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Cure and Mechanical Properties of Natural Rubber Compounds Filled with

Silica from bagasse ash
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Abstract

This research aims to study the three different types of silica based fillers: namely; precipitated silica,
untreated bagasse ash, and acid treated bagasse ash in terms of functional groups and amount of silica in
the fillers. The silica based fillers were added into the natural rubber composite at 0, 15, 30 and 45 parts per
hundred rubbers (phr) (Calculated based on silica contents in the bagasse). The rheological, cure and
mechanical properties revealed that the main functional groups of all fillers were silanol and siloxane groups
and the percentage of silica in precipitated silica, untreated bagasse ash, and acid treated bagasse ash were
77%, 91% and 97% respectively. Adding all fillers did not affect the scorch time, but affected the cure time.
Furthermore, the precipitated silica and untreated bagasse ash gave similar torque differences while treated
bagasse ash exhibited lowest torque differences. The modulus and hardness of the fillers added rubber
vulcanizates were found to be higher than unfilled rubber vulcanizates except for the elongation at break
which decreased with increasing silica content. In addition, adding untreated bagasse ash and treated

bagasse ash reduced the tensile strength of the rubber vulcanizates.
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Ingredients Supplier Content (phr)
Natural Rubber (grade STR 20) Chemical Innovation Co., Ltd. (Thailand) 100 part
Zinc Oxide (ZnQ) Thai-Lysaght Co., Ltd. (Thailand) 5.0
Stearic Acid Imperial Industrial Chemicals Co., Ltd. (Thailand) 2.0
Polyethylene Glycol (PEG) Cosan Co., Ltd. (Thailand) 5 wt% added silica
Silica from bagasse ash Mitr Phol Sugar Co., Ltd. (Thailand) Varying 0, 15, 30 and 45 wt% silica
Antioxidants (6PPD) Behn Meyer Chemical Co., Ltd. (Thailand) 1.0
Mercaptobenzothaizole (MBT) CMC Advance Co., Ltd. (Thailand) 0.5
Diphenyl Guanidune (DPG) Siam Chemicals Co., Ltd. (Thailand) 0.2
Sulphur Zeon Advanced Polymix Co., Ltd. (Thailand) 3.0

*phr: part per hundred of rubber
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Morphology examination: SEM

Magnification
Commercial silica Untreated bagasse ash Acid treated bagasse ash
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Filler types
Characterization method
Commercial silica Untreated bagasse ash Acid treated bagasse ash

Functional group investigation: FTIR Wavenumber (cm™)
Si-OH stretching (Silanol group) 3383.96 3357.71 3372.87
Si-O-Si stretching (Siloxane group) 1074.66 1028.88 1054.57
Chemical composition investigation: XRF Chemical composition (%)
Silicon oxide (SiO,) 97.90 77.20 90.60
Aluminium oxide (Al,0,) 0.26 4.80 2.73
Ferric oxide (Fe,O,) 0.06 2.11 1.14
Potassium oxide (K,0) 0.02 5.52 2.39
Calcium oxide (CaQ) 0.03 4.45 0.76
Other metal oxide (TiOZ, MgO, P,0O,, SO,,

1.73 5.92 2.38

Na,O, MnO, BaO and ZrO,)
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Filler types and Silica content (phr)
Natural rubber

) . Commercial silica Untreated bagasse ash Acid treated bagasse ash
composite properties 0
15 30 45 15 30 45 15 30 45
Scorch time (min) 1:18 0:59 0:59 1:08 1:12 1:20 1:11 1:07 1:04 1:07
Cure time (min) 5:27 5:20 5:45 6:27 5:15 5:15 5:18 5:19 5:32 5:49
Delta torque (dN m) 47.94 53.58 62.38 74.44 56.30 63.90 72.19 51.99 53.89 56.18
SD +0.3 +0.3 +1.1 +0.3 +0.2 +0.5 +0.0 +0.4 +0.6 +0.3
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