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THAZ ARgete] Lol 8-S Az TR A9 vinylbenzylchloridest styrene, divinylbenzene, acryloni-
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Abstract: While poly(styrene)-based anion exchange membranes have the advantage like easy and simple manufacturing
process, they also possess the disadvantage of poor durability due to their brittleness. Acrylonitrile-butadiene rubber was
used here as an additive to make the membranes have improved flexibility and durability. For the preparation of the anion
exchange membranes, a PP mesh substrate was immersed into monomer solutions with vinylbenzyl chloride, styrene, di-
vinylbenzene and benzoyl peroxide, then thermaly polymerized & crosdinked. The prepared membranes were subsequently
post-aminated using trimethylamine to result in -N+(CHs); group-containing composite membranes. Various contents of vi-
nylbenzyl chloride and acrylonitrile-butadiene rubber were investigated to optimize the membrane properties and the pre-
pared membranes were evauated in terms of water content, ion exchange capacity and electric resistance. It was found that
the optimized composite membranes showed higher IEC and lower electric resstance than a commercia anion exchange
membrane(AMX) and have excelent flexibility and durahility.

Keywords: anion exchange membranes, composite membrane, additive, acrylonitrile-butadiene rubber, vinylbenzyl
chloride, eectrodialysis
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2.1. 4" M=

AAAZ = AZAZ Y poly(propylene) (©13F PP)
(SDY 50/24, 7 150 pm) AAAE AHE3HH L A7}
AQl NBRS LG3s Hl3 AlEe NBR 6240
(acrylonitrile 34%)& A&ttt GHFAZE vinyl-
benzyl chloride (¢]3} VBC) (Aldrich, 97%), styrene
(°13 ) (Aldrich, = 99%), divinylbenzene (°]3}
DVB) (Aldrich, 80%)%] AloFE AH&3t L HAAZE



Acrylonitrile-butadiene rubberg X33 #HA Fol&ul

Table 1. Conditions for the Preparation of the Anion
Exchange Membranes with Different NBR Content

Component Monomer ratio (part)
NBR 0 5 10 15
VBC 55 55 55 55

S 30 30 30 30
DvB 15 15 15 15
BPO 1 1 1 1

benzoylperoxide (13} BPO) (Samchun chemicals,
75%) AoFE AHEst AT YEFASAEE trimethyl-
amine (°]3} TMA) (Aldrich, 25 wt% solution in wa-
ter), ¥EFHs W& 8vl= acetone (Aldrich, =
99.5%)= AH&-3tth.

2.2. NBRe| gzg =&t 2
A dEA et JtuA, FF MAA 2 HIMAE
et ¥a vfaug HE o] g3t AfAA H
NBRO|] &5 wj7}A] oA Z&3] witste T3<
et dFA AL AxdAT. Table 1o Yebd H)
9} o] NBRY &S 0~15 vvt%i H3lE Fom,
VBC ¢ Stb zt ; 55 wt% 2 30 wit%E A8,
gGFA s F FHR U3l F3 AAA BPOF 1
wt% 3= AT
PP A AA| ffoll DA &ho] FE3] ~mE 7F
& A8 LA EE A 2EEt] PETZEH freld
02 do] 80°C L&A 1647 o A7l AA Fig.
19 2 ARE FEstAth o]gA Azxd tae
Fig. 2914 2E 73} o] NBR¥} Interpenetrating pol-
ymer network (°]3t IPN) F+&E 343sHA €t 7t
ohS acetone TMA = 3:19] HI&E &3 &9 &
7} oA 24N 7 B fAEMY GEEHES S

APk whgol $2E B xR ool v
HS olul S A A Yo 2ELE o7 WA H s
GEFH7I(-N(CHa)e)7t =98 Lol e meete Az
s
2.3. Ci2kx|e| gats x=Hst gol2 mEete| M=
wepA o] gl 2 WslE x4 VBC ¥ &
=
=

§ gole wavhe AzsYT.
T e G99 Table 20 ekt s} o] zkz}

& 5] Az 8 4713ty 54 465

NBR, B PO
|)0|ymenzal|(m

Cl

Fig. 1. The scheme of crosdinking and amination mecha-
nism of the anion exchange mambranes.

1 e

N

Interpenetrating Polvmer Network

Fig. 2. The IPN dructure between acrylonitrile-butadiene
rubber and crosdinked anion-exchange polymer network.

VBC 35, 45, 55, 65 wt%9} St 50, 40, 30, 20 wi%s
Sstal gl GFAEY F FEFl disl NBRe]
15 wt% 9:6.}54 5 39 o9 Az I 229 A
2 FYst ] 213 =] ATt

AdEFEs WS vl o] 23U morphology

< 93] SEM (Philips, XL-30S FEG Scanning
Electron Microscope)S ©]-8-3Fe] x 1000081 2] Wi &=
FWY g AAs
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Table 2. Conditions for the Preparation of the Anion
Exchange Membranes with Different Monomer Content

Component Monomer ratio (part)
VBC 35 45 55 65

S 50 40 30 20
DvB 15 15 15 15
NBR 15 15 15 15
BPO 1 1 1 1

2.5. FT-IR 2HEH &N

ATR FT-IR (Base Module for ATR FT-IR with PC,
Software =%, Bruker, Alpha Base Module) 7] & ©]
&t dEFES} S vkl Sol wE o &
o] w79 TS Felsty] A8 FT-IR 29 EH

242 st
2.6. B8 5%
2AF A e oL ZHSo FEI ¢
7b Eob WAAZ F o A FEES AAG L AL
T FAWw)E A e e 22(60°0) A
ZA F Az o FA(Way)E S48
T (D 22 e o8t Adtetiti16]
w,
F ) — wet dry
AT E W <100 (@)
A7IH Wyes B0 BE&H =] FA, Waye 42
8 o] PAE 27 Yehat
2.7. olguEgz 53
FEFEE Hee B9 ol u#®tE 10 M
NaCl &% 2477 & =7F Fof #A871E
-N*(CH2):ClI" FEl2 933 XA 7t NaCl &9
N BEgeol o] & gole WAFL FHFE Ao o
FHol o} ¢l= NaClS A4 F 0.5 mol/L NaCOs
of &7} Fol g U9 CI o]&o] COF AHHEH

AL, AgNO; &4 o8 HAsto ghEo] e CI
o9 & AT HABde AYAHA7
(Titrator)Ql 848 Titrino plus (Metrohm 3} 7141444
AHE-3H AT

o] L wlg ko

=

=

(st & & ol &3l ALtsiri{id.

mEgol A 24 @ A 6 &, 2014

)
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o
Ay

N

I/AgNO3 CVAgN()3 (

IEC = @

meq/g)
Mgry

7] A mdry}‘f Az8 9 "‘%7'" VAgNOS\_ ARE
AgNOs9 %, Cagnos™ Ao AHEE AgNO&H 9
553 77 e,

2.8. Mg =4

ol xwdutel AV|AgS S35ty st WA A
32405 M NaCl)sHe] A7 A (R)S A3 & =4
stz st o]2wdeS 2 om x 2 cm A7 2 Hd
&te] 2-compartment cellol] 7] & 05 M NaCl €9
ol 2407t FF F7F Fo] 05 M NaCl €43} o]
WS Yo A F HA/IAF(RY)S S48
o} ot =43 05 M NaCltte] A (Ry)S wjFo] o]
2ndete] H7|Ag e A

oro] A71A 2 (T 22 A& o83t AL

=& -R) -4 (3

Hectrical resistance (2 « cm?)

A7IH AE olemtte] FEWAS Yehdnh
2.9. 7I1H8 £4

NBRS| &7} 2te] 1A% SA4d mAe &
zA8}7) 9l3ke] ASTM D638ell 9f3te] A E& Theof
AR B= 54 492 }W. FTEFA W
np Sol 2 i #%60 BoA $A3 AZRAA

AHEE AZsIG L, AF A 7] = Instron Corporation,
Series IX Automated Materials Testing System 8.25.00
& AHgstel £, AARE, Age Hedld S5

th 24 25 £0]7] Y8l 534 SA st HAH
< T
3. 20 % nE

. TE %M(SEM)

VBC9Jr S| S stod A Ze ol wdut
o ¥ WIE 4%0}71 st SEM 24 S 33t
Fig. 32 PP AA A9} 7] Fo] THH Fol ndhdte]
xd 2 oW SEM ARRE YERIT O-eAM e
uke} 2ol A A A YFe 7] Fo] FAs| EAT



Acrylonitrile-butadiene rubberE

SEM HV: 20.0 kv
SEM MAG: 10.0 kx
View fleld: 25.4 ym

[ after A_1oRx

x3e FAA ol

WD 4.01 mm 1
Det: InBieam

By Az 9 4788 54 467

SEM HV: 20.0 KV
SEM MAG: 10.00 kx

wo:atemm ||
Det: InBeam 8 ym

View fleld: 25.4 ym PP substrate_10kx

SEM HV: 5.0 kW

8 pm SEM MAG: 10.0 ke

©

View fleld: 25.4 ym 1) afts

Fig. 3. SEM images of the PP substrate & the anion exchange membrane : (a) surface of substrate (x50), (b) cross-section of
subgtrate (x100), (c) surface of substrate (x10000), (d) cross-section of substrate (x10000), (€) surface of membrane (x10000),

(f) cross-section of membrane (x10000).
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Fig. 4. FT-IR spectra of the anion exchange membranes
with different monomer content.

< Fagon, T 9 ojzudr] =Y Fole= &
o 7|20 2dH suFAE ZAHYLS s}
Atk
A .

B A

3.2. FT-IR AZEH
SFA S VBCY TS WIAA A2
o] RFHst vk £ FT-IR 2 ER #2
& S0l wEr]e] =4S Sl Fg. 44 He
HEo} o] 35oo~33oo emt F-29] NHel 93 5453
9} 500~800 cm* HZo] C-C E4¥ =, 1350~1000
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Fig. 5. Water upteke of the anion exchange membranes
with different NBR content.
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Fig. 6. Water upteke of the anion exchange membranes
with different monomer content.
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Fig. 7. lon exchange capacity of the anion exchange mem-
branes with different NBR content.
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Fig. 8. lon exchange capacity of the anion exchange mem-
branes with different monomer content.

Electrical resistance (Ohm cmz}
£
T
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Fig. 9. Electrica resstance of the anion exchange mem-
branes with different monomer content.
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Tensile strength (MPa)
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Fig. 10. Tensle strength of anion exchange membrane with
different NBR content.
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Fig. 11. Elongation of anion exchange membrane with dif-
ferent NBR content.

3.56. M7| M&(Membrane Electrical Resistance)
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