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#anaulaaanlye (Silicon dioxide) 46.2
azgﬁl,ﬁﬂuaaﬂ'lm‘f (Aluminium oxide) 26.4
wanaanlyd (Tron oxide) 10.7
unaLfenaeanlyd (Calcium oxide) 7.6
unniiBenaanlyd (Magnesium oxide) 2.2
Toifenaanlyd (Sodium oxide) 1.1
Twunaanaanlyd (Potassium oxide) 3.1
#dainaslaseanlad (Sulfur trioxide) 1.8
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r ~ A 21 16 21 19 14 19 18
figuni 160 °C
HRAAAUIIAY fi 200% (MPa) | 0.31+.01 |0.56+.02 |1.06+.03 |1.26+0.01[0.71+0.01|1.18+.01 | 1.64+0
AMNAIUUTIAY (MPa) 4.9+0.1 | 6.5+0.1 | 11+0.1 |16.1+0.8 | 6.3+0.1 |14.1+0.2 | 18.6+0.5
o o ow o
wadBudnsdaainemn (%)| 1154+10 | 920+16 | 1084420 | 1076426 | 819+22 | 1124422 | 100316
ANMHAUUIIRANYIA (KN/m) 13.6+0.8 | 16.3:0 |14.6+0.3| 24+1 |16.4+0.5| 18+0.3 29+2
A2131UE9 (Shore A) 28+1 38+1 38+1 39+1 438+1 43+1 4641
W e et w

nﬁqummﬂmummn(%) 58 64 71 64 65 76 65
wWasiBuamsnsznau( %) 59+0 60+1 3740 52+0 58+1 3140 4741
MIEUAINTIAY (mm°) 18410 115+2 | 126+2 | 113+2 | 123+2 | 111+1 82142
M tan O 1.548 1.344 1.018 1.088 1.529 0.976 0.893
A1 Tg (°C) -27 -30 -27 -29 -31 -30 -32
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The major objective of this article was the property development of NR/SBR/fly ash composites
for the sole of the rubber shoes. During the part two years of working, the research was
conducted by varying fly ash (FA) and commercial silica, and carbon black contents, and the
application of chemical surface treatment by Bis-(3~triethoxysilyl propyl) tetrasulfan (Si69)
coupling agent for interfacial improvement in filler-rubber composites. The properties of rubber
vulcanizates were evaluated through cure characteristics, mechanical properties, microstructure,
DMA and the effect of thermal aging. The experimental results are noted as follows:
™ The size of spherical fly ash used was found to be about 300 micrometer. The
chemical compositions of the fly ash are listed as Table 1. It was found that the
silica was the major composition in the fly ash.

. Increasing the untreated FA particles in the NR/SBR blend decreased the cure time
and mechanical properties. Increasing NR fraction in the blend decreased the cure
time, but increased the mechanical properties. Thermal aging improved tear strength
and hardness (except for tensile modulus), but decreased the elongation at break.

. The addition of Si69 decreased the cure time with increases in mechanical properties,
but not much affected by varying the Si69 contents. Mechanical properties could be

increased by thermal aging except the elongation at break.

. Increasing the untreated commercial silica contents increased the cure time and the
mechanical properties.

" The cure time and mechanical property results were not much different with addition
of untreated and treated commercial silica with the NR/SBR ratio of 50:50 and Si69
(29wt of silica). Increasing the treated commercial silica decreased the cure time.

n

The addition of carbon black improved the mechanical properties and decreased the

cure time.

®  The final properties of the NR/SBR (at 50:50) blended with various fillers with the
application of SiGQ from this work are listed in Table 2. The 20 and 30 phr filler
contents were used for such comparison.

®  We have chosen the fraction of NR/SBR at 50:50 and 20 phr fly ash (or silica)

with 2 wto% Si69 for production of the sole of the rubber shoes. The properties of

FA /rubber producis from this work were as good as those silica/rubber com;;osite

and those from T.M.K. Shoes Production Co. Ltd.
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Table 1 Chemical composition of fly ash particles from Mae-moh electrical power plant

Bt i

Chemical composition Content (%)
Silicon dioxide 46.2
Aluminium oxide 26.4
Iron oxide 10.7
Calcium oxide 7.6
Magnesinm oxide 2.2
Sodium oxide 1.1
Potassium oxide 3.1
Sulfur trioxide 1.8

£ Table 2 Property comparison of NR/SBR at 50:50 fraction with different fillers

Filler content at 20 phr Filler content at 30 phr
. Without Commer Commer
Properties Carbon Carbon
filler Fly ash* cial Fly ash* cial
black black
Silica* Silica™®
Cure time (min.)
N 21 16 21 19 14 19 18
at cure temperature 160 C
Tensile Modulus at 200 %
. 0.31+.01 | 0.56+.02 | 1.06+.03 |1.26+0.01/0.71+0.01| 1.18+.01 | 1.64+0
(MPa)
Tensile strength (MPa) 4.9+0.1 6.5+0.1 11+0.1 |16.1+0.8 6.3+0.1 |14.1+0.2 | 18.6+0.5
Elongation at break (%) 1154410 | 920+16 | 1084+20 | 1076+26 | 819+22 |1124+22 | 1003+16
| Tear strength(kN/m) 13.6+0.8 16.3+0 | 14.6+0.3 | 24+1 16.4+0.5 | 18+0.3 29+2
Hardness (Shore A) 28+1 38+1 38+1 39+1 43+1 43+1 46+1
Compression set (%) 58 64 71 64 65 76 65
Resilience (%) ' 59+0 60+1 37+0 52+0 58+1 31+0 47+1
Abrasion (mm®) 18440 115+2 126+2 113+2 123+2 11141 82+2
e
tan O 1.548 1.344 1.018 1.088 1.529 0.976 0.893
Tz (°C) -27 -30 -27 -29 -31 -30 -32

Application of Si69, 2% by weight





