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ABSTRACT : Natural Rubber I Clay nanocomposites were prepared with commercially
available organophilic Montmorillonite (MMT) by melt compounding. In this study, two types
of modified montmorillonite with different level of polarities, namely Cloisite 15A (C15A modified MMT with quaternary ammonium) and Cloisite 308 (C30B - modified MMT with
ternary ammonium) were used. The effect of organoclay type in rubber compound was
analysed through cure characteristic and mechanical properties. In addition, the rubberfiller interaction was studied by the crosslink density and bound rubber content while, the
dispersion state of the organoclay was investigated by X-ray diffraction and microscopy
analysis. The results indicate that both organoclays accelerate the vulcanization process
but more pronounced for the NR/C30B nanocomposites as confirmed by a decrease in the
cure time and scorch delay. However, the mechanical tests showed that when loaded with
10 phr C15A, the modulus, tensile, tear strength and hardness of the nanocomposites were
higher than those containing C30B at the same filler loading. It is suggested that, a significant
improvement in the NR/C15A nanocomposites' properties relate to better dispersion of the
filler in the rubber matrix at nanolevel as well as to the similarity of the polarity with rubber.
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INTRODUCTION

In recent years, hybrid organic-inorganic nanocomposites consisting of polymeric
matrix and a layered silicate has inspired scientists to a range of potential applications. Due
to their nanometer phase dimensions, nanocomposites exhibit significant improvements in
physical and mechanical properties in relation to the polymer host. The addition of just a
low percentage of nanolayered inorganic such as silicate layered can increase the stiffness
and strength with minimal loss in ductility and impact resistance, decreases the
permeability and swelling solvents, improves the abrasion and flame resistance. Although
clay nanocomposites have been prepared for many thermoplastic and thermosetting
polymers, rubber nanocomposites constitute only a minor proportion.
Rubber nanocomposites with an exfoliated morphology have been successfully
prepared by several methods, which include in situ polymerization, solution blending, latex
compounding and direct melt blending (Wu et al., 2004, Varghese et al., 2003, Manchodo
et al., 2004). Among the techniques used, melt blending is more often used to prepare NR
nanocomposites with organoclays. This processing technique requires information on
the rheological behaviour which depends on several factors, such as polymer-polymer or
polymer-filler interactions that relates to the nature of host polymer and filler of the
system. However, very little information about the compatibility between the organoclay and
natural rubber can be found in the literature. Thus, the present work focuses on the effect of
clay-organo modifier on the properties of natural rubber (NR) based nanocomposites
prepared by melt blending.
Pristine layered silicate surfaces are hydrophilic, thus they are not compatible with most
polymers. Cation exchange offers effective way of modifying the galleries of the clays,
thereby rendering the silicate surfaces more organophilic and therefore more compatible
with polymers. Nowadays, several modified clays or known as organoclays are commercially
available at relatively low cost. However, selection of organoclays depends mainly on the
type of polymer used.
In this study, NR nanocomposites were prepared by using two types of modified
montmorillonites namely Cloisite 15A and Cloisite 308. The properties of the
nanocompoites were then evaluated and compared. To observe the effect of different
organic modifier on the nanocomposites properties, the pristine clay was referred as a
control. Closite 15A is apolar Na+MMT clays modified with dimethyl, dehydrogenated tallow,
and quaternary ammonium (2M2HT). HT stands for a tallow - based compound compound
(-65 % C18, -30 % C16, and -5 % C14) in which, majority of the double bonds have been
hydrogenated. The cation molecular structure of cloisite 15A is:
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Cloisite 308 is a polar organoclay with the organic modifier methyl tallow bis-2-hydroxyethyl
ammonium {MT2EtOH) having the formula of:

MATERIALS AND METHODS

Materials

Natural rubber was supplied by Malaysian Rubber Board under the trade name of SMR L
[Mooney Viscosity, ML (1+4)100 °C = 75.9]. The pristine clay used in this work is the Na+MMT
acquired from Linfangzi Clay Factory, Jilin, China (cation exchange capacity= 92 mquiv/100
g of clay). While, commercial organoclays were supplied under the trade name of Cloisite
15A and Closite 308, in particular a montmorillonite modified with quaternary ammonium
salts.
Compounding

The NA/Clay nanocomposites of composition shown in Table 1 were prepared and their
properties were evaluated and compared. The mixes were compounded in Banbury internal
mixer (BR 1600) with rotor speed set at 120 r.p.m. The chamber temperature was set at
80 °C. Figure 1 shows the mixing cycle used for this study. The curatives were added
separately on a two-roll mill with roll temperature of about 50 °C.
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Mixing Procedure
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Figure 1. Mixing procedure of NR!Clays Nanocomposites

Table 1. Rubber Compound Formulation

phr
(parts per hundred of rubber)

Compounding ingredients
SMRL

100

100

100

Pristine clay

5-10

0

0

Cloisite 15A

0

5-10

0

Cloisite 308

0

0

5-10

ZnO

4

4

4

Stearic Acid

2

2

2

Permanax TMQa

1

1

1

Sulphur

1.8

1.8

1.8

TBBS0

1.8

1.8

1.8

Santogard PVf

0.4

0.4

0.4

a 2,2,4- trimethyl-1,2-dihydroquinoline
b N-t-butyl-2--benzothiazole Sulfanamide
c Prevulcanisation inhibitor
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Characterisation
X-ray diffraction (XAD) was used to characterize the nature and extent of the dispersion of
the clays in the filled samples. XAD patterns were collected using a Bruker DB Advanced at
"A Cu Ka= 1.54 and scan rate: 0.002. Bragg's law was used to compute the crystallographic
spacing (d) of the clays.

A

Compound cure -characteristics were analysed using a Monsanto ODA 2000 at 140 °C
and frequency of 1.66 Hz. The characteristics of cure consist of time to optimum cure
(T90 ) and state of cure (MH-ML). The scorch time, t2 of the mixes were also examined. The
compounds were pressed using hot press - and cut into standard shapes. Finally the
mechanical properties of the samples were characterized.
Tensile properties were measured according to ISO 37 specifications on an INSTAON at
a crosshead speed of 500 mm/min. Tear strength were determined according to ISO 34 by
using INSTAON machine with the crosshead speed of 100 mm/min. Measurements of
hardness were carried out according to ISO 48;
Freeze fracture surface morphology was observed using JEOL Field Emission Electron
Microscopy (FESEM). The number of active network chain segments per unit of volume
(crosslink density) was determined on the basis of solvent-swelling measurements (using
toluene after 72 h, at room temperature) by application of the Flory-Ahener equation.
The bound rubber content (BAC) measurement was done on the samples after 7 days
maturation. BAC measurements were performed in duplicate on single piece of each
compound weighing between 0.25 g and 0.3 g and placed into a separate Erlenmeyer
flask. About 50 cm 3 of toluene was added into each flask. The flasks were kept at room
temperature in the dark for seven days. After seven days, the wet (swollen) weights were
determined and placed in a drying cabinet (40 °C) for 24 hours. On the following day, the dry
samples were weighed and bound rubber content values were calculated.

RESULTS AND DISCUSSION

Cure characteristics
The effect of clay organic modifier on the cure characteristics of NA/Clay
nanocomposites is presented in Table 2. It can be seen that each compound exhibits
different cure characteristics, which may be attributed to the fact that each type of filler
possesses different properties, such as particle size, structure and aspect ratio.
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Table 2. Cure characteristics of the compound
10phr

Parameters
NRIMMT

NRIC1,5A

NRIC30B

NRIMMT

NRfC15A

NRfC30B

9.39

2.23

2J)4

9.11

1.63

2..43

13.37

4.38

4.92

12.74

4.07

4.31

1.13

U3

1.17

1.:25

U3

1.27

7.85

7.96

8.08

7.67

7.65

8.39

6 . 72

6.83

6.91

6.42

6.52

7.1 2

25.1

46.5

50.5

27.5

41.0

2.5 x 10'4

2] x 104

Scorch time (Tsi ),

min
Cure time (Tso), min
Minimum Torq:oo
(M),dNm
Maximum Torque

MSX•II/Hfl I

orque

Cure rate Index,

CRI :: 100.t( ff<ll - tsi)
Crosstink density
3.0 x 1ff4

(molmr1)

Note that with the presence of both organoclays in natural rubber, the scorch time, (ts2)
and cure time (t90 ) are dramatically reduced. As reported by other researcher, (Manchodo et
al., 2004) the organoclay behaves as an effective accelerator for natural rubber due to the
formation of transition complex with amines and sulfur. These results are confirmed by the
cure rate index values, CR/, which shows significant increase with addition of organoclay
which is attributed to the amine functionalities in the nanosilicate structure. In this study,
it shows that the acceleration effect is more pronounced with the presence of C30B as
compared to C15A even at low filler loading.
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On the other hand, the maximum torque and delta torque increased by the addition of
the organoclays, showing the reinforcing effect of this filler at low strain, in particular with
the presence of C30B. Furthermore, these results suggest that natural rubber became
more crosslinked with the addition of the organoclay, as confirmed by crosslink density
measurement presented in Table 2. These results are also in concordance with the bound
rubber measurements, which give an indication of rubber/filler interactions that increased
with the addition of the organoclays.

Mechanical properties

The summarized tensile properties of NR/Clay nanocomposites are shown in Figure 2
(a-d). The effect of the organoclay on the stiffness is more evident when measured at higher
strains. In this case, both organoclays at 10 phr filler loading give rise to a noticeable
increase in modulus at all strain namely 100 %, 300 % and 500 % which are 43 %, 25 %,
56 % and 23 ·%, 15 %, 23 % increment for C15A and C30B respectively compared to
unmodified montmorilonite. This shows the strong reinforcing effect of these inorganic
fillers.
However, when comparing both of the organoclays, it can be seen that the C15A-10 phr
nanocomposites shows the best improvement in tensile modulus and stress at 500 % strain
which is about 30.5 % higher than C30B at similar filler loading. The maximum strength of
C15A-5phr and C15A-10phr has also increased up to 8 % and 33 % respectively compared
to C30B without loss in elongation at breaks. It is interesting to note that, the degree of
improvement increases at higher content of C15A, which may be another indirect evidence
of interaction between C15A and natural rubber. By contrast, C30B tend to agglomerate at
higher loading as indicated by decreasing tensile strength and modulus at 10 phr. These
observations are in line with the fracture surface morphology analysis.
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Figure 2. (a) Tensile strength of NR!Clay nanocomposites with various formulations
(b) Elongation at break of NR!Clay nanocomposites with various formulations
(c) Tensile modulus of NR!Clay nanocomposites at 5 phr filler loading
{d) Tensile modulus of NR/Clay nanocomposites at 10 phr filler loading
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The tensile properties are in agreement with the results obtained from the analysis of the
tear strength. The increase in tear strength is related to the reinforcing effect of the filler
in the composites. The tear strength of the NR/C15A shows the highest value followed by
NR/C308 at similar filler content as presented in Figure 3. Improved hardness is also in
concordance with the tensile results. Figure 4 shows both organoclays which exhibit higher
hardness compared to the unmodified clay where the highest value is obtained from NR/
C15A-10 phr.
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Figure 3. Tear strength of NR!Clay nanocomposites with various formulations
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Figure 4. Hardness of NR/Clay nanocomposites with various formulations
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A marginal improvement in the mechanical properties of nanocomposites with C1 SA can be
attributed to the good dispersion of exfoliated silicate layers and compatibility between rubber
and filler. As expected, the larger basal spacing of C1 SA (3.23 nm) make the layer separation much easier by shear during melt mixing since the modifier inside the layer weakens the
electrostatic force between silicate layers compared to C30B (1.85 nm). In addition, C1 SA
is more hydrophobic in nature than C30B which is close to the nature of natural rubber. The
difference between C30B and C15A is that C15A has a longer alkyl chain at one branch of
quaternary ammonium ion in the modifier which makes it less polar. While, C30B has the
hyroxyethyl groups in the clay modifier that categorized it as polar clay and it is expected that
this clay can dispersed well in polar rubber such as ENR through hydrogen bonding.

Structure characterizatio n
The exchange of the interlayer cations of the pristine montmorillonite with alkylammonium
ions enlarges the interlayer spacing from 15.2 to 31.5 and 18.5 for unmodified MMT,
C1 SA and C30B respectively as shown in Figure 5. In addition, C1 SA shows a small second
peak at higher angles (28 7 .1 °) which suggests that a portion of the clay layers has not
been intercalated after the chemical modification. Figure 6 shows X-ray diffraction patterns
for C15A and NR/C15A nanocomposites containing 10 phr filler content.
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Figure 5. XRD patterns of clays
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Figure 6~,XRD patterns of C15A and nanocomposites based on NRIC15A (10 phr)

=

It can be seen that, C15A curve shows sharp peak at 29 2.7° (d001 spacing of 3.15 nm). As
for NR/C15A nanocomposites, a weak peak appears at the same 29. While, the second peak
of the organoclay at 29 = 7.1° shifted to lower angle to 29 = 6.1°. The decrease in the peak
intensity of 29 of d001 peaks and the movement of the second peak to lower angle (Arroyo
et al., 2007) can be related to the change in the degree of clay dispersion. This observation
may indicate that some changes occurred in the C15A platelets. The XRD result can be
used as an indication of the intercalated or nearly exfoliated clay structures in the prepared
nanocomposites.
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Fractured surface analysis

(b)

(a)

(C)

Figure 7. (a) Fractured surface of NR/Na+MMT (10 phr) in 5000x magnification
(b) Fractured surface of NRIC30B (10 phr) in 5000x magnification
(c) Fractured surface of NRIC15A (10 phr) in 5000x magnification
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In this study, freeze fractured surface of the nanocomposites was characterized using. Field
Emission Scanning Electron Microscopy (FESEM). Figure 7(a-c) showed the fractured
surface of (a) NR/Na+MMT, followed by (b) NR/C30B and (c) NR/C15A in 5000x
magnification. There is a significant difference in the morphological appearance between
the NR/C15A compared to the NR/C30B and NR/Na+MMT. The agglomerated clays can be
seen clearly for fractured surface morphology of NR/Na+MMT and NR/C30B in Figure 6a &
Figure 6b respectively.
On the other hand, a more homogeneous morphology with a finer and more uniform
dispersion of C15A is observed from the SEM micrograph in Figure 6c. From the results, .
it is believed that similar polarity of C15A with rubber gives rise to a more homogeneous
structure. This perhaps explains why organoclay C15A shows better mechanical properties
than the other organoclay C30B.

CONCLUSION

NR/Clay nanocomposites were successfully prepared by melt compounding using various
types of clays. From the obtained results, it can be deduced that the low reinforcing effect of
unmodified clay is evident. A poor compatibility between the unmodified clay and the matrix
is proven by a decrease in the mechanical properties. Nevertheless, a marked increase of
the mechanical properties is observed when the organoclay is used as filler in C15A. It is
believed that a marginal improvement in the mechanical properties of NR nanocomposites
with C15A can be attributed to the good dispersion of exfoliated silicate layers and
compatibility between rubber and filler which is confirmed by XRD patterns and fractured
surface analysis.
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