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Abstract

This article used of fly ash (FA) particles from various sources in Thailand as reinforcing filler in NR
compounds, in comparison with commercial silica. In this work, the FA particles were obtained from
Mae Moh, Rayong, and Banphong. The fly ash and commercial silica were treated by 2 % wt Si69 and
mixed in natural rubber at loadings from 30 to 75 phr. The properties of all NR vulcanizates were
evaluated through cure characteristics, mechanical properties (tensile, tear, hardness, resilience and
compression set properties). The results indicated that fly ash particles from all sources could be used as
potentially reinforcing filler in NR compounds. It was recommended that FA particles could be used to
replace commerecial silica at the loading of 30 phr, these giving similar mechanical properties (tensile,
tear and hardness properties) to the commercial silica filled NR compounds. The FA/NR vulcanizates
had better elastic properties than the commercial silica/NR vulcanizates, the effect being more
pronounced for the fly ash from Mae Moh.

Keywords: Natural rubber, fly ash, silica, reinforcing filler
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Table 1. Materials formulation of NR compounds

Materials Content (phr)
Natural rubber Grade STR 20 100
Zinc oxide 5
Stearic acid 2
Mercaptobenzothiazole (MBT) 0.5
Diphenyl guanidine (DPG) 0.2
Sulphur 3
Silica (Commercial silica and silica in fly ash) 30, 45, 60,75
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Table 2. Actual loading of fly ash particles in NR compounds

Types of silica Filler loading (phr)
Commercial silica 30 45 60 75
Silica in fly ash from Mae Moh 85 128 170 213
Silica in fly ash from Banphong 85 128 170 213
Silica in fly ash from Rayong 109 163 218 272
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Banphong

Figure 1. Morphologies of fly ash particles
(a) From Maemoh
(b) From Banphong
(¢) From Rayong
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Table 3. The chemical compositions of the fly ash particles from various sources

Chemical composition (%)

Sources of fly ash

Si0, ALO, Fe0, Ca0 MgO NaO0 KO SO, TiO, PO,
MaeMoh 3505 20.14 913 956 228 118 191 139 033 036
Banphong  35.19 19.88 576 1006 236 091 176 298 070 087

Rayong 2747 1660 754 3136 132 196 126 792 052  0.29
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Figure 5. Variations in delta torque and
crosslink density with different
silica contents for NR vulcanizates
filled with commercial silica and
fly ash from various sources
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Figure 7. Tensile strength and elongation at
break of NR vulcanizates filled
with commercial silica and fly ash
from various sources at different
silica contents
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Figure 9. Effect of silica content on the tear
and hardness properties for NR
vulcanizates filled with commercial
silica and fly ash from various
sources
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