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ANUPONG BOONMEE : PREPARATION AND CHARACTERIZATION
OF SILICA NANOPARTICLES FROM SUGARCANE BAGASSE ASH
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SILICA NANOPARTICLES/SUGARCANE BAGASSE ASH/NATURAL RUBBER/

COMPOSITES/SILANE COUPLING AGENT

In this thesis, silica nanoparticles from sugarcane bagasse ash (SBA) were
prepared using a sol-gel process. High purity of silica nanoparticles in the size range
of 90+10 nm were obtained. Fourier transform infrared spectrum of prepared silica
nanoparticles confirmed silica characteristics. X-ray diffraction analysis indicated that
silica nanoparticles were amorphous while SBA showed a crystalline structure from
metal oxide residues. Freeze drying (FD) process provided silica nanoparticles with
higher specific surface area and porosity compared to conventional heat drying (HD)
process.

Maximum torque (MH) and minimum torque (ML) of natural rubber (NR)
composites continuously increased with increasing silica nanoparticle content due to an
increment of stiffness of the composites and a reduction of the deformation of NR
molecules. Scorch time and cure time of NR composites increased with increasing silica
nanoparticle content due to the adsorption of accelerator in vulcanization process by
silica surface. FD-silica/NR composites provided longer scorch time and cure time
compared to HD-silica/NR composites due to higher active surface area of FD-silica
leading to disturbance of the vulcanization process. Mooney viscosity of NR composites

increased with silica nanoparticle content. Modulus and hardness of NR composites



v

were increased while elongation at break was decreased with increasing silica
nanoparticle content because of an increase in stiffness. Tensile strength of NR
composites increased with silica nanoparticle content up to 5 phr then dropped at higher
silica nanoparticle content due to aggregate formation of silica nanoparticles. Abrasion
resistance of the composites was enhanced with the incorporation of silica nanoparticle
up to 3 phr and declined at higher content of silica nanoparticle. Crosslink density of the
composites increased with increasing silica nanoparticle content and decreased at 10 phr
of silica nanoparticles.

The incorporation of Bis [3-(triethoxysilyl) propyl] tetrasulfide (Si-69) as a
coupling agent into NR composites increased MH and ML of the composites due to the
improved compatibility between silica nanoparticles and NR matrix. Scorch time and
cure time of the composites with silane coupling agent were shorter than those of the
composites without silane coupling agent because of less absorption of accelerator.
Modulus, tensile strength, hardness, tear strength and abrasion resistance of the
composites were improved with the presence of silane coupling agent because of
enhanced adhesion between silica and NR. Incorporating silane coupling agent increased
crosslink density of the composites because silane coupling agent donated some of its

sulfur to the compound to implicitly raised the amount of free sulfur.
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