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Abstract: A terpolymer of vinylbenzyl chloride-co-ethyl methacrylate-co-styrene (VBC-EMA-St) was prepared for
membrane capacitive deionization (MCDI) by radical polymerization and amination reaction of various amination times.
Nonfluoro aminated VBC-EMA-St anion-exchange membranes were characterized by Fourier transform infrared (FTIR)
spectrometry. Molecular weight, polydispersity and thermal stability were obtained by gel permeation chromatography
(GPC) and thermogravimetric analysis (TGA). The basic properties such as water uptake, ion exchange capacity, elec-
trical resistance and CDI charge-discharge current were measured. The optimal values of ion exchange capacity, water
uptake, electrical resistance and molecular weight of synthesized anion-exchange membrane were 1.69 meq/g, 23.7%,
1.61 Q-cm and 3.4x10* g/mol, respectively. As compared with conventional membrane, the pattern of cyclic charge-dis-
charge current of synthesized anion-exchange membrane indicated efficient electrosorption and desorption.

Keywords: VBC-EMA-St, anion exchange membrane, water uptake, MCDI, electrical resistance.
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Figure 1. Synthetic scheme of VBC/EMA/St copolymers.
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Nafion, Asahi Chemical®] Aciplex, Asahi Glass] Flemion,
a2]3 golendo 2 JE Tokuyama®] AMX7F 1ot
712o] MHT. Bareke dte] RANE F4) oo} o5
BEE NI e Bl se] ag dgelnher
web o]2lgh TS ek flste] SElRIAl Eskas
A vRe Axsle] ALgal glont ol5e ve] B4do] brittle
afo] A zol] ofEgo] AL 7IAIA 4] W TS A
V3 gk whebd QoA 28 e v
Azt ol 71413 BAS FIAIZIAL v Al &
o3 S7] Slste] Aol 954 claUA WA} B
AIA =] ATt folstar we] et 71AIA =] ¢
8 VBC/EMA/St 35 9#1E 3 skoirt. B3k ofwis} vk
$¢ Folod golemd A3 gL PHGiRoN ol
o188 ol A2 FTIR 2HEY #4E 53}
of F2ERIE SISt 27]al He] 7B SR FE, ol
2EEF 9 A4, AR D o) o] Ay
g ool S - i S Sote] E3 1l AMX
7 35S Bl et Folaghet A|lxe] HAXAS

gttt
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Al A TE. B Aol A T TAE s 4
g A E Sigma Aldrich Al % 90%2] 4-vinylbenzyl
chloride(VBC)2} =% 99%<%! ethyl methacrylate(EMA),
Samchun 3}8HF) AE2] =% 99.5%2] styrene(St)S A&
stom, 53 JNAAIZ Langeaster AF A2 ¢ 75%2]
benzoyl peroxide(BPO)YS A3t} T3t olFISIA|Z Sigma
Aldrich A|&2] <% 98% tripropylamine(TPA)S A}M&-3}31.C
o, 82 N,N-dimethylformamide(DMF) 15 A]2kS A#18]
o] ARg-sk3AT.

Table 1. Synthesis Conditions of VBC/EMA/St Copolymers by
Radical Copolymerization

Code Mole ratio(reactant) Initiator Reaction Temp.
No. St VBC EMA (9 timeth) (°C)
VES-1  0.60 0.15 0.25 0.159 8 75
VES-2 045 0.15 0.40 0.159 8 75
VES-3  0.30 0.15 0.55 0.159 8 75
VES-4  0.55 0.25 0.20 0.161 8 75
VES-5  0.40 0.25 0.35 0.161 8 75
VES-6  0.25 0.25 0.50 0.161 8 75
VES-7  0.50 0.35 0.15 0.163 8 75
VES-8 035 0.35 0.30 0.163 8 75
VES-9  0.20 0.35 0.45 0.163 8 75
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VBC/EMA/St SF&HAIQ| §HM. o]t} A8 A3
=S F438H7) Y5kl VBCS EMA 2 StS AL-g-3fo]
Table 13} 72+ 27 © 2 Figure 13+ 72+S 4 w7k 2ol
upe} ez FRel o8l FEEAE T 3
A 4L 9151 VBCSF EMA 2 St SA|E Table 154 7
2 M2 E9fste] wnb|el W), AlE 3 AL Y G
2|7k 2 500 mL 3+ ZERA v 9k AAIAIQL
benzoyl peroxideE 23 75 °ColA 8AIZF WESAIZITE, WHS-
=, RES FF @ SAHOE AAS FERAE I
33ttt

ojnIst HHS, 3 VBC/EMA/St -5 ol oftl 7|2
T4357] 93k o}13} kS-S Table 29} 728 2o ® X3
SI3AT). ofRIs) kg5 9l8led 7| W7ZH7] dropping funnel
2EA7E FEE 1L 47 Zepa30) FTFAE B ol
3}A|<1 tripropylamine(TPA)Z} acetone &3-8-4-2 wHtshH
Al A7FskaL 60 °CollA] WHEAIZRS: dE]3te] olFls) whg-8
Z18) 513

olgls} kg% WH-S-E-S- WEkgol quenchingdl] tHH-S-&
I} BEES AASIL 40 °C FF Lo 3A7F ARAIA o}
W3} o] 2w ghg-ol-s ISl

S0|2mstato| M=, ovlsl Jol2w3g-HS dimethyl-
formamine(DMF)°ll XA A FEE5 60 wi%= 243 &,
doctor blades AMg-3td frE]dtel] U F7(80 um)= 72
B3lal QEoA 70 °CHE 130 °C7HA Al 10°CH 52
AlA Folxwghehs Alzseh. Bgh Alxgh o] w gkt
S 2407 53 1M KOH &l $HIAIA 2tste] 2(0H)
Feje] Fol2w S A x33AT.

Ha 2. 8 7, AA FHE T5HA e =4S gl
317] 915led SEM-EDX(JEOL Instrument, JSM-6700F, Thermo
NORAN)E ARg-3lo] 4 g8 #A13181t). olnf 71t
2 5kvelH, AlgE= W Iy X2lete st 4
H GRS Bk FAE FIE SRl

FTIR AHEY 2M. F58A 2 ofvls) Sol gkt
TZ Z2lS 91819] Shimatzu®] Model IR Prestige-21 FTIR
spectrometerS  ©]-8-3}lo] ATRHE OS2 I HE 4000~

Table 2. Amination of VBC/EMA/St Copolymer by Tripropyl-
amine

Condition TPA Acetone Temp.  Reaction time
No. (mL) (mL) (& (hr)
1 60 1
2 60 3
3 50 120 60 5
4 60 7
5 60 9
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VBC/EMA/St SS&HA2| &4. MCDIE- 5ol w$ht
A z3}7) 918 VBC/EMA/St 222} A2 gL 34
AEd =2 AF7} Table 334 49 e} Tt Table 3 A
23 golmgtate] 7] E4990 8, o] 2w, 717]
A&, 28]a AE-S YERH 192 Table 30014 He= vieb
7o) Fol2wdhute] o] 2 w3hg-w} T2 VBCY
o] Z7tstal EMAS] shake] Z7istel we} Svtshe A4S
Bt} o]#d Y¥le VBCS Hahid |7} olnlsle] o)
P53} o] FojA A o] LW 7153 AsHE zHA Hol
e} 2158wt 2719, EMAZE 2713kl w2144
3l EMAS] o3 E717} S7Feb7] wiEe] Ao =2 =Tt
A, Sol 2w shete] A 7|42 o] 2w dhg-TFo| F7Eko
e} 7asidon, A A71AFgS 1.61 Qem’E 83 2t

o o

Table 3. Basic Characteristics of VBC/EMA/St Copolymers (Amination time= 5h)

Code Mole ratio(reactant) Water uptake Ion exchange capacity Electrical resistance  Conversion
No. St VBC EMA (%) (meq/g) (Qom?) (%)
SEV-1 0.60 0.15 0.25 23.7 0.98 8.79 96.1
SEV-2 0.45 0.15 0.40 26.1 1.07 8.60 93.8
SEV-3 0.30 0.15 0.55 28.7 1.13 8.53 90.5
SEV-4 0.55 0.25 0.20 443 1.38 3.74 93.3
SEV-5 0.40 0.25 0.35 48.5 1.40 3.63 91.2
SEV-6 0.25 0.25 0.50 50.7 1.42 3.52 87.9
SEV-7 0.50 0.35 0.15 65.4 1.57 1.68 89.7
SEV-8 0.35 0.35 0.30 67.3 1.62 1.65 86.4
SEV-9 0.20 0.35 0.45 68.6 1.69 1.61 85.5
AMX - - - 30.0 1.40 3.50 -

Polymer(Korea), Vol. 36, No. 5, 2012
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Table 4. Molecular Weights of VBC/EMA/St Copolymers

Batch Mole ratio(reactant) M.

No. St vBC  EMA  (gmopy O

VES-2 0.45 0.15 0.40 2.8x10* 2.0

VES-5 0.40 0.25 0.35 3.3x10* 1.2

VES-8 0.35 0.35 0.30 3.5%10* 1.1
*Polydispersity index.
?l AMX B} 52 k& Hehislet, ols #5717 57
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Figure 3. FTIR spectra of VBC/EMA/St copolymers: (a) VES-2;
(b) VES-5; (c) VES-8.

AZ=21% 92329} 1600, 1511, 2331 1446 cm™ F-2ol|A] HF
C=C B4 9329 1720 cm™ £-22] =0 54 9=
2 800 cm™ F-2ollA] C-Cl T2 YER K= A0 2 Hol VBC/
EMA/St 35A7 =R gRIE & ATt

&, Figure 4= 35 9A19 ofls} ¥h-3-49 FTIR &%
EHOF Figure 4014 H= ve} 7ho] ofwls} wh-go] 118}
Hell mEt AN E deRA] &9 3500, 980 cm™! H-

9] NH &4 =7} JeRta, 1200 cm” F2004 C-N &

SE==
F=

A v37F Yehbe Zo® Hol ojnls) whgo] MY 9)S
S 31 = ST

LEM. VBCO o2 WA 93 oRIst VBC/EMA/
St Sol 2w ghete] APYAS Ejlaly] flste] EF A
< 9=, L AL Figure 59 YERRITE Figure 5(a),

(b), ()= ZHZ VBCY o] 0.15, 0.25, 0.35 mol%=
dste] A|lzg goleudute] GF A O R Figure

Table 5. SEM-EDX Data of the Copolymers and their Mole Ratio

SEM-EDX data

Mole ratio of synthesized copolymer

C(%) 0(%) Cl(%) St(%) VBC EMA
SEV-1 93.89 3.66 245 0.64 021 0.15
SEV-2 91.59 5.85 2.56 0.48 0.19 0.22
SEV-3 87.43 10.56 2.01 0.37 0.16 041
SEV-4 92.96 3.9 3.05 0.54 0.24 0.16
SEV-5 90.32 6.67 3.01 0.42 0.23 0.26
SEV-6 86.98 10.27 275 032 0.22 0.42
SEV-7 94.10 1.98 3.92 0.58 0.34 0.09
SEV-8 90.69 5.06 425 0.36 0.33 0.20
SEV-9 87.64 8.17 4.19 0.24 0.32 031

Zay, 364 #A53, 201243
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Figure 4. FTIR spectra of aminated VBC/EMA/St anion exchange
membranes: (a) VES-5; (b) aminated VES-5.
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Figure 5. TGA curves of aminated VBC/EMA/St anion exchange
membranes: (a) VES-2; (b) VES-5; (¢) VES-8.
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Figure 6. Effect of amination time on water uptake of VBC/EMA/
St anion exchange membranes.
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Figure 7. Effect of amination time on electrical resistance of ami-

nated VBC/EMA/St anion exchange membranes.
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Figure 8. Effect of amination time on IEC of aminated VBC/EMA/
St anion exchange membranes.
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Table 6. Effect of Current with Time on the Maximum
Electrosorption and Desorption Current of the VBC/EMA/St
Membrane

Adsorption/Desorption Ratio

condition VES-2  VES-5  VES-8
Adsorption  Time(s) 301 301 301
Voltage(V) 1.5 1.5 L5

Current(A) 1.315 1.617 2.021

Desorption  Time(s) 1081 1081 2580
Voltage(V) -1.5 -1.5 -1.5

Current(A) -1.328 -1.586 -1.808
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