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Comparison of Reinforcing Efficiency between
Nano-Calcium Carbonate and Silica in Natural
Rubber Vulcanizates

Puchong Thaptong'?*, Chakrit Sirisinha®>® and Pongdhorn Sae-oui'*”

ABSTRACT

This paper compares reinforcing efficiency between nano-calcium carbonate and silica
(with and without the presence of silane coupling agent) in natural rubber. During mixing, the
filler content was varied from 0 to 40 parts per hundred of rubber (phr). In the case of silane-
treated silica, 8% (by weight of silica) of silane coupling agent was added into the rubber
compound. After mixing, a portion of the rubber compound was used for the processability
determination. The rest of the compound was then shaped and vulcanized for further tests. The
results reveal that both types of filler affect processability in the same manners, i.e., increasing
filler content would lead to increases in mixing energy and compound viscosity. In addition, both
scorch time and optimum curing time are found to decrease continuously with increasing filler
content. However, the two types of filler affect crosslink density differently. Since nano-calcium
carbonate is basic in nature, it enhances crosslink density whereas silica gives opposite results
due to the retardation effect given by the presence of silanol groups on its surface leads to
accelerator adsorption. According to the mechanical property results, it is found that the addition
of nano-calcium carbonate gives rise to the deterioration of most properties (except tear strength)
whereas the addition of silica leads to property improvement. At a given loading, silica gives
significantly greater reinforcement than nano-calcium carbonate due to its higher specific surface
area. The results also reveal that the reinforcing efficiency of silica is significantly increased in
the presence of silane coupling agent. This is simply due to the ability of silane coupling agent

to reduce accelerator adsorption and enhance both filler dispersion and rubber-filler interaction.
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