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2 9ok E A= GO (graphene oxide)S T8+ 7]A| E2l9 AFE $3l PEBAX [poly(ether-block-amide)]ll GOE 3
713t PEBAX-GO L&A HE3ehE Alz3ta, o] E3uE 53 H,, Nz, CH,, COx0ll tigt 7IA 53 EAS A8ttt 7]
AT 4345 PEBAX-GO H&2tol sl Ny, CHy, CO,9 7IAFH =+ GO ddel 71l wet Hap 74kt v
A H,9 7IAEFHEE GO FHeko] Z718kl whel 27k, GO & 30 wt%oﬂﬁé 21.43 barrer2 T ute] Blste] oF 5
7L S71sk =8 GO Hyoll thell B Z1A S Bls) w21 Me#Ql 7|4 &% channel 2 T &-o|3tA] 2H8-51517] uﬂ“ﬁ
olt}, Z7te AEE(HyNy)9t A E(H,/CH)E F3714 =27]d 3% ﬁ'*}ﬁ@.fiﬂ, 71 AP ECOYNy) 9 Ad
(COy/CHy)= CO%F GOSJ -COOHS}E| zlstd oz Gajaeldo] o AA FFE rIXl A o2 eyt

Abstract: To study gas membrane using GO (graphene oxide), the PEBAX [poly(ether-block-amide)]-GO polymer com-
posite membrane was prepared by adding GO to PEBAX. Through this composite membrane, gas permeation characteristics
for Hy, N5, CHs, and CO, were studied. As a result of the gas permeation test, the permeability of N,, CHs, and CO, to
PEBAX-GO composite membranes gradually decreased as the GO content increased. On the other hand, the gas perme-
ability of H, increased with the increase of GO content, and it was 21.43 barrer at the GO content of 30 wt%, which was
about 5 times higher than that of PEBAX membrane. This is because the GO was easier to operate with a fast and selective
gas transport channel for H, than other gases. The increased selectivity (H./N;) and selectivity (H,/CH4) were influenced by
the diffusion selectivity by the permeate gas size. The increased selectivity (CO,/N;) and selectivity (CO»/CHs) were more
influenced by the solubility selectivity due to the affinity of CO, and GO for -COOH.

Keywords: PEBAX, GO, graphene oxide, permeability, selectivity

.M 2 AAZ WA= wi7|7kzo A o tslgAas Reetr
U Yol 94 3Aolu Afatet 3] o 34

ok B3 o]l sA R FAL wEA T GANA A |ALYL a7t HZAZ B7] Sl

Bt = AT Bof F 3R E3] ouA] Aol A FEE MYAe AL I, BAS A AL
I AFe] teet AR EE S8 F e AR o] AkAA e} P E A 1% s dst=d ¢ $a3 7
S 7pATh o) olUgt Mg} Ae 2o g 2 AHHIL UTH1-3]. 53] AEAE o] E3 V1A

f Corresponding author(e-mail: hklee@smu.ac.kr, http://orcid.org/0000-0003-4882-8432)

233



234 Seul Ki Lee - Se Ryeong Hong + Hyun Kyung Lee

e EVIAE 2Tl o] Eelaeoc] ¢
stal, 28 = et FEEL e Eelle
el

A A LHFA O Z trade-off S B o]& X
9}01'7] 8l 12 =4S SH(grafting) EE cross-
linkingstel &2 FxoF 42& WA FHHoR
NEAAZ|AY A7t AlZetolE, HERTSAIE(TIO,),
Bl 5 H(carbon nanotube, CNT), L&, Z1j¢
8- Abo] E(graphene oxide, GO) &°] EAte} Balg s
o] Eglroz MAste S nBEAe 458 A
71 A77F JFH L ATH4,5]. LdA ] == AL
£5E B4 5 a9 sp? X gA9ar 94
A7 FHE Agd G372 EEE v Eopd
A AFET Q=Y AA EHY EWMAXAEH, 182
W BgHA|, AGAE =5 wlEE, 7)A 2 2 &
Heleh 5o @F2AZ )53 UTH6,7). S Potis
& 1EA e EA 285 T tis)
Abste] 714 Eelet ZokellAe] e gk a4
SUAZ LR, 1eFS o] &3 7IAEE A= AA
is] 3 otk 1A 1Al —rJJro Yo s
2484 v giFoR g FNER AR
JY9E GYHo R S W FAVE ghob & HojA]
= BAHS Bgst=t[9] old nEAete] sde &
A7) EAM 1gas AEd GOE AHERTE &
ot YellA Goe T 72 FHE 7= Wl -COOH,
-0-, -OH &9 #8715 7L 9lom 7|A|%F3 A
gas barrier24] Z+8-d 4 Qlth Shen 59 Aol ¢
st IEAE w2 E sk GO HEYS oY Fo=
o]Folx GO%t 1EAF o] LS Tl 3
7S molecular sieving channelsZ 288 4 5&
W TH10]. Akhtar 52 %7 £8& 9131 PEBAX
[poly(ether-block-amide)]/GO E3=HS A| 2333, GO
ol 27Kl mek 34 Aol 5371 H0% -OH,
-COOH®}e| ZIsHg o= QI8 HyON, AH =7t S7He
S RIS TH5]. Karunakaran 52 PEO [poly(ethyl-
ene oxide)]-PBT [poly(butylene terephthalate)]*] GOE
A7rste] B3ubs Azsta, GO A2 T 0~
0.1 wt%olA= GO7F ¥ WollA barrier® 2H8-35}1H A
CO9F 3ol #oF COyN,, COY/CHy COYH &= F
7¥sh 0.1 wi% o] %9 dFFellX= 11 a3yt wobA
el Wsrt A fIthal skt 11]. Morimune
5[12]% Huang S{13]2 27 PMMA [poly(methyl

=
] o
=

{

=
(e}

10 OP

mugel A 28 A A 4 3, 2018

methacrylate)]/GO 5393} PVA [poly(vinyl alcohol)]/
GO B3-S A Zx3ta, GOZF 0,0 tid) gas barrier=
Z-gxlo] ERErt Aap oS HistSith Shen &
2 ZHa71E 2% GOE PEBAXO FFHEZ 7}
3teo] COYN,9 ERE S A3t =8 GO SHAY)
7} 1~2 pm, o] 0.1 wt%ollA 7HE Bo BEFEA
< B ole GO W9 o] FQFH
G029 ZW=7] 7t 1EA AR olFAS 94
ata, e ke SRES WEY] "ol it
[10]. &7]o1AM A BuE A55,10,12,13]9] AHEH
GO+ Hummers’ method[14]9l] 2J3] A|zH Aoz +
Z Y A Aloldl] -0-, -OHZ 7HA| 1L &t & A3
M= GO BAEL ol &% e VARES AT
el T2 W AAf Atolddls #-E7] glo] 7R ClRt
-COOH7]E 7H 1 & GOE A3ttt =3k 7| &
1A AA 2 PEBAXE AHE-3H =0 PEBAXE pol-
yamide$} polyether®] FSFAZ polyamide®} poly-
ether®] AZS 711 o] amide F-2o] 7|AA 7=
& =32, AFEI7F 33 fFF540] A= ether A
&2 5 Aeg FHAZITIS-18] B A=
PEBAX 1122 &4 0, 10, 20, 30 wt%= GOS 3
7¥sted Hy, Na, CHy, CO9| 74T 57300 tha o
T8
2. & 9
2.1. AR 2 A2t

23tk A zo| AMEE PEBAXE ArkemaiH(ZH2)
9] O Z ether block 60% amide block 40%%= ©]F¢]
71 PEBAX-1657< A3t L, Bt AlZo| AFEEE &
miQl ethanol& (F)EHAVIZ(FAH = 99.9%E
AEEI T GOE Sigma AldrichAHu|=h)olA F13t
d1, g Aoz AR Y 4~10%2] -COOH
7F A5t ACE Aldrich Al A A 33 ExltzE
Fig. (@3 2t 7IA5FF A3 AL" 7AES
(F)ER7F2(FAh A T4 99.99%C] No, Hy, CHy,
CO, 5 ARE3I¥Th ofglel Fig. 1(a)%} (b)= GOSt
PEBAX?| #%& Yehd Zolt}

2.2. PEBAX-GO =2} M=
%4 PEBAXOl &1 H,O/ethanol (30 : 70)S 7}3}e]
3 wt%<% PEBAX §0] HE5E g} 80°CY oil bath



Properties and Gas Permeability of PEBAX Composite Membrane Containing GO 235

oA PEBAX &5 24A17F wHHstH N, #217]3}e)
A BFFAZITL 283 919 PEBAX 9 w7
o &713, PEBAX®| tgt GO &Fel 217} 0, 10, 20,
30 wt%7} 52 GOE #Hlste] 217 PEBAX £
of A7}gty, 11 & 1587} sonicationdt T A2 A
wHksla, HEE dol §9& f2'e £ 40°Co &
Bl A 24A7F AZxste] EERto g AREgit

OFO oft

3.

E3ute] et zE oty 913t Bruker (5%)
Ake] Vertex 70 FT-IRS o] &3t 600~4,000 cm'7}HA]
A AY. dFFEANTGA)S TA InstrumentsAHF]
=) DSC 20105 AH&3ke] 50~800°C 9ol 4] scan-
ning rateE 10 °C/minZ 3} FAEA S =439
ko] ©He 7] 9lE] JEOLAKYE) JSM-5600LV
SEM2 o] &3}9 1, 1.5 kV, 8~10 mA°l|A 3EZ W&F
< FHIA 4 x 10° wjLolA E43HTE XRD 4
< PhilipsAHUIB &E) xpert system= AHE3Fo] 24
5°~80°o A EANEATE 71AE AL SepraTekAt
(Z4h VPA-6012 ZA 3T}

2.4. 7|M 53t Ay

AT 4 AX= 71AEE4 ], membrane cell
5o2 FAEY Q=d 1000 SCCMS] Mass Flow
Meter (MFM) €38 7HAH, B3 % doJE & 7|AF
I SBAA e} Add AFEHE Bt £ A 4E
transient 24 27} Ao FH, A5 AL FAHES A
A vhe Fiske 71A e F35(Permeability, P)
9} time-lags WFY3F AT (Diffusivity, D)E 4A ¥
o). Membrane cell H-9jo] Azt uhe] fFaH A
147 cm?o|al, AE& 49 cmo|H 7|A|Fo] AlgH
E3uhEol FAE oF 100 pmo]3t) 7AEHA Y
25°C, 3 bare] oA Pk

ZF 71429 FAEP)= ok AldtA el oA &
SE=g

I I
HO - C-PA-C-O-PE-O -]- OH
(b)

Fig. 1. Structure of (a) GO and (b) PEBAX [poly(ether-
block-amide)], PA is a polyamide block and PE is a poly-
ether block.
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Fig. 2. FT-IR spectra of (a) PEBAX, (b) PEBAX-GO 20
wt%, (c) PEBAX-GO 30 wt%.
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Fig. 3. TGA thermogram of (a) PEBAX, (b) PEBAX-GO
20 wt%, (c) PEBAX-GO 30 wt%.
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Fig. 4. Cross-sectional SEM images of PEBAX and
PEBAX-GO membranes. (a) PEBAX, (b) PEBAX-GO 10
wt%, (¢) PEBAX-GO 20 wt%, (d) PEBAX-GO 30 wt%.
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Fig. 12. Ideal selectivity vs H, permeability in PEBAX
membrane and PEBAX-GO composite membranes as a

function of GO contents.
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Fig. 13. Ideal selectivity vs H, permeability in PEBAX
membrane and PEBAX-GO composite membranes as a

function of GO contents.
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