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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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HE2A] o718} Poly(vinylbenzyl chloride-co-ethyl methacrylate-co-styrene) S| &u/8H}e]

35, slre] gEg 91 A7) B, 2] AxE 9%
14:2] 27129 (continuous electro deionization, CEDI) &%
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(capacitive deionization, CDI) 5 T} 340l o]
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Figure 1. Synthetic scheme of VBC/EMA/St copolymers.
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Nafion, Asahi Chemical®] Aciplex, Asahi Glass] Flemion,
23 Fol2w o= Y Tokuyama®] AMX7F 12
7HA o] HIMAL BAaARRe Ao BRI E £2] o) o)&
S TR A= 2] sido] Fagh Agontel

wEba] ol g TS JRAdsh] flste] ZEEA Bslrd
Al 2k Az ARgSaL 9ot o]E ute] EAJo) brittle
sto] gz ojEdzo] AL 7IAIA A0 W TS A
Yz ok wepa 2 Aoxe 28R dskeid] 2
Azsh=] Slo] 71717 EAS FAI7IAL 2e] Azt &
oJsHA &t7] flst] Aol 3t ol YA HEAIS} FF
FAIA 2] A7t golstal vl A 71A18 40l +
T8 VBC/EMA/St 35 ¢AIE Sdsisith. =3k opals) vt
& Eote] Sol2wgt Had §Hs SR olE
0]-g-3k o] 2w HHuhS A 23} FTIR 2MEY 242 53}
of RIS St 27]aL 9] 72T g, ol
-

Jul

Alef & TE. 2 AolMe A FFHE 5] A
g SFAIE Sigma Aldrich AF] S5 90%%] 4-vinylbenzyl
chloride(VBC)2} =% 99%<%! ethyl methacrylate(EMA),
Samchun 3}HF) AF2 % 99.5%2] styrene(St)S AHE-
staRem, T8 7HAIAIZ Langcaster AF AlF-2] 5% 75%<]
benzoyl peroxide(BPO)YS A3t} B3t oISIA|Z Sigma
Aldrich A|&2] &% 98% tripropylamine(TPA)YS AR5
), 82 N,N-dimethylformamide(DMF) 15 AJ2kS A8}
o] AR&-3I3] T

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 SS&H2| &Y. ol2ueiet A= ¥
THAE 3] lsted VBCS EMA ¥ StS AHE-3le
Table 13} 7+ 27 S 2 Figure 13 22 34 w7l 5ol
w2t 2tz ol ol Is3AE st T
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< EH|E Egsto] wRbrier Wz Als W HA 9
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benzoyl peroxideE 23 75 °ColA 8AIZF WESAIZITE, WHS-
=, =2 AF @ BAMHOE A|AS] FEHAE &
‘g3t

ofalst Hk3. gdst VBC/EMA/St 5 @Al oHl71&
E=Yst7] fIgk ofRls) wkE-S Table 29F -2 2702 719
SISt of1s} kg2 9lsle] 7] Wzb7] dropping funnel
2EA7E FEE 1L 47 Fepid FEgAE 9a ol
3HA1€1 tripropylamine(TPA)#} acetone &3-8-1-8 wwuksh
Al A7FsEAL 60 °ColA] WESAIZRS: EElate] ofvls)h vhg-S
Z1gy ki

oI} W5 RESES WEEol| quenchingsted PINH-S&E
I BEEES AASIAL 40 °C 3280l 3A7F AZAIA of
Hs} o] 2wghg-HS st

20[2matate| M=, ofvls} Jo]2wgH-g-94-S dimethyl-
formamine(DMF)oll S|XAIA F=5 60 wi%=Z 243 T,
doctor bladeE AHE-3tod f-2]3oll I F4(80 um)=E )=
B3l QEo|A 70 °CHE] 130 °C7HA Al 10°CH 52
AA ol 2aghetS Azt g Alxgh gol 2w gt
2 2447k &< 1M KOH &l FRAA 2kstol-(0H)
P S| Sol2ugtS Azt

A M. 5, AA SHE FsEAe] 2L ¥}
3171 #1381 SEM-EDX(JEOL Instrument, JSM-6700F, Thermo
NORAN)E ARE-51o] YAAdE-S HA8IIT) o] 714719k
2 5kvelH, AlE= Wa I8 A st ST 54
H S At g FEHE Il

FTIR ABEYH 24, F53A 9 ofdlst Soleuwsiatol
TZ E2lS 918t Shimatzu®] Model IR Prestige-21 FTIR
spectrometerS  ©]-§3t] ATRHOZ 33 9] 4000~

(C 0

I

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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analysis, TGA)E ©]-&3lo] A4 E2]7]8}A] 10 °C/mine]
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HE2A] o718} Poly(vinylbenzyl chloride-co-ethyl methacrylate-co-styrene) S| &u/8H}e]
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emission scanning electron microscope)oll &3 £4135}% T}
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Figure 2. Schematic view of potentio-galvanostat
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o] Folamdtute] o] 2wehgagt 8- VBCe
o] S7FsIl EMAS] ehige] Suidell whet S7kshe AdE

Bt olH g A2

3l EMAS] olad7|7t S7ksh] W

VBCe] G377} ofiglel] <fsi
H537} o] Fo|AHA o] 2w 71sd AskE ZHAl Hell
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w2 Aos AdElT)
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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
" PDI*
No. St VBC  EMA  (g/mol)
VES-2 0.45 0.15 0.40 2.8%10* 2.0
VES-5 0.40 0.25 0.35 3.3x10* 1.2
VES-8 0.35 0.35 0.30 3.5x10* 1.1
*Polydispersity index.
1 AMX Hrp w2 gk e, ole W5717F 57t

2ol Ao

Fhol] w2t o] o] el FHwr} FolA]7] Wl Ao
2 AFH AT S, Table 3014 Hi= v} o] Tl
o] AL VBCY o] F71rE hdhe A4S B
Ao, A Aek-2 96.1%°]31th. Table 4= TFA|©] &
ato] S FSTFA Y TS BES AAE
Table 4014 M= nle} 2] F53A| el Btz VBCe] ¢

—=2 th
a-= =

ol F7MrE Srtete AES BloH, A £
M,=35100 g/mole] =T ©]i= VBC7t Stote] kg0l

=]
L1

2 g =lo] 71 A& (long chain)2] FAJo] o] Fo|=]7] wj
o Aoz AlgHAL &S sl e FsHAE
SEM-EDXE Ag-3le] 945413 A3E Table 59 YER
At Table 59 UYERA %A= SEM-EDXE 53t 7
AHE AR FE FEEA G vER, o ] oA &
g Egolst 4
1

@ Roz

A2 EMART VBCS} Sto] wh-g-o] $-A

& AT

FTIR A®EZ £, Figure 32 34
2w gure] RIS fJste] S FT
-1

Figure 3914 2= uvle} 7] 3100 cm

8 b gy, A i (e
§ b, bt T
;_,: \ e
£
)
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£
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1 1 1 | | |
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Figure 3. FTIR spectra of VBC/EMA/St copolymers: (a) VES-2;
(b) VES-5; (c) VES-8.

A% 929} 1600, 1511, 22|32 1446 cm™ 2ol 4]
C=C 54 93 1720cm™ 29 C=0 54 H=
2 800 cm™ F-2ollA C-Cl 9= Yeh k= A0 & Hol VBC/
EMA/St 35A7F =R SRIE & AUt

ShA, Figure 4= 35 A9 olFls}t wH-8-4% FTIR 22
ERO = Figure 4ol|4 K= npe} 7Fo] ofwls) wkg-o] 213
Holl it FE5FA = R A &9 3500, 980 cm™ -
2] NH 54 #1327} e, 1200 em” $-294 C-N &

SE==
F=

4 3|27k ks 2o nol obulsh whgo] MYHAE
2 BqAY 5 Ik

YEA. VBCO| S WsiA gt oFNlst VBC/EMA/
St Sol 2w gtate] AMYA-S 1] flte] dTHEA
= ofletl, 2 A= Figure 59 YR RATE Figure 5(a),
(b), ()= ZHz+ VBCY ko] 0.15, 0.25, 0.35 mol%= &

el AxF Soleudhete] A4 4= 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, #1364 #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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60%= oFFIs} AJ7ko] 6A17F ool A= 83} Bl AMX
o} 9A YeRton VES-39] ¢ olls}l A7k 3417 o]
oAM= AMXHTE W2 785 YERIAL VBC o]
0.35 mole%Q! ol 2w ghte] g2 AMX Ko} BE o}
Hlst WhgAIoA A Yehvs S Bt oleg 4
HZRE B AeA] g golwgete] VBC -
0.25 mole%’t HHE ALE = ofls} A7k Htf 6A]7kS
Z A=)
ato] MI7IXE. o] gt el B4 AgL AAE
TEHOR o] galy] witol] o] 2w tute] 7AW
FE ggo] =) we] [71A S o] 2w Fhute] o}
o]l 2w kgl mat gepd < Ut & Shuto] 218
717} TPAS} 7ol bulkdtA] o™ whe] M 7|A g2 7Has
Al Hol A7AT SHM= a89d 4= Yot 23 o]
E
u}
A

o

SR =g F2E 2 HaL o] A48 B3 3
S| Ho 3Rl olewsnto g AR = glA| €Tk
2hr o] 2aghute] A7 gke o] el el JFS mIA]
o= 9 Wl Hav) H=s 2dstolor gt

b & AFelME o] 5] YIS Lotrr] flste] Al
Z3 2o A7 1A%s S4s8i=tl 2 437} Figure 70 W
Elt At} Figure 72 @dA|e] ER1E HSAA AT =
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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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membranes.
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Figure 10. SEM images of VBC/EMA/St copolymer: (a) SEV-2; (b) SEV-5; (c) SEV-8.
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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 1.5
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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