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ABSTRACT : In this study, modified DA-MMT filled NR/DA-MMT nanocomposites were manufactured
by a latex method and a compounding method. Cure characteristics and mechanical properties of the Cloisite
I5A, carbon black, Na-MMT filled NR compounds and the DA-MMT filled NR compound by a latex
method were also evaluated. The filler content of all compounds was 10phr except the carbon black filled
compound. Degree of intercalation and dispersion was characterized by X-ray diffraction (XRD) and
transmission electron microscope (TEM). According to the XRD diffraction pattern and TEM analysis,
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extensive intercalation and homogeneous dispersion of the clay were obtained after the two-roll milling.
Although the layer distance was increased, some parts of DA-MMT showed the layer distance of Na-MMT
after vulcanization. DA-MMT filled NR compounds showed the highest ODR torques, tensile strength,
modulus, and tear energy. The NR/DA-MMT nanocomposite (by a latex method) compared with a

NR/DA-MMT nanocomposite (by a compounding method) was found that the improvement of the mechanical

properties was mainly due to the degree of dispersion of the clay.
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v = Crosslink density (mol/g),

V) = the volume fraction of rubber,

Vy = the molar volume of solvent,

o= the density of the rubber sample (g/ml),

X = the polymer-solvent interaction parameter
(toluene: 0.39, n-heptane: 0.46)
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Table 1. Experimental Formulations (Amount ; phr).

Base
Rubber NR latex
Method Compounding method Latex method
Organo- | DA- Na- DA-
Filler OB | OB clay | MMT | MMT | MMT
10 | 40 10 10 10 10
Zn0 4
S/A 1
BHT 1
Oil 5
Sulfur 2
DM 1.5
TS 0.15
A

s

DIE C

Figure 1. Geometry of specimens for die C tear test.
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Figure 2. XRD patterns for fillers types (a) and accor-
ding to processing stages (b).
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Figure 3. TEM images of DA-MMT (a), a NR/DA-
MMT nanocomposite by a latex method (b), and a NR/
DA-MMT nanocomposite by a compounding method (c).
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Figure 5. Cure characteristics of various compounds.
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Table 26 7z} AL 7lnss =43 A3
E VeI BUE FAAY %L 10
DA-MMTell &% dodecylamine®] <& 24 phr

Table 2. Crosslink Density of Various Compounds.

A .

3

s - x28%

(24 goltt.

WA, NR/Dodecylammonium chloride 7]3}-8&-=9}
NR/Dodecylamine Z3-$-=9] 7[R EE B W3]RH,
(DA-MMTo|| &% dodecylamines 9 FHekQ]
24 g B9, A9 HAke ge bR, e
31Fko] dodecylamine2 712 DA-MMTZ 2%
NR/DA-MMT FHg-g-= (e 2)¢t NR/DA-MMT
ARLE FHALEY)E 2L lusgs e
ok ole ol ¥ skl o E wuvd
ot NRDA-MMT Z32= (f=)2R)74 NRDA-MMT
A (FIEERET JhlEdA 2 %E
Jehjich ol rhuAl BskeYReAN bt
°12be) DAMMT 23 @402 9% 7k Wala
a7} 2elznol ©1g NRDAMMT #3hesole
9 ® ofdel ehelx AeldiMel DAMMT]
$4g wados Jdd PYz goz Azd
NRDA-MMT g9 7lawrt ot 52 A
o2 #edEn. ol#d A= ODRAXS HY
EA 7t 23 Aigeke F x|l NR/Cloisite
15A Aug=¢} Ades How AZH NRDA-
MMT Z3-2=9] Bl A], NR/Cloisite 15A 33
2o Aluwsl ¥e A% Lehjen, ok Cloisie
15A¢] £33 47 IEF Foz A3 Jluxe)
72 Btk A% #Ex yor Axd

Compounds M v (molie)

Toluene n-Heptane Toluene n-Heptane
NR 0.213 0.224 9.82x107° 9.21x10°
NR/Na MMT 0.198 0.174 6.72x10° 5.13x10°
NR/Cloisite 15A 0.298 0.371 19.4x10” 21.1x10°
NR/DA  MMT(latex method) 0.295 0.366 18.6x10° 19.7x10°
NR/carbon black(10phr) 0.246 0.307 15.5x10° 11.8x10°
NR/carbon black(40phr) 0.271 0.340 16.9x10° 15.7x10°
NR/DA  MMT(compounding method) 0.285 0.352 17.9x10° 18.9x10°°
NR/Dodecylammonium chloride 0.265 0.252 12.5x10° 13.2x10°
NR/Dodecylamine 0.261 0.301 12.1x10° 15.5x10°

Vi =the volume fraction of rubber, v =crosslink density (mol/g)

A 2B A414 A1z, 2006
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