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Abstract
Siliceous earth (SE), a kind of volcanic ash, was formed more than 100 million years ago with a special crystal structure and 
morphology. In this work, SE was first used as filler to blend with natural rubber (NR) latex, and then an improved process 
was employed to build up a kind of sacrificial bond to prepare NR composites with SE loadings 0–10 per hundred rubber 
(phr). X-ray diffractometry, Fourier-transform infrared spectroscopy and scanning electron microscopy were employed to 
determine the structure and morphologies of NR composite films. Furthermore, to investigate the effect of SE loading on 
mechanical properties of films, tear and tensile tests were applied. The NR latex, reinforced with 2–10 phr SE nanoparticles, 
showed 14.9–38.1% improvement in tensile strength and 109.2–345.3% improvement in 500% modulus when compared 
to pure NR film. The tensile strength and tear strength of NR composite films reached 34 MPa and 55 N/mm, respectively, 
when 6 phr SE was added. The results of thermogravimetric analysis indicated that thermal decomposition temperature of 
the NR composite films increased with increase in SE loading. The results of Mooney–Rivlin equation and Lorenze–Park 
equation showed that stronger filler/rubber interfacial interactions exist between SE particles and NR molecular chains. The 
improvement of NR properties was resulted from good filler–polymer interactions and uniformly dispersed SE particles.
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Introduction

Natural rubber (NR) is a bio-based polymer available in the 
form of latex from Hevea brasiliensis, which is composed 
of about 25–35% rubber fraction and 5% non-rubber com-
ponents. NR has been utilized to produce over 40,000 prod-
ucts including tires, gloves, balloons and condoms due to its 

excellent elasticity, low cost and film-forming property [1, 2]. 
Higher tear and tensile properties are required when some thin 
film products are produced from NR latex such as exercising 
bands, and gloves; therefore, the reinforcement of NR latex 
has captured the interest of manufacturers and researches 
[3]. Silica and carbon black are commonly used to reinforce 
dry blend NR compound, but without special treatment they 
show nearly no reinforcement effect on NR latex compounds. 
Due to the destabilization effect of fillers on NR latex, there 
would lead to deterioration of mechanical properties of NR 
composite films [4, 5]. Reinforcing NR latex is one of the 
most important issues in latex product industry. The difficulty 
is that the successful reinforcement can only happen on the 
boundary of latex particles after film formation and final cur-
ing. Nevertheless, the colloidal stability of NR latex must be 
maintained during whole processes, so that the products can 
be manufactured (for example, dipped condoms or gloves). 
In addition, when filler loading is too high, coalescence and 
adhesion between latex–latex particles would be prevented, 
leading to a pronounced loss in ductility [6, 7]. Some academic 
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