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Abstract: Sulfonated poly(styrene-ethylene-butadiene-styrene) (SSEBS)-clay hybrid membranes were prepared by solution
method. In the preparation of hybrid membrane, the amount of clay content was fixed to 5 phr and montmorillonite (MMT)
was fully exfoliated by the SEBS and it was confirmed by X-ray diffraction method. D-spacing of the characteristic peak
from MMT plate in WAXD was fully diminished. Gas permeability, mechanical properties and thermal properties of the
SSEBS-clay hybrid membranes were investigated. Gas permeability through the SSEBS-clay hybrid membranes decreased
due to increased tortuosity made by exfoliation of clay in SEBS.

Keywords: SSEBS-clay hybrid, gas permeability, intercalation, exfoilation, MMT, mechanical property, thermal property

Yz FoAse 4859 AFE, A% B B

F43 wEE 9 Fulg ARTS AR AL
T A

S o® {0 e ofn p oo Y N

g 93, A7 71719 dr)EEel wE a4dw3tE FARENEAE A viE3A] e AP nEE W
AR o] Aol A A BAALR FZEI Q) A= HAT A AR AR diFEE 83 24
o} o]y FAY uigh ) Wetem JA8FHA|E fAWte 2 7|t A8HAE nEAANES
HeElol 22 Mg FFEE AT & e ANEL 9 02 AMgde dEAXNE n2AHHA dgHAe)
YA axpzZA 23S 9] AlZgh gstdAE A Aves ASAADMFC)7t tiEF ol i

d A5AAE ZEE ATA nEAES Hzjds

T 222 2} (e-mail : walden@gsnu.ac kr)

165



166 g - 34

Atk nEAAsEd AgARd g AMEHe o
& Du PontAlel| 4] #|Z}3+ Nafiono]t}. Nafiond &4
2 o]Fojx 1EA FHE QA 5T 84, 54,
281 7)AA BAS Adoh a2y NafionA =]
79 100°C 0]4}9) 3120 A water uptakeZ} F&3] o]
2olx)A] grom A4A ARFEEI A jon cluster
BE fpoloe AgAde] A3 FAE JHo] TA
H, O 59 3=} =o{{1]. wabr] gufjel o3 =t
B0l 47 Aok BEFH oY £ 25oA B
ol AEEE Belth & U BAHL Hfde
o] HI AAAo] "olx 1 FAURY AxFTHol &
Aste] A go] we Aotk AFWEE A5HA
(DMFO)E AAAA glo] Azl wWetes 23 &
7 Ao ANE TAAE DEsEME

—_—

p

o]

AR A5 AR Axdlojth. DMFCo|A HEhE £2}
E FARAE AAEA Ga FEAT Sl F
Hq ARE A2 Wl T2 Eo] AgAHoz 4}
29t £4 248 A2 BR §E B ok =
quA dez 98 2¥-FFY 23 AIAN2HE

3o} Ful7h golsith AT wgE AA0ME Q)
& oggo] ot A AAY e FAA €l
=g DMFCe| 243}l 7tz 2dE°] Ha At

AA L
C-S Age A3 A 724 AL 747 g0
. olels TEARARL FRo] FFHA dow 4

dagel A 15 4 A 2 &, 2006

ke = weth o] TN Eo 3 A
o AL FE AAE o] w9 FF 4, Fol
29 28, &4 2% Fo| Ut} Y9 =AS R3]
A3 2 EA}

o ZezEd 1T FHER 8s
FEPIOT BAF EAsEUTY BSY 18T
HEEe 45 MRE0R 2TEE FATT. AUH
4, Yol AFH) LB FAE FHoE 4B
FA%e) 84 Ao Fo| Wold A AL $E}
SrEglch B9 TRRE olge BRg, Ao
A4, Edsmnste) 39S & + Q) Bl BE,
ge AE, olZ, B RES Bolshl Az /b5l
o ARAZ BBEH] WEA 5T 2F A

=
4 to

Az7} 7Fs stk AEZ}L Zol 71l Hojux
AT Fssin] g4o] o WE, AE, HAA, H2A
59| 18R $& AFo 1750 5
etk 3 o2 iR AxY 1A EEA
DAISAlo A SEBSE o]&3te] 2he fasigen A
T &l A Nafion} Hl%:g b ERAUTHI)
o] wAsle Yer)es 1EA EgAd &
e Ao @A gy 2olx Y LA A=
o Hlg) FY FFlA Yxtel EHH, F AW B0
ml$ 23 gz} Atele] AZx A Taste EEA Y
EASo A WaAY MEL 71TES Uil H
oM, date BAL 4L F AN AFS AL
uf ¢ golate, FEe F77h ZlolaiA vehde A%
£9 714 B9 EAES FB & e Aol ok
MMT? 7A¢ 2+ 9 FAE ¢ 1 nm, Zo]= 30~
1,000 nmo|1 & Alo}e] 7+AL ¢F 02 nm He FX
ZA] spect ratio= A WA £¥ FAxrt Ak B4
Ag)AC)ES Z & van der WaalsEol 3 3=
o} glom Zo) UL ofojo} J|=EA OFOE
Z

T
ki
ox,

=
1

ojFoiq 917] Wil HFgo] wWi¢ F 5T AL
Atk 24 dgAcEx AstEREH FHE 7hest
M 34 24 dYAclEE FR R e S A4 =
A 5 de Aol ok old v jiAE e



Aree ARAAE

Bl = B3AE Axdte Avde 58949 2
7z As}glo) strengtht} modulus 5] 7]A14
o) Z7H10-12], E¥¥Ees, AFAY 2 9
S 93 54 FH13-20], FEIU ke FRsE
AAEH barrier S4[21] 5 71T F dvke H
M o] EAES o83 7|& 1AV Bole o
o B4 FEY ax2A ZdiEL it

ox I H
o ox iy of

Ol

% AT e TEA 23 FAA7NE EQ¥stL ©
sh, B} e 71A1H BAo] 3 nEAE 1A
%isﬂél ooz o]g& 4= Q7] f8 iR #FENNE

ANV EN BY 54718 EUTE o]2iERs
NAH AeE AN 9T, 23 B %
2 B4& 7}zl SSEBS-clay dtolH = #E A %5}
9)5te] SSEBSOl| clayE #7}3le] SSEBS-clay 3lo]B.
2= A)z3590. A2% SSEBS-clay dto|B g we
499 A=E XRDE Isgon, &7 =4
RE g3y s Aol EFEH7E o83t
}FEY FRE UG €3 E4wstE 92F

=2 2= 0

BAU(TCA)T AAZFALFADSC)Z Tohusi
2. M Mz ¢ Y
21. 8 7

Ao A2 SEBSE Shell Chemical co®] KRATON
G-1652% AMgatglon, SZ3AZAM sulfuric acid
(Daejung chem. co.)9} acetic anhydride (Dagjung chem.
c0.)S A28} acetic sulfateE A|Z3le] AR om,
2w} 2 1,2-dichloroethane (1,2-DCE, Shinyo pure chem.
co)E A3tk §hgel FHL ) isopropanol
(Daejung chem. co.)S A8-3}F T} SSSEBS-clay hybrid
23 solutionol] AME-H £ E+ THF/EOH (4:1)
2 AM834t)h. Southern Clay ProductA}g] Cloisite®
15A, Cloisite® 20A, Cloisite® 30BE A8}t

fot oot

2.2. SSEBS-clay sto|H2|E M=

SAY S o]43}ted SSSEBS-clay stejB = =S A
zZ387 9sA, WA sulfonatoindh2-S 93 acetyl
sulfateE A Z3tc). ice bassE o|§ 0°CE FAA7]H
A w77y B2E 3G Z8k239) acetic anhydride S
ukelt}. Sulfuric acid® dropping funnel® A}&-54a)
AAE] ol 3087 WkgAZIch DCEE ¥ $

57) stolBg= A 167

*“_Oﬂf\i IA]Z_P o} wHkt}. sulfonated SEBSE A
+:"r oA BF-&5 719 wHkr|7t
o]& SEBS$} DCEE 21
C°ﬂ/‘1 Z‘iO] %Eﬂ’*]ﬁ’]q gaid A &9l =
] 598 & A WA A Z3FF acetic sulfateS
Wojreg]WA] 50°Col A 60°CAlo]Z 1 h B¢ o
t}. w89 =48 93] isopropanolS 2o 30E7H
2t Be TRTE ARSI whed 1EAE
43 AA3 T 24417 Bt AT B A Azt
SSEBSE SSSEBS-clay dlo|B = & A|2387]
3 Ay 259 clayE 70°Co) A 8A17F o) AFLQ
Boj i &sh:} £Z319 SSEBSES THF/EtOH (4:1)
# 279 clayE A3 & ALsA
23] =& &AL petri dishH& F Hood
A & 461 Az3lo SSSEBS-clay 3tojHTT uh&
A

o

o ofo r2L'
z

£ 8 1@ (oo

2.3. Characterization

SSSEBS-clay dlo]BE|E o] 3EA AFhel] o3
o} EF o) claye] A4Y A % HE] ARE Fofr
98] XRD (Bruker AXS)Z4-S +33tAth. XRDEA
& Aeox =454, scanning ratex 1°C/minZ,
scattering angle 20 = 1~10°¢] Jgo g AF3}Yrh

A ZF SSSEBS-clay 3fojH = who] &E7] =44
22 Bolaly) A3 A #FEA]7(infrared spec-
trometry, IR)E ©] 83} &S] F2E FYstdith
IR ATR (attennunated total reflectance)modes =%
st

A %" SSSEBS-clay 3dtolBrale who] clay 7)ol
g% 24 249 W vnE sk AT G 7
43 7](differential scanning calorimetry, DSC TA In-
struments Ltd)E o] -§-3te] S8k Ny #9171 5ol
A £& 2& 10°C/mineZ -100°CHE 150°C7HA] &
£E 45784 §EUaE ARG Az
SSEBS-clay sfolBelc we] Ygag Potusl 95t
o} &4 Fg BAV)(thermogravimetric analyzer, TGA)E
Agstel 5 37] 2997 st A FLEFH 700°C7
A 10°Cming] SE2 $LaHN LEo] BE Az
24 728 24U,

AZ3 SSEBS-clay sto]BET e 7AH EAL
ol 7] A5t dumbelld AlHE HEO] LlodyAbe]

—_

Membrane J. Vol. 15, No. 2, 2005



168

absorbance

—

SSEBS/clay 15A

3500 3000 2500

2000

1500 1000 500

Wavenumber{cm™')

Fig. 1. ATR spectra of sulfonated SEBS.
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Fig. 2. XRD patterns of SSEBS-clay (cloisite Na') hybrid
membranes.
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Fig. 3. XRD patterns of SSEBS-clay (cloisite 15A) hybrid
membranes.
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Table 1. d-spacings of Clays and SSEBS-clay Hybrid
Membranes

Clay Hybrid membrane
Cloisite® Na* 11.9 (A) N/D
Cloisite® 15A 315 (A) N/D
Cloisite® 20A 252 (A) N/D
Cloisite® 30B 18.3 (A) N/D

* N/D = Not detectable
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Fig. 6. DSC thermograms of SEBS and SSEBS-clay
hybrid membranes. (a) SSEBS-cloisite 30B, (b) SSEBS-
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Table 2. Thermal Properties of SSEBS-clay Hybrid Membranes
SSEBS SSEBS + SSEBS + SSEBS + SSEBS +
cloisite Na* cloisite 15A cloisite 20A cloisite 30B
5% weight loss 168°C 182°C 195°C 151°C 163°C
10% weight loss 307°C 279°C 316°C 255°C 267°C
45 e e 100 o e e e e )
40 %T
36 80 [ 75 . 76 74 75
T 36 _ 87 l
% 30 H so‘;r ‘
% 25 22 24 g jﬂ‘y :
% 5 19 2 30%
s o
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Fig. 8. Mechanical properties of SSEBS-clay hybrid mem-
branes.
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Table 3. Effect of Cloisite Species on Gas Permeability Through SSEBS-clay Hybrid Membranes (No, 3 kggem®)

SEBS SSEBS + SSEBS + SSEBS + SSEBS +
cloisite Na' cloisite 15A cloisite 20A cloisite 30B
permeability’ 57.9 8.4 7.1 49 47
*Barrer = 10"°X cm® (STP)em/(cm’cmHg).
HE, §4 A 59 $EAF 59 &&o] AT}

Densitylg/em?)

SEBS SSEBS

SSEBS
+cloisite Nat +cloisite 16~ +cloisite 204 +cloisite 30B

SSEBS SSEBS SSEBS

Fig. 10. Density for SEBS and SSEBS-clay hybrid mem-
branes.
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