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ABSTRACT

Vulcanization kinetics of natural rubber was determined by using a moving die
rheometer (MDR) at 150 to 180 °C. NR included STR 5L, STR 5CV60, STR 20, STR 20CV 60,
Skim Block, Pale Crepe, Air Died Sheet (ADS) and Ribbed Smoked Sheet (RSS) No. 3. N-tert-
butyl-2-benzothiazyl sulphenamide (TBBS) was used as an accelerator and the vulcanization
systems were conventional vulcanization (CV), semi-efficient vulcanization (semi-EV) and
efficient vulcanization (EV). The activation energy for vulcanization was calculated by assuming
that vulcanization was the first-order kinetics. The results indicated that the activation energy of
natural rubber vulcanized by EV system was 52.20 - 76.36 kcal/mol, whereas those of the CV
system and semi-EV system were 41.42 - 53.85 and 44.40 - 58.39 kcal/mol, respectively. The
activation energy and mechanical properties of this study indicated that RSS No. 3 had relatively
low activation energy (45.43 kcal/mol) and good mechanical properties. Although the aging
resistance of skim rubber is found to be inferior but it had high tensile strength and tear strength,
as well as cheap price, therefore RSS No.3/Skim rubber blends were used to develop rubber
bridge bearing formulations. Statistical experimental design, Response Surface Methodology, was
used to explain the effect of rubber ratio (RSS No.3/ Skim), sulfur and TBBS level on cure
characteristics and mechanical properties, and to predict rubber bridge bearing formulations
which properties follows TIS 951-2533. Empirical equations and contour plots obtained from
multiple linear regression analysis showed that testing results derived from experiment agreed
with data derived from calculation. In general, rubber bridge bearing have thickness = 2 inch, it
is impossible to specify cure time using MDR. It will take very long time to reach a proper state
of cure. Hence study of state of cure rubber provides crucial information for processing of thick

rubber products. By using the Newman’s equation to calculate the state of cure of 2 inch thick
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rubber sample, it is observed that the calculated state of cure (degree of vulcanization) was higher

than experiment value.
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