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2 o B A= GO (graphene oxide)E &8 714 2|9 A5 8l 71AFH =7 -8 PTMSP [poly(1-trime-
thylsilyl-1-propyne)]oll GOE 7}ste] PTMSP-GO A B34S A 23k, Ny, CHy, CO,0l thet FHEA & A3t
PTMSP-GO H3Ere| 7|A &= N, < CHy < CO, 2.2 & 7JAEHE S 7FHth Ny, CHy, CO,9l 71A 52 a2
GO T 0~10 wit% A FraFo] F73tel| whe} 7IAFHAET} 24387} 10~30 wi% B9 olA F7hshe A4S B3
o} A2 GO FFHaflolA = B3t HollAl GOZ} barrier® 2H-8-31e] b AR ZAEA T 7H43H 1, 94 g
9 ol A= AW A= voidE Q3 VAELEI}F 27T 81 COE GOY -COOHd| H3A4L 71A 1 ¢lo
AEE(COYNy)SF HEE(CO,/CHy)E GO ol F7hstiA HAab F7kete=t] A8 %(CO/Ny)= PTMSP-GO 10 wi%ll A
10.62 74 w2 AdxE By, AdE(CO,/CHy)E PTMSP-GO 20 wit%olA 342 714 &2 Adeg 1Y 12y
A FF o) dollA AEE(CO,Ny) e A E(COy/CHy) BF 74wt GO §Hge] BolAIHA GO S31&E 119 333
ol AaiA 1L, GO SHEE st COyoll et &% a7} woba] AH e} ZHA AT PTMSP-GO 20 wt% 5872
PTMSP ©2tR T S7Hd CO, F=9t HEE(CO/CHy)E HolHA AT SA40] &3E Ak

Abstract: In this study, PTMSP-GO composite membranes were prepared by the addition of GO (graphene oxide) into
PTMSP [poly (1-trimethylsilyl-1-propyne)] having high gas permeability, to study of gaseous membrane using GO. Gas per-
meation properties for Ny, CHs, CO, were investigated by increasing the amount of GO in the PTMSP. PTMSP-GO compo-
site membranes had higher gas permeability in the order of N, < CH4 < CO,. The gas permeation tendency of N,, CH,, and
CO; increased as the content of GO increased from 0 to 10 wt%, but the gas permeability decreased as increased from 10
to 30 wt%. In the range of low GO contents, the gas permeability decreased due to the decrease of diffusivity because GO
acts as a barrier in the composite membrane, and the gas permeability increased due to the void at the interface above the
content range. And CO, has an affinity with -COOH of GO, the selectivity (CO,/N,) and the selectivity (CO»/CH,) gradu-
ally increase with increasing GO content. And the selectivity(CO,/N,) showed the highest selectivity at 10.6 for PTMSP-GO
10 wt% and the selectivity (CO,/CH,4) showed the highest selectivity at 3.4 for PTMSP-GO 20 wt%. However, above a cer-
tain amount of GO, selectivity (CO»/N;) and selectivity (CO,/CHy4) decreased because the coagulation phenomenon between
GO was increased and the solubility effect of CO, decreased. The PTMSP-GO 20 wt% composite membrane exhibited en-
hanced gas permeation characteristics with increased CO, permeability and selectivity (CO./CH4) over PTMSP membrane.

Keywords: PTMSP, GO, permeability, selectivity

TCorresponding author(e-mail: selhong@smu.ac.kr, http://orcid.org/0000-0002-1653-2170)

105



106 Seul Ki Lee * Se Ryeong Hong

A 4 A B 7)A BEee o 3tel B4
o QAE WHFE HILZAA o) usBLE
A AdlaRRE 48 BSE 5o A5
o BAEAE AAsHE A7t B AYHL Yok
[1-3]. % Bal ol RoiAE AR FHL oA
Aol I, Aze] (s AAROZE $ET 5

O o2 ML 2
M

X

Qe AL AR oy a2y n8A 7)A) Beet
L YutH O 2 trade-off B4 IAE AU o ]
EAE MAE] YA ‘mixed matrix membrane’

(MMM)7} AREE=H, o212 LgAtete] Frled =
F71-571 28 & Hviste] dshe et

[r

[4-6]. dubA o2 T EA silica, zeolite, clay 53 2
< F71EH] FER AHEEH =93 JfEste] 1
BAe Aeses A At AdHI

5
[7-9]. HZolE 7S 7|22 3+ CNT (carbon nano-
tube), graphene, GO (graphene oxide)”} 71412 7=,
Wty 59 A4S 7R Qo] A FXE 4
A2 o] TH10,11].

Graphenee sp” &4 BAaUA7l A A2 a2
Astd g1z EFE HZ field-effect transistors,
ARA Y B3HA, AsjAE == viE e, 714 et
9 7 AP T og EokolA EdstA dTE
ATH12,13]. 2HH graphenes 714 T8 Tduto
&2 ARSI W 7L grol & B ojA graphenes
AFAR A FAAA EFHOR AFstal olE &
Yo g2 AREgTH14]. olwf e 1EA ujEo
Ae Z 24kEA eol #Eg EYu AlxTE olH Y
g JYHEEY= /NE3 GO (graphene oxide)E ©]
|3t 1EAS}F 534S Eolal aEA W B4
S FA @tk a8a Go MAsHE FAddA T2 Ul
| -COOH, -O-, -OH &9 %3 #871E 7
40} graphene F3te] A7 AAE L o] EAE 3l
gofsk Z)A R A7) o] FoA| 3 It} Achari 52
GO =& Alxste] HyCO, &8 540l a3 d+E
31 31[15], Kim 52 GO =3} a1E2F ¢l graphene
o ZVY HdTE =0 Hy, 0, Ny, CO0l TR
F3 Ags 7Yt HTH16]. Morimune 52 PMMA
[poly(methyl methacrylate)]9l GOE 7}3t] 0,0l o
St gas barrier242] A5 A E-E SFATH17]. Srinivas
& GOOll boronic acidE A< W, GO F9] 42ta

r

<

o=

mugel A 28 A A 2 3, 2018

£ 7 #-E7]19 boronic acid Ateloll B-O Aol A
AE] GOY FUAYE 2HToE EX 7|AY £
ARE AL § QS AoE BHuEItH18]. Huang
5SS PVA [poly(vinyl alcohol)]-GO Wi EgHehg 7
Z3te] 0, FHAAES AT 19]. olek Zo]
GOE Z83% 7|AFH AFo] o]FoAa Jom &

25 A&HoE e dF Adso] BHiHojof

Aoz AzZtEL olo] B AFoAE GOE =Y
Fetell it 71213 Ads AFstaat st
TR F F2Z O Z trimethylsily groupg 714
of Z AFHEIAZ Q3 L& VAFHEE Ko
PTMSP [poly(1-trimethyl-1-propyne)]| & L&A} 7]8E 4
A= 393, 7] GOE H7}sked PTMSP-GO &3t
oS A Z35Y N,, CHy €09 FHA4EE A3k
th FZEQ GoE F F=EoIH 7PgAE Yl -COOH
715 7HAAL ok

RloxR Ko [o
™
Y
S
o

b9

2. & ¥
2.1. NE % Al2t
o} Azl AFEEE PTMSPE GelestAH S )0l A A

&

o

193, T2E Fig. 1(2)2F 2t &2 ARE-H tol-
uene Sigma AldrichAH(P]=)¢] §H3%& AHESITH
GO+ Sigma AldrichAHP]=h)olA FU8FH L, 391
Aoz 7R ol 4~10%2] -COOH7} EA15t= A
O 2 AldrichAbell Al Al E3 T+2+= Fig. 1(b)eF 2T 7]
A& Ao AHEH JAEL (F)BA7F2(F4)
A A3 99.99%9] N,, CH,, COE ARE-3FS T

CH3 ] o on

CH3s
(a (b)
Fig. 1. Structure of (a) PTMSP and (b) GO.
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Fig. 2. FT-IR spectra of (a) PTMSP (b) PTMSP-GO 10
wt% (c) PTMSP-GO 20 wt%.
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Fig. 3. TGA Thermogram of PTMSP and PTMSP-GO
composite membrane. (a) PTMSP (b) PTMSP-GO 10 wt%
(c) PTMSP-GO 30 wt%.
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Fig. 4. Cross-sectional SEM images PTMSP and
PTMSP-GO composite membrane. (a) PTMSP (b)
PTMSP-GO 10 wt% (c) PTMSP-GO 20 wt% (d)
PTMSP-GO 30 wt%.
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Fig. 5. Permeability of PTMSP membrane and PTMSP-GO
composite membrane.
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Fig. 6. Selectivity of PTMSP membrane and PTMSP-GO
composite membrane.
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Fig. 7. Diffusivity selectivity of PTMSP membrane and
PTMSP-GO composite membranes.
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Fig. 8. Solubility selectivity of PTMSP membrane and
PTMSP-GO composite membranes.
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Fig. 9. Ideal selectivity vs CO, permeability in PTMSP
and PTMSP-GO as a function of GO contents.

= PTMSP
® PTMSP-GO 10wt%
A PTMSP-GO 20wt%
PTMSP-GO 30wt%
Robeson upper bound M e
_ 10 -\
- 5\ <4
R —
3
L
o)
i
= . 4
[e) ]
Q
v
1 T T T
10000 20000 30000 40000 50000

CO, Permeability (barrer)

Fig. 10. Ideal selectivity vs CO, permeability in PTMSP
and PTMSP-GO as a function of GO contents.
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