0.979
PFAEM-3 (TMPTA 20 wt%) 222 21.2 1.51 2.408 0.91 0.979
PFAEM-4 (TMPTA 25 wt%) 21.3 15.9 1.37 1.612 1.32 0.985
PFAEM-5 (TMPTA 30 wt%) 21.7 13.3 1.26 1.363 1.59 0.987
PFAEM-6 (TMPTA 35 wt%) 20.7 12.5 1.11 1.006 2.08 0.987
PFCEM-1 (TMPTA 5 wt%) 20.3 36.5 1.61 3.399 0.60 0.971
PFCEM-2 (TMPTA 10 wt%) 20.0 33.5 1.45 3.099 0.64 0.974
PFCEM-3 (TMPTA 15 wt%) 20.0 29.0 1.27 2.812 0.71 0.976
PFCEM-4 (TMPTA 20 wt%) 20.7 23.8 1.07 2.640 0.78 0.983
PFCEM-5 (TMPTA 25 wt%) 20.3 17.0 0.87 2.456 0.83 0.985
PFCEM-6 (TMPTA 30 wt%) 20.7 15.6 0.78 2.376 0.87 0.985
(a) 30 —=—PFAEM ASE (b) E —=—PFAEM ASE (C) * —=— PFAEM ASE
55|~ PFCEM —CsE E 3| —e—PFCEM ——CSE —e—PFCEM ——CSE
8 T o}
52 ) Y e ~.
S \'\- 22 /' ]
E. 15 \_\. .3 — re 2 3of \
o 1of - g 1 - £ -\‘\ N
= w | 1 o—o = 2} B
0s g =" N
8 T~
0.0 L L L L L L L o L L L L L L L 10 - L - L - v -
5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
TMPTA content (wt%) TMPTA content (wt%) TMPTA content (wt%)

Fig. 9. Correlations between the TMPTA content and various membrane characteristics: (a) IEC, (b) Electrical resistance, and

(c) Water uptake.
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Table 3. Salt Removal Efficiency and Volumetric Energy
Consumption of CDI and MCDI Employing Different

IEMs
Membrane 7 (%) E, (kwh/m®)
CDI 43.0 0.173
MCDI (ASE/CSE) 82.6 0.122
MCDI (PFAEM-1/CSE) 76.6 0.113
MCDI (PFAEM-2/CSE) 76.8 0.118
MCDI (PFAEM-3/CSE) 78.6 0.119
MCDI (PFAEM-4/CSE) 81.9 0.122
MCDI (PFAEM-5/CSE) 82.6 0.125
MCDI (PFAEM-6/CSE) 77.6 0.127
MCDI (ASE/PFCEM-1) 65.4 0.114
MCDI (ASE/PFCEM-2) 70.5 0.118
MCDI (ASE/PFCEM-3) 73.9 0.121
MCDI (ASE/PFCEM-4) 84.1 0.123
MCDI (ASE/PFCEM-5) 82.9 0.125
MCDI (ASE/PFCEM-6) 73.4 0.129
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