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(Dimethylformamide) = WY 28] = (N-Methyl-2-pyrrolidone) ¥ & ow, ES AMEstE Ao B} npgh

3t

e wgoe Bgs] AT 5+ At
wowe] o AAd] whE 7] wg gUe 34 ol L sHzneY sFEe] 1:10 vlA 111009 Bulz
8 5 gon, MaAsile 120 U4 1:809 & A, 1:30 A 1702 EFE Aol 53 v,

!
o

o
it
0%
)
T
oo
oo

2
=
2
ol
s
)
fo
Lo
off
bt

Ir

Hog, 3 N = 0.001 M WA 0.05 M, ®FE-=2)stAl= 0.01 M =] 0.05 M=
xggE ¢ glom, A7) vkg S sHEZndE sFgEe] %= 0.01 M WA 5.0 M, v AI= 0.3 M
W= 3.5 M2 23E 5 Q)

Hoatmo] o Ao wE Ay @A iii)S, A7) A1F Aol FE5-F7] FAAES T8t A2ES A6
= gAY, FAFeR, 7] G i)Y HbE &H4S 40 HA] 60 Tell Fo] 5577 =44 Y &9
Azshe B Alse] A9 v AANAE 7] 4 & 1 A WA 2A3F B2t gHste] 545771
FAANE AFATE GA; 2 SFFl AASa 20 WA 30 T QEo|A ¥l A xSte] vhaks A s T
2 ¥gsit.

Lk, B e A7) V1A 2Egs o)&ste VA EFEEREH F4AE BEEie ASE EAORE e, 4
2 WS AFsth

B ool A AAlde] e 7] VA EEEL w@Ega W FAE X 4 9oy, FAHor, B I
w2 A7) g3lessE C1 WA 89 AW ehalad 4= glom | oajF o=z CHy, CHy, ClHs, Cly 2 CHs 5
oAl Aeld 4= qlor}, o]d dAHE= AL oY)

2 oago] A Ao wpE 71 B9 FE5-77] 24 T/ ug B2 7Fed VA FH G4 E
2 4 At}

ojg, £ IHS HAAlde] &) FAs] dustt. ', 37 AAdE B SyS oAsHr] e AY B, 2T
Hol go] 317] AAldel o3& AL = AL olytl. olu, AlEE = 7]E £o] W 3E fofo QlojA tE
o7} glopd, o] WHo] &3l V& FokllA B AAE 7K ATt AR olFsta = ovE Tt

[AZ 1] 7888 V=2 E (graphene oxide nanoribbon, GONR) Akl A%

JHE Y=g 2 (GONR)L AP H Hummer's *WH (modified Hummer's method)E & AZHY. t5d @iy
E=FH (Multi walled carbon nanotubes, MWCNT) power (2.005 g)& 98% &4k (130 ml)ol ¥ H, F4Hik 24
F(KMnO-) 10.2 g& AHA3] H7bekld. 371 £35S 35T water batholl €o] 32413t &<QF unkek & jce
bath® %74 &7 150 m1¢ 30% F42FaEA(H0,) 40mlES 2FeE|2 HH3] H7Eskch. 1 39, A7) £ES
HE AR} 7E AHgste] oIt FRTE o8 W Ao JFAEE AASGT. st Aozl GONRS 7/
(200mD)ell War, TRAGOIAZ FAHAIA GONR HAkeS Al 33Tt

[AAld 11 714 E2)9 A(ZIF-8/GONR/PES) <] A%

oA 1 A1Z A (GONR/PES)

Z o 8|24 Z (Polyethersulfone, PES) WHHJZE(GVS, 0.2 um)S taAd EA AAAZ AFESAT. A
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Az 1o)A A ZE GONR EAMNS 0.01 mg/mlo] HEE FHFE 343 FHo, 343 GONR AN S
B Ay Ao =¥ o]} 6}0%}. GONRo] =¥ PES H SlFE = 60T LEoA Eo] 943
R

u‘aj A3 el

AAD w742 7Azx3s}e], PES Xl A A gl 40 nm FA 9] GONRZ: (A 15) o] FAdE 2 2H(GONR/PES) = A|=%3}3)
=

WA 20 A2% A (ZIF-8/GONR/PES)

AAbo}A63}=(Zine nitrate hexahydrate, Zn(N03).6H,0) 5.5 g& 7/ 1Lo] ¥ & 2-wLo|u|t}E(2-

fAS 25CoA 3087 wykale] | 0.029M¢] Zinc ion(Zn)3 1.20M9] 2-
oS- 100ml2 =3§3te], 2-Melm/Zn® &EH|7} 44.52 &8N S A3},
E3goS 50T water batholl 2% 7+ %o ZIF-8 A4 £9& A=xsP. 2 Fo, A7 @A 1A

g, A15o] Y 2 TH(PES/GONR) S ZIF-8 A7 &0 1A7F 5ok & 2 5, SF5 &4 Ao
Fa325C QB WAl Axste], A7) AllE Aol 360 nm FAY ZIF-8F(A2%)o] AAHH A B
A(ZIF-8/GONR/PES) & Ax3tAth. (2 1 € X 2)

[Hlae] 1] 71A =29 B(ZIF-8/Si)e] A=

| 1o] ©A 2004 Alz® ZIF-8 A &0l A7k AXA (A=, DIRAN S 1 A
F2 5, STl &A AolFaL 25T QFollAM WAl A xste], 1A el w B(ZIF-8/Si)E A= 3}%13}

Fi
o
oft
)

1_.

[\l 2] 714 ¥2l9 C(ZIF-8/PES)2] A=

A7) A oo whA 204 AxH ZIF-8 A &, PES WHEALEH(GVS, 0.2 tm)E 1 A7 B¢ 239 =
2>, ST &4 HolFa 25T B WAl Azxste], 714 &9t C(ZIF-8/PES) & AlZ313iH.
[Hdd 1] 71A #e2lvte] B4

LS|
~

e

2ol 339 (Fourier-Transform infrared spectroscopy, FT-IR) & X-A #Ax} 35 (X-ray photoelectron
spectroscopy, XPS)C = MWCNTS} A ool A A|ZH GONRS Z&7]|5 BEAdgon, 7 A3RE = 3 2 = 49

EAEE Y. = 3 9 = 49} o], MWONTE o3k 287 #25A] ke vbhH | GONRS ]E%@ﬂ of| Z A 7]
9 25479 AAh BEVE XFEE AS G5

EAL I

FAFA A8 M) 7 (Scanning electron microscope, SEM, IT-500HR&7610F-PLUS, JEOL)S o]&3le] PES #|A|A], A
Alef 19] ©A 14 AlzE 29 (GONR/PES) 2 A Aol 19] ©Al 274 fmEo] AlzxzH 7| A9 AZIF-
8/GONR/PES) 9] 55 HHS #Fsle] Hlal A3t 2 A3E & 59 Ao, B dref upE2 7|A)
219 A PES A A A Aol AT 2 A2Fo] L2 FAFHASTS AT

Fok, B o] AAle] 1oA AR 71A E2H AZIF-8/GONR/PES) ¢} Wlate] 1] 7] -2]qk B(ZIF-8/Si)ol
A, ZIF-89] 37 AlZtel whE AT EWS SEMO.R $hEsta Wil BASke], o ARE = 60l =AISSIT
% 69 (a)eh #ol, wlate] 19 A7} AXA M= ZIF-80] #AstAl AskA] Fab= vk, & 69 (b)o}
o], AAle] 19 GONRE Aol A= ZIF-87} #dsta w27 Agste] ZIF-8 utule] Zo] gAE 4 d8S 3

ot

SEME o] &3dto] & ge] e 1914 Alxd 71A Y AZIF-8/GONR/PES) Sk Hlale] 29] 7]1A] &9t
C(ZIF-8/PES)S] @S #Fste] vlul #Aetal, 1 AF4E = 79 EAEATE. & 79 (b))« 714 89 A &
o] SEM-EDX(energy dispersive spectroscopy) mapping ©]V|A|(Zn)=2, ¥ 9o w& 7] &2 A, PES
AAA el FAE GONRZ©] ZIF-89] HFE oJAlstar, o2 s GONRel ZIF-8 whute] F4F Fx2 JA4

F 9ee s

Pn

w3k, £33 [z} dv 7 (transmission electron microscopy, Schottky)S ©]-&3}o]
t A(ZIF-8/GONR/PES) ] ©l& #&sgitt. = 89 (a) 3 (b)= 7|4 &2 L
1 w2 Z1A el e A PESAell GONRO] oF 40nm F719] Moo g4dd 4= 9lom, 7 To] AR kAl

2AEY AdS5S sy, = 89 (c) WA (e)= 714 Egl9 A @] C, Zn ¥ N TEM-EDX mapping

oH, =
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[0109]

[0110]

[0111]
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ofj

= = [e]
dTEE olFaA &

tlo

oIMAE TEN olmlAs vme Ao, B wyel Wi JA Bw A% -dHe
[}

PES XA A, AAlel 19 WA 1o]A AxH Eg=H(GONR/PES) ¥ AA|d 19 ©A 271x] &iEo] AxH 7)A)
2wk A (ZIF-8/GONR/PES)ol] thdt @ 714 FAEE =A89t. 25T, lbar A, 71AY EF+E He
Hg, COZ, Ng, CH/1, C2H4, CZHG, CgHe i C 8’%, %‘Xé ‘%}‘ﬂ% chke—Kallenbach‘ﬂ% /\}%O]-S{iﬁ}.

)

Aol 7] (mass flow controller, MFCs)E AR&ste]l, & Z]A7F 10 ml/min®] FFoZ 714 FE|do] =4
H ATk, 71A EEute] Fapi ZHolA= Z7) 713 (Sweep gas)Q! No7F 20 ml/min FH o2 E=QiE A, FahE V)
Aot A o] 7t ARvlE Y] (YL6500 GC, YonginCromass)Z FUE AT, GCE F3td 7A9 525
EAsta, FoegE 67] 4 15 Fal Axtetalen, o AdE & 90 =ASHAT

(4 1]

P1 = Nl/(A X Pa)

A7) A 1904, N FIHE 1A BRFmol/s)ela, AR 7hask R wel AAG), PE A 2w
we] §1Eak(Pa)el .

= 99} o], PES ARXA A EFEZ 1x10 -10° mol/m - pa-sO® ZAHAI. GONRZo] HAH

_|., oy
B>
ol
l
o
o
il
fz
38
o
)
—r
)
B
M
Ak

B
—lﬂ
rx

(GONR/PES)®] whe} 10 mol/m” - pa-s = g ©)

A gkokt}. wbHol | GONRZE Aol ZIF-8%°] &A% (ZIF-8/GONR/PES)ol wiel, H-, % COf uu}zﬂl S
9] Balea VS A9 FHskA ik, AduAde 7S A3

wak, 7]&o ZIF-8 714 a2 Cut off ranges 4.0-4.2 A¢l wbdd, 2 o wE 7)x Ha)dt A9
Cut off rangei 3.4-3.6 AolA YEly= Zo2 Hol E Urge] mE 7]z A= GONRZ 7ol ZIF-8%
o] AxsA AHASES & F Ut

(234 3] % 7|4 FH= &3

2 oabye] w2 7)) 2EE A BF A FHEE Y. 7] Add 2014, @<L 1A didlel] &3t
ZIAE AHES Ao R AYsaE 2 MBI = (Selectivity)E 7] 2] 29} o] x7]A)
o] Fye}l yriAle Fee] vl ALbsgit.

>
A
&
=)

H/Cll_E3 714 3w 54

ox
N
>
ud)
2
[\]
=
>
L
e
N
2
=2
>
=
oft
e
o
4z

9 =9 H, 2 CHoF 244 10 ml/min® 53 (ZE 20 ml/ming

TR oE 74 FEwel =YdH, 2% o] 150T ¢ AL Aldtas L e dAste], Hy/CH,

23 J)A9 Exw @ AUss AAEoH(E 10). = 103 2o], el W B3hE 1.43%10  mol/m - pa -
3}

A7) H/CH, B3 714 Fow SAA, CH, tlilel CHE AFgata €% 27lo] 25T RS A9stis: 5
g wwow A, L/l £3 7149 FaE 2 AEEE AXNESAT(E 11). & 113 2o, ol o
E3E 5%10 mol/m - pa-s, AEE 13322 8% Hob $Aay, HgHo|m 943 e THIL st
A},

C0,/CH, :E_g' 7] A BY= %Xé]
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5

=

=

H

e
=)

} o
871 Hy/CHs EFF 714l FA5 SAA, Hy tialel COo
’ vl 2

[0118]

B9 TR T S —
= R _ T W o AR T o
= ® Ol S G T
S =y & < °F T oo W
S _ T o M o AR R (o wm ) iy
-~ op . N N ~ o &
1.mv|E Jo ﬂmmm i % " NjJ o by oK = o BT
- of Topny ATk I
T MoT o R o] TOW T =
SIS wp o o) T 1 U H
A+ " o W T 5 P CaY
Mook N T ARt o XX ™
: wn X 3 = W ) \m)ﬂ N oF B
S A oy B mﬂ_w_ w HOFX o P oy =
- o T Hoo- T Bl A = h ~ e o R
I - doTs s Sk oy s M%)
O R TTEE £ 0F =4 ) el
N = - B opo T B X A B &l
,UI ~ o i 0 o &5 o W — 2 f S
T o T Gep il < = N o £ [
3L o O X » = ] \
= e Sy J..%% L = IF E A
2 E 4 ﬂmm < Mom %MMAT = S ﬂM B e
=~ B FTTE4 Fh,Q = x, _F Ny
iy T T o X o 2o &N = J
w o+ T LI TE&EE T Y o
G R R AT Wy Lwm HE
< e w 85 ® o e T M = ~ 55
K T <A ~ = ok @ |2
i o4 = ) a cl w| 2
Moo =S A W L e T A | =
o W oo = = = = N do =
i " ‘m it mné 4 ,.Wc n o = & me 3
TS ~ oo 2 ol i+ B TS T = gt
= —y R ooy ® - = W g0
= 5 ﬂm N o Ly ® Wu Z R 2
—_ | ) — f f.w —_ o
Pw T HEX T ElE Exw ~NE S
ar MM = Hn R ~ | N
= 4 R o L TT M o - * =
S Wy = 8 ﬂuT%Wo ST B o
S = 5 o o ol X £
S T FE RaavE o ® T X :
s @ T T F 2 IS % m X 8 E5
e = K .2 =% i ~ = —~ HAEE-
I R ) IS AR o 1EE
S R— T ooEoa D T X B ~ § | =%
.- T M A A - D o
Ma B A Hf_ o m ~ ME N gy B ny ®
mo o o~ GHTT o TN T ap fe0
Z oo N ETERIISE RN O %
ol o U m FON o ool B 28 N e -
i B oy P E B R 55 & E E
2 M T o W = o) W W H o ©opr w@E P m.w ) LI o
B mﬂ w =T s Shwy Hﬁ = _ML o m X T ~ g ..c. e g N
o o - B wC B H AR o N o= o) afrn 1
b > - -7 T L] N o B
HeE o K W = o8 N < E.._ E.,_ h B m o
I O
= —
= N = =
= — I
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&
&
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2000 1800 1800 1400 1200 1000 800 600
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200 nm
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NS4

e
=)

e]
107 H/CH, Ha/CaH, HL/CaHg Ha/CaHy Ha/CoHg

EH13
EH]4

—a

F
-

-

Without hydrocarbon
-

With hydrocarbon

"

r

r

10°

e

@
'3_10 r
E

»

S

10%}

10*

) soueauay *H

=13

10

HICH, HIC;H, HC:H, HJCiH, HICH,

EHI5

Without H,
lPamanc.e dedline

With H,

wy
=]
et

-
(=]

o ] -
(=]

T (sBd pw/iow)

107

aoueauad uoqiedoIpAH

2
o
Fmct

Fl il 4.‘&:- 0

..:o-..!..c.-bbn- sesaan o.o.p{io.!ﬁ-.*

H/CHe H/CoH, HaCaHy HICaHy HCoHy

EHI6
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EHI17
10
10’
150 °C
107}, w
§ *2 88 o
10" o
TV
i:o‘ ~ Sselectivity
- © Inorganic suppord ©
10" & Polymarc support TS
*  This work -
i0° = = Uppét bound (2008) =
1w 10* 107 10® 10°
H; permeance (mol/m® -pa s)
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4
10 5
o =]
10? & * Med gas
Og o
102 Cb
B # Single gas
-
§ 10’ v 3
O Inorganic support O
& Polymenc support o
lO’ & Thas work
0* 10* 107 10* 100 10°

H; permeance (molim? pa's)
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