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Abstract

“Use of Fly Ash as Co-reinforcing filler with Precipitated Silica in NR Vulcanizates

for Abrasive Wear Applications”

This research work deals with the use of silica from fly ash (FASi) as co-reinforcing filler with
precipitated silica (PSi) in natural rubber (NR) vulcanizates for abrasive wear applications. The effects of
silica content and particle size of fly ash on the enhancement for properties of natural rubber were studied.
The silica contents of fly ash were varied from 10-40 phr, and the fly ash particle size was less than 150
micron. The FASi-filled NR vulcanizates were investigated by tensile and tear properties, and abrasion
resistance. Both fly ash and precipitated silica were mixed and loaded into NR compounds with the
FASi:PSi weight fractions of 100:0 75:25 50:50 25:75 and 0:100 for studying the reinforcement
performance of the vulcanizates. The effect of precipitated silica treatment was also interest. The
FASIi/PSi-filled NR vulcanizates were characterized in term of cure and mechanical properties, dynamic
mechanical analysis (DMA), tribology properties using the Ball-on-Disc tribometer, and abrasive wear
properties with a home-built abrader device. It was found that the incorporation of FASi decreased the
tensile and tear properties, and abrasive wear resistance of NR compounds with increasing FASi.
However, the rubber vulcanizates filled with fly ash particle size of less than 25 micron improved the
reinforcing property. The adding FASi/PSi hybrid silica content of 10 phr had no noticeable effect on the
cure and mechanical properties of the NR composites in both untreated and treated precipitated silica
systems. At hybrid silica content of 40 phr, the cure and mechanical properties deteriorated with
increasing untreated PSi to be introduced into the FASi/PSi-filled NR wvulcanizates. There was
improvement of the overall properties with using treated PSi, especially the tear strength and wear
resistance of NR composites were better than the unfilled compounds. This article recommends 25:75 of
FASi/PSi weight fraction to be filled into the NR compounds to achieve the optimum reinforcing
properties by considering tensile and tear properties, and wear resistance from abrasive cloth and Ball-on-
Disc tribometer. In addition, the reinforcing behavior of FASi/PSi-filled NR vulcanizates evidenced from
DMA technique. The results from Ball-on-Disc tribometer can be observed that the coefficient of friction
between rubber and steel ball increased with an increase in the PSi fraction of the FASi/PSi-filled NR
composites. For the test with a home-built abrader device, it was obvious that NR compounds filled with
fly ash and precipitated silica can be used for abrasive wear applications, this being the case only for the
adding 10 phr hybrid silica content. The 50 and 75% PSi by weight fraction of the FASi/PSi hybrid silica
to be introduced into rubber vulcanizates can be resistant to abrasive cloth with low and high surface

roughness, respectively.
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