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SUMMARY

Nanocomposites of styrene-butadiene rubber reinforced with modified hectorite
clay as nano reinforcement have been processed by solution blending. Hectorite
has been modified by octadecyl amine (O-Hc); by grafting with silane coupling
agent N-(3-trimethoxysilyl) propy! ethylene diamine (S-Hc) and by both methods
(OS-Hc) to be used as a nano reinforcement material. Styrene-butadiene rubber
nanocomposites based on Octadecy!l amine (O-Hc) modified nanoclay; silane
coupling agent N-(3-trimethoxysilyl) propy! ethylene diamine grafted nanoclay
(S-Hc); and nanoclay modified by both methods (OS-Hc); as reinforcers show
improved mechanical properties, as compared to styrene-butadiene-rubber.

Keywords: Styrene butadiene rubber, Hectorite, Octadecyl amine (O-Hc) modified
Hectorite; Hectorite grafted with silane coupling agent; Nanocomposite

INTRODUCTION

A nanocomposite is a composite in which the matrix is reinforced by a
reinforcement having nano dimensions [1-4] (< 100 nm). Nanocomposites are
novel materials, and their fundamentals are forming an important study within
material science and technology [5-7]. Fundamentals and industrial potential
of polymeric nanocomposites [8-10] have been investigated. Compared
to conventional composites, nanocomposites have been offering superior
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properties such as strength and moduli [11], decreased thermal expansion
coefficient[11], decreased gas permeability [12-16], enhanced ionic conductivity
[17], decreased flammability [18-23], toughness and barrier properties [24-26].
Polymeric nanocomposites offerthese properties due tothe nanoscale dispersion
of the nano reinforcement material within the polymer matrix, and efficient
interfacial adhesion between the polymer and the nano reinforcer. Examples
of polymeric nanocomposites include polyamide-6/clay nanocomposite [27]
and other polymeric nanocomposites that have been offering good physical,
thermal and mechanical properties [28-33]. Several nanocomposites have been
developed that have been based on carbon black [34], carbon nanotubes [35-
37], exfoliated graphite [38], nanocrystalline metals [39-40] etc.

Polymer/clay nanocomposite is composed of layered silicate dispersed in
polymer matrix [41]. The high aspect ratio and large surface area of nanoclay
offers high reinforcing efficiency. Literature survey [42] reveals that there are
two established morphologies that can be achieved using nanoclay fillers:
(a) intercalated, where silicate layers are partially separated by polymer chain
but structural order is still retained; and (b) exfoliated, where silicate layers are
totally delaminated and disordered. Efforts have been made to study rubber/
clay nanocomposites [43].

This work investigates the structure of styrene-butadiene rubber/
organomodified hectorite clay nanocomposite by X-ray diffractometer
(XRD), Fourier transform infrared spectroscopy (FTIR), scanning electron
microscopy (SEM) and transmission electron microscopy (TEM). Mechanical
andthermal properties of styrene-butadiene rubber/organomodified hectorite
clay nanocomposite have been studied by differential scanning calorimetry
(DSC) and thermogravimetric analyzer (TGA).

EXPERIMENTAL

Materials

Styrene butadiene rubber (SBR, JSR 1502) manufactured by Japan Synthetic
Rubber Company with a density 94 gm/cc, bound styrene 23.5%, Mooney
viscosity ML,,, @100°C =53 has been used. Hectorite nano clay used is a
trioctahedral smectite, which in theory means that all of the octahedral sites
are filled with divalent metal cations. This is in contrast to the dioctahedral
smectites in which only 2/3 of the sites are occupied by a trivalent metal
cation and the remaining sites are vacant. Dicumyl peroxide, octadecyl amine,
aminopropyl silane used were obtained from Aldrich.
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Preparation of Modified Hectorite

To enhance the intercalation or exfoliation process into a polymer matrix, a
chemical modification of the clay surface, with the aim to increase the inter
gallery gap and to match the polymer polarity, is often carried out [44-45].
Pristine hectorite usually have hydrophobic inter-gallery environment which is
detrimental to access by the hydrophilic polymer molecular chain. Therefore,
nanoclay has been modified by organic modifiers to make it hydrophilic.

Organo-modification of Hectorite

Hectorite has been modified according to method as described by Masaya
et al. [46]. 16 gm of pristine hectorite was dissolved in 1| distilled water
under constant stirring to obtain suspension solution of clay in water. 8 gm
of octadecyl amine and 4 ml of concentrated HCI was dissolved in 400 ml
water and the resultant solution was poured in clay suspension under vigorous
stirring. The solution temperature was maintained at 80°C for three hours.
White precipitate formed was filtered and washed several times with distilled
water to remove chloride ions and was then vacuum dried for 24 hours. The
modified hectorite was powdered to 200 mesh size with the aid of mortar
and pestle. The treated Hectorite has been termed O-Hc.

Surface modification of Hectorite was carried out by treating Hectorite with
silane coupling agent N-[3-(trimethoxy silyl) propyl] ethylene diamine. 10 gm
of pristine hectorite was dissolved in 1l distilled water at room temperature
under constant stirring. About 10 ml of aminopropyl silane was dissolved in
11 distilled water and this solution was added to the clay suspension under
vigorous stirring at 80°C for 3 hours. Precipitate so obtained was filtered,
washed thoroughly with distilled water and dried at 60°C for 24 hr in vacuum
oven. The grafted hectorite was powdered to 200 mesh size and has been
denoted as S-Hc.

In the process of organo and surface modification of hectorite (double
modification) both organo-modification and silane grafting of hectorite clay
was conducted and the modified hectorite has been designated as OS-Hc.

2.3 Preparation of Nanocomposites

SBR/nanoclay nanocomposites have been developed using solution
intercalation process, using chloroform [CHCI,] solvent. SBR was dissolved
in the solvent with constant stirring. Modified hectorite was sonicated for two
hours in the solvent to swell it. Modified clay was added to SBR solution with
constant stirring for 12 hours at 80°C after which the composite was cast
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in Petri dish and was air dried. Nanocomposites have been processed with
organo, silane grafted and silane grafted organomodified hectorite nanofiller
loadings of 1, 3, 5 and 7 wt% each.

Curing of the nanofcomposite sheets was carried out by passing the solution
cast sheets through two roll mill with friction ratio of 1:1.14 for 5 minutes to
make them solvent free. Curing was carried out at 160°C for 1 hr under 1200 kgf
pressure. After curing, the nano composite sheet was cooled in the mold and
then in air for 25 min and was left overnight for further cooling. Specimens
for tensile testing have been prepared as per ASTM D412.

CHARACTERIZATION OF THE NANOCOMPOSITES

Modified clay to be used as nano reinforcer, and the processed styrene-
butadiene rubber based nanocomposites have been characterized, along the
lines of characterization of other literature reported nanocomposites [47-51].

X-ray Diffraction

The clay gallery height has been evaluated using Philips PANalytical X’pert
PRO X-ray diffractometer with Cu-Ka radiation with an accelerating voltage
of 40 kV, a generator current of 30 mA and wavelength of 0.154 nm at room
temperature. The range of 26 scanning of X-ray intensity employed is 3—-11°
with a scanning rate of 1°min~"'. Bragg’s law is used to compute the basal
spacing (d) of the nanoclay as follows — nA = 2dsin®.

Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectra have been obtained on Perkin EImer Fourier transform infrared
spectrometer using KBr pressed sample discs. Clay has been characterized
for modification by silane coupling agent and octadecyl amine. Results have
been obtained from 100 scans at a resolution of 2 cm™" in transmittance mode
in the 4000-400 cm™" spectral range.

Mechanical Properties

Dumbbell shaped specimen for tensile testing were cut from the molded sheets
using punching press or ASTM Die-C. Tensile strength has been determined
according to ASTM D412-98 using a Universal Testing Machine (UTM) of
LLOYD instruments Ltd., England, at an extension speed of 500 mm/min at
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25+2°C with an initial gauge length of 25 mm. Results have been recorded
as an average of three samples.

Transmission Electron Microscopy (TEM)

Morphology of the SBR nanocomposite has been examined by JEOL JEM-
2100 transmission electron microscope (TEM) with an accelerating voltage
of 200 kV and bright-field illumination using samples prepared by solution
cast method placed on the copper grid.

Differential Scanning Calorimetry (DSC)

Glass transition temperature of the samples has been calculated by Perkin
Elmer Differential Scanning Calorimeter (DSC) in the temperature range of
-100°C to 30°C in inert atmosphere at a constant heating rate of 10°C min-".

Thermogravimetric Analysis (TGA)

Thermogravimetric analysis (TGA) has been performed under nitrogen flow
rate of 80 ml.min-! with a Perkin-Elmer Pyris TGA thermogravimetric analyzer
in the temperature range of 25-800°C with heating rate of 10°C/min.

Scanning Electron Microscopy

The fractured surfaces of the SBR nanocomposites have been investigated
using JEOL JSM-5800 Scanning Electron Microscopy with an accelerating
voltage of 20 kV using gold coated samples.

RESULTS AND DISCUSSIONS

XRD Studies of Modified Hectorite

XRD patterns of pristine and modified hectorite clay are recorded Table 1 and
Figure 1. The diffraction peak (001) at 26=7.26 corresponds to 1.22 nm basal
spacing of pristine hectorite clay. In the same fashion the diffraction peaks
(001) at 26=2.72, 4.98 and 2.80 correspond to 3.35 nm, 1.79 nm and 3.08 nm
basal spacing of O-Hc, S-Hc and Os-Hc respectively. The basal spacing of
S-Hc is the minimum because of the smaller chain length of silane molecules.
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Table 1. XRD of unmodified and modified hectorite

S.No. Sample d-spacing(nm) 20° (degree)
1 P-Hec. 1.22 7.26

2 O-Hec. 3.35 2.72

3 S-Hec 1.79 4.98

4 OS-Hec. 3.08 2.80
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2500

2000

Intensity, a.u.
3
<

1000+
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2 theta, degree

Figure 1. XRD of hectorite

FTIR Studies of Modified Hectorite

The IR spectrum of untreated hectorite in Figure 2 contains bands attributed
[52] to OH bending at 654 cm™, Si-O stretching at 1012 cm-", Si-O out-of-
plane bending at 707 cm-, and Si-O in plane bending at 470 cm™'. The OH
bending band of hectorite is overlapped by the Si-O absorption at 701 cm™
and the Si-O-Mg band (460-450 cm-' region) is overshadowed by the strong
Si-O-Si vibration [53]. A doublet at 2923 cm™" and 2851 cm™! attributed to
the C-H stretching vibration is present in O-Hc and OS-Hc; but is absent in
pristine hectorite. These results confirm the organo modification of hectorite.
Broadening of the peak near 1050 cm™' may be due to strong interaction of
C-O stretching vibration of silane grafting agent in S-Hc.
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Figure 2. FTIR of modified hectorite

Mechanical Properties

SBR/Organomodified Hectorite (O-Hc) Nanocomposite

The SBR/organo-modified clay nanocomposite shows (Table 2 and Figure 3)
higher tensile strength as compared to SBR and the tensile strength increases
until 3% of nanofiller loading, perhaps, because of better dispersion of silicate
layers in SBR matrix and increased crosslink density[54-55] that results in
excellent reinforcing effect of the nanofiller. Increasing reinforcing efficiency
of the nanofiller along with increasing crosslink density increases stiffness
and lowers the elongation at break [56]. The higher tensile strength of the
nanocomposite may be due to exfoliation or intercalation of silicate layer in
SBR nanocomposite facilitating the silicate layers to orient along the direction
of applied stress, thereby improving the tensile strength [54-58]. Tensile strength
of the nanocomposite is 72 % higher than that of the SBR.

Applied Polymer Composites, Vol. 1, No. 4, 2013 213



P Bharadwaj, Pratibha Singh, K.N. Pandey, Vishal Verma, and S.K. Srivastava

Table 2. Tensile strength and elongation at break of SBR/
organomodified hectorite nanocomposites

Filler (phr) Tensile Strength (MPa) Elongation at Break (%)
0 1.42 53.32
1 1.744 75.20
3 2.456 96.9
5 2.141 75.93
7 2.011 52.66
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Figure 3. Tensile and elongation at break for O-Hc modified hanocomposite at
different filler loadings

SBR/Silane Grafted Hectorite (S-Hc) Nanocomposite

Silane coupling agent as a modifier for the nano-reinforcer influences the
mechanical properties of polymeric nanocomposites [58]. SBR/silane grafted
hectorite (S-Hc) nanocomposites show (Table 3 and Figure 4) increase intensile
strength for compositions containing 1% to 5% nanofiller loading, probably,
due to the intercalation/exfoliation of silicate layer in SBR matrix; and improved
interfacial compatibility [59]. The inter-gallery gap of silicate layer may have
slightly increased in silane grafted hectorite, but this needs further investigation.
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Table 3. Tensile strength and elongation at break of SBR/silane-
grafted hectorite nanocomposites

Filler(phr) Tensile Strength (MPa) | Elongation at Break (%)
0 1.419 53.32
1 1.59 82.5
3 1.733 70.1
5 1.803 60.33
7 1.633 41.01
1.85 T v T T T v T v 90
1.80 1 . /
180
1.751 m
g S
S 1.70- 70 Q
= i (=4
E’ 1.65 1 \ S
Q
Q 1.601 l60 =
{7 ! g
@ 155 S
2 1504 50 T
A X
1.451 o Elongation at break 40
1.40 * » Tensile strength [
| T M L] L
0 2 4 6 8

Filler loading, phr

Figure 4. Tensile and elongation at break for S-Hc modified nanocomposite at different
filler loadings

SBR/Organo-modified and Silane Grafted Hectorite Clay
Nanocomposite

XRD results indicate increased interlayer gap compared to silane treated and
unmodified hectorite but decreased gap as compared to organomodified
hectorite. Itis proposed that the double modification of the nano reinforcement
material results in the formation of the chemical bonding between the polymer
chain molecule and clay layer and improves the interfacial compatibility [59]
and the mechanical strength of SBR nanocomposite as compared to that of
the styrene butadiene rubber [58]. OS-Hc reinforced SBR nanocomposites
with 1% to 7% nanofiller loadings show (Table 4 and Figure 5) increase in
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Table 4. Tensile strength and elongation at break of SBR/organo-
modified and silane-grafted hectorite nanocomposites

Filler (phr) Tensile Strength (MPa) E.B. (%)
0 1.419 53.32
1 1.456 54.28
3 1.548 56.37
5 1.802 59.98
7 2.245 57.98
T T T ¥ T T ¥ T T T T T
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Figure 5. Tensile and elongation at break for OS-Hc modified nanocomposite at
different filler loadings

tensile strength probably due to the intercalation of silicate layer in SBR matrix
that retards the slippage of polymer chain over silicate layers. This is further
support by the SEM and TEM studies. The inter-gallery gap of silicate layer
is increased in OS-hectorite which results in improvement in the mechanical
properties.

Thermogravimetric Analysis

Thermogravimetric analysis (TGA) curves (Figure 6 and Table 5) of SBR and
SBR/organomodified clay nanocomposites show several decomposition
steps [60]. The decomposition curve below 230°C shows the vaporization of
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Table 5. Thermal behaviour of SBR/nanoclay nanocomposites

Sample Onset of Temperature at 50% | Residue left
degradation decomposition (%)
temp. (°C) (T50) °C
Neat SBR 224.49 485.37 2.03
SBR O-Hc. 3% 204.76 483.29 3.35
SBR S-Hc. 3% 220.36 478.72 2.20
SBR OS-Hc. 3% 252.68 480.79 4.97
1004 Neat SBR
N ——— SBR O-Hec 3%
‘ SBR S-Hec 3%
80+ —— SBR 0S-Hec 3%
¥ SBR S-Hec 5%
G ——— SBR 0S-Hec 5%
8 604
=
2
(@)
= 40
204
0 v - - - T T

T L T Ll T T T LI
0 100 200 300 400 500 600 700 800 900
Temperature, °C

Figure 6. TGA of SBR and SBR/nanoclay nanocomposites

free water and water bonded by the hydrogen bonds [61]. Organic components
are released in the range of 250- 500°C. The first decomposition step in
the temperature range of 300-350°C corresponds to the decomposition
of octadecyl ammonium ions that are loosely attached to clay surface
either by forming complex outside the inter lamellar galleries or outside the
layer at the peripheral surface; however intercalated or grafted octadecyl
ammonium ions shows higher thermal stability and their decomposition
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occurs near 375-400°C. SBR shows better thermal stability with initial weight
loss at approximately 224.5°C [60]. Improvement in the thermal stability of
the nanocomposite may be attributed to the uniform/better dispersion of
organoclay in the SBR matrix. The higher char yield is obtained at higher
temperature region with increasing clay content.

Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) scans for the samples are shown in
Figure 7. The glass transition (Tg) temperature of neat SBR is recorded as
-45°C. Organomodified hectorite, silane grafted and double modified nanoclay-
filler reinforced SBR nanocomposites exhibit glass transition temperatures
at -38.46°C; -43.4°C and -43.52°C for 3 wt% filler loading respectively. The
shift in the glass transition temperature may be attributed to the restricted
mobility of the SBR chains within the hectorite layers and thereby indicating
the intercalated/exfoliated nature of the SBR/O-Hc, SBR/S-Hc, and SBR/
OS-Hc nanocomposites.

Heat flow, W/g

Temperature, °C

Figure 7. DSC of SBR and its nanocomposites
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Scanning Electron Micrographs

Figures 8a, b, ¢ and d illustrate the SEM micrographs of the tensile fractured
surface of SBR/modified clay nanocomposites, indicating (Figures 8b-d)
rougher surfaces with many tear lines as compared to neat SBR (Figure 8a)
indicating better interfacial adhesion.

Figure 8. SEM Micrograph showing tensile fracture surface of SBR/hectorite
nanocomposite at 3% loading. (a) SBR, (b) SBR/O-Hectorite nanocomposite, (c)
SBR/S-Hectorite nanocomposite, (d) SBR/OS-Hectorite nanocomposite

Transmission Electron Micrographs

Figures 9a-c show the TEM micrographs of SBR/O-Hc and SBR /OS-Hc
modified nanocomposite with 3 wt% filler loading. Figures show both individual
layers and stacking silicate layers with the thickness of about 5-20 nm
indicating the dispersion of organo modified hectorite and organomodified/
silane grafted hectorite reinforcement materials in the SBR.
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Figure 9. TEM micrograph SBR/nanoclay nanocomposites. (a) SBR/O-Hectorite
nanocomposite, (b) SBR/OS-Hectorite nanocomposite (c) SBR/S-Hectorite
nanocomposite

CONCLUSIONS

Nanocomposites of styrene-butadiene rubber reinforced with modified hectorite
clay as nano reinforcement have been processed by solution blending.
Hectorite has been modified by octadecyl amine (O-Hc); by grafting with
silane coupling agent N-(3-trimethoxysilyl) propyl ethylene diamine (S-Hc)
and by both methods (OS-Hc) to be used as a nano reinforcement material.
Styrene-butadiene rubber nanocomposites based on octadecyl amine (O-Hc)
modified nanoclay; silane coupling agent N-(3-trimethoxysilyl) propyl ethylene
diamine grafted nanoclay (S-Hc); and nanoclay modified by both methods
(OS-Hc); as reinforcers show improved mechanical properties, as compared
to styrene-butadiene-rubber.
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