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Abstract: NBR-Clay hybrid membranes were prepared by melt intercalation method with internal mixer and two roll
mills. MMT was intercalated or exfoliated by the NBR and it was confirmed by X-ray diffraction method. D-spacing of the
characteristic peak from MMT plate in WAXD was moved and diminished. Gas permeability, mechanical properties and
thermal properties of the NBR-Clay hybrid membranes were investigated. Gas permeability through the NBR-Clay hybrid
membranes decreased due to increased tortuosity made by intercalation of clay in NBR.
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Table 1. Properties of Various MMT Type Clays

Oreanic modifier Modifier % % Weight loss Specific
L 8 concentration moisture on Ignition gravity(g/cc)
Closite® Na” None 92.6 meg/100 g clay* < 2% 7% 2.86
Closite® 15A ghﬁgflﬁryd‘:gl‘mﬁxedm‘IOW’ 125 meq/100 g clay < 2% 43% 1.66
Closite® 20A ﬁ;&ih;ﬁl(;‘;Vr;rrl:é;i-rl;ydmxyethyl’ 95 meq/100 g clay < 2% 38% 1.77
Closite® 30 dimethy, dihydrogenatedtallow, 90 meq/100 g clay < 2% 30% 1.98

quaternary ammonium

* cation exchange capacity
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C|)H3 CH,CH,OH
HsC N*—MT HsC N*—T
HT CH,CH,OH

(a) (b)
Fig. 1. Structure of MMT type clays. (a) Closite®15A,
Closite®20A, b) Closite®30B, where HT is Hydrogenated
Tallow (~65%C18; ~30%C16; ~5%C14).
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2.3. Characterization
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Fig. 2. Intercalation methods of MMT with polymers.

Layered silicate polymer

/
7

(c) (d)

Fig. 3. Schematic illustration of various types of thermodynamically achievable polymer/clay hybrids. (a) phase separated,
(b) intercalated, (c) intercalated and flocculated, (d) exfoliated.
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Fig. 4. XRD patterns of NBR-clay (Closite Na) hybrid mem-
branes.
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Fig. 5. XRD patterns of NBR-clay (Closite 15A) hybrid
membranes.
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Fig. 6. XRD patterns of NBR-clay (Closite 20A) hybrid
membranes.
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Fig. 7. XRD pattern of NBR-clay (Closite 30B) hybrid mem-
ranes.
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Table 2. d-spacings of Clays and NBR-clay Hybrid Membranes
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Fig. 8. DSC thermograms of NBR and NBR-clay hybrid

membranes. (a) NBR, (b) NBR-Closite Na', (c) NBR-
Closite15A, (d) NBR-Closite20A, (e) NBR-Closite30B..
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Table 3. Thermal Properties of NBR-clay Hybrid Membranes

NBR NBR + Closite Na NBR + Closite 15A  NBR + Closite 20A NBR + Closite30B
Tg(’C) 27 26 27 27 -26
5% weight loss 347°C 341°C 295°C 319°C 316°C
10% weight loss 392°C 395°C 373°C 377°C 377°C
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Fig. 10. Mechanical properties of NBR-clay hybrid mem-
branes.
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Fig. 11. Hardness for NBR and NBR-clay hybrid mem-
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Table 4. Effect of Closite Species on Gas Permeability Through NBR-clay Hybrid Membranes (N2, 3 kgdem?)

NBR NBR + Closite Na*

NBR + Closite 15A°  NBR + Closite 20A

NBR + Closite30B

Permeability® 106 76 78 65 66
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