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Abstract: Crosslinking of poly(2,6-dimethyl-1,4-phenylene oxide) (PPO) anion exchange membranes, which can be used
for capacitive deionization (CDI), was investigated. PPO Anion exchange polymer was prepared through bromination and
amination reaction steps and crosslinked with bisphenol A diglycidylether (BADGE), m-phenylenediamine (m-PDA), and
hexamethylenediamine (HMDA). The gelation time by crosslinking was short in the order of HMDA > m-PDA > BADGE.
The anion exchange membranes crosslinked at room temperature over a certain amount of crosslinking agent did not
dissolve in an aprotic solvent such as 1-methylpyrrolidone (NMP) and the chemical durability of their membranes to organic
solvent increased. The ion exchange capacity and water uptake of anion exchange membranes crosslinked with different
crosslinker (BADGE) contents were measured and compared. The CDI performance of the crosslinked PPO anion exchange
membrane immersed in the HMDA solution was almost the same as that of the non - crosslinked membrane except for the
initial stage of the adsorption step.
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Fig. 1. Effect of crosslinking time and temperature on the
viscosity of anion exchange polymer solution blended with
BADGE crosslinking agent. Ratio of crosslinking agent to
anion exchange polymer = 1 : 4.
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Table 1. Gelation Time of Crosslinking Agent at Different
Reaction Temperatures

Crosslinking Gelation time (min)
agents 15°C 25°C 35°C
BADGE NA 180 90
m-PDA 13 9 5
HMDA 0.6 0.3 0.2

Ratio of crosslinking agent to anion exchange polymer = 1 : 4.

Table 2. Solubility of Anion Exchange Membrane
Crosslinked with BADGE for 30 min at Room
Temperature

BADGE contents (%) NMP Chloroform
0.5 @) @)
1.0 @) @)
2.5 O @)
5.0 X X
10.0 X X
15.0 X X

O: soluble, x: insoluble.

Table 3. Solubility of Anion Exchange Membrane
Crosslinked with m-PDA and HMDA for 24 h at Room
Temperature in NMP

Crosslinking agent conc (%) m-PDA HMDA

0 @] (@]
1 X X
2 x X
5 X X

O: soluble, x: insoluble
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Fig. 2. Effect of BADGE contents on ion exchange ca-
pacity and water uptake of PPO anion exchange mem-
branes crosslinked for 30 min at room temperature.
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Fig. 3. CDI performance during the purification step using
PPO anion exchange membrane crosslinked with 1%
HMDA solution in a bath for 24 h at room temperature.

55 o]A49 JluA(m-PDA, HMDA)Z A %3 7t
ol 2w NMP 7] &ujo] &ai=A] eFgkeh
(Table 3). m-PDA$} HMDA= BADGE$®} Blw sl 7}
W E&7F w23 JhaA §9 Foll T AR 5t
A5t FH Ztart & o|FojA AFom e
1% 7tuA] FEdA4 % NMP Sujd% 52 &9t

3.2. 7tuE 0|2 weatol olzwE 2ot g
o}417]17} 9= m-PDAS} HMDAE PPO9] HE3}o
o2 Sol wE nEAe oo HES WY} 7}
w7t o]FojZth I1#y BADGES oZA7]E HE
HoE= Lol w3 182 473 d5F 187 e
7¥Fs/do] Stk ol EA SEEL ofWlY] Ee 7EEA
7], sl =547 9} Whgstal Agko] o] Fo|A A3t w
= 7tart o] AE Ao ® &efA QIrH11,16]. Fig. 2
o4 He uiel o] o] wE &EHLE.C)S 5%
BADGE % OMMI A RSP glslod T o]l
Me A adte A4S UeRt @ 38
(W.U)2 7taA| ko] 7ol whet A9 A& 7}
WA FHFREH A FFEOE A3t BADGE
o] 97 e oo FUtel wE o] wd &F 3
T&9o HSERE TtuAe} & l W3 1582 b
7tazt o] FolthE RS & T AAJT o]
3 87k 2 A flo] aFe
Aaitts 2e 494 o &
BADGE 7t A& AH&sh= 210

D‘L"

{o

rgn

7}Mli 7tx7}t vk
ATFNAE 5% AE
75_'

| AAsital AAH

Membr. J. Vol. 28, No. 5, 2018



330 Seung-Gwan Lee + Mi-Yang Kim + Won-Wook So * Kyung-Seok Kang - Kwang-Je Kim

w
w
A
X

>
[l
12
9)
S

= 0%
or
O o
ofl to
ol
=2

e
i
2
0
rr

o oo |
_L3
o

rlo nf

oD

to o
r

Mo

i
off
gg
4

2
O o

fo
=2
o}
Dl
n
2
il
=2

Bl H
doe rH
=
o
N
N
™
>
oo
p‘h
& ol
(2o ol
=)
o
N
)
ot X
it
ox,

=

X rlo

_fok

o

o

Jor

¥

:<|)L_’,

(o]

o,

El

=)

rlo
o, oK

=
N
El

v}
=)
i
Ac)
b
o
)
U
ox
oot
0%
=2
N
£ do
o
4 o
o 32
JgR’
3|
aQ

o 7lm¥" PPO 29|
CDI A @AllA TDSE]
7t §lo] 4 E Fole wE yEA g
3t w3} 19 HMDA &%) 3

23ke CDI A= 22 Z3ksle] ¢

& Zlo|th. TDS s =7} vrod ankE 2o
AA= ] CDI A% ol io}ﬂt}—t— AL oJu|gtt.
(¥2h 7414 50% 14194«1
2l

d
o
_V:l
[
offl
N

_IZL' d
ox.
or
o
v
ul
= &
=

% o
_1% Bl
w 1o

9

[> =

,d
ol

2 o do
e

]
ol L\

_0|£

£

N
rﬂﬁr&ﬂmlol':loa—hlﬂoﬁrbcﬂ,

ro
El
o
=)
£
es
o
off
b
£
gg
-3
Y
AN
N
El
AN
N
o

fl
<
N

ZEdal A =(PPO)S] HESIe} ofdlst §hg-
< AA Fol u¥he Axsta 7t 3 28XA
go wWugele B4 2 CDI 38 4L ARSI
AL ¥4 % = I OWOM 7taLzh o] Foizl
& 59 f7] &l

AT 5 Yehe Ast Al
m-PDA >BADGE 7}uA] ¢0 =&
WSt oo R ﬂﬁ 3457l =8 BADGEE
gol2 wEk 1FEA & Hrig & A|2Hste] v
= Ao 7t é‘}ﬁt} BADGEZ 7}uldhe= 202
to] olewd ke 5% 7twA| g ool A
fqAeY 1 I*JOM LE.C. #to] 7+43}
, 1 9o g ASRE Ae R &
t}. 1% HMDA #%‘ﬁgi 7tas S wl TDS
AAL sAe] gle CDI A5S 9ds F UUTh
o o] 7hﬂ<1]i 7}Lo}°4 71 &ujol tigk
3}81dE gr&ta CDI Al & TS vAA &

A
B
52
32
)
N
El
=
oo
Ipr
b
1o
it
l-l'(
fl

ok
=

ﬁ_"
o
N
-

o

§9~_EL

24l

Zi

SN © X0 E Bl X o
d

mugel A 28 A A5 3, 2018

£ 7l2H PPO Sol& ZAVE Fu 4 gtk

2 A}
B AFe AR 4| Eg Yol
APshe AAGHANY 402 $98 A7
FJY k(@A H E: R0006235)
Reference

1. S. Porada, R. Zhao, A. Wal, V. Presser, and P. M.
Biesheuvel, “Review on the science and technol-
ogy of water desalination by capacitive deion-
ization”, Prog. Mater. Sci., 58, 1388 (2013).

2. L. Alvarado and A. Chen, “Electrodeionization:
Principles, strategies and applications”, Electrochim.
Acta, 132, 583 (2014).

3. B. Bae, E. Kim, S. Lee, and H. Lee, “Research
trends of anion exchange membranes within alka-
line fuel cells”, New & Renewable Energy, 11, 52
(2015).

4. C. Wang, Z. He, X. Xie. X. Mai, Y. Li, T. Li, M.
Zhao, C. Yan, H. Liu, E. V. Wujcik, and Z. Guo,
“Controllable cross-linking anion exchange mem-
branes with excellent mechanical and thermal prop-
erties”, Macromol. Mater. Eng., 303, 1700462
(2018).

5.J.S. Kim, C. S. Kim, H. S. Shin, and J. W.
Rhim, “Application of synthesized anion and cati-
on exchange polymers to membrane capacitive de-
ionization (MCDI)’, Macromol. Res., 23, 360 (2015).

6. J. Y. Lee, S. J. Seo, S. H. Yun, and S. H. Moon,
“Preparation of ion exchanger layered electrodes
for advanced membrane capacitive deionization
(MCDI)”, Water Res., 45, 5375 (2011).

7. M. S. Cha, J. Y. Lee, T. H. Kim, H. Y. Jeong, H
Y. Shin, S. G. Oh, and Y. T. Hong, ‘“Preparation
and characterization of crosslinked anion exchange
membrane (AEM) materials with poly(phenylene
ether)-based short hydrophilic block for use in

electrochemical applications”, J. Membr. Sci., 530,



10.

11.

12.

Crosslinking of Poly(2,6-dimethyl-1,4-phenylene oxide) Anion Exchange Membranes 331

73 (2017).

. J. S. Lee, M. C. Yoo, B. J. Chang, J. H. Kim, H.

Kang, and S. B. Lee, “Preparation of anion ex-
change membranes for -electrodialysis by im-
pregnation porous polyethylene films with cross-
linked poly(vinylbenzyl ammonium chloride)s”,

Membr. J., 18, 138 (2008).

. Y. Tanaka, “Membrane science and technology,

12: ion exchange membranes: Fundamentals and
applications”, pp 7-10, Elsevier, Amsterdam, The
Netherlands (2007).

L. Zhu, T. J. Zimudzi, Y. Wang, X. Yu, J. Pan, J.
Han, D. 1. Kushner, L. Zhuang, and M. A.
Hickner, “Mechanically robust anion exchange
membranes via long hydrophilic cross-linkers”,
Macromolecules, 50, 2329 (2017).

J. Zhou, M. Unlu, I. Anestis-Richard, and P. A.
Kohl, “Crosslinked, expoxy-based anion conductive
membranes for alkaline membrane fuel cells”, J.
Membr. Sci., 350, 286 (2010).

J. Hou, Y. Liu, Q. Ge, Z. Yang, L. Wu, and T.

13.

14.

15.

16.

Xu, “Recyclable cross-linked anion exchange mem-
brane for alkaline fuel cell application”, J. Power
Sources, 375, 404 (2018).

L. Zhu, T. J. Zimudzi, N. Li, J. Pan, B. Lin, and
M. A. Hickner, “Crosslinking of comb-shaped pol-
ymer anion exchange membranes via thiol-ene
click chemistry”, Polym. Chem., 7, 2464 (2016).
M. Y. Kim, K. J. Kim, and H. Kang, “Preparation
of cross-linked
poly((vinylbenzyl)trimethylammonium chloride-2-hy-

of anion exchange membranes

droxyethyl methacrylate)/poly(vinyl alcohol)”, Appl.
Chem. Eng., 21, 621 (2010).

H. W. Yoo, J. H. Kang, N. S. Park, T. I. Kim, M.
I. Kim, and Y. S. Lee, “Preparation and character-
istics of fluorinated carbon nanotube applied ca-
pacitive desalination electrode with low energy
consumption”, Appl. Chem. Eng., 27, 386 (2016).
Z. W. Wicks Jr, F. N. Jones, S. P. Pappas, and D.
A. Wicks, “Organic Coatings Science and Technology”,
3" ed., pp278-285, John Wiley & Sons, Hoboken,
New Jersey (2007).

Membr. J. Vol. 28, No. 5, 2018



