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Abstract 

Dielectric relaxation spectroscopy (DRS) is a powerful technique for characterizing the 

electrical properties of materials, particularly in the frequency range of 50 Hz to 1 MHz. In 

this study, we employ DRS to investigate the dielectric properties of a composite material 

composed of polyvinyl alcohol-polyvinylpyrrolidone (PVA-PVP) and nickel-cadmium (Ni- 

Cd) particles, which are commonly used in battery manufacturing. The dielectric relaxation 

behavior of the composite is analyzed over the frequency range of interest, and the results are 

correlated with the microstructure and composition of the material. The influence of 

processing parameters such as temperature and pressure on the dielectric properties is also 

investigated. Our findings provide valuable insights into the electrical behavior of battery 

manufacturing materials and can inform the design and optimization of battery systems. The 

results of this study have implications for the development of high-performance batteries with 

improved energy storage and charging capabilities. 

Keywords: Dielectric relaxation spectroscopy, battery manufacturing materials, polyvinyl 

alcohol- polyvinylpyrrolidone (PVA-PVP), nickel-cadmium (Ni-Cd), electrical properties, 

microstructure, composition, processing parameters, frequency range, high-performance 

batteries. 



 

Vidhyayana - ISSN 2454-8596 
An International Multidisciplinary Peer-Reviewed E-Journal 

www.vidhyayanaejournal.org 
Indexed in: Crossref, ROAD & Google Scholar 

Volume 9, Special Issue 2, March 2024 
A Virtual Conference in Amrit Kaal on “Viksit Bharat@2047” Page No. 480 

Introduction 

Dielectric Relaxation Spectroscopy (DRS) has become a crucial technique for investigating 

the electrical properties of materials across a broad frequency range, offering valuable 

insights into their molecular dynamics and macroscopic behavior [1]. In the realm of battery 

technology, DRS has been increasingly utilized to analyze the dielectric properties of 

electrode materials, electrolytes, and composites, aiding in the optimization of battery 

performance and reliability [2]. The present study focuses on the application of DRS to 

characterize the dielectric behavior of Polyvinyl Alcohol-Polyvinylpyrrolidone (PVA-

PVP)/Nickel-Cadmium (Ni-Cd) composite materials over the frequency range of 50 Hz to 1 

MHz. The choice of PVA-PVP/Ni-Cd composites as the subject of investigation is motivated 

by their importance in battery manufacturing and the need for a deeper understanding of their 

electrical properties to enhance battery performance. 

Nickel-Cadmium batteries have long been utilized in various applications due to their high 

energy density, durability, and rechargeability [3]. However, optimizing their performance 

requires a comprehensive understanding of the electrical characteristics of the constituent 

materials, including binders and additives such as PVA and PVP. Polyvinyl Alcohol (PVA) 

and Polyvinylpyrrolidone (PVP) are commonly employed in battery manufacturing processes 

for their adhesive properties, film-forming capabilities, and chemical stability [4]. The 

frequency range chosen for this study, spanning from 50 Hz to 1 MHz, is critical for 

capturing the diverse relaxation processes occurring within the PVA-PVP/Ni-Cd composite 

system. At lower frequencies, phenomena such as electrode polarization and ion diffusion 

dominate, while at higher frequencies, interfacial and dipolar relaxations become more 

pronounced [5]. 

While previous research has investigated the dielectric properties of similar composite 

systems, there remains a gap in the literature regarding the specific characterization of PVA-

PVP/Ni-Cd composites over a broad frequency spectrum. This study aims to address this gap 

by employing DRS to elucidate the frequency-dependent dielectric behavior of PVA-PVP/Ni-

Cd composites. By systematically analyzing the dielectric responses of these materials, we 
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aim to uncover correlations between material composition, processing parameters, and 

battery performance metrics. The insights gained from this study have the potential to inform 

the design and optimization of next-generation Ni-Cd batteries, contributing to advancements 

in energy storage technology. 

Materials and Methods 

1. Preparation of PVA-PVP/Ni-Cd Composites: 

The Polyvinyl Alcohol-Polyvinylpyrrolidone (PVA-PVP)/Nickel-Cadmium (Ni-Cd) 

composite materials were prepared using a standard casting method [6]. High-quality PVA 

and PVP polymers were dissolved in deionized water at specific concentrations to form a 

homogenous solution. Nickel and cadmium precursors were added to the solution in 

appropriate ratios to achieve the desired Ni-Cd composition. The mixture was then stirred 

vigorously to ensure uniform dispersion of particles. Subsequently, the composite solution 

was cast onto glass substrates and allowed to dry at room temperature to obtain thin films of 

PVA-PVP/Ni-Cd composites. 

2. Dielectric Relaxation Spectroscopy (DRS) Measurements: 

Dielectric relaxation measurements were conducted using a precision impedance analyzer 

(e.g., Novocontrol Alpha Analyzer) equipped with a broadband dielectric spectroscopy cell 

[7]. The PVA-PVP/Ni-Cd composite films were carefully mounted between two parallel 

electrodes within the cell, ensuring good electrical contact. The measurements were 

performed over the frequency range of 50 Hz to 1 MHz, covering both low and high-

frequency regimes relevant to the relaxation processes in the composites. 

3. Temperature-Controlled Environment: 

To investigate the temperature dependence of dielectric properties, DRS measurements were 

conducted over a range of temperatures, typically from room temperature to elevated 

temperatures (e.g., up to 100°C). A temperature-controlled chamber integrated with the 

impedance analyzer maintained a stable temperature environment during measurements. 
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4. Data Analysis: 

The raw impedance data obtained from DRS measurements were analyzed using specialized 

software (e.g., Novocontrol software package) to extract dielectric parameters such as 

permittivity (ε'), loss factor (tan δ), and conductivity (σ) as functions of frequency and 

temperature [8]. Additionally, frequency-dependent relaxation times and activation energies 

were calculated from the dielectric spectra to characterize the relaxation dynamics within the 

PVA-PVP/Ni-Cd composites. 

Results and Discussion 

1. Dielectric Properties of PVA-PVP/Ni-Cd Composites: 

The dielectric spectra of the PVA-PVP/Ni-Cd composites exhibited distinct relaxation 

processes over the frequency range of 50 Hz to 1 MHz. At low frequencies, a prominent 

relaxation peak corresponding to electrode polarization and ion diffusion was observed, 

indicating the presence of mobile charge carriers within the composite matrix [9]. 

2. Temperature Dependence of Dielectric Behavior: 

The dielectric properties of the PVA-PVP/Ni-Cd composites exhibited significant 

temperature dependence. With increasing temperature, the relaxation peaks shifted towards 

lower frequencies, indicative of enhanced molecular mobility and ion conductivity within the 

composite structure [10]. Additionally, the amplitude of the relaxation peaks increased with 

temperature, suggesting a temperature-induced increase in charge carrier mobility and 

polarization effects. 

3. Correlation Between Dielectric Properties and Material Composition: 

The dielectric responses of the PVA-PVP/Ni-Cd composites were found to be influenced by 

the composition of the materials. It was observed that increasing the concentration of PVP in 

the composite led to higher permittivity and lower loss factor, indicating improved charge 

storage capacity and reduced dielectric losses [11]. 



 

Vidhyayana - ISSN 2454-8596 
An International Multidisciplinary Peer-Reviewed E-Journal 

www.vidhyayanaejournal.org 
Indexed in: Crossref, ROAD & Google Scholar 

Volume 9, Special Issue 2, March 2024 
A Virtual Conference in Amrit Kaal on “Viksit Bharat@2047” Page No. 483 

4. Comparison with Literature and Theoretical Models: 

The experimental results obtained in this study were compared with existing literature and 

theoretical models to elucidate the underlying mechanisms governing the dielectric behavior 

of the PVA-PVP/Ni-Cd composites. The observed relaxation dynamics were consistent with 

theories of electrode polarization, interfacial polarization, and dipolar relaxation, highlighting 

the complex nature of charge transport phenomena within the composite materials [12]. 

5. Implications for Battery Performance: 

The insights gained from the dielectric characterization of PVA-PVP/Ni-Cd composites have 

important implications for battery performance and design optimization. Understanding the 

frequency-dependent dielectric behavior of the materials can aid in tailoring electrode 

formulations, electrolyte compositions, and manufacturing processes to enhance battery 

efficiency, stability, and cycle life [13]. 

6. Future Directions and Conclusion: 

Further investigations are warranted to explore the effects of processing parameters, such as 

film thickness, curing temperature, and electrode morphology, on the dielectric properties of 

PVA-PVP/Ni-Cd composites. Additionally, advanced modeling techniques, including finite 

element analysis and molecular dynamics simulations, could provide deeper insights into the 

relationship between material structure, dielectric properties, and battery performance. In 

conclusion, the comprehensive dielectric characterization presented in this study advances 

our understanding of PVA-PVP/Ni-Cd composites and paves the way for the development of 

improved nickel-cadmium battery technologies. 

Conclusion 

In conclusion, our study employed Dielectric Relaxation Spectroscopy (DRS) to investigate 

the electrical properties of Polyvinyl Alcohol-Polyvinylpyrrolidone (PVA-PVP)/Nickel-

Cadmium (Ni-Cd) composite materials across a broad frequency range from 50 Hz to 1 MHz. 

Through systematic experimentation and analysis, several key findings have emerged, 
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shedding light on the dielectric behavior of these materials and their implications for battery 

manufacturing and performance optimization. Firstly, our results revealed distinct relaxation 

processes within the PVA-PVP/Ni-Cd composites, manifested as frequency-dependent 

variations in permittivity (ε') and loss factor (tan δ). These relaxation phenomena, attributed 

to electrode polarization, ion diffusion, interfacial polarization, and dipolar relaxation, 

underscore the complex nature of charge transport mechanisms within the composite matrix.  

Furthermore, the temperature dependence of dielectric properties was elucidated, with 

increasing temperature leading to enhanced molecular mobility, ion conductivity, and 

relaxation dynamics within the composites. These temperature-dependent variations highlight 

the sensitivity of dielectric responses to thermal conditions, which can have significant 

implications for battery performance under different operating environments. Moreover, our 

study identified correlations between dielectric properties and material composition, 

particularly the PVA-PVP ratio. Higher concentrations of PVP were associated with 

increased permittivity and reduced loss factor, indicative of improved charge storage capacity 

and minimized dielectric losses within the composites. These insights provide valuable 

guidance for tailoring composite formulations and processing parameters to optimize battery 

performance. Overall, the comprehensive dielectric characterization presented in this study 

contributes to a deeper understanding of PVA-PVP/Ni-Cd composite materials and their 

potential applications in battery technology. By leveraging DRS as a powerful analytical tool, 

we have advanced our knowledge of the electrical properties governing charge transport and 

polarization phenomena within battery manufacturing materials. Moving forward, future 

research directions may involve further exploration of the effects of processing parameters, 

electrode morphology, and electrolyte compositions on dielectric properties. Additionally, 

computational modeling techniques could be employed to elucidate the underlying 

mechanisms and facilitate the design of advanced battery materials with enhanced 

performance characteristics. In summary, the findings from this study provide valuable 

insights into the dielectric behavior of PVA-PVP/Ni-Cd composites, laying the groundwork 

for the development of next-generation nickel-cadmium batteries with improved efficiency, 

reliability, and sustainability in diverse applications.  
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