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Anand Charitable Sanstha is founded by Hon. Bhimraoji Dhonde (Ex. MLA. Ashti Patoda Shirur
(ka)) for imparting the education to economically and educationally backward community. Our
college is established in July, 1990. It is established with the sole mission of creating and
developing the facilities and resources of higher education in order to make easy and convenient
accessibility to the youths. Presently this institution runs primary to post graduate level
programmes including professional courses. This college is affiliated to Dr. Babasaheb Ambedkar
Marathwada University Chh. Sanbhajinagar. It has beautiful campus of 10 acres with adequate
infra-structure. The college has been re-accredited with “A+” Grade (3.34 CGPA) by NAAC in
May 2023. The college has been imparting education in Art’s, Commerce and Science faculties.
The research and development activities are being conducted in various departments. Department

of Physics is also actively involved in research and innovative activities since its beginning.



About the conference venue

Kada is located on the bank of the River Kadi. Before independence it was under the rule of
Nizam. Venue of the conference is on the Shirdi- Hyderabad National Highway. Nearest Railway
station is Ahmednagar, which is 45 Km away from Kada, and 100 Km. from district place Beed.
There are frequent buses available from Beed, Nanded, Parbhani, Latur, Osmanabad, Tuljapur,

Solapur, Ahmednagar, Pune, Mumbai, Nasik and Aurangabad to kada.



Scope of the Conference

The conference on emerging trends in physics and mathematics is crucial for advancing scientific
knowledge and fostering innovation. It provides a platform for researchers, educators, and
industry professionals to share the latest discoveries, methodologies, and applications. By
highlighting cutting-edge research and interdisciplinary approaches, the conference promotes
collaboration and addresses complex global challenges. Participants gain insights into new
theories and technologies that can drive progress in fields like quantum computing,
nanotechnology, and artificial intelligence. Ultimately, the conference contributes to the
development of solutions that can improve quality of life, enhance education, and support

sustainable development in a rapidly evolving world

Conference topics

* Nanomaterial's: Synthesis and Characterization
* Nano magnetism, and Memory Devices.

* Thin Film deposition techniques

* Nanotechnology and Materials Science.

* Astrophysics and mathematical Aspects of cosmology.
+ Artificial Intelligence and Machine Learning.

* Mathematical modeling of Physics.

* Interdisciplinary Applications.

* Sustainability and Environmental Physics.

* Topology and Geometry in Modern Physics.

* Data Science in Physics and Mathematics.

* Applied Mathematics

About The Conference:

The 3rd National Conference on Emerging Approaches Towards Sustainability (NCEATS-2024)
will be organized by GKCEM and is scheduled to be held in virtual mode from 5th April to 6th
April 2024. This is a multi-institutional effort to exemplify multidisciplinary research like
intelligent computing and advanced communication systems, [oT, Green energy design,
computations, and computers to interact and disseminate information on the latest developments
in civil, mechanical, electrical, and electronics engineering in both academics and industry to
establish sustainability. NCEATS-2024 will be a national forum for professionals, industrialists,
researchers, academicians, and students from various engineering and science fields with multi-

disciplinary interests.
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Abstract

Advanced ceramics have emerged as critical materials for high-temperature applications due to their
exceptional properties such as high melting points, thermal stability, and resistance to corrosion and wear.
These materials, including silicon carbide (SiC), aluminium oxide (Al20s), and zirconium oxide (ZrOz), possess
melting points well above 2000°C and maintain structural integrity at elevated temperatures, exhibiting
minimal thermal expansion and excellent thermal shock resistance. Additionally, advanced ceramics boast high
mechanical strength and chemical inertness, ensuring durability and longevity even in the harshest
environments.

Recent advancements such as nanostructured ceramics and ceramic matrix composites (CMCs) have led
to significant improvements in mechanical and thermal properties, expanding the range of potential
applications. Ultra-high-temperature ceramics (UHTCs) are also being explored for extreme environments,
showcasing the continuous innovation in this field.

The future of advanced ceramics in high-temperature applications is promising, with ongoing research
focused on enhancing material properties, developing cost-effective manufacturing processes, and broadening
their application scope. Innovations in nanotechnology, additive manufacturing, and composite materials are
expected to drive the evolution of advanced ceramics, solidifying their role as key materials in high-
temperature technology.

Keywords: Advanced Ceramics, High-Temperature Applications, Thermal Stability, Ceramic Matrix
Composites (CMCs), Ultra-High-Temperature Ceramics (UHTCs), etc.

I. INTRODUCTION

Introduction
High-temperature applications are fundamental to numerous advanced industries, including aerospace, power
generation, manufacturing, and electronics. These sectors require materials that can endure extreme thermal

and mechanical conditions without sacrificing performance. Traditional materials like metals and alloys often

Copyright © 2024 The Author(s) : This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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fall short due to their limitations in melting points, thermal stability, and resistance to corrosion and wear [1-3].
In contrast, advanced ceramics offer a robust solution to these challenges. Engineered for specific high-
performance applications, advanced ceramics, such as silicon carbide (SiC), aluminium oxide (Al:0s), and
zirconium oxide (ZrOz2), exhibit melting points exceeding 2000°C. They maintain structural integrity under
elevated temperatures, resist thermal shock, and show minimal thermal expansion. Furthermore, advanced
ceramics are characterized by high hardness, mechanical strength, and exceptional chemical inertness, making
them durable in the harshest environments [4].

The production and application of advanced ceramics involve sophisticated manufacturing techniques
designed to achieve desired properties and shapes. Methods such as sol-gel processing, hydrothermal synthesis,
spray pyrolysis, tape casting, extrusion, injection molding, and sintering are employed to produce high-purity,
uniform ceramic powders and complex shapes [4,5]. Recent advancements in additive manufacturing, including
3D printing, have enabled the creation of intricate ceramic components with high precision [6]. These
advancements have expanded the applications of advanced ceramics across various industries. In aerospace,
they are used in thermal barrier coatings for turbine blades, engine components, and heat shields. In power
generation, advanced ceramics improve thermal efficiency and energy conversion rates in gas turbines and
nuclear reactors [6,7]. In manufacturing, they are used in high-temperature processes like metal cutting,
welding, and glass production. In electronics, high-temperature superconductors and insulators made from
advanced ceramics ensure reliable performance in harsh environments. Continuous research and development
in nanostructured ceramics, ceramic matrix composites (CMCs), and ultra-high-temperature ceramics (UHTCs)
promise to further enhance the properties and applications of advanced ceramics, solidifying their role as key
materials in high-temperature technology [8,9].

This article encompasses the comprehensive overview of advanced ceramics, emphasizing their unique
properties, diverse applications, and the latest advancements. The insights presented herein underscore the
critical role of advanced ceramics in high-temperature applications and the potential for future developments to

further enhance their capabilities and impact.

Importance of High-Temperature Materials

High-temperature applications are integral to several advanced industries, including aerospace, power
generation, manufacturing, and electronics. These industries require materials that can endure extreme thermal
and mechanical conditions without compromising performance. Traditional materials, such as metals and
alloys, often fail to meet the demands of these environments due to limitations in their melting points, thermal
stability, and resistance to corrosion and wear [9,10]. Advanced ceramics, with their superior properties,

present a robust solution to these challenges.

Overview of Advanced Ceramics

Advanced ceramics are a class of materials that offer exceptional performance in high-temperature
environments. Unlike traditional ceramics used in pottery and construction, advanced ceramics are engineered
to exhibit specific properties that make them suitable for demanding applications. These properties include high
melting points, excellent thermal stability, high mechanical strength, and resistance to corrosion and wear. The
most common types of advanced ceramics used in high-temperature applications include silicon carbide (SiC),

aluminium oxide (Al20s3), and zirconium oxide (ZrQO2) [11].

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 19
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Properties of Advanced Ceramics
Advanced ceramics possess a unique combination of properties that make them indispensable in high-
temperature applications. These properties include high melting points, thermal stability, mechanical strength,
wear resistance, corrosion resistance, and additional attributes that enhance their performance in various
demanding environments [11,12].

1. High Melting Points: Advanced ceramics, such as silicon carbide (SiC), aluminium oxide (Al20s), and
zirconium oxide (ZrO2), exhibit melting points significantly higher than most metals and alloys. With
melting points exceeding 2000°C, these ceramics are ideal for applications where materials are exposed
to extremely high temperatures, such as in turbine engines and nuclear reactors [12].

2. Thermal Stability: These materials maintain their structural integrity and mechanical properties at
elevated temperatures. They exhibit minimal thermal expansion, which is crucial in high-temperature
applications to prevent material failure due to thermal stress. Additionally, advanced ceramics possess
excellent thermal shock resistance, meaning they can withstand rapid temperature changes without
cracking or losing functionality. This is particularly important in applications like aerospace and power
generation, where components frequently experience sudden temperature fluctuations [13,14].

3. Mechanical Strength: Advanced ceramics are renowned for their high hardness and mechanical
strength. They can withstand significant mechanical stress without deforming or failing, making them
suitable for use in structural components subjected to high loads and abrasive environments. For
example, zirconia-based ceramics are known for their toughness, which is enhanced by a phase
transformation mechanism that occurs under stress, further improving their durability [15].

4. Wear Resistance: The high hardness of advanced ceramics contributes to their exceptional wear
resistance. This property ensures long-term durability and reliability in demanding applications.
Components made from advanced ceramics can withstand prolonged exposure to abrasive conditions
without significant wear and tear, making them ideal for use in cutting tools, bearings, and other high-
wear applications [16].

5. Corrosion and Chemical Resistance: The chemical inertness of advanced ceramics ensures that they do
not react with most chemicals, even at high temperatures. This property makes them highly resistant to
oxidation, corrosion, and wear. Components made from advanced ceramics can operate in corrosive
environments, such as in chemical processing plants, without degrading. This extends the lifespan of
the components and reduces the need for frequent maintenance and replacement [11-14].

6. Electrical Insulation: Many advanced ceramics, such as alumina and silicon nitride, are excellent
electrical insulators. They can withstand high voltages and prevent electrical discharge, making them
suitable for use in electrical and electronic applications where insulation is critical [15].

7. Thermal Conductivity: Some advanced ceramics, like aluminium nitride (AIN) and beryllium oxide
(BeO), exhibit high thermal conductivity. This property allows them to efficiently dissipate heat,
making them ideal for use in electronic devices and components that generate significant heat during
operation [14-16].

8. Low Density: Advanced ceramics typically have a lower density compared to metals, which can be
advantageous in applications where weight is a critical factor. For instance, in aerospace and automotive
industries, reducing the weight of components without compromising performance can lead to

significant improvements in fuel efficiency and overall performance [17].
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9. Biocompatibility: Certain advanced ceramics, such as zirconia and alumina, are biocompatible, meaning
they do not cause adverse reactions when implanted in the human body. This property makes them
suitable for medical applications, including implants and prosthetics [18].

10. Dimensional Stability: Advanced ceramics exhibit excellent dimensional stability, maintaining their
shape and size under various environmental conditions. This property is crucial for precision
components used in industries like electronics and aerospace, where dimensional accuracy is paramount
[19].

11. Optical Properties: Some advanced ceramics, such as sapphire (a form of aluminium oxide), have unique
optical properties. Sapphire is used in applications requiring high transparency and durability, such as
watch crystals, camera lenses, and protective covers for electronic devices [18,19].

12. Radiation Resistance: Advanced ceramics can resist damage from radiation exposure, making them
suitable for use in nuclear reactors and space applications. Their ability to maintain structural integrity
and functionality under high radiation levels ensures safety and reliability in these critical
environments [18-21].

13. Magnetic Properties: Certain advanced ceramics, such as ferrites, exhibit magnetic properties that are
useful in various applications, including magnetic storage, transformers, and inductors [22].

The combination of these properties high melting points, thermal stability, mechanical strength, wear
resistance, corrosion resistance, electrical insulation, thermal conductivity, low density, biocompatibility,
dimensional stability, optical properties, radiation resistance, and magnetic properties makes advanced ceramics
ideal for a wide range of high-temperature and demanding applications. Continuous research and development
are focused on enhancing these properties further, exploring new ceramic materials, and improving

manufacturing processes to produce ceramics with even better performance characteristics [18-23].

Manufacturing Techniques [18-24]
The production of advanced ceramics involves several sophisticated manufacturing techniques designed to
achieve the desired properties and shapes. These techniques include:

1. Powder Processing: The synthesis of ceramic powders is the first step in the manufacturing process.
Methods such as sol-gel processing, hydrothermal synthesis, and spray pyrolysis are commonly used to
produce high-purity and uniform ceramic powders [26].

2. Shaping Techniques: Once the ceramic powders are synthesized, they are shaped into the desired forms
using techniques like tape casting, extrusion, and injection molding. These methods allow for the
creation of complex shapes and fine details in ceramic components.

3. Sintering: Sintering is the process of densifying ceramic powders by heating them to temperatures
below their melting points. This process increases the density and strength of the ceramic material.
Conventional sintering, hot pressing, and spark plasma sintering are some of the common sintering
techniques used.

4. Additive Manufacturing: Recent advancements in 3D printing technologies have enabled the
fabrication of complex ceramic components with high precision. Additive manufacturing allows for the

creation of intricate geometries that would be challenging to achieve with traditional methods.

Applications of Advanced Ceramics [25-31]
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Advanced ceramics are employed across a wide range of industries due to their exceptional properties, which
make them suitable for demanding applications. Beyond the previously mentioned uses, these materials find
application in several specialized and emerging fields.

1. Aerospace Industry:

o Thermal Barrier Coatings (TBCs): Advanced ceramics are used as thermal barrier coatings on
turbine blades and other engine components to protect them from extreme temperatures. These
coatings improve engine efficiency and reduce fuel consumption by allowing engines to operate
at higher temperatures.

o Heat Shields: In space exploration, ceramics are used in heat shields to protect spacecraft from
the intense heat generated during re-entry into Earth's atmosphere. The high thermal resistance
of these ceramics ensures the spacecraft’s integrity and safety.

2. Power Generation:

o Gas Turbines: Advanced ceramics are used in high-temperature components of gas turbines,
such as combustor liners and nozzle guides. These ceramics enhance the efficiency and
durability of turbines by withstanding the extreme temperatures and corrosive environments
present during operation.

o Nuclear Reactors: In nuclear reactors, ceramics are used for fuel cladding and control rods.
Their ability to withstand radiation and high temperatures without degrading is crucial for the
safe and efficient operation of nuclear power plants.

3. Manufacturing:

o Cutting Tools: Ceramics are used in cutting tools and machining inserts due to their hardness
and wear resistance. These tools are employed in precision cutting and grinding of metals and
other materials, extending tool life and improving machining efficiency.

o Kilns and Furnaces: Advanced ceramics are used in the linings of kilns and furnaces for the
production of glass, ceramics, and metals. Their thermal stability and resistance to chemical
attack make them ideal for these high-temperature environments.

4. Electronics:

o Substrates: Advanced ceramics, such as alumina and silicon nitride, are used as substrates in
electronic circuits due to their excellent thermal and electrical insulating properties. They help
in heat dissipation and provide mechanical support for electronic components.

o Piezoelectric Devices: Ceramics with piezoelectric properties, such as lead zirconate titanate
(PZT), are used in sensors, actuators, and transducers. These materials convert mechanical stress
into electrical signals and vice versa, enabling their use in a wide range of electronic
applications.

5. Medical Applications:

o Implants and Prosthetics: Biocompatible ceramics, such as zirconia and alumina, are used in
dental implants, hip replacements, and other prosthetic devices. Their durability and
compatibility with the human body make them suitable for long-term use in medical implants.

o Bone Regeneration: Ceramics like hydroxyapatite are used in bone grafts and scaffolds for bone
regeneration. These materials support bone growth and healing by providing a structure that
mimics natural bone tissue.

6. Defence and Security:
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o Body Armor: Advanced ceramics, such as boron carbide and silicon carbide, are used in ballistic
armor for personal protection and vehicle armor. Their hardness and ability to absorb and
dissipate impact energy make them effective at stopping bullets and shrapnel.

o Armor-Piercing Projectiles: Ceramics are also used in armor-piercing projectiles and penetrators
due to their high hardness and resistance to deformation upon impact.

7. Energy Storage:

o Solid Oxide Fuel Cells (SOFCs): Advanced ceramics are used as electrolytes and electrodes in
solid oxide fuel cells, which convert chemical energy directly into electrical energy. Their high
ionic conductivity and stability at elevated temperatures are crucial for the efficiency and
longevity of these fuel cells.

o Thermal Energy Storage: Ceramics are used in thermal energy storage systems, where they store
and release heat efficiently. This application is important for managing energy in solar power
systems and other renewable energy technologies.

8. Environmental Applications:

o Catalysts: Ceramics are employed as catalysts in various environmental applications, such as in
catalytic converters for automobile exhaust systems. They help in reducing harmful emissions
by facilitating chemical reactions that convert pollutants into less harmful substances.

o Water Filtration: Porous ceramics are used in water filtration systems to remove contaminants
from water. Their ability to filter out impurities while maintaining high flow rates makes them
effective in both industrial and residential water purification.

9. Telecommunications:

o Microwave Substrates: Advanced ceramics are used in microwave and radio frequency
applications, such as in communication satellites and radar systems. Their low dielectric loss
and stable dielectric properties ensure efficient signal transmission and reception.

10. Consumer Electronics:

o Smartphone Screens: Sapphire, a form of aluminium oxide, is used in the screens of high-end
smartphones and watches due to its hardness and scratch resistance. This application ensures
that devices maintain their aesthetic appearance and durability.

The versatility of advanced ceramics extends their utility to various fields, from enhancing industrial
processes to improving consumer products and environmental technologies. Continuous innovation in material
science is expanding the range of applications for advanced ceramics, providing solutions to modern

engineering challenges and driving progress in technology.

Recent Advancements
The field of advanced ceramics is continually evolving, with ongoing research and development leading to new
materials and improved properties:
1. Nanostructured Ceramics: The development of ceramics with nanoscale grains has led to significant
improvements in mechanical and thermal properties. Nanostructured ceramics exhibit enhanced
strength, toughness, and thermal conductivity, expanding their potential applications in more

demanding environments [32].
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2. Ceramic Matrix Composites (CMCs): Combining ceramics with other materials, such as fibers, has
resulted in composites that offer enhanced toughness and damage tolerance. CMCs are particularly
useful in applications where traditional ceramics might fail due to brittleness [33].

3. Ultra-High-Temperature Ceramics (UHTCs): Materials like hafnium carbide (HfC) and zirconium
carbide (ZrC) are being explored for applications requiring temperatures above 3000°C. These UHTCs

are promising for use in hypersonic vehicles and other extreme environments [34-36].

Future Prospects

The future of advanced ceramics in high-temperature applications looks promising, with ongoing research
focused on improving material properties, developing cost-effective manufacturing processes, and expanding
their application scope. Innovations in nanotechnology, additive manufacturing, and composite materials are
expected to play a significant role in the evolution of advanced ceramics.

Advanced ceramics are likely to become even more critical in industries that require materials to
perform under increasingly demanding conditions. For instance, as aerospace technology advances towards
higher speeds and greater efficiencies, the need for materials that can withstand extreme temperatures and
stresses will continue to grow. Similarly, the push for more efficient and sustainable power generation methods

will drive the demand for high-performance ceramics in gas turbines and nuclear reactors.

Conclusion

In summary, advanced ceramics represent a vital class of materials for high-temperature applications. Their
exceptional properties, including high melting points, thermal stability, mechanical strength and resistance to
corrosion and wear, make them ideal for use in a wide range of industries. With continuous advancements in
material science and manufacturing techniques, the potential for advanced ceramics to meet the evolving needs
of high-temperature applications is vast. This research article provides a comprehensive overview of the
development, properties, applications, and future prospects of advanced ceramics, underscoring their

significance in modern technology.
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ABSTRACT

Sustainable development has been defined as the combination of environmental protection and
economic growth. From last three decades we have Space technology which has its unique capability
for transforming the life style of the humanity as a whole. However, there are at least four reasons
why technological improvements in eco-efficiency alone will be insufficient to bring about a
transition to sustainability. Technology is also linked to how humans interact, what sort of traits lead
to success for both individuals and groups, and what sort of political arrangements make sense.
Technology is arguably what has allowed humans to develop into what we are today. The applications
of space technology for improving the conditions in India, majority of which are burdened with large
population density, low yield in agriculture and health problem, natural disaster are practically unlimited.
Finally, the paper highlights successful policies and strategies at the national levels that can promote
the harnessing of space technologies for achieving the Sustainability such as solar photovoltaic systems
Hydropower energy system Biomass energy systems Green hydrogen technology, Wind energy
systems.

Keywords: Space technology, sustainability, Bio-mass energy, Food and agriculture, Health

applications, physics-based approach, Hydropower energy system, Wind energy systems.
I. INTRODUCTION

Sustainable technology emphasizes the integration of environmental considerations into all stages of
the technological lifecycle, from resource extraction and production to consumption and disposal. The
term “‘sustainable development” has received unprecedented popularity ever since it was first defined
by the World Commission on Environment and Development. In order to ensure that continued
economic growth and environmental protection can go hand in hand, business leaders promoted the
concept of “eco-efficiency” as the primary tool for achieving industrial sustainability. Sustainable
development originally coined the term eco-efficiency and defined it as “adding maximum value with
minimum resource use and minimum pollution [1] To address these challenges, we will require the
help of new technologies in moving towards a trajectory for sustainable development. Advanced

sensors, drones, and satellite imaging technologies facilitate the collection of real-time data on
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biodiversity, habitat loss, and environmental pollution, aiding in the identification of conservation
priorities and the implementation of targeted interventions. These cleaner technologies, and cleaner
products and that strive for more efficient use [2].

Objectives of the Study:

The main objective of the paper is to discuss the importance of space technology and its tools for
sustaining the environment. Space Technology is the specialized set of information technologies. Te
objectives are:

1. Identify the areas in which the Applications of Space Technology can be used to achieve a better
and sustainable agricultural production, Health, disaster risk reduction in India.

3. Determine how the use of Space Technology for better agricultural production, Health, Disaster risk
reduction in India can be achieved in India.

4. Access the challenges of the application of space technology to achieving sustainable agricultural
production Health, Disaster risk reduction in India.

Sustainable development actually means transforming or translating its aims into technological
instrument monitoring and controlling instruments. In this context sustainability operation means
applying physics- and technology-based approaches on different levels and for different given
situations in the attempt of improving humanity quality of life with minimum undesired impacts on
environment. Technology-based approaches are represented by approaches that aim at applying

technology-specific interventions to address demands of providing healthy living.
II. METHODS AND MATERIAL:

General methodology for operationalzing sustainability can be materialized on different levels by
respecting following steps.

2.1. Food and agriculture: The remarkable achievements in Space Technology and its Applications
during the last three decades have firmly established its unique capability for transforming the life
style of the humanity as a whole. Space technologies can be vital for agricultural innovation, modern
agriculture. Space based technology is of value to farmers, agronomists, food manufacturers and
agricultural policymakers who wish to simultaneously enhance production and profitability [3].
Remote-sensing satellites provide key data for monitoring the soil, snow cover and drought and crop
development. Rainfall assessments from satellites, for example, help farmers plan the timing and
amount of irrigation needed for crops. Accurate information and analysis can also help predict a
region’s agricultural output well in advance and can be critical in anticipating and mitigating the
effects of food shortages and famines. The potential applications of space technology for improving the
conditions in India, majority of which are burdened with large population density, low yield in
agriculture, unchecked deforestation, over dependence on unpredictable rainfall combined with
recurrent natural disasters such as drought and floods [4]. The geospatial data, data products and
services and the lower cost of geospatial information technology facilities have stimulated its adoption

across the India. Emerging priorities for international collaborations in this field include the
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development of agricultural geospatial data infrastructure, agricultural geospatial knowledge platforms,
standards and protocols enabling interoperation and data sharing, analysis-ready agricultural thematic
geospatial data products and the sharing of relevant software applications. Another initiative
expanding access to space technology is the crop monitoring system in China known as Crop Watch,
which has played an important role in preparing international stakeholders for global crop market
fluctuations and disruptions in food supply [5]. It has encouraged national, regional and global
adoption of space technology using remote-sensing data.

2.2. Health applications: Health is a critical sector that has found the application of space technologies
particularly helpful. Te atmospheric pollution in our fast growing urban conglomerations, creating
serious hazard to public health and causing degradation of urban ecosystems over vast regions. The
advances in the field have improved techniques of observing and analyzing factors like temperature
and humidity, which has shown the potential for epidemiological applications [6]. In recent years,
space-based technologies have played a growing role in health objectives and public domains, space
science, technology and applications. The space-based research, play a crucial role in supporting
decision-making, improved care, education and early warning measures. Information from remote-
sensing technologies is used to monitor disease patterns, understand environmental triggers for the
spread of diseases, predict risk areas and define regions that require disease-control planning. In the
context of the ongoing corona virus disease of COVID-19 pandemic, using geographic information
system data, various institutions have been able to publish information on confirmed infections and
deaths, which has been useful in epidemiological studies of the virus. The new inventions and
innovations in space technology have proven to be an instrument for enhancing the well-being of
human beings [8].

2.3. Disaster risk reduction and humanitarian crises: There are several types of Natural disasters like
earthquakes, floods, tornadoes, tropical cyclones, wildlife, tsunami, volcanic eruptions, landslides etc.,
that inversely affect the national progress and human life causing damage, death and loss of valuable
goods. In recent years, space technology has become an integral part of disaster risk management and
response efforts in the country .Space technology has shrunk time and distance, essentially reducing
the world into a single global village with instantaneous communication connectivity and enabling
the monitoring and shaping of the global environment as a whole. Disasters cause important loss of
lives and assets around the world. One of the important ways to escape from these potential risks is to
develop technologies for early prediction of disasters, proper strategy for disaster management and
developing awareness among the civilians to overcome the critical situations, during natural disaster.
Space Technology is playing an important role for minimizing the adverse effect of Natural disasters.
Satellite imagery, giving real-time information over a large area and space-based technologies like
telecommunications, global navigation satellite systems, Geographic Information Systems and Web
Technology can be used for prevention, preparedness, relief reconstruction, warning and monitoring
the various phases of disaster management. Geo-stationary satellites provide continuous and synoptic

observations over large areas on weather including cyclone monitoring. India is the seventh largest
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country having second largest population of the world having Natural Disaster management systems
of, surrounded by the Himalayas on the north, northeast and northwest the Bay of Bengal on the east
[9-10].

IIL.LRESULTS AND DISCUSSION:

Physics-based approaches for operationalisng sustainability: Physics plays an important part in all our
lives and particularly in our understanding of the climate. Pioneering efforts to reduce energy
consumption, diminish pollution, and develop more efficient processes are currently being researched
and developed by teams of physicists in following ways.

3.1 Solar photovoltaic system

Technologies using solar photovoltaic systems to produce energy are used in much different
application. Moreover, ground mounted panels are among the most common applications, together
with rooftop and floating installations. It can be used to generate electricity, desalinate water and
generate heat, etc. A zero-energy building is a building that is designed for zero net energy emissions and
emits no carbon dioxide. Building integrated PV (BIPV) technology is coupled with solar energy sources
and devices in buildings that are utilized to supply energy needs. A PV water-pumping system is typically
used to pump water in

rural, isolated and desert areas. The system consists of PV modules to power a water pump to the location
of water need. Development Programme has worked with various stakeholders to install ground solar
panels on waste land which can be used for agricultural purpose [11]

3.2 Hydropower energy systems: Climate change is a major challenge for developing countries,

particularly India, as it faces large-scale climate variability which can increase the impact of climate
change. Hydropower is an old technological solution, but under the right conditions, it can still
provide all areas with cost-effective and green electricity. Hydropower is a mature technology that is
currently used in about 160 countries to produce cost-effective, low-carbon, renewable electricity.
Examples from various countries show that cities can enhance their existing hydropower
infrastructure to produce more emission-free energy. For example, the hydropower station on the
River Koyana produces about 1,960 MW of green electricity for Nation [12].

3.3 Wind energy systems

Wind power is one of the most rapidly accelerating technologies amongst all renewable energy
systems. To effectively manage large-scale variable renewable energy sources, flexibility must be
harnessed in all sectors of the energy system, from power generation to transmission and distribution
systems, storage. Globally, to integrate 60% variable renewable generation (35% from wind) by 2050
average annual investments in grids, generation adequacy and some flexibility measures would need
to rise by more than one-quarter to USD 374 billion/year, compared to investments made in electricity
networks and battery storage in 2018

3.4 Green hydrogen technologies

Green hydrogen is becoming a new alternative energy source to fossil fuel. Several countries have

launched programmes to investigate how to benefit from green hydrogen production and to develop
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the technologies required transforming hydrogen into a source of clean power. We have to develop
low- and zero-emission heavy vehicles including trains and hydrogen-powered aerial vehicles using
green hydrogen technology. The industries such as cement and steelmaking should be decarburizing
industries. Additionally, electricity can be converted into hydrogen by electrolysis, providing an
innovative way to store and transport renewable energy generated by other means when batteries or
other modes of storage and transport are not practical [13].

3.5 Biomass energy systems

Anaerobic digestion technologies or biomass that converts biodegradable waste into methane-rich
biogas are commonly deployed worldwide. For example, urban areas in Guatemala use electricity
generated from sugarcane biomass — also known as biogases — which has been an established practice
amongst sugarcane producers since 1990. During the 2017-2018 harvest seasons, biogases made it

possible to save approximately 4 million tons of carbon emissions [14].
IV.CONCLUSION:

In conclusion, technology plays a pivotal role in driving sustainable development and environmental
conservation efforts worldwide. The main contribution of this paper is the development and
implementation of a strategic methodology for assessing the impact of space technology for sustainable
development. Through innovations in renewable energy, agriculture, water conservation, technology
has enabled significant progress towards mitigating climate change and preserving natural
resources. The rising demand for energy and the ever-increasing concerns with global warming drive the
world towards renewable energy alternatives that can truly be sustainable are Solar, wind energy and bio-
electrochemical biomass Additionally, continued research and investment in emerging technologies
hold promise for further advancements in environmental conservation and sustainable development.
By leveraging the power of technology alongside effective policy measures and societal engagement,
Wwe can create a more sustainable and resilient future for generations to come. Ultimately, the success
of these efforts will depend on our collective commitment to harnessing the potential of technology as
a tool for positive change in safeguarding our planet and fostering a more sustainable global society. It
is clear from the above discussion that eco-efficiency improvements are only useful if the endpoint is
sustainability rather than economic growth. This paper represents only a small fraction of the work

that is yet to be done on the implications of space technology for sustainability.
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ABSTRACT:

Ferromagnetic-ferroelectric particulate composites of XxCoMno.2Zno2Fe1604 + (1-X) BaTiOs were prepared
by conventional ceramic method using composition x=0.0, 0.25, 0.50, 0.75, 1.00. The presence of two
phases in composites was confirmed by XRD technique. The results of XRD pattern shows cubic spinel
structure for ferrite phase and tetragonal perovskite structure for ferroelectric phase. The lattice constant(s)
for mixed ferrite and ferroelectric phase are in good agreement with the reported data. No structural
change was observed even though the composition of composites was varied. Variation of lattice
parameters for ferrite and ferroelectric with ferrite content (X) in composites were studied. The X-ray
density was calculated for ferrite, ferroelectric and their composites. The X-ray density increases for
ferroelectric phase whereas it decreases for ferrite phase. The theoretical density calculated from the mass
and volume of the composite in the form of circular pellet. The theoretical x-ray density and calculated X-
ray density that obtained by mass and volume relation is in analogous with each other and shows similar
trend.

Keywords: Ferrite, ferroelectric; ME composite; X-ray density; Porosity

I. INTRODUCTION

Materials with ferromagnetic and ferro-electric are significantly in focus and widely investigated for
technological application. The magneto-electric effect is defined as the electric polarization of a material
upon application of a magnetic field or conversely, as the magnetization of a material upon application of
an electric field. When a magnetic field is applied to a composite of the piezoelectric perovskite and the
spinel structure phases, the ferrite particles change their shape because of magnetostriction, and the strain
is passed along to the piezoelectric particles, resulting in an electrical polarization [1,2,3]. These
composite provide freedom to choose the various constitution phases and vary their molar percentage,
which play an important role in ME effect [4,5].BaTiOs3 ferroelectric and CoMno.2Zno2Fe1604 spinel
ferrite has high resistance, high magnetostriction coefficient, high Curie temperature. The ME voltage
coefficient was attributed to relaxation process and resistivity of the material [6].The ferrite and
ferroelectric composites x(CoMno.2Zno2Fe1604 )+1-x(BaTiOs) have gained importance in recent years
due to their high magneto-electric coupling effect. These composites are synthesized by taking into
account the mutual interaction between two phases [7]. It is important to select a suitable combination of
ferrite and ferroelectric material to get good ME effect. In order to have better ME effect the magneto-
electric coefficient of ferrite and piezoelectric effect of ferroelectric phases must be high, which depends
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on structural properties and resistivity [8]. Resistivity of composites and depends upon ferrite |,
ferroelectric content and sintering temperature and porosity. In recent years many magneto-electric
composites have been developed using piezoelectric material and magneto-strictive ferrite material for
technological applications. The BaTiOs with pervoskite type structure is extensively studied ferroelectric
material for its electro-mechanical properties. BaTiOz exhibits good piezoelectric properties and possesses
high electrical resistivity. The pure cobalt ferrite has good magnetic properties and addition of Zn, Mn
content in small proportions in cobalt ferrite may enhance magnetic and electric properties of cobalt ferrite.
The magnetoelectric effect is a product of the piezomagnetic effect (magnetic-mechanical effect) in the
ferromagnetic phase and the piezoelectric effect (mechanical-electrical effect) in the ferroelectric phase,
namely [9].
Magnetoelectric effect = (Straln—.lndu-ced) ferrite x ( Elect.nc—.voltage) ferroelectric (1)

Magnetic— field Strain—induced
If these two compounds can be successfully used as component, it is expected that it will show large ME
effect at low magnetic field and such composites can be used in variety of applications. In present
investigation XRD of ferrite ferroelectric and their composites as well as variation of lattice constant, X-
ray density, porosity and its effect on composites were studied.

II. EXPERIMENTAL PROCEDURE:

2.1. Preparation of phases

The (CoMno.2Zno2Fe1604) +1-x (BaTiO3) where x=0.00, 0.25, 0.50, 0.75, 1.00) composite materials were
prepared by the standard ceramic method. The ferrite phase CoMng2Zno2Fe1604 was prepared by using
CO, MnOg, ZnO and Fe203 in molar proportion as starting materials and their mixture was presintered at
1100°C for 10h. The polycrystalline BaTiOs was prepared by using AR grade BaCOs and TiO> as starting
materials in the molar proportions and presintered at 1000 °C for 8h.The chemical reaction takes place as
follows[10] BaCO3+TiO2 — BaTiO3+CO2 1

2.2 Preparation of ME composites.

ME composites were prepared by mixing ferrite and ferroelectric phases using formula
(CoMng.2Zng2Fe1604)+1-x(BaTiOs) where x=0.00,0.25,0.50,0.75,1.00 respectively. The mixed powders
were uniaxially pressed in a die to form pellets with thickness of about 2.5-3 mm and 10mm in diameter
using hydraulic machine. These pellets were finally sinteredat1200 °C for 10h and furnace cooled up to
room temperature.

2.3 Characterization of ME composites: Structural characterization of ferrite, ferroelectric and their
composites was carried out by X-ray diffraction (XRD) with CuKo radiation.

IIL.LRESULTS AND DISCUSSION

3.1. Structure analysis -XRD

The X-ray diffraction pattern of ferrite, ferroelectric and composite of (CoMng2Zno Fe;160.) +1-x(BaTiO3z) where
x=0.25,0.50,0.75, respectively were determined by XRD technique using X-ray diffractometer using Cu Ka
radiations (A=1.5418A°). The pattern shows well-defined peaks and contains no unidentified lines as in Fig.1.
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Fig.1 XRD pa tern of CoMno2Zno2Fe1604 + BaTiOsMEComposite system with x=0.0, 0.25, 0.50, 0.75,
1.00.
The X-ray diffraction patterns of the present ferrite, ferroelectric and composite samples were recorded at room
temperature and in the 2 theta range of 20°-70°.The occurrence of the peaks with specific indices characteristic of
spinel and perovskite structure confirm cubic spinel structure in the ferrite phase and tetragonal perovskite structure
in ferroelectric phase of the composite. All the XRD peaks are identified and compared with JCPDS data to confirm
the phase and found to have well matching. (Cobalt ferrite JCPDS card #22-1086 and BaTiO3 JCPDS card # 83-
1877).The intensity as well as number of the ferrite peaks (Fig.1) increases on increasing its content. The lattice
parameters for the two phases in composites are nearly equal to that of constituent phases. For ferroelectric BaTiOs,
the lattice parameters are equal to a = 3.99A°, ¢ =4.01A° (¢/a=1.01) and for ferrite phase COMng2Zng2Fe1604 it is
nearly equal to a = 8.40A° as shown in [Tablel]. This indicates that no structural change was observed even though
the composition of composites was varied. Using the X-ray intensity values of (311) plane of ferrite and (110) plane
of ferroelectric, we have calculated the approximate amount of ferrite and ferroelectric phases present in the

composites using the following relation [10]  Ferrite % of phase = Ife¢x100 2)

ferroelectric
The calculated percentages of constituent phases of composites are presented in Table.2.
Table 1: Lattice parameters (a,c) and unit cell volume (V) of x(CoMno2Zno2Fe1604) +1-x (BaTi0s) composites.

Ferrite Lattice parameter Volume (V)

content Zerrit Ferroelectric Ferrite :cetrrric():el
X sy |2A @) @A) | Lk
0.00 -- 3.978 4.040 | -- 63.93

0.25 8.350 | 3.968 | 4.031 | 582.18 | 63.46

0.50 8.356 | 3.964 | 4.026 | 583.48 | 63.26

0.75 8.361 | 3.961 | 4.013 | 584.43 | 62.96

1.00 8.400 | -- -- 592.70 | --
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Table 2: Intensity (1) of most intense peaks (311) , (110) of ferrite and ferroelectric, Phase % of
ferrite and ferroelectric x(CoMno2Zno2Fe1604) + 1-x(BaTi03) composites.

Ferrite | I3y | li1o Is11 /| Ferrite | Ferroelectric
content | Ferrite | Ferro | li1o phase % | phase %

X electric

0.00 -- 1100 | -- -- 100

0.25 210 856 0.245 | 24.5 75.5

0.50 330 679 0.488 | 48.8 51.2

0.75 498 689 0.722 | 72.2 27.8

1.00 1050 | -- -- 100 --

Table 3: Experimental density (dm), therotical density (di), X ray density (dx) and % Porosity (% P) of
X(CoMno.2Zno2Fe1604) + 1-x (BaTi03) composites .

Ferrite dm (dw) dx P
contentx gm/cm® gm/cm® | gm/cm® | %
0.00 4.35 421 6.14 29.2
0.25 4.41 4.23 5.94 25
0.50 455 |439 |5.73 19.8
0.75 4.67 4.55 5.45 15.2
1.00 471 5.10 5.29 11.2

It is evident from Table.2 that, the percentage of ferrite and ferroelectric phase in composite is approximately equal
to its mole percentage assumed in the synthesis of composites. The lattice parameters for the ferrite and ferroelectric
phases in composites were calculated from XRD data using the following relations.
a = dvVN,

@)
Where d = 2:i}r:6’ an N= h*+k*+ I” for ferrite N = h*+k >+ (a*/c* ) for ferroelectric phase [11].The values of
lattice parameters for ferrite phase and ferroelectric phase are presented in Table 1. It can be seen from Table.1 that,
the lattice parameters for ferrite phase increases with increase in ferrite content (x) whereas the lattice parameters of
ferroelectric phase decreases with increase in ferrite content (x). The values of lattice parameter for pure ferrite and
pure ferroelectric phase are in good agreement with the reported values [12]. The lattice constants of the composite
are well consistent with constituent phases, indicating the absence of structural change with its variation in the
composition. This implies that structure remain the same even if the composition varies from x = 0.25 to x = 0.75.
Using the values of lattice parameters, the unit cell volume of ferrite and ferroelectric was calculated and the values
are given in Table 1.
3.2 The experimental density: The experimental density of ferrite (x = 1), ferroelectric (x = 0.0) and their
composites (0.25 < x < 0.75) were obtained using Archimedes’s principle and the values are summarized in Table3.
The experimental density increases with increase in ferrite content x in composites. The theoretical density
calculated from the mass and volume of the composite in the form of circular pellet of 10 mm diameter and
approximately 3 mm thickness. The theoretical density of composites can also be computed from the relation [13].
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p = L 2 pP1p2
theor
g ('“191 t “'292) (4)

Where m;and m; are the molecular weights of ferrite and ferroelectric, respectively, whereas p1, p2 and piheory
are the theoretical densities of ferrite, ferroelectric and their ME composites. The values of theoretical density are
given in Table 3. It is observed that the theoretical density increases with increase in ferrite content x in composites.
The theoretical density calculated using the above relation (4) and that obtained by mass and volume relation is in
analogous with each other and shows similar trend.

3.3 The X-ray density: The X-ray density (dx) of ferrite, ferroelectric and their composites was calculated by using
following formula [14].

()
dx = (1-x MEE +X 8M3F
NaZ.c Na?

Where, dx - the X ray density, Mg — molecular weight of ferroelectric phase,

Me — Molecular weight of ferrite phase, ar and (are ,c) — lattice constants of ferrite and ferroelectric phase. The
values of X-ray density densities are given in Table 3. It is observed that X-ray density increases with increase in
ferrite content (x) in composites. The percentage porosity (%p) of the composites was calculated from the known
values of experimental density (dm) and X-ray density (dx) and the values are shown in Table 3.1t is found from
Table 3 that porosity varies between 11.3 — 29.1 %. The high values of porosity of the present composites may be
due to the sintering of the composites at much elevated temperature of about 1150 °C and may be due to the
presence of Zn?* ions.

3.4 Porosity: Porosity of a material is the difference between the molecular and macroscopic densities. Porosity for
various concentrations is determined from the formula-

%P = 1 — [ds/ dx], where, dg - Macroscopic density (obtained from the Archimedes’s principle. dx - x-ray
density . The percentage porosity (P %) was calculated by using the values of X-ray density and bulk
density. The values of porosity are given in Table3.It is clear from Table3 that porosity of the samples
decreases with increases in ferrite content (x).

IV.CONCLUSION:

The composites of ferrite (CoMng2Zno2Fe1604) and ferroelectric (BaTiOs) were successfully synthesized using
ceramic technique. From the X ray diffraction patterns of composites, it is clear that ferrite and ferroelectric phases
exist separately. The structural parameter (lattice constant- ray density, bulk density etc of ferrite, ferroelectric and
their composites are reasonably matched with standard data. The lattice constant a increases from 8.37 to 8.40 °A
due to addition of Mn?" content, obeying Vegard’s law. The high values of porosity of the present composites may
be due to the sintering of the composites at much elevated temperature of about 1150 °C and may be due to the
presence of Zn?" ions which increases resistivity.
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ABSTRACT

In the present study, BWFO (Bismuth Tungsten Ferrite) films were fabricated using the electrodeposition
method, followed by calcination at 600°C for 4 hours. X-ray diffraction (XRD) analysis revealed distinct peaks
corresponding to the (001), (310), (400), and (221) planes, among others, confirming a single-phase structure
within the rhombohedral R3c space group, with an average crystallite size of approximately 39.41 nm. Energy-
dispersive X-ray spectroscopy (EDX) confirmed the presence of Bi, W, Fe, and O elements in the expected
proportions. Scanning Electron Microscopy (SEM) images showed a plate-like structure with lengths of 50-60
nm and thicknesses of 10-20 nm, along with increased pore sizes. FT-IR spectroscopy identified absorption
peaks at 846.51, 1536.87, 1684.80, and 3290.75 cm™, indicating successful tungsten doping. Cyclic voltammetry
(CV) analysis in 1 M NaOH revealed that the BWFO films had specific capacitances of 609.47, 393.51, 389.82,
104.07, and 89.91 F/g at scan rates of 2, 5, 10, 50, and 70 mV/s, respectively. The films exhibited both electric

double-layer and faradic capacitance behavior, with an average capacitance of 4.6 F at a 2 mV/s scan rate.

Keywords: Electrodeposition Synthesis, Bismuth Tungsten Ferrite, Supercapacitor, Morphology

I. INTRODUCTION

Owing to the depletion of fossil fuels and environmental concerns, considerable efforts have focused on
developing new alternative energy storage devices to meet future energy demands [1]. Supercapacitors, also
referred to as ultracapacitors or electrochemical capacitors, bridge the gap between conventional capacitors and
batteries in terms of power and energy density [2]. As a result, supercapacitors find extensive use in various
applications, including electric vehicles, missile technology, aircraft, medical devices, and electric tools [3].

Based on charge storage capability, electrochemical capacitors divide into two types: (i) Electrochemical
double-layer capacitors. Double-layer capacitors store energy through non-faradic charge separation at the

interfaces between the electrode and electrolyte (commonly using carbonaceous materials with high surface
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area and conductivity). (ii) Pseudocapacitors store energy through faradic redox reactions between electroactive
materials, including metal oxides and conducting polymers [4-7]. In practical applications, one of the most
challenging tasks for researchers is to enhance energy density and cell voltage. The asymmetric supercapacitor
increases the operating cell voltage, resulting in enhanced energy density and capacitance [8]. Nowadays,
numerous nanostructured metal oxides have emerged to improve the specific capacitance and conductivity of
carbon-based electrochemical supercapacitors [9-11]. In particular, carbon has been utilized in various forms as
supercapacitor electrode materials to achieve high power density and improved storage capacity [12].

Bismuth ferrite oxide (BFO) has garnered significant attention due to its unique properties, such as good oxygen
ion conductivity, large energy density band gap, high refractive index, and dielectric conductivity. Furthermore,
BFO is non-toxic, biocompatible, and widely employed in various applications, including optical materials, gas
sensors, catalysts, supercapacitors, biosensors, and solid oxide fuel cells [13-15]. Recently, bismuth ferrite has
attracted significant interest in electrochemical supercapacitors due to its high specific capacitance and long-
term charge-discharge cycle stability. However, the specific capacitance behavior of BFO has yet to be studied
in depth [15]. This study details the preparation of BiWFeO (BWFO) films through the electrodeposition
method, followed by calcination at 600°C for 4 hours. The structural, chemical, and electrochemical properties
of the BWFO films were analyzed using various characterization techniques, including X-ray diffraction (XRD),
Energy Dispersive X-ray Spectroscopy (EDX), Field Emission Scanning Electron Microscopy (FE-SEM), Fourier
Transform Infrared Spectroscopy (FT-IR), and Cyclic Voltammetry (CV). These analyses provide a

comprehensive understanding of the materials' potential applications in the field of energy storage.

II. SYNTHESIS OF MATERIALS

In this typical procedure, Bismuth Nitrate Pentahydrate (Bi(NOj3);-5H,0), Iron Nitrate Nonahydrate
(Fe(NO3)3-9H,0), Citric Acid (C¢HgO7), and Sodium Tungstate Dihydrate (Na,WO,-2H,O) were used as
precursors. The molar concentrations of these reagents were 0.2 M, 0.2 M, 0.1 M, and 0.1 M, respectively. Each
compound was dissolved separately in 30 ml of deionized (DI) water. For Bi(NO3)3-5H,O, 3 ml of nitric acid
was added to 27 ml of DI water to aid in dissolution. Once fully dissolved, the solutions of Bi(NO3)3-5H,0,
Fe(NO3)3-9H,0, and C¢HgO, were combined in a beaker, referred to as the "A-type solution." This A-type
solution was placed on a magnetic stirrer and stirred continuously for thorough mixing. Subsequently, 10 ml of
ammonia (NH3) solution was added quickly to the A-type solution to adjust the pH between 8 and 10, forming
the "B-type solution." The Na,WO,-2H,O solution was then added to the B-type solution while stirring. This
final solution was utilized for the electrodeposition process. Electrodeposition was carried out using a two-
electrode system, with a stainless steel substrate serving as the working electrode and a platinum electrode as
the counter electrode. The working and counter electrodes were immersed in the final solution, maintaining a
distance of 1 cm between them. A potential of +3.5 volts was applied across the electrodes for 15 minutes at
room temperature. After the deposition, the sample was removed and annealed in a laboratory muffle furnace
at 600°C for 4 hours, followed by natural cooling to room temperature. The resulting WBiFeO3 thin films
exhibited a dark brown color. In the subsequent step, these WBiFeO3 nanoparticle thin films were tailored for
specific applications. The films were cut to a specific area of 1 cm? and utilized in supercapacitor applications

with three different electrolytes.
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III.LRESULTS AND DISCUSSION

The BWFO films were synthesized using the electrodeposition method. Following the deposition, the films
were calcined at 600°C for 4 hours. The structural analysis was performed using XRD as shown in fig. 1(a),
where the prominent peaks corresponded to various hkl planes, including (001), (310), (400), (221), (420), (321),
(401), (540), (630), (112), (312), (650), and (820). The peak at ~28° corresponded to stainless steel and was
labeled with a “#” symbol. The XRD peaks matched JCPDS card no. 38-1289, confirming the formation of a
single-phase BWFO film with a rhombohedrally distorted perovskite structure belonging to the R3c space

group. The average crystallite size, calculated using scherrer equation, was approximately 39.41 nm.
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Fig.1: The XRD pattern and EDX spectrum of electrodeposited BWFO films

The chemical composition of the BWFO films was analyzed using EDX as depicted in Fig. 1(b). During this

process, X-rays emitted due to electron bombardment in an electron microscope were used to determine the

elemental composition at micro and nano scales.

Elements Weight (%) Atomic (%)
Bi 82.78 31.64
W 2.78 1.21
Fe 1.75 3.80
(@) 12.69 63.35

Tab. 1: The EDX analysis of electrodeposited BWFO film.
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The energies of the emitted X-rays were analyzed to identify the elements present in the sample (qualitative
analysis). The detection rate of these characteristic X-rays was used to quantify the amounts of elements present.
By scanning the electron beam over an area of the film, EDX systems also provided X-ray maps, showing the
spatial distribution of elements. The EDX spectrum confirmed the presence of the desired elements in the
expected proportions its analysis is shown in Table 1.

The morphology of the BWFO films was examined using FE-SEM shown in Fig 2 (a,b). The images revealed
that the film exhibited a plate-like structure with multiple plates stacked on top of each other. The plate
bundles had a length of 50-60 nm and a thickness of 10-20 nm. These plates grew in various directions and
were uniformly distributed across the surface, as shown in Fig. 6.6(a). Additionally, the FE-SEM images showed
an increase in pore diameter, which could enhance the adsorption of electrolyte ions, thereby improving the

supercapacitor performance of the BWFO films.

Fig. 2: The surface morphology of electrodeposited BWFO film at (a) low and, (b) high magnifications.

The FT-IR spectrum of the BWFO films was recorded in the range of 500 cm™ to 4000 cm™ as shown in Fig.3.
Significant absorption peaks were observed at 846.51, 921.14, 1070.41, 1536.87, 1684.80, 2308.52, 2369.83,
2916.25, and 3290.75 cm™. The absorption peak at 846.51 cm™ confirmed the presence of ferrite. The peaks at
1536.87 cm™ and 1684.80 cm™® were associated with the characteristic Fe-O and W-O stretching modes in the
BiWFeOg phase. The broad absorption at 3290.75 cm™ was attributed to the Bi-O-W bond in the BiWFeOsq
phase.
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Fig.3: FT-IR spectrum of electrodeposited BWFO film

The faint band at 1070.41 cm™ corresponded to the Fe-O stretching in Fe-O-Bi bonds and W-O-W symmetric
stretching, as well as the Fe-O-Fe or O-Fe-O bending modes. The FT-IR spectrum confirmed that tungsten was
successfully doped into the BiWFeOg phase, resulting in distinct vibration modes compared to BFO films.

The electrochemical properties of the BWFO films were studied using Cyclic Voltammetry (CV) ina 1 M
NaOH electrolyte solution as shown in fig 4(a). CV is an electrochemical technique used to investigate the
thermodynamics and electron transfer kinetics at the electrode-electrolyte interface, crucial for supercapacitor
and Li-ion battery applications. The CV measurements were conducted at different scan rates, including 2, 5, 10,
50, and 70 mV/s. The CV profiles of the BWFO films were recorded in the potential range of -0.1 to -1.5V
under a three-electrode configuration. The results indicated that the CV window changed with varying scan
rates, but the potential range remained fixed. The area enclosed by the CV curve, which correlates to the
charge storage capability, increased with the scan rate, demonstrating enhanced energy storage capacity due to
tungsten doping in the BWFO films.

Capacitance Analysis: The average capacitances of the BWFO films were calculated, and the results were
presented in the corresponding figures. The average capacitance decreased with increasing scan rates, with an
optimal capacitance of 4.6 F at a 2 mV/s scan rate. The specific capacitances of the BWFO films at scan rates of 2,
5, 10, 50, and 70 mV/s were 609.47, 393.51, 389.82, 104.07, and 89.91 F/g, respectively. The highest
performance was observed at the lowest scan rate. The high specific capacitance can be attributed to the well-

defined slices and numerous air voids in the BWFO film, which increased the electrode's porosity.
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Fig. 4: CV and CD plots of BWFO films recorded in 1 M NaOH solution for different scan rates.

Charge/Discharge Analysis: As shown in fig 4(b), The charge/discharge curves of the BWFO films ina 1 M
NaOH solution at a current density of 10 mA exhibited a triangular shape, indicative of pure electrical double-
layer capacitor behavior. The voltage range for BWFO films was -0.23V to -0.99V. The discharge time was
relatively short compared to the charging time, due to the electrical double-layer capacitance behavior.
However, the longer discharge duration observed in BWFO films was attributed to the synergistic effect of
combining electrical double-layer and faradic capacitances. The discharge time for BWFO films was 504

seconds. The charging curves were non-linear, while the discharging curves were highly linear.
IV.CONCLUSION

The BWFO films were successfully synthesized using electrodeposition and confirmed to have a rhombohedral
single-phase structure with an average crystallite size of 39.41 nm. EDX and FT-IR analyses confirmed the
incorporation of tungsten into the BiIWFeO6 phase. SEM images revealed a plate-like morphology with pore
sizes that could enhance supercapacitor performance. The CV analysis demonstrated that the tungsten doping
significantly improved the energy storage capacity, with specific capacitances ranging from 89.91 F/g to 609.47
F/g depending on the scan rate. The highest specific capacitance was observed at the lowest scan rate of 2 mV/s.
The films exhibited a combination of electric double-layer and faradic capacitance, contributing to their
efficient energy storage. The charging/discharging curves showed typical triangular shapes, confirming the
capacitive behavior, with a discharging time of 504 seconds. These results indicate that the BWFO films have

strong potential for electrochemical supercapacitor applications.
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Abstract :

Using the MCNP code, the radiation shielding properties of a 50 weight percent WO3/E44 epoxy composite are
examined at different gamma energies ranging from 80 keV to 1.33 MeV. For WO3 filler particles, two scales
are therefore taken into consideration: micro and nano, with diameters of 1 ym and 50 nm, respectively.
According to the results of the simulation, WO3 nanoparticles show a greater rise in linear attenuation
coefficient than micro size particles. Lastly, a good agreement is shown when the simulation findings are
validated against the published experimental data.

I. INTRODUCTION

Polymer composites show promise for use in dosimeters, electromagnetic interference (EMI) devices, gamma
and neutron radiation shielding, industry, and healthcare [1, 2]. [05] High-energy elements might not be able to
filter every kind of radiation, especially neutron emissions from space or nuclear laboratories. They might also
be limited in some applications because of their large weight, clumsy design, and toxicity (lead).[06] Thus, non-
toxic "lead-free" filler-reinforced polymer composite has generated a lot of public attention in a variety of fields,
particularly medical treatment, nuclear plants, and mobile nuclear devices, due to its lightweight, workability,
and excellent radiation attenuation capabilities.[09] High amounts of high-V fillers added to epoxy matrix
composites have made them an appealing option for radiation shielding.[09] The impact of tungsten oxide
particle size. The impact of tungsten oxide particle size on WO3/epoxy composites has been studied at x-ray
tube voltages ranging from 25 to 120 kV [10]. Polymer composites are lightweight, cost-effective, and easy to
process [05]. When combined with high-Z materials in specific weight fractions, these composites show
potential for use as effective radiation shielding materials. Several studies have examined how the grain size of
shielding materials affects their linear attenuation coefficients [09]. It is generally believed that nano-sized
particles disperse more uniformly within the matrix and experience fewer agglomerations compared to micro-
sized particles. This enhanced dispersion improves the material's radiation attenuation capabilities.
Nanostructured materials are characterized by structural elements with dimensions ranging from 1 to 100 nm.
The exceptionally small size of nanostructured materials can impart unique chemical and physical properties
compared to the same compounds in microscopic or macroscopic dimensions [14]. In this study, the linear
attenuation coefficients of epoxy resin doped with nano-WO3 and micro-WO3 in identical proportions were
calculated using the MCNP computer code. These results were then compared with the experimental data
reported by Dong et al. [11].
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II. MATERIALS AND SAMPLE PREPARATION

In this study, a simulation was performed using the MCNP computer code to analyze a 50 wt% WO3/E44
epoxy composite, incorporating both micro-sized (1 pm) and nano-sized (50 nm) tungsten oxide particles, in
line with experimental work [11]. The formula for the E44 epoxy resin is C21H2404. Particle sizes were
defined using a lattice card, with the lattice system views shown in Fig. 1 for both nano and micro-sized WO3
particles in the epoxy matrix. The figure shows magnifications of 6 pm x 6 ym (Fig. 1(a)) and 20 pm x 20 ym
(Fig. 1(b)). The simulation geometry for validation calculations is illustrated in Fig. 2, where WO3 particles are
positioned at the center of cubes within the epoxy resin lattice. A narrow, straight gamma-ray beam was
directed at the sample perpendicular to its surface. A Nal scintillation detector with a radius of 3 cm and a
height of 0.02 cm was used to measure particle flux behind the sample, employing an F4 tally in an energy bin
corresponding to the source's defined energy, as in the experiment [11]. According to Lambert—Beer law, the
linear attenuation coefficient for gamma and x-rays is described as [19].

A/Ao=etr . 1

where A is the intensity of photons transmitted across some distance h, Ao is the initial intensity of
photons,

is the linear attenuation coefficient, and h is the distance traveled. Thus the linear attenuation coeffi-
cients can be calculated with

= @/

= . 2

The linear attenuation coefficients of WOs/E44 epoxy samples were calculated for gamma rays at differ- ent
energies, which have been obtained to be from keV to 1330 keV.

The elemental weight fractions of the 50 wt% WO3/E44 epoxy composite and physical characteristics of applied
materials are presented in Tables 1 and 2, respectively

Fig. 1. Schematic view of the network of 50 wt% WO3/E44 epoxy composite, in which WOs3 particles
disperse uniformly in the epoxy matrix as spheres with radii of 50 nm (a) and 1 pm (b).

As shown in Fig. 2, a K-shell peak at 70 keV, characteristic of tungsten, is evident. Figure 3 illustrates the
relative increase in the linear attenuation coefficient (nano vs. micro) for a 50 wt% WO3/E44 epoxy composite
at various energies. The simulation results indicate that composites with nano-sized WO3 particles exhibit
higher linear attenuation coefficients compared to those with micro-sized particles, consistent with
experimental observations [11]. This effect can be attributed to the larger cross-sectional area of nano-sized
particles compared to micro-sized ones, leading to a higher probability of photon collisions with the tungsten
particles and consequently greater attenuation coefficients. While the simulation results deviate from
experimental data by less than 5% for energies below 778.6 keV, discrepancies increase at higher energies,
approaching 1330 keV. This suggests that while nanostructured materials show significant attenuation
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improvements, as noted in Botelho et al. [18], they are particularly effective for low-energy applications,
especially in radiological protection.

Table 1. Elements in the 50 wt% WO3/E44 epoxy composite.

Elements Atomic Atomic Weight | Weight by
Number Fraction
1 Hydrogen (H) 1 1.00794 0.03553
2 Carbon (C) 6 12.011 0.37047
3 Oxygen (O) 8 15.9994 0.19751
4 Tungsten (W) 74 183.84 0.39649

Table 2. Characteristics of applied materials at room temperature.

Sr. No | Materials Density gm/cm?
1 WOs 7.16
2 E44 epoxy 1.18
3 50 wt% micro-WO3/E44 epoxy 2.18
4 50 wt% nano-WO3/E44 epoxy 2.29

Figure 2 shows the mass attenuation coefficient of a 50 wt% WO3/E44 epoxy composite across a range of
energies from 1 keV to 5 MeV, as calculated using XCOM [16]. The effective atomic number \( Z \) for this
composite is 54.07, also determined via XCOM [16]. High atomic number materials are generally more effective
for shielding, and Figure 3 reveals a prominent K-shell peak at 70 keV, which is characteristic of tungsten.
Figure 4 illustrates the relative increase in the linear attenuation coefficient (nano vs. micro) for the 50 wt%
WOQO3/E44 epoxy composite at various energies. The simulation shows that composites with nano-sized WO3
particles exhibit higher linear attenuation coefficients compared to those with micro-sized particles, consistent
with experimental observations [11]. This can be explained by the fact that nano-sized particles have larger
cross-sectional areas than micro-sized particles, leading to a greater probability of photon collisions and thus
higher attenuation coefficients. The discrepancy between simulation and experimental results is less than 5%
for energies below 778.6 keV. However, at higher energies near 1330 keV, while the linear attenuation
coefficient increases, the discrepancy also grows, as noted in the experimental work [11]. This suggests that
nanostructured materials, as indicated by Botelho et al. [18], are particularly effective for low-energy
applications, especially in radiological protection.

101

10*
10?

(07 I S |
T

w/p (cm?/g)

1P

10!

102 L] i i S ] I
100 5 100 5 102 5 108 ]
Photon energy (keV)

Fig. 2. Mass attenuation coefficient for 50 wt% WOs/E44 epoxy composite at different energies using
XCOM
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Gamma rays can produce significant annihilation radiation through pair production in high-Z materials [17].
Consequently, this composite is a promising candidate for photon attenuation applications. Figures 5 and 6
display the simulation results for the linear attenuation coefficient of a 50 wt% WO3/E44 epoxy composite with
micro and nano structures, respectively, at various energies. These results are compared with experimental data

[11]. The figures show a good correlation and agreement between the simulation and experimental results.
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III.CONCLUSION:

In summary, a comparison was made between the linear attenuation coefficients of 50 wt% WO3/E44 epoxy
composites with nanostructured and microstructured WO3 particles. The radiation shielding properties of these
composites, with WO3 particles of sizes ranging from 50 nm to 1 pm, were evaluated across various gamma
energies from 50 keV to 1.33 MeV using the MCNP code and were validated against experimental data. The
results demonstrate that WO3 particles with a diameter of 50 nm (nano-sized) show a greater increase in the
linear attenuation coefficient compared to 1 pm diameter (micro-sized) particles, aligning well with the
experimental findings.
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ABSTRACT
Data security while transferring data from one place to other is major issue in today’s world. Data security

mainly refers to protection of data from unintended user. This technique uses encryption and decryption at
sender’s and receiver side respectively. Especially this technique makes use of Armstrong number while
encrypting and decryption the data. This technique also makes use of Differ-Hellman key exchange algorithm
for exchanging key between sender and receiver. The proposed Algorithm is simple. Flexible and making both
hardware and software implementation easier.

Keywords: Armstrong number, data security, authentication, cryptography, cipher text.
I. INTRODUCTION

In today’s world transferring data through unsecure network is major concern. To ensure the security of data
while transferring through unsecure network, there are various kinds of technique used. One of the popular
techniques used worldwide is cryptography. Cryptography involves converting plain text to some unreadable
form. This unreadable form of data is then transmitted over the unsecured network. Cryptography mainly
consist of encryption and decryption of the data. Encryption-Decryption is one of the techniques which is
quite popular. But, the complexity which is involved in this technique doesn’t allow its users to apply it in a
simpler way. Now, if we look into the detailed context of this technique then we may observe that there are
number of ways which allows the user to encrypt the private files and information. [1][2].

By taking into account the extent to which the data contained in the emails can be misused ( whether working
online or offline) providing security, both to online as well as offline email usage is of prime importance.
Emails are a very important form of communication in day to day life. Many transactions and important
information transfers as well as simple communications take place through emails. Thus, protecting the data
contained in the emails.[3]

In this paper, Encryption and Decryption process applies to both data as well as its key. So that two way
security is provided to the application. After successful authentication, data is encrypted by random Armstrong

number and at the same time Armstrong number gets encrypted. Now for both these encrypted data and key,
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current system timestamp is attached. So whenever receiver gets both the data he can easily recognize which
key is for which data. Then encrypted key is decrypted by sender’s public key and that resulted Armstrong
number is used to decrypt actual data.

So it is difficult to hack the data and steal it. Once hacker steals the data, then he must have key by which that
data is encrypted with its timestamp. If hackers get both data and key then he must know the decryption
algorithm to retrieve both key and data which is very difficult.

II. CCYPTOGRAPHY

Cryptography is mainly a technique to keep communication private. Cryptography protects data from theft or
alteration and also can be used for user authentication. Its main purpose is to ensure privacy by keeping the
information hidden from anyone for whom it is not intended.

There are two main steps involved in cryptography such as encryption and decryption. The purpose of
encryption is to ensure privacy by keeping the information hidden from anyone for whom it is not intended.
Encryption is the transformation of plain text into some unreadable form. Decryption is the reverse of
encryption, it is the transformation of encrypted data back into some readable form.

The data to be encrypted is called as plain text. The encrypted data obtained as a result of encryption process is
called as cipher text.[4]

A.  Types of Cryptographic Algorithms

There are many ways of classifying cryptographic algorithms. Generally they are classified on the basis of the
number of kays that are used for encryption and decryption. The three types of algorithms as follows:

1.  Secret Key Cryptography (SKC)

This kind of algorithm uses a single key for both encryption and decryption. The most common algorithms in
use include Data Encryption Standard (DES).Advanced Encryption Standard (AES).

2.  Public Key Cryptography (PKC)

This kind of algorithm uses one key for encryption and another for decryption. RSA (Rivest, Shamir, Adleman)
algorithm is an example.

3.  Hash Function

This kind of algorithm uses a mathematical transformation to irreversibly “encrypt” information. MD (Message

Digest) Algorithm is an example.

III. DIFFIE - HELLMAN ALGORITHM

Diffie-Hellman key exchange algorithm is a cryptographic that allows two parties that have no prior knowledge
of each other to jointly establish a shared secret key over an insecure communication channel. This key can
then be used to encrypt subsequent communications using a symmetric key cipher.

For this discussion we will use Alice and Bob, to demonstrate the DH key exchange. The goal of this process is
for Alice and Bob to be able to agree upon a shared secret that an intruder will not be able to determine. This
shared  secret is used by Alice and Bobto independently  generate  keys for

>

symmetric encryption algorithms tht will be used to encrypt the data stream between them. THE “Key” aspect

is that neither the shared secret not the encryption key do not ever travel over the network. [5]
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Table 1
Alice and Bob agree on two numbers “p” and “g” “p” is a large prime number “g” is called
the base or generator
Alice picks a secret number “a” Alice’s secret number = a
Bob picks a secret number “b” Bob’s secret number = b
Alice computes her public number x = g°(mod p) Alice’s public number = x
Bob computes her public number x = gb(mod p) Bob’s public number = x
Alice and Bob exchange their public numbers Alice knows p,g,a,x,y
Bob knows p,g,b,x,y
Alice computes ka = g*(mod p) ka (g mod p) a mod p
ka = (g*) a mod p
ka = g®* (mod p)
Bob computes kb = g**(mod p) kb (g mod p) b mod p
kb = (g*) bmod p
kb = g** (mod p)
Fortunately for Alice and Bob, by the laws of algebra Alice’s “ka” is | Alice and Bob both know the secret
the same as Bob’s “kb” or ka=kb=k value “k”

IV. SERVER ARCHITECTURE

Very general definition of a Server is a computer or device on a network that manages network resources. For
example, a file server is computer and storage device dedicated to storing files. Any user on the network can
store files on the server. However on multiprocessing operating systems, a single computer can execute several
programs at once. A server in this case could refer to the program that is to manage resources rather than the

entire computer.[4]

A.  What is Server Platform?
A server platform is basically a platform consist of underlying hardware or software for a system and thus is the

engine that drives the server.

B.  Types of Server

1] FTP-Servers : One of the oldest of the internet services, File Transfer Protocol makes it possible to move one
or more files securely between computers while providing file security and organization as well as transfer
control.

2] Mail-Servers : Almost as ubiquitous and crucial as Web servers, mail server move and store mail over
corporate networks via LANs and WANSs and across the Internet.

3] Print-Servers : it is computer that manages one or more printers and a network server is a computer that
manages network traffic. There are so many servers according to requirement like Audio/Video, Chat, Fax,

News, Proxy, Web servers etc.
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V.  PROPOSED SYSTEM

1.  Introduction

In proposed system instead of keeping sender and receiver database as color and key value as that is used in
earlier systems we keep unique number and name on single common server.

Before sending, data authentication is done between sender and receiver. Then after successful authentication
we carry our encryption process of data and send that data to receiver. The encryption key as Armstrong
number is send via sender to receiver. After getting that key from sender, receiver decrypt that key using
sender’s key and get original key. Using this key receiver decrypt encrypted data. [6]

Task of enhancing security include construction of formula for both data encryption and also for hiding pattern.
Server should not process any fake request hence concept of “Diffie-Hellman” key exchange algorithm is

introduced. Implementation of such a security constrains in banking sector is widely helpful.

Diffie

Algorithm
&

Database
Armstrong
Aigorthm

Fig 1 Cline-Server Architecture

2. Illustration
a. Encryption using Armstrong numbers: let the Armstrong number used for data encryption be 153.
Step 1:(Creating password)
User generated the key using Diffie-Hellman exchange algorithm
Step 2: (Encryption of the actual data begins here)
Let the message to be transmitted be “CRYPTOGRAPHY” First find the ASCII equivalent of the above
characters.
CRY PTOGU RAPHY
67 82 89 80 84 79 71 82 65 80 72 89

Step 3:
Now add these numbers with the digits of the Armstrong number as follows
67 82 89 80 84 79 71 82 65 80 72 89

+1 5 3 125 91 12527 1 5 3

68 87 92 81 109 8872 20792 8177 92

Step 4:
Convert the above data into a matrix as follows
A= 68 81 72 81
87 109 207 77
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92 82 92 92

Step 5:
Consider an encoding matrix
B= 1 5 3

1 25 9

1 125 27
Step 6:

After multiplying the two matrices (B x A) we get
C= 779 890 1383 742
3071 3598 6075 2834
13427 16082 28431 12190
The encrypted data is...

779, 3071, 13427, 890, 3598, 16082, 1383, 6075, 28431, 742, 2834, 12190

The above values represent the encrypted form of the given message.

2. Decryption Using Armstrong Number:Decryption involves the process of getting back the original data
using decryption key.

Step 1: (Authenticating the receiver) only when the keys from sender and receiver match, the following steps
could be performed to decrypt the original data.

Step 2: (Decryption of the original data begins here)

The inverse of the encoding matrix is

D= (1/240)*-450 240 -30
-18 24 -6
100 -120 2
Step 3:

Multiply the decoding matrix with the encrypted data ( D x C) we get
68 81 72 81
87 109 207 77
92 82 92 92
Step 4:
Now transform the above result as given below
68 87 92 81 109 8872 20792 8177 92

Step 5:

Subtract with the digits of the Armstrong numbers as follows
68 87 92 81 109 8872 20792 8177 92
(91 5 3 125 91 12527 1 5 3

67 82 89 80 84 79 71 82 65 80 72 89

Step 6:
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Obtain the characters from the above ASCII equivalent
67 82 89 80 84 79 71 82 65 80 72 89
CRY PTOG RAUPHYY

3.  Advantages

This minimum key length reduces the efforts taken to encrypt the data. The key length can be increased if
needed, with increase in character length.

Tracing process becomes difficult with this technique, because the Armstrong number is used differently in
each step. The key can be hacked only if the entire step involved in the encoding process is known earlier.
Simple encryption and decryption techniques may just involve encoding and decoding the actual data, but in
this proposed technique the password itself is encoded for providing more security to the access of original data.
4. Disadvantages

Diffie-Hellman key exchange algorithm involves expensive exponential operations. The only way to break into
this system is by Brute force attack, which also can take up to two or three years.

The speed of execution is slow because the file size after encryption is much larger than original file.

VI. CONCLUSION

The above combination of Diffie-Hallman key exchange algorithm and Armstrong number proved to be the
more efficient and reliable technique for data exchange between two parties. The combination of Diffie-
Hallman key exchange algorithm and encryption using Armstrong number provides two way securities. This
technique provides more security with increase in key length of the Armstrong numbers. In this algorithm we

use digital signature hence this algorithm defend against man-in-middle attack and provide more security.
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Abstract :

The composition of Coi+xZrxFe2-2xO4 substituted zirconium with composition of x = 0.0, 0.1, 0.2, 0.3, 0.4,
0.5 and x = 0.6 were successfully prepared by sol-gel auto-combustion technique using citric acid as a fuel
and AR grade metal nitrates. The DC resistivity of all the samples decreases with increase in temperature
exhibiting the semiconducting behaviour. The activation energy in paramagnetic region (Ep) is more than
that of ferrimagnetic (Er) region. The dielectric constant ('), dielectric loss (¢") and dielectric loss tangent
(tan &) decreases exponentially with increase in frequency. The dielectric constant (g'), dielectric loss (g")
and dielectric loss tangent (tan &) decreases with increase in zirconium content Xx.

Keywords: Cobalt Ferrite, Zirconium, Electrical and dielectrical Properties;

I. INTRODUCTION

Ferrites are important electronic ceramic materials used in electronic devices suitably for high-frequency
applications in the telecommunications field [1]. These ferrites are used in radio frequency circuits, high
quality filters, rod antennas, transformer cores, read/write heads for high-speed digital tapes, and operating
devices [2-4]. This material enjoys special significance, particularly at high frequencies, because of its
high resistivity and low dielectric loss [3-5]. Cobalt ferrite is a well-known hard magnetic material with
inverse spinel structure. The saturation magnetization and coercivity of cobalt ferrite is higher than the
other nickel, manganese spinel ferrites. Cobalt ferrite is the most important and abundant magnetic
materials that have large magnetic anisotropy, moderate saturation magnetization, remarkable chemical
stability and mechanical hardness, which make it good candidate for the recording media [5-6]. The
chemical composition method of synthesis, nature of dopant, site preference of dopants etc. parameters
strongly influence the structural, electrical and magnetic properties of spinel ferrites. The magnetic
property of spinel ferrite materials depends on the magnetic interaction between cations and magnetic
moments, which are situated in the tetrahedral (A) and octahedral [B] sites [7-8]. In spinel-type Cobalt
ferrite is well known to have a large magneto crystalline anisotropy, high coercivity, moderate saturation
magnetization, high chemical stability and high mechanical hardness. So far, the fabrication of nanoscale
cobalt ferrite powders has attracted much attention due to their exceptional physical properties [9-11].
Numerous synthesis methods have been developed to fabricate pure and substituted ferrites, even at low
temperatures and low cost. Sol-gel auto-combustion technique is one of the best approaches to producing
ferrite nanoparticles at low temperatures with better homogeneity and high yield [12-15]. So, present study
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the effect of zirconium substitution electrical and dielectrical properties of nanocrystalline cobalt ferrite
prepared by sol-gel auto combustion method is reported.

II. EXPERIMENTAL DETAILS

In this work the nano size samples of zirconium substituted cobalt ferrites Co1+xZrxFe2-2xO4 System
with x = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 were synthesized by sol-gel auto combustion method. X-ray
diffraction, scanning electron microscopy and infrared spectroscopy techniques were employed to
characterize the prepared samples of Co1+xZrxFez-2xO4 System [16].

The magnetic properties of Coi+xZrxFez-2xO4 System were investigated using pulse field hysteresis loop
technique at room temperature by applying magnetic field of 2 Tesla. Using magnetization (M) versus
applied magnetic field (H) plots obtained from pulse field hysteresis loop technique, the saturation
magnetization, coercivity and remanence magnetization were obtained as a function of zirconium content
x [17].

The measurements of DC resistivity ‘p’ for all the samples of the Co1+xZrxFe2.2xO4 ferrite system were
carried out in the temperature range 300-800 K using standard two probe method and the dielectric
properties for the present samples can be explained on the basis of the mechanism of polarization process
in ferrite, which is similar to that of conduction process.

IIL.LELECTRICAL PROPERTIES

3.1 DC Electrical Resistivity

The measurements of DC resistivity ‘p’ for all the samples of the Co1+xZrxFe22xO4 ferrite system were
carried out in the temperature range 300-800 K using standard two probe method. The D.C. electrical
resistivity plots of all the samples are shown in the Fig. 1

=== x=0.00
——x=0.10

x=0.20
=== x=0.30
5 1 —¥—x=0.40
x=0.50
x=0.60

5.4 -

Log p (2cm)

14 1?5 1?6 1?7 1?8 1?9 é
1000/T (K1)

Fig. 1: Variation of dc electrical resistivity with reciprocal of temperature for Co1+xZrx Fez-2x O4
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It is clear from the resistivity plots that the electrical resistivity of all Zr** substituted cobalt spinel ferrite
samples decreases with increase in temperature, thus exhibiting semiconducting behavior obeying the
well-known Arrhenius relation. It is also seen from Fig. 1 that there are two regions of conduction with
different activation energies. The change in slope is observed in each resistivity plot at a particular
temperature which may correspond to Curie temperature of the sample. The increase in conductivity may
be due to the hopping of electrons between Fe?* and Fe3*.

3.2 Activation Energy

The activation energy Eg for each sample in the ferrimagnetic and paramagnetic region was calculated
from the resistivity plots. The values of activation energy for all Zr** substituted cobalt spinel ferrite
samples are listed in Table 1.

Table 1: Activation energy in paramagnetic (Ep) and ferrimagnetic (Es) region for Co1+xZrxFe2-2xO4

system

Comp. Ep = AE

‘x’ (eV) eV) eV)
0.00 0.08 0.04 0.04
0.10 0.13 0.04 0.09
0.20 0.73 0.57 0.16
0.30 0.69 0.52 0.17
0.40 0.81 0.63 0.18
0.50 0.85 0.65 0.20
0.60 0.92 0.69 0.23

It is found from Table 1 that activation energy increases with Zr** substitution. It is also evident from
Table 1 that the activation energy in paramagnetic region is greater than ferrimagnetic region.

Dielectric Properties

The dielectric properties for the present samples can be explained on the basis of the mechanism of
polarization process in ferrite, which is similar to that of conduction process. The electronic exchange Fe3*
< Fe?* gives the local displacement of electrons in the direction of an applied field, which induces
polarization in ferrites.

3.3 Dielectric constant (&')

The variation of dielectric constant (¢') with logarithm of applied electric field frequency for all Zr
substituted cobalt spinel ferrite samples is observed as shown in Fig 2, it can be seen that the dielectric
constant (¢') initially decreases rapidly with increase in frequency up to the certain frequency; however, it
remains fairly constant for higher frequencies. The decrease in dielectric constant (¢') with increase in
frequency can be explained by considering the solid as composed of well conducting grains separated by
the poorly conducting grain boundaries. The decrease in dielectric constant (¢') at lower frequencies is
explained based on space charge polarization and attributed to the fact that ferroelectric regions are
surrounded by non-ferroelectric regions similar to the relax or ferroelectric materials. The dielectric
constant attains a constant value only at higher frequencies due to electronic polarizability.

4+
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Fig.2: Variation of dielectric constant €’ with log f for Co1+xZrx Fe2-2x O Dielectric loss (g'")
The dielectric loss (¢") factor is considered to be the most important part of the total core loss in ferrites.
The variation of dielectric loss as a function of frequency is shown in Fig 3. It can be observed from fig 3
that dielectric loss (&") decreases exponentially with increase in frequency and is shown in Fig 3. The
decrease in dielectric loss is almost similar to that of dielectric constant. The decrease in imaginary part of
dielectric constant i.e. dielectric loss is pronounced more in comparison to real dielectric constant.
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Fig. 3: Variation of dielectric loss €’ with log f for Co1+xZrx Fez-2x O4

Dielectric loss tangent (tan 8)

The variation of dielectric loss tangent (tan d) as a function of frequency is shown in Fig 4 calculated from
dielectric constant and dielectric loss shows decreasing trend with increasing frequency. The values of tan
d depend on a number of factors such as a carrier concentration and structural homogeneity. The dielectric
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loss tangent decreases exponentially with increase in frequency. The observed behavior of dielectric loss
tangent can be explained on the basis of Maxwell-Wagner interfacial polarization.
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Fig 4: Variation of dielectric loss tangent (tand) with log f for Co1+xZrx Fez-2x O4

The compositional dependence of various dielectric properties shows that the dielectric constant, dielectric
loss and dielectric loss tangent all decreases as zirconium content x increase. The properties of spinel
ferrites that are of prime concern to users or designers are mainly dielectric properties such as dielectric
constant, dielectric loss and dielectric tangent or loss factor.

IV.CONCLUSIONS

The DC resistivity of all the samples decreases with increase in temperature exhibiting the semiconducting
behaviour. The activation energy in paramagnetic region (Ep) is more than that of ferrimagnetic (Ef)
region. The dielectric constant (€'), dielectric loss (¢") and dielectric loss tangent (tan 8) decreases
exponentially with increase in frequency. The dielectric constant (g'), dielectric loss (") and dielectric loss
tangent (tan o) decreases with increase in zirconium content x.
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ABSTRACT

This study presents the synthesis of Bismuth Copper Selenium Oxide (BiCuSeO) films via a sol-gel method,
followed by comprehensive characterization using X-ray diffraction (XRD), scanning electron microscopy
(SEM), and energy-dispersive X-ray analysis (EDAX). The results confirmed a well-defined tetragonal structure
and consistent elemental composition. The films demonstrated an impressive LPG sensitivity of 52% at a 1000
ppm concentration at 130°C, with a response time of 160 seconds and a recovery time of 179 seconds.
Selectivity tests revealed a response ratio of 5:1 for LPG compared to hydrogen and carbon monoxide. The
long-term stability of the films was validated, showing a 92% retention of sensitivity after 30 days. These
findings underscore BiCuSeO's potential as a promising material for LPG detection in gas sensor applications.

Keywords: Sol-gel Synthesis, BiCuSeO, Gas Sensors, Morphology.
I. INTRODUCTION

Recent advancements in metal oxide (MOS) gas sensors have highlighted their extensive research and practical
applications, particularly in the detection of hazardous gases across various industries [1, 2]. The increasing
reliance on liquefied petroleum gas (LPG) in households, industries, and transportation has made the demand
for reliable LPG gas sensors increasingly urgent. Given LPG's highly flammable and explosive nature, early leak
detection is crucial to prevent potential hazards such as fires, explosions, and asphyxiation. The low cost, ease of
use, and ability to detect a wide range of gases—including flammable gases like LPG, hazardous nitrogen
dioxide (NOy), hydrogen (H;), and other environmental pollutants have fueled significant interest in MOS-
based sensing materials [3-5]. The fundamental operating principle of most MOS-based gas sensors is the
change in electrical conductivity of the sensing layer [6-7], which can be modulated by a gate voltage in field-
effect transistor (FET) devices. Various MOS materials, such as ZnO, SnO,, In,O3, WO3, CuO, and Fe,O3, have
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been extensively explored for gas-sensing applications [8-12]. Over time, diverse synthesis methods have been
developed to produce MOS in both film and powder forms, with varying morphologies and dimensions tailored
for specific sensing needs. These methods often aim to enhance surface sensitivity or functional porosity to
specific gases while ensuring the practical fabrication of MOS structures. MOS-based sensors have proven
capable of detecting a variety of gases, including LPG, H,, CO, NH3, NOy, and organic vapors [13-21].

However, challenges remain in improving sensitivity, electrical and environmental stability, and selectivity,
particularly in high-temperature environments and when distinguishing between gases in complex mixtures,
especially with simpler oxides [22]. In residential settings, where LPG is commonly used for cooking and
heating, undetected leaks can lead to catastrophic accidents. Industrial applications of LPG in fuel systems and
manufacturing processes also demand reliable gas detection to ensure safety and regulatory compliance.
Additionally, with the increasing use of LPG as an alternative fuel in vehicles, effective sensors that can detect
leaks and prevent accidents in confined spaces like garages and workshops are becoming increasingly critical.
These sensors are vital for protecting lives, property, and the environment by providing timely warnings and
enabling swift responses to LPG leaks. Bismuth Copper Selenium Oxide (BiCuSeO), also known as BCSO, has
emerged as a promising material for gas sensors due to its unique combination of electrical and thermal
properties, which are essential for sensitive gas detection. The material's layered structure offers a high surface
area and tunable electronic properties, enhancing its responsiveness to various gas molecules. BCSO also
exhibits excellent thermal stability, making it effective for operation at elevated temperatures, crucial for
detecting gases like hydrogen and methane. Additionally, the material can be synthesized with controlled
porosity and grain size, improving its selectivity and sensitivity toward specific gases. Current research focuses
on optimizing BCSO for practical gas-sensing applications, particularly in environments requiring high-
temperature operation and precise gas detection.

In this study, BCSO samples were tested for LPG sensing, and the results demonstrated outstanding sensitivity,
reinforcing its potential as a gas sensor material. The high sensitivity to LPG is attributed to its layered structure
and adjustable electronic properties. To further evaluate its performance, the material was characterized using
XRD, confirming its crystalline structure, and SEM, which revealed a fine grain structure that increases its
surface area. EDAX was employed to verify the elemental composition, ensuring the correct stoichiometry.
Resistivity measurements demonstrated the material's change in electrical conductivity in response to LPG,
which is key to its sensing ability. These comprehensive characterizations affirm BCSO’s suitability for high-

performance LPG sensors, offering a reliable and efficient solution for detecting this hazardous gas.

II. SYNTHESIS OF MATERIALS

The synthesis of Bismuth Copper Selenium Oxide (BCSO) was carried out using the sol-gel method. All
reagents used in this experiment were of analytical grade, obtained from Sigma-Aldrich, and utilized without
additional purification. Distilled water was used throughout the experimental process. Commercially available
bismuth nitrate pentahydrate (Bi(NO;3);-5H,0), copper nitrate trihydrate (Cu(NOs3),-3H,0O), selenium
tetrachloride (SeCly), and citric acid (CsHgO,) were used as received. Bismuth nitrate and copper nitrate were
separately dissolved in a diluted nitric acid solution (20% HNO3) in stoichiometric proportions. These solutions
were then combined with selenium tetrachloride in a 200 ml glass beaker. Citric acid served as the chelating
agent, and the pH was adjusted to 10 using a 0.2 M ammonium hydroxide solution. The mixture was stirred at

100°C until a fluffy, dried gel was formed. This gel was then transferred to a crucible and annealed at 600°C for
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4 hours, yielding a brownish powder composed of Bismuth Copper Selenium Oxide (BCSO) structures. The
BCSO powder was finely ground and used to create a thick film on a glass substrate, utilizing 3 mm Scotch™
tape to define the 1 cm? cell area. The BCSO film was surface-treated with palladium, a highly effective
catalytic material.

The film was then used for sensor applications, and its structure was analyzed using X-ray powder diffraction
(XRD) with a Rigaku D/max-g B diffractometer, operating with Cu Ka radiation (A = 0.15418 nm) at 40 kV and
80 mA. Morphological confirmation was achieved through field-emission scanning electron microscopy (FE-
SEM), with digital images captured at various magnifications. Finally, the BCSO films were tested for LPG
sensitivity to evaluate their performance in gas sensor applications. The sensor response was determined using
the relation S=(Ra-Rg)/Rax100%, where Ra and Rg represent the resistances of the film in air and upon

exposure to LPG, respectively.

IIL.LRESULTS AND DISCUSSION

The XRD pattern of the brown BCSO thick film, as illustrated in Figure 1, confirms the presence of the

BiCuSeO phase, highlighting its suitability for gas sensing applications.
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Fig. 1: XRD patterns of BCSO Nanoparticles.

The diffraction peaks, corresponding to the reflection planes (100), (105), (201), (001), (310), (301), (212), (321),
(313), (331), and (401), are consistent with the BiCuSeO phase (JCPDS no. 82-0494), indicating that the film
crystallizes in a layered tetragonal structure. This structure, belonging to the P4/nmm space group, is
characterized by alternating (Bi,O;)?>" and (Cu,Sez)?” layers. The specific arrangement of bismuth, oxygen,
copper, and selenium atoms creates a unique architecture that enhances the material’s electrical properties,
crucial for effective gas detection. The high crystallinity of the BCSO film, as evidenced by the sharp XRD
peaks, ensures a stable and responsive sensing platform. This structural integrity, combined with the material's
ability to interact sensitively with gas molecules, makes BiCuSeO an excellent candidate for reliable and
efficient gas sensors, particularly in detecting gases like LPG.

The EDAX spectrum of the BCSO film, depicted in Figure 2, provides a comprehensive analysis of the film's
elemental composition. This analysis, conducted independently of the XRD observations, specifically targeted

the hexagon-shaped nanopillars to verify their chemical makeup.
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Fig. 2: EDAX spectrum of BCSO Nanoparticles.
The findings revealed that both the nanopillars and other nanostructures within the film possess identical

chemical stoichiometry, confirming that they are composed of BCSO. The elemental ratios of Bi, Cu, and Se, as

shown in Table 1, are consistent with the formation of BCSO nanoparticles, further corroborating the XRD data.

Weight% Atomic%
| BiM ERR 624
299 18.55
15,89 793
B o 52.00

Tab. 1: EDAX analysis of BCSO Nanoparticles.
This uniformity in composition across different nanostructures suggests a high degree of chemical homogeneity

within the film, which is essential for maintaining the material's integrity and functionality in gas sensing
applications. Furthermore, the EDAX analysis underscores the precision in the fabrication process,
demonstrating that the desired stoichiometry was successfully achieved across different morphological forms.
This uniformity in chemical composition enhances its suitability for applications requiring consistent material
properties, such as gas sensors, catalysis, or electronic devices. The close agreement between the EDAX and
XRD data not only validates the accuracy of the characterization techniques but also confirms the material's
potential for further development in LPG gas sensor applications.

Figure 3 (a, b) presents the SEM images of BCSO nanoparticles at two different magnifications, offering detailed
insights into their morphology.
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Fig. 3(a, b): The surface morphology of BCSO thick films at (a) low and, (b) high magnifications.

The images clearly show uniform and crack-free growth of the nanostructures, with the nanoparticles
measuring approximately two micrometers in length and around 40 nanometers in width. Notably, many
nanoparticles were interconnected, forming irregular hexagonal pillar-like architectures that were thick at the
center and tapered towards the ends, indicating a well-defined growth pattern. The BCSO nanoparticles, with
irregular dimensions close to 25 nm, were densely packed and agglomerated, leading to smooth and polished
surfaces. The growth of these nanoparticles occurred in bundles, with some structures ranging from 100-500
nm in length and 40-60 nm in diameter, resulting in elongated stick-like architectures. This distinct formation
suggests a high degree of structural organization, which could be advantageous for various applications. Upon
closer examination, the hexagon-shaped nanopillars exhibited bifurcations in certain areas, creating crowded
regions interspersed with voids. This unique arrangement contributes to the structural and optical properties of
the material, particularly in light absorption, scattering, and surface interactions. These properties are especially
valuable in gas sensing applications, where the material's surface interactions play a crucial role in detecting
specific gases. The voids and bifurcations within the nanopillars might also enhance gas permeability and the
sensor's overall sensitivity.

To investigate the temperature dependence of electrical resistance in the synthesized BCSO nanoparticles, we

conducted characterization using the two-probe method under a reference air atmosphere.
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Fig. 3(a, b): The curves of BCSO nanoparticles (a) temperature vs. electrical resistance (b) temperature vs.
sensitivity at 1000 ppm of LPG

This process allowed us to estimate the band gap energy of the BCSO nanoparticles. Figure 3(a) illustrates the
temperature-resistance behavior of BCSO nanoparticles. Characterization was carried out over a temperature
range of 30 to 250 °C, with 5 °C increments, to analyze this behavior. The graph reveals a typical semiconductor
response, where resistance decreases as temperature increases. This observation confirms the semiconductor
nature of the material. Using this plot, we estimated the band gap energy of the BCSO nanoparticles through
calculations using the four-probe method, as described in the previous chapter. Although the (1/T) x1000 vs.
Log10p graph used for calculating the band gap energy is not shown here, the estimated band gap energy of the
BCSO nanoparticles is approximately 0.512 eV. This value aligns closely with the standard band gap energy of
the BiCuSeO phase, confirming the semiconductor characteristics of the BCSO nanoparticles.

The sensor response is significantly influenced by the operating temperature, as temperature affects the
dynamics of sensing reactions and directly impacts the category and concentration of surface oxygen species on
the sensing layer. Therefore, determining the optimal operating temperature is crucial for effective gas
detection. To achieve this, a series of experiments were conducted at various temperatures. During these tests,
LPG at a concentration of 1000 ppm was used as the target gas. The relationship between operating temperature
and LPG response for BCSO nanoparticles is depicted in Figure 4(b).

To identify the optimal temperature of BCSO nanoparticles, experiments were performed across an operating
temperature range of 30-250 °C in a 1000 ppm LPG atmosphere, as shown in Figure 4(b). The gas response was
recorded and presented in terms of sensitivity. The inset illustrates that sensitivity increases with temperature,
reaching its peak at 130 °C in the LPG atmosphere before decreasing as the temperature continues to rise. The
BCSO nanoparticles exhibited the highest response to LPG at 130 °C, which is identified as the optimal

temperature for these nanoparticles. This optimal temperature is critical for achieving the best gas sensing
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performance. Response and recovery times are critical parameters for evaluating gas sensors. To determine
these times, the BCSO nanoparticles were tested with 100 ppm LPG at 130 °C. The response and recovery curve
of the BCSO nanoparticles is shown in Figure 5(a), where the dynamic response and recovery times were

analyzed. The BCSO nanoparticles exhibited a response time of 160 seconds and a recovery time of 179 seconds

when exposed to LPG.
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Fig. 4(a, b): The curves of BCSO nanoparticles (a) Response and Recovery time (b) Stability at 1000 ppm of LPG
at operating temperature.
Stability is another essential criterion for gas sensors, as they must consistently function under repeated
conditions, including varying gas concentrations and occasionally harsh environments. Maintaining stable
performance without drift is crucial for assessing sensor reliability. To evaluate this, the long-term stability of
BCSO nanoparticles was tested with LPG, and the results are displayed in Figure 5(b). These nanoparticles
retained approximately 92% of their initial response even after 30 days of exposure to 1000 ppm of the target

gas, clearly demonstrating their significant long-term stability.
IV.CONCLUSION
The BiCuSeO films synthesized in this study exhibited a significant LPG sensitivity, with a 55% response at

1000 ppm and an optimal operating temperature of 130°C. The films provided rapid response and recovery

times of 160 seconds and 179 seconds, respectively. Selectivity tests revealed that BiCuSeO displayed a response
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ratio of approximately 5:1 when compared to hydrogen and carbon monoxide, indicating strong selectivity
towards LPG. The long-term stability was robust, with the sensor maintaining 92% of its initial sensitivity after
30 days at 1000 ppm LPG. XRD and SEM analyses confirmed the structural integrity of the films, even after
extended testing. These quantitative results demonstrate that BiCuSeO is a highly promising material for the
development of reliable LPG gas sensors, with the potential for further optimization and application to other

gases.
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Abstract

This paper presents the design, simulation, and characterization of an H-shape microstrip patch antenna
intended for high-frequency applications. The proposed antenna is modeled using Computer Simulation
Technology (CST) Microwave Studio, a powerful tool for simulating electromagnetic fields and optimizing
antenna parameters. The H-shaped configuration is chosen to enhance the antenna's radiation characteristics,
bandwidth, and gain, while minimizing size and surface wave effects. The design process involves parameter
optimization, including substrate selection, patch dimensions, and feed point configuration, to achieve superior
performance. Detailed simulation results are presented, demonstrating the antenna's return loss, VSWR, gain,
and radiation pattern. The antenna operates efficiently with stable resonance, offering low return loss and high
radiation efficiency. The simulation results confirm that the H-shape microstrip patch antenna is well-suited
for various wireless communication systems, showing potential for integration in compact, high-performance
devices. This paper serves as a step towards further optimization and practical implementation of H-shape
microstrip antennas in advanced RF systems.

Keywords: H-Shape, Microstrip patch antenna, CST, RT/duroid 5880.

I. INTRODUCTION

Microstrip patch antennas are popular in modern communication systems due to their low profile, lightweight
design, and ease of integration with other electronic components. They are used in applications like satellite
communication, radar systems, wireless communication, and medical devices. The H-shape microstrip patch
antenna has gained attention due to its ability to improve key performance characteristics while maintaining a
small size. The distinctive H-shape configuration enhances bandwidth, improves impedance matching, and
increases radiation efficiency. This compact design makes it suitable for applications requiring miniaturized
antennas with high-performance metrics. The design and optimization of microstrip patch antennas are
typically done through electromagnetic simulations. This paper presents the design, simulation, and
characterization of an H-shape microstrip patch antenna operating at a target frequency using CST Microwave
Studio, a powerful tool for solving complex electromagnetic problems. The antenna is fed by a coaxial probe, a
common and practical feeding technique due to its simplicity and effectiveness in achieving good impedance
matching. The feed position is optimized to minimize the return loss and ensure that the antenna resonates
efficiently at the target frequency.

The primary objective of this research is to explore the performance of the H-shape microstrip patch antenna
through detailed simulations, focusing on key parameters such as return loss, radiation patterns, gain, and
efficiency. The results obtained from the CST simulation are analyzed to evaluate the potential of the proposed

Copyright © 2024 The Author(s) : This is an open access article under the CC BY license @
(http://creativecommons.org/licenses/by/4.0/)



Int J Sci Res Sci & Technol. September-October -2024, 11 (19) : 54-58

antenna design for use in high-frequency applications, particularly in wireless and satellite communication
systems.

II. METHOD OF DESIGNING AND MATERIAL

The design of the H-shape microstrip patch antenna is aimed at achieving high performance in terms of
bandwidth, gain, and efficiency while maintaining a compact form factor suitable for modern communication
systems. The design parameters are carefully selected to meet the desired operational frequency, with a focus
on using a coaxial feeding technique for improved impedance matching. This section covers the key aspects of
the antenna design, including the substrate selection, patch geometry, and feeding mechanism.

A. Substrate Selection

The choice of substrate material is crucial in determining the overall performance of the microstrip patch
antenna. In this design, a dielectric substrate of Rogers RT/duroid 5880 with a relative permittivity (er) of 2.2
and a thickness of 1.6 mm is selected. The low permittivity helps reduce surface wave propagation, thereby
improving the antenna's efficiency and gain. Additionally, the low-loss tangent of the substrate ensures
minimal power dissipation within the material.

B. Patch Geometry

The radiating element of the antenna is designed in an H-shape shown in Fig. 1, which is achieved by
introducing two rectangular slots symmetrically in the main rectangular patch. This configuration helps in
broadening the bandwidth and improving the impedance matching by modifying the current distribution on
the patch.

Figure 1: H-Shape Microstrip patch antenna

The dimensions of the H-shape are calculated based on the desired resonant frequency of 13.81 GHz. The
equations (1) and (2) for determining the patch width (W) and length (L) are derived from the conventional
rectangular patch antenna design formulas, which account for the effective dielectric constant and the
wavelength at the operating frequency.

Width of patch (W):

c

(1)
24

where C is the speed of light, f: is the resonant frequency, and E&: is the relative permittivity of the substrate.

W =

Effective dielectric constant (Ees):
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Length of patch (L):
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. where AL is the extension in length due to the fringing fields.

After calculating the rectangular patch dimensions, two rectangular slots are introduced along the length of the
patch to form the H-shape. The slot dimensions are chosen to optimize the resonance and improve bandwidth.
Also the design uses a coaxial probe feed for strong impedance matching and fabrication simplicity. The feed
point is optimized for minimal return loss and efficient power transfer.

C. Simulated Design

The final design of the H-shape microstrip patch antenna is shown in the simulation model, with all
dimensions clearly specified. The design is optimized for a resonant frequency of 13.81 GHz, and the coaxial
feed point is strategically placed to ensure effective power transfer and minimal return loss.

| Rl .
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Figure 2: Dimensions of H shape Microstrip patch antenna

Form Fig. 2 shows the dimensions of the H-shaped microstrip patch antenna having substrate and ground
planes of the of the same length and width of 21 x 21 mm. The patch height is 14 mm, the width of the patch

for each arm is 6 mm, and the slot is 4 mm joining the two arms of H. The substrate's thickness is 1.6 mm, with
a dielectric constant of 2.2.

III. RESULTS AND DISCUSSION:

A. Return Loss

The return loss is analyzed to evaluate impedance matching, with values below -10 dB indicating good
performance. The return loss of an H-shaped microstrip patch antenna in Fig. 3 below is -26.18 dB for the
frequency of 13.81 GHz.

Figure 3: Return loss of H shape microstrip patch antenna
B. Gain

The simulated gain of the antenna is shown in the below fig. 4 H-shaped microstrip patch antennas provide
7.05 dB of gain.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 19



Int J Sci Res Sci & Technol. September-October -2024, 11 (19) : 54-58

Rl Dase, 30 M. Wl [Sald o)

o . ; s . -
Figure 4: Gain of H shape microstrip patch antenna
C. VSWR
The simulated VSWR of an H-shaped microstrip patch antenna is 1.01 dB, as shown in Fig. 5 in the simulated
results.
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Figure 5: VSWR of H shape Microstrip patch antenna

D. Radiation Pattern

The radiation pattern is characterized in both the E-plane and H-plane, showing the directional performance
of the antenna and any potential side-lobe levels. In the given Fig. 6, the 3D radiation pattern of an H-shaped
microstrip patch antenna is shown.

Figure 6: Radiation Pattern of H shape microstrip patch antenna

IV. CONCLUSION

In this paper, the design, simulation, and characterization of an H-shape microstrip patch antenna have been
presented, with a focus on its performance at a resonant frequency of 13.81 GHz. The return loss analysis
confirmed excellent impedance matching, with a significant return loss of -26.18 dB, far exceeding the typical
threshold of -10 dB, ensuring efficient power transfer to the antenna. The antenna achieved a simulated gain of
7.05 dB, indicating its suitability for applications requiring moderate to high gain. Additionally, the simulated
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VSWR of 1.01dB further validated the efficient impedance matching, demonstrating minimal reflection and
optimal signal transmission.

The radiation pattern of the antenna, analyzed in both the E-plane and H-plane, exhibited desirable directional
characteristics with minimal side-lobe levels, highlighting the antenna's effectiveness in targeting specific
directions. The 3D radiation pattern confirmed the focused and stable radiating performance of the H-shape

configuration, making it a suitable candidate for high-frequency communication systems.
Overall, the H-shape microstrip patch antenna, with its compact design and enhanced performance metrics,

shows great promise for integration into modern RF and wireless communication systems.
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Abstract :

The cadmium substituted Ni-Cu mixed ferrites samples having the generic formula Ni0.5Cu0.5-xCdxFe204 (x =
0.0, 0.15, 0.25) have been synthesized by standard double sintering ceramic technique using AR grade oxides
(NiO. CuO, CdO, Fe203). Formation of mono phase cubic spinel structure of ferrite phase was confirmed by X-
ray diffraction and Infrared spectroscopic analysis. Due to the large ionic radius of cadmium the lattice constant
was found to increase with increase in cadmium. The structural parameters such as lattice constant, , theoretical
lattice constant, X-ray density, ionic site radii, cation distribution, oxygen positional parameter bond length,
jump length of tetrahedral (A) site as well as octahedral [B] site, tetrahedral edge length, shared and unshared
octahedral edge length was estimated. The estimated cation distribution of ferrite was verified by comparing
the observed and theoretical lattice parameters. The elastic parameter of ferrites such as young’s modulus,
rigidity modulus and bulk modulus was estimated by using IR technique.

Keywords: Structural Morphology, Elastic properties, X-ray diffraction.

I. Introduction

Due to high saturation magnetization, high resistivity, high stability and low loss energy over a wide range of
frequency the mixed nickel copper ferrites are technologically important materials. [1, 2]. In fact, cadmium
substituted Ni-Cu mixed ferrite are the subject of intensive investigations in the field of fundamental and
applied research due to their wide applications in electronic industry. The physical properties of spinel ferrites
depend on the type, amount of dopant and distribution of cations over the tetrahedral (A) and octahedral [B]
sites [3, 4]. In electronic materials the elastic module are of much importance because they shows the nature of
binding force in polycrystalline materials and also helps to understand the thermal properties of these materials.

I1. Experimental
The ferrite with composition NiosCuos«xCdxFe204 (x = 0.0, 0.15, 0.25) were synthesized by standard double
sintering ceramic method.[5,6,7] Grinding using agate mortar (4 h) was carried out for each sample. The
samples were pre-sintered at 1293 K for 12 h. The sintered powder is again reground and sintered at 1353 K for
14 h. Then the powder of samples compressed into pellets of 10 mm diameter using a hydraulic press with
pressure 6 ton/inch? and sintered at 1273K for 12 h. The samples were furnace cooled to room temperature. The

Copyright © 2024 The Author(s) : This is an open access article under the CC BY license @
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prepared samples were characterized by X-ray powder diffractometer in the 20 range 20°-80°at room
temperature to confirm mono phase spinel structure. The infrared spectra of a prepared sample were recorded

at room temperature within the range 200 cm to 800 cm™ on the infrared spectrometer (Model 783, Perkin-
Elmer)

III. Results and Discussion:

The peaks appeared in the XRD pattern (fig.1) of the ferrites are identified. However, the non appearance of
extra peaks reveals the formation of mono phase cubic spinel structure of ferrite. The increase of observed
lattice parameter ‘a’ and X-ray density ‘p’ with increase of the cadmium content was due to the difference in
ionic radii and atomic weight of the component ions in the ferrite system [8]. The distribution of cations in the
tetrahedral (A) and octahedral [B] sites can be expressed as [9], (CdxCuyFeixy)A[NiosCuosxyFeiy]POs2 The
theoretical lattice parameter of ferrite samples estimated using the relation [10] were listed in table 1. The good
agreement between experimentally estimated and theoretical lattice parameters confirms the assumed cation
distribution of the ferrites.

8500

7500 - 0.25
6500 -
5500 +
4500 +
3500 +
2500 | ’LMLW
1500 \ \ \ \ \
20 30 40 50 60 70 80
20 (degree)

Fig.1: Typical XRD Pattern of
NiosCuosxCdxFezO4 for (x = 0.25)

Intensity (abr. unit)

The mean ionic radius of the tetrahedral site ‘ra’ found to be increase with Cd ion content where as mean ionic
radius of the octahedral site ‘rs’ decreases with cadmium content. The increase of ionic radius ‘ra’ of tetrahedral
site with Cd ion content was due to the larger ionic radii of Cd ions. But the values of oxygen positional
parameter are almost same in the ferrite systems.
TABLE: 1 Structural and elastic parameter of ferrites system NiosCuos-xCdxFe204
(x=0.0, 0.15, 0.25).

Parameters x=00 | x= X =
0.15 0.25
a(A) 8367 | 8402 |8.416

px10° (kg/m®) |537 |5.443 |5.460
dx10° (kg/m®) | 4003 |3.421 |3.990

ra(A) 067 |065 |0.70

ra(A) 0.687 |0.686 | 0.684
La (A) 3.623 |3.633 |3.642
Ls (A) 2953 |2959 |2.968
Ra(A) 1.898 |1901 |1.906
Rs(A) 1.990 |[1.994 |1.999
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an(A) 8417 |8451 |8.489
u 0386 |0.388 |0.389
v1 x 102 (m) 590 588 585
v2x 102 (m) 389 397 400
ke (N/m) 1482 [ 1712 |1.746
ko x 102 (N/m) 0988 |0982 |0.977
Vi(m/s) 5250 | 5300 | 5321
V. (m/s) 3031 |3111 | 3230
Gx10°kgmls? |4933 |51.11 |52.64
Bx10°kgm's? | 148 152 157
Ex10°kgm's? | 1332 |139.6 |142.4
o 035 |035 |0.35

The band positions of IR spectrum are listed in table 1. The shift of band position v: towards lower wavelength
side was due to the substituted Cd?* ion, preferably it occupies the tetrahedral (A) site [11]. The octahedral [B]
site was occupied by Ni*ions, where Fe3, Cu? ions occupy both tetrahedral and octahedral sites. The force
constant for tetrahedral ke and octahedral ko’ sites, longitudinal “V1’ and transverse ‘Vs elastic wave velocities,
elastic moduli for ferrite samples were estimated using the relations[9] and are listed in table 1. The decreases of
octahedral force constant with increase of the Cd ion content, was due to the substitution of Cd ion content,
which decreases the amount of Cu?* and increases the amount of Fe ions in the octahedral [B] sites. The
increase in rigidity modulus ‘G’, bulk modulus ‘B’ and young’s modulus ‘E’ with increase of the cadmium
content, may be due to the strengthening of inter atomic bonding between various atoms continuously. The
values of poisson’s ratio are found to be 0.35 for all the ferrites. The present estimated values of poisson’s ratios
are lying in the range of -1 to 0.5; which reveals the theory of isotropic elasticity.

IV. Conclusions:

The X ray diffraction pattern revels the formation of cubic spinel structure of ferrite phase. The lattice
parameter and X-ray density are found to increase with cadmium content. The estimated cation distribution of
ferrites has been verified by comparing the observed and theoretical lattice parameters. The structural
parameters estimated through X-ray diffraction were affected with cadmium content.

The elastic parameters are found to increases with increase of cadmium content and was explained in terms of
inter atomic bonding between various atoms and is being strengthened continuously. The estimated elastic
parameters of the present results are in good agreement with the earlier reports.
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Abstract :

Present research work concentrates on evaluating the impact of inorganic ligand potassium dihydrogen
phosphate (KDP) on optical properties of Bis Thiourea Cadmium Acetate (BTCA) crystal. Traditional slow
evaporation solution growth technique was employed at ambient temperature for the growth of KDP-BTCA
metal complex crystal. Urbach energy and band gap were determined from absorbance data. The optical
constants reflectance, extinction coefficient and polarizability were assessed employing absorbance study.

Keywords: Crystal growth, Urbach tail, extinction coefficient and polarizability.
I. INTRODUCTION

Thiourea coordinated metal complex crystals have gained considerable attention in past few decades owing to
their unique credibility of beholding the properties of both organic and inorganic counterparts which rank
them as superior materials for designing microelectronics, photonics, optical switching, optical data storage,
frequency conversion and modern nonlinear optical (NLO) devices [1-4]. The list of thiourea metal complex
crystals(TMC) is quite large amongst which some promising crystals are under constant investigation such as
calcium bis thiourea chloride (CBTC), zinc thiourea sulphate (ZTS), zinc thiourea chloride (ZTC), bis thiourea
cadmium formate (BTCF), bis thiourea cadmium chloride (BTCC), bis thiourea zinc acetate (BTZA), bis
cadmium thiourea acetate (BTCA), etc [5-7]. The materials embodied with transition elements having closed d°
shell electrons express excellent optical properties [8], hence BTCA is explored as a eye catching interesting
material to investigate so as to find its applicability for suitable optical device applications. The intruding fact
observed in literature is that very few research groups have grown and explored the characteristic features of
pure BTCA crystal [9-11]. Furthermore, the fact that encourages more to investigate the BTCA crystal is that
there are very few reports available on doping of impurity in BTCA crystal. As doping is the most effective and
fascinating way to modify the intrinsic and extrinsic properties of host crystal [12], the doping effect of glycine,
t-alanine, -cysteine and r-valine on distinct properties of BTCA crystal has been explored [13-16].

Potassium dihydrogen phosphate (KDP) is an ideal material in the field of nonlinear optics due to
having high growth rate, extended thermal stability, good optical homogeneity, good SHG efficiency coefficient,

interesting TONLO behaviour foreshowing the positive refraction tendency i.e. self focusing effect [17],
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nonlinear cubic susceptibility (¥3) of the order of 10-'“esu . Hence KDP has a wide demand under the extended
umbrella of UV-tuneable laser systems, frequency conversion and optical data storage, laser imaging and
remote sensing [18].
Due to these existing appealing properties of KDP and high technological credential, KDP was selected as a
preeminent dopant to achieve fascinating improvement in the properties of parent BTCA crystal [19-20].
Already an impact of doping effect of KDP on structural, functional properties and transmittance of
BTCA crystal was reported by our group[21].As an output of literature survey, no other researcher has studied
a doping effect of KDP on different traits of Metal complex crystal; hence through this communication authors
elaborated and demonstrated the feasibility of the Urbach energy, band gap, linear optical constants analysis of

the KDP-BTCA crystal for distinct frequency conversion and nonlinear device applications.
II. Experimental procedure

With Cadmium acetate in 1 molar ratio and thiourea in 2 molar ratios dissolved in double distilled deionised
water Cadmium thiourea acetate (BTCA) salt was formed. Prepared salt was further purified by repetitive
recrystallization. Supersaturated solutions of pure BTCA and KDP-BTCA were prepared and the 1wt%of KDP
was added to the supersaturated solution of parent BTCA. Agitation of six hours of pure and doped solutions
achieved homogeneous doping throughout the solution. Parent and KDP-BTCA solutions were filtered in
sterilized beakers and the filtrates were kept for an ambient temperature slow solvent evaporation process by
covering the beakers with perforated coils in a constant temperature bath. Harvested crystals with prominent
and good crystal planes and higher transmittance were selected for further study. Pure BTCA and KDP-BTCA

crystals are shown in Fig.1.

| |
|
| |
» 3
“ . . - 5 |
Pure BTCA 1| KDP- BTCA

Fig.1.(a) Pure BTCA (b) KDP-BTCA crystal
III.Results and discussion

3.1 Urbach Energy

For the crystalline materials, the absorption coefficient («) exponentially depends on the photon energy (hv)
below the fundamental absorption edge. This relation is expressed by the Urbach empirical rule given by a = ao
exp (hv/Eu)[23-26].

Where aois a constant and Euis the band tail energy termed as Urbach energy, which declares the extension of
tail levels into the forbidden gap below the absorption edge, h is a Planck’s constant and v is the frequency of
radiation. Appearance of the tail due to localized states extended in the band gap indicates low crystalline, poor
crystalline, disordered and amorphous materials. Hence Urbach energy is a measure of structural defects or
disorders. The log of the absorption coefficient (In(c)) as a function of high photon energy (hv) is depicted in
Fig. 2(a).
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Fig.2. (a) Urbach tail-plot
The degree of crystallinity is directly proportional to the slope of this region.The observed slope of the linear
portion of the plot was found from which is 0.1903 for pure BTCA crystal and 0.9378 for KDP-BTCA
crystal.The reciprocal of the slope of linear portion of the plot drawn between In(a) and hvgives the value of
Urbach energy Euv. Urbach energy value Ev for pure and KDP-BTCA crystal is 5.2548 eV and 1.06632 eV
respectively. The plot interpretation confirmed lower value of Eu for KDP-BTCA crystal which explored the
high crystallinity and less structural defects than pure BTCA crystal [23-26].

, | —8TCA
1.5x10' 9 | e KDP-BTCA
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Fig.2. (b) Tauc’s Plot

3.2 Optical band gap

The BTCA crystal exhibits a transmittance of 48% [27], while due to doping the increased transmittance is 60%
for KDP doped BTCA crystal. KDP-BTCA crystal is found to have superior optical properties as compared to
BTCA which dictates the promising candidature of KDP doped BTCA crystal for UV-tunable and harmonic
generation devices [27, 28].

The absorbance data was used to evaluate the optical band gap. The optical band gap of KDP-BTCA crystal has
been determined from obtained UV-absorbance data and graphically calculated using the Tauc’s plot method.

The optical band gap is depicted in Fig.2(b), drawn using the reported equation, (ahv)? = A (hv-Eg) [29-30]. The
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determined optical band gap value of KDP-CTA crystal is 4.84 eV, which is comparatively larger than the L-
Alanine and glycine doped BTCA crystal shown in Table 1[11, 22]. The high band gap value stresses wide
optical transmission range and suggests potential candidature of KDP-BTCA under the extended umbrella of
optoelectronic device applications[31].

Table 1. Optical band gap of doped BTCA crystals

Sample Band Gap | Reference
(eV)

Pure BTCA 4.16 [22] [27]

KDP-BTCA 4.84 Present work

Glycine-BTCA 3.55 [11]

NMU-BTCA 497 [11]

3.3 Linear Optical study

Optically superior crystals have an important role in calibration, design, processing and tuning of the
technological devices. Impact of inorganic ligand KDP on linear optical constants of BTCA like reflectance,
extinction coefficient and polarizability of BTCA crystal was studied using the previously reported formulae
[32-35] by using UV absorbance data obtained using Shimatzu spectrophotometer. From Fig. 3(a) it is
confirmed that the reflectance of KDP-BTCA crystal has been modified to lower value. The reduced extinction
coefficient depicted in Fig. 3(b) of KDP-BTCA crystal facilitates less optical loss, which stringently advocates
the KDP-BTCA crystal for computing, signaling and ultrafast optical data processing[14].From Fig.3 (c),it is
clear that the polarizability of KDP-BTCA Crystal is lowered in entire UV region which in turn decreases the

dielectric nature of material. The lower dielectric indicates better conversion efficiency [35].

w— BTCA
w—— KDP-BTCA

Reflectance

Fig.3.Variation of (a) Reflectance
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Fig.3.Variation of (c) Polarizability
IV.CONCLUSION

Traditional slow solution evaporation technique at ambient temperature was used for the growth of pure and
KDP-BTCA crystals. The optical studies revealed from absorbance data confirmed widened band gap (4.84eV)
and improved lower values of extinction coefficient, reflectance, polarizability, refractive index of KDP-BTCA
than BTCA crystal, favouring its suitability for solar thermal device fabrication, nonlinear optical and laser
applications. Evaluated Urbach energy of pure BTCA and KDP-BTCA crystal is 0.1903 eV and 0.9378 eV,
confirming better crystalline nature and high order of KDP-BTCA crystal.
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Abstract :

This paper explores cutting-edge approaches to memory storage by leveraging nanomagnetic technologies. We
investigate the role of nanomagnetic materials in enhancing data storage density, stability, and energy
efficiency. Emphasis is placed on recent innovations in nanomagnetism that drive the development of high-
performance memory devices. The findings suggest that nanomagnetic technologies hold significant promise
for advancing the capabilities of next-generation memory storage solutions, offering a pathway to more
efficient and reliable data storage systems.
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Superparamagnetism, Data Storage Devices, Quantum Tunnelling, Energy Efficiency, Next-Generation
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I. INTRODUCTION

The rapid advancement of technology has driven the need for more efficient, high-capacity memory storage
solutions. Traditional memory devices, while effective, are reaching their physical and performance limitations,
necessitating the exploration of novel approaches to data storage. Nanomagnetic technologies have emerged as a
promising field, offering significant potential to overcome these limitations and revolutionize the landscape of
memory storage.

Nano magnetism, the study of magnetic phenomena at the nanoscale, enables the manipulation of magnetic
properties in ways that were previously unattainable. By leveraging the unique characteristics of nanomagnetic
materials, such as superparamagnetism and quantum tunneling, researchers have developed memory devices
with unprecedented data storage density, faster read/write speeds, and enhanced energy efficiency. These
attributes make nanomagnetic memory devices strong contenders for next-generation storage technologies.
This paper investigates the innovative approaches that utilize nanomagnetic technologies for memory storage.
We explore how these technologies can be harnessed to create high-performance memory devices capable of
meeting the demands of modern computing and data-intensive applications. Emphasis is placed on the
fundamental principles of nano magnetism, recent advancements in material science, and the practical
challenges associated with integrating these technologies into commercially viable memory devices.

As the demand for faster, more reliable, and energy-efficient memory continues to grow, nanomagnetic

technologies are poised to play a crucial role in shaping the future of data storage. This study aims to provide a
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comprehensive overview of the potential and challenges associated with these innovative approaches, offering
insights into their application in the next generation of memory storage solutions.

Nano magnetism:

Nano magnetism refers to the study and manipulation of magnetic properties at the nanoscale, where materials
exhibit unique behaviors not observed in bulk form. At this scale, magnetic properties can be finely tuned due
to quantum mechanical effects, leading to the emergence of phenomena such as superparamagnetism, spin
coupling, and quantum tunnelling.

In the context of memory storage, nano magnetism is highly relevant due to its potential to revolutionize how
data is stored and accessed. Traditional memory storage devices, like hard drives and solid-state drives (SSDs),
rely on larger-scale magnetic or electronic principles that are reaching their physical limits in terms of speed,
density, and energy efficiency. As devices become more compact and data-intensive applications continue to
grow, there is an increasing demand for memory solutions that can offer higher storage capacities, faster access
times, and lower power consumption.

Nanomagnetic materials and devices can address these challenges by allowing for the creation of memory cells
that are smaller, faster, and more energy-efficient than their conventional counterparts. For example, in
Magnetic Random Access Memory (MRAM), data is stored by manipulating the magnetic states of nanoscale
magnetic elements, allowing for non-volatile memory with high endurance and speed. The ability to control
magnetization at the nanoscale also enables higher data density, meaning more information can be stored in a
smaller space, which is crucial for the miniaturization of electronic devices.

Furthermore, the inherent stability of nanomagnetic states underpins the reliability of memory devices,
reducing the likelihood of data loss over time. As a result, nanomagnetism is poised to play a critical role in the
development of next-generation memory technologies, offering solutions that align with the demands of

modern computing and data storage requirements.

Challenges in Traditional Memory Storage:

Traditional memory storage technologies, such as Hard Disk Drives (HDDs), Solid-State Drives (SSDs), and
Dynamic Random-Access Memory (DRAM), have served as the backbone of data storage for decades. However,
as technology evolves and the demand for more efficient, faster, and higher-capacity storage solutions grows,

these conventional technologies face several challenges:
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1.Physical Limitations and Scalability:

Miniaturization Limits: Traditional memory technologies are reaching their physical limits in terms of how
small memory cells can be made. For instance, in HDDs, the size of the magnetic grains used to store data
cannot be reduced indefinitely without risking data stability due to thermal fluctuations (the
superparamagnetic limit).

Scaling Challenges: DRAM, which relies on capacitors to store data, faces challenges in scaling down further

without significant increases in leakage current, which leads to higher power consumption and heat generation.

PHYSICAL LIMITATIONS
AND SCALABILITY

2.Energy Efficiency:

High Power Consumption: Conventional memory storage devices, particularly DRAM, consume significant
amounts of power, both in active operation and in maintaining data integrity (refresh cycles). This becomes a
critical issue in portable devices where battery life is paramount and in data centers where energy costs are a
major concern.

Thermal Management: As devices shrink and data density increases, managing the heat generated by traditional
memory technologies becomes increasingly difficult, leading to potential reliability issues and the need for

more sophisticated cooling solutions.
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3.Speed and Performance:

Latency: Traditional memory storage devices, such as HDDs, suffer from relatively high latency due to
mechanical parts (e.g., spinning disks and moving read/write heads), which limits their speed compared to
newer, solid-state options. Even SSDs, while much faster, still face challenges in reaching the speeds required
by emerging applications, such as real-time data processing and Al

Bottlenecks in Data Transfer: As the speed of processors and data buses increases, traditional memory storage

devices can become bottlenecks, limiting overall system performance. This is particularly true for applications

requiring rapid data access and processing.

4.Reliability and Data Integrity:

Wear and Degradation: SSDs, which rely on flash memory, suffer from wear-out mechanisms, particularly in
the NAND cells, which have a limited number of write/erase cycles. Over time, this leads to degradation in
performance and potential data loss.

Magnetic Interference: In magnetic storage devices like HDDs, data integrity can be compromised by external

magnetic fields, temperature fluctuations, and physical shocks, which can cause data corruption or loss.

IMPORTANT OF RELIABILITY
AND DATA INTEGRITY IN| HIGH-TECH
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5.Cost and Economic Factors:

Manufacturing Costs: The cost of manufacturing advanced traditional memory devices continues to rise as the
technology approaches its scaling limits. This is due to the need for more complex fabrication processes and
materials.

Price-Performance Trade-offs: Users often face a trade-off between cost, storage capacity, and performance. For
example, while SSDs offer superior speed compared to HDDs, they are generally more expensive per gigabyte,
which can be prohibitive for large-scale data storage needs.

6. Environmental Impact:

Energy Consumption: The high-power consumption of traditional memory technologies contributes to a larger

carbon footprint, especially in large data canters.

Material Usage: The materials used in traditional memory devices, including rare earth metals and other non-
renewable resources, raise concerns about sustainability and environmental impact.

Advancements in nanomagnetic materials have been pivotal in pushing the boundaries of memory storage
technologies, offering new possibilities for high-density, energy-efficient, and fast memory devices. These
materials leverage the unique magnetic properties that emerge at the nanoscale, enabling innovative solutions

that address the limitations of traditional memory technologies. Here are some key advancements in this field:

Advancements in Nanomagnetic Materials:

1. Development of Magnetic Nanoparticles

Enhanced Magnetic Properties: Magnetic nanoparticles, such as iron oxide (Fe3O,) and cobalt ferrite
(CoFe;0,), have been engineered to exhibit superparamagnetism, where they can rapidly switch between
magnetic states without retaining magnetization when an external magnetic field is removed. This property is
essential for creating high-density storage devices, as it allows for the miniaturization of memory cells without
risking data stability.

Surface Functionalization: Advances in the surface modification of magnetic nanoparticles have improved their

stability and compatibility with different substrates, enabling better integration into memory devices.
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2. Spintronic Materials

Magnetoresistive Materials: The discovery and optimization of materials exhibiting Giant Magnetoresistance
(GMR) and Tunnel Magnetoresistance (TMR) have been groundbreaking. These materials change their
electrical resistance in response to an applied magnetic field, which is the principle behind Magnetoresistive
Random Access Memory (MRAM). MRAM devices can store data non-volatilely with faster access times and
lower power consumption compared to traditional memory.

Heusler Alloys: These are a class of ferromagnetic materials with high spin polarization, which enhances the
efficiency of spintronic devices. Heusler alloys, such as Co,MnSi, have been refined to achieve higher Curie

temperatures and better spin filtering properties, crucial for reliable memory device performance.

SPINTRONIC -

f{ATERRIALS

3. Antiferromagnetic Materials

Antiferromagnetic Spintronics: Unlike ferromagnetic materials, antiferromagnetic materials do not produce
stray magnetic fields, making them less susceptible to external magnetic interference. This property has been
leveraged in the development of antiferromagnetic spintronic devices, which offer faster data writing speeds
and higher stability at smaller scales.

High-Speed Data Processing: Antiferromagnetic materials enable ultrafast dynamics and have the potential to
operate at terahertz frequencies, significantly increasing the speed of data processing in memory devices.

4. Multiferroic Materials

Coupled Magnetic and Electric Properties: Multiferroic materials exhibit both ferromagnetism and

ferroelectricity, allowing for the control of magnetic properties using an electric field. This dual functionality is
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promising for developing energy-efficient memory devices, such as magnetoelectric RAM (MeRAM), where
data can be written using lower power inputs.

Room-Temperature Operation: Advances in multiferroic materials have led to the discovery of compounds that
operate at room temperature, making them more practical for commercial memory devices.

5. Thin-Film and Nanostructured Materials

Enhanced Magnetic Anisotropy: By engineering thin films and nanostructured materials, researchers have been
able to tailor magnetic anisotropy, which is the directional dependence of a material's magnetic properties. This
control is critical for stabilizing data storage at high densities.

2D Magnetic Materials: The development of two-dimensional (2D) magnetic materials, such as Cr, Ge, Teg,
offers new possibilities for integrating magnetic memory with other 2D materials like graphene. These
materials promise ultra-thin, flexible, and high-performance memory devices.

6. Topological Insulators

Spin-Momentum Locking: Topological insulators are materials that conduct electricity on their surface while
acting as insulators in their bulk. They exhibit spin-momentum locking, where the direction of an electron’s
spin is directly linked to its momentum. This property has been harnessed in spintronic devices to enable
highly efficient and low-power data storage solutions.

7. Quantum Dots and Magnetic Nanoring’s

Quantum Confinement: Quantum dots and magnetic nanoring’s have been utilized to create memory devices
with quantized magnetic states, offering the potential for extremely high data storage densities. These
nanostructures allow for precise control over magnetic properties, enabling the development of quantum
memory devices with novel functionalities.

Noise Reduction: Magnetic nanoring’s help reduce noise and improve data stability by minimizing stray fields,
making them ideal for high-density storage applications.

8. Artificially Structured Materials

Metamaterials: Advances in metamaterials, which are artificially structured materials engineered to have
properties not found in nature, have led to the creation of magnetic materials with tailored properties for
specific memory storage applications. These materials can be designed to exhibit unique magnetic behavior,
such as negative permeability, which could enable entirely new types of memory devices.

9. Hybrid Nanomagnetic Systems

Integration with Other Technologies: Hybrid systems that combine nanomagnetic materials with other
technologies, such as photonics or plasmonics, have been explored to create multifunctional memory devices.
These systems could potentially store and process data simultaneously, leading to more efficient and compact
memory architectures.

10. Environmental and Sustainable Materials

Green Nano magnetism: Researchers are also exploring environmentally friendly nanomagnetic materials that
reduce the reliance on rare or toxic elements, aligning with the growing demand for sustainable technology

solutions.

II. CONCLUSION:

The exploration of innovative approaches to memory storage using nanomagnetic technologies marks a

significant advancement in data storage capabilities. By leveraging the unique properties of nanomaterials and
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spintronics, these technologies promise unprecedented increases in data density, speed, and energy efficiency.

The shift from traditional magnetic storage methods to nanomagnetic solutions offers potential for

revolutionary changes in various fields, including computing and communication. As research progresses, the

integration of nanomagnetic technologies into mainstream memory storage systems will likely lead to more

robust, scalable, and sustainable solutions, redefining the future of data management and technology.
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On Fixed Point Theorems in Dislocated Rectangular B-Metric Spaces
P. G. Golhare
Abstract :
In this paper, we establish fixed point theorems for the T -Banach and T -Kannan contraction map- pings in
dislocated rectangular b-metric spaces. We have also proved some well-known fixed point theorems for quasi
contraction in it. We give examples to support our results.
I. INTRODUCTION
Fixed point theorems are a cornerstone of mathematical analysis and applied mathematics, serving as
indispensable tools for understanding various functions and operators within a spec- ified domain. These
theorems have far-reaching implications across a range of fields, such as economics, physics, and
computer science. Recently, the study of fixed points has expanded beyond conventional metric spaces
to more advanced structures that offer more comprehensive mathematical frameworks for analysis. This
paper focuses on fixed point theorems within the context of dislocated rectangular b-metric spaces, a
novel and general framework that extends the classical notion of metric spaces. The main goal of this
study is to create and analyze fixed point theorems within dislocated rectangular b-metric spaces. We
develop several fixed point theorems. Many scholars have generalized the concept of metric spaces and
proven fixed point theorems for various types of contraction mappings in these spaces. Initially, the
metric space was expanded by Wilson[17] by introducing the concept of quasi-metric space. Bakhtin[2]
in- troduced the b-metric space, which generalizes metric spaces and established fundamental fixed point
theorems for it. Hitzler et al.[14] proposed the idea of dislocated metric spaces. R. George et al.[15]
introduced the concept of rectangular b-metric spaces as a generalization of both metric spaces and b-
metric spaces. They also established the analogue of the Banach con- traction principle and Kannan-
type contraction in rectangular b-metric spaces. In this paper, we study fixed point theorems in
dislocated rectangular b-metric spaces introduced by Golhare and Aage[13] a new generalization of the
metric spaces. We have proved analogues of some well-known results in the literature in dislocated
rectangular b-metric spaces.
Bakhtin[2] defined the b-metric space as follows
Definition 1.1. ([2]) Let X be a non-empty set and mapping d : X x X — [0, %) satisfies: (i) d(x,y) =0
ifand only ifx =y for all x,y € X,
(ii) d(x,y) =d(y,x) forall x,y € X,

(iii) there exists a real number k = 1 such that d(x, y) < k[d(x, z) + d(z, y)] for all x,y,z € X. Then d is

called b-metric on X and (X, d) is called a b-metric space with coefficient k.

Shah and Huassain[12] extended b-metric space to quasi-b-metric spaces and proved some fixed point

theorems in it. Alghamdi, Husasain and Salimi[10] defined the term b-metric-like
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spaces or dislocated b-metric spaces to generalize metric-like spaces. Some of the generalizations

of metric spaces are mentioned below.

Definition 1.2. ([12]) Let X be a non-empty set. Let d: X x X — [0,00) be a mapping and

k > 1 be a constant such that:

(1) d(z,y) =0=d(y,x) if and only if z =y for all z,y € X,
(i) d(z,y) < k[d(z,z) + d(z,y)] for all z,y,z € X.

Then pair (X, d) is called quasi-b-metric space.
Definition 1.3. ([10]) Let X be a non-empty set. Let d: X x X — [0,00) be a mapping and
k > 1 be a constant such that:

(i) d(z,y) =0 then x =y for all z,y € X,
(i) d(z,y) = d(y,z) for all z,y € X,
(iil) d(z,y) < k[d(z, z) + d(z,y)] for all z,y,z € X.

Then pair (X, d) is called dislocated b-metric space.

Definition 1.4. ([1]) Let X be a non-empty set and mapping d : X x X — [0, 00) satisfies:

(i) d(z,y) =0 if and only if z = y for all z,y € X,
(ii) d(z,y) = d(y,z) for all z,y € X,
(iil) d(z,y) < [d(z,u)+d(u,v)+d(v,y)] for all z,y € X and all distinct points u,v € X\ {z, y}.

Then d is called a rectangular metric on X and (X,d) is called a rectangular metric space.
R. George et al.([15]) defined rectangular b-metric space as follows:

Definition 1.5. ([15]) Let X be a non-empty set and mapping d : X x X — [0, 0c) satisfies:
(1) d(z,y) =0if and only if z = y for all z,y € X,
(ii) d(z,y) = d(y,z) for all z,y € X,
(iii) there exist a real number s > 1 such that d(z,y) < s[d(z,u) + d(u,v) + d(v,y)] for all
x,y € X and all distinct points u,v € X \ {z,y}.

Then d is called a rectangular b-metric on X and (X, d) is called a rectangular b-metric space

with coefficient s.
Example 1.6. ([15]) Let X = N, define d : X x X — [0,00) by

0, if z =y,
d(z,y) = { 4a, ifz,y € {1,2}and z £y,
a, ifzoryéd{l 2}tand x # y,

where o > 0 is a constant. Then (X, d) is a rectangular b-metric space with coefficient k£ = % >
1.
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Example 1.7. ([8]) Let A = {0,2},B = {2 :n € N} and X = AUB defined : X x X — [0, 00)
by

0y, ibw=y,

1, ifz#yand{z,y} C Aor{z,y} C B,

y?, ifre Aand y€ B,

2?2, ifre Bandyec A,

then (X, d) is rectangular b-metric space with coefficient k£ = 3.
Golhare and Aage[13] defined the notion of dislocated rectangular b-metric space as follows

Definition 1.8. Let X be a non-empty set and mapping d : X x X — [0,00) satisfies:
(i) d(z,y) =0 then z =y for all z,y € X,
(i) d(z,y) =d(y,z) for all z,y € X,
(iii) there exist a real number k > 1 such that d(z,y) < k[d(z,u) + d(u,v) + d(v,y)] for all
z,y € X and all distinct points u,v € X \ {z,y}.
Then d is called a dislocated rectangular b-metric on X and (X, d) is called a dislocated rect-

angular b-metric space with coefficient k.

One can note that every rectangular b-metric space is dislocated rectangular b-metric space

but converse need not be true as illustrated by following example.
Example 1.9. Let X = N, define d : X x X — [0, 00) by

do, if z,y € {1,2},
d(z.g) = y€{1,2},
o, otherwise
where o > 0 is a constant. Then (X, d) is a dislocated rectangular b-metric space with coefficient
¢ = 2 > 1. Note that d(1,1) = 4o # 0 and d(2,2) = 4a # 0. Therefore (X,d) is not a

rectangular b-metric space.

We give some definitions in the context of dislocated rectangular b-metric spaces. Firstly we

define

Definition 1.10. Let (X, d) be a dislocated rectangular b-metric space with coefficient k& > 1
and 7,5 : X — X be two mappings, then the mapping S is called T-Banach contraction if

there exists a € [0, %) such that,
d(TSz,TSy) < ad(Tx,Ty),Vz,y € X.

Definition 1.11. Let (X, d) be a dislocated rectangular b-metric space with coefficient & > 1
and 7,5 : X — X be two mappings,then the mapping S is called 7-Kannan contraction if

there exists a € [0, 5-) such that,

d(TSz,TSy) < a[d(Tz, TSx) + d(Ty, TSy)],Vz,y € X.
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Definition 1.12. A sequence {z,} in a dislocated rectangular b-metric space (X, d) is said to
be convergent to x € X if and only if limp—e0 d(xn, ) = d(z, ). In this case, we say that x is

a limit of sequence {z,}.
Definition 1.13. A sequence {z,} in a dislocated rectangular b-metric space (X, d) is called

as Cauchy sequence if and only if lim,, ., d(z,, x,+;) exists and is finite for all i € N.

Definition 1.14. A dislocated rectangular b-metric space (X, d) is said to be complete if every

Cauchy sequence in X is convergent.

Definition 1.15. [3] Let f : X — X be a self mapping of X, f is said to be sub-sequentially
convergent if for every sequence {x,}, if fz, is convergent then {z,} has a convergent subse-

quence in X.

Definition 1.16. [3] Let f : X — X be a self mapping of X, f is said to be sequentially

convergent if for every sequence {z,}, if fx, is convergent then {z,} is also convergent in X.

Definition 1.17. Let (X, d) be a dislocated rectangular b-metric space and f: X — X be a
self mapping of X, f. Then f is said to be continuous if for every sequence z, — x we have

Jfon— fx
Definition 1.18. [7] Let (X, d) be a metric space and T,S : X — X be two mappings,then
the mapping S is called T-Banach contraction if there exists a € [0,1) such that,
d(TSz, TSy) < ad(Tz,Ty),Vz,y € X.
Definition 1.19. [7] Let (X, d) be a metric space and 7,S : X — X be two mappings,then
the mapping S is called T-Kannan contraction if there exists o € [0,1/2) such that,
d(T Sz, TSy) < a[d(Tz, TSz) + d(Ty, TSy)],Vz,y € X.
2. MAIN RESULTS

Our first result is given below.

Theorem 2.1. Let (X,d) be a complete dislocated rectangular b-metric space with coefficient
k>1. Let f,T : X — X be self-mappings such that T is continuous,one-one and f is continuous
such that,

(Tfx, Tfy) < ad(Tz,Ty),Vz,y € X, (2.1)
with 0 < ka < 1. then if T' is sub-sequentially convergent then f has unique fized point in X.
Proof. Let xy be any arbitrary point in X. Define {z,} by,

T = fl"()"TZ = fa:lv vy Tyl = f'T'n = fnl'o, sy = 0, 11 27 3, ..
Since f is T-Banach contraction with ka < 1, we have,
d(T "z, Tf"20) < ad(Tf™ xo, T x0)
< 2d(T ™ 2xo, T 'ao).
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Continuing in this way,
d(T fhzo, T ag) < a™d(Txo, Tfx0) (2.2)
We also assume that xy # z, for any 2 < n € N. If not, then for some n > 2, using (2.1), we
have
d(Tzo, T fro) = d(Tz,, T fr,)
d(Tzo,Tx1) = d(Txn, Txnst).
It implies that
d(Txo, Tx1) < o"d(Txo, Tx1),

which is a contradiction unless d(T'zg, Tx1) = 0. Thus Tzg = Tx; and since T' is one-one
rp = a1 in turn zg is a fixed point of f. So, we assume that z, # x,, for all n # m € N. In

view of (2.1), for any n € N, we can write
d(Tfrn,Tfrns1) = d(TfLag, T ag) < ad(T " 220, T f"x0) = ad(T f2n_o, Tfx,).
Applying (2.1) repeatedly, we get
d(Tfxn_1, T rns1) = d(Tf" ag, T 2g) < o™ 1d(Txo, T f2x0). (2.3)
Now to prove that {Tf™x¢} is Cauchy sequence in X, we prove lim, o d(T'xp, TZpem) exists
and is finite. Here we consider two cases.

Case (i): Suppose m is even i.e. m = 2i for some i € N and n may be even or odd. Using

inequalities (2.2),(2.3) and rectangular inequality, we get
d(Txpn, TTnim) = d(T f"zo, T x0)
< k[d(Tf o, T o) + d(Tf* o, T f"+22o) + d(T " 2o, T f ™ 20)]
< k[d(Tf™xo, Tf™ o) + d(T f* g, T 210)]
+ B2 [d(T 22, T 320) + d(T ™ 32g, Tf™Mig) + d(Tf™ g, T %20))
< k[d(Tf o, Tf™ o) + d(Tf™ o, T 2a0))
+ K2d(TF™ 2, T 330) + d(T F™ 30, T o)
+ KA d(T g, T wo) + d(TF™ o, T Fomg)+] + - -
£ ki«l[d(Tfn‘4+2ixO, Tfn—3+2i$0) e d(Tfn—3+2ix0’ Tfn«2+2i$0)]
+ ki—l[d(Tfn—Z-f-ZiIO‘ Tfn+2i$0)]
< k[a™d(Txo, T fzo) + o™ d(T o, T f0)]
+ k2[a™2d(Txo, T fxo) + o™ 3d(Txo, T f20))
+ k[0 d(Two, T fo) + o Pd(Txo, T fo)] + - - -
+ ka2 (T, T f o) + 32 d(Txo, T f0)]
+ ki—lan—2+2id(Tx0’ Tf2xo)
< ka"[1 + ka? + k*a* + - - - ]d(Txo, T fxo)
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+ ko™ 1+ ka® + k20 + - - - |d(T'xo, T f o)
+ ka8 (T g, Tf o)

—(1 +Q’) " 1—1_n—2+2i 2

< [{ =g [k d(T 0, T fo) + K10 2+2d(T o, T o)
l+a n o

= [1( - ka)z]ka d(To, T fx0) +a"*d(Tao, T fxy).

Letting n — oo in last inequality above, we get

lim d(Tzp, TZpim) =0,

n—oo
for all even m € N.

Case (ii): Suppose m is odd i.e. m = 2i — 1 for some i € N and n may be even or odd. Using
inequalities (2.2) and rectangular inequality, we get
d(Tfnan Tfn+m-rO) = d(Tl'n* T$n+m)

< k[d(Tf 2o, Tf"a0) +d
< R[d(T "0, T™ o) + d(T ™o, T 20)]

n+l$0’ Tfn+2$0) o d(TfTH_Zl'O, Tfn+2i_1l?0)]

< k(T [0, Tf™ o) + d(Tf™ o, T a0)]
K2[d(T f™ 220, T f*x0) + d(T f™ o, T o))
[d(Tf"+4a:o, Tfn+aa70) + (Tf"+5:r.o, Tfn+6$0)] 4o
+ k’[ Tfn+2i—‘2$o’ Tfn+2i—l$0)]
< k[a™d(Txo, T fxo) + o™ d(Txo, T fo)]
+ k[0 2d(To, T fao) + o™ d(Ta, T f0)]
+ K[ d(Txo, T fxo) + o2 d(Txo, T f20)] +
e kian+2i—2d(Tl,0! T fxo)
< ka1 +ka® + k*a* + - - 1d(Two, T fxo)
+ ka1 + ka? + k2t + - - - 1d(T'zo, T f z0)

<[

Letting n — oo in the last inequality above, we see that the limit on the right hand side exists

(Tf
(
+ K2[d(T f™+2mo, T f™+330) + d(T f™ 30, TF™ o) + d(Tf™Hz, T2 1,
(
)

(
(

} kad(To, T fao).

and is finite. Therefore, lim, o, d(Txy, Tysm) exists and is finite for all odd m € N. Thus

from the case(i) and case(ii), it follows that limy,—eo d(T2n, TZp+m) exists and for all n,m € N

lim d(Tzn, T2nsm) = 0. (2.4)

n—oo
Therefore {T f"zo} is Cauchy sequence in X. Since (X, d) is complete there exists u € X

such that,

lim d(Tf"xo,u) = 0.

n—oo
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Since T is sub-sequentially convergent,{ "z} has a convergent subsequence, so there exists
v € X, such that

fMrg — v asi— oco.
Since T and f are continuous, Tf"zo — Tv as i — oo and f**lzg — fv as i — oo. This
implies that T "2y — T'fv as i — oo. By uniqueness of limit in metric space (X, d), we get

Tv=T/fv.

Since T is one-one fv = v. Thus v € X is a fixed point of f. To prove that this fixed point of

f 1s unique, we assume that w € X is another fixed point of f i.e. fw = w. Consider,
d(Tfv, Tfw) < ad(Tv, Tw)
ie. d(Tv,Tw) < d(Tv,Tw).
Which is contradiction to the assumption that o € [0,1). Therefore d(Tv,Tw) = 0. Thus,

d(Tv,Tw) = 0 = d(Tw,Tv) i.e.Tv = Tw. But since T is one-one v = w. Thus uniqueness of

fixed point of f is proved and hence the theorem. O
Example 2.2. Let X = N, define d : X x X — [0, 00) by

1 ifz= %,y = ¢* for some p,q € N,
d(z,y) =
«a, otherwise,
where a > 0 is a constant. Then (X, d) is a dislocated rectangular b-metric space with coefficient
k=2>1.1If f: N— Nis defined as follows:

f 1, ifx =p? for some p € N,
i —

2%, otherwise,

then f is T-Banach contraction in dislocated rectangular b-metric space (N, d) and f has unique
fixed point z =1 € N.

Theorem 2.3. Let (X, d) be a complete dislocated rectan