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Abstract: Elastomer-clay nanocomposite membranes were prepared by melt intercalation method with internal mixer. We
are used NBR, lonomer, SEBS (Styrene Ethylene Butadien styrene Copolymer) as elastomer, and modified clay. Gas barrier
property of the elastomer-clay nanocomposites membranes were investigated by a gas permeability of CO,, O,, N; at room
temperature. Gas permeability through the elastomer-clay nanocomposite membranes increased due to increased tortuosity
made by intercalation of clay in elastomer.
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Table 1. Properties of Various Clay Species

Oreanic modifier Modifier % moisture % Weight loss on Specific
& concentration Ignition gravity(g/cc)
Cloisite® Na+ None 92.6 meq/ 100 g clay < 2% 7% 2.86
Closite® 15A dimethy, 125 meq/100 g clay < 2% 43% 1.66
dihydrogenatedtallow,quaternary
ammonium :
Closite® 20A dimethy, 95 meq/ 100 g clay < 2% 38% 1.77
dihydrogenatedtallow,quaternary
ammonium
Closite® 30B methly, tallow, 90 meq/ 100 g clay < 2% 30% 1.98
bis-2-hydroxyethyl,quaternary
ammonium
CH, CH2GCH,0H Table 2. Formulations of the NBR Compounds
Natural rubber 100
H1C N*——HT HiC N* T Zinc oxide
Stearic acid 5
HT CH,CHL,OH Sulfur 0.5
Naugex MBR(M) 2-mercaptobenzothiazole) 1.5
(@ (b)
Fig, 1. Structural formula of various clay species
(a) Closite®15A, Closite®20A, (b) Closite®30B, 2.2, atol M=

(b) where HT is Hydrogenated Tallow (~65% C18; ~
30% Cl16; ~5% Cl4).
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Table 3. D-spacings of Clay[44]

Clay D-spacing
Cloisite® Na' 11.9 ()
Closite® 15A 28.6 (A)
Closite® 20A 249 (A)
Closite® 30B 16.7 (A)

—ico,
vzzo,
50 ey -Nz

cmHg

S 40 F
30

204

Z

Barrer= 10"° cm*(STP)cm/s cm

o . ¢ - - %

T
pure Na+ 15A 20A 308

Clay

Fig. 2. Gas permeability of NBR-clay nanocomposite
membranes.
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Fig. 3. Gas selectivity of NBR-clay nanocomposite
membranes.
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Fig. 4. Gas permeability of lonomer-clay nanocomposite
membranes.
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Fig. 5. Gas selectivity of Ionomer-clay nanocomposite
membranes.
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Fig. 6. Gas permeability of SEBS-clay nanocomposite
membranes.
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Fig. 7. Gas selectivity of SEBS-clay nanocomposite
membranes.

Total Path of a diffusing gas
d'=d+d-L-Vi2W

d : thichness of a film

L : length of a clay

W : width of a clay

VE: volume fraction of a clay

i Tortuousity factor
—— r=dAd
=14L-Vi2W
Equation for a permeability coefficient
Pc=Pp/ ¢
= Pp/(1+L- VI2W)
Pp : permeability ~ coefficient of a
matrix polymer

Fig. 8. A model for the path of a diffusing gas through
the polymer-clay nanocomposite membrane[37].’
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Table 4. Properties of Gases

Gas Nz 02 COz
Kinetic sieving diameter’ (4%) 364 346 33
Molar mass (g/cm’) 28 32 44

a Ref. [38]

Conventional composites

v k 7 v v

“Tortuous Path” in layered silicate
nanocomposites |

-——lw

1N

Fig. 9. Formation of tortuous path in PLSNs membrane
[38].

2 clayRt} 714 2 %8 JHAE A€ B S dok
d-spacing #to] & A& AYACIEY F3He] 7HFo]
7 e Aolgn & 4 Jon, o33 AgAcE
Fol mEA A 2 BEabo] 7 & o] Fo)x)7] H
Folgta & 4 ok

olgigt AARZRE {HreA-clay YeEFAE
e &5 BRAED ZAEREsT AeEHAES
Atk 71 A-clay Y=BJAE 2ollA A 7}
)49 EREE Hlwste] vl barrier S
& BESIAY. 9714 clayrt L&A 712 S S
1A Fozie I8 gt & ¢ It} F,
147} B43171918 522 ZIHAA 714 o5 v
&5 2N AL & Qo

FRAFY & Zae ZAY HA doly F7hd
ols) A HH36]. Fig. 8& AE A} -clay Y= B 3a) 8
oho] Jdzelnt. wrek do] L3} FA WE 7HA #a
o] 3Rz} 7)Ao BPog Earso] TP, tortuosity
factor T= 4 (3)oll g3l QoJZh AGB)dA Ve H
o] By E4S vehdch

d
L7

X4y 4

N

N
=

=1+ (L2W) V; ?3)

FHH R FHA (=Pc/Pp:Pcst Ppe 247t EHA] %}

&AL 712 RFAFe thE 2@l 3 Fo7n
Pe/Pp = 1/(1 + (L2W) V) 4

2@ M2, FHH] FHAFE o 2o &
4o do|ghE o] Zold 4 Sl

Clay= Fig. 99|lA Yehd R o] 182} 7|d&
Soke 71 £x9] AWS Astste v E(maze)t
‘FETE3 5 Z(tortuous pathyE WECZH gas
barrier §/4¢] F7Fg0tal & A QoH37). 18 F
29 4L 18 A -clay =B FAH LEAA I3
Age] #Zask T F3E bartier 522 £}
Al WERdTH18,38]. thekst aspect ratio®] F4 Az
O ER wEo7 YEA "ES vuFozN F
FEE aspect ratio®] Z7}d| WHAME 7HATE G 5
ATt

B3 2 AFdA A8 FRY @A AXE &
1A A-clay W=REAE 2] COy 0p, BT N,
o] EREE vwdYS W CO>0>N, £0.8 T3}
E ol FolRE & F Atk oz NAEY 4
ZF St W& Aotk FHRTAA A HET} 71F)
9o Bxlg 749} 56k (kinetic diameter)] Z7}9

£ Zlojgte Ao F5 & wi3lth Table 49X = o
g 7)Y EAFH SE9ES i o R

flo oX ©

»

A2&0] No9t OB HA o
7HAl ZIA BT o g ExbEe] 27] Wil
Co.9l FatEE Yeld A3 B A% B olfz
w43 08 7AEEY & @&
clay W=E#A4E £ A% CO, FRE} o2
FAG Aolg HolA
1o & T Ut o] AL Ionomer-clay V= E 3R &
o] Azl AHEE L2FZI0] o] km ] o} 2
HEE2A ¥IE dos|n, AT E WA 9E
o 0: /1A% Rk o AARE Aclekn AzEL
olekm B O.FALAFTE COEY 7t9¥d 4
Bel o 27 9% PedEs Rt Adrh40). =3
Mensitieris[41]= o83 0] =12 0,8 CO, 7]H4] 2
FHE HEEAA &3 s #E3IALH, tortu-
osity &} immobilization (blocking effect)2.4~ 9] 7+47} 7]

AFRES F7HE AT AF8H

[¢]

fo 19 §

Membrane J. Vol. 16, No. 2, 2006



150 |4 . QA -

HE YB3 2ol A barrier £49 o]
2 gdeAd AA, AuHoz WP Bl
Wy Ee 2 F0EY B 2e 249
A% AL & A YA U Aol Bharadwaj
[42]= Nielsen[43]9)] 2]8] A™H A tortuosity =FS 7]
%2 3t PLSNsol|A] barrier 549 28-S A3}
At} A|E Zo), &, uidk, 18]3 &7 Ae) Alolg
BERAE GuRgA Bedel AgdE o B
barrier E22] tlxlole] td AAL AFZE Ao
oot

OLm
0.
4

NBR, Ionomer, SEBS (Styrene Ethylene Butadlen styrene
Copolymer)®] H71&AAZ o] &dd HrerAdA
Clay Y=E3AE =& §H5HOE Axstct o
2 Azd F71gAA-Clay Y =E3AF 2o 7|4
231 242 A9 AAFHAAE ol §ad ALolA
A4 dEs KA o|ASEA(COy), A0, &
AN)7F2e] AAEHES 2Rt 22 e
B3 7)A FHEE COp 0y 18X N9 2 7
£8E Hol 9T, 4 F7IRAART clayr} T
H YeEdAE ] gas barrierdo] ¥ A UgtowH,
1 ZANE Cloisite® 15471 &8 U=23aa ot
o) B 4 % R0 uegch tebA /A% IS4
oA clayy FH7EZ9 tortuositys F7HAIAAM 714
B g ZaAldle Ax FYdAtt E£F NBR#H
SEBSS #7947 & euidE 2o s
BEst QelsE 1A BAF 219 £5uAe 2
2o W} CO»0x»N, £0.2 22 e 7= A
selsldct 53k, lonomer-clay V=B-3Al 5 e A
Zo| AMEE mx0] o]k B9 T nE
ZAE WAL ZAGEE 2A e 0, V1A
o 37} o 4974 COte) EhEet FrH s
RUHQ A7} the neARYG HolHEe 2
A o2l @ AHE 714 4 2 58 53
AAEHA =l 58719 e FHRAAE, AFXE

mlo

’l ox
-h

Al A 16 @ A 2 5, 2006

S R LCECIECLRINEDERE
a9 +995UT, of 7ol Aoip AFA
(o] ARy 287 BK21 AF'S) A9ANS WS,

1. W. J. Koros and R. Mahajan, “Pushing the limits
on possibilities for large scale gas separation:
which strategies?”, J Membr. Sci., 175, 181
(2000).

2. W. J. Koros and G. K. Fleming, “Membrane-based
gas separation”, J. Membr. Sci., 83, 80 (1993).

3. C. J. Cornelius and E. Marand, “Hybrid silica-
polyimide composite membranes: gas transport
properties”, J. Membr. Sci., 202, 97 (2002).

4. E. J. Moon, J. E. Yoo, H. W. Choi, and C. K.
Kim, “Gas transport and thermodynamic properties
of PMMA/PVME blends containing PS-b-PMMA
as a compatibilizer”, J Membr. Sci, 204, 283
(2002).

5. T. Naylar, Permeation properties in handbook of
comprehensive polymer science, vol. 2, 1 and 643
edn, UK:Pergamon Press (1998).

6. V. Compan, D. Zanuy, A. Andrio, M. Morillo, C.
Aleman, and S. M. Guerra, “Permeation Properties
of the Stereoregular Nylon-3 Analogue, Poly(a-
hexyl 5-L-aspartate)”, Macromolecules., 35, 4521
(2001).

7. M. E. Arnold, K. Nagai, B. D. Freeman, R. J.
Spontak, D. E. Betts, and J. M. Desimone, “Gas
Permeation Properties of Poly(1,1” -dihydroperfluoro-
octyl acrylate), Poly(1,1’ -dihydroperfluorooctyl meth

and Poly(styrene)-b-poly(1,1” -dihydro-
perfluorooctyl acrylate) Block Copolymers”, Macro-
molecules., 34, 5611 (2001).

8. V. Barbi, S. S. Funari, R. Gehrke, N. Scharnagl,
and N. Stribeck, “SAXS and the Gas Transport in
Polyether-block-polyamide Copolymer Membranes”,

acrylate),



F71EAA-Clay U=EgARE 2o 7HF 3 54 151

Macromolecules., 36, 749 (2003).

9. M. R. Pixton and D. R. Paul, “Gas Transport

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

Properties of Polyarylates: Substituent Size and
Symmetry Effects”, Macromolecules., 28, 8277
(1995). :

C. L. Aitken, W. J. Koros, and D. R. Paul, “Gas
transport properties of biphenol
Macromolecules., 25, 3651 (1992).
P. Tiemblo, J. Guzman, E. Riande, C. Mijangos,

polysulfones”,

and H. Reinecke, “The Gas Transport Properties of
PVC Functionalized with Mercapto Pyridine
Groups”, Macromolecules., 35, 420 (2002).

P. W. Neilson and G. F. Xu, “Gas Permeation
Studies of Silylated Derivatives of Poly(meth-
ylphenylphosphazene)”, Macromolecules., 29, 3457
(1996).

U. S. Aithal, R. H. Balundgi, T. M. Aminabhavi,
and S. S. Shukla, Polym-Plast. Technol. Eng.,
30(4), 299 (1991).

G. J. van Amerongen, J. Appl. Phys., 17, 972
(1946).

T. Johnson and S. Thomas, “Nitrogen/oxygen permea-
bility of natural rubber, epoxidised natural rubber
and natural rubber/epoxidised natural rubber blends”,
Polymer., 40, 3223 (1999).

A. N. Gent, “Engineering with Rubber: How to
design rubber component”, Hanser (1992).

W. G. Hwang and K. H. Wei,
thermal, and barrier properties of NBR/Orga-

“Mechanical,

nosilicate nanocomposites”, Polymer Eng. Sci., 44,
11 (2004).

S. S. Ray and M. Okamoto, “ Polymer/layered
silicate nanocomposites: a review from preparation
to processing”, Prog. Polym. Sci., 28, 1539-1641
(2003).

A. Okada, M. Kawasumi, A. Usuki, Y. Kojima, T.
Kurauchi, and O. Kamigaito, “Synthesis and
properties of nylon-6/clay hybrids”, In: Schaefer
DW, Mark JE, editors., “Polymer based molecular
composites. MRS Symposium Proceeding”, Pitts-
burgh., 171, 45-50 (1990). '

L. M. Liy, Z. N. Qi, and X. G. Zhu, “Studies on

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

nylon-6 clay nanocomposites by melt-intercalation
process”, J Appl. Polym. Sci., 71, 1133-1138
(1999).

S. Joly, G. Garnaud, R. Ollitrault, L. Bokobza, and
J. E. Mark,
Silicates as Reinforcing Fillers for Natural Rub-
ber”, Chem. Mater., 14, 4202 (2002).

M. Lopez-Manchado, B. Herrero, and M. Arroyo,
“Preparation and characterization of organoclay

“Organically Modified Layered

nanocomposites based on natural rubber”, Polym.
Int., 52, 1070 (2003).

Y. T. Vu J. K. Mark, L. H Pham, and M.
Engelhardt,
cis-1,4-polyisoprene and epoxidized natural rubber”,
J. Appl. Polym. Sci., 82, 1391 (2001).

S. Varghese, J. Karger-Kocsis, and K. G. Gatos,
“Melt rubber/
layered silicate nanocomposites: structure-properties
relationships”, Polymer, 44, 3977 (2003).

A. Mousa and J. Karger-Kocsis, “Rheological and

“Clay nanolayer reinforcement of

compounded epoxidized natural

Thermodynamical Behavior of Styrene/Butadiene
Rubber-Organoclay Nanocomposites”, Macromol.
Mater. Eng., 286, 260 (2001).

F. Schén, R. Thomann, and W. Gronski, “Shear
controlled morphology of rubbet/organoclay na-
nocomposites and dynamic mechanical analysis”,
Macromol. Symp., 189, 105 (2002).

M. Kawasumi, N. Hasegawa, M. Kato, A. Usuki,
and A. Okada, “Preparation and Mechanical Prop-
erties of Polypropylene-Clay Hybrids”, Macro-
molecules, 30, 6333 (1997).

A. Usuki, A. Tukigase, and M. Kato, “Preparation
and properties of EPDM - clay hybrids”, Polymer,
43, 2185 (2002).

W. G. Hwang, K. H. Wei, and C. M. Wu,
“Preparation and mechanical properties of nitrile
butadiene rubber/silicate nanocomposites”, Polymer,
45, 5729 (2004).

J. T Kim, T. S. Oh, and D. H. Lee, “Morphology
and rheological properties of nanocomposites based
on nitrile rubber and organophilic layered silicates”,
Polym. Int., 52, 1203 (2003).

Membrane J. Vol. 16, No. 2, 2006



152

3L

32.

33.

34.

3s.

36.

37.

EEEE

C. W. Nah, H. J. Ryu, W. K. Kim, and S. S.
Choi,
butadiene copolymer nanocomposite”, Polym. for
Adv. Technol., 13, 649 (2002).

Y. 1. Tien and K. H. Wei, “High-Tensile-Property
Layered Silicates/Polyurethane Nanocomposites by

“Barrier property of clay/Acrylonitrile-

Using Reactive Silicates as Pseudo Chain Extend-
ers”, Macromolecules, 34, 9045 (2001).

M. Berta, C. Lindsay, G. Pans, G. Camino, “Effect
of chemical structure on combustion and thermal
behaviour of polyurethane elastomer layered silicate
nanocomposites”, Polymer Degradation and Stabili-
ty, 91, 1179-1191 (2006).

P. C. Lebaron and T. I “Clay
Nanolayer Reinforcement of a Silicone Elastomer”,
Chem. Mater., 13, 3760 (2001).

L. N. Sridhar, R. K. Gupta, and M. Bhardwaj,
“Barrier Properties of polymer nanocompoiste”,
American Chemical Society (2006).

K. Yano, A. Usuki, A. Okada, T. Kurauchi, and
O. Kamigaito, “Synthesis and properties of poly-
imide-clay hybrid”, J. Polym. Sci. Part A: Polym.
Chem., 31, 2493-2498 (1993).

J. S. Park, J. W. Rhim, and S. Y. Nam, “Prepa-
-ration and Gas Barrier Properties of Chitosan/Clay

Pinnavaia,

Nanocomposite Film”, Membrane Journal., 15, 247

Wugel, A 16 A Al 2 %, 2006

ECRECERY

38.

39.

40.

41.

42.

43.

44.

(2005).

K. Uano, A. Usuki, and A. Okada, “Synthesis and
properties of polyimide-clay hybrid films”, J.
Polym. Sci. Part A: Polym. Chem., 35, 2289-2294
(1997). A

C. J. Orme, J. R. Klachn, M. K. Harrup, T. A.
Luther, E. S. Peterson, and F. F. Stewart, “Gas
permeability in rubbery polyphosphazene mem-
branes”, J. Membr. Sci. {(2006)

T. Al-Ati, and J. H. Hotchkiss, “Effect of the
thermal treatment of Ionomer films on permeability
and permselectivity”, J. Appl. Polym. Sci., 86,
2811 (2002).

G. Mensitieri, M. A. Del Nobile, and C. Manfredi,
“Thermal Effects on the Gas
Properties of Tonomers Used in Food Packaging
Applications”, Packaging Tech. Sci., 9, 228 (1996).
R. K. Bharadwaj, “Modeling the barrier properties

Transmission

of polymer-layered silicate nanocomposites”, Mac-
romolecules., 34, 1989-1992 (2001).

L. Nielsen, “Platelet particles enhance barrier of
polymers by forming tortuous path”, J. Macromol.
Sci. Chem., A1(5), 929-942 (1967).

Y. J. Kim and S. Y. Nam, “Preparation and
properteies of NBR-Clay hybrid membranes”,
Membranes Journal., 14, 132-141 (2004).



