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Abstract
The reinforcement degree offered by silica as a spherical filler with low aspect ratio and high filler–filler interaction was 
compared with mica as a platelet filler with higher aspect ratio and lower filler–filler interaction. By replacing half of the 
carbon black with silica or mica in a typical formulation, rubber composites were prepared and their properties were evalu-
ated under two conditions: In the first one, the impact of increasing the amount of a chemical surface modifier, namely silane 
TESPT (bis triethoxysilylpropyl tetrasulfide), was investigated and in the second one, the increasing amount of a physical 
modifier namely DPG (diphenyl guanidine) on the performance of the two fillers was explored. The resulting composites 
were subjected to physico-mechanical experiments including the bound rubber, tensile test, and the dynamic mechanical 
thermal analysis (DMTA). Results indicated that the greater amount of filler–filler interaction resulting from the higher  SiO2 
and hydroxyl content in silica has a dominating role over the aspect ratio of mica which is then led to a remarkable difference 
in their bound rubber. However, the mica-containing composites were capable of competing with silica when the DPG was 
used. Nevertheless, the compound only containing carbon black with 19.7 MPa of tensile strength and 24.4 kgf/cm of tear 
strength showed the best mechanical properties among other fillers, and by replacing 30 phr carbon black, these properties 
decreased approximately 15 ± 3%. Based on DMTA findings, promising data were obtained for the mica-reinforced rubbers 
with regard to the tire application.
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Introduction

Unfilled rubbers have such poor toughness and strength that 
they cannot be used in almost any practical applications [1]. 
Reinforcing rubbers with fillers in a high volume fraction 
is a classical method and still the most practical solution. 
The impact of filler on the rubber reinforcement can be elu-
cidated in principle by one of the following main mecha-
nisms: (1) the stress transferring from the soft matrix to the 
stiff particles, (2) the substitution of a portion of the rubber 

matrix with the stiffer filler and (3) the reduced segmental 
immobilization caused by the interaction of polymer chains 
with the filler surface [2]. The correlation of reinforcement 
to the structure and chemistry of fillers can accordingly be 
anticipated. For instance, when compared to a spherical 
filler, layered shape fillers having aspect ratios higher than 
1 are capable of providing stronger stress transfer.

The microstructure of such fillers, if properly dispersed, 
can be converted from the micro-assembled layers to a 
“house of cards” morphology, which by consequence leads 
to an enhanced segmental immobilization of rubbers [3]. 
Similarly, filler–filler interaction which is a function of the 
surface energy and the polarity of chemical groups existing 
on the filler surface affects the rubber reinforcement through 
the modification of chain immobilization, particularly at 
high filler loading [4, 5]. Therefore, depending on the chemi-
cal and structural characters of the fillers, their reinforcing 
potential may be competing with each other, and experimen-
tal practices are required to find out the dominating role. 
While carbon black is the most common filler of rubbers, 
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