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Abstract: Global warming due to indiscriminate carbon dioxide emissions has a profound impact on human life by caus-
ing abnormal climate change and ecosystem destruction. As a way to reduce carbon dioxide emissions, in this study, we
presented a polymeric membrane prepared by blending a self-crosslinkable P(GMA-g-PPG)-co-POEM (SP) copolymer and
commercial polymer polyvinylpyrrolidone (PVP). As the content of PVP increased, it was observed that the gas permeance
decreased and CO,/N; selectivity increased. At 30 wt% PVP content, the CO, permeance of the membrane decreased from
72.9 GPU of pure SP polymer to 12.6 GPU, while CO»/N, selectivity improved by 79% from 28.1 to 50.4. It results from
the hydrogen bonding between the SP copolymer and PVP, leading to more compact structure of the polymer chains, which
was confirmed by FT-IR, TGA, XRD and SEM analysis. Therefore, we suggest that the permeance and selectivity of the
membranes can be easily adjusted as desired by controlling the PVP content in the SP/PVP polymer blend.
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Basle o 493 58 oduA Hlgo] a1 o]
FA AHEoZ A3 3 EAE uksy] wlEel o]
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2.1, AME U Al

122 A A GEFAE AREE Glycidyl meth-
acrylate (GMA), O-(2-aminopropyl)-O’-(2-methoxyethyl)
poly(propylene glycol) (am-PPG, Mn = 600 g mol™), L
2]l poly(oxyethylene methacrylate)(POEM, Mn = 500
g mol™) ¢} H7FAZ AHEE Polyvinylpyrrolidone (PVP,

Mn = 40,000 g mol)&= 25 Sigma-AldrichA}oll A

Attt A e S AFoA AANAE Ad
2,2’-Azobis(2-methylpropionitrile)(AIBN, 98%)+ Acros
OrganicsAtoll A FU3IHTE  Poly(1-(trimehthylsilyl-1-
propyne))(PTMSP, SSP-070, > 95%)% GelestAFoll Al
TUtH o™ Eghuto] HE S (gutter layer) O = ARE-|
ATk A A 8ui)l ethyl acetate (HPLC
grade)= J. T. BakerAtoll Al Fofjst o, e &
24 8 J7Ae) S 2 AREH ethyl alcohol (absolute,
99.9%)+= DUKSAN (Korea)oll Al T &tgic}. Egtete]
AAAZ AHEE Z8]E(polysulfone)> Z=g o] A vz
(Korea)oll Al AlFwott) g A 2 AEE HEY

A Y }lol AT
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A7reE &, viauvE weblE AREske] wwkeie
70°Ce] & uijzol A 18417t T BE-&-& Ze5tS T
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(self-cross—linkable P(GMA-g—PPG)-co—POEM): SP=
F7)8kA.
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Self-crosslinkable P(GMA-g-PPG)-co-POEM (SP)
Scheme 1. Synthesis and self-crosslinking reaction of P(GMA-g-PPG)-co-POEM (SP) copolymer.

AA &2 iRl PVPY FEHE YERA T SP/PVP
3 895 PTMSP7F ZHE ZEEE AAA el
RK Control coater (Model 101, Control RK Print-Coat
Instruments Ltd., UK)E ©]&3lo] IZHSITE o,
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2.4. 7|4 1t A
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Moz =AY} AirraneAHKorea)oll Al A 23+ =A
71718 Ao, BREE 71AS fE-2 bubble
flow meters AR&st Zeth T3 4¥2 FE
w102 em’Ql T3 AS ARt AR, B
£ AIZL 25°C, 2 bard] &% 9 4 A &3
HAth FHE9 B9 E+ gas permeation unit (GPU)
(1 GPU = 10° cm® (STP)/(s cm® cmHg)E AR&-31%2.

W, HeEE % o)Ae) Sase) mz A,
2.5. 241 |

7 182 AEe A87]% FT-IR (Spectrum 100,
PerkinElmer, USA)S ©]&3}] 4000-500 cm™2] 3=
A A ZH 9 B4tk PVP A7t mE i
2} E3HE E3& kAL TGA (Q50, TA Instrument,
USA) 4% 53] #lst9on, 20°C min'e] 2
E£5E air E97]0A SAHAT. 184 EFEY

XRD ¥ Cu Kea radiation (4 = 0.154 nm)<= A}
83l high-resolution X-ray diffractometer (SmartLab,
Rigaku, Japan) AHIZ 5°-60°2] 26 WA EAs}
Aot HE3ete] ©@¥ el FE-SEM (JSM-7001F,
JEOL Ltd., Japan) A E o] 83ke] 3Helabgich

£ Y ASHR 2

SP F5gAS 4 9 A7kt wiAUES Scheme
1o Yepiieh 2 2oz e EEH dojxl
SP FF A= shte] B2 ol 22f oFFl7](secondary
amine group)} o] ZAFo]=7](epoxide group)E S Al
7HAH, o FAto|=-obyl HEgol] o3| Ad2o|A A7}
fashs EAS AHAT24] E=@ SP BA Uol:
PVPY C=0 A%#} F424Fs & + 9= O-H7|%
N-H7|7} EA1317] wi&ol, Fig. 1¢] Yepd =23 2
o] F AREA} FoAgEo N Heute] T3 EA
of A& & ALE H3IHTH

thefst PVP 39| SP/PVP 1EA S EE FT-IR
E3

S E3 EA89tk(Fig. 2). SPY 2 EHA 1630
em’! FZoA YERE C=C °]5 Al 23 m=r}
HEHA @2 20" Kol A A4 ¢ A A
o] AFAHOZ o]FAHTS & F UTh 1094 cm’ol
A Uehde 4 F5 WEE Spol EA18k= C-0-C
2Zo) ogk Ao ]S ether 2871+ CO, A
ofo] Fo|x 4hy] FE5AES Tl A W CO,
o] =S Eol= o 7]o3t}25-27]. PVPY A%,

Membr. J. Vol. 28, No. 2, 2018



116 Na Un Kim * Byeong Ju Park - Min Su Park * Jong Hak Kim

=
=
P
P

.
s
C

T o

.,
9 llullulll‘uuul\lllllulln| ©

T
s
Bin

5
.

SP

Fig. 1. Hydrogen bonding between SP copolymer and PVP.
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Fig. 2. FT-IR spectra of SP copolymer and SP/PVP poly-
mer blends with different PVP contents.
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Fig. 3. TGA curves of SP/PVP polymer blends with dif-
ferent PVP contents.

204

=

3 e 192 PVP
2 e SP/PVP-30
0 18.8

g 120 SPIPVP-20
[

- 18.8

|7 N SP/PVP-10
SP

5 10 15 20 25 30 35 40 45 50
2 theta (degree)

Fig. 4. XRD patterns of SP/PVP polymer blends with dif-
ferent PVP contents.

dEs =7 Alzsbe w]gol wlgl 450-500°C Abo]ol
A GA3 Bk PVPe Z$-oll= 100°C F)
A ok 13% Ao S 4 27] BA &AL
BAT =3 400°CAREE DR o3 F43
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Fig. 5. Cross-sectional SEM images of SP/PVP composite
membranes: (a) SP, (b) SP/PVP-10, (c) SP/PVP-20, and
(d) SP/PVP-30.
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FEE HEAA MEE BES e, olHd b
He £2 AYE TH(pendant group)S 7 A EA
o A VERATH32,33]. Windle 1E©°] ASHsE super-

chain Z2do 9]3}3 20 = 1119014 Yelg= 3329

% PVPY] 71 ZZ 92 (-CH,-CH,-) FAKE Aol 2
7%&—3— oJujsie, 260 = 204904 YeElE 33E vi-
nylpyrrolidone pendant group Abole] Al 7]t}
[34]. PVPY| FHgo] F713tel| we}l FARE Aol A=
5.6 AdlA 7.6 ASE FA F7FskE REA, ZAE 119
ATE= 4.7 AA 4.6 AoZ Ha}p 743t} o= pVP
o] =9jo g 3 ArRria Hkgo] WIS o} FA}
& 19 AgE ta VA, dellA] FT-IR 45
&3 <13 Spe} PVP Alo]e #i?é?}oﬂ ol AA
2ol TS Ak F27F Aol He Ao AT
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g FEE 7R 174] HAes AARH, ol AEE
gute] B A 9 MY F71E AW 4 itk
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AL i 4 A of
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2 FHES Hols ARARA B Alx Al 2
g &0 o34 AAA Y HRE AFsh= AE BA
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Table 1. Pure Gas Separation Performance of SP/PVP Composite Membranes

SP SP/PVP-10 SP/PVP-20 SP/PVP-30 PVP
CO, permeance (GPU) 72.9 58.9 453 12.6 not measurable
N, permeance (GPU) 2.59 1.84 1.17 0.25 not measurable
Selectivity (CO./N>) 28.1 32.0 38.7 50.4 -
3
804 604
3 7 b
2\ \ g ] \ L %] /.
o 2 Py - =
g o g ol \ é 40 /_
s g 40 & 2 —
% " \ S, 0] CZ)N 20
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Fig. 6. (a) N, permeance, (b) CO, permeance and (c) CO»/N, selectivity of SP/PVP composite membranes with various PVP
contents.
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ERA] 22 Fo 2 44 4 u19].

Fig. 791 SP/PVP #|7te] MeElx 9 FEH=E
Robeson upper bound (2008)2} A YERITH11].
E AFolA AAISE SP/PVP 272 upper boundoll
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Eiste] ot

F71& fillerg

mugel A 28 A A 2 3, 2018
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GPUR 43kl o, CONN, A8 Es 281914 504
= e Felstgn weA, 2 ATdAe



Effect of PVP on CO,/N, Separation Performance of Self-crosslinkable P(GMA-g-PPG)-co-POEM) Membranes 119

SP/PVP L&A B E U] pVP TS - O ZH
Boute] B 9 MYRE 44 248 5 e
AES =E390h =3 SP EA] AH9- 953 2
34 59< Ho|7] &, SP/PVP Hiteke] A
= A5 uS sl AT A4S 52 AYEE 74
SHA US PdE FAEE 9S F UL 2oz 9
pal=s
At

B ATE B EHEEAR 7 2AFAALAY
3} /1RSI S 2 )3 A 2AT
AQAY 0.2 RE AUl FYHASFAVE : NRF-
2017R1A4A1014569, NRF-2017M1A2A2043448, NRF-
2017R1D1A1B06028030).
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