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Abstract: In this study, halogen element was introduced into polyphenylene oxide polymer using bromination reaction,
and then halogen element was replaced with imidazolium. Imidazolium corporated polyphenylene oxide polymer was synthe-
sized and the synthesis was confirmed by various instrumental characterization. In addition, gas permeation properties of O,
N,, CO, were studied with different imidazolium contents. As the content of imidazolium increased, the ion exchange ca-
pacity increased and the mechanical strength decreased. The gas permeance showed a tendency to decrease slightly with in-
creaing imidazolium contents. Whereas, it was confirmed that the tendency of CO,/N, ideal selectivity increased as the imi-
dazolium contents increased.
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Table 1. Designation of the Prepared Im-PPO

Equivalent (eq)

Sample - — —
PPO N-bromosuccinimide (NBS) Azobisisobutyronitrile (AIBN)
Im-PPO_0.25¢q 1 0.25 0.05
Im-PPO_0.30eq 1 0.3 0.05
Im-PPO_0.40eq 1 0.4 0.05
Im-PPO_0.50eq 1 0.5 0.05
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Fig. 1. The synthetic scheme of Im-PPO polymers.
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Fig. 2. 'H-NMR spectra of Br-PPO with various amount
of functional group.
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Fig. 3. '"H-NMR spectra of Br-PPO _0.50eq and Im-PPO_
0.50eq.
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Im-PPO_0.25¢q Im-PPO_0.30eq

Fig. 4. Photographs of Im-PPO membrane samples.
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Fig. 5. Ion exchange capacity of Im-PPO polymer
membranes.
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Fig. 6. Mechanical properties of Im-PPO polymer
membranes.
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Table 2. Gas Permeation Properties of Im-PPO Polymer Membranes

Permeability (GPU)

Sample

N, (0} CO,
Im-PPO_0.25¢q 0.009 0.093 0.292
Im-PPO_0.30eq 0.011 0.089 0.442
Im-PPO_0.40eq 0.015 0.092 0.600
Im-PPO_0.50eq 0.020 0.096 0911
1.0 100
—8—N, {|—=— CO: '.\':
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Fig. 7. Gas permeance of Im-PPO polymer membranes.
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Fig. 8. Ideal gas selectivity of Im-PPO polymer membranes.

232 AgEn23).
5.4 B

Aol N-bromosuccinimide
9} azobisisobutyronitrileE ©]-8-3}] brominations %
otHa, b5 08 TEA Y4 E 1-methylimidazole
0] 83} imidazoliume ¢35t Im-PPO T EAE &
Attt 181 'H-NMRS o]&3ke] gHAo] AE3|
o= o]fofRL s, FF Mol wet imida-
zolium 1E0] ZAHo] ATAOF o]RojHL Fol
39t 282 imidazolium®] kol wela ol et
S0 TS & F AN, 7AF AEE
o] FIANOE FHaHE A AT F UATh
B0 8 9o} o] Azxd EuhE o83t
AFPNE A3Y3+R 2, imidazolium 1E9]
A Eﬂ:h AT, A s 71

o

g 4 A o]+ imidazolium® =%

Poly(phenylene oxide)

A

Membr. J. Vol. 27, No. 6, 2017



534

Tae Yang Son - Jin Woo Jo - Ji Hyeon Kim * Tae Hyun Kim - Elena Tocci * Sang Yong Nam

Z M F 1, imidazolium® EYOZE o|AkslekA EE
of tigt 7daxE SIS F Ut FeET

& Al

o e 2015d% FRrIA RN Ao
2 @RATAGE AU ol FAH ATANRE-
2015K2A1B8065971).

.J. H. Park, D. J.

.S. R Park, H. S. Ahn,

Reference

and S. Y. Nam,

“Characterization and preparation of PEG-poly-

Kim,

imide copolymer asymmetric flat sheet membrane
for carbon dioxide separation”, Membr. J., 25, 547
(2015).

. S. J. Kim, H. E. Kim, W. J. Cho, and S. Y. Ha,

“Membrane process development for CO, separa-
tion of flaring gas”, Membr. J., 23, 384 (2013).

. J. M. Lee, M. G. Lee, S. J. Kim, H. C. Koh, and

S. Y. Nam, “Characterization of gas permeation
properties of polyimide copolymer membranes”,
Membr. J., 25, 223 (2015).

. H. J. Lee, M. J. Koh, D. J. Kim, and S. Y. Nam,

“Effect of non-ionic additive on morphology and
gas permeation properties of polysulfone hollow fi-
ber membrane”, Membr. J., 22, 224 (2012).

. C. H. Park, D. J. Kim, and S. Y. Nam, “Molecular

dynamics (MD) study of polymeric membranes for
gas separation”, Membr. J., 24, 341 (2014).

. T. H. Kim, J. C. Jeong, J. M. Park, and C. H.

Woo, “A numerical analysis of direct contact
membrane distillation for hollow fiber membrane”,
Membr. J., 20, 267 (2010).

. H. K. Lee and M. J. Kang, “Gas separation prop-

erties of poly(ethylene oxide) and poly(ethyl-
ene-co-vinyl acetate) blended membranes”, Membr.
J., 27, 147 (2017).

and J. H. Kim,
“Preparation of asymmetric PES hollow fiber gas

separation membranes and their CO,/CH, separa-

Myl A 27 A A6 3, 2017

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

tion properties”, Membr. J., 21, 367 (2011).

. T. A. Barbari and S. S. Datwani, “Gas separation

properties of polysulfone membranes treated with
molecular bromine”, J. Membr. Sci., 107, 263
(1995).

P. K. Gantzel and U. Merten, “Gas separations
with high-flux cellulose acetate membranes”, Ind.
Eng. Chem. Process. Des. Dev., 9, 331 (1970).
D. Sen and H. kalipcilar, “Gas separation perform-
ance of polycarbonate membranes modified with
multifunctional low molecular-weight additives”,
Sep. Sci. Technol., 41, 1813 (2006).

D. J. Kim and S. Y. Nam, “Research and develop-
ment trends of polyimide based material for gas
separation”, J. Membr. Sci., 23, 393 (2013).

H. B. Park and B. D. Freeman, “Gas separation
properties and their applications of high permeable
amorphous perfluoropolymer membranes”, Membr.
J., 17, 81 (2007).

D. H. Shin and J. W. Rhim, “Gas permeation
properties of aminated polyphenylene oxide mem-
branes”, Membr. J., 25, 488 (2015).

B. S. Lee, D. H. Kim, and J. W. Rhim, “Studies
on the gas permeation behaviors using the surface
fluorinated poly(phenylene
Membr. J., 20, 106 (2010).
T. Sakaguchi, K. Kameoka, and T. Hashimoto,
“Synthesis of sulfonated poly(diphenylacetylene)s
with high CO, permselectivity”, J. Polym. Sci.,
Part A: Polym. Chem., 47, 6463 (2009).

T. Y. Son, D. H. Choi, C. H. Park, and S. Y.

Nam, “Preparation and electrochemical character-

oxide) membranes”,

ization of membranes using submicron sized par-
ticles with high ion exchange capacity for electro-
adsorptive deionization”, J. Nanosci. Nanotechnol.,
17, 7743 (2017).

B. A. Langowski and K. E. Uhrich, “Microscale
plasma-initiated patterning”, Langmuir, 21, 10509
(2005).

W. Hellmich, J. Regtmeier, T. T. Duong, R. Ros,
D. Anselmetti, and A. Ros, “Poly(oxyethylene)

based surface coatings for poly(dimethylsiloxane)



20.

21.

Preparation and Gas Characterization of Poly(phenylene oxide) Containing Imidazolium 535

microchannels”, Langmuir, 21, 7551 (2005).

Y. Berdichevsky, J. Khandurina, A. Guttman, and
Y. Lo, “UV/ozone modification of poly(dimethylsi-
loxane) microfluidic channels”, Sens. Actuators B:
Chem., 97, 402 (2004).

C. Pugh and V. Percec, “Miscible blends from
poly(2,6-dimethyl-1,4-phenylene oxide) and poly
(epichlorohydrin) containing pendant electron-donor
and electron-acceptor groups”, Macromolecules, 19,
65 (1986).

22.

23.

J. Wang, H. Wei, S. Yang, H. Fang, P. Xu, and
Y. Ding, “Constructing pendant imidazolium-based
poly(phenylene oxide)s for anion exchange mem-
branes using a click reaction”, RSC Adv., S, 93415
(2015).

B. J. Gye, 1. kammakakam, H. L. You, S. Y. Nam,
and T. H. Kim, “PEG-imidazolium-incorporated
polyimides as high-performance CO,-selective pol-
ymer membranes: The effects of PEG-imidazolium
content”, Sep. Purif. Technol., 179, 283 (2017).

Membr. J. Vol. 27, No. 6, 2017



