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Abstract: To enhance the transport properties of gas separation membrane, we prepared 6FDA—6FpDA
based polyimide membrane with PMMA — graft—silica nanoparticles. The silica was grafted PMMA which is
miscible with 6FDA—based polyimide after surface treatment by 3—methacryloxypropyltrimethoxysilane (y—
MPS). The untreated silica/6FDA—6FpDA membrane showed greater permeability and less selectivity
than PMMA —g—silica/6FDA—6FpDA due to its low dispersion. The transport properties of PMMA—g—
silica/6FDA—6FpDA membrane were measured as a function of filler concentration. These mem—
branes were evaluated using pure gases (He, Oz, No, CO5). The increase in permeation was attributed
to changes in the free volume distribution until 1 wt%. After 1 wt%, the permeability was decreased
by excess silica which decreased effective area in polymer matrix. The selectivity was decreased with
increasing permeability on the whole. However, the selectivity of CO2 showed more enhance value.

Keywords: 6FDA—6FpDA, PMMA, silica, dispersity, selectivity.

M = I Qe dRbA o YRR o]8Hal Sl aEAF U ¢

S e 7k 9 RS 7 Sl Wb diepd e

2 22E o8t TR ROl et A7s A XSS A Bado] ekl wiao] ekl ubm, Mg R1Re we
SHoR 8] ekt Z1ARE e ol AR 2] A% 7]E0] A} Qo] thet AR, S<rst Uepead, ZA1E A% 58 7 1
et met S-8-2oke] At AR ARGl whE P 5= QA AWA 07 FFo] Y= vhAS 7|3 9t} o]ele B4
TS g s AR w2 tigt Aesde] AEHeR e, 59 upgo R 71—y BiaAls 7o) 71 gl By
olefeh aell R Ol AR BF BASWAR F UL g 9z wosky A6 S B 5 Uk 53], A2l 7
=71 HERA, 53] F7 - AP B3AVE HS S v 7150 AS 1R} FAs Qs WEEA Alolo]] Bake] T
51O FA]= =] >~ o © 1SS H s

+To whom correspondence should be addressed. s sl Al ARee SAs AR RN Ak Ak
E—mail: jooheonkim@cau.ac.kr Alole] Bt A7) AR ko] ubsht8 o)e)at AHES n}




GO {7 |- e HEAE Az o] 8= %S
A Fapdat AeldS 7R ol Alzd 2 oAPdska okl
TE a1 gk

712 BEES k= 71 A Al 7THIE o]
T ek 4 Al Fio] 7hest DS AR - FEA
7= in situ—FTHI W87 LolA AFAL] TR e} St
S T8l F7IEAED A Al w2t ks BE -5
g AAE AS 5 e sol—geld, T3 AT YA} F7 )R
A2 P5] EFA)E Bdeolrt ! o] WS & V)] &
71-Ag7t BEES Axshs o Uiedale] ST
F—F71E2] Akt 54 #ole] 35S fl8 T2 sol-gelH<S &
o] ARZ-E|SITE

Eute] Alze] gloAE AA] sol-gelHS o8 Hid Alx
HuhHo| 7R de] AREEe] A1 Qi+, Sadeghi®} Khanbabaeif)
ATELE sol—gelHE 0|83+ EVASL A7t At eide Kaga)
o = "o] BE Al tisl] Tkt s RS BRI
31, A7} k] Z7tel Wk COy/Ny, COy/CH,2] AEwr} 27}
Fhe 28 RIsgIe” 2oy, B COyN, AEEes Bs)
31 EVAQ] Bk 7)A14 B9} Azt Ak v EAPd sidsiof
a BA|E o} itk

e

p

Marand®} Corneliust= 5392] 71A1E 24 2 S8 ==
g7, 71A1R FE 7R B EEoln| =g Al wlEE AR
sto] A7t ke Hilslel A58 Alzsle] 7SS

3l9dom, o]= %E3}o] organo—silicate?] %29} cross—linkingS
WEllsls dAlo|=e] B0 % Qs Zdlow|= izl vlEZA
el Z1A7} 3% AFehe A7t Wolr|a, EAkE = Qe A
Balo] AA|FQ o] FolErh= s Busigitt’ sul o] A
TN oJA] Aelgt QIxke] vk FAd o 9ldk 9Jx -SFEAlo]
7IA] Aewe] AslE 7 o EA) 9leS Bt vl Qlokh
A, 2 AFrelxE 2 G, 7IA1A 545 7K 6FDAA &
glon| =g uEA; fEYAT E9dshl 2595 T3 BT
olg3lo] A7t JAE ik Eitsigtowa fejuks Ao
u, EAI= Fof VR 7 1ES] -SR] kel Fo190ke] 1
T FRE 93] 6FDAA ETjoln| =g} Hold 84S 7
PMMAE A&7t Jxke] el B EAflo=Zx] F7|3izte] &
2R tEe] 1A F3 5449 adE #Estast sl

=1 O

Al (5]

o

I

M=Z. 4,4— (hexafluoroisopropylidene) diphthalic anhydride
(6FDA) ®AI= Lancaster Ltd. (Windham, USA) Z4%€ ¥+
HEE =5 99.7% olde] Aleks ARERISIOH 4,4'—hexafluoro—
isopropylidene diamine (6FpDA)+ Aldrich Chemicals (Seoul,
Korea) ©l| 4] 99% o] Aleks Fiste] AREEISITE A7t
O S 3 o8] A seAdES 3 YA &
AREEIIEE PMMA Y S5 A2 AR-¥ methyl methacrylate
(MMA) & Aldrich Chemicals(Seoul, Korea) 2F€ F-¢Jsto]
O] A glo] ARgsllon, FHAZ ARE AT Yieqirk=
Degussa®lX 353 H JAF 771 40 nma2) OX—50 Y=3iA}

[Jh= el

2~
LI

EZ2|H, A34W A1%E, 201093

ol

T A7

i

S ARSI Z[EF Gl B AldrichARe] dsgaleRs qlato]
st 5 ARESHIT
247 Ee2(o|n|=2| &Y. 2 HjelA AR BA Ezjoln]
= WY 35S Bal Axsiginh P Zelolmz=e] ¥
T Z2]o A Hpoly (amic acid)) & T4 {8l o5 T
|2 AR 4,4'— (hexafluoroisopropylidene) diphthalic anhydride
(6FDA), 4,4'— (hexafluoroisopropylidene) dianiline (FFpDA) <
100 C oPdellM] T3] Az 5 R I7F 42k 150 mLe 3
Z2p~I10) 6FDAS) 6FpDAS ¥Wal 3-5-8vliel NMP (N—methyl—
2—pyrrolidone) ol ~15 wt%=Z 591 3 24 3}2] A2oA] 244
7F REEAIA it o1& Fal Bolxl EEjotake: doju|=
%3t (thermal imidazation) g8 Fall Ejo|v|=x AJ=]Ed],
DBC (dicholorobenzene) & 58]E (azeotrope) & HH3h= 52t A
T SRe A&H o AASHL 180 T 2ol 24417k RS A]
A ISl A ov|E S Aow WAAT F 5 um2
AlFE 7 YIS HEZ deuglct. ZE fle dolle
wghEof| AlFste] HhEalA] b ofES mofdl & e
< FZ3lUle] 150 T g etollx] 24A17F Ax8hA T
= 5% AAE AL 6FDA—-6FpDA $do] ¢hagt). o]Z])
6FDA—6FpDA®] #4245 Scheme 1 VFERASITE
PMMA-graft-Silica 2IXte| ®MZ. 1542] Aj7iqlatel A%
A8 PMMAE TZ#2ZEAY]= 38& Scheme 2 HERSITH
Ag]7te] el PMMAE 1 EA|IZ]7] flst AdA] AZHA
2 3—methacryloxypropyltrimethoxysilane (y—MPS) ©] AF&-E]
ek A 2 9SS 8l Bl y-MPS, 32F S5, SRl

T = o=

o

=4

o
i

E«X

h=
[<)

T

==

Q.
Az

0

TR wEheS Wol oF 10WRT v E3F F, A7t A B
of ¥o] 60 Collx 2413 F<t HESAIZIL o)F, Rhg=a e

715 olg3sto] wHkE y—MPSE Uk Al oM, 2T y—MPS
o] ®r} kst AAS 914l isopropyl alcohol (IPA) 2 AlH8k= 3}
S 3—43) WS ©]F 110 C 37] &8k QEoA ueE-S
24N AxZro e HEAow Bd Ad A7t FegAE 3
8 5= 9k

227k k] Ee] PMMAE JZ8ZEA]7] $lsiA ]
¥ A7} Jed#ke) kA MMA (methyl methacrylate) 1
23l B2 o&tES FAlel ¥ 5 JIAIA] azobisisobutyronitrile
(AIBN) & 715101 3AIRE B1F RESAIZ] $of] YAielE o]83h
o PMMAZ} 282 E% A7t AeS A4 o= FE3iigich
=Sk ARfEol EAIE 4= Sl vRkS- 2 7] MMAS] AAE S8l
A tetrahydrofuran(THF) 2 3—43] 5202 AZslslon, ¥
7] 428k QB AL AZ T80 T AFBo 2417 A%
AlA 7ol GulE &3] AlASH, AlxsIel

S8 7 2e2late] M= 71A Eee] Alxs et Eloln]

To} Zejolw|= A=ke] tiu] 05, 1, 3 wt%ell 3idsh= PMMA—

0  FCCFs O
- cFy
B OO0k
CFs m
o o]

Scheme 1. Molecular structure of 6FDA—6FpDA polyimides
used in this study.
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Scheme 2. Synthesis of PMMA —grafted silica.
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Figure 1. FT—IR spectra of (a) silica particles; (b) after sur—
face treatment (y—MPS); (c) after grafted PMMA.
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Figure 2. TGA thermograms of (a) untreated silica; (b)
PMMA — graft—silica.
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membrane as a function of filler concentration.
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Figure 7. Gas selectivity of 6FDA—6FpDA/silica composite
membrane as a function of filler concentration.
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