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Abstract. New elastomeric composites were synthesized with filler particles from rice husk 
products both in micro and sub-micron sizes. The obtained composites surface structure was 
investigated by scanning electron and atomic force microscopy. The application as a prospective 
strengthening sub-micron sizes filler for the composite complexes creation with high elastic and 
strength properties have been shown. 
Introduction  
When creating elastomeric composites, structures and products made from such materials, 
considerable attention is paid to environmental issues, as well as to improving economic efficiency 
and energy efficiency in its production. The current interest in elastomeric composites is the 
problem to find effective fillers [1-6]. In this work we have investigated the surface structure of 
elastomeric composites based on industrial synthetic butadiene styrene rubber SBR 1500 with 
filler particles from rice husk products [7-8], both in micro and sub-micron sizes. These 
experiments are important to understand the structure-property relationships for polymer 
composites and are taken into account in the mathematical models creation for predicting these 
materials mechanical properties [9-10].  
Materials and methods  
Two type composites were prepared: samples 1 with micro dispersed fillers and samples 2 with 
sub-microdispersed  fillers. High-dispersed filler particles were obtained from the micro dispersed 
feed using a PM100 planetary ball mill (Retsch, Germany). The composites main components 
were: rubber SBR 1500 -100 wt %, fillers-65 wt % (filling 30% by volume). The obtained 
composites surface structure was investigated by JSM-6700F-field emission scanning electron 
microscope with JED-2300F energy dispersion microanalyzer (Jeol, Japan). The tests were carried 
out in high vacuum conditions. Platinum sputtering 50 nm thickness was preliminarily applied on 
the samples surface. The sample surfaces were examined using an atomic force microscope (AFM) 
easyScan (Nanosurf, Switzerland) operating in half-contact mode in air at room temperature. The 
phase-contrast mode was additionally used in the AFM. The AFM was protected from external 
excitations using a TS-150 dynamic anti-vibration stage (Fabrik am Weiher, Switzerland).The 
vulcanizes elastic-strength properties were tested on a UTS-10 (Zwick Roell, Germany) tensile 
machine. 
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Results and discussions 
The elastomeric composites surface structure SEM image for samples with micro- or sub-
microdispersed fillers is shown in Fig. 1 a, b. The filler particles (light areas) in the elastomeric 
matrix (dark areas) are visualized in these images. The determined sizes filler agglomerates in the 
rubber matrix with SPIP program (Image Metrology, Denmark)  for samples 1 are in the range 
from 200 nm to 10 mkm, distances between fillers about 500 nm; for samples 2 – sizes from 30 
nm to 1 mkm, distances - about 100 nm. The surface structure AFM images of these industrial 
synthetic butadiene styrene rubber SBR 1500 composites with a micro- and nanostructured 
amorphous silicon dioxide filler are shown in Fig. 2 a, b (left - topography, right - phase contrast). 
In these images also the filler particles are visualized as a light area in the elastomeric matrix dark 
areas. The AFM image data analysis with respect to the filler sizes are in agreement with the SEM 
data. 

 
a) 

 
b) 

Fig. 1. SEM images of elastomeric composites with different fillers: a) microdispersed 
amorphous silicon dioxide, b) sub-microdispersed amorphous silicon dioxide. 
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a) 

 
b) 

Fig. 2. AFM images of the surface structure on industrial synthetic butadiene styrene rubber 
SBR 1500 filled with: 

a) microdispersed amorphous silicon dioxide. Scans 37.7 x37.7 µm; 
b) sub-microdispersed amorphous silicon dioxide. Scans are 28.3 x28.3 μm. 

(In each image on the left is topography, on the right-phase contrast). 

The data analysis images presented in Figs. 1-2 show that when the filler particles size 
decreases, there is a noticeable decrease in the inclusions size (particle agglomerates), which 
indicates a noticeably better filler particles distribution in the elastomeric matrix. For example, 
sample 2 filled with sub-micron particles shows a decrease in the agglomerate average size to 
about 30 nm from the initial 200 nm obtained for sample 1 filled with micro filler particles. As 
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follow from our strain – stress measurements on these composites performed on UTS-10 tensile 
machine this leads to a significant improvement in the elastic strength properties in sample 2 
compared to sample 1. Thus, sample 2 shows a 5-fold increase in strength compared to sample 1, 
and 1.5-fold increase in tension at 300% elongation.  
Conclusion  
The synthesized elastomeric composites study by scanning electron and atomic force electron 
microscopy shows a noticeable influence the surface structure parameters of the fillers from rice 
husk on the complex mechanical properties. The data obtained on the used fillers distribution 
features in the elastomeric matrices correlate with the measured physical and mechanical 
properties of the synthesized composites. The efficiency of directional control over the initial 
particles size in amorphous silicon dioxide derived from renewable raw materials (rice husks) and 
their use as promising strengthening filler for creating composites with reinforced mechanical 
properties have been shown. 
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