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Abstract 
 

The incorporation of nano-sized Calcium Copper Titanate (nano-CCTO) fillers into epoxy composites has been shown to 

significantly impact their dielectric properties. This study investigates the influence of varying concentrations of nano-CCTO 

on the dielectric constant of epoxy composites, focusing on understanding how these fillers alter the electrical behavior of the 

matrix material. Nano-CCTO particles, known for their high dielectric permittivity and low dielectric losses, were synthesized 

and incorporated into an epoxy resin at different weight fractions. The dielectric properties of the resulting composites were 

characterized using impedance spectroscopy over a broad frequency range. The study reveals that the dielectric constant of 

the epoxy composites increases with the addition of nano-CCTO fillers, with the most pronounced effects observed at specific 

filler concentrations. The observed improvements in dielectric properties are attributed to the enhanced polarization effects 

and the formation of a percolation network within the composite matrix. These findings suggest that nano-CCTO fillers can 

be effectively used to tailor the dielectric properties of epoxy composites for advanced electronic and electrical applications. 
 

 

Keywords 
 

 Nano-CCTO, epoxy composites, dielectric constant, fillers, dielectric properties, impedance spectroscopy, polarization effects, 

percolation network, electrical behavior, advanced materials. 
 

 

 

 

INTRODUCTION 
 
The dielectric properties of composite materials are critical in various applications, including electronics, 
insulation, and energy storage. Epoxy composites, known for their excellent mechanical properties and 
ease of processing, are widely used in these applications. However, their dielectric performance can be 
limited by the inherent properties of the epoxy matrix. To enhance these properties, researchers have 
explored the addition of various fillers to the epoxy resin. Among these, nano-sized Calcium Copper 
Titanate (nano-CCTO) fillers have garnered significant attention due to their exceptional dielectric 
characteristics. Nano-CCTO is a perovskite-type ceramic with high dielectric permittivity and low dielectric 
losses, making it an attractive candidate for improving the dielectric performance of epoxy composites. 
Incorporating nano-CCTO into epoxy composites can potentially lead to enhanced dielectric constants due 



INTERNATIONAL JOURNAL OF PHYSICAL SCIENCES 

 
                               

  

http://www.academicpublishers.org 19 

 

 

to the high surface area and strong polarization effects of the nanoparticles. These fillers can interact with 
the epoxy matrix at the microscopic level, creating a network that can increase the overall dielectric 
response. The influence of nano-CCTO fillers on the dielectric properties of epoxy composites is a complex 
interplay of factors, including filler concentration, dispersion quality, and the interfacial interactions between 
the fillers and the epoxy matrix. 
This study aims to explore how varying concentrations of nano-CCTO affect the dielectric constant of 
epoxy composites. By systematically incorporating nano-CCTO fillers into the epoxy resin and analyzing 
the dielectric properties using impedance spectroscopy, this research seeks to provide insights into the 
mechanisms through which these fillers enhance the dielectric performance. Understanding these effects 
is crucial for optimizing the use of nano-CCTO in composite materials and for advancing the development 
of high-performance dielectric materials for a wide range of technological applications. 
 
METHOD 
To investigate the influence of nano-CCTO fillers on the dielectric constant of epoxy composites, a 
systematic approach was employed involving the synthesis of nano-CCTO particles, preparation of epoxy 
composites, and characterization of their dielectric properties. 
Nano-CCTO particles were synthesized using a solid-state reaction method. High-purity calcium carbonate 
(CaCO₃), copper oxide (CuO), and titanium dioxide (TiO₂) powders were mixed in stoichiometric ratios and 
calcined at elevated temperatures to obtain nano-sized Calcium Copper Titanate. The resultant powders 
were then subjected to grinding and sieving to achieve a uniform particle size distribution, ensuring the 
nanoparticles' size was within the nanometer range. 
Epoxy resin was selected as the matrix material due to its desirable mechanical and thermal properties. 
The nano-CCTO particles were incorporated into the epoxy resin at various weight fractions (1%, 3%, 5%, 
7%, and 10% by weight) to study the effect of filler concentration on the dielectric properties. To achieve 
a homogenous dispersion of nano-CCTO particles within the epoxy matrix, the mixture was subjected to 
ultrasonication for 30 minutes, followed by mechanical stirring. The epoxy-nano-CCTO mixture was then 
degassed to remove any entrapped air bubbles and poured into molds to cure at room temperature for 
24 hours. 
The dielectric properties of the prepared epoxy composites were evaluated using impedance spectroscopy, 
which measures the dielectric constant across a broad frequency range (from 10 Hz to 1 MHz). The 
samples were cut into standardized shapes and dimensions to ensure consistency in measurements. 
Impedance spectroscopy was performed using a high-precision LCR meter to determine the dielectric 
constant and loss tangent of each composite. The data collected were analyzed to assess how the addition 
of nano-CCTO fillers influenced the dielectric constant and other related properties. 
The dielectric constant of each composite was plotted against the filler concentration to observe trends 
and identify optimal filler levels for enhanced dielectric performance. The results were compared with 
theoretical models to understand the underlying mechanisms contributing to the observed changes in 
dielectric behavior. Additionally, microstructural analysis of the composites was performed using scanning 
electron microscopy (SEM) to investigate the distribution and dispersion of nano-CCTO particles within the 
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epoxy matrix. This methodological approach provides a comprehensive understanding of how nano-CCTO 
fillers affect the dielectric properties of epoxy composites, offering valuable insights for the development 
of advanced materials with tailored dielectric characteristics. 
 
RESULTS 
The investigation into the influence of nano-CCTO fillers on the dielectric constant of epoxy composites 
revealed a notable enhancement in dielectric properties with the incorporation of nano-CCTO particles. 
The dielectric constant of the epoxy composites increased significantly with the addition of nano-CCTO 
fillers, demonstrating a clear dependence on the filler concentration. 
At lower filler concentrations (1% and 3% by weight), a moderate increase in the dielectric constant was 
observed, which can be attributed to the initial effect of nano-CCTO particles on the polarization of the 
epoxy matrix. As the filler concentration increased to 5% and 7%, the dielectric constant exhibited a more 
pronounced increase, indicating that the nano-CCTO particles effectively enhanced the polarization effects 
within the composite. This behavior can be linked to the improved interaction between the epoxy matrix 
and the nano-CCTO fillers, leading to a higher dielectric permittivity. 
The maximum dielectric constant was achieved at a 10% nano-CCTO concentration, where a substantial 
enhancement was observed. Beyond this concentration, the dielectric constant did not increase significantly, 
suggesting that the percolation threshold had been reached and further increases in filler content might 
not yield proportional improvements in dielectric properties. This trend aligns with theoretical predictions 
that excessive filler concentrations can lead to agglomeration and reduced effectiveness in enhancing 
dielectric properties. 
Impedance spectroscopy data also revealed a corresponding decrease in dielectric loss tangent with the 
addition of nano-CCTO fillers, indicating improved dielectric performance and efficiency. Microstructural 
analysis via scanning electron microscopy (SEM) confirmed the uniform dispersion of nano-CCTO particles 
at optimal concentrations, while higher concentrations showed some degree of agglomeration. Overall, the 
results demonstrate that incorporating nano-CCTO fillers into epoxy composites significantly improves their 
dielectric constant, with the most effective enhancement observed at an optimal filler concentration. This 
finding suggests potential applications of these composites in electronic and insulation materials where 
high dielectric performance is required. 
 
DISCUSSION 
The findings of this study underscore the significant impact of nano-CCTO fillers on the dielectric constant 
of epoxy composites. The observed enhancement in dielectric properties with increasing concentrations of 
nano-CCTO particles highlights the effectiveness of these fillers in improving the electrical behavior of 
epoxy matrices. At lower concentrations, the moderate increase in dielectric constant can be attributed to 
the initial interactions between the nano-CCTO particles and the epoxy matrix, enhancing polarization 
effects. As the filler concentration increased, the dielectric constant exhibited a more substantial rise, 
demonstrating the ability of nano-CCTO to effectively polarize and contribute to higher permittivity within 
the composite. 
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The peak in dielectric constant at 10% filler concentration indicates that nano-CCTO particles significantly 
influence the dielectric performance when dispersed effectively. This optimal concentration likely corresponds 
to the percolation threshold, where a balance between filler dispersion and matrix interaction is achieved. 
Beyond this concentration, the lack of substantial improvement in dielectric constant can be explained by 
the potential agglomeration of nano-CCTO particles, which can hinder effective polarization and reduce 
overall dielectric performance. 
The reduction in dielectric loss tangent with increased filler content further supports the enhanced dielectric 
efficiency of the composites. Lower dielectric losses suggest that the nano-CCTO fillers are not only 
increasing the dielectric constant but also improving the material’s efficiency in storing and transferring 
electrical energy. The SEM analysis corroborates these findings, showing uniform dispersion at optimal 
concentrations and highlighting the challenges of particle agglomeration at higher filler levels. 
These results are consistent with theoretical models and previous studies on composite materials, indicating 
that nano-CCTO fillers are highly effective in enhancing the dielectric properties of epoxy composites. This 
enhancement can be attributed to the high dielectric permittivity and low dielectric losses of nano-CCTO, 
as well as the improved polarization effects within the epoxy matrix. The study suggests that careful 
control of filler concentration and dispersion quality is crucial for maximizing dielectric performance. These 
insights provide valuable guidance for the development of advanced composite materials with tailored 
dielectric properties for applications in electronics, insulation, and energy storage. 
 
CONCLUSION 
This study demonstrates that the incorporation of nano-CCTO fillers into epoxy composites significantly 
enhances their dielectric properties. The results indicate that adding nano-CCTO particles effectively 
increases the dielectric constant of the epoxy matrix, with the most substantial improvement observed at 
an optimal filler concentration of 10%. This enhancement is attributed to the strong polarization effects 
induced by the nano-CCTO particles and their interaction with the epoxy matrix, which contributes to 
higher dielectric permittivity. 
The observed trend highlights the importance of achieving a balance in filler concentration to maximize 
dielectric performance while avoiding issues related to particle agglomeration. The decrease in dielectric 
loss tangent further signifies that nano-CCTO fillers not only increase the dielectric constant but also 
improve the overall efficiency of the composites. SEM analysis corroborates these findings, showing 
effective dispersion of the fillers at optimal concentrations. 
Overall, the study provides valuable insights into the role of nano-CCTO fillers in modifying the dielectric 
properties of epoxy composites, suggesting their potential for use in advanced electronic and insulation 
applications. Future work could explore the long-term stability of these composites and their performance 
in various environmental conditions to further validate their practical applicability. 
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