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Abstract
A number of properties of natural rubber-based composites containing fillers of sol–gel glasses and ceramics from the 
CaO–SiO2–P2O5 system were investigated and compared. Its goals were to evaluate and select more suitable usages in 
flexible electronics, in particular as substrates and insulating layers in antennas for wireless communications. The fillers 
were characterized by XRD, SEM, adsorption–texture characteristics and particle size distribution. The composites were 
characterized by their vulcanization, physico-mechanical, dielectric and dynamic characteristics, as well as their volume 
resistivity and coefficient of thermal conductivity. The studies revealed that the specific features of the fillers, above all 
their texture characteristics (specific surface area, presence and amount of micro- and mesopores) have a significant impact 
upon all studied properties of the composites. The complex evaluation has demonstrated that the composites containing 
glass–ceramic fillers, especially at 20–50 phr, are more suitable as substrates and insulating layers in flexible antennas for 
wireless communications.
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Introduction

In recent years, extensive research has been devoted to the 
development of flexible electronics. The devices based on 
this new technology are stretchable, twistable and deform-
able that would be impossible to achieve by hard and 
rigid substrates. For many applications, particularly in the 

biomedical field and body-worn antennas, the electronic cir-
cuits have to be easily wrapped around curve surfaces. The 
circuits must be not only flexible but also stretchable. In 
this context, stretchable and bendable electronics could be 
produced using elastomer-based composites [1].

Hence, the research problem is to provide elastomeric 
composites filled in a way that can ensure their robust per-
formance in flexible electronics, especially in flexible anten-
nas for wireless communications, to guarantee sufficiently 
good antenna characteristics. The applications of elastomeric 
composites containing sol–gel glasses and glass ceramics in 
this field have not been sufficiently studied. Studies on the 
properties of elastomeric composites based on siloxane and 
butyl rubber filled with sol–gel glasses exist, but they are 
related to their biomedical applications [2–5]. Our previous 
studies [6] show that the dielectric characteristics of some 
of the biocomposites containing sol–gel glasses from the 
CaO–SiO2–P2O5–Ag2O system as fillers suggest that those 
materials can be used as substrates and insulating layers in 
flexible antennas for short-range wireless communications.

There are also studies on the properties of glass–ceramic 
composites. Calcium phosphate ceramics are among the 
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