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Abstract

In this study, PEBAX/GO-PEI and PEBAX/ZIF-8@GO-PEI composite membranes were prepared by varying the contents of
GO and ZIF-8@GO in PEBAX, and also the gas permeation characteristics of N, and CO, was studied. Overall, the N, and
CO, permeability of the PEBAX/GO-PEI composite membrane decreased as the GO content increased, and the CO,/N, se-
lectivity slightly increased. In the case of PEBAX/ZIF-8@GO-PEI composite membrane, the permeability of N, decreased,
but CO; increased to 1 wt% of ZIF-8@GO and then decreased in the content thereafter. The CO,/N, selectivity at 1 wt%
of ZIF-8@GO was 92.3, showing the highest selectivity. This is thought to be due to the greatest effect of GO and ZIF-8
with good affinity for CO, alongside the effect of porosity ZIF-8 while improving compatibility with PEBAX and dispersing
evenly. In addition, PEBAX/ZIF-8@GO-PEI composite membrane improved both CO, permeability and CO,/N, selectivity
than those of the PEBAX-PEI and PEBAX/GO-PEI membranes, except for ZIF-8@GO 5 wt%. The result was close to the
Robeson upper bound.
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[16]. MOF9] & 5721 zeolitic imidazolate framework-8 (ZIF-8)->
Zn(ll) &5 0] &8 FA 027 2-methylimidazole®] 7} ¥ o] 3.4 A2
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ko] oPgA %15 93l PEI (polyetherimide) S XX A1 2 AME-513
3, PEIS} 41191 NMP (n-methyl-2-pyrrolidone)i= Sigma Aldrich (¢
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Figure 1. (a) Photograph of a composite membrane created on the water surface, (b) SEM image of cross section of PEBAX/ZIF-8@GO-PEI, and
(c) the schematic diagram of the manufacturing procedure of composite membrane.

trate hexahydratet= Sigma Aldrich (7]=%) A}2] 99%+2] =55 ZH= A]
okS A}-8-811 31, 2-methylimidazoleS Sigma Aldrich (7)) AF2] 99%
0] AekS ARSI Gl ARE-SF methyl alcohol-> Carlo Erba
(ZFH2) AF2] 99.9% 2] Aleks AME-EITH

2.2. GO (graphene oxide)2| &M

GO29] /L Marcano ] F¢1[29]2 13k3ITh -4 graphite flake
1.5 g¥} potassium permanganate 9.0 g2 sulfuric acid : phosphoric
acid = 9 : 1 (volivol%) &< 200 mLoll E&ato] 50 CollA 12 h o4
RIS, o] & Ao F A% H xR THS 120 mL 2} hydrogen
peroxide 1.5 mLE 4] §Mof| 237 10 mint EFE3PH wRks)
WHSE-E 300 pme] Holl e Ei=S AAS ¥ A4EE)(3000 rpm,
30 min)¥ttt FSAE Hel H FHAES SFT, 1 M hydrochloric
acid®} ethyl alcohol =42 A|Z 3t} AAdE-2 40 Tl 24 h Ax
Elasd

2.3. ZIF-8@Graphene oxide2| &

Graphene oxide 40 mg$} zinc nitrate hexahydrate 297 mg= methyl
alcohol 70 mL®l] Y1l 30 min?} sonication3t ¥] 6 h W HF3ITE o1 7]
2-methylinidazole 328 mge ¥l “-2°l4 30 mint} sonicationdt 7
24 h WISl g8 A1E-2)(3000 rpm, 30 min)3+ ¥ methyl alco-
holZ 23] A|F3tt BAES 120 CTollA 6 h Sk AZRITHI1].

24. SA Hx=
4 PEIS} €791 NMP2] H|&-E 25 : 75 (w/wt)= 3] 24 h &
QF 7} Wk TRy SR o) Ad2ellA WSt H casting knifeE

o] g-3to] fa]|de] castingdt}. 12]31 20 s7F 37] Foll =EAIX F
20 TRF(ERN) FAAZ]2, 1 he] A SHSFE wést
o] 24 h et WRFITE 183 60 TollH HZEk] PEI A A A S
Eaallcin=d

PEBAX2533 1A} isopropanol : n-butanol = 3 : 1 (wt/wt) =3+

HE Tkete] 57 15 wi%Zt HES ¢ 7] 80 C oil bathollA] 5
h 5k wyksht) wk2 PEBAX25339] thdt GO & ZIF-8@G02| F
A g=Fo] 242k 0.5, 1, 3, 5 wt%7F B =5 FH3aL ©37]¢ isopropanol
: n-butanol = 3 : 1 (wt/wt) £ 7138k T} ©]& 50 CollA 30 min
7t sonication®t}. 71 % PEBAX2533 £y} z}7to] stk =XE
fols 8 Tk 50 CollA 5 h wiksk 5 oA 50 ColA 30 min
&<t sonications &L 18] AAE LS vIlog AFH
(0.5 mL) F 8t ¥ 2] SFHol Wojredirk Figure 1(a)9} 2]
™ Sl o] AAET A3 2ro] PEI XX|A| flof] oA Es A
3] 5o &, ©]F 55 T 2ofA] 24 h F<t Axste] HFguh-S
Y=t Figure 1(b)i= PEI A AA| floll AgiFo] glojxl B8 SEM
© =2 Uehd Zlo|t). 1283l Figure 2(a)~3(c)x= tHEA Q! PEBAX/ZIF-
8@GO-PEI H312] AMIER ko2 Wks ul ZIF-8@GO2
Fo] HEFE o Ao] HA L AFIA= RS & Uk

2.5. BM717]

FT-IR 42 BruckerAH54Y) Vertex 702 ©]835F] film el =
500~4,000 e’ H{] A S43813TE XA 8474 7](XRD)+= Bruker
A (5<) D8 AdvanceS ARE3EO] [1.2 kW, 20 = 0°~60°, Cu-K ¢ ra-
diation (A = 0.15406 nm)] S43IUTE DFFEA(TGA)S] B+
TA Instruments AH(7]=) DSC 20102 AH&31od 50~800 C - ollA
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Figure 2. Composite membrane photograph: (a) PEBAX-PEI, (b)
PEBAX/ZIF-83@GO 1 wt%-PEI, and (c) PEBAX/ZIF-8@GO 5 wt%-PEIL
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Figure 3. FT-IR spectra of ZIF-8, GO, and ZIF-8@GO.
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Figure 4. FT-IR spectra of PEBAX/GO and PEBAX/ZIF-8@GO.
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Figure 3 ZIF-8, GO 18]l ZIF-8@GO02] FT-IR ¥4 4 3= ve}
W Ho|t}, 94 ZIF-82] IRS E¥ C-H stretching vibration®l] 377}
2930 cm 9l|4], C=N stretching vibration¥} C-N stretching vibration®]
71918 =17} 247+ 15903 1152 em ol A YERFTH30]. GO2) A%
= -OH stretching ¥ =7} 3430 ecm™ o)A, carbonyl group2] C=0 stret-
ching ¥ =17} 1724 cm!ellA, C=C A 23 917} 1620 cm™ ol A,
C-O vibration®l] &8+ 377} 1243 em oA LFERHTH29]. ZIF-8@GO
o] A9+ UAZE dGFZE 717l ZIF-89] HIAE0] F2 YER,
GOl Holi= 1724 em' o] C=0 ¥|Z&= A2 YRR okt o=
Zn** 8} GO9] carbonyl group®] M= AZ g3l 919 A7|7}
e Zo7 WIS

Figure 4% W13 PEBAX/GO 532} PEBAX/ZIF-8@GO =
ko] FT-IR 4275 YEpRd Zloltk Figure 5(a)°llA] X PEBAX
9] RS o AE7]9] -C=0 A&u| A7} 1740 cm’ol], -C-0-C Agtu| =
7} 1100 cmoll, -N-H 23937} 3302 cmollA] UERRATH31]. 22
31 PEBAX/GO H3tetell A B A 2] PEBAX S} Bl=3E dvlS K3l
4l GO2J C=C A ¥|=7} 1620 em™ ol F 1 F3lo] vehsta,
PEBAX/ZIF-8@GO 5318 : A ] PEBAX S} H|S:8h wRlS Ho|HA
ZIF-8@GO2] A2 18fl 1020 cm™” F-oll A A 22 v3E5 Bk

Figure 5+ ZIF-8, GO 12|31l ZIF-8@GO<2] XRD spectrums 5°~
60° 2ol A LFERA Zlo|tk WA ZIF-8 260 = 7.24°, 10.29°, 12.64°,
14.61°, 17.95°, 24.43°, 26.60°, 28.61°, 32.32°2] $]2|o|A 5 A1 ¥
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Figure 5. XRD spectra of GO, ZIF-8, and ZIF-8@GO.

o UERA, ol RaE £3 ) XRD AFE.9} B IITH32]. 1L
3L GO2] XRD HE-S B 20 = 10.6° FZolA GO 7HEE A}
ole] Azlel| #ld-sl= broaddtdA 73t 337t vERTh GO2l St
AL ERlsk] flste] GO 574 #4191 10.6°04 Bragg’s equa-
tion (2dsind = nA)S AE3 Av}, GOt oF 0.83 nme| F7HAE
S 2920t). Hummers® method SollA Aukdo® W ¥ 34 GO
© 72 el ¥hEoiXl o FA)Y), 7tERdY], S| E5AY], FtE AT
ol 23l 0.59~0.93 nm 529 3 A7 gh& D& Uvkal siti3s).
ZIF-8@GO02] 7--ollX= GO2l 5421 97} vehA] ekske
ZIF-82] XRD ¥ #|l¥} v]eet 437 725 2ol GO &A=
ZIF-8 A% %9 A4S a4 ¢ Z 0= Helth ZIF-8@GO
oM & Go2 54A A7t e A o2 AL ZIF-8@GO7}
FAE = 29k ZIF-87 GOol A= 7He] Abs g o7 Qe gt B
2ol FAE7] Wil Rog AZE =], Chen To] U 73
[20,34]°] °J5hH XRDolA ZIF-83 GOE W &3513 49+ ZIF-8
2 9le] GO EAARI Fart vEhbE W ZIF-8@GOol A=
2 AFANAYE GO 5AAR FAY MZR 9T YERA] ¢
Skar ZIF-82] 3 ZENF YERGTE oli= GO+ 73 Yol hydroxy, car-
boxy, epoxy groups $H1-5kal 9lal, ZIF-82] imidazolate unit< N-H
group®] FH31] ZIF-8@GO7t W& A= o)A GOS} ZIF-89]
AtolellA] Fagte] FAEUA F Edo] wdst H3E A=
7] wWZoletal a3t

Figure 6(a)~6(c) PEBAX/GO%} PEBAX/ZIF-8@GO2] TGA 4
A= gehd 7otk 94 Figure 6(a)old GOY ZA$ %7] 100 T
T AR g <S4l Qs 5 7ke] Aoyt 150
~200 CeollA GO 7% U] AtAE ESHe= functional group?] €4
Eal7F dofut wAsE FA ko] YERETH19]. 18] 3L Figure 6(b)
9] ZIF@GOS2] ZA-t-elr= A A AR oF 100~150 C FollA
GO} ZIF-80l| QlEl 7o) SWE A FA 4o dojufa, Hols)
g1} GO sheet®] functional group, ZIF-82] organic ligand®]
el 2J8iA] 200~350 T F-Zoll A FA o] Lojyitt o]F 400 T
oldellAl ZIF-82] =4 a7 dolvpax B FA 7EFo] vEls
th. 18] 3L Figure 6(c)< DA 52 TGA =S ddist
Ao AL %350 T)9} Tafoll ] Hitute] A £48 A= H)
w3 & ul, PEBAX/GO 5 wt%i 2F 20%2] F7] £40] dojifi=d
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Figure 6. TGA curves of PEBAX/GO and PEBAX/ZIF-8@GO.

H3ke] PEBAX/ZIF-8@GO 5 wt%i= ¥ 5%2] F-7| =20] dojwitt
718]31 PEBAX/GO 313} PEBAX/ZIF-8@GO 312 T5 PEBAX
B} 77 £40] dojuf= A)F &5 yigkon) F43] F) 7o)
doJuf= 25 9 PEBAXE 9F 392 C, PEBAX/GOSt PEBAX/
ZIF-8@GO+T <F 403~407 C =2, T31E2] GO%} ZIF@GOE 7HS
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composite membranes according to the particle content.
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Figure 12. Ideal selectivity vs CO, permeability in PEBAX/GO-PEI and
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content.
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