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Abstract

This paper reviews the some of the various 
“Theories explaining financial sector FDI”, 
Microeconomic framework, Importance and 
barriers to FDI and Diverse economic environment. 
We will also be discussing the Risk management 
challenges, dynamic foreign exchange rates and the 
opportunities of developing Retail marketing in 
India. From the review, of the financial management 
and Macroeconomic and risk diversification 
theories would seem particularly well-suited to 
explain this reality. The financial management 
importance helps the microeconomic framework to 
entitle the GDP with the FDI resources.

Financial sector, FDI, GDP, Economics

I. INTRODUCTION

For the implementation of the FDI, first of all we 
need to review the theories which are explaining the 
financial sector FDI, and once the theory has been 
implemented in respect with local market then we 
can implement the same in the retail market in order 
to magnify the result from the international FDI. 
The different methods needs to be verified and 
should be taken in order to implement the FDI in the 
countries policy. For this there should be a study of 
Risk Management Challenges, dynamic foreign 
exchange rates and the opportunities of developing 
Retail marketing in India.

Post Globalization, some reforms were introduced 
in the banking sector to strength Indian banks and 
make them internationally competitive and banks to 
play a vital role in the economic development of the 
country. The banking sector was opened up for 
private participation and the entry of new private 
banks increased competition. The efficiency of the 

Keywords: 

banking sector was improved as suggested by 
indicators such as gradual in cost of intermediation 
and decline in nonperforming loans. Efficiency in 
the banking sector was driven by improved 
technology and competition.

II- THEORIES EXPLAINING FINANCIAL 
SECTOR FDI

Various theories have been introduced and as per the 
study the financial sector will be increased once the 
FDI retail market. A discussion on macroeconomic 
theories were started only because to praise more 
emphasis on the potentiality of the financial FDI.

Microeconomic/Behavioral Framework-

“Virtually all existing theoretical paradigms focus 
on the comparison of benefits and costs of the 
investment decision. As with any kind of 
investment, the bank will face uncertainty about the 
expected profits of such decision, and even 
expected costs. On the cost side, introduces the 
widely accepted notion that foreign banks face 
significant cost disadvantages when compared with 
local competition. These additional costs can arise 
as a consequence of cultural differences, legal 
barriers or increased control problems, just to cite a 
few examples. Therefore, in order to operate 
profitably in a foreign market, international banks 
must be able to realize gains that are unavailable to 
local competitors.” Hymer (1969) Thus the gains 
were established and realized benefit on operating 
the financial sector like (i) factors explaining 
competition (ii) local market non-efficient 
operations; and (iii) diversification in geographical 
position.
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Comparative advantage-

Most important issue is the availability of 
information for taking decisions, One of the most 
well-known ways of exploiting the comparative 
advantages stemming from private information in a 
foreign market is to “follow the client”. This implies 
that banks expand in those countries where their 
corporate clients choose to invest so as to be able to 
offer them the services they need (Brimmer and 
Dahl (1975), Gray and Gray (1981), Ball and 
Tschoegl (1982). Moreover, a bank has a clear 
interest in keeping other financial institutions away 
from developing a relationship with its corporate 
clients, because this can result in the loss of market 
quota in its home market. In other words, a bank's 
expansion abroad can sometimes be a defensive 
reaction to avoid losing important corporate clients 
at home. This “defensive reaction” hypothesis was 
first offered by Grubel (1977) for US banks' decision 
to move overseas (the so called “second wave” of 
banking internationalization, starting in the 1960s).

Voting Power Methods:

FDI can thus acquire the right power through voting 
of an enterprise through various methods for an 
enterprise:

• Starting the own WOS (Subsidiary wholly 
owned by the company) or company 
registered elsewhere,

• Investment made in shares of other associate 
or joint ventures;

• M&A of associates enterprises;

IV-IMPORTANCE AND BARRIERS TO FDI

A research study introduced and as some of the 
important of FDI are as, “An increase in FDI may be 
associated with improved economic growth due to 
the influx of capital and increased tax revenues for 
the host country. Host countries often try to channel 
FDI investment into new infrastructure and other 
projects to boost development. Greater competition 
from new companies can lead to productivity gains 
and greater efficiency in the host country and it has 

been suggested that the application of a foreign 
entity's policies to a domestic subsidiary may 
improve corporate governance standards. 
Furthermore, foreign investment can result in the 
transfer of soft skills through training and job 
creation, the availability of more advanced 
technology for the domestic market and access to 
research and development resources. The local 
population may benefit from the employment 
opportunities created by new businesses.”

In order to avoid the competition with their own 
products the investing company use to transfer their 
older production capacity and essential machines to 
the host country all because of the under 
development of the updated version and lac of 
technological updation too. 

V-DIVERSE ECONOMIC ENVIRONMENT

It is defined in by the analyst as, “Operating in a 
globalized environment means being answerable to 
different countries with different political 
environments and cultural norms, as well as trade 
procedures and tax conditions to comply with. In 
addition, the credit conditions may be totally 
different from what they are domestically. 
Anticipate day-to-day financial management 
challenges when operating internationally and 
devise ways to maintain healthy equilibrium within 
this economic framework to ensure your business's 
continued growth and survival.”

Dynamic Foreign Exchange Rates

On the similar note dynamic foreign exchange rates 
are also essential in financial management system. 
Thus it is being explained as, “in a globalized 
economy, the cash that goes in and out of the various 
countries is subject to fluctuations in exchange rates. 
This creates uncertainty for financial managers 
when it comes to the value of the home currency in 
relation to foreign currencies. Continuous 
fluctuations in the foreign exchange market could 
mean slow business for global organizations. If you 
need part of your financing for projects in emerging 
economies where you conduct your business,
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fluctuating exchange rates can subject you to higher 
interest rates. You have to monitor the foreign 
exchange market closely for suitable rates that 
benefit your organization.”

Opportunities for Retail Development in India

Retail marketing gets various opportunities to grow 
up in the Indian market. Not only retailing but 
Manufactures as well as suppliers, and buyers have 
various opportunities, some of which are mentioned 
below:

Ø Provides visibility to bands
Ø Urbanization
Ø Nuclear Family
Ø Plastic Revolution
Ø Indian consumers
Ø Indian Farmers
Ø Inflation control

VI- CONCLUSION:

Thus in light of the above study it has being noted 
that through dynamic economic environment and 
foreign exchange rates the FDI and the financial 
management has been possible in the current 
scenario. But in order to obtain more opportunities 
in the retail market it need to light up the 
opportunities in the field of Urbanization, 
increasing the workforce of Indian farmer, Indian 
consumer and then need to control the inflation of 
the country.

From the above discussions it can be concluded that 
since India is a developing country and the people 
who are working in non-government organisations 
have less social security after their retirement. To 
encourage the saving habits among them our 
banking sectors are introducing various schemes. 
Apart from all the above, since the capital raising 
capacity in India is very less to take the Indian 
banking sector to worldwide we require investment 
from abroad in Indian banking system. 
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Indian education sector is one of the pillars of Indian Economy and many global players are 

willing to enter into it. It has been stared growing after implementation of 1991 New 

Economic policy, as the policy focused on development in education sector. In achievement 

of Human development education plays vital role in this context. Contribution of capital has 

increased in this regards and opened the sources of capital investment from foreign 

countries. Education sector is now globalised and FDI has been motivated by the 

government. According to Deloitte, a global consultancy firm's report, India which ranks 

third after china and united states in terms of higher education enrollment requires more FDI 

in this sector in order to meet its target of doubling its gross enrollment ratio by 2020. The 

government has set an aggressive target of achieving 30 percent in higher education by 2020 

from the current level of 15 percent. The role of private sector in higher education has 

significantly increased in the last decade along with public sector. This paper studies the 

need and importance of FDI in education sector .It also deals with the impact and prospects 

of FDI in education sector in Indian economy. This paper has major implications for 

educationists who intend to reap the benefits of FDI as well as Government who need to 

frame suitable policies.  

 

Key words: Foreign Direct Investment,  Higher Education, Foreign Educational Institutions, 

 

 

INTRODUCTION 

 

“Live as if you were to die tomorrow. Learn as if you were to live forever.”  

Mahatma Gandhi. 

       

Education in its general sense is a form of learning in which the knowledge, skill, values, 

beliefs and habits of a group of people are transferred from one generation to the next through 
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storytelling, discussion, teaching, training, and or research. Education refers to the systematic 

process of gaining knowledge and skills through study and instructions. Education has many 

benefits and has positive impact in our life. An educated person is an asset for any country. In 

today’s world, human capital is considered the best national resource.  

   

India as the developing nation essentially targeting the education sector to mould the shape 

the society. According to the 2011 census, India has a literacy rate of around 74%.. The 

central and most state boards uniformly follow the "10+2+3" pattern of education. 

 

In today’s global era education sector is facing rapid competition from foreign countries and 

became important to  improve mean of technical knowledge, modern method of teaching and 

new modern aids in education. This needs assistance of finance, technology  and innovative 

ideas of teaching from other foreign countries. 

 

FDI is the alternative to current situation of education. Foreign direct investment in the field 

of education improves the state of primary, secondary and higher secondary schools in India. 

India is a nation that has to meet challenges in key sectors such as manufacturing and 

services. Investment by the government has to be divided among a huge set of 

sectors. Foreign direct investment leads to increase in profits within different industries as 

well as tax cuts and expanded marketability for singularly differing industries. 

 

FDI helps in supplying the material within the country with available resources for the  

benefits of educationist. It creates the international standards and  reduce the number of 

students migration. Getting education closer to home will be better for the students 

emotionally as well financially. Number of students take loans to pursue higher education in 

aboard. Getting the same kind of education in India may show a tremendous increase in 

performance. 

 

OBJECTIVES  - 

 

   To Study the need and importance of FDI in education in India. 

    To analyze the flow of FDI in education sector. 

   To analyze the current scenario of FDI in  Indian higher education system 

    To examine the opportunities& challenges of FDI in education sector in India.   

    To find out the barriers for FDI in Indian education. 

   To suggest the removal of various barriers for FDI in Indian education system. 

 

METHODOLOGY OF THE STUDY – 
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This study  is exploratory for which Information is collected from various secondary sources 

to explore the inflow of FDI in education sector in India and its impact on Indian Economy. 

Data collected from different sources such as books ,journal, news papers and web site. 

 

SCOPE OF STUDY- 

 

The education sector in India is divided into two sub segments; the key segment comprises of 

schools and higher education, while the other segment comprises of coaching classes, pre-

schools and vocational trainings. Educational sector is sustainably improving in recent days 

led to make the people to face competition. There is enormous need for the up-liftment of 

education as India is expected to have a surplus of 47 million people in the working age 

group by 2020. As a result, both the formal education sector (including K-12 and higher 

education) as well as informal sector (including coaching institutions, pre-schools and 

vocational institutions) are observing rapid growth. 

 

Today, the Indian education sector is one of the biggest education systems in the world. The 

education sector in India is evolving and has emerged as a strong potential market for 

investments in training and education sector, due to its favorable demographics (young 

population) and being a services driven economy. Further, India’s expanding role in sectors 

such as software development, generic pharmaceuticals and healthcare, would require the 

country to invest into learning and training segment as well. The education sector in India is 

also considered as one of the major areas for investments as the entire education system is 

going through a process of overhaul. 

 

LITERATURE REVIEW- 

 

R K Sharma in his article “FDI in Higher Education: Official Vision Needs Corrections”, 

raised four issues which need critical attention: the objectives of higher education, its 

contextual relevance, the prevailing financial situation and the viability of alternatives to FDI. 

The conclusion of the article is that higher education needs long – term objectives and a 

broad vision in tune with the projected future of the country and the world. 

 

Shilpa Kaura in her article “foreign direct investment in higher education “raised the impact 

of FDI in higher education in India .She concluded that Government must consider seriously 

corporatization of higher education so as to allow corporate houses to enter higher education 

and deliver education of global standards. 

 

FDI IN INDIAN EDUCATION SECTOR- 

 

Foreign Direct Investment has always been a matter of concern for India, when it comes to 

education sector 100% FDI is allowed by the Government Education Industry is likely to 
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grow by the size of the public education sector is $40 billion and the private sector amounted 

to $60 billion in 2011-2012.  

 

Foreign direct investment is a passive investment in the securities of another country such as 

stocks and bonds and also known as portfolio investment. India has one of the world's largest 

education systems, which includes 1.3 million schools, 30,000 colleges and 542 universities. 

In last year's budget (2011-2012), Finance Minister Pranab Mukherjee allocated Rs 52,057 

crore for the sector. The size of the public education sector is $40 billion and the private 

sector amounted to $60 billion in 2011. Current law allows 100 per cent FDI in education. 

According to the Confederation of Indian Industry (CII), another simple and best way to 

attract private investment in higher education is possible through foreign direct investment      

          

Foreign investment considered in several types such as Portfolio investment, foreign loans 

and foreign direct investment are the three important classifications. Out of these foreign 

direct investments in industry and services are the most useful.  

 

India’s education sector has witnessed significant expansion since the government approved 

FDI in April 2000, thus providing a huge opportunity for investment. Yet FDI remained zero 

in the first three years, increased till 2008-09 and then kept falling again. In the past 11 years, 

the total FDI in education has stood at Rs 2,051 crore, the yearly average of Rs 186 crore 

being one-tenth of one per cent of what the Centre and state governments annually spends in 

this sector. Currently, the Government spends around 3.8% of its GDP on education 

Factors favoring promotion of FDI- 

 

 Increased Investment in higher education will lead to: Increased Institutions 

 Enhanced Access to the best universities of the world. 

 Opportunities of International Qualification. 

 World class labs and libraries. 

 Competition leading to quality improvements. 

 Curriculum and Technological innovation. 

 Research & development. 

 

CURRENT STATUS OF FDI INFLOW IN EDUCATION SECTOR IN INDIA – 

 

FDI in education sector stood at Rs 1170.09 Crore (US$ 221.71 million) in the month of May 

2012 and Rs. 4,597.39 Crore (US$ 901.46 million) in October 2013. The country’s fast-

growing education sector holds a potential to attract a US$ 100 billion investment over the 

next five years, driven by demand for skilled professionals and need for infrastructure 

development.  
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India, which has the third largest higher education system in the world in terms of 

enrolments, after China and the US, needs more FDI to meet its target of doubling the gross 

enrolment ratio (GER) by 2020. Under the Foreign Direct Investments (FDI) Scheme, 

investments can be made in shares, mandatorily and fully convertible debentures and 

mandatorily and fully convertible preference shares1 of an Indian company by non-residents 

through two routes: 

 

 
 

SOME OF THE MAJOR INITIATIVES IN EDUCATION IN INDIA - 

 

The UK-based University of Northampton has tied up with Madras University to offer a 

Master's degree in International  Environment Management. The course will allow students 

access to online courseware put up by the University of Northampton   

 

 Ecole Hoteliere de Lausanne has opened a 67,000 square feet campus in India to tap 

into the growing demand for skilled hospitality professionals in the country. Located 

in the newly developed Lavasa township near Pune, Ecole Hoteliere Lavasa will offer 

a four-year programme  

 Narsee Monjee Institute of Management Studies (NMIMS) has set up a centre for 

manufacturing excellence in collaboration with UK's Warwick University. The centre 

will offer specially designed Master's and Doctoral programmes .  

 CFA Institute, the global association of investment professionals, plans to set up 

office in India for its CFA and Claritas programmes .  

 Tech Mahindra has established an engineering college in association with the French 

university,  

 Ecole Centrale and Jawaharlal Nehru Technological University (JNTU)  EuroKids, 

education service provider in the pre-school segment, launched 'EuroVarsity', a 

virtual university aimed at providing programs to develop teaching skill sets. The first 



 

DR. R. R. PANSARE                  DR. MANISHA SHINDE                       6P a g e  

 

course to be offered is a certified teacher training course, 'diploma in early childhood 

care and education'.  

 India and Republic of Korea have signed a memorandum of understanding (MoU) for 

cooperation in the field of education. 

 Manipal University signed a memorandum of understanding (MoU) with Beijing 

Institute of Technology. 

 The Ministry of Human Resource Development plans to set up ten community 

colleges in collaboration with the Government of Canada in 2012. The Government 

of Gujarat plans to set up a farming educational institute in collaboration with Israel, 

offering post graduation and Ph.D programme with practical training and degree from 

Israeli universities. 

 

CONCLUSION- 

 

Corporate need well trained professional to take on global challenges and capture overseas 

markets. It is understandable to keep primary and secondary school education as charity or 

social objectives to enhance literacy rate to 100 % level but higher education has to be freed 

from this tag. Government must consider seriously corporatization of higher education so as 

to allow corporate houses to enter higher education and deliver education of global standards. 

This will also facilitate several private universities, research houses, large corporate to 

consider foreign direct investment in India's higher education. 

 

1. Agarwal J, Khan MA (2011) Impact of FDI on GDP: A comparative study of China and  

 India, Int. J. Business Management 6(10):71-79.  

2.  All India Survey on Higher Education- published data 

3.  Anandakrishnan, M., 2006, "FDT and False Hopes", Frontline, Vol NO.:23 

4.   Arun Nigvekar (2001), "Gats And Higher Education", University Grants Commission. 

5. Singh, S (2009) Foreign direct investment (FDI) and growth of states of India. VISION 

 2020 - Managerial Strategies and Challenge, Wisdom Publications, Delhi.  
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The Corporate Social  Responsibilities of business are those responsibilities that arise in the 

perspective of corporate-stakeholder relationships. Stakeholders have expectations about the 

behaviour and responsibilities and duties of the business that go beyond the donation of jobs 

and products or services. Two companies do not have  the exact same set of responsibilities, 

because they have different products, services and strategies and therefore, different 

groupings of stakeholders and stakeholder interests and issues.  

 

Introduction 

 

In India Corporate Social Responsibilities had been implemented as a charitable activity. And 

in keeping with the Indian tradition, it was an activity that was performed but not reflected in 

accounts. As a result, there is limited certification on specific activities related to this 

concept. However, what was clearly marked that much of a national character summarized 

within it, whether it was providing institutions to actively participating in India’s freedom 

movement, and implanted in the idea of trusteeship. As some observers have pointed out, the 

practice of CSR in India still remains within the charitable space, but has moved from 

institutional building (educational, research and cultural) to community development through 

various projects. Also, with global influences and with communities becoming more active 

and demanding, there appears to be a discernible trend, that while CSR remains largely 

restricted to community development, it is getting more strategic in nature (that is, getting 

linked with business) than philanthropic, and a large number of companies are reporting the 

activities they are undertaking in this space in their official websites, annual reports, 

sustainability reports and even publishing CSR reports. The Companies Act, 2013 has 

introduced the idea of CSR to the forefront and through its disclose-or-explain mandate, is 

promoting greater transparency and disclosure. Schedule VII of the Act, which  lists out the 

CSR activities, suggests communities to be the focal point. On the other hand, by discussing a 

company’s relationship to its stakeholders and integrating CSR into its core operations, the 

draft rules suggest that CSR needs to go beyond communities and beyond the concept of 
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philanthropy. It will be interesting to observe the ways in which this will translate into action 

at the ground level, and how the understanding of CSR is set to undergo a change. 

 

Definition:- 

"Corporate Social Responsibility is the continuing assurance by business to subsidize 

to economic development while improving the quality of life of the people and their 

families as well as of the community and society at large." 

 

Social responsibility means that individuals and companies have a duty to act in the best 

interests of their environments and of society as a whole. Social responsibility as it applies to 

businesses is known as corporate social responsibility, or CSR. 

 

Corporate social responsibility (CSR) refers to business practices involving initiatives that 

benefit society. A business's CSR can encompass a wide variety of tactics, from giving away 

a portion of a company's proceeds to charity, to implementing "greener" business operations. 

 

There are some core arias where the corporate social responsibility has to be made practicing: 

 

1. Environmental issue: One primary focus of corporate social responsibility is the 

environment. Businesses irrespective of their size and productions discharging a 

large quantity of carbon in the form of their waste. Any steps they can take to 

reduce those carbonization are considered both good for the company and society 

as a whole. 

 

2. Charity issue: Businesses also practice social responsibility by donating to national 

and local charities. Businesses have a lot of resources that can benefit charities 

and local community programs, i.e charities to local school, NGO’S, social 

welfare work, etc. 

 

3. Ethical labor practices:  To consider employee as human being and ethically, 

companies can also demonstrate their corporate social responsibility. This is 

especially true of businesses that operate in international locations with labor laws 

that differ from those in the United States and other part of the world. 

 

4. Undertaking: Appearing volunteer events says a lot about a company's honesty. By 

doing good deeds without expecting anything in return, companies are able to 

express their concern for specific issues and support for certain organizations. 

 

Objectives of the study: 

 

1. To know the Corporate Social Responsibilities of the Business in India. 
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2. To know direct or  indirect CSR benefits to the Communities. 

 

Research methodology 

 

Secondary data :Data is collected from the various secondary sources such as Journals, 

Periodicals , Reference Books, E-News Papers, Articles , Published Research Compendiums 

,Government Reports , Authentic Websites etc. 

 

Some of the positive outcomes that can arise when businesses adopt a policy of social 

responsibility include: 

 

1. Company benefits: 

 

• Improved financial performance; 

• Lower operating costs; 

• Enhanced brand image and reputation; 

• Increased sales and customer loyalty; 

• Greater productivity and quality; 

• More ability to attract and retain employees; 

• Reduced regulatory oversight; 

• Access to capital; 

• Workforce diversity; 

• Product safety and decreased liability. 

 

2. Benefits to the community and the general public: 

 

• Charitable contributions; 

• Employee volunteer programmes; 

• Corporate involvement in community education, employment and homelessness  

 programmes; 

• Product safety and quality. 

 

3. Environmental benefits: 

 

• Greater material recyclability; 

• Better product durability and functionality; 

• Greater use of renewable resources; 

• Integration of environmental management tools into business plans, including  

life-cycle assessment and costing, environmental management standards, and  

eco-labelling. 
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However, various companies continue to supervise CSR in the supply chain - for example by 

importing and retailing wooden that has been illegally cut the forest. While governments can 

impose restrictions and penalties on offending companies, the organizations themselves can 

make a commitment to sustainability by being more discerning in their choice of suppliers. 

Different stakeholders have different CSR issues and expectations with different 

implications, which can be summarised as follows: 

 

Employees  CSR issues. 

 

Employees are concerned with traditional human resources management issues such as 

personnel policies and practices, pay, benefits, recruitment, etc. However, new HR issues are 

driving increased social responsiveness by corporations. These issues include work-life 

balance, care of dependent relatives, diversity, sexuality in the workplace, religion/spirituality 

in the workplace, minority hiring practices, responsible redundancy, use of temporary 

workers and workplace culture. Corporations that effectively respond to these issues are 

generally considered to be “employers of choice”. The benefits of socially responsible 

behaviour on these issues include improved workplace morale, higher productivity, reduced 

employee turnover costs and greater identification with employers. This last is thought to be a 

particularly important benefit as high employee identification increases the likelihood that 

employees will act in employers’ best interests, thus reducing risks of fraud and unethical 

behaviour. 

 

Suppliers CSR issues 

 

Supply chain CSR issues include human rights of outsourced workers, ethical sourcing, 

prompt payment, use of migrant workers, doing business with oppressive regimes, treatment 

of animals and environmental impacts in the supply chain. Supply chain issues have been at 

the heart of CSR crises experienced by some prominent US-based companies such as Nike 

and Gap, which rely on outsourced labour in third world countries. Consumer boycotts and 

demonstrations posed a threat to business continuity. Nike has in response increased its 

monitoring of human rights and labour relations practices and substantially increased 

disclosure of its suppliers. As Australian firms become increasingly globalised, supply chain 

CSR issues have become more prominent. 

 

Customers CSR issues 

 

Many studies suggest that consumers are more likely to purchase from socially responsible 

firms or avoid purchases from socially irresponsible firms, and consumer preferences for 

products that are good for the environment (organic, or not tested on animals) are well 

documented. CSR issues for consumers include product manufacturing (e.g. human rights of 

workers, product safety), labelling and packaging (disclosure and completeness), marketing 
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and advertising practices, selling practices (redress) and pricing. Australia’s tough regulatory 

environment does not necessarily protect corporations from rising CSR-related expectations 

of consumers. 

 

Communities CSR issues 

 

Communities can include local communities around a business or a company site, as well as 

civil society organisations. Corporations often pursue community relations strategies that 

include corporate community investment, partnerships between employees and communities 

or traditional philanthropy. Objectives can include commercial advantage (brand, cause 

related marketing), legitimacy (relationships, political positioning) and workforce 

development. Benefits of attending to CSR issues in communities include improved 

reputation and reduced conflict with activist groups which is often conducted through the 

media. 

 

Investors CSR issues 

 

CSR issues for investors can relate specifically to socially responsible investment strategies, 

or more broadly to understanding and identifying material sources of social risk. More 

recently, investors have become more active in engaging directly with companies about their 

social, environmental and governance risks, often through industry associations like the 

Australian Council of Superannuation Investors. Investors are also increasingly the object of 

activist campaigns on climate change or human rights issues. In some cases, investors have 

sold out of (divested) companies based on their assessments of climate change or human 

rights risks. 

 

Conclusion:  

 

Corporate social responsibility (CSR) promotes a vision of business accountability to a wide 

range of stakeholders, besides shareholders and investors. Key areas of concern are 

environmental protection and the welfare of employees, the community and civil society in 

general, both now and in the future. The concept of CSR is supported by the idea that 

corporations can no longer act as isolated economic entities operating in objectivity from 

broader society. Traditional views about competitiveness, survival and profitability are being 

swept away. 
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"Make In India" is a campaign launched by Narendra Modi to encourage industrialists to set 

up their manufacturing units in India: So, "Make in India" leads to "Made in India"! The 

campaign has been concentrated to fulfill the purpose of Job Creation, Enforcement to 

Secondary and Tertiary sector, Boosting national economy, converting the India to a self-

reliant country and to give the Indian economy global recognition. The idea of utilizing 

cheap labor to produce for the world is not new. It’s been implemented rather successfully in 

East Asia and gave phenomenal results for three decades popularly called the East Asian 

growth miracle. Countries such as South Korea, Malaysia, Thailand, Indonesia saw a rapid 

fall in the poverty and unemployment numbers between late 1960’s and mid 1990’s. The 

Indian government through this initiative aims to put to use its rapidly increasing workforce 

to productive use, realizing that service sector though contributing about 55-60% of the GDP 

cannot be the sole driver of the economy. The campaign has been concentrated to fulfill the 

purpose of Job Creation, Enforcement to Secondary and Tertiary sector, Boosting national 

economy, converting the India to a self-reliant country and to give the Indian economy global 

recognition. 

 

In the present paper an attempt has been made to throw some light on the concept of `Make 

in India’. Further, an attempt has also been made to review the advantages of this concept 

and the areas which are going to gain benefit specially Socio-Economic Growth and 

Entrepreneurship. 

 

INTRODUCTION 

 

„Make in India‟ is the initiative taken by the present government and our Prime Minister Mr. 

Narendra Modi had formally declared the policy pertaining to Make in India on September 

25th, 2014 and within a very short span large number of countries are supporting this concept 

http://www.makeinindia.com/home
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and started investing in different areas. The results till now have been mixed. It takes time to 

set up factories and thus capabilities and only then the returns can be judged. To give a good 

example, Foxconn (Apple iPhone maker) has signed an MOU with Maharashtra government 

which will bring investment worth $5 billion to the country and create thousands direct and 

indirect jobs but this won‟t start before 2017. Ford has also decided to set up an automobile 

factory in Gujarat which is going to employ thousands again. Even Asus has decided to set up 

a handset manufacturing unit in India in Andhra Pradesh. Considering the above stories, the 

direct benefits would be in terms of inflow of foreign exchange, job creation leading to lower 

unemployment and also technological up-gradation. India since 1990‟s has particularly seen a 

rapid growth in service sector.  

 

Role of higher education institutions in promoting entrepreneurship and Socio-Economic 

Growth in India 

 

Encouraging entrepreneurs to start new businesses is a priority for any government and is 

only increasing in importance as nations look to grow, become self-reliant, and overcome 

economic uncertainty. These are multi-dimensional objectives that can be fulfilled by 

promoting entrepreneurship in any economy, but in India, they take on added significance 

because of the size and age of the population. India's total population of 1.3 billion people 

ranks second only to China, and with 28% of those people aged 10 to 24 (28%), the country 

has 367 million young people that are either at the start of their careers or soon will be 

(UNFPA, 2015). Hence, it is the national interest to provide education, support, and facilities 

that can help guide this large and young segment of the population towards careers in 

entrepreneurship and to help them build and grow their businesses. 

 

Concept of Make in India 

 

The „Make in India‟ program is an initiative launched to encourage companies to increase 

manufacturing in India. This not only includes attracting overseas companies to set up shop 

in India, but also encouraging domestic companies to increase production with the country. 

 

Make in India is intended to make India a manufacturing hub of the world (at least Asia, for 

that matter). The idea was to increase the contribution of the manufacturing sector to India‟s 

GDP. Make in India aims at increasing the GDP and tax revenues in the country, by 

producing products that meet high quality standards and minimizing the impact on the 

environment. 

 

Following are the major focused areas on which the Make in India is concentrating:-  

 

• Automobiles 

• Biotechnology 
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• Aviation 

• Oil and Gases 

• Tourism and Hospitality 

• Chemicals 

• Railways and many more 

 

Government of India has allowed 100 % FDI (Foreign Direct Investment) in all sectors 

except Spare (74%), Defense (49%) and News Media (26%) and had launched four major 

policies under the „Make in India‟ program. 

 

Policy for New Initiatives: 

 

This initiative is to improve the ease of doing business in India, which includes increasing the 

speed with which protocols are met with, and increasing transparency in Administration. 

Under this policy, the Government has already rolled out: 

 

• Validity of industrial license is extended up to three years  

• Approval of the head of the department is necessary to undertake an inspection. 

• Environment clearances can be sought online. 

• All income tax returns can be filled online 

 

Policy for Foreign Direct Investment 

 

Government of India has allowed 100 % FDI (Foreign Direct Investment) in all sectors 

except Spare (74%), Defense 49%) and News Media 26%). FDI restrictions in tea plantation 

has been removed, while the FDI limit in defense sector has been raised from the earlier 26% 

to 49% currently. 

 

Policy for Intellectual Property Facts 

 

The Government has decided to improve and protect the intellectual property rights of 

innovators and creators by upgrading infrastructure, and using state of the art technology. The 

main aim of intellectual property rights is to establish a vibrant intellectual property regime in 

the country. 

 

Policy for National Manufacturing 

 

The vision of Make in India is to increase manufacturing sector growth to 12-14% p.a. over 

the medium term and to increase the share of manufacturing in the country‟s GDP from 16% 

to 25% by the year 2022. Further, the vision is to create appropriate skill sets among rural 
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migrants and the urban poor for inclusive growth and to ensure the sustainability of growth, 

particularly with regard to environment. 

 

Initiatives for the success of Make in India 

 

Make in India initiative is a good move and it will boost up the economy of our nation and 

help in sharing the burden of deficit financing. As India is very rich in resources both natural 

and human. The problem being faced in India is the direction and financial investment in 

different areas, because of which our economic growth is very slow and restricts us to 

compete with the developed nations. But, before getting the fruitful results of „Make in India‟ 

we have taken following initiatives: 

 

• We can make use of all the resources to the best possible extent 

• We can stop youngsters running abroad hence their talents can be best utilized within the 

country 

• We can also increase exports thereby increasing foreign exchange reserves  

• We can have better position in international market 

 

All this is possible only if good number of talented youngsters come forward to take initiative 

in setting up enterprises. For this the govt. should identify their talents give them scholarships 

extend all financial support. The govt. can also fix some time bound targets and encourage 

healthy competition among the youngsters 

 

Business Reaction to the Make in India Initiatives 

 

As per the data available from the government, that it has so far received Rs.1.10 lakh crore 

worth of proposal from the various companies that are interested in manufacturing electronics 

in India. Recently Lenovo also announced that it has started manufacturing Motorola smart 

phones in plant near Chennai. Also a large number of multi-national companies are tying up 

with the concerned departments and ministries to start-up their projects and forwarding these 

proposals. In response the Government of India is also showing very liberal approach in 

welcoming their proposals. 

 

Advantages of Make in India 

 

The concept of Make in India is a good initiative taken by the NDA Government and it is 

definitely going to effect the socio-economic growth of our country, especially in providing 

employment opportunities and industrial growth. To accommodate the 300 million people 

who will join India‟s workforce between 2010 and 2040, each year 10 million jobs are 

needed. It is expected that the manufacturing sector will create about 100 million jobs by 

2022. In addition to this the other advantages of Make in India are as under: 
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Manufacturing sector led growth of nominal and per capita GDP. While India ranks 7th in 

terms of nominal GDP, it ranks a dismal 131st in terms of per capita GDP. Employment will 

increase manifold. This will augment the purchasing power of the common Indian, mitigate 

poverty and expand the consumer base for companies. Besides, it will help in reducing brain 

drain. 

 

Export-oriented growth model will improve India‟s Balance of Payments and help in 

accumulating foreign exchange reserves (which is very important given the volatility in the 

global economy with multiple rounds of Quantitative Easing announced by major 

economies). Foreign investment will bring technical expertise and creative skills along with 

foreign capital. The concomitant credit rating upgrade will further woo investors. FIIs play a 

dominant role (relative to FDI) in the Indian markets. However, FIIs are highly volatile in 

nature. Make in India will give an unprecedented boost to FDI flows, bringing India back to 

the global investment radar. 

 

The urge to attract investors will actuate substantial policies towards improving the Ease of 

Doing Business in India. The Government of the day will have to keep its house in order (by 

undertaking groundbreaking economic, political and social reforms) to market Brand India to 

the world at large. 

 

Challenges in Implementation of ‘Make in India’ 

 

No doubt the above discussed advantages of Make in India concept will boost up our 

economic growth and the initiatives taken by the present government is being welcome by 

every corner of the world. It is very clear that countries and private sector players are 

showing their keen interest in this concept and are willing to invest in manufacturing sector, 

but, following are certain grey area‟s which needs immediate attention of the government for 

smooth implementation and success of this concept. 

 

High level of corruption in India at all levels in the bureaucracy. China even though on the 

basis of data provided by transparency international is more corrupt than India, India‟s „70‟s 

hangover of permit and license raj (which leads to red-tapism and hence corruption) and 

weak redress system makes doing business a very difficult task. This is the main reason the 

country has fared poorly in ease of doing business indices. According to World Bank data, 

it‟s at a distant 130 compared to China which is 83 (2015 data). 

 

India‟s investment in health and education leaves a lot to be desired. India spends less than 

3% of GDP for both health and education. China, on the other hand, spends more than 3% of 

a much larger GDP in favor of both. Political instability, law and order problem, social 
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unrest, increasing crime rate are another challenges which restricts the countries to invest in 

India. 

 

Conclusion 

 

Make in India is an ambitious project, but it is one that India desperately needs to kick start 

and sustain its growth momentum. With relentless policies towards this end and Educational 

Institutes contributing their part, it is possible to make India the powerhouse of 

manufacturing sector in the world. India has the opportunity to take some share of global 

manufacturing away from China. All we have to do to improve the ease of doing business in 

India are these stop tax terrorism, improve our infrastructure, reform labor laws, investment 

in skills development, easy land acquire laws, transparency in administration, liberalized 

government policies, good governance, Restore broken trust between industry and 

government, Implementation of Goods and Services Tax (GST) and fast tract approval. At 

the end it can be concluded that the role of Educational Institutes to promote the concept of 

Make in India will definitely going to boost up the Indian economy and will help in meeting 

the major challenges of poverty, unemployment, low per capita income and help in sharing 

the burden of government. 
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INTRODUCTION:- 

Which is India’s no. 1 crop? Is it rice? Or wheat? Well, neither. The right answer the country’s 

milk production is estimated to have touched 100 million tone higher than the estimated 92MT for rice 

& 75MT for wheat. 

 Dairy is a place where handling of milk & milk products is done and technology refers to the 

application of scientific knowledge of practical purposes. The dairy sector has developed through co- 

operatives in many parts of the state. During 1997-98, the state had 60 milk processing plants with an 

aggregate processing capacity of 5.8 million liters per day. In addition to these processing plants, 123 

Govt. and 33 co-operatives milk chilling centers operate in the state. With the increase in milk 

production. Maharashtra now regularly exports milk to neighboring states. It has also imitated a free 

school feeding scheme, benefiting more than 3 million school children from 19000 schools all over the 

Maharashtra state. 

 

OBJECTIVES OF THE STUDY:  

 The following objectives have been formulated for the present study. 

1. To study the socio – economic impact of dairy industry on sample members. 

2. To study the problems facing by the sample dairy members. 

 

METHODOLOGY OF THE STUDY:  

Sr. 

No. 

Research components Description 

1. Unit selected 60 sample dairy members selected from 9 dairy’s of 

Nandni village in kop. Dist. 

2. Type of research Descriptive research. 

3. Data source Primary and secondary. 

4. Research instrument Structured questionnaire. 

5. Research approach Survey method. 

6. Sampling procedure Convenience sampling. 

7. Sampling size 60 

8. Statical techniques Tables, percentages. 

 

SCOPE OF THE STUDY:  

1. Geographical scope: - Nandni village of Kolhapur District.  

2.  Analytical scope   : - Fulfillment of objectives. 
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Dairy Industry in India:  

 More than 2445 million people economically active n agriculture in the world, probably 2/3 or 

even more ¾ of them are wholly or partly dependent on livestock farming. India is rich flora & 

fauna & continues to be vital avenue for employment and income generation, engaged in 

agriculture, derives 31% of gross domestic product from agriculture. The share of livestock product 

is estimated at 21% of total agriculture sector. 

Milk Production:  

1950 - 17 MT 

1996 – 70.8 MT 

1997 – 74.3 MT 

(Projected) 2020 – 240 MT  

 India contributes to world milk production rise from 12-15 % & it will increase up to  

30-35% (2020) 

 

DATA ANALYSIS AND INTERPRETATION:  

The following survey shows the impact of dairy industry on 60 dairy sample members of 

Nandni village in Kolhapur district. 

Milk supply of dairy members 

Table 4.1 

Sr. 

No. 

particulars Total 

 Weekly milk supply  

1. Cows 48000 

2. Buffaloes 96000 

 Total 144000 

 

The table shows that weekly milk if we look at the source of milk supply by the categories of 

which animal, we find that the aggregate contribution of buffaloes milk is than of cow’s milk. 

 

Table 4.2 - Method followed by the sample members to boost milk production:  

Sr. 

No. 

Method followed to Boost 

Milk Production 

No. of types of  sample 

members 

Total % To 

Total 

  Female Farmer   

1. Replacing the cattle 12 20 32 54 

2. Balanced diet 21 15 36 60 

3. Hybrid cattle 14 16 30 50 

4. Medical care 18 12 30 50 

5. Milk in time 22 15 37 62 

6. Others 10 14 24 40 

The above table shows over 62% of all the members practices balanced diet & timely milking of 

the cattle. About 54% of the total members believe in use replacing milk cattle. 50% of the total 

members believe in use of Hybrid cattle & feel that medical care is some importance in maintaining the 

milch cattle. Other measures include cleaning the cattle shed, feeding & watering the cattle in time etc. 

40% members follow this method. 

Socio-economic impact of dairy industry on sample dairy members. 

 The important objective of the present study to enquire into the socio-economic changes 

brought about in the life of dairy members   
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Table 4.2 – Sample Dairy Member’s Opinion about the Economic Impact of Dairy Industry: -       

Sr. 

No. 

Items No. of types of  sample 

members 

Total % To Total 

  Female Farmer   

1. Awareness of new plans & 

programmes. 

21 27 48 80 

2. Higher milk yield 29 22 51 84 

3. Will to earn money 25 23 48 80 

4. Increase in employment 

opportunities 

25 17 42 70 

5. Increase in productive 

investment 

16 20 36 60 

6. Improvement in standard of 

living 

21 16 37 62 

7. Increase in agriculture 

productivity 

14 22 36 60 

The above table shows top most impact on economic condition & outlook of members was 

recorded at 84% for higher milk yield. It creates awareness of new plans & programs among 80% 

members out of 27 farmers & 21 female members be aware of it. 65% female members will to earn 

money by self employment. 62% members had improved standard of living and 22% farmers increased 

agriculture productivity. 

Table 4.4 – Sample Dairy Members Opinion about the Social Impact of Dairy Industry: - 

Sr. 

No. 

Items No. of types of  sample 

members 

Total % To Total 

  Female Farmer   

1. Participation in social 

activities. 

19 26 45 75 

2. Desire for education. 20 16 36 60 

3. Political recognition. 20 25 45 75 

4. Awareness of medical care of 

family. 

18 22 40 66 

5. Increase in public relation. 20 27 47 78 

The response of sample members to the social impact is shown in table no. 4.4. this table shows 

that 78% of the total members felt that their public relation have improved due to dairy operations. The 

female members had a lowest participation in social activities at 42.22% and farmer members pocketed 

57.77 shares in social participation. 

 60% of total numbers felt that dairy operations have awakened their desire for education. 

Problems of sample dairy members: -  

The following Table No. reveals the problems which are facing by the members of Dairy 

Industry in the study area. If we consider the problems of all the members in aggregate the important 

measurement of milk had the highest incidence of 70%. Inadequate finance as a problem had the lowest 

incidence of 40%. Female members had the highest incidence of the problems of improper measurement 

of milk & transport, communication facilities. 51% of total members have a problem of non availability 

of proper cattle in local market. 

An Enquiry of the Dairy Member Revealed a Number of Multiple Problems 

Table 4.5 

Sr. 

No. 

Items No. of types of  sample 

members 

Total % To Total 

  Female Farmer   

1. Inadequate price. 9 16 25 43 

2. Improper measurement of milk. 20 22 42 70 
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3. Fodder & cattle feed cost. 17 16 33 55 

4. Collective testing of milk. 11 19 30 50 

5. Availability of proper cattle in local 

market. 

19 12 31 51 

6. Fodder & water supply. 21 18 35 58 

7. Unsuitable Business premises 19 14 33 54 

8. Difficulties in transport & 

communication. 

20 14 34 56 

9. Insufficient veterinary facilities. 18 16 34 57 

10. Inadequate finance. 13 11 24 40 

11. Spoilage of milk. 10 15 25 42 

 

The Following Major Problems Are Facing By The Customers:-  

1) Adulteration in milk: - it is like- by adding water, refined oil, chemicals, combining the 

separated milk etc. 

2) Day by day increasing rate of milk.  

 

CONCLUSION: -   

 Dairy industry in Nandni village is a major source of income during all the 12 months of the 

year. Dairy operations have given boost to the all round development of small land holders, land less 

labors & economically backward class in the village. Because of dairy farming there is radical change in 

the income of the members, their situations of famine, awareness of the new plans & programs, 

tendency to help each other, adoption of scientific methods of cattle breeding. 

 If the Govt. provides various schemes & programs  such as - seminars on medical care of 

cattle’s, financial subsidies for cattle purchasing, stable milk pricing system etc.then the problems facing 

by customers & milk suppliers can be avoided.       
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Abstract: In this research paper the dielectric properties such as Ddielectric loss (tan δ), AC conductivity, Dielectric 
constant (real part ε’ and imaginary part ε”) and dielectric loss tangent (tan δ) are reported for the series [Cox 
Ni(constant) Cu0.8-x Fe2O4] where constant=0.2 with x=0.2, 0.4 and 0.6 of ferrites,  prepared by Sol-Gel auto-
combustion technique by  using high purity metal nitrate, double distilled water and citric acid as a catalyst. The 
variation in the real part  of dielectric constant(ε’) , imaginary part of dielectric constant ( ε”) ,  dielectric loss tangent 
(tan δ)and AC conductivity are studied at room temperature in the frequency range of 100 Hz to 5 MHz. Structural 
characterization of the annealed samples was done with the help of X-ray diffraction method. The particle size and 
single phase formation of CoNiCuFe2O4 ferrite was confirmed by X-ray diffraction analysis. The particle size of 
prepared sample was confirmed by Scherer’s formula. The effect on Particle size (t) and lattice constant (Å) is 
observed due to substitution of Co2+ in Ni Cu. The impedance meter (LCR meter) is used to obtain the Dielectric 
properties of prepared pallets. The variations in the structural and dielectric properties of the prepared ferrite 
material are discussed.  

Keywords – Sol-gel auto-combustion X-ray diffraction, Impedance meter (LCR meter), FT-IR,  

I.  INTRODUCTION 
 
The ferrite nanoparticle are popular in various fields of electronics and communication Engineering because the 
ferrite material is having excellent and very  different properties especially in electric, di-electric and magnetic 
properties that are sensibly different from the properties of the other bulk materials. Ferrite nanoparticles are 
very use full in the area where minimization of eddy current loss, magnetic loss is important and magnetic field 
dependent properties plays very important role.    
The ferrite performs a better response at high frequencies because ferrite nanoparticles are having very high 
electrical resistivity and due to this Ferrite is used as best core material in the transformers and power supply for 
frequencies from few kilo Hertz to a few Mega Hertz. Ferrite is having high stability, low cost, light weight and 
lowest volume therefore it is more popular.  These are intensively studied due to their technological applications 
in microwave industries such as Radar Absorbing Material (RAM), satellite communication, microwave dark 
room and protection of living animals from the harm of microwave [1–7]. 

II. EXPERIMENTAL 

2.1 Synthesis 

The high purity AR grade ferric nitrate [Fe(NO3)3.9H2O)], Copper nitrate [Cu (NO3)2 .6H2O], Nickel nitrate 
[Ni(NO3)2.6H2O],Cobalt nitrate [Co(NO3)2.6H2O],  citric acid (C6H8O7), ammonium hydroxide solution 
(NH4OH) and double distilled water were used to prepare the series [Cox Ni(constant) Cu0.8-x Fe2O4] where 
constant=0.2 with x=0.2, 0.4 and 0.6 of ferrite nanoparticles by sol-gel auto combustion synthesis technique. In 
this chemical process Citric acid was used as a Fuel. These nitrates and citric acid were weighed accurately to 
have proper stoichiometric proportion required in the final product and all metal nitrates are dissolved in 
deionized water to form mixed solution. The mixed solutions of all the chemicals were stirred by using magnetic 
stirrer until the homogeneous solution is obtained. During the stirring process ammonium hydroxide solution 
was added drop by drop to obtain pH of 7. The mixed solution was simultaneously heated at 100 °C for 2 hours 
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to 4 hours such that formation of gel takes place. The transparent solution was heated at 100°C for 2 hours to 4 
hours for removal of water and solution turns into a viscous brown gel. The temperature of the gel was further 
increased up to 150 °C, after some time combustion of the gel takes place and fine powder of [Cox Ni(constant) 
Cu0.8-x Fe2O4] ferrite nanoparticle was obtained. The same procedure is repeated for three times for X=0.2, x=0.4 
and x=0.6, such that three ferrite materials are prepared. Three ferrite materials represented by the symbol D, E, 
and A are [(Co0.2Ni.0.2 Cu.0.6)Fe2O4], [(Co0.4Ni.0.2 Cu.0.4)Fe2O4] and [(Co0.6Ni.0.2 Cu.0.2)Fe2O4] respectively.  
The powder was dried and annealed at 400 °C for 4h in furnace having super kanthal (MoSi2) heating elements 
and alumina insulation boards as chamber walls.  The pallets of sample are prepared by using binder polyvinyl 
alcohol (PVA) and it was pressed at 60 kg/cm3 for one min and was dried and annealed at 200 °C for 2 hours. 
The diameter of pallet is 10mm and thickness is 2mm. Three pallets of ferrite materials are prepared for 
represented by D, E, and A are [(Co0.2Ni.0.2 Cu.0.6)Fe2O4], [(Co0.4Ni.0.2 Cu.0.4)Fe2O4] and [(Co0.6Ni.0.2 Cu.0.2)Fe2O4] 
respectively.  

 
2.2  Characterization 
 The phase analysis and gross structural analysis is done by using X-ray diffractometer (Cu Kα1 
radiation=1.5418 Å) and confirmation of single phase spinal structure is done. The average particle size of 
prepared powder has been calculated using Scherrer formula  

t = 0.9 λ /β cos θ     -----------------(1) 
Where; λ = Wave length of X-rays. 
t = Particle size. 

 θ = Bragg’s angle. 
 β = Full Width Half Maxima of the recorded peak θ and it is corrected for    
                   instrumental broadening. 
  The lattice parameter (a) is calculated from X-ray diffraction data by using formula 1/d2 =1/a2* (h2 
+k2+ l2). It is observe that Average Grain Size t (nm) and Lattices Constant a (Å)   decreases with increase of 
Ni2+ substitution of in Cu Co as shown in Table 1.         

The dielectric constant (ε’) , dielectric loss tangent (tan δ) and  AC conductivity (σac) of prepared 
samples were measured in  the frequency range of 100 Hz to 5 MHz by using digital LCR meter of precision 
impedance analyser at room temperature. The data of digital LCR meter provides the information of frequency 
(f), Series Capacitance (Cs), Parallel  Capacitance (Cp), Quality factor (Q) , by using the this date along with 
thickness of pellet, d=0.002 meter, Diameter of pellet= 10 millimetre and Area of pellet = π r2 = 3.14*.005*.005 
meter2=0.0000785 meter2,  the calculations for dielectric constant (ε’) , imaginary part ( ε”) of dielectric 
constant and dielectric loss tangent (tan δ) are completed by using the following equations. The logarithm of 
frequency (Log10 f) is taken in to consideration while plotting the graph of (Log10 f) verses any other parameter. 

Dielectric constant (Real Part) = έ = Cp*d/ε0*A   ------------ (2) 
Dielectric constant (Imaginary Part) = ε״ = (tan δ)* ε' ------------ (3) 
Dielectric loss tangent= (tan δ) = 1/Q = ε״ / ε'  ------------ (4) 

 
III. RESULTS AND DISCUSSIONS 

3.1: Structural analysis.  
 

The XRD pattern of as-synthesized ferrite material of [(Co0.2Ni.0.2 Cu.0.6)Fe2O4] is shown in Fig.1. The 
highest intensity peaks in all three specimens are observed at (311) and other peaks (220), (400), (422) and 
(440). The average grain (crystallite) size for all the composites is calculated using Scherer’s formula with 
respect to the high intense peak plane (311) and Lattices Constant  a (Å) is calculated by using the formula 1/d2 
=1/a2 * (h2 +k2+ l2). It is observed that due to the increase concentration of Co2+ ions in NiCu the Bragg’s angle 
shifts towards lower angle and thereby interplaner spacing’s (d) values increases. The grain (crystallite) size for 
all the composites is found in the range of 23.71 nanometer to 28.45 nanometer. The XRD pattern contains no 
secondary peaks and it gives the confirmation about pure spinal structure of sample.  
 The lattice constant is found to increase with increase in Co2+ concentration x. The variations in lattice 
constant as a function of Cobalt concentration x can be understood on the basis of the ionic radius of the 
substituted cations. Since the ionic radius of Co2+ ions (0.745Å) is greater than that of Cu2+ ions (0.73Å), the 
substitution is expected to increase the lattice constant with increase in cobalt concentration    x. When the larger 
cobalt ions enters at that time lattice unit cell expands while preserving overall symmetry this is true as long as 
the lattice constant increases with substituent concentration of cobalt.  

The values of lattice constant obtained from XRD data by varying cobalt concentration x are given in 
Table 1. It can be seen from Table 1 that, the lattice constant and particle size (t) increases with increase of 
cobalt concentration x and obeys Vegard’s law [08-14]. Fig.2. Shows that particle size (t) increases with 
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increase of Co2+ concentration in [(Cox Ni(constant) Cu0.8-x)Fe2O4] and Fig.3. Shows that lattice constant (Å) also 
increases with increase of Co2+ concentration in [(Cox Ni(constant) Cu0.8-x)Fe2O4].   

 
 3.2: Dielectric properties.  
 

The effect of Co2+ concentration x on the dielectric properties of [(Co0.2Ni.0.2 Cu.0.6)Fe2O4], [(Co0.4Ni.0.2 
Cu.0.4)Fe2O4] and [(Co0.6Ni.0.2 Cu.0.2)Fe2O4]  have been studied by using LCR meter (impedance analyzer)  in 
frequency range of 100 Hz–5 MHz.  

The Fig. 4 shows that the dielectric loss (tan δ) decreases as the frequency of the applied AC electric 
field increases because the jumping frequency of charge carriers cannot follow the frequency of the applied field 
after certain frequency. It is also observed that dielectric loss (tan δ) rapidly decreases at lower frequencies and 
remains constant at higher frequencies. 

 The Zig Zag behaviour in the low frequency region of Dielectric loss curve is observed as shown in 
Fig. 4. This peak in the Dielectric loss curve is observed when the hopping frequency of the electron between 
Fe2+ –Fe3+ ions matches with the frequency of the externally applied electric field. It is expected that the peak 
may be observable in lower frequency range. 

The Fig. 5 shows that the variation in the dielectric constant (έ) with increase in the frequency and it is 
observed that dielectric constant (έ) of all spinel ferrite samples rapidly decreases at lower frequencies and 
remains constant at higher frequencies.  

The Fig. 6 shows that the Imaginary Part of Dielectric constant (ε״) also decreases rapidly at lower 
frequency and remains constant at higher frequencies. Similar results were observed by several other 
investigators [15-19]. The values of the average dielectric constant and average dielectric loss of the samples are 
listed in Table 2.  

According to Koop’s the decrease in dielectric constant for increase in frequency can be expressed by 
considering the solid as composed of well conducting grains which is separated by the poorly conducting grain 
boundaries. According to Koop’s, at lower frequencies, the resistivity is high and the principal effect is of the 
grain boundaries (low resistivity regions). Therefore, the energy required for electron hopping between Fe2+ and 
Fe3+ at the grain boundaries is higher and the energy losses (tan δ and ε′′) are larger [20-25]. 

The rapid decrease of dielectric constant at lower frequencies is explained on the basis of space charge 
polarization. According to Maxwell and Wagner two-layer model, the space charge polarization is produced in a 
di-electric material due to the presence of higher conductivity phases (grains) in the insulating matrix (grain 
boundaries). When an external electric field is applied, the electrons reach the grain boundary through hopping. 
If the resistance of the grain boundary is high, the electrons pile up at the grain boundaries and produces 
polarization. This is called space charge polarization. The assembly of space charge carriers in a dielectric 
material takes a finite time to line up their axes parallel to the alternating electric field. If the frequency of the 
external electric field reversal increases, a point is reached where the space charge carriers cannot keep up with 
the external electric field and the alternation of their direction lags behind that of the field [26-29]. In Fig. 7, FT-
IR peaks at 3148.22 cm -1 , 2983.34 cm -1 ,1644.98 cm -1  and 1024.02 cm -1 gives the confirmation of Fe2O4.. 
 
3.3: AC conductivity (σ) at different concentration of Co2+ ions. 
 
 It is observed that the AC conductivity remains almost constant in the low frequency region and 
increases abruptly in the high frequency region Fig. 8. It is well known that the mechanism of the electrical 
conduction is the same as that of the dielectric polarization.  

The increase in the AC conductivity with frequency is also understood by the hopping model. As the 
frequency of the applied electric field increases, the hopping frequency of electrons between Fe3+ –Fe2+ ions at 
adjacent octahedral site also increases, leading to increase in the conductivity. 

From Fig. 8. it is observed that for x=0.2 (sample D) graph shown by square dots (Black) is having the 
minimum AC Conductivity and AC Conductivity increases due increase in substation of Co2+, x=0.4 and x=0.6 
which is shown by circular red dots (sample E) and by triangular blue dots (sample A) respectively.  

It shows that the AC conductivity increases with increase in x substitution of Co2+. With the increase in 
the concentration of Co2+ ions (x), the hopping action of charge carriers increases due to the increased 
concentration of Fe3+ ions at B-site. Table 3, shows the values of AC Conductivity for Co2+ concentration x at 5 
MHz [30-34]. 

 

 
IV. FIGURES AND TABLES 

 
Table 1 
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Variation of Particle size (t) and Lattices Constant (Å) for due to Substitution of Co2+ in  
[(CoxNi(constant) Cu0.8-x)Fe2O4]. 

Ferrite Sample Particle Size t (nm) Lattices Constant   (Å)   
(D)  x=0.2 23.71 8.315 
(E) x=0.4 25.75 8.377 
(A) x=0.6 28.45 8.417 

 
Table 2 

Variation of Dielectric Constant and Dielectric loss of [(CoxNi(constant) Cu0.8-x)Fe2O4]. 
Variation in Dielectric Constant and Dielectric loss of D, E and A 

Sample Name Avg. Dielectric Constant  Avg. Dielectric loss 
D    [(Co0.2 Ni.0.2 Cu.0.6)Fe2O4] 40.372577 1.191974 
E     [(Co0.4Ni.0.2 Cu.0.4)Fe2O4] 88.997411                       1.342013                            
A     [(Co0.6 Ni.0.2 Cu.0.2)Fe2O4] 52.907096 0.701638 
 

Table 3 
 Variation in AC Conductivity of [(CoxNi(constant) Cu0.8-x)Fe2O4]. 
[Cox (Ni(constant) Cu0.8-x)Fe2O4] , Ni =constant=0.2 

x AC Conductivity at 5 MHz 
(D) For x=0.2 0.00206424 
(E) For x=0.4 0.00259871 
(A) For x=0.6 0.00265852 

 
 

 
Fig.1: XRD pattern of sample D , [(Co0.2Ni.0.2 Cu.0.6)Fe2O4]. 

 

 
Fig. 2: Particle size (t) verses Co2+ substitution x in SET-II (D, E, A). 
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Fig. 3: Lattices Constant   verses Co2+ substitution x in SET-II (D, E, A). 

 

 

 
Fig. 4: Variation in dielectric loss (tan δ) with increase in frequency of ferrite sample D, E and A. 

 
Fig. 5: Variation in Real Part of Dielectric constant (έ) with increase in frequency  

of ferrite sample D, E and A. 
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Fig. 6: Variation in imaginary part of Dielectric Constant (ε״) with increase in frequency  

of ferrite sample D, E and A. 

 

 

Fig.7: FTIR graph for SET-II (E), [(4Co0.4Ni.0.2 Cu.0.) Fe2O4] 

 

Fig. 8: AC Conductivity of ferrite sample D, E and A. 

 
 

V. CONCLUSIONS 
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The nanocrystalline ferrite samples [(Co0.2Ni.0.2 Cu.0.6)Fe2O4], [(Co0.4Ni.0.2 Cu.0.4)Fe2O4] and [(Co0.6Ni.0.2 
Cu.0.2)Fe2O4]  have been successfully prepared by sol-gel auto combustion technique. All the prepared samples 
show the single phase cubic spinel structure of the samples. The particle grain size obtained from X-ray 
diffraction data increases with increase in Co+2 substitutions Ni Cu. It clearly shows that the size of the ferrite 
particles was in the nanometer range. The particle size and nanostructure of the sample was examined by XRD. 
FTIR also gives the confirmation of spinnel ferrite. Measurement of the dielectric constant and dielectric loss in 
the 100 Hz–5 MHz frequency range showed higher magnitude, at lower frequencies, decreasing with increase in 
frequency, essentially becoming constant above 4 MHz. The AC conductivity (σ) increases with increase in x 
substitution of Co2+. 
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Abstract: Herein, the dielectric properties such as permittivity (real part ε’ and imaginary part ε”) and 

dielectric loss tangent (tan δ) are reported for the series [Nix Cu(constant) Co0.8-x Fe2O4] where constant=0.2 

with x=0.2, 0.4 and 0.6 of ferrites,  prepared by Sol-Gel auto-combustion technique by  using high purity metal 

nitrate and citric acid as a catalyst. The variation in the real part (ε’) of dielectric constant , imaginary part ( 

ε”) of dielectric constant and  dielectric loss tangent (tan δ) are studied at room temperature in the frequency 

range of 100 Hz to 5 MHz. Structural characterization of the annealed samples was done with the help of X-ray 

diffraction method. The particle size and single phase formation of NiCuCoFe2O4 ferrite was confirmed by X-

ray diffraction analysis and TEM. The particle size of prepared sample was confirmed by Scherer’s formula. 

The effect on Particle size (t) and lattice constant (Å) is observed due to substitution of Ni
2+ 

in Cu Co. The 

digital LCR meter is used to obtain the magnetic properties of prepared pallets. The variations in the structural 

and dielectric properties of the prepared ferrite material are discussed.  

Keywords: Digital LCR, FT-IR, Sol-gel auto-combustion, TEM, X-ray diffraction. 

 

I.  Introduction 
Due to very different properties of ferrite material especially in electric, di-electric and magnetic properties that 

are sensibly different from the properties of the bulk materials,  ferrite nanoparticle are popular in various fields 

of electronics and communication Engineering. Ferrite nanoparticles are very use full in the area where 

minimization of magnetic loss is important and magnetic field dependent properties plays very important role.    

Ferrite nanoparticles are having very high electrical resistivity and due to this ferrite perform a better response at 

high frequencies. Ferrite is used as best core material in the transformers and switch mode power supply for 

frequencies from few kHz to a few MHz. Ferrite is having high stability, low cost, light weight and lowest 

volume therefore it is more popular.  These are intensively studied due to their technological applications in 

microwave industries such as Radar Absorbing Material (RAM), satellite communication, microwave dark room 

and protection of living animals from the harm of microwave [1–14]. 

 

II. Experimental 
2.1   Synthesis 

The high purity AR grade ferric nitrate [Fe(NO3)3.9H2O)], Copper nitrate [Cu (NO3)2 .6H2O], Nickel nitrate 

[Ni(NO3)2.6H2O],Cobalt nitrate [Co(NO3)2.6H2O],  citric acid (C6H8O7), ammonium hydroxide solution 

(NH4OH) were used to prepare the series [Nix Cu(constant) Co0.8-x Fe2O4] where constant=0.2 with x=0.2, 0.4 

and 0.6 of ferrite nanoparticles by sol-gel auto combustion synthesis technique. In this chemical process Citric 

acid was used as a Fuel. These nitrates and citric acid were weighed accurately to have proper stoichiometric 

proportion required in the final product and all metal nitrates are dissolved in deionized water to form mixed 

solution. The mixed solutions of all the chemicals were stirred by using magnetic stirrer until the homogeneous 

solution is obtained. During the stirring process ammonium hydroxide solution was added drop by drop to 

obtain pH of 7. The mixed solution was simultaneously heated at 100 

C for 3 to 4 h to form sol. The transparent 

sol was heated at 120

C for 2 h for removal of water. The sol turns into a viscous brown gel. The temperature of 

the gel was further increased up to 150 

C, after some time combustion of the gel takes place and fine powder of 

[Nix Cu(constant) Co0.8-x Fe2O4]   ferrite nanoparticle was obtained. The powder was dried and annealed at 400 

C for 4h in furnace having super kanthal (MoSi2) heating elements and alumina insulation boards as chamber 

walls.  The pallets of sample are prepared by using binder polyvinyl alcohol (PVA) and it was pressed at 60 

kg/cm
3
 for one min and was dried and annealed at 200 


C for 2hours.The diameter of pallet is 10mm and 

thickness is 2mm. Three ferrite materials represented by the symbol A, B, and C are [(Ni.0.2 Cu.0.2 Co0.6 ) Fe2O4], 

[(Ni.0.4 Cu.0.2 Co0.4 ) Fe2O4] and  [(Ni.0.6 Cu.0.2 Co0.2 ) Fe2O4] respectively.  
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2.2  Characterization 

The phase analysis and gross structural analysis is done by using X-ray diffractometer (Cu Kα1 radiation=1.5418 

Å) and confirmation of single phase spinal structure is done. The average particle size of prepared powder has 

been calculated using Scherrer formula  

 t = 0.9 λ /β cos θ 

Where; λ = Wave length of X-rays. 

t = Particle size. 

 θ = Bragg’s angle. 

 β = Full Width Half Maxima of the recorded peak θ and it is corrected for    

                   instrumental broadening. 

 The lattice parameter (a) is calculated from X-ray diffraction data by using formula 1/d
2
 =1/a

2
* (h

2
 +k

2
+ l

2
). It is 

observe that Average Grain Size t (nm) and Lattices Constant a (Å)   decreases with increase of Ni
2+ 

substitution 

of in Cu Co as shown in Table 1.         

The dielectric constant (ε’) , dielectric loss tangent (tan δ) and  AC conductivity (ζac) of prepared samples were 

measured in  the frequency range of 100 Hz to 5 MHz by using digital LCR meter of precision impedance 

analyser at room temperature. The data of digital LCR meter provides the information of frequency (f), Series 

Capacitance (Cs), Parallel  Capacitance (Cp), Quality factor (Q) , by using the this date along with thickness of 

pellet, d=0.002 meter, Diameter of pellet= 10 millimetre and Area of pellet = π r
2 

= 3.14*.005*.005 

meter
2
=0.0000785 meter

2
,  the calculations for dielectric constant (ε’) , imaginary part ( ε”) of dielectric 

constant and dielectric loss tangent (tan δ) are completed by using the following equations. The logarithm of 

frequency (Log10 f) is taken in to consideration while plotting the graph of (Log10 f) verses any other parameter. 

Dielectric constant (Real Part) = έ = Cp*d/ε0*A 

Dielectric constant (Imaginary Part) = ε״ = (tan δ)* ε' 

Dielectric loss tangent= (tan δ) = 1/Q = ε״ / ε' 

 

III. Results and Discussions 
3.1 Structural analysis  

The XRD pattern of as-synthesized ferrite material of [(Ni.0.2 Cu.0.2 Co0.6 ) Fe2O4], [(Ni.0.4 Cu.0.2 Co0.4 ) Fe2O4], 

[(Ni.0.6 Cu.0.2 Co0.2 ) Fe2O4] is shown in Fig.1. The highest intensity peaks in all three specimens are observed at 

(311) and other peaks (220), (400), (422) and (440). The average grain (crystallite) size for all the composites is 

calculated using Scherer’s formula with respect to the high intense peak plane (311) and Lattices Constant  a (Å) 

is calculated by using the formula 1/d
2
 =1/a

2
 * (h

2
 +k

2
+ l

2
). It is observed that due to the increase concentration 

of Ni
2+ 

ions in Cu Co the Bragg’s angle shifts towards higher angle and thereby interplaner spacing’s (d) values 

decreases. The grain (crystallite) size for all the composites is found in the range of 28.45 nanometer to 22.52 

nanometer. The XRD pattern contains no secondary peaks and it gives the confirmation about pure spinal 

structure of sample.  

The lattice constant is found to decrease with increase in Ni
2+

 concentration x. The variations in lattice constant 

as a function of Nickel concentration x can be understood on the basis of the ionic radius of the substituted 

cations. Since the ionic radius of Ni
2+

 ions (0.69Å) is less than that of Co
2+ 

ions (0.72Å), the substitution is 

expected to decrease the lattice constant with increase in nickel concentration x . When the smaller nickel ions 

enters the lattice unit cell expands while preserving overall symmetry this is true as long as the lattice constant 

decreases with substituent concentration. The values of lattice constant obtained from XRD data for varying 

nickel concentration x are given in Table 1. It can be seen from TABLE 1.that, the lattice constant decreases 

linearly with increase of nickel concentration x and obeys Vegard’s law [15-20]. 

The TEM images shown in Fig. 2 for x=0.2 and x=0.4 gives the confirmation about decrease in the particle size 

and it is found in the range of 22 nanometer to 28 nanometer due to substitution of Ni
2+ 

concentration x. 

  

3.2 Dielectric properties  

The effect of Ni
2+

 concentration x on the dielectric properties of [(Ni.0.2 Cu.0.2 Co0.6 ) Fe2O4], [(Ni.0.4 Cu.0.2 Co0.4 ) 

Fe2O4], [(Ni.0.6 Cu.0.2 Co0.2 ) Fe2O4] have been studied by using LCR meter (impedance analyzer)  in frequency 

range of 100 Hz–5 MHz. The Fig. 3 shows the variation in the dielectric constant (έ) with increase in the 

frequency and it is observed that dielectric properties of spinel ferrite samples rapidly decreases at lower 

frequencies and remains constant at higher frequencies. The Fig. 4 shows that dielectric loss (tan δ) also 

decreases at low frequency. The Fig. 5 shows that the Imaginary Part of Dielectric constant (ε״) also decreases at 

low frequency.  Similar results were observed by several other investigations [21-31]. The values of the 

dielectric constant and dielectric loss of the samples are listed in TABLE 2.  

According to Koop’s the decrease in dielectric constant for increase in frequency can be expressed by 

considering the solid as composed of well conducting grains which is separated by the poorly conducting grain 
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boundaries. According to Koop’s, at lower frequencies, the resistivity is high and the principal effect is of the 

grain boundaries (low resistivity regions). Therefore, the energy required for electron hopping between Fe
2+

  and 

Fe
3+

  at the grain boundaries is higher and the energy losses (tan δ and ε′′) are larger[32-33]. 

The rapid decrease of dielectric constant at lower frequencies is explained on the basis of space charge 

polarization. According to Maxwell and Wagner two-layer model, the space charge polarization is produced in a 

di-electric material due to the presence of higher conductivity phases (grains) in the insulating matrix (grain 

boundaries). When an external electric field is applied, the electrons reach the grain boundary through hopping. 

If the resistance of the grain boundary is high, the electrons pile up at the grain boundaries and produces 

polarization. This is called space charge polarization. The assembly of space charge carriers in a dielectric takes 

a finite time to line up their axes parallel to the alternating electric field. If the frequency of the field reversal 

increases, a point is reached where the space charge carriers cannot keep up with the field and the alternation of 

their direction lags behind that of the field .The FT-IR peaks at 536.114 cm 
-1 

, 524.643
 
cm 

-1 
 and 532.257 cm 

-1 

gives the confirmation of Fe2O4[34-41].. 

     

IV. Figures and Tables 
Table 1: Variation of lattice constant a (Å) and Particle size (t) of Ni x Cu 0.2 Co 0.8-x  Fe2O4 

[Nix Cu(constant) Co0.8-x],  Cu=constant=0.2 

x Grain Size  t (nm)       Lattices Constant  a (Å)     

For x=0.2 28.45 8.4175 

For x=0.4 25.89 8.3737 

For x=0.6 22.52 8.3635   

 

Table 2: Variation of Dielectric Constant and Dielectric loss of Ni x Cu 0.2 Co 0.8-x  Fe2O4. 
[Nix Cu(constant) Co0.8-x],  Cu=constant=0.2 

X Dielectric Constant  Dielectric loss 

For X=0.2 52.9070 0.701638 

For X=0.4 40.3944 0.523854 

For X=0.6 31.1225 0.255394 

 

 
   Fig.1: XRD pattern of [(Ni.0.6 Cu.0.2 Co0.2 ) Fe2O4] [(Ni.0.2 Cu.0.2 Co0.6 ) Fe2O4], [(Ni.0.4 Cu.0.2 Co0.4 ) Fe2O4]. 

 

 
Fig.2: TEM images 
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Fig. 3: Variation in dielectric constant (έ) with increase in frequency. 

 

 
Fig. 4: Variation in dielectric loss (tan δ) with increase in frequency. 

 

 
Fig. 5: Variation in Imaginary Part of Dielectric constant (ε״) with increase in frequency. 
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Fig.6: FT-IR spectra of [(Ni.0.6 Cu.0.2 Co0.2 ) Fe2O4]. 

 

V. Conclusions 
The nanocrystalline ferrite samples [(Ni.0.2 Cu.0.2 Co0.6 ) Fe2O4], [(Ni.0.4 Cu.0.2 Co0.4 ) Fe2O4], [(Ni.0.6 Cu.0.2 Co0.2 ) 

Fe2O4] have been successfully prepared by sol-gel auto combustion technique. All the prepared samples show 

the single phase cubic spinel structure of the samples. The particle grain size obtained from X-ray diffraction 

data decreases with increase in Ni
+2 

substitution Cu Co.It clearly shows that the size of the ferrite particles was 

in the nanometer range. The particle size and nanostructure of the sample was examined by TEM. The particle 

size calculated from TEM was found to be in close agreement with XRD. Measurement of the dielectric 

constant and dielectric loss in the 100 Hz–5 MHz frequency range showed higher magnitude, at lower 

frequencies, decreasing with increase in frequency, essentially becoming constant above 3.5 MHz. 
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ABSTRACT:  Herein the preparation of ferrite materials by using chemical reactions such as SOL-GEL Auto 
Combustion Technique is explained and importance of Nanocrystalline spinel ferrite material. Structural 
characterization of the annealed samples at 400˚C for 4 hours was done by using X-ray diffraction method (XRD). The 
single phase formation of NiCuCoFe2O4 was confirmed by X-ray diffraction analysis. The Fourier transfor Infra Red 
Spectra (FT-IR) confirmed that the synthesized material is ferrite. XRD revealed that the average crystalline particle 
size which was calculated by using Scherer method is between 22 to 32 nm. The lattice constant is also calculated. The 
pellets are made from ferrite powder by using polyvinyl alcohol (PVA) as binder. The data obtained from LCR-Q meter 
is used for calculating Dielectric loss tangent (tan δ), Dielectric constant (έ) and AC Conductivity in the frequency 
range of 100Hz to 5MHz at room temperature. The effect on Particle size is observed due to doping of Ni2+ , Co2+ and 

Cu2+ in CuCo, NiCu and CoNi respectively .The correlation ship between the Particle size, lattice constant and AC 
Conductivity is explained.  
 
KEYWORDS: Sol-gel auto-combustion, X-ray diffraction (XRD), FT-IR, LCR-Q meter. 
 

I. INTRODUCTION 
 

 Nanocrystalline Materials have become a subject of considerable interest in last few decades and many 
physical studies have been devoted to them. The ability to produce nanosized due to small grain size which changes the  
magnetic, dielectric and resistivity properties and opened new application for materials such as magnetic data storage, 
strong magnetron in electronics, Ferro fluid technology, magnetically targeted drug carriers, filters in electronic 
communication and agents in magnetic resonance imaging. 

Nano-ferrites form an important class of Nanocrystalline materials because of their low weigh, high resistivity 
and low energy losses (eddy current) and hence have vast technological application over wide range of frequencies    
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[1-2]. Recent studies have shown that the physical properties of nanoparticles are influenced significantly by the 
processing technique [3-4]. Since crystallite size, distribution of particle sizes and inter particle spacing have the 
greatest impact on AC conductivity and Dielectric properties. Many wet-chemical methods are employed for the 
preparation of the nano-sized spinel ferrite. One of them is sol-gel auto combustion which has recently become very 
popular technique. It is a simple process, which offers significant saving in time and energy consumption over the 
traditional methods and requires a low sintering temperature. This method is used to obtain improved properties, more 
homogeneity and narrow particle distribution thereby influencing structural, electrical and Dielectric properties of 
spinel ferrite [5-7]. It is well known that, some magnetic properties such as saturation magnetization and Coercivity and 
some Dielectric properties such as Dielectric loss tangent (tan δ) , AC electrical conductivity (σac) and Dielectric 
constant (Real Part= έ) depend strongly on the particle size and microstructure of the materials. Therefore, it is 
interesting and important to develop techniques by which the size and shape of the particles can be well controlled. One 
of the ways to prepare the nanocrystalline spinel ferrite material with required properties is Sol-gel auto combustion 
technique. In the present work we have systematically studied the effect of doping of Ni 2+, Co2+ and Cu2+ in CuCo, 
NiCu and CoNi respectively on structural properties and AC conductivity of Nanocrystalline spinel ferrite material. 
 

II. RELATED WORK 
 

2.1. Experimental technique 
 

 The high purity AR grade ferric nitrate (Fe(NO3)3.9H2O), Copper nitrate (Cu(NO3)2·6H2O), Nickel nitrate 
(Ni(NO3)2·6H2O),Cobalt nitrate(Co(NO3)2·6H2O), citric acid (C6H8O7), ammonium hydroxide solution (NH4OH) were 
used to prepare Ni x Cu 0.2 Co 0.8-x  Fe2O4 nanoparticles by sol-gel auto combustion synthesis technique. In this chemical 
process Citric acid was used as a Fuel [8-10]. These nitrates and citric acid were weighed accurately to have proper 
stoichiometric proportion required in the final product. The mixed solutions of all the chemicals were stirred until the 
homogeneous solution is obtained. During the stirring process ammonium hydroxide solution was added drop by drop 
to obtain pH of 7. The mixed solution was simultaneously heated at 100 C for 3 to 4 h to form sol. The transparent sol 
was further heated at 100C for 2 h for removal of water. The sol turns into a viscous brown gel. The temperature of the 
gel was further increased up to 120 C, after some time combustion of the gel takes place and fine powder of ferrite 
nanoparticles was obtained. The ferrite powder was sintered at 400°C for 4 hours in air medium to get better 
crystallization and homogeneous  distribution in the spinel and finally ground to get [(Ni.0.2 Cu.0.2Co0.6 )Fe2O4], [(Ni.0.4 
Cu.0.2Co0.4 )Fe2O4], [(Ni.0.6 Cu.0.2Co0.2 )Fe2O4], [(Ni.0.2 Cu.0.6Co0.2 )Fe2O4], [(Ni.0.2 Cu.0.4Co0.4)Fe2O4]and [(Ni.0.4 
Cu.0.4Co0.2)Fe2O4] ferrite powders. Table 1 indicates Label and composition of ferrite materials for all six fractions 
divided in to three Sets.  

The elemental stoichiometric coefficient, φe, is used to control the ratio of fuel to oxidizer in the reaction. φe 
represents the ratio between the oxidizing and reducing components of the metal nitrate fuel mixture. When φe is less 
than one (φe<1) it is fuel rich and when φe is greater than one (φe>1), the mixture does not have enough fuel for the 
completion of reaction. Fig. 1 shows the flow chart of auto combustion synthesis used for the preparation of the ferrite 
powders and pellet.  

2.2. Perpetration and Sintering of pellets 

The pellets are prepared by mixing the polyvinyl alcohol (PVA) as binder in to ferrite powder. The mixed 
powder was uniaxially pressed by using a hydraulic press machine by applying the pressure of about 60 kg/cm3 for 
about 1 minute in a die of 10mm diameter. The final sintering of pellets was carried out at 200oC for about 2 hours in 
air medium to densify the pellets. The pellets of diameter Do-10 mm, thickness-2 mm are fabricated. The prepared 
samples of pellets were sintered in a furnace which uses electricity for heating the chamber with the help of super 
kanthal (MoSi2) heating elements and alumina insulation boards as chamber walls. The dimension of chamber is 
250x150x150 mm. The thermal regime of the furnace was controlled through a “Eurotherm” programmer-cum-
controller designed by using microcontroller with an accuracy of ± 2°C. The compacted samples heated from room 
temperature to 200oC at a rate 1oC/min followed by a soaking at 200oC for 2 hours for binder burnout.  
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2.3. Characterization of AC conductivity (σac) 
 

 The AC conductivity (σac) of prepared samples was measured in the frequency range of 100 Hz to 5 
MHz by using impedance analyser (LCR-Q Meter) meter at room temperature. The data acquisition system of  digital 
impedance analyser  (LCR-Q meter) provides the information of applied frequency (f), measured Series Capacitance 
(Cs), Parallel  Capacitance (Cp), Quality factor (Q).  

The data provided by digital impedance analyser meter and by using the thickness of pellet, d=0.002 meter, 
Diameter of pellet= 10 millimetre the Area of pellet = π r2 = 3.14*.005*.005 meter2=0.0000785 meter2 is calculated and 
it is used for calculations of AC Conductivity (σac) after calculating real part of dielectric constant (ε’), dielectric loss 
tangent (tan δ).  Following equations are used  

Dielectric loss tangent= (tan δ) = 1/Q = ε״ / ε' – (1) 
Dielectric constant (Real Part) = έ = Cp*d/ε0*A – (2) 

Dielectric constant (Imaginary Part) = ε ״ = (tan δ)* ε' – (3) 
AC electrical conductivity = σac = 2πf * ε0 * ε' * (tan δ) = ω * ε0 * ε' * (tan δ) – (4) 

Lattices Constant (Å) is calculated by using the formula
)(a

1
d
1

22 222 l +k+ h
  _ (5) 

Table 2 shows average AC Conductivity for all six samples ferrite material calculated in the frequency range of 100Hz 
to 5MHz at room temperature.  

III. RESULTS AND DISCUSSION 
 

3.1. X-ray diffraction pattern 
 
Fig. 2 shows the X-ray diffraction pattern of SET-II (D, E & A), Ni 0.2  Cu0.8-x Co x  Fe2O4 for x = 0.2, 0.4 and 

0.6. All the compositions exhibit single phase cubic spinel structure with Fd3m space group and exclude the presence of 
any secondary phase. All the reflections are slightly broader and less intense which indicate the nanocrystalline nature 
of the samples. The analysis of X-ray diffraction pattern revealed that all the samples under investigation possess single 
phase cubic spinel structure. Using the XRD data, the interplaner spacing ‘d’ values for all the reflections were 
determined using Bragg’s law. The values of Particle size and lattice constant obtained from XRD data for all samples 
A to F of ferrite materials are given in Table 3. 

 
3.2. Effect of Ni2+ substitution on Lattice constant and Particle size 

 In Set-I, It is observed that due to the concentration of Ni2+ ions in place of Co2+ ions the Bragg’s angle shifts towards 
higher angle and thereby interplaner spacing ‘d’ values decreases. The lattice constant is found to decrease with 
increase in Ni2+ concentration x. The variations in lattice constant as a function of Nickel concentration x can be 
understood on the basis of the ionic radius of the substituted cations. Since the ionic radius of Ni2+ ions (0.69Å) is less 
than that of Co2+ ions (0.72Å), the substitution is expected to decrease the lattice constant with increase in Ni2+ 
concentration x . When the smaller nickel ions enters the lattice unit cell expands while preserving overall symmetry 
this is true as long as the lattice constant decreases with substituent concentration. The values of Particle size and lattice 
constant obtained from XRD data by varying Ni2+ doping are given in Table 4. It can be seen from Table 4.that, the 
lattice constant decreases with Ni2+ doping and obeys Vegard’s law [11-14].The Particle size also decreases with Ni2+ 
doping. Fig 3 and Fig 4 show the correlation between Particle Size and Average AC Conductivity due to doping of    
Ni +2 respectively. Fig 5 and Fig 6 show the correlation between Lattice Constant and Average AC Conductivity due to 
doping of   Ni +2 respectively.  
 

3.3. Effect of Co2+ substitution on Lattice constant and Particle size 
 

 In Set-II, It is observed that due to the inclusion  of Co2+ ions in place of Cu2+ ions the Bragg’s angle shifts 
towards lower angle and thereby interplaner spacing ‘d’ values increases. The lattice constant is found to increase with 
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increase in Co2+ concentration x. The variations in lattice constant as a function of Cobalt ions concentration x can be 
understood on the basis of the ionic radius of the substituted cations. Since the ionic radius of Co2+ ions (0.745Å) is 
greater than that of Cu2+ ions (0.73Å), the substitution is expected to increase the lattice constant with increase in 
Cobalt  doping x[15-17]. The values of Particle size and lattice constant obtained from XRD data by varying Co2+ ions 
doping are given in Table 5. Fig 7 and Fig 8 show the correlation between Particle Size and Average AC Conductivity 
due to doping of    Co2+ respectively. Fig 9 and Fig 10 show the correlation between Lattice Constant and Average AC 
Conductivity due to doping of   Co2+ respectively. 

 When the larger Cobalt ions enters, the lattice unit cell expands while preserving overall symmetry 
this is true as long as the lattice constant increases with substituent concentration of Cobalt[18-19].  

 
3.4. Effect of Cu2+ substitution on Lattice constant and Particle size 

 
 In Set – III, It is observed that due to the inclusion of Cu2+ ions in place of Ni2+ ions, from 0.2 to 0.4 the 
Bragg’s angle shifts towards lower angle and thereby interplaner spacing ‘d’ values increases. The Lattice constant and 
Particle size is found to increase with increase in Cu2+ doping from 0.2 to 0.4. The Lattice constant and Particle size is 
found to decrease for further doping of Cu2+ from 0.4 to 0.6, x.  
 The variations in lattice constant as a function of Copper concentration x can be understood on the basis of the 
ionic radius of the substituted cations. Since the ionic radius of Cu2+ ions (0.73Å) is greater than that of Ni2+ ions 
(0.69Å), the substitution is expected to increase the lattice constant with increase in Copper  concentration x [20-22]. 
When the larger Copper ions enter, the lattice unit cell expands while preserving overall symmetry this is true as long 
as the lattice constant increases with substituent concentration of Copper. The values of Particle size and lattice 
constant obtained from XRD data by varying Cu2+ ions doping are given in Table 6. Fig 11 and Fig 13 show the 
correlation between Particle Size and Lattice Constant due to doping of    Cu2+  ions.  
 

3.5. AC conductivity (σ) at different concentration of Ni2+ ions (A, B and C) 
 
The AC conductivity of all ferrite samples due to Ni2+ ions doping is calculated in the frequency range of 100 

Hz to 5 MHz and  average of AC conductivity if each sample is taken in to consideration for plotting the graph of  Ni2+ 
ions doping (x=0.2,0.4 & 0.6) verses average AC conductivity. From Fig. 4 it is observed that average AC conductivity 
decreases with increase of Ni2+ ions doping. 

With the increase in the concentration of Ni2+ ions (x), the hopping action of charge carriers decreases due to 
the decreased concentration of Fe3+ ions at B-site. It is observed that Lattice constant, particle size and AC conductivity 
decreases with Ni2+ doping (x=0.2, 0.4 & 0.6). Table 7 shows the average AC conductivity of ferrite samples A, B & 
C. 

3.6. AC conductivity (σ) at different concentration of Co2+ ions (D, E and A) 
 
The AC conductivity of all ferrite samples due to Co2+ doping is calculated in the frequency range of 100 Hz 

to 5 MHz and  average of AC conductivity if each sample is taken in to consideration for plotting the graph of  Co2+ 
doping (x=0.2,0.4 & 0.6) verses average AC conductivity. From Fig. 8 it is observed that average AC conductivity 
increases with increase of Co2+doping from 0.2 to 0.4 and thereafter AC conductivity decreases with increase of Co2+ 
doping from 0.4 to 0.6. 

The decrease in AC conductivity may be due to effect of skin depth and decreases value of Cu2+ ions in SET-
II. Table 8 shows the average AC conductivity of ferrite samples D, E & A. 
 

3.7. AC conductivity (σ) at different concentration of Cu2+ ions (C, F and D)  
 

 The AC conductivity of all ferrite samples due to Cu2+ions doping is calculated in the frequency 
range of 100 Hz to 5 MHz and  average of AC conductivity if each sample is taken in to consideration for plotting the 
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graph of  Cu2+ ions doping (x=0.2,0.4 & 0.6) verses average AC conductivity. From Fig. 14 it is observed that average 
AC conductivity increases with increase of Cu2+ ions doping. 

With the increase in the concentration of Cu2+ ions (x), the hopping action of charge carriers increases due to 
the increased concentration of Fe3+ ions at B-site.  
 It is well known that the mechanism of the electrical conduction is the same as that of the dielectric 
polarization [23-24]. Table 9 shows the average AC conductivity of ferrite samples C, F & D. 

The FTIR spectroscopy confirms the single phase nature of the prepared sample. The peak 536.114 cm -1  
gives the confirmation of Fe2O4. Fig. 8 shows the IR absorption peak at 536.114 cm -1. 

 
Fig.1: Flow Chart of SOL GEL for Ferrite Material and Pellet fabrication 
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        Fig. 2 XRD Pattern of SET-II ferrite samples. 

                                                                                                                     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.2 0.3 0.4 0.5 0.6

8.36

8.37

8.38

8.39

8.40

8.41

8.42

La
tti

ce
 C

on
st

Ni +2 Subst

 A

0.2 0.3 0.4 0.5 0.6
0.00012

0.00013

0.00014

0.00015

0.00016

0.00017

0.00018

0.00019

0.00020

Av
g.

 A
C

 C
on

du
ct

iv
ity

Ni+2 Substitution 

 AC

 

Fig 5:  Ni2+substitution verses Lattice Constant          Fig 6:  Ni2+substitution verses Avg.AC Conductivity  
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Fig 11: Cu2+ substitution verses Particle Size.  Fig 12: Cu2+ substitution verses Avg. AC Conductivity 
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     Fig 9:  Co2+ substitution verses Lattice Constant     Fig 10:  Co2+ substitution verses Avg.AC Conductivity  
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Fig  15: FTIR graph for SET-I (C) 

 
Table 1: Label and Composition of Ferrite Material. 

SET Label Ferrite Material 
SET-I A [(Ni.0.2 Cu.0.2Co0.6 )Fe2O4] 

B [(Ni.0.4 Cu.0.2Co0.4 )Fe2O4] 
C [(Ni.0.6 Cu.0.2Co0.2)Fe2O4] 

SET-II D [(Ni.0.2 Cu.0.6  Co0.2)Fe2O4] 
E [(Ni.0.2 Cu.0.4  Co0.4)Fe2O4] 
A [(Ni.0.2 Cu.0.2 Co0.6)Fe2O4] 

SET-III C [(Ni.0.6 Cu.0.2Co0.2)Fe2O4] 
F [(Ni.0.4 Cu.0.4Co0.2 )Fe2O4] 
D [(Ni.0.2 Cu.0.6Co0.2 )Fe2O4] 
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Fig 13: Cu2+substitution verses Lattice Constant. Fig 14: Cu2+substitution Verses Avg. AC Conductivity    
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Table 2: Average AC Conductivity of Ferrite Samples (A to F). 
Ferrite Material Avg. AC Conductivity 

SET-I- A     [(Ni.0.2 Cu.0.2Co0.6 )Fe2O4] 0.000194143 
SET-I- B     [(Ni.0.4 Cu.0.2Co0.4 )Fe2O4] 0.000155638 
SET-I- C     [(Ni.0.6 Cu.0.2Co0.2 )Fe2O4] 0.000126047 
SET-II- D    [(Ni.0.2 Cu.0.6Co0.2 )Fe2O4] 0.000148797 
SET-II- E     [(Ni.0.2 Cu.0.4Co0.4)Fe2O4] 0.000231988 
SET-III- F    [(Ni.0.4 Cu.0.4Co0.2 )Fe2O4] 0.000140762 

 
Table 3: Particle Size and Lattice Constant of Ferrite Samples(A to F). 

Ferrite Sample Particle Size  t (nm) Lattices Constant   (Å) 
SET-I- A     [(Ni.0.2 Cu.0.2Co0.6 )Fe2O4] 28.45 8.417 
SET-I- B     [(Ni.0.4 Cu.0.2Co0.4 )Fe2O4] 25.89 8.374 
SET-I- C     [(Ni.0.6 Cu.0.2Co0.2 )Fe2O4] 22.52 8.364 
SET-II- D    [(Ni.0.2 Cu.0.6Co0.2 )Fe2O4] 23.71 8.315 
SET-II- E     [(Ni.0.2 Cu.0.4Co0.4)Fe2O4] 25.75 8.377 
SET-III- F    [(Ni.0.4 Cu.0.4Co0.2 )Fe2O4] 29.18 8.463 

 
 

Table 4: Particle Size and Lattice Constant due to Ni2+ doping for SET-I Ferrite Samples. 
Ferrite Sample Particle Size  t (nm) Lattices Constant   (Å) 

SET-I- A     [(Ni.0.2 Cu.0.2Co0.6 )Fe2O4] 28.45 8.417 
SET-I- B     [(Ni.0.4 Cu.0.2Co0.4 )Fe2O4] 25.89 8.374 
SET-I- C     [(Ni.0.6 Cu.0.2Co0.2 )Fe2O4] 22.52 8.364 

 
Table 5: Particle Size and Lattice Constant due to Co2+ doping for SET-II Ferrite Samples. 

Ferrite Sample Particle Size  t (nm) Lattices Constant   (Å) 
SET-II- D    [(Ni.0.2 Cu.0.6Co0.2 )Fe2O4] 23.71 8.315 
SET-II- E     [(Ni.0.2 Cu.0.4Co0.4)Fe2O4] 25.75 8.377 
SET-I- A     [(Ni.0.2 Cu.0.2Co0.6 )Fe2O4] 28.45 8.417 

 
Table 6: Particle Size and Lattice Constant due to Cu2+ doping for SET-III Ferrite Samples. 

Ferrite Sample Particle Size  t (nm) Lattices Constant   (Å) 
SET-I- C     [(Ni.0.6 Cu.0.2Co0.2 )Fe2O4] 22.52 8.364 
SET-III- F    [(Ni.0.4 Cu.0.4Co0.2 )Fe2O4] 29.18 8.463 
SET-II- D    [(Ni.0.2 Cu.0.6Co0.2 )Fe2O4] 23.71 8.315 

     
Table 7: Average AC Conductivity of SET-I. 

[NixCu(constant)Co0.8-x Fe2O4],Cu=constant=0.2 
x Avg. AC Conductivity 

(A) For x=0.2 0.000194143 
(B) For x=0.4 0.000155638 
(C) For x=0.6 0.000126047 
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Table 8: Average AC Conductivity of SET-II. 
[(Ni(constant) Cu0.8-xCox)Fe2O4] , Ni =constant=0.2 

x Avg. AC Conductivity 

(D) For x=0.2 0.000148797 
(E) For x=0.4 0.000231988 
(A) For x=0.6 0.000194143 

 
Table 9: Average AC Conductivity of SET-III. 

[(Ni0.8-xCux Co(constant))Fe2O4], Co = constant = 0.2 

x Avg. AC Conductivity 

(C) For x=0.2 0.000126047 
(F) For x=0.4 0.000140762 
(D) For x=0.6 0.000148797 

 
IV. CONCLUSION  

 
We have successfully prepared six different types of Nanocrystalline Ferrite materials by successfully implementing 
Sol Gel Auto combustion method. All ferrite materials are having particle size in nanometer range and exhibit good AC 
conductivity. Ferrite materials can use as core in transformer as well as fabricating antenna and as dielectric material in 
capacitors. 
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ABSTRACT:  The preparation of ferrite materials by using SOL-GEL Auto Combustion Technique is explained and 
importance of Nanocrystalline spinel ferrite material. Structural characterization of the annealed samples of ferrite 
material at 400˚C for 4 hours is done by using X-ray diffraction method (XRD). The single phase formation of 
NiCuCoFe2O4 ferrite material is confirmed by X-ray diffraction analysis by using Braggs Law. XRD revealed that the 
average crystalline particle size which was calculated by using Scherer method is between 20 to 30 nm. The lattice 
constant is calculated by using proper formula. The pellets of ferrite material are made by adding polyvinyl alcohol 
(PVA) as binder in powder of ferrite material. Impedance meter, LCR-Q meter is used to calculate the Dielectric Loss 
in the frequency range of 100 Hz to 5 MHz at room temperature. The change in Lattice constant is observed due to 
doping of Ni2+ , Co2+ and Cu2+ in CuCo, NiCu and CoNi respectively .The correlation ship between the Lattice constant, 
Bulk Density and Dielectric Loss (tan δ) of Nanocrystalline spinel Ferrite Material is discussed.  
 
KEYWORDS: Sol-gel auto-combustion, X-ray diffraction (XRD), LCR-Q Meter. 
 

I. INTRODUCTION 
 

 The properties of material changes at nanoscale and certain properties such as physical, electric, Magnetic and 
Dielectric properties of Nanocrystalline ferrite Material change drastically at nano scale. The ability to produce 
nanosized due to small grain size which changes the physical, electric, Magnetic, Dielectric and resistivity properties of 
Nanocrystalline ferrite Material opened new application for materials such as Electromagnetic wave absorber, magnetic 
data storage, strong in electronic appliance, Ferro fluid technology, gas sensors, magnetically targeted drug carriers, 
filters in electronic communication and agents in magnetic resonance imaging. 

The Nanocrystalline ferrite Material is form an important class of Nanocrystalline materials because of their 
low weigh, high resistivity, long life, low cost of preparation and low energy losses (eddy current).  It plays important 
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role in technological application over wide range of frequencies [1-3]. Recent studies have shown that the physical 
properties of nanoparticles are influenced significantly by the processing technique [4-6]. Since crystallite size, 
distribution of particle sizes and inter particle spacing have the greatest impact on Dielectric properties such as 
Dielectric loss and AC Conductivity. Many wet-chemical methods are employed for the preparation of the nano-sized 
spinel ferrite. One of them is sol-gel auto combustion which has recently become very popular technique. It is a simple 
process, which offers significant saving in time, electricity and Money as compare to other traditional methods and it 
also requires a low sintering temperature. Sol gel method is used to obtain better physical properties, more 
homogeneity and narrow particle size distribution thereby influencing structural, electrical and Dielectric properties of 
Nanocrystalline ferrite Material [7-9]. It is well known that, some magnetic properties such as saturation magnetization 
and Coercivity and some Dielectric properties such as Dielectric loss tangent (tan δ) , AC electrical conductivity (σac) 
and Dielectric constant (Real Part= έ) depend strongly on Lattice constant, Bulk Density, particle size and 
microstructure of the materials. Therefore, it is interesting and important thing to develop the various techniques by 
which the size and shape of the particles can be well controlled. One of the ways to prepare the nanocrystalline spinel 
ferrite material with required properties is Sol-gel auto combustion technique. In the present work we have 
systematically studied the effect of doping of Ni 2+, Co2+ and Cu2+ in CuCo, NiCu and CoNi respectively on Lattice 
Constant, Bulk Density and Dielectric Loss(tan δ)  of Nanocrystalline spinel Ferrite Material. 
 

II. RELATED WORK  
 

2.1. Experimental technique 
 

 In sol-gel auto combustion synthesis technique, high purity AR grade chemicals such as ferric nitrate 
(Fe(NO3)3.9H2O), Copper nitrate (Cu(NO3)2·6H2O), Nickel nitrate (Ni(NO3)2·6H2O),Cobalt nitrate(Co(NO3)2·6H2O), 
citric acid (C6H8O7), ammonium hydroxide solution (NH4OH) were used to prepare the series of [(Ni.0.2 
Cu.0.2Co0.6 )Fe2O4], [(Ni.0.4 Cu.0.2Co0.4 )Fe2O4], [(Ni.0.6 Cu.0.2Co0.2 )Fe2O4], [(Ni.0.2 Cu.0.6Co0.2 )Fe2O4], [(Ni.0.2 
Cu.0.4Co0.4)Fe2O4]and [(Ni.0.4 Cu.0.4Co0.2)Fe2O4]Nano crystalline ferrite materials. In this chemical process Citric acid 
was used as a Fuel [8-10]. These nitrates and citric acid were weighed accurately to have proper stoichiometric 
proportion required in the final product. The mixed solutions of all the chemicals were stirred until the homogeneous 
solution is obtained. During the stirring process ammonium hydroxide solution was added drop by drop to obtain pH of 
7. The mixed solution was simultaneously heated at 100 C for 3 to 4 h to form sol. The transparent sol was further 
heated at 100C for 2 h for removal of water. The sol turns into a viscous brown gel. The temperature of the gel was 
further increased up to 120 C, after some time combustion of the gel takes place and fine powder of ferrite 
nanoparticles was obtained. The ferrite powder was sintered at 400°C for 4 hours in air medium to get better 
crystallization and homogeneous distribution in the spinel and finally ground to get the series of Nano crystalline ferrite 
material. Table 1 indicates Label and composition for the series of ferrite materials of all six reactions which is divided 
in to three Sets. Table 2 indicates the values of Lattice Constant, Bulk Density and Dielectric Loss (tan δ) of all six 
Nanocrystalline spinel Ferrite Material perepred by Sol Gel Method.  Fig. 1 shows the Sol gel auto combustion 
synthesis used for the preparation of the ferrite powders.  

 
2.2. Perpetration and Sintering of pellets 

The pellets are prepared by mixing the polyvinyl alcohol (PVA) as binder in to ferrite powder. The mixed 
powder was uniaxially pressed by using a hydraulic press machine by applying the pressure of about 60 kg/cm3 for 
about 1 minute in a die of 10mm diameter. The final sintering of pellets was carried out at 200oC for about 2 hours in 
air medium to densify the pellets. The pellets of diameter Do-10 mm, thickness-2 mm are fabricated. The prepared 
samples of pellets were sintered in a furnace which uses electricity for heating the chamber with the help of super 
kanthal (MoSi2) heating elements and alumina insulation boards as chamber walls. The dimension of chamber is 
250x150x150 mm. The thermal regime of the furnace was controlled through a “Eurotherm” programmer-cum-
controller designed by using microcontroller with an accuracy of ± 2°C. The compacted samples heated from room 
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temperature to 200oC at a rate 1oC/min followed by a soaking at 200oC for 2 hours for binder burnout.  
 

2.3. Characterization of Lattice constant, Bulk Density and Dielectric Loss 
 

 Using the XRD data, the interplaner spacing ‘d’ values for all the reflections were determined using 
Bragg’s law. The bulk density of all nanocrystalline spinel ferrite material is measured by using Archimedes principle 
[10-11].  

Lattices Constant (Å) is calculated by using the formula   
)(a

1
d
1

22 222 l +k+ h


             – (1)  

The Dielectric Loss of prepared samples was measured in the frequency range of 100 Hz to 5 MHz by using 
impedance analyser (LCR-Q Meter) meter at room temperature. The data acquisition system of  digital impedance 
analyser  (LCR-Q meter) provides the information of applied frequency (f), and Quality factor (Q).  

 
Dielectric loss tangent= (tan δ) = 1/Q                       – (2) 

 
III. RESULTS AND DISCUSSION 

 
3.1. X-ray diffraction pattern 

 
Fig. 2 shows the X-ray diffraction pattern of A, B, C, D & F. Its compositions exhibit single phase cubic 

spinel structure with Fd3m space group and there is not presence of any secondary phase. All the reflections are slightly 
broader and less intense which indicate the nanocrystalline nature of the samples. The analysis of X-ray diffraction 
pattern revealed that all the samples under investigation possess single phase cubic spinel structure.  

 
3.2. Effect of Ni2+ substitution on Lattice Constant, Bulk Density and Dielectric Loss (tan δ).  

  
Due to the doping of Ni2+ ions in place of Co2+ ions, it is observe that Bragg’s angle shifts towards higher 

angle and thereby interplaner spacing ‘d’ values decreases. It is observe that lattice constant decreases with increase in 
Ni2+ doping from x=0.2 to x=0.6. The variations in lattice constant as a function of Nickel concentration x can be 
understood on the basis of the ionic radius of doped cations. The ionic radius of Ni2+ ions (0.69Å) is less than that of 
Co2+ ions (0.72Å therefore due to effect of doping the lattice constant expected to decrease with increase in Ni2+ 
concentration of doping. When the smaller nickel ions enters the lattice unit cell expands while preserving overall 
symmetry this is true as long as the lattice constant decreases with doping concentration of Ni2+ and obeys Vegard’s 
law [12-16]. Fig 3 shows the decrease in the value of Lattice constant with the increase in Ni2+ concentration of doping. 
From Fig. 5 it is observed that due to increase of Ni2+doping from 0.2 to 0.4 Bulk Density decreases and thereafter Bulk 
Density increases with further increase in doping of Ni2+ ions from 0.4 to 0.6. The  

 
The average Dielectric Loss (tan δ) all ferrite samples due to Ni2+ doping is calculated in the frequency range 

of 100 Hz to 5 MHz.  From Fig. 4 it is observed that due to increase of Ni2+doping from 0.2 to 0.6, average Dielectric 
Loss (tan δ) decreases. Fig 3 and Fig 4 show the correlation between lattice constant and average Dielectric Loss (tan 
δ), both decreases with increase of  Ni2+ ions doping from 0.2 to 0.6. 

Table 3 indicates the values of Lattice Constant, Bulk Density and Dielectric Loss (tan δ) of Nanocrystalline 
spinel Ferrite Material in SET-I, namely A, B and C. 

 
 The properties of Dielectric material are it is insulator and it gets charged when it is placed under the influence 
of electric field [17-19]. The decrease in Dielectric Loss (tan δ) may be due to Vander walls equation effect. The 
increase in the concentration of Ni2+ ions at octahedral (B) site causes the migration of Fe3+ ions to tetrahedral (A) site. 
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This increased concentration of Fe3+ ions increases the hopping rate of electrons between Fe3+ and Fe2+ ions at 
tetrahedral (A) site and thus leads to decrease the Dielectric Loss (tan δ).  
 

3.3. Effect of Co2+ substitution on Lattice Constant, Bulk Density and Dielectric Loss (tan δ).   
 

It is observed that due to the inclusion  of Co2+ ions in place of Cu2+ ions the Bragg’s angle shifts towards 
lower angle and lattice constant found to increase with increase in Co2+ ions doping from x=0.2 to 0.6. The variations in 
lattice constant as a function of Cobalt ions doping concentration x can be understood on the basis of the ionic radius of 
the doped cations. The ionic radius of Co2+ ions (0.745Å) is greater than that of Cu2+ ions (0.73Å), therefore it is  
expected to increase the lattice constant with increase in Cobalt  doping x[20-22]. When the larger Cobalt ions enters, 
the lattice unit cell expands while preserving overall symmetry this is true as long as the lattice constant increases with 
substituent concentration of Cobalt[23-24].  

Fig 6 shows the increase in the value of Lattice constant with the increase in doping concentration of Co2+. Fig 
7 it is observe that Bulk Density increases with the increase in doping concentration of Co2+ from x=0.2 to x=0.6. 
From Fig. 8 it is observed that due to increase of Co2+ doping from 0.2 to 0.4 average Dielectric Loss (tan δ) increases s 
and thereafter average Dielectric Loss (tan δ) decreases with further increase in doping of Co2+ ions from 0.4 to 0.6.  

Fig 6 and Fig 7 show the correlation between lattice constant and Bulk density, both increases with the 
increase of Co2+ ions doping from 0.2 to 0.6. Table 4 indicates the values of Lattice Constant, Bulk Density and 
Dielectric Loss (tan δ) of Nanocrystalline spinel Ferrite Material in SET-II, namely D, E and A. 

  
3.4. Effect of Cu2+ substitution on Lattice Constant, Bulk Density and Dielectric Loss (tan δ).   

 
 It is observed that Lattice constant gets affected due to the doping of Cu2+ ions in place of Ni2+ ions. Due to 
doping of Cu2+ ions from 0.2 to 0.4 the Bragg’s angle shifts towards lower angle and Lattice constant is found to 
increase with increase in Cu2+ doping from 0.2 to 0.4. But due to further doping of Cu2+ from x=0.4 to x=0.6 Bragg’s 
angle shifts towards higher angle which causes to decrease the Lattice constant.  
 The variations in lattice constant as a function of Copper concentration x can be understood on the basis of the 
ionic radius of the substituted cations. Since the ionic radius of Cu2+ ions (0.73Å) is greater than that of Ni2+ ions 
(0.69Å), the substitution is expected to increase the lattice constant with increase in Copper  concentration x [25-26]. 
When the larger Copper ions enter, the lattice unit cell expands while preserving overall symmetry this is true as long 
as the lattice constant increases with substituent concentration of Copper.  

Fig. 9, Fig. 10 and  Fig. 11 it is observed that due to increase of Cu2+  doping from 0.2 to 0.4 Lattice constant, 
average Dielectric Loss (tan δ) and Bulk density increases  and thereafter Lattice constant, average Dielectric Loss (tan 
δ) and Bulk density decreases with further increase in doping of Cu2+ ions from 0.4 to 0.6.  

Table 5 indicates the values of Lattice Constant, Bulk Density and Dielectric Loss (tan δ) of Nanocrystalline 
spinel Ferrite Material in SET-III, namely C, F and D. 
 The increase in the concentration of Cu2+ ions at the tetrahedral (A) site causes the migration of Fe3+ ions to 
octahedral (B) site. This increased concentration of Fe3+ ions increases the hopping rate of electrons between Fe3+ and 
Fe2+ ions at the octahedral site and thus leads to the increase in the Dielectric Loss for the doping of Cu2+ from 0.2 to 
0.4. 

According to Koop’s at lower frequencies, the resistivity is high and the principal effect is of the grain 
boundaries (low resistivity regions). Therefore, the energy required for electron hopping between Fe2+  and Fe3+  at the 
grain boundaries is higher and the energy losses are larger[27-28].  
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Fig.1: Blocks of SOL GEL for Ferrite Material. 
                                                                                                                             

 
Fig. 2: XRD Pattern of ferrite samples 
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Fig 03: Ni2+  Doping verses Lattice Constant.   Fig 04: Ni2+  Doping verses Avg. Dielectric Loss 
 

 
Fig 05: Ni2+  Doping verses Bulk Density. 

 

Fig 06: Co2+  Doping verses Lattice Constant.   Fig 07: Co2+  Doping verses Bulk Density 
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Fig 08: Co2+  Doping verses Average Dielectric Loss. 

 

 
 

Fig 09: Cu2+  Doping verses Lattice Constant.   Fig 10: Cu2+  Doping verses Avg. Dielectric Loss 
 
 

 
Fig 11: Cu2+  Doping verses Bulk Density. 
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Table 1: Label and Composition of Ferrite Material. 
SET Label Ferrite Material 

SET-I A [(Ni.0.2 Cu.0.2Co0.6 )Fe2O4] 
B [(Ni.0.4 Cu.0.2Co0.4 )Fe2O4] 
C [(Ni.0.6 Cu.0.2Co0.2)Fe2O4] 

SET-II D [(Ni.0.2 Cu.0.6  Co0.2)Fe2O4] 
E [(Ni.0.2 Cu.0.4  Co0.4)Fe2O4] 
A [(Ni.0.2 Cu.0.2 Co0.6)Fe2O4] 

SET-III C [(Ni.0.6 Cu.0.2Co0.2)Fe2O4] 
F [(Ni.0.4 Cu.0.4Co0.2 )Fe2O4] 
D [(Ni.0.2 Cu.0.6Co0.2 )Fe2O4] 

 
 

Table 2: Bulk Density, Lattices Constant (Å) and Avg. Dielectric loss of All Ferrite Samples (A to F). 
Ferrite Sample Bulk Density Lattices Constant   (Å) Avg. Dielectric loss 

A 3.597 8.417 0.701638 
B 3.559 8.374 0.523853 
C 3.584 8.364 0.255394 
D 3.491 8.315 1.191974 
E 3.536 8.377 1.342013 
F 3.615 8.463 8.680219 

 
 

Table 3: Bulk Density, Lattices Constant (Å) and Avg. Dielectric loss due to Ni2+ doping for SET-I Ferrite Samples. 
Ferrite Sample Bulk Density Lattices Constant   (Å) Avg. Dielectric loss 

A 3.597 8.417 0.701638 
B 3.559 8.374 0.523853 
C 3.584 8.364 0.255394 

 
Table 4: Bulk Density, Lattices Constant (Å) and Avg. Dielectric loss due to Co2+ doping for SET-II Ferrite Samples. 

Ferrite Sample Bulk Density Lattices Constant   (Å) Avg. Dielectric loss 

D 3.491 8.315 1.191974 
E 3.536 8.377 1.342013 
A 3.597 8.417 0.701638 

 
Table 5: Bulk Density, Lattices Constant (Å) and Avg. Dielectric loss due to Cu2+ doping for SET-III Ferrite Samples. 

Ferrite Sample Bulk Density Lattices Constant   (Å) Avg. Dielectric loss 

C 3.584 8.364 0.255394 
F 3.615 8.463 8.680219 
D 3.491 8.315 1.191974 

 
IV. CONCLUSION  

 
All ferrite materials are having particle size in nanometer range and exhibit good Dielectric Loss (tan δ). Ferrite 
materials can use as electromagnetic wave absorber, core in transformer as well as fabricating antenna and as dielectric 
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material in capacitors. Sol Gel Auto combustion method is successfully implemented and six different types of 
Nanocrystalline Ferrite materials successfully prepared. 
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ABSTRACT: Herein, the Dielectric properties such as AC Conductivity (σac)are reported for the nanocrystalline spinel 
ferrite material in the series of [Nix Cu(constant) Co0.8-x  Fe2O4]  [Cox Ni(constant) Cu0.8-x  Fe2O4] and [Cux Co(constant) 
Ni0.8-x  Fe2O4]  where constant=0.2 with x=0.2, 0.4 and 0.6  synthesized  by using AR grade  metal nitrates with the help 
of Sol-Gel auto-combustion technique. The variation in the AC Conductivity is studied at room temperature by using 
the LCR Meter in the frequency range of 100 Hz to 5MHz. The effect on AC Conductivity due to the substitution of 
Ni2+, Co2+ and Cu2+ density ‘x’ in [Nix Cu(constant) Co0.8-x  Fe2O4],[Cox Ni(constant) Cu0.8-x  Fe2O4]and [Cux 
Co(constant) Ni0.8-x  Fe2O4] respectively is discussed.  The nanocrystalline spinal Structural of ferrite material is 
confirmed by Fourier Transform Infrared Spectroscope (FT-IR) and Scanning Electron Microscope (SEM). The 
presence of metal nitrates is confirmed by Energy Dispersive X- Ray Spectroscopy (EDX).  
 
KEYWORDS: Sol-gel auto-combustion, LCR meter, FT-IR, SEM and EDX. 

 
I. INTRODUCTION 

The dielectric properties of nanocrystalline ferrite materials make them suitable for magnetic storage devices 
and high frequency applications in the field of electronic science and communication technology. The ferrite material 
of specific AC conductivity is also used to reduce electromagnetic noise, frequency filters and electric spike absorber. 
It is also used in fabricating light weight transformer and in various frequency filters. Frequency ferrites are widely 
used in microwave devices such as insulators, circulators, and phase splitter and shifters because of their high 
resistivity, low eddy current loss and excellent magnetic properties. The general formula of ferrite is MFe2O4 and 
magnetic properties of ferrites are dependent on the distribution of metal cation at tetrahedral A-site and at octahedral 
B-site. Where M=Zn2+ ,  M= Cu2+, M=Co2+, M=Mg2+, M=Ni2+ etc. [1-5].  
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II. MATERIALS AND METHODS 

2.1 Synthesis of ferrite powder 

In Sol Gel method the chemical reaction is helping for auto combustion and this process h is a self-sustaining 
combustion synthesis technique and it results in providing fine homogeneous powder of metal-oxide. The sol gel auto 
combustion process basically takes place in two steps namely (a) Formation of a Gel and (ii) Auto-Ignition.  Aqueous 
precursor solution contains various metal nitrates and fuel such as ascorbic acid, urea, glycine, and citric acid. This 
solution was heated until the excess water is removed by evaporating. Here citric acid is used as fuel. At the end of 
chemical reaction the viscous liquid foam gets ignited and undergoes self-sustained combustion and produces ashes 
containing the oxide product. Very large amount of heat is generated during combustion process in the form of either 
fire or a flame and therefore, the process is called as auto combustion process. External heat is given by using hot base 
plate at 1000C, till the formation of gel. When ignition starts at that time dried gel burnt in a self-propagating 
combustion manner until all gels were completely burnt out to form a fluffy loose structure and converted in to fluffy 
ash as    shown in Fig. 1 and Fig. 2. 
 In auto combustion reaction the energy is supplied itself due to fuel citric acid. During the auto combustion 
process Gases such as CO2, H2O and N2 gets evolve, and formation of fine particle ashes takes place. The auto 
combustion method uses the energy produced by the exothermic decomposition of a redox mixture of an organic 
compound with metal nitrates. In the combustion organic compounds, nitrates and mixture behave like conventional 
oxidants and fuels. Very huge amount of heat of combustion (or flame temperature) helps in crystallization and 
formation of the required phase. The properties of the final product in the form of ash such as surface area, particle size 
and porosity depend on the method of combustion. The departure of gases helps the desegregation of the products due 
to which porosity increases and heat dissipation also takes place due to departure of gases. Exothermicity of 
combustion is controlled by the ratio of oxidizer to fuel and nature of the fuel used in chemical reaction [6-10]. 
            Without the use of costly and expensive high temperature furnaces this technique produces a homogeneous 
product in a very short amount of time. Auto combustion synthesis reaction can be influenced by many parameters such 
as the fuel-to-oxidizer ratio, the type of fuel, the ignition temperature and the hardness of water of the precursor 
mixture. The fuel to oxidizer ratio also plays a very important role in influencing the reaction and reducing the time. A 
way to control the flame temperature of the reaction is by varying the ratio of fuel to oxidizer. 

The elemental stoichiometric coefficient, φe, is used to control the ratio of fuel to oxidizer in the reaction. φe 
represents the ratio between the oxidizing and reducing components of the metal nitrate fuel mixture. When φe is less 
than one (φe<1) it is fuel rich and when φe is greater than one (φe>1), the mixture does not have enough fuel for the 
completion of reaction . Fig. 3 shows the auto combustion synthesis flow chart  used for the synthesis of the ferrite 
powders.  
 Ferrite powder is prepared by using sol-gel auto combustion method. Analytical grade Nickel Nitrate 
[Ni(NO3)2.6H2O], Copper Nitrate [Cu(NO3)2.3H2O], Cobalt Nitrate[Co(No3)2 6H2O], Iron Nitrate [Fe(NO3)3.9H2O], 
Citric Acid [C6H8O7.H2O], Distilled water is prepared in the laboratory using all quick fit glass assembly and liquid 
ammonia were used as raw materials in sol gel auto combustion method. 
 The series [NixCu(constant)Co0.8-xFe2 O4], [CoxNi(constant)Cu0.8-x Fe2 O4] and [CuxCo(constant)Ni0.8-x  Fe2 O4 ] 
where, constant=0.2 with  x= 0.2, 0.4 and 0.6 of ferrites have been prepared in three Sets namely SET-I ,SET-II and 
SET-III using Sol-Gel Auto-combustion method. All the chemicals were from E-mark, India (AR grade with 98% 
purity to 99.9% purity).  

Accurately weighted quantity of Metal nitrates and citric acid is added in to distilled water of 100ml and a 
solution is prepared. The solution in a glass beaker was homogenized by continuous stirring with the help of magnetic 
needle by using the instrument so called magnetic stirrer. The magnetic stirrer is having the facility of controlling the 
revolution per minit (RPM) of magnetic needle as well as temperature of base plate. The acidic or alkaline level (pH) of 
the solution was adjusted to 7 using liquid ammonia and the solution is continuously heated at 100ºC on a hot plate 
with magnetic stirrer with the help of hard glass beaker. With continuous heating it initially transformed into sol then 
gel and it requires five to six hours shown.When liquid gets converted in to gel the magnetic needle is removed and gel 
stick with magnetic needle is used for IR characterization.  
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The ferrite powder material was sintered in an electrical furnace with super kanthal (MoSi2) heating elements 
and alumina insulation boards as chamber walls. The size of the chamber is 250x150x150 mm. The thermal regime of 
the furnace was controlled through a “Eurotherm” programmer-cum-controller by using microcontrollers with an 
accuracy of  ± 2°C. The already crushed and grounded samples are heated from room temperature to 400oC at a rate 
1oC/min followed by a soaking at 400oC for 4 hours. 
 The ferrite powder was sintered at 400°C for 4 hours in air medium to get better crystallization and 
homogeneous cation distribution in the spinel and finally ground to get [(Ni.0.2 Cu.0.2Co0.6 )Fe2O4], [(Ni.0.4 
Cu.0.2Co0.4 )Fe2O4], [(Ni.0.6 Cu.0.2Co0.2 )Fe2O4], [(Ni.0.2 Cu.0.6Co0.2 )Fe2O4], [(Ni.0.2 Cu.0.4Co0.4)Fe2O4]and [(Ni.0.4 
Cu.0.4Co0.2)Fe2O4] ferrite powders. Table 1 indicates Label and composition of ferrite materials for all three Sets.  

 
2.2 Perpetration and Sintering of pellets: 

The pellets are prepared by mixing the polyvinyl alcohol (PVA) as binder in to ferrite powder. The mixed 
powder was uniaxially pressed by using a hydraulic press machine by applying the pressure of about 60 kg/cm3 for 
about 1 minute in a die of 10mm diameter. The final sintering of pellets was carried out at 200oC for about 2 hours in 
air medium to densify the pellets. The pellets of diameter Do-10 mm, thickness-2 mm are fabricated. The prepared 
samples of pellets were sintered in a furnace which uses electricity for heating the chamber with the help of super 
kanthal (MoSi2) heating elements and alumina insulation boards as chamber walls. The dimension of chamber is 
250x150x150 mm. The thermal regime of the furnace was controlled through a “Eurotherm” programmer-cum-
controller designed by using microcontroller with an accuracy of ± 2°C. The compacted samples heated from room 
temperature to 200oC at a rate 1oC/min followed by a soaking at 200oC for 2 hrs for binder burnout. The pellets are 
shown in Fig. 4. 
 
2.3  Characterization of AC conductivity (σac).  
 

 The dielectric constant (ε’), dielectric loss tangent (tan δ) and AC conductivity (σac) of prepared 
samples were measured in the frequency range of 100 Hz to 5 MHz by using impedance analyser meter at room 
temperature. The data acquisition system of  digital impedance analyser  (LCR meter) provides the information of 
applied frequency (f), measured Series Capacitance (Cs), Parallel  Capacitance (Cp), Quality factor (Q).  

The data provided by digital impedance analyser meter and the available reading such as thickness of pellet, 
d=0.002 meter, Diameter of pellet= 10 millimetre and Area of pellet = π r2 = 3.14*.005*.005 meter2=0.0000785 meter2  
is used for calculations for real part of dielectric constant (ε’) , dielectric loss tangent (tan δ) and AC Conductivity.  The 
logarithm of frequency (Log10 f) is taken in to consideration while plotting the graph of (Log10 f) verses any other 
parameter. Following equations are used  
Dielectric loss tangent= (tan δ) = 1/Q = ε״ / ε' – (1) 
Dielectric constant (Real Part) = έ = Cp*d/ε0*A – (2) 
Dielectric constant (Imaginary Part) = ε ״ = (tan δ)* ε' – (3) 
AC electrical conductivity = σac = 2πf * ε0 * ε' * (tan δ) = ω * ε0 * ε' * (tan δ) – (4) 

 
III. RESULTS AND DISCUSSIONS 

 
3.1 AC conductivity (σ) at different concentration of Ni2+ ions (A, Band C): 
 

The variation of AC conductivity with the frequency at different concentration of Ni2+ ions is shown in Fig. 5. 
It shows that the AC conductivity decreases with increase in x substitution of Ni2+. With the increase in the 
concentration of Ni2+ ions (x), the hopping action of charge carriers decreases due to the decreased concentration of 
Fe3+ ions at B-site. From Fig. 5, it is observed that for x=0.2 (sample A) graph shown by square dots (Black) is having 
the maximum AC Conductivity and AC Conductivity decreases with the increase in x=0.4 (sample B) and for x=0.6 
(sample C) which is shown by circular dots (Red) and triangular dots (Blue) respectively.   
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The increase in the AC conductivity with frequency is also understood by the hopping model. As the 
frequency of the applied electric field increases, the hopping frequency of electrons between Fe3+ –Fe2+ ions at adjacent 
octahedral site also increases, leading to increase in the conductivity [11-15].Table 2, shows the values of AC 
Conductivity for substitution x of Ni2+ at 5 MHz. 
 
3.2 AC conductivity (σ) at different concentration of Co2+ ions (D, E and A): 
 

From Fig. 6, it is observed that for x=0.2 (sample D) graph shown by square dots (Black) is having the 
minimum AC Conductivity. Here AC Conductivity increases due increase in substation of Co2+, x=0.4 and x=0.6 which 
is shown by circular red dots (sample E) and by triangular blue dots (sample A) respectively.  

Table 3, shows the values of AC Conductivity for substitution x of Co2+  at 5 MHz. 

3.3 AC conductivity (σ) at different concentration of Cu2+ ions (D, F and C): 
 

 The variation of AC conductivity with the frequency at different concentration of Cu2+ ions is shown 
in Fig. 7. It reveals that the AC conductivity initially increases with increase in x substitution of Cu2+ up to x=0.4 and 
then it decreases with further increase in x substitution of Cu2+ up to x=0.6.  With the increase in the concentration of 
Cu2+ ions (x), the hopping action of charge carriers increases due to the increased concentration of Fe3+ ions at B-site 
and further it decreases. Table 4, shows the values of AC Conductivity for substitution x of Ni2+ at 5 MHz. 

Fig. 7, indicates square dots (Black) for x=0.2 is having moderate AC Conductivity in between x=0.4 and 
x=0.6, but for x=0.4 the circular dots (Red) shows that AC Conductivity increases and thereafter due to further increase 
in x=0.6 AC Conductivity decreases at 5 MHz. This decrease in AC conductivity is shown by triangular dots (Blue). 
Table 4, shows the values of AC Conductivity for substitution x of Cu at 5 MHz. 
 It is observed that for all the samples of ferrite material the AC conductivity remains almost constant in the 
low frequency region and increases abruptly in the high frequency region. Such type of observation is also reported by 
many researchers. It is well known that the mechanism of the electrical conduction is the same as that of the dielectric 
polarization [16-18]. Table 5, shows average AC Conductivity for all six samples ferrite material calculated in the 
range of 100Hz to 5MHz. 

The FTIR spectroscopy confirms the single phase nature of the prepared sample. The peak 536.114 cm -1  
gives the confirmation of Fe2O4. Fig. 8 shows the IR absorption peak at 536.114 cm -1[19-22]. 

Scanning electron microscope (SEM) images gives the confirmation of particle sizes of around 22–29 nm of 
NiCuCo Fe2O4 nanoparticles. Fig. 9 shows SEM. A SEM micro graph also shows a uniform grain growth with small 
pores and high densification at the calcining temperature of 4000C.  EDX gives the confirmation about the presence of 
NiCuCo Fe2O4 in proper proportion. Fig. 10 shows EDX. 
 

   
Fig. 1: Formation of Gel                                          Fig. 2: Formation of Ash. 
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Fig. 3: Flow chart of Sol Gel Method 
 

 
 

Fig. 4: Pellet Photograph. 

 
 

Calcination at  4000c for four hours 
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Fig. 5: AC Conductivity for A, B and C.  

 
Fig. 6: AC Conductivity for D, E and A. 

 
Fig. 7: AC Conductivity for D, F and C. 
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Fig. 8: FTIR graph for SET-I (C) 

                             

                        
 

                   Fig. 9: SEM Photograph.                                     Fig. 10: EDX Photograph. 
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Table 1: Label and Composition of Ferrite Material. 
SET Label Ferrite Material 

SET-I A [(Ni.0.2 Cu.0.2Co0.6 )Fe2O4] 
B [(Ni.0.4 Cu.0.2Co0.4 )Fe2O4] 
C [(Ni.0.6 Cu.0.2Co0.2)Fe2O4] 

SET-II D [(Co0.2 Ni.0.2 Cu.0.6)Fe2O4] 
E [(Co0.4 Ni.0.2 Cu.0.4)Fe2O4] 
A [(Co0.6 Ni.0.2 Cu.0.2)Fe2O4] 

SET-III C [(Ni.0.6 Cu.0.2Co0.2)Fe2O4] 
F [(Ni.0.4 Cu.0.4Co0.2 )Fe2O4] 
D [(Ni.0.2 Cu.0.6Co0.2 )Fe2O4] 

 
Table 2: AC Conductivity of SET-I. 

[NixCu(constant)Co0.8-x Fe2O4],Cu=constant=0.2 

x AC Conductivity at 5 MHz 

(A) For x=0.2 0.002658529 
(B) For x=0.4 0.002290749 
(C) For x=0.6 0.001927343 

 
Table 3: AC Conductivity of SET-II. 

[(Ni(constant) Cu0.8-xCox)Fe2O4] , Ni =constant=0.2 

x AC Conductivity at 5 MHz 

(D) For x=0.2 0.00206424 
(E) For x=0.4 0.00259871 
(A) For x=0.6 0.00265852 

 
Table 4: AC Conductivity of SET-III. 

[(Ni0.8-xCux Co(constant))Fe2O4], Co = constant = 0.2 

x AC Conductivity at 5 MHz 

(D) For x=0.2 0.00206424 
(F) For x=0.4 0.00210402 
(C) For x=0.6 0.00192734 

 
Table 5: Average AC Conductivity of all samples. 

Ferrite Avg. AC Conductivity 
SET-I- A     [(Ni.0.2 Cu.0.2Co0.6 )Fe2O4] 0.000194143 
SET-I- B     [(Ni.0.4 Cu.0.2Co0.4 )Fe2O4] 0.000155638 
SET-I- C     [(Ni.0.6 Cu.0.2Co0.2 )Fe2O4] 0.000126047 
SET-II- D    [(Ni.0.2 Cu.0.6Co0.2 )Fe2O4] 0.000148797 
SET-II- E     [(Ni.0.2 Cu.0.4Co0.4)Fe2O4] 0.000231988 
SET-III- F    [(Ni.0.4 Cu.0.4Co0.2 )Fe2O4] 0.000140762 
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IV. CONCLUSION  
 

We have successfully fabricated the six different types of Nanocrystalline Ferrite materials and successfully 
implemented Sol Gel Auto combustion method .All ferrite materials exhibit good AC conductivity and it can be used as 
core in transformer as well as fabricating antenna and in capacitors. 
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ABSTRACT:Herein, the Dielectric properties such as Dielectric loss tangent (tan δ), Dielectric constant (Real Part=
έ),Dielectric constant (Imaginary Part= ε״) and AC electrical conductivity (σac) are reported for the series
[CuxCo(constant)Ni0.8-x Fe2O4]where constant=0.2 with x=0.2, 0.4 and 0.6 of nanocrystalline spinel ferrites,  synthesized
by Sol-Gel auto-combustion technique .High purity metal nitrates are used for synthesis   and citric acid as a catalyst.
The variation in the Dielectric loss tangent (tan δ), Dielectric constant (Real Part= έ), Dielectric constant (Imaginary
Part= ε״) and AC electrical conductivity ( σac) are studied at room temperature due to the effect of substitution of Cu2+

density ‘x’ in [(Cux Co(constant) Ni0.8-x)Fe2O4]. The nanocrystallinespinalStructural of ferrite material is confirm by X-ray
diffractometer (XRD) and Fourier Transform Infrared Spectroscope (FT-IR). The variations in the structural and
Dielectric properties of the prepared ferrite material are discussed.

Keywords -Sol-gel auto-combustion, X-ray diffraction, FT-IR, LCR-Q meter.

I. INTRODUCTION
The Dielectric properties of nanocrystalline ferrite materials make them suitable for high frequency
applications in the field of telecommunication andsignal processing. Ferrites can also be used as an
electromagnetic noise and wave absorber, multilayer chip indicators (MLCIs), light weight transformer core
and in frequency filters. Ferrites are widely used in microwave devices such as insulators, circulators, and
phase splitter and shifters because of their high resistivity, low dielectric loss and excellent magnetic
properties [J. Azadmanjiri et al., 2007, Z. Yue et al., 1999]. The general formula of ferrite is MFe2O4 and
electrical and magnetic propertiesof ferrites are dependent on the distribution of metal cation at tetrahedral A-
site and at octahedral B-site [U.N. Trivedi et al., 2000]. Where M=Ni2+, M=Cu2+, M=Co2+, M=Mg2+, M=Zn2+

etc.

Different techniques have been developed for the preparation of the nanosized ferrites, namely sol–gel, micro
emulsion, double sintering, hydrothermal, co-precipita-tion, ball milling and microwave heating to improve
the performance of the nano ferrites [M.C. Dimri et al., 2006, L. Zhao et al., 2006, R.S. Devan et al., 2006, L.
Yin et al., 2007]. Sol–gel auto-combustion is the simplest methodology to synthesize the nanosized ferrites
with good homo-geneity at low annealing temperature. The aim of the present work is to investigate the effect
on Structural and Dielectric properties due to substitution of Cu2+ ions density ‘x’ in [(Cux Co(constant) Ni0.8-

x)Fe2O4].

II. MATERIALS AND METHODS
2.1 Synthesis

The high purity AR grade ferric nitrate [Fe(NO3)3.9H2O)], Copper nitrate [Cu (NO3)2 .6H2O], Nickel
nitrate [Ni(NO3)2.6H2O],Cobalt nitrate [Co(NO3)2.6H2O],  citric acid (C6H8O7), ammonium hydroxide
solution (NH4OH) were used to prepare the series [(Cux Co(constant)Ni0.8-x)Fe2O4] where constant=0.2 with
x=0.2, 0.4 and 0.6 of ferritenanoparticles by sol-gel auto combustion synthesis technique. In this chemical
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process Citric acid was used as a Fuel. The flow chart of Sol Gel is explained in Fig. 1. All metal nitrates and
citric acid were weighed accurately to have proper stoichiometric proportion required in the final product and
all metal nitrates are dissolved in 100 ml deionized water to form mixed solution. The mixed solutions of all
the chemicals were stirred by using magnetic stirrer until the homogeneous solution is obtained. During the
stirring process ammonium hydroxide solution was added drop by drop to obtain pH at constant value of 7.
The mixed solution was simultaneously heated at 100 C for 3 to 4 h to form sol. The sol turns into a viscous
brown gel. The temperature of the gel was further increased up to 150 C, after some time combustion of the
gel takes place and fine powder of [(Ni0.8-xCux Co(constant))Fe2O4] ferrite nanoparticle was obtained. The powder
was dried and annealed at 400 C for 4 hours in furnace having super kanthal (MoSi2) heating elements and
alumina insulation boards as chamber walls [L. J. Berchmans et al., 2004]. The pallets of sample are prepared
by using binder polyvinyl alcohol (PVA) and it was pressed at 60 kg/cm3for one min and was dried and
annealed at 200 C for 2 hours. The diameter of pallet is 10mm and thickness is 2mm. Three ferrite materials
represented by the symbol C, F, and D, are [(Cu.0.2 Co0.2 Ni.0.6) Fe2O4], [(Cu.0.4Co0.2 Ni.0.4) Fe2O4] and
[(Cu.0.6Co0.2 Ni.0.2) Fe2O4] respectively.

2.2 Characterization.
The phase analysis and gross structural analysis is done by using X-ray diffractometer (Cu Kα1

radiation=1.5418 Å) and confirmation of single phase spinal structure is done. Lattices Constant a (Å) is
calculated by using the formula 1/d2 =1/a2 * (h2 +k2+ l2). The particle size (t) of prepared powder has been
calculated using Scherrer formula

t = 0.9 λ /β COS (θ)  ……….(1)
Where;λ= Wave length of X-rays.

t = Particle size.

θ= Bragg’s angle.
β = Full Width Half Maxima of the recorded peak θ and it is corrected for

instrumental broadening.

It is observed that all the peaks in the pattern belong to the spinel structure and it is confirmed that the samples
have pure spinel phase [J. Jing et al., 2007]. The variation in Lattice constant and particle size t (nm) is shown
in Table 1.It is observe that Particle Size t (nm) is maximum for x=0.6, [(Cu.0.6Co0.2 Ni.0.2) Fe2O4]. The
Dielectric measurements at room temperature were carried out using LCR-Q meter.  The bulk density of the
[(Cux Co(constant) Ni0.8-x)Fe2O4] sample was measured by using Archimedes principle [C. Caizer et al., 2002].

The dielectric constant(ε’), dielectric loss tangent (tan δ) and AC conductivity (σac) of prepared samples were
measured in the frequency range of 100 Hz to 5 MHz by using impedance analyser meter at room
temperature. The data acquisition system of  digital impedance analyser meter provides the information of
applied frequency (f), measured Series Capacitance (Cs), Parallel  Capacitance (Cp), Quality factor (Q).

The data provided by digital impedance analyser meter along with thickness of pellet, d=0.002 meter,
Diameter of pellet= 10 millimetre and Area of pellet = π r2 = 3.14*.005*.005 meter2=0.0000785 meter2,  the
calculations for real part of dielectric constant(ε’) , dielectric loss tangent (tan δ) and AC Conductivity are
calculated  with the help of following equations. The logarithm of frequency (Log10 f) is taken in to
consideration while plotting the graph of (Log10 f) verses any other parameter.

Dielectric loss tangent= (tan δ) = 1/Q = ε ״/ ε' ---------(2)

Dielectric constant (Real Part) = έ = Cp*d/ε0*A---------(3)

Dielectric constant (Imaginary Part) = ε ״= (tan δ)* ε' --------(4)

AC electrical conductivity = σac = 2πf * ε0 * ε' * (tan δ) --------(5)

orσac = ω * ε0 * ε' * (tan δ)
Vibrating Sample Magnetometer (VSM) is used for collecting the data. Properly weighted powder of ferrite
samples is place in hard glass tube and hard glass tube is placed under the strong magnetic field.  The



245 A.M. Tamboli, Dr. S.M. Rathod, Dr. Gulam Rabbani

International Journal of Electronics, Electrical and Computational System
IJEECS

ISSN 2348-117X
Volume 6, Issue 6

June 2017

samples are set in to vibration by using the crystal oscillator of very high frequency. The computerized
controlled data acquisition system is used for the measurement of Saturation magnetization [Ms
(emu/gm)],Magnetic moment [Mr(emu/gm)] and Coercivity [Hc(Oe)].

III. RESULTS AND DISCUSSIONS
3.1 Structural Analysis.

The XRD pattern of as-synthesized ferrite material of [CuxCo(constant)Ni0.8-x Fe2O4] for constant=0.2
and x=0.2, 0.4 and 0.6 are [(Cu.0.2Co0.2 Ni.0.6 )Fe2O4][(Cu.0.4Co0.2 Ni.0.4 )Fe2O4],[(Cu.0.6Co0.2 Ni.0.2

)Fe2O4]respectivelyandits XRD pattern is shown in Fig.2. The highest intensity peaks in all three specimens
are observed at (311) and other peaks (220), (400), (422) and (440). The average grain (crystallite) size for all
the composites is calculated using Scherer’s formula with respect to the high intense peak plane (311).The
grain (crystallite) size for all the composites is found in the range of 22.52 nm to 33.71 nm. The XRD pattern
contains no secondary peaks and it gives the confirmation about pure spinal structure of sample.

It is observed that due to the concentration of Cu2+ ions in place of Ni2+ ions the Bragg’s angle shifts towards
lower angle and thereby interplaner spacing ‘d’ values increases. The lattice constant is found to increase with
increase in Cu2+ concentration x. The variations in lattice constant as a function of Copper concentration x can
be understood on the basis of the ionic radius of the substituted cations. Since the ionic radius of Cu2+ ions
(0.73Å) is greater than that of Ni2+ ions (0.69Å), the substitution is expected to increase the lattice constant
with increase in Copper  concentration x . When the larger Copper ions enters, the lattice unit cell expansion
takes place while preserving overall symmetry this is true as long as the lattice constant increases with
substituent of Copper. The values of lattice constant obtained from XRD data for varying Copper
concentration x are given in below Table 1. It can be seen from Table 1 and Fig. 3 that, the lattice constant
increases with Copper concentration x. The Fig. 4 represents that the particle size increases with substation x
of Cu2+.

3.2 Real Part of Dielectric constant(έ) and imaginary part of Dielectric constant(ε״).
Dielectric properties of the ferrites are dependent on the temperature, frequency of applied electric field and
its structure. Fig. 5 and Fig.6 show the observed frequency dependence of Real Part of Dielectric constant(έ)
and imaginary part of Dielectric constant(ε״) for different applied frequency.It is observed from the Fig. 5 and
Fig.6, that dielectric properties of spinel ferrite samples that is, Real Part of Dielectric constant(έ) and
imaginary part of Dielectric constant(ε״) decrease rapidly in the low frequency region and it decreases very
slowly in the high frequency region and it is almost frequency independent (constant) at very high frequency
above 3.5 MHz. Similar results were observed by several other investigations [Navneet Singh et al., 2011,
S.R. Sawant et al., 2002, P.K. Roy et al., 2008, I.H. Gul et al., 2008, M.U. Islam et al., 2004, J. Smit et al.,
1959, B.D. Cullity et al., 1978].

This type of dielectric behavior in the ferrites has been explained by the Maxwell–Wagner and Koop’s
phenomenological theory [A. Verma et al., 2006]. In this model, a dielectric medium is assumed to be made
up of highly conducting grains and poorly conducting grain boundaries. The grain boundaries are more
effective at lower frequencies while the grains are found to be more effective at higher frequencies.

The rapid decrease of dielectric constant at lower frequencies is explained on the basis of space charge
polarization. According to Maxwell and Wagner two-layer model, the space charge polarization is produced
in a di-electric material due to the presence of higher conductivity phases (grains) in the insulating matrix
(grain boundaries). When an external electric field is applied, the electrons reach the grain boundary through
hopping. If the resistance of the grain boundary is high, the electrons pile up at the grain boundaries and
produces polarization. This is called space charge polarization. The assembly of space charge carriers in a
dielectric takes a finite time to line up their axes parallel to the alternating electric field. If the frequency of the
field reversal increases, a point is reached where the space charge carriers cannot keep up with the field and
the alternation of their direction lags behind that of the field [C.G. Koops1951].
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Dielectric constants (έ) of the material come into the picture from the space charge polarization produced
inside the material. In the ferrites, electrons are the main charge carriers and the motion of electrons takes
place between Fe2+ ions and Fe3+ ions present at crystallographically equivalent sites, i.e., octahedral sites (B
site).

This is known as the hopping mechanism of electron transfer. The observed decrease in Dielectric constants
(έ) with the increase in frequency is dueto the fact that the electron hopping between Fe3+ –Fe2+ ions at
octahedral sites (B site) cannot follow the alteration of AC electric field at higher frequencies. The electrons
have to pass through the well-conducting grains and the poorly conducting grain boundaries. As the grain
boundaries have large resistance, the electrons pile up there and produce large space charge
polarization.Therefore, thedielectric constants (ε’ and ε’’) have large values in low frequency range. With the
further increase in frequency, the electrons change their direction of motion rapidly, which hinders the
movement of electrons inside the dielectric material and accumulation of charge at the grain boundaries
decreases. This decreases the space charge polarization and therefore, the values of the dielectric constants are
also reduced at very high frequency and become stable at very high.

These values of dielectric constants real part and imaginary part (ε’ and ε’’) increases with increase in x for
[(Cux Co(constant) Ni0.8-x)Fe2O4] spinel ferrites. Fig. 5 and Fig. 6 show that the dielectric constants real part and
imaginary part (ε’ and ε’’) is very high for increased concentration of Cu2+ ions, especially for sample D
where x=0.6 it is high. This is due to the fact that the Cu2+ ions replace the Fe3+ ions at the A-site easily in
comparison to Ni2+ ions.The replaced Fe3+ ions migrate from A-site to the B-site ( tetrahedral to octahedral),
which increases the concentration of Fe2+ – Fe3+ ion pairs at the B-site and therefore the amount of space
charge polarization is increased, which leads to increase in the values of dielectric constants. Similar results
have been reported for the Li–Ni–Cd, Ni–Cu, Ni–Cu–Al and Li–Mn ferrite systems [J.C. Maxwell 1973, K.
Roumaih 2008, S.S. Ata-Allah et al., 2009, B. Ramesh et al., 2008].

3.3 Dielectric loss (tan δ):
It is observed that the dielectric loss (tan δ) decreases as the frequency of the applied AC electric field
increases because the jumping frequency of charge carriers cannot follow the frequency of the applied field
after certain frequency. Frequency dependence of the dielectric loss (tan δ) for different values of x is shown
in Fig. 7 and it reveals that the dielectric loss increases with the increase in concentration of Cu2+ ions. The
increase in the concentration of Cu2+ ions at the tetrahedral (A) site causes the migration of Fe3+ ions to
octahedral (B) site. This increased concentration of Fe3+ ions increases the hopping rate of electrons between
Fe3+ and Fe2+ ions at the octahedral site and thus leads to the increase in the dielectric loss.

The zig zag peak in the low frequency region of Dielectric loss curve is observed as shown in Fig. 7.
This peak in the Dielectric loss curve is observed when the hopping frequency of the electron between Fe2+ –
Fe3+ ions matches with the frequency of the externally applied electric field. It is expected that the peak may
be observable in lower frequency range.

The Fig. 7 showsthat dielectric loss (tan δ) decreases at lower frequency. Similar results were observed by
several other investigations [R.G. Kharabe et al., 2006, T. Nakamura et al., 1996, A. Verma et al., 2000, L.G.
Van Uitert 1995, C. Heck 1974, M.R. Anantharaman et al., 1999].The values of the average Dielectric
constant and Dielectric loss of the ferrite samples are listed in Table 2.

3.4 Dielectric loss (tan δ):
It is observed that the dielectric loss (tan δ) decreases as the frequency of the applied AC electric field
increases because the jumping frequency of charge carriers cannot follow the frequency of the applied field
after certain frequency. Frequency dependence of the dielectric loss (tan δ) for different values of x is shown
in Fig. 7 and it reveals that the dielectric loss increases with the increase in concentration of Cu2+ ions. The
increase in the concentration of Cu2+ ions at the tetrahedral (A) site causes the migration of Fe3+ ions to
octahedral (B) site. This increased concentration of Fe3+ ions increases the hopping rate of electrons between
Fe3+ and Fe2+ ions at the octahedral site and thus leads to the increase in the dielectric loss.
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The zig zag peak in the low frequency region of Dielectric loss curve is observed as shown in Fig. 7.
This peak in the Dielectric loss curve is observed when the hopping frequency of the electron between Fe2+ –
Fe3+ ions matches with the frequency of the externally applied electric field. It is expected that the peak may
be observable in lower frequency range.

The Fig. 7 showsthat dielectric loss (tan δ) decreases at lower frequency. Similar results were observed by
several other investigations [R.G. Kharabe et al., 2006, T. Nakamura et al., 1996, A. Verma et al., 2000, L.G.
Van Uitert 1995, C. Heck 1974, M.R. Anantharaman et al., 1999].The values of the average Dielectric
constant and Dielectric loss of the ferrite samples are listed in Table 2.

3.5 AC conductivity:
It is observed that the AC conductivity remains almost constant in the low frequency region and increases
abruptly in the high frequency region Fig. 8.  It is wellknown that the mechanism of the electrical conduction
is the same as that of the dielectric polarization. The increase in the AC conductivity with frequency is also
understood by the hopping model. As the frequency of the applied electric field increases, the hopping
frequency of electrons between Fe3+ –Fe2+ ions at adjacent octahedral site also increases, leading to increase in
theconductivity.

The variation of AC conductivity with the frequency at different concentration of Cu2+ ions is shown in Fig. 8.
It is observed that the AC conductivity increases with increase in concentration of Cu2+ ions x=0.4 and further
it decreases due to increase in concentration of Cu2+ ions x=0.6. With the increase in the concentration of Cu2+

ions (x), the hopping action of charge carriers increases due to the increased concentration of Fe3+ ions at B-
site.Similar results have been reported for Ni–Zn and Zn ferrites [T.Jahanbin et al., 2010, N. Sivakumar et al.,
2007, N. Ponpandian et al., 2002]. The values of the AC Conductivity at 5 MHz of the ferrite samples are
listed in Table 3.

The FT-IR peaks shown in Fig. 9, at 536.114 cm -1 , 524.643cm -1 and 532.257 cm -1 gives the confirmation of
Ferrite.

Table 1:
Variation in bulk density [db(gm/cm3)], Particle size (t) and Lattices Constant   (Å) of Ferrite Samples.

Ferrite Sample db(gm/cm3) Particle Size  t (nm) Lattices Constant   (Å)

(C) 3.584 22.52 8.364

(F) 3.615 29.18 8.463

(D) 3.691 33.71 8.581

Table 2:
Variation of Dielectric Constant and Dielectric loss of Ferrite Samples

[(Cux Co(constant) Ni0.8-x)Fe2O4],Cu=constant=0.2

X Avg. Dielectric Constant Avg. Dielectric loss

(C) For X=0.6 28.09914 0.255394

(F) For X=0.4 31.01230 0.563892

(D) For X=0.2 40.37258 1.122172

Table 3:
AC Conductivity of Ferrite Samples at 5 MHz

[(Cux Co(constant) Ni0.8-x)Fe2O4], Co=constant=0.2

x AC Conductivity at 5 MHz

(C) For x=0.6 0.00192734

(F) For x=0.4 0.00210402

(D) For x=0.2 0.00206424
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Fig.1: Flow Chart of Sol Gel Method.

Fig. 2: XRD pattern of D, F and C respectively for [(Cu.0.6Co0.2 Ni.0.2) Fe2O4],
[(Cu.0.4Co0.2Ni.0.4 )Fe2O4]and [(Cu.0.2Co0.2 Ni.0.6)Fe2O4].
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Fig. 3: Variation in Lattice Constant due to substitution of Cu2+.

Fig. 4: Variation in Particle size due to substitution of Cu2+.

Fig. 5: Variation in Real Part of Dielectric constant(έ) with increase in frequency.
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Fig. 6:
Variation in imaginary part of Dielectric constant(ε״) with increase in frequency

Fig. 7: Variation in dielectric loss (tan δ) with increase in frequency
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Fig. 8: Variation in AC Conductivity with increase in frequency.

Fig. 9: FT-IR spectra of [(Cux Co(constant) Ni0.8-x)Fe2O4].
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IV. CONCLUSION
The nanocrystalline ferrite samples [(Ni.0.6 Cu.0.2Co0.2) Fe2O4][(Ni.0.4 Cu.0.4Co0.2) Fe2O4],[(Ni.0.2 Cu.0.6Co0.2)
Fe2O4]have been successfully prepared by sol-gel auto combustion technique. All the prepared samples show
the single phase cubic spinel structure of the samples. The particle grain size obtained from X-ray diffraction
data. It clearly shows that the size of the ferrite particles was in the nanometer range. The value of Dielectric
constants (έ) increase with increase in substitution x of Cu2+ in Ni Co, similarly the AC conductivity also
increase with increase in substitution x of Cu2+ in Ni Co. The dielectric loss (tan δ) rapidly decreases at lower
frequency and becomes constant at higher frequency. Measurement of the dielectric constant and dielectric
loss in the frequency range of 100 Hz–5 MHz showed higher magnitude at lower frequencies and it decreases
with increase in frequency.It is observed that value of AC Conductivity initially increases with increase in
substitution x of Cu2+ in Ni Co up to x=0.4 and then decrease with further increase in substitution x=0.6 of
Cu2+.
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ACTIVITY REPORT 
(2018 – 2019) 

I. Basic Details:  

Name of  The Activity: Educational Trip to  Bhaskaracharya Pratishthan, Pune 

Date Faculty Department/ 

Committee 

Coordinator  Name & 

Phone no. 

15/01/2017 Science Mathematics Dr. Amjad Shaikh 

Mob No. 9890627503 

Time Venue Activity for 

class/ group &  

student 

number 

Nature: Academic/co- 

curricular / 

extracurricular/ 

Environmental/ social/ 

other 

One day 
(5.30 am to 10.30 pm) 

Bhaskaracharya 

Pratishthan, Pune 
S.Y. /T.Y.B.Sc. 
(Mathematics) 

Co-curricular 

II. Brief Information about the Activity (Criterion no -   II ): 

Topic/ 

Subject of 

the activity 

: Educational Trip to  Bhaskaracharya Pratishthan, Pune 

Objective for 

conducting 

the activity 

• To encourage and motivate  students for higher studies in reputed institutes 
• To explore future prospect of mathematics and statistics  
• To expose renowned institutes in India 

Methodology  

 

Faculty members from department of mathematics, Bhaskaracharya Pratishthan 
interacted and guided students about further teaching and research opportunities and 
industrial applications of mathematics and statistics.  

Outcome 

 

18 Students from S.Y./T.Y. B.Sc. have participated and had an amazing experience. 
Students have learned and gained valuable information about further career opportunities 
in mathematics and pursuing higher studies at premier education institutes in India. 

III. Proofs attached:  

 

 

1. Notice and 
Permission letter 

2. Student list of 
participation 

3. Photos 
 

4. Report 5. Feedback  6.  
 

 



 

 

 

ANALYSIS OF FEEDBACK (PUT NUMBERS IN RESPECTIVE BOXES) 

Details (Mention the Numbers for analysis) No/Poor OK Good Excellent 

1. The title of the program was correct and to the mark? 00 02 06 10 

2. The program was declared well in advance 00 00 07 11 

3. How was the program? 00 02 07 09 

4. Did the program start in time and complete in time? 00 03 05 10 

5. Would you like such programs? 00 01 04 13 

Total: 18                                                                                                  

List of qualitative feedbacks: 

Analysis of descriptive feedback  

1. This educational trip was highly beneficial for all the students 

2. Students have learned a lot about future opportunities and scope for pursuing further studies in         
mathematics  

3.This was an amazing experience for all the students to visit prestigious institute like IIT, Mumbai. 
They all have inspired and motivated  to study in such kind of reputed institute. 

4. They also enriched with  industrial applications, teaching and research opportunities of 
mathematics and statistics 

 

 

 



A BRIEF REPORT ON ONE DAY EDUCATIONAL TOUR TO  

BHASKARACHARYA PRATISHTHAN, PUNE ON 15TH  JANUARY 2017. 

Educational tours are accepted as an essential part of education which gives us ideas likewise 
opportunities to visit prestigious places that may help to visualize what students are learning 
at college. Move over, it is  important for every student to acquire more knowledge through 
actual exposure to the different places. 

The Department of Mathematics, Poona College has organized an educational tour for 
T.Y.B.Sc. (Mathematics) students on 15th  January 2017 to Pune, Mr. Amjad Shaikh  ( In 
charge Teacher ) and 18 students ( 11 Girls and 7 Boys)  visited together to Bhaskaracharya 
Pratishthan, Pune . It was an exciting and worthwhile visit for all of us and  team building 
experience.  

Bhaskaracharya Pratishthan is a Pune based Mathematics Institute founded in 1976 by the 
world famous Indian Mathematician Prof. Shreeram Abhyankar for conducting research in 
Higher Mathematics. Over the years a number of students studied under the guidance of Prof. 
Abhyankar and obtained their Ph.D. degree in India or abroad. Since 1992 the Pratishthan has 
also been a recognized centre for conducting Regional Mathematics Olympiad (RMO) under 
the National Board for Higher Mathematics (NBHM) for Maharashtra and Goa Region. 
Besides this the Pratishthan holds annual / biennial conferences/Workshops in some research 
areas in higher mathematics attended by Indian/Foreign scholars and Professors. The 
Pratishthan has organised a number of Workshops for research students and college teachers 
under the aegis of NBHM/NCM. 

All the students reached to Bhaskaracharya Pratishthan at 9.30 am. Administrative staff 
welcomed all of us then at 10.00am Prof. S.A. Katre, Professor, Department of Mathematics, 
Savitribai Phule Pune University, delivered a lecture on “Isomorphism theorem” from 

10.00am to 12.00pm. The lecture started with introduction and functioning of 
Bhaskaracharya Pratishthan. After this Prof . Katre has explained various concepts of Algebra 
like solution of equation geometrically, groups , normal subgroup, symmetrical group, 
abelian and nonabelian group and so on.  Prof. Katre also thrown some light on application of 
groups in coding theory where he explained about how secret messages can be encrypted.  
Then sir explained about the correlation of Isomorphism theorems in Groups, Linear algebra 
and Ring theory in which he has clarified that how cosets are identified with points. The 
lecture concluded with question and answer session.  
 
At the end Mr. Amjad Shaikh the tour In- Charge felicitated Prof. Katre by giving him 
flowers as  a token of love and gratitude from department of mathematics, Poona College, 
Pune and acknowledged him. 
 
Finally Mr. Rahematullah student of T.Y. B. Sc. Mathematics proposed vote of thanks.  
Students were very delighted and enjoyed the visits. It was very fruitful and learning 
experience for all the students. The visit comes to end at 12.30 pm. 
 



 

Students  of TYBSc during educ. tour to  bhaskaracharya pratishthan, pune on 15th  january 2017 















 

 

ACTIVITY REPORT 
(2016 – 2017) 

I. Basic Details:  

Name of  The Activity: Educational Visit To Water Treatment Plant, Camp Pune 
 

Date Faculty Department/ 
Committee 

Coordinator  Name & Phone 
no. 

27/02/ 2017 Science Zoology Dr. Kalim Shaikh  
(7972224513) 

Time Venue Activity for class/ 
group &  

student number 

Nature: Academic/co- 
curricular / extracurricular/ 
Environmental/ social/ 
other 

10:00 am to 
4:00pm 

Water 
Treatment 

Plant, Camp 
Pune 

T.Y B. Sc. (Zoology) 
and M.Sc. II (Zoology) 

 55 

co- curricular 

II. Brief Information about the Activity (Criterion no -            ): 

Topic/ 
Subject of 
the activity 

Educational Visit To Water Treatment Plant, Camp Pune 

Objective for 
conducting 
the activity 

To understand the live process of water purification for public use 

Methodology  
 

Live Demonstration  

Outcome 
 

Students experienced the whole process of water purification with respect to 
Coagulation, Flocculation, Sedimentation, Filtration, Disinfection, Sludge 
Drying, Fluoridation, and pH Correction processes. 

III. Proofs attached: letters/ student list of participation/ certificate/ 

document/photos/ any other 

 

1. Permission letter  2. Student Attendance  3.  
 

 



AKI’s 

Poona College of Arts, Science & Commerce, Camp, 

Pune-1 

DEPARTMENT OF ZOOLOGY 

 

 

The Department of Zoology, organized a field visit to Water Treatment Plant, Camp 

Pune on 27
th

 February, 2017 to study the various mechanisms of water purification.   

The total 55 Students of T.Y B. Sc. Zoology and Second Year M.Sc. Zoology along 

with three staff members were participated in the visit. During visit the technician Shri. 

Bhandare demonstrated to the students the whole live process of water purification and 

explained the details about Coagulation, Flocculation, Sedimentation, Filtration, 

Disinfection, Sludge Drying, Fluoridation, and pH Correction processes which are very 

important and useful for purification of water. 

  For the successful visit Dr. Kalim Shaikh, Dr. Shoeb Ahmad and Ms. Noorulain Tadvi  

took great efforts.  The visit was coordinated by Dr. Kalim Shaikh . 

 

 

 

Educational Visit To Water Treatment Plant, Camp Pune. 

Photography is Strictly Prohibited at Water 

Treatment Plant, Camp Pune 











 

 

ACTIVITY REPORT 
(2016 – 2017) 

I. Basic Details:  

Name of  The Activity: Educational Visit To Central Bee Research & Training Institute 
(CBRTI) 

Date Faculty Department/ 
Committee 

Coordinator  Name & Phone 
no. 

13/01/2017 Science Zoology Dr. Kalim M. Shaikh 
(7972224513) 

Time Venue Activity for class/ 
group &  

student number 

Nature: Academic/co- 
curricular / extracurricular/ 
Environmental/ social/ 
other 

10:00 am to 4:00 
pm 

Central Bee 
Research & 

Training 
Institute 
(CBRTI) 

S.Y. B.Sc. Zoology 
Students  

57 

co- curricular 

II. Brief Information about the Activity (Criterion no -            ): 

Topic/ 
Subject of 
the activity 

Educational Visit To Central Bee Research & Training Institute (CBRTI) 

Objective for 
conducting 
the activity 

To Learn techniques of artificial beekeeping 

Methodology  
 

Live Demonstration  

Outcome 
 

Students came to know about the different caste and division of labour in Bee 
colony, identification of Queen, Worker and Drone bees on the basis of 
morphological features.   

III. Proofs attached: letters/ student list of participation/ certificate/ 

document/photos/ any other 

 

1. Permission letter 2. Students attendance  3. Photos  
 

4.  5.  6.  
 

 



 

DEPARTMENT OF ZOOLOGY 
 

Educational Visit To Central Bee Research & Training 

Institute (CBRTI) 

(For S.Y.B.Sc.) 

BRIEF REPORT 

The Department of Zoology organized an educational visit for S.Y.B.Sc. Zoology 

students. They visited at Central Bee Research & Training Institute, 

Shivajinagar,Pune on 13/01/2017 (Friday) to study Artificial Beekeeping 

Management and Practice. About 57 students of S.Y. B.Sc. Zoology were 

accompanied by teachers Dr. Kalim M. Shaikh & Ms.Anjum M. Pathan. Technical 

experts of CBRTI, Mr. Pokhre, Mr. Bodke and Mr. Bhillare gave the detail 

information about artificial beekeeping session wise. In first session, students 

visited the museum. In second session, Mr. Bodke showed different types of 

beekeeping equipments and gave information about it. In the last session students 

were taken to field for practical demonstration of Bee Colonies. Mr. Bhillare 

showed different caste and division of labour in Bee colony. He also explained 

about identification of Queen, Worker and Drone bees on the basis of 

morphological features. The visit was coordinated by Dr. Kalim Shaikh. 

 

Dr. Kalim Shaikh  
Coordinator 
 
 
 

 
 
 



 

 

PHOTOGRAPH 

 
S.Y.B.Sc (Zoology) student group along with Teachers, Dr. 
Kalim Shaikh and Ms. Anjum Pathan at CBRTI, Shivajinagar, 
Pune. 

(Dated: 13.01.2017) 

 











 

 

ACTIVITY REPORT 
(2016 – 2017) 

I. Basic Details:  

Name of  The Activity: Educational visit to District  Pollution and Meteorological dept. 
Shivajinagar Pune 
 

Date Faculty Department/ 
Committee 

Coordinator  Name & Phone 
no. 

16/01/2017 Science Zoology Ms. Shahjahan Shaikh 
(9975003065) 

Time Venue Activity for class/ 
group &  

student number 

Nature: Academic/co- 
curricular / extracurricular/ 
Environmental/ social/ 
other 

10:00am to 
4:00pm 

District  
Pollution and 

Meteorological 
dept. 

Shivajinagar 
Pune 

M.Sc.II Zoology 
students 

16 

co- curricular 

II. Brief Information about the Activity (Criterion no -            ): 

Topic/ 
Subject of 
the activity 

Educational visit to District  Pollution and Meteorological dept. Shivajinagar 
Pune 
 

Objective for 
conducting 
the activity 

To understand the working and functioning of Pollution Meteorological 
Department  

Methodology  
 

Live Demonstration  

Outcome 
 

Students came to understand the working and functioning of pollution 
department with respect to gaseous analysis, and working of different 

equipment’s and instruments. 

III. Proofs attached: letters/ student list of participation/ certificate/ 

document/photos/ any other 

 

1. Permission letter  2. Student attendance  3.  
 

 



1  

AKI’s  

POONA COLLEGE 
of Arts, Science and Commerce 

Camp, Pune – 411001 (MS) 
 

 

DEPARTMENT OF ZOOLOGY 
 

Educational visit to District Pollution and Meteorological dept. 

Shivajinagar Pune 

  
With the able guidance of Principal, Dr. Rafique Sarkhwas and Coordinator 

Science Faculty, Mr. Iqbal N. Shaikh Department of Zoology, conducted an 

educational visit for M.Sc.II Zoology students to Indian Meteorological 

Department Shivajinagar Pune. On 16th January 2017. It is an outstanding 

landmark in the heart of the city of pune. Total 16 students along with Ms. 

Shahjahan Shaikh visited.  

 

The students visited the pollution department were they saw the live 

demonstration of the CO2 and NO2 analysis. Mr. Bhondve who was the 

technician and guide of the visiters section greeted the students in the lab and 

further directed them to the pollution department to explain the gaseous 

analysis, he also explained the working of different equipment’s and 

instruments. 

 

The students showed interest and curiosity and also asked questions regarding 

the explanation given by Mr. Bhondve.The visit covered all points require for the 

students to know about gaseous analysis regarding the syllabus.  

 

 
Photography is not allowed at Indian 

Meteorological Department, Pune 







 

 

ACTIVITY REPORT 
(2016 – 2017) 

I. Basic Details:  

Name of  The Activity: Visit to Central Bee Research and Training Institute, Shivajinagar, 
Pune 
 

Date Faculty Department/ 
Committee 

Coordinator  Name & Phone 
no. 

23/02/2017 Science Zoology Ms. Shahjahan Shaikh 
(9975003065) 

Time Venue Activity for class/ 
group &  

student number 

Nature: Academic/co- 
curricular / extracurricular/ 
Environmental/ social/ 
other 

10:00am to 4:00 
pm 

Central Bee 
Research and 

Training 
Institute, 

Shivajinagar, 
Pune 

M.Sc. Part-II (Zoology) 
15 

co- curricular 

II. Brief Information about the Activity (Criterion no -            ): 

Topic/ 
Subject of 
the activity 

Visit to Central Bee Research and Training Institute, Shivajinagar, Pune 

Objective for 
conducting 
the activity 

To understand the Beekeeping techniques and its economic importance. 

Methodology  
 

Live Demonstration  

Outcome 
 

Through this visit students were able to learn identification key to identify 
different species of Honeybees, beekeeping techniques and strategy to 
establish Apiculture farm. 

III. Proofs attached: letters/ student list of participation/ certificate/ 

document/photos/ any other 

 

1. Permission Letter  2. Student Attendance  3.  
 

 



 

 

DEPARTMENT OF ZOOLOGY 

Activity Report 

Visit to Central Bee Research and Training Institute, Shivajinagar, Pune 

(Dated: 23/02/2017) 

Department of Zoology has organized an Educational Visit to 

Central Bee Research and Training Institute, Shivajinagar, Pune for 

M.Sc. Part-II (Zoology) students on 23rd February, 2017.Ms. 

Shahjahan Shaikh coordinated this visit and carried total 15 

students at CBRTI to learn the beekeeping practices. 

The main aim of the visit was to study the different species of Honey 

bee, different equipments, used in Apiculture and to know 

techniques used in Apiculture. Technical Assistant of CBRTI 

demonstrated the bee hive, beekeeping equipment and processing 

for purification of honey and bee wax. Through this visit students 

were able to learn identification key to identify different species of 

Honeybees, beekeeping techniques and strategy to establish 

Apiculture farm.  
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FDI IN INDIA: OPPORTUNITIES AND ISSUES FOR 
FINANCIAL SECTOR

*Prof. Jagannath Khandu Mhaske **Dr. Abbas Lokhandwala
** Department 

of Commerce, Poona College of Arts, Science & Commerce, Pune, MS, India.
*Dr.Babasaheb Ambedkar commerce & Maharshi  V. R. Shinde Arts College Nana Peth Pune 

Abstract

This paper reviews the some of the various 
“Theories explaining financial sector FDI”, 
Microeconomic framework, Importance and 
barriers to FDI and Diverse economic environment. 
We will also be discussing the Risk management 
challenges, dynamic foreign exchange rates and the 
opportunities of developing Retail marketing in 
India. From the review, of the financial management 
and Macroeconomic and risk diversification 
theories would seem particularly well-suited to 
explain this reality. The financial management 
importance helps the microeconomic framework to 
entitle the GDP with the FDI resources.

Financial sector, FDI, GDP, Economics

I. INTRODUCTION

For the implementation of the FDI, first of all we 
need to review the theories which are explaining the 
financial sector FDI, and once the theory has been 
implemented in respect with local market then we 
can implement the same in the retail market in order 
to magnify the result from the international FDI. 
The different methods needs to be verified and 
should be taken in order to implement the FDI in the 
countries policy. For this there should be a study of 
Risk Management Challenges, dynamic foreign 
exchange rates and the opportunities of developing 
Retail marketing in India.

Post Globalization, some reforms were introduced 
in the banking sector to strength Indian banks and 
make them internationally competitive and banks to 
play a vital role in the economic development of the 
country. The banking sector was opened up for 
private participation and the entry of new private 
banks increased competition. The efficiency of the 

Keywords: 

banking sector was improved as suggested by 
indicators such as gradual in cost of intermediation 
and decline in nonperforming loans. Efficiency in 
the banking sector was driven by improved 
technology and competition.

II- THEORIES EXPLAINING FINANCIAL 
SECTOR FDI

Various theories have been introduced and as per the 
study the financial sector will be increased once the 
FDI retail market. A discussion on macroeconomic 
theories were started only because to praise more 
emphasis on the potentiality of the financial FDI.

Microeconomic/Behavioral Framework-

“Virtually all existing theoretical paradigms focus 
on the comparison of benefits and costs of the 
investment decision. As with any kind of 
investment, the bank will face uncertainty about the 
expected profits of such decision, and even 
expected costs. On the cost side, introduces the 
widely accepted notion that foreign banks face 
significant cost disadvantages when compared with 
local competition. These additional costs can arise 
as a consequence of cultural differences, legal 
barriers or increased control problems, just to cite a 
few examples. Therefore, in order to operate 
profitably in a foreign market, international banks 
must be able to realize gains that are unavailable to 
local competitors.” Hymer (1969) Thus the gains 
were established and realized benefit on operating 
the financial sector like (i) factors explaining 
competition (ii) local market non-efficient 
operations; and (iii) diversification in geographical 
position.
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Comparative advantage-

Most important issue is the availability of 
information for taking decisions, One of the most 
well-known ways of exploiting the comparative 
advantages stemming from private information in a 
foreign market is to “follow the client”. This implies 
that banks expand in those countries where their 
corporate clients choose to invest so as to be able to 
offer them the services they need (Brimmer and 
Dahl (1975), Gray and Gray (1981), Ball and 
Tschoegl (1982). Moreover, a bank has a clear 
interest in keeping other financial institutions away 
from developing a relationship with its corporate 
clients, because this can result in the loss of market 
quota in its home market. In other words, a bank's 
expansion abroad can sometimes be a defensive 
reaction to avoid losing important corporate clients 
at home. This “defensive reaction” hypothesis was 
first offered by Grubel (1977) for US banks' decision 
to move overseas (the so called “second wave” of 
banking internationalization, starting in the 1960s).

Voting Power Methods:

FDI can thus acquire the right power through voting 
of an enterprise through various methods for an 
enterprise:

• Starting the own WOS (Subsidiary wholly 
owned by the company) or company 
registered elsewhere,

• Investment made in shares of other associate 
or joint ventures;

• M&A of associates enterprises;

IV-IMPORTANCE AND BARRIERS TO FDI

A research study introduced and as some of the 
important of FDI are as, “An increase in FDI may be 
associated with improved economic growth due to 
the influx of capital and increased tax revenues for 
the host country. Host countries often try to channel 
FDI investment into new infrastructure and other 
projects to boost development. Greater competition 
from new companies can lead to productivity gains 
and greater efficiency in the host country and it has 

been suggested that the application of a foreign 
entity's policies to a domestic subsidiary may 
improve corporate governance standards. 
Furthermore, foreign investment can result in the 
transfer of soft skills through training and job 
creation, the availability of more advanced 
technology for the domestic market and access to 
research and development resources. The local 
population may benefit from the employment 
opportunities created by new businesses.”

In order to avoid the competition with their own 
products the investing company use to transfer their 
older production capacity and essential machines to 
the host country all because of the under 
development of the updated version and lac of 
technological updation too. 

V-DIVERSE ECONOMIC ENVIRONMENT

It is defined in by the analyst as, “Operating in a 
globalized environment means being answerable to 
different countries with different political 
environments and cultural norms, as well as trade 
procedures and tax conditions to comply with. In 
addition, the credit conditions may be totally 
different from what they are domestically. 
Anticipate day-to-day financial management 
challenges when operating internationally and 
devise ways to maintain healthy equilibrium within 
this economic framework to ensure your business's 
continued growth and survival.”

Dynamic Foreign Exchange Rates

On the similar note dynamic foreign exchange rates 
are also essential in financial management system. 
Thus it is being explained as, “in a globalized 
economy, the cash that goes in and out of the various 
countries is subject to fluctuations in exchange rates. 
This creates uncertainty for financial managers 
when it comes to the value of the home currency in 
relation to foreign currencies. Continuous 
fluctuations in the foreign exchange market could 
mean slow business for global organizations. If you 
need part of your financing for projects in emerging 
economies where you conduct your business,
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fluctuating exchange rates can subject you to higher 
interest rates. You have to monitor the foreign 
exchange market closely for suitable rates that 
benefit your organization.”

Opportunities for Retail Development in India

Retail marketing gets various opportunities to grow 
up in the Indian market. Not only retailing but 
Manufactures as well as suppliers, and buyers have 
various opportunities, some of which are mentioned 
below:

Ø Provides visibility to bands
Ø Urbanization
Ø Nuclear Family
Ø Plastic Revolution
Ø Indian consumers
Ø Indian Farmers
Ø Inflation control

VI- CONCLUSION:

Thus in light of the above study it has being noted 
that through dynamic economic environment and 
foreign exchange rates the FDI and the financial 
management has been possible in the current 
scenario. But in order to obtain more opportunities 
in the retail market it need to light up the 
opportunities in the field of Urbanization, 
increasing the workforce of Indian farmer, Indian 
consumer and then need to control the inflation of 
the country.

From the above discussions it can be concluded that 
since India is a developing country and the people 
who are working in non-government organisations 
have less social security after their retirement. To 
encourage the saving habits among them our 
banking sectors are introducing various schemes. 
Apart from all the above, since the capital raising 
capacity in India is very less to take the Indian 
banking sector to worldwide we require investment 
from abroad in Indian banking system. 
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AKI’s Poona College of Arts, Science and Commerce, 
Pune 

A Report on 

 “Campus Placement cum Job Fair by Concentrix Daksh 
Pvt. Ltd.” 

 

A Campus Placement cum Job Fair by Concentrix Daksh Pvt. Ltd. was organised for BBA & 

BCA students of Poona College and MMCC on 16th February 2017 in M4 classroom of PIMSE 

building by Prof. JahanAaraPathan, guided by Dr. Aftab Anwar Shaikh. 

Company name:- Concentrix Daksh Pvt. Ltd., Haryana. 

 

Figure 1 Ms. Balasarawathi conducting the aptitude test 



The placements began with felicitation of the guests. Guests were felicitated by Dr. Shakeel 

Ahmed, Director, PIMSE. Followed by a presentation by Concentrix Daksh. 

 

Figure 2 Senior Manager conducting interviews 

First round of interview was an Aptitude test, qualifying which students were interviewed on a 

one-on-one basis. 

Total 15 students got placed in various verticals and Offer Letters were given on-the-spot. 

Prof. Shabana, Prof. Aqueel, Prof. Faheem, Prof. Deepika& Prof. Heena were also present 

throughout. 

 

Figure 3 Faculty Team of BBA & BCA 

















 

ACTIVITY REPORT 
(2016 - 2017) 

I. Basic Details:  

Name of the Activity:Campus Placement Drive by "MIBH Network LLP" 

Date Faculty Department/ 
Committee 

Coordinator  Name & Phone 
no. 

20/12/2016 BBA COMMERCE Mrs. JahanAaraPathan 
Time 

 
Venue 

 
Activity for class/ 

group 
 student number 

Nature: Academic/co- 
curricular / extracurricular/ 
Environmental/ social/ 
other 

08:00 am onwards PIMSE Conf. Hall 23 Co-Curricular 

II. Brief Information about the Activity (Criterion no -         ): 

Topic/ 
Subject of 
the activity 

Campus Placement Drive by "MIBH Network LLP" 

Objective for 
conducting 
the activity 

To place the students in a media industry 

Methodology  
 

Campus Interview, Personal Interview 

Outcome 
 

10 students were selected for Media Business Development 

03 students were selected for Media Content Management 

III. Proofs attached: letters/ student list of participation/ certificate/ 
document/photos/ any other 
 

1. Report 2. Photos 3. Notice 
4. Attendance 5.  6.  

 

 

 



AKI’s Poona College of Arts, Science and Commerce, 
Pune 

A Report on 

 “Campus Placement by Make It Big Here (MIBH) 
Media Network LLP” 

 

A Campus Placement was held by Make It Big Here (MIBH) Media Network LLP on 20th 

December 2016 and organized by Mrs. JahanAaraPathan for all BBA students. 

The placement drive started with an orientation presentation by the MIBH team, followed by 

Personal Interviews of the candidates. 

 

Figure 1 Team MIBH with Mrs. JahanAaraPathan 

The MIBH Network LLP CEO, Mr. VirenOswaland Mr. Oswal were leading the team. 

Mr. AqueelBajajwala felicitated the guests. Mrs. DeepikaKininge was also present for the drive. 

In all 21 students attended the personal interview. Out of which 13 students got selected; 10 for 

Media Business Development and 3 for Media Content Management post. 

 

 



Candidates selected for Media Business Development: 

Ajaz Shaikh   –  TY BBA 

Nabeel Siddiqui –  TY BBA 

Shamsad Chaudhary –  SY BBA 

HamidaAfzali –  TY BBA 

Saquib Khan  -  TY BBA 

PrakharPatil  - TY BBA 

MumtazShahgul - SY BBA 

NazdanaRezaie - FY BBA 

MuneebKar  - FY BBA 

AzharPangarkar - FY BBA 

Candidates selected for Media Content Management: 

Praveen Singh  - TY BBA 

Rukhsar Shaikh - FY BBA 

RabiyaIsrar  - FY BBA 

 

Figure 2 Mr. Oswal presenting 



Out of these, 1 joined; Nabeel Siddiqui as Trainee - Media Business Development Manager. 

The internship program for Content Managers has been slated to start by 11th January 2017 and 

for Business Development Managers from 16th January 2017. 

Internship of two months with a stipend of Rs. 6000/- was offered to the selected candidates. 

Overall it was a great exposure for our students. 
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