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ABSTRACT

In this study, passenger car radial (PCR) tire tread compounds based on styrene
butadiene rubber (SBR) were prepared. Two types of SBR, i.e., solution SBR (SSBR) and
emulsion SBR (ESBR), and two types of silica, i.e., highly dispersible silica (HDSi) and
conventional precipitated silica (CSi), were compared. Influences of silanization temperature,
silane coupling agent (TESPT) content, silica/carbon black (CB) hybrid ratio, filler and
processing oil loadings, as well as sulfur vulcanization system and crosslink density on
properties of PCR tire tread compounds were investigated. Results showed that although the
increase in silanization temperature resulted in the improvement in vulcanizate properties such
as modulus, heat build-up (HBU), dynamic set, as well as tire performance, e.g., wet grip
(WQ), fuel saving efficiency (FSE), and abrasion resistance, great care must be taken to avoid
the scorch phenomenon during the mixing at high temperature. It was also found that TESPT
content of 10 wt% of silica offers the balanced compound and vulcanizate properties,
including tire performance. In silica/CB hybrid filler system, the increase of CB ratio not only
deteriorated the HBU and dynamic set, but also impaired the WG and FSE. On the other hand,
the abrasion resistance was improved with increasing CB ratio up to 60-80 wt%. As SSBR
gave greater degrees of rubber-filler interaction, crosslink density and 7, due to its higher
vinyl and bound styrene contents, SSBR provides significantly better WG and abrasion
resistance than ESBR. Despite the fact that the simultaneous increases of total filler and oil
loadings, in order to keep hardness of the vulcanizate constant, are capable of reducing the
material cost, the vulcanizate properties, e.g., tensile strength (TS), elongation at break (EB),
HBU, dynamic set, and tire performance, are sacrificed. As expected, the increased curative
content not only accelerated the vulcanization process, but also enhanced the crosslink density
of the vulcanizates. Although there was an improvement in tire performance, HBU, and
dynamic set were found when the crosslink density increased, the TS, EB, including thermal
ageing resistance were impaired. Results also revealed that conventional vulcanization (CV)
system provides better HBU, dynamic set, WG and FSE than semi-efficient vulcanization
(semi-EV) system, attributed mainly to the greater crosslink density of the CV system.
However, the semi-EV system imparts superior thermal ageing resistance, compared to the CV
system, possibly due to the higher proportion of mono- and di-sulfidic linkages. Surprisingly,
silica type played a little role in WG, FSE, and degree of filler dispersion in this study despite
the fact that HDSi is claimed to offer greater dispersability. Results suggest that the HDSi
could be replaced by the CSi when a sufficiently long mixing time is used. Compared to
commercial PCR tires, the best compound formulation developed in this study demonstrates
better WG and FSE, suggesting the potential for further development into commercially viable
products.
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