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Abstract: Precipitated silica is often added to natural rubber compounds in order to improve

performance in commercial applications. A problem with using silica as filler is the poor

compatibility between silica and natural rubber. In this research, polyisoprene was coated on

silica surface by gamma ray induced admicellar polymerization in order to achieve the better

compatibility between silica and natural rubber. The modified silica was characterized by FT-IR,

and SEM. The results show that polyisoprene was successfully coated on silica surface via

gamma ray induced admicellar polymerization.

Introduction: The use of precipitated silica in natural rubber compounds offers beneficial

properties such as heat resistance, high resilience, hardness, stiffness, short cure time, and neutral

color. However, unmodified precipitated silica cannot form chemical bonds with natural rubber.

This is primarily due to the difference in chemical structure between the two materials. The

dipole-induced dipole interactions between the polar groups on the silica surface aggregates with
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from the admicellar-treated sample shows characteristic peaks of an aliphatic carbon double bond

(C=C) peak at 1600 cm'1, and CH2, CH3 streching peak at 2700-2900 cm"1. These peaks are absent

from the extract from unmodified silica. The spectra provide evidence of the presence of

polyisoprene on the silica surface. Scanning electron micrographs (SEM) also showed the

different appearance of the unmodified and the modified silica. SEM images showed that the

unmodified silica have flat surface while the modified silica have rough surface. It can be

concluded that polyisoprene has been successfully coated on silica surface via gamma ray

induced admicellar polymerization.

(a) Unmodified Silica (b) Modified Silica

Figure 1 SEM micrographs of (a) unmodified silica (b) modified silica
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the non-polar groups of natural rubber are weak compared to the hydrogen-bonding interaction

between surface silinol groups in silica agglomerates. This can lead to poor dispersion of silica

within natural rubber. For these reasons, methods to improve the compatibility between natural

rubber and precipitated silica by modification of the silica surface are of considerable interest.

Admicellar polymerization has been employed to modify silica surface ' . Fundamentally, this

process consists of three main steps: admicelle formation, monomer adsolubilizaton, and polymer

formation. Gamma irradiation has been utilized in many applications such as environmental,

agricultural, food science, industrial and medical applications. This extensive utilization is due to

the fact that radiation offers a number of unique benefits such as no requirements for additives or

initiators, which can be harmful and very difficult to remove, environmental-friendliness

compared to chemical process. The purpose of this research is to combine the advantages of the

utilization of radiation technology and admicellar polymerization to modify silica surface. In this

work, polyisoprene film was formed on silica surface by gamma ray induced admicellar

polymerization in order to enhance silica/natural rubber compatibility and therefore improve

rubber product performance. Polyisoprene film formation was proved by FT-IR, and SEM.

Methodology: Cetyltrimethylammonium bromide (CTAB) 1.4 g was added in 100 ml of distilled

water. The CTAB solution was adjusted to pH 8 using 0.01 M Sodium hydroxide solution. 8 g of

precipitated silica was added to CTAB solution and stirred for 24 hr at room temperature. Then,

isoprene was added at a 1:2 mole ratio vs. adsorbed surfactant along with 9.86 ml ethanol. The

mixture was removed into 250 glass tube, and purged with nitrogen gas for 10 minutes, then

irradiated with a Cobalt-60 irradiation source at a dose rate of 0.27 kGy/min and total dose 2.5

kGy. After admicellar polymerization, the sample was taken out from the glass tube, washed with

distilled water to remove surfactant until the wash water no longer foamed on agitation. The

modified silica was then dried at 40 °C in an oven for 3 days. Next, the sample was Soxhlet

extracted with THF for 4 hr After the solvent was evaporated off, the remaining polymer was

characterized by FT-IR, and SEM

Results and Discussion: An FT-IR spectrum of the extract from modified silica was taken and

compared to that of standard polyisoprene, and the extract from the unmodified silica. The extract
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