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SUMMARY

TiO,-Si0, (30:70) and (70:30) sol particles were first prepared through CIHNO,-EtOH catalysis; and then
incorporated into methylated grafted natural rubber (MG49) polymer host. Resultant MG49-TiO,-SiO, (30:70)
and (70:30) polymer nanocomposites were characterized through XRD and FTIR analyses. Both MG49-TiO,-
SiO, (30:70) and (70:30) polymer nanocomposites had exhibited extensive reduction in semicrystalline phase;
but no significant change in structural properties. Low crystalline MG49-TiO,-SiO, (30:70) and (70:30) polymer
nanocomposites were further characterized through SEM, TGA and DRA analyses. Both MG49-TiO,-SiO,
(30:70) and (70:30) polymer nanocomposites had exhibited different dispersion state on fracture surface. Both
MG49-TiO,-Si0, (30:70) and (70:30) polymer nanocomposites had demonstrated significant improvement in
thermal properties, and also some improvement in rheological properties.
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1. INTRODUCTION

Particle-reinforced natural rubber
polymer nanocomposites have
attracted considerable attention in
fundamental research'?. Indeed,
particle-reinforced natural rubber
polymer nanocomposites could
offer considerable potential in
several different fields®. Particle-
reinforced natural rubber polymer
nanocomposites have attained
impressive improvement in some
operational performances®. Particle-
reinforced natural rubber polymer
nanocomposites can accommodate
extreme deformation over broad
operational conditions. Nonetheless,
there are still some limitations on
current operational applications.

Recentresearch efforts have focused
attention on concrete operational
improvements. Particle dispersion
behavior is important determinant in
critical operational performances’.
Different dispersion behavior can
cause unpredictable effects in
several operational properties (e.g.
rheological, mechanical and thermal
properties)®’. Uniform dispersion
state is fundamental prerequisite to
superior operational performance®.
Such preference attribute is more
related to percolation network
formation. Second preference
attribute is often attributed to
tremendous interfacial interaction.
However, particle dispersion
mechanism is still not understood
in detail’.
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Particle-reinforced natural rubber
polymer nanocomposites are often
obtained through nanoparticle
reinforcement. However, there are
still some limitations in this approach’.
In the present research, TiO,-SiO,
reinforced methylated grafted natural
rubber (MG49-TiO,-Si0,) polymer
nanocomposites were prepared
through sol-gel nanoparticle formation.
Resultant polymer nanocomposites
were characterized through several
different instrumental techniques.

2. MATERIALS AND
METHOD

2.1 TiO,-Si0O, Sol Particle
Preparation

TiO,-SiO, (30:70) and (70:30) sol
particles were prepared through
CIHNO,-EtOH catalysis. TiO,-SiO,
sol solutions were obtained at four
different predetermined molar ratios
(Table 1). TiO_-SiO, sol solutions
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Table 1. Hydrolysis molar ratio

Metal alkoxide Catalyst Solvent H,0
[Si,(OCH,CH,),: Ti (OCH,CH)), ] [CIHNO,] [Ethanol]

1 1 4 4

1 1 4

1 1 4 16
1 1 4 32

were stirred % hours at ambient room
temperature. Resulted sol particles
were dried and stored until analysis.

2.2 MG49-TiO,-SiO, Polymer
Nanocomposite Preparation

MG49-TiO,-SiO, polymer
nanocomposites were obtained through
solution-cast techniques. TiO,-SiO, sol
particles (R _=16)wereintroduced into
preformed MG49 polymer matrices.
Resultant mixtures were stirred 2 hours
atambient temperature. Homogeneous
mixtures were cast into a Teflon petri
dish. Resultant films were further dried
in vacuum oven.

2.3 MG49-TiO,-SiO,
Polymer Nanocomposite
Characterization

DLS analyses were conducted on
a Malvern Zetasizer Nano ZS DLS
spectrometer (Malvern Instruments
Ltd., United Kingdom). DLS analyses
were performed at a fixed detection
angle (0 = 173°). DLS data were
acquired in the backscatter mode.
DLS data were analyzed through the
Zetasizer software.

XRD analyses were conducted on a
Bruker D8 Advance diffractometer
(Bruker AXS, Germany). XRD
analyses were performed at the CuKa
radiation wavelength (A=0.154 nm).
XRD patterns were acquired in the
Bragg-Brentano configuration. XRD
patterns were recorded in the 20 range
(15-60°; step size 0.02°).

FTIR analyses were conducted on a
Perkin-Elmer Spectrum 400 FTIR
spectrometer (Perkin Elmer, UK).

FTIR spectra were acquired in
Attenuated Total Reflectance (ATR)
mode. FTIR spectra were recorded in
the mid infrared range (4000-650 cm™';
spectral resolution 4 cm™).

SEM analyses were conducted on a
LEO 1450 VP instrument (Carl Zeiss
AG, Oberkochen, Germany). SEM
analyses were performed at a low
acceleration voltage (~5 kV). SEM
micrographs were acquired in the
secondary electron (SE) mode. SEM
micrographs were taken at a high
magnification.

TGA analyses were conducted on
a Shimadzu TGA-50 instrument
(Shimadzu,Japan). TGA thermograms
were recorded in a broad temperature
range (30-600 °C; scan rate 10 °C:
min?).

DRA analyses were conducted
on Anton Paar Physica MCR 501
rheometer (Anton Paar, Austria). DRA
analyses were performed in the linear
viscoelastic region. DRA responses
were acquired in adynamic oscillation
mode.

3. RESULTS AND
DISCUSSION

3.1 TiO,-SiO, Nanoparticle
Characterization

Monodisperse particle size distribution
was observed at different hydrolysis
ratio. In this case, narrowest particle
size distribution was observed at
moderate hydrolysis ratio (R =16).
Smallest particle size (<100 nm) is
prone to agglomerate formation. Such
phenomenon can cause unpredictable
effects on performance properties.

Non-crystalline (amorphous) TiO,-
SiO, structure was observed at low
hydrolysisratios (R <16). Meanwhile,
semicrystalline TiO,-SiO, structure
was observed at high hydrolysis ratio
(R,=32). Semicrystalline TiO,-SiO,
structure is attributed to Si suppressive
effect. Three dominant bands were
observed in the TiO,-SiO, spectra

Figure 1. Size distribution profiles (a) TiO,-SiO, (30:70) nanoparticle and (b)

TiO,-Si0, (70:30) nanoparticle

(a)
50

— Ry=4
— Ry~ 8
40 — Ry =16
I K\\' 32

30 4

20 A

Number (%)

0 50 100 150 200 250

Diameter (nm)

(b)
50
— Ry=4
—— Ry~ 8
40 — Ry =16
— Ry=32
— 30
<
]
£
E 20 A
z
10
0

0 50 100 150 200 250

Diameter (nm)

748

Polymers & Polymer Composites, Vol. 24, No. 9, 2016



TiO,-5i0 -Reinforced Methylated Grafted Natural Rubber (MG49-TiO,-SiO,) Polymer Nanocomposites: Preparation, Optimization

and Characterization

(Figure 3). Ti-O-Ti absorption band
was observed at 810 cm™'. Si-O-Ti
absorption band was observed at
940 cm™. Si-O-Si absorption band was
observed at 1060 cm'.

3.2 MG49-TiO,-SiO,
Polymer Nanocomposite
Characterization

Three characteristic diffraction peaks
were observed in the MG49 diffraction
profile. Such characteristic diffraction
peaks are attributed to isoprene/
methyl methacrylate monomer.
Preferable characteristic diffraction
peak (20 = 15°) had become flattened
upon TiO,-SiO, reinforcement.
Such phenomenon is attributed to
amorphization. In addition, such
characteristic diffraction peak (20 =

15°) had distorted upon TiO,-SiO,
reinforcement. Such phenomenon is
attributed tolattice distortion. TiO,-SiO,
diffraction peaks were not observed
in the MG49-TiO,-Si0, (30:70) and
(70:30) diffraction pattern. Such
phenomenon is attributed to particle-
polymer compatibility.

IR absorption spectrum is comparable
to earlier reports. Carbonyl v(C=0)
absorption band was observed at
1725 cm- Meanwhile, ester (C—O-C)
absorption band was observed around
1250-950 cm. Both absorption
bands did not shift upon TiO,-
SiO, reinforcement. In such a case,
interfacial interaction is attributed to
percolation network formation, rather
than covalent interaction.

Morphological surface structure was
characterized prior to rheological
and thermal analysis. Smooth surface
feature was observed in the MG49
polymer host. Smooth surface feature
isattributed to brittle fracture behavior.
Meanwhile, rough surface feature
was observed in the MG49-TiO,-
SiO, (30:70) and (70:30) polymer
nanocomposites. Rough surface
feature is attributed to particle-polymer
interaction.

Particle dispersion behavior
is quite different in the MG49-
TiO,-Si0, (30:70) and (70:30)
polymer nanocomposites. Particle
agglomeration process had occurred
in the MG49-TiO,-SiO, (30:70) and
(70:30) polymer nanocomposites.

Figure 2. XRD diffraction patterns (a) TiO,-SiO, (30:70) nanoparticle and (b) TiO,-SiO, (70:30) nanoparticle
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Figure 3. FTIR transmittance spectra (a) TiO,-SiO, (30:70) nanoparticle and (b) TiO,-SiO, (70:30) nanoparticle
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Figure 4. X-ray diffraction patterns (a) MG-49-TiO,-SiO, (30:70) polymer nanocomposite and (b) MG-49-TiO,-SiO, (70:30)

polymer nanocomposite
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Figure 5. FTIR transmittance spectra (a) MG-49-TiO,-SiO, (30:70) polymer nanocomposite and (b) MG-49-TiO,-SiO, (70:30)

polymer nanocomposite
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In the present case, particle
agglomeration effect is more
pronounced in the MG49-TiO,-SiO,
(30:70) polymer nanocomposite.
Unavoidable agglomeration process
is attributed to small particle size, i.e.
large surface area and high surface
energies'’.

Individual degradation process was
observed in MG49 polymer host.
Thermal degradation temperature
was observed around 300-450 °C,
as indicated in the DTA signal. Such
degradation process is attributed to
oxidative decomposition. Thermal
degradation process is initiated
through random chain scission. Similar
degradation pattern was observed
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in the MG49-TiO,-SiO, (30:70) and
(70:30) polymer nanocomposites.
Such phenomenon is attributed to
particle-polymer compatibility. In
this case, however, minor weight loss
is detected at low temperature range.
Such phenomenon is attributed to
TiO,-SiO, catalytic effects. Onset
degradation temperature had shifted
towards high temperature range. Such
phenomenon is attributed to stability
improvement. Thermal degradation
process is suppressed upon particle-
polymer interaction''. However,
intrinsic degradation mechanism is
still not understood in detail.

G’ and G” modulus had remained
constant over small strain change; and
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then G’ and G” modulus had decreased
above critical strain amplitude. Such
phenomenon is attributed to network
breakdown'2. Ineffect, high deformation
rate had resulted in poor mechanical
properties. Linear viscoelastic range
had become narrowed upon TiO,-SiO,
reinforcement. Such phenomenon is
attributed to particle-particle interaction.
G'/G" crossover point had shifted
upward uponTiO,-SiO, reinforcement.
Phase structure transition is hindered
upon particle-polymer interaction. G’
modulus had increased upon TiO,-
SiO, reinforcement. Polymer chain
relaxation is restrained upon particle-
polymerinteraction®. However, polymer
chain motion is not affected upon
particle-polymer interaction.
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Figure 6. SEM-EDX micrograph (a) Figure 7. TGA curves (a) MG49 polymer host, (b) MG49-TiO,-SiO, (30:70)
MG49 polymer host, (b) MG49-TiO,- polymer nanocomposite and (¢) MG49-TiO,-SiO, (70:30) polymer nanocomposite
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Figure 8. Strain sweep curve (a) MG49 polymer host,

(b) MG49-TiO,-SiO, (30:70) polymer nanocomposite and

(¢) MG49-TiO,-Si0, (70:30) polymer nanocomposite

Figure 9. Frequency sweep curve (a) MG49 polymer host,
(b) MG49-TiO,-SiO, (30:70) polymer nanocomposite and
(¢) MG49-TiO,-SiO, (70:30) polymer nanocomposite
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4. CONCLUSIONS

MG49-TiO,-Si0, (30:70) and (70:30)
polymer nanocomposite had exhibited
different characteristics than MG49
polymer host. In particular, resultant
polymer nanocomposites had achieved
better predictive stabilities than
MGA49 polymer host. In such a case,
MG49-TiO,-Si0, (30:70) and (70:30)
polymer nanocomposites can offer
great opportunities in numerous
technological applications.
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