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loss (higher dissipation of energy) during the mechanical 
work of material and higher cross-link density of the pre-
pared materials.
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Introduction

Natural or synthetic rubber-based composites with inor-
ganic fillers possess increasing importance from the tech-
nological point of view [1, 2]. The practical applications 
are determined by achievement of desirable mechanical 
and dynamic properties of rubber-based materials, which is 
connected with the optimal degree of cross-linking in the 
rubber vulcanizates. The cross-link density should be high 
enough to prevent viscous flow, but low to avoid brittle fail-
ure of the vulcanizates materials [3]. Rubber materials are 
commonly used for the production of o-rings, seals, tires or 
conveyor belts [4].

There are many kinds of rubbers, such as butadiene rubber 
(BR), ethylene-propylene-diene monomer rubber (EPDM), 
nitrile-butadiene rubber (NBR) [5], styrene-butadiene rubber 
(SBR), and natural rubber (NR) [5–8]. Natural rubber shows 
sufficient tensile strength; tear strength and abrasion resist-
ance for many applications [4, 8]. On the other hand, NR is an 
unsaturated polymer, sensitive to oxidation initiated by heat, 
ultraviolet or gamma radiation [8]. The properties of NR and 
its products can be enhanced by the addition of different types 
of antioxidants, such as benzophenone, benzotriazole, and 
amines [8, 9]. The organic antioxidants are unstable and toxic 
while inorganic ones are generally nontoxic and chemically 
stable under high temperature and UV irradiation [8, 10].

Abstract The aim of this work was to prepare and char-
acterize the natural rubber vulcanizates containing differ-
ent amounts of titanium dioxide particles. At first, a rubber 
mixture was prepared using a laboratory two-roll mill and 
then samples were vulcanized by a hydraulic press. The 
formulation of the rubber mixture and rubber-processing 
technique were based on our earlier investigations. Sam-
ples were obtained with different titanium dioxide loadings 
of 15, 25, 45, and 85 parts by weight per hundred parts of 
natural rubber. This research is focused on the determina-
tion of the influence of different loadings of titanium oxide 
particles on the chemical structure, morphology, mechani-
cal and thermo-mechanical properties of the natural rubber-
based composites. It was found that vulcanizates with dif-
ferent amounts of TiO2 particles possess good characteristic 
in terms of all measured properties. The results of Fourier 
transform infrared spectroscopy analysis showed that the 
chemical structure of the obtained natural-based compos-
ites was not influenced by titanium dioxide particles. The 
SEM micrographs showed the uniform dispersion of TiO2 
particles in the natural rubber matrix. The agglomeration of 
filler was seen at the higher contents of TiO2 in the matrix. 
The thermogravimetric analysis showed slightly different 
thermal stability for the obtained natural rubber compos-
ites. The dynamic mechanical thermal analysis showed that 
the prepared materials have similar glass transition temper-
atures. However, increase in the content of titanium dioxide 
in the obtained materials is connected with higher energy 
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