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(Effect of Silica and Clay on Rheological, Mechanical and Thermal Properties of
Thermoplastic Vulcanizates based on Epoxidized Natural Rubber and Polypropylene Blends)
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Abstract

Thermoplastic vulcanizates (TPVs) based on epoxidized natural rubber (ENR) and
polypropylene (PP) were prepared via melt mixing process in an internal mixer at 180°C.
HRJ-10518 phenolic resin was used to vulcanize ENR phase in TPVs. Phenolic resin modified
PP (PhHRJ-PP) at 5wt% of PP was used as compatibilizer between ENR and PP phases. The
investigation of blend ratios of ENR/PP at 60/40 and 70/30 revealed that both filled and
unfilled 60/40 blends showed higher tensite strength and elongation at break. When
compared an influence of epoxide levels in ENR by using ENR-25 and ENR-50, the TPVs
prepared by using ENR-25 showed better mechanical properties and smaller rubber particles
than those with ENR-50. A use of silica with diethylene glycol (DEG) at 6wt% of silica together
with silane resulted in better mechanical properties when compared with a use of either DEG
or silane only. Vinyltrimethoxysilane (VTMS) yielded better results over Bis-(3-triethoxysilyl-
propyl)-tetrasulfide (TESPT) and a suitable content of VTMS was 6wi% of silica. By varying
loading levels of silica in a range of 0-50 phr, the properties of TPVs increased with increasing
silica up to 30 phr due to a good dispersion of silica in rubber phase, small size of dispersed
rubber particles and an increase of degree of crystallinity in PP matrix. However, the use of
silica over 30 phr decreased mechanical properties of TPVs as a resutt of large rubber
particles and lower degree of crystallinity in PP phase. The increase of silica contents

increased storage modulus and complex viscosity but decreased tan d. In the case of clay,
mechanical properties were slightly increased with increasing clay loading. The use of clay
over 30 phr also decreased mechanical properties of TPVs and degree of crystallinity in PP
matrix. The dynamic mechanical properties of clay filled TPVs exhibited similar trend to the
case of silica filled TPVs. Both silica and clay filled TPVs showed lower degree of swelling in
ASTM oil No.1 than that in IRM 903 oil. Increasing silica and clay contents had minimal effect
on glass transition temperature of TPVs, but resulted in the increase of ageing resistance and
decomposition temperature. In addition, silica filled TPVs displayed better mechanical
properties and heat resistance when compared with the clay filled TPVs.





