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This research project studied the processing conditions and the properties of the fly ash filled natural rubber
(NR) composites. In this work, the fly ash particles were obtained from three different sources, these including
Mae Moh (Lampang), Rayong, and Banphong (Rajburi). The aim of this research was to seek possibilities of
using fly ash from different sources in Thailand, as a reinforcing filler in natural rubber products and to

discover the preparation methods of fly ash surface treatment for property development of the natural rubber

composites.

In the first year of the work, untreated commercial silica and silica from fly ash loaded at different amounts
into NR compounds and the cure characteristics and final properties were monitored. The results suggested that
the cure time and minimum and maximum torques of NR compounds were unaffected by the commercial silica
loadings from O-30phr, and after these concentrations, the values progressively increased with commercial
silica loadings. Using silica from fly-ash particles resulted in reductions of cure time and low minimum-
maximum torques especially at high silica loadings, this being related to the silica structure within the filler.
The vulcanizate properties of fly ash-filled vulcanizates were found to be similar to those of commercial silica~
filled vulcanizates at silica contents of 0-30phr. Above these concentrations, the properties of the commercial

silica-filled vulcanizates improved whereas those of the fly ash-filled compounds remained the same.

In the second year, the silica in fly ash particles of 30 and 60 phr were selected and incorporated as
reinforcing filler in NR compounds, and the improvements of cure characteristics and mechanical properties of
the fly ash-filled NR composites were carried out by surface treatment of the fly ash particles, this being
carried out using various contents of bis-(3-triethoxysilylpropyl) tetrasulfane (Si69), as a chemical silane
coupling agent, and sodium hydroxide (NaOH) solution. The results suggested that the Si69 coupling agent
was a satisfactory property promoter in the fly ash-filled NR composites through C-S bonding with rubber
molecules and siloxane linkages with fly ash particles. Using NaOH solution did not improve the mechanical
properties of the composites. The mechanical properties of the fly ash-filled NR composites appeared to
increase at low::8i6:9 concentrations of 2:0-4.0%wt, but decreased at high Si69 loadings of 6.0-8.0%wt. The
decrease in mechanical properties resulted from a reduction of crosslink density and a formation of flexible
polysiloxane from the self-condensation reaction of the Si69. The presence of Si69 was observed to interfere
with the sulphur crosslink formation. No synergetic effect on the properties of the rubber composites was
observed when using a mixture of NaOH and Si69. It was recommended that concentrations of 2.0-4.0 %wt
Si69 to be introduced into the fly ash-filled NR composites to achieve the optimum properties. Moreover, the
heat aging properties of the NR composites with fly ash particles from Mae Moh were better than those with fly

ash particles from the other sources.

Taking account the mechanical properties and elastic properties of the NR composites, the applications of the
fly ash filled I\iR composites include rubber cushion, o-ring, gasket and so on. Currently, the results of this
project have led to another research project which is financially supported by the TRI*: and the Compound
Professional Co., Ltd to develop the fly ash filled NR/NBR blends for production of O-ring rubber products.





