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Abstract: Three kinds of anion-exchangeable functional groups with different hydrocarbon molecular structures were in-
troduced to vinyl benzyl chloride-based membrane to understand the effect of attached function in anion-exchange
membrane. Trimethylamine (TMA) as an aliphatic fuction, N-methylpiperidine (MP) as an alicyclic fuction and pyridine (Py)
as an aromatic function were introduced by amination. The respective reactivity was observed by the trace of membrane re-
sistance(MER)/ion exchange capacity (IEC) and the increasing order of reactivity was Py < MP < TMA. Meanwhile, SEM
photograph showed the attached Py ion-exchange membrane was the most homogenous and compact structure in the study.
In electrochemical properties, the attached Py ion-exchange membrane showed the MER (5.0 Q - em® >, in 0.5 mol/L
NaCl), comparable to those of commercial membrane (AMX). All results showed that the resonance structure of attached
functional group might contribute to the preparation of homogenous anion-exchange membrane.
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Fig. 1. Procedure of membrnae preparation in the study.
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Table 1. Composition of Preparaed poly(VBC-co-DVB) Membrane in this Study

Membrane Functional group  VBC/DVB (wt%) Polymerization time (hr) Amination time (hr) BPO content (wt%)
Mem. 1 TMA 99/1

Mem. 2 MP 99/1 4 1~4 0.01

Mem. 3 Py 99/1
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Fig. 2. Reaction scheme for the aliphatic, alicyclic and ar-
omatic anion exchange membrane.
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(1) Membrane (&% 7
(2) Rubber gasket
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Fig. 3. Schematic diagram of two-compartment electrolytic
cell[10].
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Fig. 4. Behavior of membrane electrical resistance with
amination time.
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Fig. 5. Behavior of ion exchange capacity with amination

cm’/hr, ASEAS MPE o 49 2 - cm’/hr, WHFEA
y 4 - em’/hr olt}. ~1,Py<MP<TMA
HEgo] dojua S & 4
o} B34 ZHoA EH, base membrane?! poly(vinyl
de-chlorination®F-8-¢] TMA7Z} 744
o orisith £ oJstd &
=39 e (N)E HEFAAES
WA Ut} o] HlFFHAEL] Al7]& de-chlorination
frEste Bh Axrt "9 & ANFY ASe
ol HlFfFAAe] Aid EAbo| HAstEH 1 A7|7t
Azt §HE A 8E g B3] WEkEo] Hgof 01"1“

lo

benzyl chloride)?
W kg gl 3

LH‘@

<
o2 Z718 1 o, de-chlorinationS ©] Ao 93
YA 2 Zlolth. £ élféf’/] A =3 F7]o] AW
< bl whe} WSSk QleS HAF JT19].

Fig. 5& Azt @E o]2udE9(IEC)Y W3lE
Uetd Aotk 294 BE vk} Zo] amination?
Zhol| whep o] 2w 5ol FrhshE HoFa Utk 3
w oFRle] 453871 X o wef o] uss o] Ut
Hi JSE =T # o o33k npel o] Az
of wet [EC7F F7He B Stk 447t o] &&=
W37 gllen o] 39 HolHe ¥ UYetlA &
otth, 1 ZE 722 3 = TMAY] 4% o
1.4 meq./g * hr, MPE= ¢ 1.1 m - hr, Py= ¢ 1.0
meq./g - hro]t}, o] A3} E3 Flg 4-4 oA 3) Az}
Eolo}ﬁ] Py < MP < TMA-/] F£oF 4:L o].U] H]—Oo]

I,
oo
Por
\ l-ﬁ

mEgol, A 25 @ A 4 &, 2015

PEEREEEy

w2A dojyi gles EYFa ok 9 Figs. 4,
59 ¥l 25 E amination time 1~2 hr TF7Fo|A o]
W AZ ZUlsG e AV1d A A
&SR, HRE 3~4 hr FM = o] EudEHo
A F7EIASAE Bsta A8 A A
ZQ“S}X] o}g_ qu F1 oh;]. olu]-;ﬂ oz o]% s} =F
o F7he AT YAA oY AE YEhY B
A= 3~4 hroll ©]22 cross-linkery! DVB2]
Z2~d g0 R Ity o] 2udFY FUldE BT
stal whAglo] A FAetA] e SR AT

ul

[e2

il 7

3.2. FT-IRol| & Fx=fol

FA7F °F 200 pme]aL 3 f& F9R A= e
membrane®] A ZE AT Az 2o FAFHE E2
&7 98k Fig. 69 FT-IR N_ﬂég% eI

Fig. 6(a) AA A PVC film¥} base membrane®] 2
HEHS Hwstdtt. 2o BE ukel 2ol 1600
em’ BZolA WEE C=C peak’} YERY AL PVC
filmel VBC®} DVB7} EHHUTHE 2 453t 2
ot T3k VBC ¥ DVBY WlA1E|7} para $A19] |8
oS UER)E 850~800 cm” 9] peakZHE A FA
o= JtwAge]l FAHASS BAFT Fig. 6(b)~(d)
+ base membrane@} Al F79 ol wIIE =Y
ohS BlwEtgith. Fig. 6(b)~(d) =F 1360~1115 cm’”
HZo A C-N peak’} YEPG A& E 5 glom, o&
base membranedl| °}91717} =FHATE AL U

t}h. o] Z3}Z monomer sorption' ] semi-IPNO.Z2 A Z
g EE T(membrane)E°| AFHOE AXHUTGE A
< AT

3.3. DSC 24of 23t #Lx ol

Fig. 7 AA A PVCS poly(VBC-co-DVB) mem-
brane?| A7t wE DSC 48 el
THE T,2 Fe=r, 1% oA B upe} 2ol
v T/ et 2 & 5 ok ek & &)
& A8 ks £4EHA °Ukﬁh, = e Tt
ZH A0S Aolt15]. 1Y F A9 Tyt #EEHA
dth= AL PVC film¥} poly(VBC-co-DVB)7F &
FEHATGE S & F 3

B dFolA s FEATL] ~7}§}¢% T, #ko] 7+4:3]
= A%S Uit gitd o= JhAAZE a8 Ak
SN ZR A Abezte 9ol o

fot 62 rd L oL (B

free volumeS



98 +

% Transmittance

92 4

90

% Transmittance

% Transmittance

% Transmittance

92

Fig. 6. FT-IR spectrum of prepared membrane with various

amines.

96 -

94

Vinyl Benzyl ChlorideZ Al &

A ol w724 1

WS o
UV\ v \1/ \}‘

|

— — — substrate(PVC film)
Base membrane

3500 3000 2500 2000 1500 1000

Wavenumbers [cm™']

(a) PVC film and VBC-DVB/PVC membrane
(base membrane)

wwwww e N b g

— —— Base membrane
TMA treatment

3500 3000 2500 2000 1500 1000

Wavenumbers [cm"]

(b) Base membrane and Mem. 1 (TMA)

— — — Base membrane g !
MP treatment I \\
|

3500 3000 2500 2000 1500 1000

Wavenumbers [cm™']

(c) Base membrane and Mem. 2 (MP)

|

— —— Base membrane I ¥

Pyridine treatment ) ‘\J
|

3500 3000 2500 2000 1500 1000

Wavenumbers [cm"]

(d) Base membrane and Mem. 3 (Py)

e
=t
)
A
oty
Lo
£
nt
oXx

315

———— PV
—— Polymerization 5h
Polymerization 12h

-0.14 4~ —

Heat Flow [W/g]

Temperature[°C]

Fig. 7. Thermal behavior of poly(VBC-co-DVB) membrane
through DSC analysis.
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Table 2. General Properties of poly(VBC-co-DVB) Membrnae Preparaed in this Study

Membrane MER (Sacmz) Electric conductivity (mS/cm) IEC (meq./g) WSR (%)
Mem. 1 1.36 20.2 24 137
Mem. 2 3.52 6.56 1.6 110
Mem. 3 4.63 4.15 1.3 59
AMX 3.24 7.21 1.4 21
.............. Mem.1 (TMA)
61| ———m——- Mem.2 (MP)
—e—e— Mem.3 (Py)
AMX

(b)Poly(VBC-TMA)
surface

Poly(VBC-TMA)
cross section

()Poly(VECHMP)
“surfate~ T

Poly(VBC-MP)
| 4| _cross section
G -

(d) Poly(VBC-pyridine)
surface

Ri KRIC

Fig. 8. FT-SEM image of prepared membrane with various
amines.
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Fig. 9. I-V curves of Mem.1, Mem.2, Mem.3, and AMX.
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Table 3. Characteristic Values of I-V Curves
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Membrane Mem. 1 Mem. 2 Mem. 3 AMX
Rig (Qem’) 623.25 720.16 792.37 715.93
Riq (Qem’) 635.19 760.66 831.45 765.98
Rsa/Rist 1.02 1.06 1.05 1.07
AV (V) 0.610 0.485 0.456 0.427
LCD (mA/em’) 2.86 2.43 2.02 2.26

Potential [V]

Mem.1 (TMA)
Mem.2 (MP)
Mem.3 (Py)

3.0

T T T T
20 40 60 80 100
Time [s]

Fig. 10. Chronopotentiometric curves of Mem. 1, Mem. 2,

Mem. 3.
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