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EDUCATION FOR LIFE, NOT JUST FOR A LIVING

Dr Poonam Gaur
Associate Professor. School Of Education. Lingaya’s Vidyapeeth, Faridabad

According to Allan— “Education is a process which moves the person from darkness to
light.”

ABSTRACT
NEP 2020 highlights the aim of education system to develop good human beings with integrity

of thoughts and actions. Life oriented education will act as a tool to think independently. Here,
writer expressed her feelings on the Role of Education for the society.

KEY POINTS: Integrity, thoughts, actions, life oriented
INTRODUCTION

NEP 1986 also gives emphasis on the effective teaching and learning with the recommendation
that “All the teachers will teach and all students study.”

According to NEP 2020-- the aim of education should be development of higher order skills
among the students for better understanding of content and to adjust with the life.

In our present Education System, students learn the content without understanding, they just
memorize for good academic record without proper knowledge of content. Therefore, role of
teacher becomes very important as a facilitator to cultivate the tree of knowledge among the
students through vibrant system of education.

SYSTEMATIC REVIEW

¢ Education and life satisfaction: Perception or Reality, research done by Carolina and Di
Maro. University college of London. 2008, and concluded that educational quality
perceptions issue for the welfare of individuals.

¢ Education and Quality of life, research done by Robert and Jason, University of Manitoba,
2012 and concluded about positive effects of educational attainment on emotional wellbeing,
physical health. personal safety.

¢ Importance of Education, article written by Al-Shuaibi, Salalah college of Technology,2014
and described that Education develops personality and thoughts of the people and prepares
them for life experiences.

This article contributed towards the accountability of Education for people,
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EFFECTIVENESS OF ENVIRONMENTAL CONSERVATION ON HUMAN LIFE.
Dr Poonam Gaur,
Associate Professor, Lingaya's Vidyapeeth

ABSTRACT

Environmental sustainability, or the long-term management and preservation of the planet'
natural resources and ecosystems, is becoming more widely acknowledged as a societa
concern influenced by human conduct at all spheres of social interaction, from communitie
to whole countries. A more nuanced understanding of the ways that both individual and group
level processes can affect conservation efforts is now being incorporated into psychologica
perspectives on conservation, which traditionally focused on individual determinants o
proenvironmental behavior (such as personal environmental concern). Research on socla
norms and identity-based influences, in particular, indicates that social perceptions, such a
beliefs about what behaviors are typical and socially valued, can be stronger motivators o
conservation behavior than financial incentives, pro-environmental appeals, or the simplicir
of pro-environmental actions.

1.  INTRODUCTION

1.1 OVERVIEW

In many OECD nations, political attention has historically been placed on environmenta
concerns with a focus on health. Environmental risk factors have a very diverse and Intricat
effect on health, both in terms of their severity and clinical importance. For instance, th
impacts of environmental deterioration on human health might vary from psychological issue
brought on by noise to cancer deaths brought on by air pollution. The main effects o
environmental deterioration on human health are described in this chapter, along with ai
estimate of the resulting health loss. Environmental policy may be more effectively designes
if the economic consequences of health losses caused by the environment are bette
understood.

1.1.1 Impacts of environmental degradation on human health

A population’s health is influenced by a variety of elements, including its nutrition, cleanliness
socloeconomic standing, literacy, and way of life. In the OECD areas, life expectancy ha
increased dramatically as a consequence of these variables, which have altered significantl
over the economic transformations that have defined modern civilization. Recent researc|
indicates that improved working conditions, rising GDP, and higher health spending per capit|
were the main factors influencing life expectancy in OECD areas from 1970 to 1992. They dc
however, also suggest that throughout the same time span, air pollution's detrimental effect
on human health grew in OECD nations (Or, 2000). The numerous factors that have an Impag
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PILOT STUDY FOR EFFECTIVENESS OF STORY TELLING AS
PEDAGOGY FOR PRE-SERVICE TEACHERS OF B.Ed.

Dr Poonam Gaur,
Associate Professor, lingaya's vidyapeeth, Faridabad
Mr Deepak

Assistant professor, lingaya's vidyapeeth
ABSTRACT

Teaching is an interaction between teachers and taught which can be effective through
advance planning and effective participation of students. Positive attitude of teachers
towards maximum participation of their students make their teaching —learning process
interesting. Maximwm participation is possible only through efficient pedagogy.
Pedagogy is a skill /an art/a way of meaningful teaching i.e. how the teacher delivers the
content to the class. Aim of effective pedagogy is to develop logical thinking, creative
skills and positive attitude among students. Pedagogy enables the students to apply their
classroom learning in their daily lives. In this research paper, researchers will try to find
out the storvtelling as an effective pedagogy for Pre- service trainees of B.Ed. from
Lingava's Vidvapeeth.This research study is qualitative and quantitative in nature.
Questionnaire will develop to know the effectiveness of storvtelling from B.Ed. first year
and second vear trainees. This research paper will focus on the connection between
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Effectiveness OF School Field Trip For Secondary School Students
Mr DEEPAK KUMAR,

PhD. Research scholar
Depanment of Fducaton (CIE) University of Delhi

Abstract

School lield rip are pan of experiential bearmang amd fire-hand expenence of the real warld where
students have own concepts ahout school field tp Hield tnps are one of the most crucial things seachers
can offer thesr pugnls since they st only broaden their knowledge and expenences but also help them
30 betier understand the eovironment i whach they live. Although fiekd mips that siress hands-on. real-

workd, and practical spphications of kearming have been proven to be effective by research. imstracion
still face @ challenge i desonsirating student learning because the current trend in education tends 10
place a heavy emphais on asswessments Students learn dough expenential leaming of hands-<on
learmeng. Stsdents participate o0 thes sont of learning with their own concepes, ideas, and hnowledpe.
Through hands-on learning. students make vanous observation In thas study rescarcher will try 1o find
out effectiveness of school ficld tip for secondary school

KEY WORDS: Expenentsal learmng. Freld vivt, First- hand expenence. Real workl, Proctscal
apphicanion of learming

ISEN 9789549129024
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PILOT STUDY : MULTIDISCIPLINARY APPFROACH ACT AS A BRIDGE BETWEEN
IMFYERENT ACADEMIC SUBJECT
D Poomam Cassr
Assoxcnate Professs
Ms Mimakdy Beejs
Assstant Profesor,
Lingaya's Vidyapocth F ardabed
ABSTRACT

Inseruction s an mieractive process between seachens and learnens which requanes ahvasce preparation
andd efficient conmbuton of sudents  Encouraging spprosch of seachens wwards weachang  learming
prexcess helps for masimem particpation of sudents. Mavimum panicipation s also possible when
students are able 10 undenaand the content. Effective Pedagogy with Multdiscuplanany approach wall
st as 3 messangful wol lor the leachens 10 delrver the content in the cless. MultidesOplinary approach
invodves two of more acadenic areas 10 learn the partoular content: Avm of Mukidisciplinany Approach
1 o devebop logscal thinking, derper underdanding smd bnow ledge of contest among leachen and
studenes both Lesnmng twough mudndscpbnary approach enshles the sudents 10 apply  thesr
lasioom lesmung o thew dmly lives through peoblem Solving Stratepies. In thes resesrch paper,
researchers waill iny 10 conclude the effectiveness of Mulisdisciplinary Approach as a beadge between
different academee sobyects for Pre- servies tranees of B Ed from Lingaya's Vidyapessh. Thas rescarch
stady b qualimive and quanttaeive i nature. Opimioanasre will develop 1o know the effectiveness of
MULTIDISCIPLINARY APPROACH from B Ed first yeut amd second yeur minces. Researchens will
conclade the impurtasce of multdecpliney apypwosch and encourage the raiaees 00 comsider thin
approsch o connect with kearners

KEY WORDS- Instruction. mmaltachsciplinary . logical. Problem solving
INTRODUTION

Instrecton i an meraction for shanng Aeowledge and takent betwern two of more persons. Positive
attude of the teacher wowards eachang prodessson and weaching approach adopted by the teactser
towank the subgect mlormation deoded quality of keurming The mun wles of heaming » o
communcate wseful change 0 behavior of stodents 10 mabke mformation more sapmificant  and
appisabie

In-service teachers and Pugsl seachers (pre-service teachens) can  imvalve m the progress of the social
onder by teactung chikiren through Mulisdisarplinany Approach s Mults drcaplinany appeosch samilss
theme s stsdiod heomgh smegration of moee thas one dsciplme Thus Approsch can be used W wach
ethucs, helicls, amd shills 10 dearners Mul-descoplimary Approach can be used in mstruction by pugal
wcachers wo make ieaching-leaming process effective. Thes approsch propared the learmers ay well s
pupil teachens lor thes hature wth mspires] and e thinkang

Sou i s more mguonast 1o undersiand the effiowency of Mubn <hscplmany Approach 10 teach students

by wacher waness 0 leachong profession o make understamding more imspaning and  pleasing for
stuadcnts
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Sociul Competencies among Tes-Garden Children in Asam
M Nirpummoni Bos

Rescarch Scholar
Deepurtment of Educatson (CIE L University of Dei, Delln- 110007

Abstract

This paper focwses on the wxaal competencies of children livimg i tea gardens sn Asvam, India The
sy sms 10 examine the socil shalls of these cheldres and s thew waial competencies ar
influenced by thesr ens womment The vy i hased on & qualitanive reseanch desapn. employing wau
sructurnd imterviews and obsenvaton methods The findings wiggest thas the bea-ganken children
display a range of social compesrnoes. inclhading commumcation. emputly . conperation, and coaflic
resolutxn These competencies are mfluenced by factors sich 2 (amaly dynamecs. educaton, snd peer
rebatsonsheps. The stucdy also highlights the chullenpes faced by these chikdnen. mcluding poverry, lack
of sccess w0 quality educatiem, amd expesare to harmifel practces s h s child b Onveraldl, the sty
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An explorstory study on Multidisciplinary dimenstion of social worker rule in education 1o
Improve the Quality Education in India

Dr Pallavy Gamgwar
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NSS Programene coordinator

Abstract

Education, directly and mdirectly . grves heamens or young people the oppeartumity do develop their social
shills & whool or @ after schosl level, keamen meract with other learners poople. buikding thew
relapsondups with fesds, wachers and aeher stmdents of different ages and Coltwres, amd help them o
snproving the lives

Educatson refers 1o the discapline that i comcerned with methods of teaching and leasrmung i schools or
schoul -like environments. as opposed 0 vaniows nos-formal and miormal means of wcalianon. if we
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PILOT STUDY FOR EFFECTIVENESS OF STORY TELLING AS
PEDAGOGY FOR PRE-SERVICE TEACHERS OF B.Ed.

Dr Poonam Gaur,
Associate Professor, lingaya's vidyapeeth, Faridabad
Mr Deepak
Assistant professor, lingaya's vidyapeeth
ABSTRACT

Teaching is an interaction between teachers and taught which can be effective through
advance planning and effective participation of students. Positive attitude of teachers
towards maximum participation of their students make their teaching —learning process
interesting. Maximum participation is possible only through efficient pedagogy.
Pedagogy is a skill /an art/a way of meaningful teaching i.e. how the teacher delivers the
content to the class. Aim of effective pedagogy is to develop logical thinking, creative
skills and positive attitude among students. Pedagogy enables the students to apply their
classroom learning in their daily lives. In this research paper, researchers will try to find
out the storytelling as an effective pedagogy for Pre- service trainees of B.Ed.from
Lingaya’s Vidyapeeth.This research study is qualitative and quantitative in nature.
Questionnaire will develop to know the effectiveness of storytelling from B.Ed. first year
and second year trainees. This research paper will focus on the connection between
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teaching and storytelling. Researchers will conclude the importance of storytelling and
encourage the trainees to consider storytelling as one of the pedagogical device to
connect with learners.

KEY WORDS- Interaction, Pedagogy, logical, creative, storytelling, teaching
1. INTRODUTION

Teaching is a process of sharing knowledge, understanding and skill between two or
more persons. The excellence of education depends on the devotion of the teacher
towards the subject information. The main purpose of education is to bring constructive
transform in performance of students to make knowledge more meaningful.

A Teacher training institute helps in framing the outlook of student teachers
towards teaching occupation. Pupil teachers cancontribute to the development of the
nation and the society by teaching children through innovative pedagogy/techniques.
Storytelling is one of the effective pedagogies for sharing and expressing the
experiences.It can be used as method to teach values, ethics, skills to learners.
Storytelling can be used in teaching practice by pupil teachers to make teaching-learning
process interactive. Storytelling pedagogy equipped the learners with creative and logical
thinking in comfortable school atmosphere.

So, it is more important to understand the effectiveness of storytelling as an innovative
pedagogy byteacher trainees in teaching profession to develop their educational toolbox
to make knowledge more motivating and appealing for students.

The aim of this study is to examine efficiency of storytelling as an pioneering pedagogy
for pre-service teachers of B.Ed. Such a study is essential to increase an understanding of
how to use interactive strategies to bring positive outcomes rather than harmful.

2. REVIEW OF RELATED LITERATURE

Several studies have been conducted to assess the influence of STORYTELLING in
teaching profession as a strategy to create interactive atmosphere.

e ‘STORY AS A PEDAGOGYA: REFLECTIVE COMMENTARY’, research done
by Glesne,Professor,University of Vermont, and Marleen,Professor, School of
Education, University of Wisconsin ,2018 and concluded that teachers can use
stories as a form of activism.

e ‘A PEDAGOGICAL POWER OF STORYTELLING’, research done
byR.Eric,Boise State University and Karen, Spelman College ,2019 and
emphasized to motivate the teachers to consider storytelling as one of their
pedagogical tactics to connect with learners for positive learning outcome.
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e ‘STORYTELLING---IMPACT OF TEACHING GRAMMER THROUGH
ACTIVITIES TO IRAQI PUPILS AND ATTITUDE OF TEACHER TOWARDS
ACTIVITIES’ research done by Bushra Saadoon,University of Baghdad,2020 and
concluded that storytelling is an effective strategy for meaningful learning
process.

e ‘TEACHING WITHIN A STORY:UNDERSTANDING STORIFICATION OF
PEDAGOGY ’,research completed by Aura,Hassan,Hamari,University of
Tampere,Finland,2021 and findings suggested that storytelling equipped the
students with moral values of story and enhanced their academic performance
also.

e ‘HOW STORYTELLING CAN WORK AS A PEDAGOGY TO FACILITATE
CHILDREN’S ENGLISH AS A FOREIGN LANGUAGE LEARNING’, research
completed by Nguyen and Phillips,2022 and concluded that integration of
storytelling in school curriculum has extensive benefit in language development.
There is a need to examine STORYTELLING-AS A PEDAGOGICAL TOOL
for pupil teachers in teaching profession because of qualitative improvement
in TEACHING -LEARNING PROCESS as suggested by NEP2020 also
regarding learner oriented strategies to develop higher order skills among
learners.

STATEMENT OF THE PROBLEM
Using Stories by Pupil Teachers as a Pedagogical Tool in course enhance students
learning.
3. OBJECTIVES OF THE STUDY
e To judge Storytelling as an influential pedagogy in classrooms.
e To assess the usefulness of Storytelling for pupil teachers in their
teaching profession to enhance knowledge of learners.
4. DELIMITATION OF THE STUDY
e The study was delimited to Lingaya’s Vidyapeeth,Faridabad,only.
e The study was delimited only to B.Ed.trainees of first and second years of
School of Education.
5. METHODOLOGY
e The research method is qualitative and quantitative 25in nature.

5.1 POPULATION

e 25 pupil teachers from B.Ed.first and second years of

Lingaya’sVidyapeeth,Faridabad involved as population.

S.2SAMPLE SIZE
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Purposive sampling was used with 25 B.Ed.trainees of first and second years. The sample size
remains restricted to 25 B.Ed. trainees of Lingaya’s Vidyapeeth.

5.3TOOL USED

In the present study, researchers developed questionnaire to assess the effectiveness of
storytelling. Statementsof the questionnaire were developed after discussions with experts of
education from Educational Institutions and School of Education,Lingaya’s Vidyapeeth.Based
on the experts comment on the items ‘content and face validity 15 statements were retained.
Therefore, to assess the utility of storytelling for student teachers in teaching profession,
questionnaire with five points marking developed by researchers was used as a tool and this scale
was standardized after administration on B.Ed.trainees.

The Questionnaire contains five point Likert scale with 15 statements. All The statements were
given options using five point (5) Likert scale type of responses, namely: Strongly Agree=5;
Agree=4; Undecided=3; Disagree=2; Strongly disagree =1.The ten aspects/domains dealt in the
questionnaire are---

e VOCABULARY INCREASE,

e PERSONALITY DEVELOPMENT ,

e EFFECTIVE AID,

e FEELING OF CONNECTION TO GOD AND CULTURAL
UNDERSTANDING,

e COMMUNICATION AND SOCIAL SKILLS.

The pupil teacher responded by choosing the alternative against the serial number of the
questionnaire statement in the sheet. Though no time limit was assigned for recording responses
on the Performa, pupil teachers were asked to complete it as soon as possible.

5.4 Collection of Data

For the collection of data, questionnaire was administered to the pupil-teachers through personal
contact. General instructions about the scale were given to the pupil-teachers and the purpose
was also explained to them. Responses of Pupil teachers were gathered on the spot for data
analysis.

5.5 Statistical Technique Used
The data was analyzed by using statistical techniques —percentage.
6. RESULTS AND DISCUSSION

Analysis and Interpretation of Data
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QUESTIONNAIRE

Domain

Statements

Sa

ly

Agree

Strong | Agree

U D

Undeci | Disagr

ded ee

Sd
Strongly
Disagree

Vocabulary
Increase

Language.

1. Story Narration | 56%
Will Improve The

44%

2. Stories Will
Not Help To
Know The

Words.

Meaning Of New

4%

4%

------ 4%

88%

Can Use The

Connect Them
With Story.

3. Learners/Pre-
Service Teachers

Words Mentioned
In The Story To

48%

48%

4%

Personality
Development

4. Stories Are
Good Source For
Imagination Of
Ideas.

56%

44%

5. Writing Skill
Will Increase By
Using Imaginative
Ideas.

56%

32%

12%

6. Storytelling
Will Help In All
Round
Development Of
Personality Of
The Learners.

32%

68%

Effective Aid

7. Stories Are
Effective Aid In
Teaching-
Learning Process
To Increase
Enthusiasm.

40%

60%

8. Pre-Service
Teachers Should
Use Stories
During The
Lesson As A

52%

40%

8%
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Positive And
Interactive
Alternative
Method Of
Teaching And
Knowledge
Sharing.

9. Stories Are
Necessory In
Classroom For
Learners To
Improve The
Right-Brain
Imagination.

60%

40%

10. Stories Will
Not Provide
Opportunities To
Students For Fun.

8%

24%

64%

4%

Feeling Of
Connection
To God And
Cultural
Understandin

g

10.A Good Story
Can Connect The
Learners With The
Belief That God Is
Always Around
Them.

60%

40%

11. Stories Can
Develop Strength
Of Unity Among
The Learners In
All Over The
World Regardless
Of Colour Or
Religion.

36%

48%

12%

4%

12.Story Telling
Allows Learners
To Understand
And To
Appreciate
Different
Traditions Of
Countries And
With In
Country(India)

36%

60%

4%

13. Story Telling
Will Develop A
Sense Of Empathy
Among Learners.

32%

68%
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Communicati | 14. Story Telling | 36% 60% -
on And Will Focus To
Social Skills | Enhance
Communication
Skills Through
Expression Of
Thoughts And
Feelings.

4%

15. Power Of 40% 60% | -----
Listening Among
Learners Will
Increase.

Strongly Agree Undecided Disagree ™ Strongly Disagree

From the table and pie chart,it can be observed that storytelling is an effective pedagogy for pre-

service teachers of B.Ed----

e ToIMPROVE THE LANGUAGE.
e To KNOW THE MEANING OF NEW WORDS.

e To USE THE WORDS MENTIONED IN THE
THEMSELVES WITH STORY.
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e As GOOD SOURCE FOR IMAGINATION OF IDEAS.

e To increase WRITING SKILL BY USING IMAGINATIVE IDEAS.

e To HELP IN ALL ROUND DEVELOPMENT OF PERSONALITY OF THE
LEARNERS

e As EFFECTIVE AID IN TEACHING-LEARNING PROCESS TO INCREASE
ENTHUSIASM

e AS A POSITIVE AND INTERACTIVE ALTERNATIVE METHOD OF TEACHING
AND KNOWLEDGE SHARING.

e CLASSROOM FOR LEARNERS TO IMPROVE THE RIGHT-BRAIN
IMAGINATION.

e To CAN CONNECT THE LEARNERS WITH THE BELIEF THAT GOD IS ALWAYS
AROUND THEM.

e DEVELOP STRENGTH OF UNITY AMONG THE LEARNERS IN ALL OVER THE
WORLD REGARDLESS OF COLOUR OR RELIGION

e WILL DEVELOP A SENSE OF EMPATHY AMONG LEARNERS.

e WILL DEVELOP A SENSE OF EMPATHY AMONG LEARNERS.

e TO ENHANCE COMMUNICATION SKILLS THROUGH EXPRESSION OF
THOUGHTS AND FEELINGS.

e LISTENING AMONG LEARNERS WILL INCREASE.

7. SUGGESTIONS AND RECOMMENDATIONS

Similar study can be done for all the pupil teachers of B.Ed programs across Faridabad or even it
can be undertaken in different states of India.

8. CONCLUSION

It was found that storytelling is an effective pedagogy for student teachers in their teacher
training programme. As we all know NEP 2020 given emphasis on activity based learning at all
the levels.Art Integrated learning approach helps to prove it.That is why ,we can say storytelling
is one of the form of it.
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This paper presents the study on the construction of pavement layers to be spread over subgrade soil
starts with the calculation of the power of the subgrade and the traffic volume to be transported. The
design of the different pavement layers depends very much on the strength of the sub-grade soil they
are to be laid over. The power of a subgrade is expressed mainly in terms of CBR (California Bearing
Ratio). Weaker sub-grade essentially needs thicker layers when stronger sub-grade works along with
thinner layers of pavement. Normally CBR testing is a simple and well accepted process conducted on soil

Igﬁ{;w;?:"sml samples to determine subgrade intensity. For an engineer to understand the exact CBR strength of the
Coirg Fiber sub-grade strength becomes absolutely essential. However, several other measurements are also taken
CBR Test into account for determining the power of the subgrade.

The use of waste material and natural fibers to boost soil quality is beneficial, because they are inex-
pensive, accessible locally and Ecological. The stabilizing effect of Natural Fiber (coconut coir) on soil
properties was observed in this research. On the last the use of surplus material and fiber has seen a huge
growth over the decade. Hence, an attempt has been made in this analysis to test the rise in subgrade
intensity by supplying Coir Fiber in different layers. In this CBR study, different variations of parent sub-
grade soil with Coir Fiber were performed. From the laboratory study it was observed that coir fiber's
overall efficiency is higher. The CBR value of the parent subgrade soil was also found to increase as the
number of coir fiber layers increased.
© 2021 Elsevier Ltd. All rights reserved.

Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Futuristic Research in Engineering Smart Materials.

Geotechnical Properties

1. Introduction

Soil is the vital component of this ecosystem and all the neces-
sities of life such as milk, household and clothes are provided by
the soil. Soil functions include biomass transformations (produc-
tivity), water partitioning and reservoirs [1]. Black Cotton soils
have high swelling potential and are one of India’s main soil depos-
its as a result of the increase in moisture content [2]. India’s wide
geographical area is (3,287,264 km?) and India’s population is (138
million approx.) demanding the massive road system. Soil is inex-
pensive construction material and readily usable. Road building
enforces heavy pressure on constrained capital such as suitable
soil, stone aggregates, and binders, etc. Soil stabilization is the pro-
duction that increases soil’s physical properties, such as shear
strength, bearing potential and can be achieved by using controlled
compaction or deposition of suitable admixtures such as cement,
lime, clay, fly ash or by providing geotextiles, geosynthetics etc.

https://doi.org/10.1016/j.matpr.2021.05.255
2214-7853/© 2021 Elsevier Ltd. All rights reserved.

[3] Soil stabilization is a common method used by engineers and
designers to enhance the properties of soil with different stabiliz-
ers. Engineers are continually faced with sustaining and improving
facilities for pavements with minimal financial capital. Outmoded
concrete planning and maintenance methods allow high-quality
material for building requirements to be self-actualized. Premium
content is not usable in certain parts of the world or is short of
quantity. Because of these constraints, engineers are often forced
to seek alternative designs using deficient materials, commercial
building aids and advanced design practices. Concrete or tarmac
paving cannot be constructed on poor soil, since it can easily be
broken on hard soil pavements. The layer should have an appropri-
ate load-carrying capacity as underneath the sub-grade pavement.
This will have to replace the whole pavement segment and to be
correct, the condition of the embankment affected by lack of
strength or uniformity. The embankment must be built as solid,
durable, uniform and cost-efficient as possible. The most econom-
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ical embankment is the one that maintains its life cycle by using
modern technologies to help ensure sufficient strength, rigidity
and uniformity.

Earlier fibers were used in soil strengthening process. Although
the devices were not completely expected, roots of plants and
straws were used to cob walls and render soil brick to improve
the property. In the other hand, modern geotechnical engineering
has mastered the use of strengthening the soil with isolated fibers
which in geotechnical projects is still a comparatively recent
technique.

Coir fiber is available at large scale in India which have very
good property as pavement material having light weight, have abil-
ity to increase subgrade strength and can increase the life span of
pavement compared to traditional method of pavement
construction.

Coir fiber is part of a category of stable simple fibers [4]. It is a
viable essential commodity obtained from coconut coating [5]. The
coir fiber is stretchy enough to fold without breaking, and clenches
a curl as though it were fluttering eternally. Soil coir fiber can be
used as defective material in the stabilization cycle due to its spiral
and long spike fibers [6]. The short cushion fibers were removed
from the long fibers and later became waste in the coir fiber indus-
try and this fiber waste is used in soil stabilization and can thus be
disposed of efficiently. The application of fibers has had a major
impact on soil and coir mixture development behavior. Reducing
consolidation of clay soil settlement is caused by the addition of
unsystematically distributed polypropylene fibers [7]. Because of
the length of the fibers which imparts an insignificant effect on
the soil characteristics, fiber content proved to be more influential
and effective. Fiber inclusion results in plasticity decrease and
hydraulic conductivity increase. This research has following
objectives:

¢ To estimate the CBR strength of parent subgrade soil by placing
one or more layers of coconut coir fiber at different depths.

e To understand the efficiency of coir fibre as pavement material.

o To obtain the most efficient depth for placement of coconut coir
fiber.

2. Materials & methods

The entire research is performed in the Geotech Lab of the Lin-
gaya’s Vidyapeeth on subgrade soil, i.e. an analysis of the CBR con-
tent of subgrade soil by various layers of coconut coir fiber at
different stages. Experiments have been performed to classify var-
ious soil properties, such as Index Properties i.e. Liquid Limit, Fluid
Limit, Plasticity Index & specific Gravity [8]. Later on, heavy com-
paction experiments were accompanied to determine the optimum
moisture level and the resulting overall dry pressure. The CBR
experiments were then performed on a particular mixture of coco-
nut coir fiber.

2.1. Material used

Subgrade Soil and coconut coir fiber are mainly used for exper-
imental investigations [9]. Properties listed below:

A. Subgrade Soil

The subgrade soil used in the laboratory for analysis is obtained
from the roadside of Lingaya’'s Vidyapeeth, Faridabad. The engi-
neering properties of subgrade soil are going to be calculated in
the laboratory in compliance with the Indian Standard Code IS
2720.

B. Coconut Coir Fiber (Fig. 1)
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Fig. 1. Coconut Coir Fiber.

Coir is obtained from locally available coconut shells that are
washed. Brown colored Coir fibers derived from coconut husks
are seen in Fig. The fabrics are strong and durable. The fiber con-
tent used in this experiment is of 0%, 0.25%, 0.50%, 0.75% and 1%
of 20 mm and added in discrete manner. Physical & Chemical prop-
erties of Coir Fiber is given in Table 1 & Table 2.

3. Experimental program

[11] CBRis the percentage of force per unit area needed to pen-
etrate a soil mass with a standard 50 mm diameter circular plunger
at a rate of 1.25 mm/min to that necessary for the equivalent pen-
etration into a standard material. Typically, the ratio is calculated
for the 2.5- and 5-mm penetration. If the ratio at 5 mm is consis-
tently higher than at 2.5 mm, then the ratio at 5 mm is issued.
The table below shows the standard loads adopted for the standard
material with a C.B.R. value of 100% for different penetrations.

3.1. Preparation of test specimen

Remoulded specimen: The test sample should pass IS sieve of
19 mm and be held on IS sieve of 4.75 mm. For a remoulding the
dry density shall be either the field density or the amount of the
average dry density determined by the compaction test (Heavy
Compaction Test as per IS 2720 (Part-8)-1983, for Railway Forma-
tion [12]). If the case might be, the water content used for com-
paction must be the optimal water quality or the field humidity.
Complex compaction: A typical soil sample weighing around
4.5 kg or more for fine-grained soil and 5.5 kg or more for granular
soil should be collected and thoroughly mixed with water. When
the soil is to be compacted to the highest dry density at the opti-
mum moisture content, the exact mass of the soil required shall
be taken and the necessary quantity of water applied so that the
soil sample water content is equal to the optimum moisture con-
tent calculated. The extension collar and base plate are attached
to the mold. The spacer disk is placed over the base. Filter paper
is placed on the spacer disk. Add Lubricating Oil to the mold inside.
Through gentle compaction seal the soil mix in the mold. That is to
say, compress the soil by 2.60 kg rammer in 3 layers of 55 blows to
each layer. Then add the reinforcing material i.e. coconut coir fiber
according to various variations in between different layers.

Table 1
Chemical Properties of Coir Fiber [10].

Chemical Properties Composition

Lignin 45.84%
Cellulose 43.44%
Hemi-cellulose 00.25%
Pectin’s Related Compound 03.33%
Water Soluble 05.25%
Ash 02.22%




D. Kaushik and Sitesh Kumar Singh

Table 2

Physical Properties of Coir Fiber [10].
Physical Properties Value
Length in inches 6-8
Density (g/cc) 1.40
Tenacity (g/Tex) 10.0
Breaking Elongation % 30
Diameter in mm 0.1to 1.5
The rigidity of Modulus (dyne/cm2) 1.8924
Swelling in Water (Diameter) 5%
Moisture at 65% RH 10.50

Remove the extension collar and carefully trim the compacted soil,
using a straight edge, to the top of the mold. Any holes formed by
removal of the coarse material on the surface of the compacted soil
shall be filled with the substance of smaller size. Remove the per-
forated base plate, Spacer disk, and filter paper and record mold
mass and compressed soil specimen. Place a filter paper into the
mold over the specimen. Place annular weights at the nearest
5.0 kg to create a surcharge proportional to the base material
weight and pavement.

3.2. Various combinations of subgrade soil with coir fiber

Table 3

4. Results and discussion
4.1. General

This study’s key objective was to reduce the pavement thick-
ness and increasing the efficiency of pavement systems by using
coir fiber as reinforcement material. We are conducting a labora-
tory investigation on the parent subgrade soil to achieve this objec-
tive. In the initial stage of the laboratory analysis, we examine the
index properties of parent subgrade soil (liquid limit, plastic limit,
plasticity index, specific gravity, etc.). We measured the CBR value
of parent subgrade soil without reinforcement after the initial
analysis, and then analyzed the efficiency of parent subgrade soil
by supplying coir fiber at various heights and combinations. The
property of soil is given in Table 4 & the test result without rein-
forcement on parent soil is given in Table 5. The CBR method
was used to compare the efficiency of soil strengthened with sub-
grade parent soil whose data is given in Table 6.

4.2. Properties of parent subgrade soil

Table 3
Various combination of parent subgrade with coir fiber.
S. Combination No. of  Fiber
No. Layer Content
%
1. CBR Test without Reinforcement - 0
2. Soil with coir fiber at a Depth of 42.43 mm (H/3) 01 0.25
from Top.
3. Soil with coir fiber in the Middle of mold 01 0.50
specimen i.e., 63.65 mm (H/2) from Bottom.
4. Soil with coir fiber at a Height of 42.43 mm (H/3) 01 0.75
from Bottom.
5. Soil with coir fiber at a Height of 42.43 mm (H/2) 02 01
from Bottom & at a Depth 42.43 mm (h/2) from
Top.
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Table 4
Index Property.

Index Property Experimental Value

Liquid Limit 53.29%
Plastic Limit 34.01%
Plasticity Index 20.1%
Specific Gravity 2.6

Optimum Moisture Content %

4.3. Result of CBR test

Test-01 CBR Test on parent soil, without reinforcement. The CBR
test result is depicted in Table 5.

Table 5
Test without Reinforcement on Parent soil.

Test Report

CALIFORNIA BEARING RATIO (CBR) TEST (IS: 2720 PART 16/ASTM 1883-99)
OoMC 17.5%

MOISTURE CONTENT DRY DENSITY

Container # 08 Wt. of the Mould (g) 3884

Wt. of Container (g) 25 Wt. of the Mould + Compacted 8352

Soil (g)

Wt. of Container + Wet 85 Volume of Mould 2283.30
Soil (g)

Wt. of Container + Dry 73 Bulk Unit Wt. (g/cc) 1.956
Soil (g)

Moisture Content (%) 25 Dry Unit Wt. (g/cc) 1.621

4.4. Graphs of tests & results

o This test was performed on non-reinforced parent soil with 0%
coir fibre and the CBR value at 2.50 mm was 13.026% and
18.267% at 5.00 mm (Fig. 2).

e This test was conducted on 0.25% “Coir fibre” parent subgrade
soil in 01 layer at a depth of 42.43 mm (H/3) from the surface
and 2.50 mm CBR value was 18.686% and 23.538% at 5.00 mm
(Fig. 3).

o This test was conducted on 0.50% “Coir Fibre” parent subgrade
soil in 01 layer supported in the centre (H/2) of the mould spec-
imen, i.e. 63.65 mm from the bottom and 2.50 mm CBR was
10.690% and 14.074% at 5.00 mm (Fig. 4).

e This test was conducted on 0.75% “Coir Fibre” parent subgrade
soil in 01 layer at a height of 42.43 mm (H/3) from the bottom
and CBR at 2.50 mm was 8.534% and 11.379% at 5.00 mm
(Fig. 5).

¢ This test was Conducted on parent subgrade soil with 1% “Coir
Fibre” in 02 layer at a height of 42.43 mm (H/3) from the bottom
and a depth of 42.43 mm (H/3) from the top and CBR at
2.50 mm was 16.171% and 20.034% at 5.00 mm (Fig. 6).

1000
v
v
500 '
v
N 4 I N I N < W n O wn
o - ~N NN

Fig. 2. CBR test without reinforcement.
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Fig. 3. Soil with 0.25% “Coir Fiber” in 01 Layer at a depth of 42.43 mm (H/3) from
top.

1000

500

Fig. 4. Soil with 0.50% “Coir Fiber” in 01 layer provided in the middle (H/2) of mold
specimen i.e., 63.65 mm from bottom.

1000

500

Fig. 5. Soil with 0.75% “Coir Fibre” in 01 layer at a height of 42.43 mm (H/3) from
bottom.

1500 -+

1000

500

Fig. 6. Soil with 1% “Coir Fibre” in 02 layers at a height of 42.43 mm (H/3) from
bottom & at a depth of 42.43 mm (H/3) from top.

Result indicates Coir Fibre’s average efficiency was higher. Rein-
forcement at depth (H/3) from top and (H/2) from top with coir
fibre gives better output. Further it was found that the Coir Fibre
efficiency improves as we increase the number of layers of rein-
forcement, because the more layer of reinforcement, there is better
binding with subgrade which helps subgrade to gain better
strength.
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Table 6
CBR Test Data.

CBR TEST DATA

CBR TEST NUMBER 01

TYPE OF CBR TEST CBR test without
reinforcement

FIBER CONTENT (%) 0%

SURCHARGE 05 PENETRATION RATE ~ 1.25 mm/
WEIGHT(Kg) min
WEIGHT OF 55 PROVING RING 6.154
ORIGINAL CONSTANT (Kg/Div.)
SAMPLE (Kg)
Penetration (mm) Observed unit of  Proving Ring Load in
Dial Gauge Reading (unitx5) (Kg)
(Div.)
00 00 00 00
0.5 13 07 43.078
01 2.4 11.7 72.0018
1.5 3.9 20 123.08
02 4.7 24 147.696
2.5 5.6 29 178.466
03 08 36 221.544
04 9.5 48 295.392
05 13 61 375.395
7.5 20 96 590.784
10 24.6 123 756.942
12.5 29 145 892.33
CBR OF SPECIMEN AT 2.50 mm (STANDER 1370 KG) BY GRAPH  13.026%

CBR OF SPECIMEN AT 5.00 mm (STANDER 2055 KG) BY GRAPH

5. Conclusions

After the results, this research was concluded as followed with
justifying the objective achievements:

e When Coir Fiber's number of layers increased, it was found that
the parent subgrade soil’s CBR value was increased which is our
first objective.

e Coir fiber is a surplus material that can be used for lightweight
and solid pavements in a sub-base.

e Coir Fiber is used to increase the subgrade Strength and there-
fore enhances the life of the pavement, which is our second
objective.

o It has been observed that better performance is given when we
provide Coir Fiber at height (H/3) from the bottom, which is our
third objective.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

The author acknowledges the valuable suggestions of his
research supervisor and laboratory support by his University.

References

[1] J.M. Lin, A. Schroeder, R. Allada, In vivo circadian function of casein kinase 2
phosphorylation sites in Drosophila PERIOD, J. Neurosci. 25 (48) (2005)
11175-11183.

[2] V. Kaushal, S.P. Guleria, Geotechnical investigation of black cotton soils, Int. J.
Adv. Eng. Sci. 5 (2) (2015) 15-22.

[3] B.M. Lekha, S. Goutham, A.U.R. Shankar, Evaluation of lateritic soil stabilized
with Arecanut coir for low volume pavements, Transp. Geotech. 2 (2015) 20—
29.

[4] Vivi ANGGRAINI (2016). Potential of Coir Fibres as Soil Reinforcement.
Pertanika J. Scholarly Res. Rev. PJSRR (2016) 2(1): 95-106.


http://refhub.elsevier.com/S2214-7853(21)03846-3/h0005
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0005
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0005
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0010
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0010
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0015
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0015
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0015

D. Kaushik and Sitesh Kumar Singh

[5] Gbenga Matthew Ayininuola, Peter Oluseyi Oladotun, Geotechnical Properties
of Coconut Coir Fiber Soil Mixture, ]. Civil Eng. Res., Vol. 6 No. 4, 2016, pp. 79-
85. doi: 10.5923/j.jce.20160604.01.

[6] S.M. Hejazi, M. Sheikhzadeh, S.M. Abtahi, A. Zadhoush, A simple review of soil
reinforcement by using natural and synthetic fibers, Const. Build. Mater. 30
(2012) 100-116.

[7] C. Tang, B. Shi, W. Gao, F. Chen, Y. Cai, Strength and mechanical behavior of
short polypropylene fiber reinforced and cement stabilized clayey soil,
Geotextiles Geomembranes 25 (3) (2007) 194-202.

[8] H. Sarbaz, H. Ghiassian, A.A. Heshmati, CBR strength of reinforced soil with
natural fibres and considering environmental conditions, Int. J. Pavement Eng.
15 (7) (2014) 577-583.

Materials Today: Proceedings xxx (Xxxx) Xxx

[9] M.S. Chauhan, S. Mittal, B. Mohanty, Performance evaluation of silty sand
subgrade reinforced with fly ash and fibre, Geotextiles Geomembranes 26 (5)
(2008) 429-435.

[10] Rohit Kumar, Anoop Sharma (2019) Experimental study of coir fiber and rice
husk ash on geotechnical properties of expansive soil. Int. J. Res. Appl. Sci. Eng.
Technol., 7(XII), 2019.

[11] D.R. Petersen, RE. Link, N.S. Pandian, A. Sridharan, P.S.R.N. Raju, California
bearing ratio test simplified, J. Test. Eval. JTEVA 27 (1) (1999), https://doi.org/
10.1520/JTE12043).

[12] IS 2720-8 (1983): Methods of test for soils, Part 8: Determination of water
content-dry density relation using heavy compaction [CED 43: Soil and
Foundation Engineering]. Bureau of Indian Standard, 2006.


http://refhub.elsevier.com/S2214-7853(21)03846-3/h0030
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0030
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0030
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0035
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0035
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0035
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0040
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0040
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0040
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0045
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0045
http://refhub.elsevier.com/S2214-7853(21)03846-3/h0045
https://doi.org/10.1520/JTE12043J
https://doi.org/10.1520/JTE12043J

International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 3 Issue 2, February - 2014

Effect of Jute Fibres on Engineering Properties of
Lime Treated Black Cotton Soil

Harshita Bairagil, R. K.Yadavz, R. Jain®
" M.E. Student, Civil Engg. Deptt., Jabalpur Engineering College, Jabalpur, India.
? Associate Professor, Civil Engg. Deptt., Jabalpur Engineering College, Jabalpur, India
7 Associate Professor, Civil Engg. Deptt., Jabalpur Engineering College, Jabalpur, India

IJERTV31S20849

Abstract-- Expansive soil are those soil, which have high
swelling and shrinkage characteristics and CBR value and
shear strength. Hence, there is need for improvement of these
properties. At present construction is managed by using
granular or lime stabilized soils. The concept of reinforcing soil
masses with natural fibres like coir fibre, banana fibre, sisal
fibre etc. is a relatively new development to improve the
properties of soil. The use of natural and artificial fibres is a
suitable method for homogeneous soil reinforcing. The present
study attempts to investigate the effect of Jute fibres on
engineering and strength properties of lime treated black
cotton soil. The properties of stabilized soil such as shrinkage
limit, unconfined compressive strength and California bearing
ratio were evaluated and their variations with content of jute
fibres are evaluated. Soil samples containing 0%, 1%, 2% to
5% of jute fibre were prepared and index properties were
evaluated as per relevant IS code of practise.The test results
showed significant decrease in the expansive behaviour of the
black cotton soil. The shrinkage limit increases from 13.75% to
28.68% if black cotton soil is mixed with 5% lime and jute
fibres from 0% to 5% by weight of black cotton soil. There is
significant increase in California bearing ratio and unconfined
compressive strength.

Keywords: black cotton soil, stabilization, jute fibres, index
properties.

1. INTRODUCTION

Innovative methods of soil stabilization are in great
demand all over the world. The term soil stabilisation is
used for the techniques which improve the index properties
and other engineering characteristic of expansive soils. In
India expansive soil cover about 0.8x10° km” area which is
approximately one-fifth of its surface area. This soils cover
about 51.8 million hectares of the land area. They are
predominant in the states of Andhra Pradesh, Gujarat,
Karnataka, Madhya Pradesh, Maharashtra and in parts of
Tamil Nadu and Uttar Pradesh. These soils contain
montmorillonite mineral; due to this they swell and shrink
excessively when they are wet and dry state. Such tendency
of soil is due to the presence of fine clay particles which
swell, when they come in contact with water, resulting in
alternate swelling and shrinking of soil due to which
differential settlement of structure takes place. Expansive
soils can be stabilised by the addition of a small percentage,
by weight, of lime, that is, it enhances many of the
engineering properties of the soil. This produces an
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improved construction material and so the technique has
been used for many construction purposes, notably in
highway, railroad and airport construction to improve
subgrades and sub-bases.

1L EXPERIMENTAL PROGRAMME

The black cotton soil used in the present
investigation was collected from Bilheri area of Jabalpur.
The properties of Black Cotton Soil are as under
Fines (-75u) = 88.73%

Specific Gravity = 2.6
Liquid limit = 51.75%
Plastic Limit = 24.85
Plasticity Index = 16.9%
Shrinkage Limit = 8.66
Differential Free Swell = 66.04%
Optimum water Content = 22.1%
Maximum Dry Density = 1.61 g/cc
California Bearing Ratio = 1.8
In the present study jute thread is collected
from grain market Jabalpur. The length of the jute thread is
Scms uniformly selected.

The black cotton soil was mixed with 5% lime and soaked
for a period of 4 days. After oven drying the lime and soil
mixture was again mixed with different percentage of jute
thread. The mix specifications are as under

(a) CLOFO - Clay with 0% lime and 0% jute fibres.

(a) CL5FO - Clay with 5% lime and 0% jute fibres.

(b) CL5F1 - Clay with 5% lime and 1% jute fibres.

(c) CL5F2 - Clay with 5% lime and 2% jute fibres.

(d) CL5F3 - Clay with 5% lime and 3% jute fibres

(e) CL5F4 - Clay with 5% lime and 4% jute fibres

(f) CLSFS - Clay with 5% lime and 5% jute fibres

The consistency limits (liquid limit and plastic limit) tests
were conducted as per IS: 2720 the differential free swell
tests were also conducted as per IS 2720 (Part XL) 1977.
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I~ RESULTS AND DISCUSSION Fig. 3 — Variation in maximum dry density

The test results are summarized in Table 1.

California bearing ratio
Shrinkage limit 6
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Fig 1 - Variation of shrinkage limit Fig. 4 — Variation in C.B.R. value
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Fig. 5 — Variation of Unconfined compressive strengh

IV. CONCLUSIONS

From the series of tests conducted on black cotton soil
mixed with lime and jute fibres, the following conclusions
are drawn :

1.

(1]

(2]

(3]

(4]
[3]

(7]

IJERTV31S20849

The shrinkage limit values increases from 13.75% to
28.68% with increase in the jute fibres percentage
(fig.1).

The Optimum moisture content values increases from
16.20 to 19.60.The Maximum dry density are also
decreased from 1.68 to 1.58(fig.2 & fig.3).

There is significant increase in California bearing ratio
and unconfined compressive strength values. The
C.B.R. increases from 3.10% to 4.95% and unconfined
compressive strength from 1.09 kg/cm?” to 1.35 kg/cm®.
The variation is presented in figure 4 and 5.

From the test results it can be concluded that the
addition of jute fibres to lime stabilized BC soil
decreases its swelling behaviour and increase the
C.B.R. and unconfined compressive strength properties.
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Abstract

In the previous years, Wireless Sensor Networks (WSNs)
have increased expanding consideration from both the clients and
scientists. It is utilized as a part of different fields which
incorporate ecological, social insurance, military and other
business applications. Sensor hubs are battery fueled so vitality
imperatives on hubs are extremely strict. At the point when battery
gets released, sensor hub will get detached from remaining system.
This outcomes in connection disappointment and information
misfortune. In a few applications battery substitution is likewise
impractical. Consequently, vitality proficient strategies ought to be
outlined which will upgrade lifetime of system and precise
information exchange. In this paper, diverse wellsprings of vitality
dissemination are recorded trailed by vitality effective systems to
improve lifetime of the system.
Keywords:
Remote sensor systems, vitality productive strategies, lifetime of
system.

1. Introduction

The Advancement in remote correspondence
prompts create remote sensor systems (WSN). It
comprises of little gadgets. These gadgets gather data by
organizing with one another. These modest gadgets are
called as sensor hub which comprises of CPU (for
information handling), memory (for information
stockpiling), battery (for vitality) and handset (for
accepting and sending signs or information starting with
one hub then onto the next).

The span of every sensor hub fluctuates with

application prerequisite. For instance, sensor hubs are
infinitesimally little in military applications. The expense
relies on parameters such as memory size, handling rate
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and battery [1]. Remote sensor systems are utilized as a
part of business and mechanical zones like living space
observing, ecological checking, human services,
reconnaissance and procedure checking. We can likewise
utilize it to screen an action, for example, physical and
ecological conditions, for example, temperature, weight,
sound and pass their information to the sink which is the
base station(called sink).A sensor hub incorporates three
fundamental segments which are as per the following:

a) A detecting subsystem for information securing
from the physical encompassing environment.

b) A preparing subsystem for nearby information
handling and capacity.

¢) A remote correspondence subsystem for information
transmission.

The battery source supplies vitality required by the
gadget to perform assignments. Be that as it may, it
comprises of restricted vitality asset. It turns out to be
extremely hard to revive the battery, since hubs might be
set in unfriendly or unconventional environment. Among
the arrangement of potential situations, applications with
observing errand advantage from this innovation as WSNs
permit an information obtaining at scales and resolutions
that are hard to accomplish with past methods.

Lifetime of a sensor system ought to be
sufficiently long to satisfy application necessity. Outside
force supply demonstrates a non-consistent conduct so
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vitality cradle is required. In this way, vitality protection
assumes key part in configuration of frameworks taking
into account remote sensor systems.

A WSN comprises of various sensor hubs spread
over a little or substantial land region. Every sensor hub
has remote correspondence ability and noteworthy insight
for sign handling and systems administration of the
information. AWSN can be set in remote geological areas
[2]. Tt requires least measure of setup and organization
costs. In WSNss the hubs demonstration both as hosts and
as switches.

They work in a self-sorting out and adjusting way.
Commonplace  WSNs correspond specifically with a
brought together controller or a satellite, in this manner
correspondence between the sensor and controllers depends
on a solitary jump. In future, a WSN could be an
accumulation of independent hubs that correspond with one
another by shaping a multi- bounce system. The utilization
of WSN is expanding step by step and in the meantime
confronting issue of vitality imperatives as far as short
battery lifetime.

Each hub relies on upon the battery hotspot for
different exercises; this has turning into a noteworthy issue
in remote sensor systems. On the off chance that anybody
hub among every one of the hubs gets fizzled, the whole
framework gets intruded. Each sensor hub can be in
dynamic, rest and sit still modes. In dynamic state,
accepting and transmission of information is done. Out of
gear mode, the hubs expend same measure of vitality as in
dynamic mode. While in rest mode, hubs make radio to
shutdown to spare the vitality. The accompanying steps can
be thought about to spare vitality created by correspondence
in WSNs [3].

a) Schedule the different conditions of hubs (i.¢., transmitting,
accepting, sit or rest).

b) Change in transmission range between the detecting hubs.

¢) Use of effective steering and information gathering
systems.

d) Avoid the treatment of undesirable information as in
catching procedure.

By and large, (e.g., Observation applications), it is
impractical to supplant the battery source which is depleted
of vitality. Numerous analysts are attempting to discover
force mindful conventions for remote sensor systems
with a specific end goal to overcome vitality effectiveness
issues. Conventions ought to give ongoing backing as they
are connected in regions where information is detected,
handled and transmitted. On the off chance that a
convention has a quick and solid in responses to changes in
system, it is said to have constant backing. The
postponement in transmission of information from sensor
hubs to sink ought to be less, which transforms into quick
reaction.

2. CHALLENGES IN THE NETWORK
DESIGN AND ROUTING ISSUES

A few elements ought to be thought about while
outlining a system and directing conventions. A few
confinements of system assets influence WSNss, for instance,
vitality, focal handling unit, data transmission and capacity
[4][5]. The difficulties in outline of sensor systems include
taking after fundamental aspects[4][5][6]:

2.1 Sensor Deployment

While planning of directing conventions, one
needs to deal with the areas of the sensors. A large portion
of the conventions accept that the sensors are in worked of
GPS recipients or utilize some limitation strategies to think
about sensor positions.

2.2 Limited Energy Capacity

Since batteries are utilized as a force source as a
part of sensor hubs, they have constrained vitality limit. In
front line, as it is unrealistic to revive batteries and access
the sensors, vitality requirements on sensors are tight. At the
point when vitality of the sensor achieves characterized
limit, it won't ready to work appropriately. Thus, drawn out
system lifetime can be accomplished by planning vitality
proficient steering conventions for sensors.

2.2 Data Aggregation

Enhanced information exchange and in addition
vitality effectiveness can be accomplished by utilizing
conglomeration method. The
retransmissions of comparable bundles will be altogether

information
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diminished which helps in minimizing the repetitive
information.

2.4 Various Sensing Application Requirements

There are various applications in which sensor
systems are utilized. A solitary system convention can't
fulfill the prerequisites of all applications. Subsequently
directing conventions ought to have the capacity to in
precise information conveyance and sink can accumulate
all data about physical wonder on time.

2.5 Scalability

In WSN, systems might be of various sizes and
such systems might contain sensors with various limits
and deviated joins between them. In such cases steering
conventions ought to scale with these parts of system.

2.6 Vitality

Vitality preservation can be accomplished at
a) Device level: By proper determination and design of
equipment.

b) Network level: By selecting specialized routines and
conventions.

The sensor hub comprises of handling unit,
detecting unit, handset unit and force unit [7]. Preparing
unit can read information of sensor furthermore perform a
few counts and make a parcel prepared to move in the
channel. Sensor changes over vitality starting with one
frame then onto the next structure. Fundamentally it goes
about as a transducer which changes over vitality into
simple or computerized signal. Sensors can be prominent
in view of sort of vitality they distinguish or exchange to
the framework. Common sensor hub can be worked with
various sorts of sensors. Some of them need a lot of vitality
than others.

3. REASONS OF ENERGY WASTAGE

In WSNs, vitality is scattered by sensors while
detecting, preparing, transmitting or accepting information
to satisfy the mission required by the application.
Information sensing so as to obtain is finished subsystem.
The vitality can be spared if information from transducer
can be minimized. Correspondence framework is an
insatiable wellspring of vitality scattering. Extraordinary
measure of vitality is squandered in states that are futile
from the application perspective[8§].

3.1 Collision

At the point when a hub gets more than one
parcel in the meantime, impact will happens between
these bundles. All bundles that cause the crash ought to
be tossed. Also, retransmission of these bundles is
required.

3.2 Overhearing

At the point when a sender transmits a bundle,
every neighboring hub in its transmission range get the
parcel regardless of the possibility that it is not bound for
them. In this way the vitality is squandered when a hub
gets parcels which are not proposed to be gotten.

3.3 Idle Listening

It is one of the significant wellsprings of vitality
wastage. Vitality scattering happens when a hub is
listening to an unmoving direct keeping in mind the end
goal to get conceivable movement.

3.4 Interference

The hubs situated between transmission extent
and obstruction range gets a bundle however can't
decipher it. A forementioned reasons give us general
thought regarding vitality scattering sources. As system
lifetime gets to be essential variable for assessing WSN,
vitality protection methods ought to be intended to
upgrade the system lifetime.

4. ORDER OF ENERGY EFFICIENT
TECHNIQUES

Vitality effective strategies can be characterized in
five principle information
diminishment, convention overhead decrease, vitality
productive directing, obligation cycling and topology
control.

4.1 Data Reduction

classes  specifically,

It primarily concentrates on diminishing the
measure of information delivered, prepared and
Information pressure and information
collection utilizes information diminishment method.

transmitted.

4.2 Protocol Overhead Reduction

This method is utilized to expand convention
proficiency by diminishing the overhead. Streamlined
flooding is likewise used to decrease the overhead.
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Transmission times of messages are chosen relying on the
dependability of the system, or on the separation to the
wellspring of the transmitted data.

4.3 Energy Efficient Routing

Directing conventions ought to be planned in a
manner that system lifetime ought to be expanded and
vitality devoured by end-to-end transmission ought to be
minimized. Hubs with low lingering vitality ought to be
kept away from. A few conventions use land directions of
hubs to construct a course toward the destination. Others
construct an order of hubs to improve directing and
decrease overhead. Information driven conventions send
information to just hubs which are intrigued to keep away

from pointless transmissions.
4.4 Topology Control

It alters transmission control and keeps up system
network. It will diminish vitality utilization.

5 GENERAL APPROACHES
ENERGY SAVING

FOR

Diverse routines can be utilized to diminish
vitality utilization in remote sensor systems (WSN, for
example,

5.1 System Partitioning

Sensor hubs in WSN have constrained measure of
vitality as they are battery fueled. The sensor hubs might
be conveyed in unforgiving natural conditions relying on
the application prerequisite. Hub disappointment is
tranquil normal in barrier applications where issue of
vindictive treating; ecological corruption can influence
execution of hubs.

Because of which system topology might get to be
disengaged. Because of disappointment of set of hubs, a
subset of hubs that have not fizzled likewise gets to be
isolated from rest of the system. This is called as "cut" in
a system which brings about loss of bundle information.
The method is utilized which separates the sensor hubs
into N sets to accomplish the maximal lifetime change.
Framework apportioning can be utilized to diminish
vitality utilization in the system.

5.2 Dynamic Voltage Scaling

To add to a vitality productive framework is one of
the difficulties in remote sensor systems. It is a method to

decrease vitality utilization by differing the CPU
recurrence. Changing the CPU recurrence can influence
time keeping usefulness of sensor stages. In [9], creator
expressed diminishment of vitality utilization in remote
sensor systems by means of element voltage scaling while
lessening effect of CPU recurrence exchanging on time
synchronization. Dynamic voltage scaling (DVS) and
element voltage and recurrence scaling (DVFS) strategies
have been broadly used to diminish vitality dispersal
continuously and occasion driven frame works.

5.3 Energy Efficient MAC Protocols

Remote sensor system is an appealing decision
for different applications as no wired system is included.
Different remote systems are not as vitality compelled as
remote sensor systems. As different systems can be
connected to mains supply or furnished with batteries that
are rechargeable and replaceable. One of the prime
wellsprings of vitality exhaustion in  WSN can be
controlled by medium access control (MAC) protocols[10].
MAC conventions can be named controlled access(CA),
random access(RA), slotted access(SA), hybrid
protocols(HP).

5.4 Energy Aware Routing

Vitality mindful information driven directing
convention (EAD) [11] is circulated steering convention,
which frames a virtual spine involved dynamic sensors
that are in charge of in-system information handling and
activity handing-off. EAD methodology is vitality
mindful and valuable expanding system lifetime.

5.5 Duty Cycling

The best vitality saving operation is to put the
radio handset in low power mode i.e. rest mode at
whatever point correspondence between hubs is a bit
much. The radio ought to be exchanged off when there is
no information to exchange or to get and ought to be
made dynamic when an information parcel gets to be
prepared [12]. The exchanging in the middle of dynamic
and rest mode can spare vitality usage. Along these lines,
hubs substitute in the middle of dynamic and rest periods.

5.6 Network Coding

System coding is utilized to upgrade a system's
throughput, productivity and  versatility [13].This
procedure enhances the limit of a system with better
utilization of data transmission. The hubs of the remote
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system take a few parcels and send them together for
transmission to achieve greatest conceivable data stream.
Middle hubs encode information bundles got from
neighboring hubs. Fundamentally this system is utilized to
lessen movement in bottleneck zone or territory close to
the sink. The hubs in bottleneck zone are inclined to drain
their energies immediately called as vitality entire issue in
WSN.

At whatever point a hub goes into the bottleneck
zone, system coding layer keeps up got line and a detected
line. At whatever point it gets a parcel a hub put the bundle
in got line. Encoded (XOR) parcel is produced by bundles
from detected line and got line. On the off chance that got
bundle is as of now handled then it is disposed of by the
hub. In the event that the hub is not an encoder hub, it goes
about as hand-off hub and transmit parcel to the sink.
Obligation cycle and system coding method can be
consolidated to utilize the system assets viably.

6. CONCLUSION

Vitality sparing in remote sensor systems have
pulled in a considerable measure of consideration in the
late years. It is one of the basic viewpoints for WSNs. The
overview is done about vital ways to deal with vitality
protection in remote sensor systems. Vitality monitoring
system correspondence methods turn out to be more vital.
This paper is review about what are the systems that are
utilized as a part of the remote sensor systems for
upgrading the life time of systems. It set forward both
development  methods and  some of  past
strategies .Important procedures are condensed yet at the
same time a few improvements are required.
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Abstract—A remote sensor system (WSN) is a remote system comprising of spatially dispersed
self-sufficient gadgets utilizing sensors to screen physical or natural conditions. A WSN
framework consolidates a portal that gives remote network back to the wired world and
dispersed hubs. Vitality utilization and constrained battery life is the primary issue in remote
correspondence particularly in remote sensor system. In this manner as of late vitality
productivity is getting more consideration in remote sensor system. To enhance the battery life
of sensor hubs we permit the sink to move in sensor system. For better sink versatility, the
development example of the sink ought to be chosen, with the goal that sink can take after the
way and accumulate the information all the more effectively additionally in less time. Sink Trail
and Sink Trails, two vitality proficient proactive information reporting conventions are utilized
to choose the most brief way for sink portability.

Index Terms— Sinks, Sink Trail, Sink Trails, Data get-together, and Senor Nodes.

1. INTRODUCTION

A remote sensor system (WSN) is a remote system comprising of spatially conveyed self- governing gadgets
utilizing sensors to screen physical or ecological conditions. A WSN framework joins a door that gives remote
network back to the wired world and dispersed hubs. Engineers have made WSN applications for zones
including social insurance, utilities, and remote checking. In social insurance, remote gadgets make less
obtrusive patient checking and medicinal services conceivable. For utilities, for example, the power network,
streetlights, and water municipals, remote sensors offer a lower-cost technique for gathering framework
wellbeing information to lessen vitality use and better oversee assets. Remote checking covers an extensive
variety of utilizations where remote frameworks can supplement wired frameworks by diminishing wiring costs
and permitting new sorts of estimation applications. Remote checking applications include:

¢ Environmental observing of air, water, and soil

e  Structural observing for structures and extensions
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¢ Industrial machine observing

e Process observing

e Asset following
Remote sensor systems comprise of individual hubs that can collaborate with the earth by detecting or
controlling physical parameters. These hubs need to work together to satisfy their undertakings. The hubs are
interlinked together and by utilizing remote connections every hub can impart and team up with each other. The
sensor field constitutes sensor hubs.
Normally, a sensor hub can perform undertakings like calculation of information, stockpiling of information,
correspondence of information and detecting/incitation of information. A fundamental sensor hub commonly
includes five primary segments and they are to be specific controller, memory, sensors and actuators, specialized
gadget and force supply. A controller is to process all the applicable information, fit for executing self-assertive
code. Memory is utilized to store projects and middle information. Sensors and actuators are the real interface to
the physical world. These gadgets watch or control physical parameters of nature. The specialized gadget sends
and gets data over a remote channel. Lastly, the force supply is important to give vitality.
In remote sensor systems, power utilization proficiency is a standout amongst the most imperative configuration
contemplations. In this manner, these interlaced parts need to work and adjust the exchange offs between as little
vitality utilization as could be expected under the circumstances furthermore the need to satisfy their
assignments. On the off chance that the sensor hubs and sink both are static then more vitality is required by the
sensor hubs to pass on the vitality towards the sink hubs. Along these lines to diminish the force utilization of
sensor hubs scientists incorporates the idea of sink portability. Sinks are permitted to move in the system and
assemble the data from the sensor hub and procedure over it. Accordingly, Sensor hubs does not require to cost
vitality to exchange the information toward sink hubs.
At the point when the idea of portable sink is presenting, the sink can be a robot, vehicle or creatures which are
furnished with radio gadgets are utilized which are send into the system and straightforwardly speak with the
sensor hubs which results in streamlined information transmission way and lessens the vitality utilization. Sink
versatility decreases the vitality utilization; it presents new difficulties in sensor system applications. At the point
when the sink is permitted to move in the system, way ought to be trailed by the sink with the goal that it can
work all the more viably. For the better development of the sink in the system, course should be found, on which
sink can move productively and accumulate the information in least time.
A few calculations have been proposed to discover the upgraded course, for example, on-interest directing,
separation vector steering, land steering and so on when geological directing is utilized the drawback as a part of
that is, it accepts that the topographical area of the considerable number of hubs are known. Numerous
specialists concentrate on arranging a portable sink's moving direction ahead of time to advance the system
execution. Be that as it may, in numerous applications predefined direction is not pertinent. So, without
predefining the direction we permit the moveable sink to habitually declare the area data all through the
system.
Sink Trail, a proactive information reporting convention is utilized as a part of sensor system where the sink
moves consistently in the system, in moderately low speed and accumulate the information. At specific
separation after same time of interim sink hubs telecast the control knead in much lower recurrence than it
customarily required in existing information gathering convention. The position where the message is telecast is
called as "impressions".
This impression is considered as virtual point of interest. Utilizing this virtual historic point sensor hub can
without much of a stretch recognize its jump tally separation from the milestone. These jump check separations
consolidated speak to the sensor hub's direction in the coherent direction space built by the portable sink. By
utilizing the destination directions and its own directions, every sensor hub chooses the following jump with the
improved separation.
Hence the convention finds the streamlined way without utilization of GPS or any predefined milestone. This
convention decreases the unpredictability of the directing calculation and additionally builds the battery life time
of the sensor hubs.

II. RELATED WORK

Wired system concentrates on amplifying the end-to-end throughput and minimizing the deferral. In any case,
vitality utilization and constrained battery life is the fundamental issue in remote correspondence particularly in
remote sensor system. In this manner as of late vitality productivity is getting more consideration in remote
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sensor system. In view of the versatility example of the portable hub’s information gathering plan is separated
into two classifications.

A. Wild Mobility

In Uncontrollable Mobility, the versatile authority moves haphazardly. In proposed to utilize an exceptional kind
of portable hubs as sending specialists is utilized to encourage network among static sensors and transport
information with irregular portability. In portable hubs are not permitted to choose straight course to accumulate
the data in the system. Batalin et al. set proposed a framework NIMs, where portable authorities can just move
along altered links amongst trees and guarantee that they can be energized at whatever time amid the
development. A known component of these methodologies is high security and dependability, and the
framework upkeep is basic. In any case, they normally do not have the deftness and can't be versatile to the
sensor dispersion and natural flow.

B. Controlled portability

Controlled versatility is the second classification in which the portable gatherers move anyplace in the system
uninhibitedly and its direction will be plan to move proficiently in the system. To expand the battery life of the
sensor hubs, visit arranging calculations is utilized for accomplishing a short information gathering visit and to
transfer every one of the information inside a solitary bounce. While these methodologies minimize the vitality
utilization by totally evading multi jump transfers, they may bring about long information gathering inactivity
particularly in an extensive scale sensor system. Information gathering plan is proposed in that mutually
considers the full use of simultaneous information transferring and visit length minimization. In the plan, various
sensors can at the same time transfer information bundles to the versatile gatherer in a solitary jump, which
effectively abbreviates information transferring time. Effective information gathering turning into a more
imperative as of late, for which numerous plans are proposed by specialists. These plans are classified in three
sections, productive hand-off steering , various leveled base, and portable information gathering.

C. Examination of information social event plans

In surveying-based methodology portability of sink is controllable where the way of movement is not choosing.
In single-bounce information gathering (SHDG), a portable authority stops at some chose sensor hubs to gather
information such that solitary jump information transferring from every sensor to the versatile gatherer can be
ensured. In controlled portable component plan (CME), a versatile authority crosses the predefined track and
gathers information from the sensors close-by with multihop transfers.

TABLE I: EXAMINATION OF INFORMATION SOCIAL EVENT PLANS
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D. Various leveled Infrastructure

In progressive base WSN is gathered into bunches, where in every group one group head is pick which is in
charge of the information exchange from on one sink to another. Be that as it may, in progressive foundation
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bunch head expends more vitality than other sensor hubs. Since every sensor hub perhaps get to be group head
every hub ought to be capable for approaching and active movement. It expands the general expense of the
system. It might build overhead because of incessant data trade among sensors.

E. Portable Data Gathering

When static various leveled system is utilized numerous issues are happened amid information gathering. To
conquer this issue versatile information gathering plan has been proposed. In this plan portable gatherers are
utilized which interfaces the static sensors. The portable authorities, called information donkeys, are proposed in,
which accumulate the information from close-by sensors store its and last process it. Despite the fact that it
decreases the vitality utilization of the sensor hubs, its moving direction is not controllable and parcel deferral is
not unsurprising. In a vitality proficient item following plan is proposed in which the quantity of following
sensors is minimized through direction expectation. Here the portable operators are stay in contact of sensor hubs
constantly which are closer to the article which we need to track. As the portability of the haphazardly moving
item is not unsurprising and not controllable, most extreme bundle postponement are not garneted. In this
manner for the sensor hubs conveyed in the urban ranges, transports or prepares go about as versatile base
stations.

Presently the moving way and time is unsurprising. In spite of the fact that the portable information gathering
plan diminishes the vitality utilization in remote sensor system, information gathering inactivity is expansions.
The plan essentially centered around minimizing the moving direction however did not consider the information
transferring time. These perceptions propose to outline a plan which minimize the aggregate information
gathering time which incorporates moving time of the information authorities and additionally information
transferring time of sensor system. Along these lines the joint methodology of versatility and space- division
numerous entrance (SDMA) system is proposed in.

F. Versatility and Space-division Multiple Access (SDMA) Technique

In this method portable gatherers go about as versatile base station and surveys every sensor while navigating its
transmission range. Every sensor hub specifically sends data towards portable gatherers with no transfer so that
the lifetime of sensors can be drawn out. SDMA procedure is additionally connected to information gathering by
outfitting the versatile authority with two receiving wires. With SDMA, two unmistakable good sensors may
effectively make simultaneous information transferring to the versatile gatherers. At the point when the idea of
sink versatility is presented it additionally presented new difficulties. Numerous methodologies and conventions
are proposed by the specialists to diminish the control overhead in the system presented by sink versatility.

III. PROPOSED WORK

A. Sink Trail Protocol

Consider a huge scale, consistently dispersed sensor system sent in an outside region where the hubs in the
system speak with each other utilizing radio connections. All hubs in sensor system are associated with each
other. We accept that when the procedure information accumulation begins sensor hubs will wake up means they
are in alert state. To accumulate the information from the system versatile sinks are utilized which are
occasionally send as a part of system. As vitality supply of versatile sinks can be supplanted or energized
effortlessly, they are accepted to have boundless force. At the point when versatile sink enters in the system it
ends just when enough information is accumulated or there is no information to assemble.

The Sink Trail convention is proposed for sensor hubs to proactively report their information back to one of the
portable sinks. In Sink Trail Protocol amid the information gathering sink moves in the given system in low
speed and focus on the reporting information bundle. Portable sink stops at some spots for brief length of time,
show the message to entire system and begins advancing. The focuses where the sink stops are called as trail
focuses and the telecast message are called as trail messages. There is no any predefined example is trailed by
this trail focuses. Trail messages created by the sink contain the arrangement number and the bounce check of
sink. The time interims between two Trail focuses are known as "move".

B. Calculation for portable sink technique

1. Initialization

2. Msgseq«0

3. msghop«0

4. step size parameter K
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moving techniques
while not get enough information do
g0 to next trail point
msgseq«—msgseq+1

9. stops eventually and show message

10. same time listen for information parcel

11. end while

12. stop
In sink Trail convention predefined points of interest are not utilized as a part of spot of predefined milestones
coherent directions are utilized. To speak to the legitimate direction, sink references are utilized.
Every hubs keep up the trail reference and utilized amid the information sending. Two stages are utilized as a
part of Sink Trail Protocol. Coherent direction space development is the primary stage. In this stage as indicated
by versatile sink's trail messages sensor hubs redesign their trail references. Destination Identification is the
second period of Sink Trail. Rather than planning a portable sink's development, it permits a versatile sink to
suddenly stop at advantageous areas as per current field circumstances or fancied moving ways. These trail
focuses in Sink Trail, are impressions of a versatile sink, and they give significant data to following the present
area of a portable sink.

C. Effect of number of portable sinks in system

In sensor system number of versatile sinks influences the general framework execution. At the point when
different portable sinks are utilized as a part of system, a few consistent direction spaces are built simultaneously
and information bundles are sent to the destination reference utilizing the briefest way as a part of any direction
space. As the quantity of portable sinks expands it diminishes the normal course length furthermore decreases
the aggregate vitality utilization. In any case, more portable sinks likewise present heavier weights for trail
message television and steering data support. Far and away more terrible, various number of versatile sinks in a
system bother control activity clog and correspondence delays, which will thus bring about higher parcel
misfortune and retransmission rate.

IV. CONCLUSION

In this paper different part of information social affairs plans, for example, uncontrolled portability, controlled
versatility, proficient transfer steering, various leveled framework is talked about, besides concise idea of Sink
Tail convention is portrayed for vitality productive information gathering where effect of numerous sinks in
system is depicted .

Sink Trail utilizes sensible directions to choose separates, and sets up information reporting way by eagerly
selecting the briefest way to the destination reference. It likewise comprises wanted elements of topographical
directing without requiring GPS gadgets or additional historic points introduced.
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Abstract: Gathering the requirement is the vital steps for every
successful quality software. Requirement Engineering is the key
role for gathering the requirement. The good quality software
development require useful data requirement. In recent Software
Engineering achieve the data centric with the involvement of big
data, artificial intelligence (Al) and machine learning. The most
of data gathered from different sources with the evolution of
technology, social media and other sources. There are many
factors while gathering the requirement to produce the product
with good quality. This Paper highlights and extends the research
scope of existing requirement engineering to meet the new
challenges of requirement clusterization and increase the
productivity of product in regards to customer requirement. There
is need of applying classification and clustering technique to form
requirement clusterization.

Keywords: Requirement Analysis, Classification, Clustering,
Requirement Engineering, Requirement Elicitation.

I. INTRODUCTION

Requirement Engineering is a important phase of

software development life cycle. The purpose of
requirement engineering is deal between the client and
developer. The collection of full and consonant
requirements can lead the quality of software product and
can fulfill the user requirements. The requirement
engineering is a tough exercise that considers the product
requirement demands from the number of viewpoints, roles
and responsibilities [2]. The  proper execution of
requirement engineering will have direct effect on the
product quality of the software.. In this paper, we highlight
the role of requirement engineering and its activities in the
development of quality software product. Requirement
engineering is the incremental process.
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It is the systematic technique for requirement elicitation,
requirement analysis, requirement specification,
requirement management .Traditionally, the requirement
engineering is performed in the first phase of the software
development life cycle [1]. The requirement engineering has
dominant impact on the software product. The irrelevant or
noise requirement present in a initial stage will be continued
to the next stages of product implementation. Identification
and modification of error at initial stage is more easier than
the later stage in terms of time and cost.

Because of this requirement engineering is the important
phase to reduce the errors at the initial stage of the good
quality software development. There are many factors while
gathering the requirement to produce the Software with good
quality. There is a need of applying classification and
clustering technique to segregate the requirements of same
type. This Paper extends the research scope of existing
requirement engineering to meet the new challenges of
requirement clusterization and increase the productivity of
product in regards to customer requirement. In this we form
the cluster of same requirements based on number of
requirements’ received from the different users.

During the software development the quality of software
project is decided in terms of requirement elicitation and
requirement managing process.

Research paper provides comprehensive view of the role of
requirement gathering in the requirement Engineering. The
different sections in the paper are as follows. The Section 11
focused on the literature review of requirement engineering.
Section III describes the taxonomy of requirement
engineering. section IV describes various challenges &
issues. Section V contains conclusion.

II. LITERATURE REVIEW

In the field of requirement engineering number of
researches share their knowledge as follows J Malla Reddy,
et al [1], discussed about the requirement engineering
concept Huma Hayat Khan, et al [2], discussed the factor
generating the risk in the mean time of requirement
engineering process in paradigm of Global software
development. The work is useful for the people with less
experience working in the global software development. Dr.
Rajinder Singh [3]. conducted the survey on different
software development organizations. He analyzed with
evidence how quality of software product co-related with
the reengineering process Swarnalatha. K.S, et al [4]
proposed the dynamic framework for requirements
engineering process model to produce better requirements
for any software. The successful implementation of
proposed requirement engineering process can have a good
impact on the production of quality and quantitative
software product.
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Dr. Rajinder Singh [5] reviewed crucial processes used in
requirement engineering role is the software development
with practical survey conducted on Indian companies and
evaluated results for better software product.

Haron, et al [6] described the role of people, process and
technology during software project requirement. He
conducted survey on IT Industry of Malaysia and find out
79.7% of IT Managers are in the requirement engineering
process performing the roles of Project leaders and project
managers. Dhirendra Pandey, et al [7], presented the paper
on requirement engineering and its influence on quality
software development. In this I studied different
classification methods for requirement engineering.

Abhijit Chakraborthy et al [8], Implementing an effective
method on requirement engineering the example of health
care system. Saima Amber, et al [9], presented research
paper on determination of risks in the requirement analysis
process with framework model. In this comparison of
model is shown on the basis of risk identification
techniques. Dhirendra Pandy, et al [10], described the basic
fundamentals and dimensions of requirement engineering
process and provide the idea on software requirement
specification.

I11. ISSUES AND SOLUTION FOR
REQUIREMENT GATHERING

Requirement gathering is a crucial part of any project. It will
become a challenging attempt to achieve it. Knowledge
expert role is to gathering the requirement. There are some
common problems while gathering requirements. Every
problem will have some solution in same way there are
some suggestion to overcome from the problem while
gathering the requirement. The good requirement always
makes the software project successful.

A. Undocumented Processes

There is poor documentation or no documentation in many
organizations about the existing processes. Here
requirement gathering become a two step process. Firstly
area of information of existing process and then identifying
area for improvement and enhance optimization.

To confirm requirements are full and correct, its important
to identify main stakeholders and subject knowledge
experts and contact with them directly.

B. Conflicting Requirements

The business analyst will play the crucial role in document
all the requirements. The ideas of the entire stakeholder will
never be same and it leads to conflicting requirements.
Business analyst identifies inconsistent requests and let
stakeholders decide on priorities.

Business analyst has to listen stake holder’s opinion and
have some recommendations about what should be
prioritized. The opinion of stakeholder will be crucial while
gathering the requirement.

C. Lack of Access to End Users

Sometimes end users were too busy in their daily routine
task and unable to participate in requirement gathering
process. Absence of end users may lead to a few reasons
and requires appropriate resolution.

Business analyst will play the crucial role. Defining groups
and finding the most suitable end users in each group.
Doing as much research as possible prior to the engagement
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will help to make conversation more structured and
insightful.

D. Validating And Tracing Requirement

Requirement gathered are listed should be cross checked
before starting the implementation. It avoids the irrelevant
requirement. Tracing the requirement will play the vital
role. There should be forward as well as backward
traceability.

E. Stakeholder Design

Stakeholders or end user have the need to utter how the
system should work rather than providing details about
what the system should do.

Hearing to stakeholders about possible solution can be
perceptive but may also redirect actual problems and better
solution designs.

F. Communication Issues

This includes language difference, unclear assumptions, and
wrong vocabulary that lead to misunderstand between
stakeholders and a business analyst.

The best solution to overcome from this is to establish two
way communications.

IV. REQUIREMENT ENGINEERING PROCESS

Requirement engineering process consist of four steps they
are

Feasibility Study

Requirement Elicitation and analysis

Software requirement specification

Software requirement validation

Requirements

Elicition and
Analysis

Feasibility
study

Requirements
Specification

Feasibility
Report

Requirements

System Model’s
Validation

User and System
Requirements

Requirements
Docoument

Requirement Engineering Process

A. Feasibilty Study

The feasibility study is used make the reasons for creating
the software that satisfy the user requirement. It should be
flexible to change and consistent to established the
standards. There are three types of feasibility study. They
are Technical Feasibility, Operational Feasibility, Economic
Feasibility, Technical Feasibility determines the latest
technologies which are required to gather the customer
requirement within the time and budget.
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Operational feasibility examines the range in which the
required software performs a series of level to solve business
problems and customer requirements.

Economic feasibility deals with the financial analysis of the
organization. It decides whether the necessary software can
generate financial profits for companies.

B. Requirement Elicitaion and Analysis

In this requirement are recognized with the help of
stakeholder, customers and existing system. In this
gathering of requirement is done. Analysis of requirement
begins with requirement elicitation. The requirements are
analyzed to find the missing, incomplete, inconsistencies.
Problems of Elicitation and Analysis Only right people must
involve gathering all requirements. Sometime stakeholders
don’t know what they required. Knowledge experts can
involve gathering the requirements. Sometimes requirement
is not specified in the detailed manner. Conflict requirements
arise due to different opinion. During analysis process
requirement can change.
Elicitation and Analysis Process

Requirement
Definition and
Specification

Requirement
Validation

Process
entry

Classification

C. Software requirement specification:

Requirements are collected from the different sources. A
document is prepared by the software analyst after the
requirements collected is known as software requirement
specification. The requirements received from the
stakeholder are in natural language. It is the job of the
analyst to translate the requirement in the technical language
It will help to the development team to understand technical
language very easily. ER diagrams, data flow diagrams, data
dictionaries will be used. E-R diagram is a detailed logical
representation of the data for the organization. It mainly
consists of data entities, relationship and their associate
attributes. Data flow diagrams represent the flow of data
through a system. DFD’S are mostly used for modeling the
requirements. Data Dictionaries are repositories to store
information about all data items defined in DFDs. It should
ensure that the stakeholder and developers uses the same
definition and methods at the requirement stage.

D. Software Requirement Validation

It is the process of checking that requirements defined for
development, define the system that the customer really
needs. Requirement validation performs to check issues
related to requirements. Some of the requirement validation
techniques are Automated consistency analysis Prototyping
Test Case generation Requirement inspection A complete
Software Requirement Specification should be:

-Clear
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-Consistent
-Correct
-Modifiable
-Verifiable
-Traceable

V. CONCLUSION

From above study, it is concluded that requirement gathering
is the crucial steps in software project. The Various factors
that contribute to the requirement engineering process based
on the knowledge of requirement engineer and commitment
of stakeholder. Requirement gathering can be used for
software development process to produce a quality product.
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Abstract: In cases of bipolar disorder (BD), genetic factors have only been shown to contribute to a minor portion of
the condition's heritability. Because of this, people have been looking into sub-phenotypes of BD, such as treatment
response, in an effort to narrow the heterogeneity of BD. Using a variety of methods, the researchers in this study
conducted a series of experiments with the goal of identifying molecular signatures that are related to bipolar disorder
(BD), the response to lithium medication, and other subclinical traits in a cohort of individuals who have BD. First, we
investigated the connection between lithium response and essential candidate genes already known to influence lithium
response in other populations. In the second step of the process, a global and CpG island DNA methylation profiling
was carried out with the goal of locating genomic loci that had distinct methylation patterns in lithium responders as
opposed to non-responders. Third, a genome-wide copy number variation (CNV) study was done to find and describe
CNVs that are linked to BD symptoms and how well lithium works. Finally, the results of an untargeted plasma
metabolomic profiling showed that patients with bipolar disorder, both those who responded to lithium treatment and
those who did not, had different amounts of a number of different metabolite species. The study's results support the
idea that BD is most likely caused by the dynamic dysregulation of a large number of gene regulatory networks,
proteins, and metabolic pathways, which is a sign of complex problems in the system.

Keywords: BP; DSM; WHO; CNV; ANOVA.

1. Introduction:
Formerly called manic-depressive disease, bipolar affective disorder is a neuropsychiatric condition currently
categorized as a mood disorder. Patterns of aberrant and extreme mood swings, from periods of depression to
heightened mood, which is called mania, characterize this medical disease for which this diagnostic word is used. There
is a wide variety of manifestations of bipolar disorder (BD) [1]. Treatment success is condition-specific and can occur
in tandem with other psychiatric disorders. Without treatment, BD can have devastating effects on not just the quality of

life of those who suffer from it but also their loved ones and the larger community [2]. Psychosis, both manic and
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depressive, can occur in the most severe forms of BD, which is coupled with cognitive and behavioral issues. The
disease is extremely problematic from a public health perspective because it leads to increased suicide mortality and

requires recurrent hospitalization [3].

1.1. Nosology, Symptoms, and Clinical Course of BD:

Psychiatric conditions that fall under the umbrella of "bipolar disorder" are quite varied. Clinical studies that tracked
patients over time in the late 20th century revealed a striking diversity of phenotypes among the affected group. Mania
without depression, dysthymia, cyclothymia, and mania type I and II are all part of the bipolar spectrum. Figure 1
depicts some of the most common types of mood disorders and the symptoms associated with them [4]. BD is a chronic
condition that can progress in a variety of ways throughout the course of a person's lifetime. The initial manifestation of
BD might manifest as either manic or hypomanic symptoms, depressive ones, or a combination of the three. The initial
episode of bipolar disorder is typically manic for men, while the first episode of depression is equally common in both
sexes [5]. More than ten affective episodes may occur in a patient's lifetime if BD is left untreated. Most people with
bipolar disorder have typical 'euthymic' intervals between manic and depressive episodes, during which they revert to a
more or less normal mental state. In people with bipolar disorder, the duration of both manic and depressive episodes,
as well as periods of remission (euthymia), varies widely. Manic episodes tend to be shorter in duration than those of

depression or mania [6].

R

Severe Mild/moderate Normal Hypomania Mania
depression depression Euthymic

MOOD STATES

Unipolar depression

Dysthymia

Cyclothymia

TYPE OF DISORDER

Bipolar disorder type Il

Bipolar disorder type | I

Figure 1: Characteristics of mood states in different types of mood disorders.

It has been estimated that the average duration of a manic episode is six weeks. It takes eleven weeks on average for a

major depressive episode and seventeen weeks for a mixed episode. The time between episodes is shorter in later
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seasons compared to the first three. After the first three episodes, both the number of episodes and their length begin to
reduce and increase gradually [7]. Rapid cycling describes patients who have more than four episodes of disturbed
mood per year. Females with BD are more likely to experience rapid cycling, which affects 5-20% of adult females.
Some people with BD have a regular, predictable pattern of episode recurrence, with shifts from depression to mania or
mania to depression, whereas others have no such pattern [8]. The long-term effects of BD-I in a South Indian
community were assessed in a recent survey. Mania is the most common and often the initial manifestation of bipolar
disorder (85% of cases) [9].

Affective episodes, most frequently mania, accounted for 11% of patient lifetimes on average. The average length of a
depressive or manic episode was two months, and the average length of time until a relapse was 21 months [10-11].
Similarly, a cohort from north-east India and research conducted in a rural Indian community both found that BD often

manifested itself through episodes of recurring mania.

1.2 The Diagnostic Procedure

The diagnosis of BD, like that of other psychiatric diseases, is based on a thorough evaluation of the patient's
psychological and behavioural health due to the lack of appropriate clinical laboratory tests. When diagnosing a patient
with a mental disorder, psychiatrists follow established diagnostic interview methods that take into account the patient's
history, personality, social and functional limitations, and other factors [12]. To rule out physical causes of psychiatric
symptoms, it is occasionally necessary to perform a physical examination and review the patient's medical history. All
diagnosable mental and behavioural illnesses are listed in chapter V of the tenth revision of the ICD (International
Classification of Diseases). Diagnostic criteria for BD and related symptoms are detailed in the International
Classification of Diseases, 10th Revision (ICD-10) (http://apps.who.int/classifications/icd/). The American Psychiatric
Association's (APA) Diagnostic and Statistical Manual of Mental Disorders (DSM) is the gold standard for psychiatric
diagnosis. Every few years, the International Classification of Diseases (ICD) and the Diagnostic and Statistical Manual
of Mental Disorders (DSM) are updated or altered to reflect the latest research findings in the field of psychiatry. The

following sections outline the key criteria used in the DSM-IV-TR to diagnose BD in clinical practice [12]

1.3. Genetics:

Many different clinical observations have been made in BD, but the most consistent one is that BD is passed down via
families. This is why a large portion of current studies aim to identify risk factors for the condition, such as specific
genes or chromosomal locations [13]. Genetic research in the 21st century has made great progress in understanding the
biology of BD, even though the specific genes or chromosomal locations causing this condition are still obscure.
Multiple physiological mechanisms and alterations in CNS structure and function have been related to genetic
predispositions to BD. Additional features of BD that are compatible with epigenetic dysregulation include discordance
in monozygotic twins, parent-of-origin effects (POEs), late age of onset, and a varied illness course [14]. Epigenetic
processes have been the focus of recent research into BD. The literature review in this thesis provides additional

information on the genetics and epigenetics of BD [15].

536



Industrial Engineering Journal
ISSN: 0970-2555

Website: www.ivyscientific.org

2. Related work:

Research conducted on families, twins, and adoptees over the past several decades has been crucial in elucidating the
heritable nature of BD. It has been calculated via studies of families that the relative risk of BD among first-degree
relatives is approximately 10%, or ten times that of the general population [16]. There is a 2-fold increase in the
incidence of unipolar depression in first-degree relatives. In families with a history of bipolar disorder, unipolar
depression is more prevalent due to its high population incidence. Moreover, schizoaffective disorder and schizophrenia
were also found to occur at elevated rates in bipolar families. Diverse families have different histories, making it
difficult to generalize about the transmission of BD. The true nature of heredity is further muddled by the existence of
other psychiatric diseases in families where BD is present [17].

If one twin has BD, there is a 70-85% chance that the other does as well; for dizygotic twins, the risk is 15-25%. Taking
into account these variations, BD has one of the highest estimated heritabilities among all psychiatric diseases, at 70—85
percent. As a result, environmental impacts, such as psychological factors, account for some of the risk (15-20%),
meaning that it is not entirely genetic [18]. Research on adopted people with BD has found that their adoptive families
tend to have fewer members with the disorder than their biological families. These findings provide more proof that BD

is a genetically predisposed psychiatric disorder.

Candidate genes for neuropsychiatric diseases are those that code for critical enzymes in neurotransmitter metabolism
[19]. The enzyme catechol-O-methyltransferase (COMT) is involved in the breakdown of the neurotransmitter
catecholamines. The amino acid valine 158 is replaced by methionine as a result of the single-nucleotide polymorphism
(SNP) 154680 (A/G), also called Vall58Met, in the COMT gene [20-22]. It has been found that the Val allele variant
catabolizes dopamine at a rate roughly four times faster than its Met equivalent. Dopaminergic neuronal activity and
synaptic dopamine levels are both raised when the Met allele slows down the pace at which dopamine is broken down.
Both schizophrenia and BD, in which there is an excess of dopamine in the brain, have been linked to the Met allele.
Several other COMT polymorphisms, including Vall58Met, have been associated with pharmacological response,
especially to second-generation antipsychotics that target the dopaminergic system [23]. Serotonin and other serotonin-
related neurotransmitters are synthesized in part by the enzymes tyrosine hydroxylase (TH) and tryptophan hydroxylase
(TPH1 and TPH2). Multiple studies have linked genetic variations in these genes to BD and schizophrenia. Evidence
for BD has also been found in the genes D-amino acid oxidase (DAQ), D-amino acid oxidase activator (DAOA), and
monoamine oxidase A (MAOA). The vast majority of antipsychotic medicines work by blocking the effects of certain
neurotransmitters at their receptors. Multiple studies have looked into the possible significance of neurotransmitter
receptor genes in BD's genesis and therapeutic response. Multiple studies corroborated the findings in favor of the
dopamine DRD3 and DRD4 receptors and the serotonin HTR2A and HTR2C receptors [24-27]. Furthermore, recent
research has indicated a substantial relationship between BD and genetic variations in NMDA glutamate receptors and
numerous types of GABA receptors. One of lithium's best-studied targets is glycogen synthase kinase 3 (GSK3).
Although early reports suggested a positive relationship between SNPs in this gene and BD, several contradictory

studies have since been published [28].
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2.1. Psychotic Symptoms:

Some people with BD also have psychotic symptoms of schizophrenia, such as delusions and hallucinations. The
psychotic episode may accompany mania or depression. Throughout the course of their illness, more than half of BD
patients will have a psychotic episode at some point. The most typical sign of psychosis is grandiose delusions, but
others include hallucinations, inconsistent moods, and cognitive instability [29]. Patients with BD who also exhibit
psychotic symptoms may constitute a distinct subtype of the condition, one that shares common etiological roots and
genetic vulnerability with schizophrenia. The genetic analysis of psychotic BD is gaining attention as multiple studies
demonstrate that psychotic characteristics tend to cluster in BD families [30]. Several chromosomal areas have been
linked to potential psychotic BD susceptibility genes by linkage studies. COMT has been linked to this condition in

candidate gene association studies.

2.2. Family History:
One of the most reliable predictors of increased risk for BD is a family history of mood disorders. Family studies of BD
have shown that a child with even one parent who also suffers from a mood illness has a 10-25% chance of developing
the same condition. It nearly doubles if both parents are affected. Children are more likely to contract an illness if they
have a large number of affected relatives [31-33]. First-degree relatives, as opposed to more distant relatives, carry a
higher risk. Patients with BD who have a high prevalence of psychiatric illness in their families likely have a heavier
burden from one or more causative genetic variations. Patients with BD, whether they have a family history or not, are

just at the start of a comprehensive genetic analysis.

2.3. Genomic Structural Variations:

Population and medical geneticists have focused extensively over the past few decades on identifying and mapping
variants in the human genome. Short genetic variants and structural variants make up the bulk of human genomic
variability [34]. Common polymorphisms and point mutations are examples of the short-range genetic variants that
make up the vast majority of the human genome. This category also contains repeat polymorphisms with a length of
less than one kilobase (STRs, short tandem repeats), as well as shorter insertions and deletions.

VNTRs (variable-length polymorphic tRNA-derived nucleotide repeats; di, tri, tetra, etc. Genomic variants that affect
regions of DNA larger than one kilobase (kb) are classified as structural variations (SVs). SVs can range in size from
very small to microscopic and encompass a wide variety of alterations, including copy [35]. Changes in copy number,
including additions, deletions, switches, and transpositions.

Copy number variation refers to the quantitative difference between the copy number of DNA at a given genomic
region of size greater than 1 kb and a reference genome of choice and can take the form of gain (insertion,
duplication/amplification), loss (deletion), or null genotype (CNV). A common nuclear variation in copy number,
polymorphisms are mutations that occur at a rate of more than 1% in any given population (CNP) [36]. Segmental
duplications are regions of DNA larger than 1 kb that is repeated several times in the genome with higher than 90%
sequence identity. Approximately, duplications the extent of segmental duplications varies from 1 to 14 percent across

the 24 chromosomes, making up 4 percent of the human genome. CNVs can come in many forms, from simple
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duplications and deletions to more complicated inversions and translocations, depending on the method by which they
were created [37]. Changes in copy number can influence gene expression in ways apart from gene dosage and long-
term effects on global gene expression, including reshaping chromatin structure and affecting the function of gene

regulatory and enhancer elements.

Transgenerationalinhernitance
of genome marks

Intermediate
Phenotypes

Environment
consequence

Il Genetic Genome
Variations Sequences

Stochastic
Events

Figure 2: Inter-relationships among the epigenetic modification and other causal factors in complex psychiatric

disorders.

DNA obtained from peripheral leukocytes or post-mortem brain tissue was employed for the majority of the earliest
epigenetic investigations in neuropsychiatric illnesses, which mostly focused on the examination of epigenetic marks in
specific candidate genes. DNA methylation variations in catechol-O-methyltransferase (COMT) and reelin (RELN)
have been linked to BD and schizophrenia in studies using methylation-specific polymerase chain reactions [38]. These
results were not confirmed, however, by subsequent research utilizing more sensitive quantitative approaches such as
bisulfite pyro-sequencing. An increased concentration of SAM and increased levels of DNMT1 gene expression were
found in the brains of people with schizophrenia and BD. They also discovered that reelin and GAD67 gene mRNAs
were down-regulated in cortical GABAergic neurons due to elevated promoter methylation. Down-regulation of
DNMT1 and DNMT3A mRNA was later shown to be upregulated in peripheral blood cells [39-40]. No major
alterations in global methylation were found in brain samples or peripheral leukocytes, despite the finding of DNMT

up-regulation in psychosis.

3. The objective of this research:

This research was set up so that scientists could get a good grasp on how numerous genetic events contribute to the
phenotype of lithium receptivity in people with BD. This was done on the premise that evidence for the additional study
could be found in the integration of many genetic abnormalities, as is possible in complex illnesses like BD. Because of

this, the following are our detailed goals.
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Genome-wide aCGH strategy to identify and validate genomic regions/genes with copy number variation (CNVs) in
individuals with BD, and to correlate such CNVs with the lithium response phenotype and clinical subtypes of BD.
Analysis of plasma metabolites in a group of bipolar disorder patients defined by their level of responsiveness to

lithium.

4. Proposed Algorithm:

The proposed flow diagram is shown below in figure 3.

4.1. Bipolar Disorder cases:
After a thorough mental health evaluation, review of case records from hospital outpatient departments, and in-person
interview, a diagnosis of BD was made using the DSM IV-TR criteria (boxes 1, 2, 3, and 4). The psychiatrists evaluated
and diagnosed all of the patients. Specifically, a young psychiatrist first assessed the patients and meticulously recorded
their mental and clinical histories. A prominent psychiatrist oversaw the final assessment and treatment plan.
Individuals were selected on the basis that they had BD as their primary illness, the one that caused the most substantial
discomfort or dysfunction, and so led them to seek therapy. The vast majority of BD patients (98.5%) were classified as
having type I BD. Head trauma, major physical or neurological illness, substance use disorders, and mental retardation
were also ruled out because of their correlation to neuropsychological impairment but were not included. We excluded

patients who had been diagnosed with multiple Axis-I diseases.

4.2. Lithium Response Analysis:

Psychiatrists looked back at their patients' clinical symptoms while they were on long-term lithium medication to
determine how well it was working. Throughout the acute stages of their illness, patients were seen once every week
and once every three months during remission. Patients who experienced a recurrence of major depression or mania
following a euthymic period of at least six months were diagnosed with a new episode and given additional care
(hospitalization, medication change if necessary) and treatment based on the clinician's assessment of the situation.
Minor depressive episodes and other subclinical presentations were not considered new recurrences. Our routine clinical
treatment intervention and monitoring of the patient's illness progression was provided to all patients. There was no use
of ECT or other psychiatric treatments. Following the best guess approach, we interviewed patients, family members,
and previous health professionals and obtained records to learn as much as we could about their sickness before they
contacted our center. For the therapeutic benefit of lithium medication to be evaluated, a minimum follow-up period of
two years was recommended. Calculating plasma lithium levels in the clinical biochemistry lab was used to evaluate
KH patients' adherence to lithium therapy. Levels of lithium in the plasma were monitored at least once every three

months, and values between 0.6 and 1.2 mmol/L were regarded as having therapeutic value.
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Figure 3: The proposed flow- diagram.

4.3. Genotyping of polymorphisms:
The samples were genotyped for the single-nucleotide polymorphism (SNP) rs25531 within the S-HTTLPR, which is a
44-bp insertion-deletion polymorphism. We employed a PCR test to analyze rs25531 for both ins/del polymorphism
and genotype. A pair of primers (forward: 5-GCCAGCACCTAACCCCTAAT-3"; reverse: 5'-
AGGGGATCCTGGGAGAG3'") were chosen to amplify a 249 bp area surrounding the insertion, as was previously
described. In a 25 ul reaction containing 1X PCR buffer, 100 ng of each primer, 1 unit of Taqg DNA polymerase, and
100 M of each dNTP, the target sequence was amplified from 100 ng of genomic DNA. Initial denaturation at 95
degrees Celsius for 5 minutes was followed by 35 cycles at 95 degrees Celsius for 30 seconds, 60 degrees Celsius for 45
seconds, and 72 degrees Celsius for 1 minute. Electrophoresis on a 1.5% agarose gel stained with ethidium bromide and
having a DNA ladder of 100 bp allowed for the separation of the amplification products. Two types of alleles, S (206
base pairs) and L, were identified (249 bp). The Mspl restriction endonuclease (CCGG) uses the SNP as part of a
recognition site, cutting the site when the G nucleotide is present but leaving it uncut when the A nucleotide is present.

Overnight Mspl digestion of PCR results provides a 249 bp fragment (uncut LA allele), two pieces of 148 bp and 101
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bp (cut LG allele), or a 206 bp fragment (S allele). Protein fragments were isolated on ethidium bromide-stained 2%

agarose gels. Sanger sequencing was used to confirm the rs25531 genotypes of a subset of samples.

4.4. Identification of CNVs by array CGH analysis:

Agilent feature extraction software was used to examine microarray pictures (protocol CGH-v4 91). Based on the array
format, a microarray image-aligned grid template was chosen. The interactive adjust-corners algorithm uses an array of
dark spots to optimize grid alignment. Cookie-cutter algorithm is used to detect spots and calculate local background
intensities surrounding each spot for background removal. Outlier pixels were separated from designated pixel
populations. Featured pixels were saturated. Each spot's pixel intensities' mean, median, and standard deviation were
calculated. The error was calculated for each characteristic using a universal model. Multiplicative detrending removes
non-systematic array intensity distribution. A dye normalization curve fit determined differences in red and green
channel intensities induced by labelling and/or fluorescence emission. The log2 ratio of red and green intensities was
then calculated. Detecting genomic copy number abnormalities requires measuring array log ratio noise. Calculating the
robust standard deviation of log ratio differences between consecutive probes (dLRsd) along all chromosomes gives a
reasonable assessment of noise. Signal intensities, background noise, and the signal-to-noise ratio were used to
determine the best hybridization and washing settings.

The feature extraction data file was imported into Agilent's CGH module. CNV increases and losses were discovered
using the conventional ADM-2 technique. This technique detects all anomalous intervals in a given sample with
consistently high or low log ratios. Log?2 ratios in at least two consecutive array probe signals were used to identify
CNVs. Aberration zones are represented as a sample-colored bar graph. The ADM-2 algorithm with 6 thresholds
discovered aberrant areas. Centralization method set at 6.0 and 10 bins. The minimum average log ratio for a region is
0.25, and the minimum number of probes in an aberrant interval is 3. CNV areas were visualized in genomic and

chromosomal views along with log ratios.

4.5. Bioinformatic Analysis:
From the Genomic software workbench, we exported a list of CNV regions and associated metadata. Galaxy genome
browser capabilities allowed for a combined study of CNV regions found in both responders and non-responders.
The CNV areas shared by responders and non-responders were divided into those that overlapped and those that did not,
creating two distinct groups. Each group's shared and distinct areas were compared to the CNVs found in the general
population and stored in the DGV database. The overlapped and separate CNV regions were shown in Venn diagrams.
In addition, the coding genes (RefSeq), segmental duplications, repetitive elements, and CpG islands in the hgl9
assembly were all mapped to CNVs. DAVID bioinformatics resources were used for the gene ontology analysis. Data
from the Genetic Association Database (GAD), the CNVD database, Decipher, and BDgene were used to look for
evidence of illness association in gene mapping inside the discovered CNV areas.

4.6. CNVs validation and statistical analysis:
The real-time polymerase chain reaction has surpassed other methods for detecting and quantifying DNA and RNA in

recent years. One common technique for identifying CNVs is real-time quantitative polymerase chain reaction (RT-
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gPCR). At the end of each PCR cycle, the amount of DNA is quantified using fluorescent dyes that produce a rising
fluorescent signal in direct proportion to the number of PCR amplicons created. While in the exponential phase, enough
amplified DNA product builds up to provide a fluorescent signal. The CT represents the critical cycle in which this
occurs. CT values are inversely proportional to the initial amount (in copies) of template present in a reaction because
they are measured during the exponential phase when the reaction components are not constrained. By comparing the
CT value of the unknown sample to that of a reference sample with a known copy number, it is possible to get an

estimate of the copy number of the unknown sample.

4.7. Methylation statistical analysis:

Agilent's e-array database was queried for the probe sequence descriptions. The DMRs' whole sequences were mapped
and annotated in the galactic genome browser. Promoters, CGIs, genes, coding and non-coding sections, distance from
the transcription start site (TSS), untranslated regions (UTRs), and other genomic components were mapped to the
DMRs. EpiExplorer was used to compare data from the ENCODE research on different human tissues and cell types
with the DMRs.

The extent of methylation variation at individual gene promoters was determined by downloading promoter sequences
from the DBTSS and mapping them to the DMRs. The methylation difference in a given genomic region was visualized
using UCSC genome graphs. Genes serving as DMRs were subjected to functional analyses with KEGG and DAVID
bioinformatics tools, including gene ontology, pathway enrichment, and disease connection. Tissue-specific gene
expression data from the GEO library was then compared to the DMR-related genes. Based on their levels of expression

in the body's blood tissue, hypermethylated and hypomethylated genes were separated.

5. Result and Discussion:

Based on the response criteria, 63 of the 203 BD patients enrolled in the current trial were designated, lithium
responders. Clinical subjects were gathered from a single large mental healthcare center to ensure homogeneity in
diagnostic procedures and lithium response evaluation. Thirty-one patients did not fulfill all inclusion criteria and, as a
result, could not be assigned to a separate response group. Major factors contributing to excluding such patients for the
assessment of lithium response included discontinuation of lithium before two years due to poor tolerance, side effects,
intervening contraindications, poor therapeutic adherence to lithium, and inadequate information regarding the
treatment outcome.

We compared demographic and clinical variables between the two groups to assess how they might have affected the
subjects' lithium response outcomes in BD. Clinical and demographic data of bipolar disorder patients, lithium
responders, non-responders, and controls were described using frequencies and percentages. In order to determine if
there was a statistically significant relationship between the categorical variables, a Fisher's exact test was performed,
whereas t rest was used for the continuous data. Patients had been suffering from the disease for a mean of 14 years and
had suffered through a total of three abnormal mood episodes. Among these patients, manic episodes were the most
common and contributed to the vast majority of hospital hospitalizations. Both the frequency of episodes and the

prevalence of psychotic characteristics were greater in lithium non-responders than in responders (mean difference =
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0.12, 95% CI 0.09 to 0.33). No statistically significant variations in allele or genotype frequencies were found when
comparing STin2 VNTR and 5-HTTLPR for all the clinical variables (table 1).

The X? and P-values are calculated by following formula.

1
X2 =— (A — Ap)? (1

Where, A; is data and Aj, bar is centre value of data.

Max;

W 2

P — value = 10.log,

Table 1: Comparison of STin2 VNTR and 5-HTTLPR for different clinical variables.

Clinical Clusters HTTLPR Alleles VNTR X *Value | P-Value
Covariate S La Lg alleles
Gender Males (65) 0.63 0.25 0.10 0.71 0.98 0.91
Females (57) 0.60 0.27 0.12 0.66
Age at onset of | Early (39) 0.61 0.24 0.14 0.69 3.81 0.87
BD Intermediate 0.60 0.28 0.11 0.67
(67)
Late (16) 0.71 0.21 0.06 0.78
Psychotic Present (54) 0.56 0.27 0.15 0.64 6.01 0.19
features Absent (68) 0.66 0.25 0.08 0.72
Thyroid Present (23) 0.54 0.28 0.17 0.67 2.48 0.64
abnormalities Absent (99) 0.64 0.25 0.10 0.69
Suicide Attempted 0.71 0.15 0.12 0.71 2.27 0.68
attempts (16)
Not attempted | 0.60 0.27 0.11 0.68
(106)
Family history | Present (73) 0.60 0.26 0.13 0.67 1.38 0.84
of  psychiatric | Absent (49) 0.65 0.25 0.09 0.71
disorders
Psychosocial Present (26) 0.67 0.26 0.05 0.73 2.60 0.62
factors Absent (96) 0.60 0.26 0.13 0.68

Genetic association studies on SLC6A4 polymorphisms and lithium responsiveness have been published, albeit with
mixed results. These studies are predicated on the idea that the total activity and integrity of the serotonergic system are
crucial for the action of lithium. S/S genotype has been linked to poor response to lithium in bipolar disorder and
unipolar depression; however, the research is limited. Lithium prophylaxis has been demonstrated to be more effective

in patients with the S/S genotype than in those with other genotypes, according to other research. An SNP (rs25531
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A/G) within the S-HTTLPR insertion has recently been found to be functionally triallelic, resulting in two variants of
the L allele, LG and LA. Other results imply that rs25531 is located upstream of the 5S-HTTLPR gene, but its precise
mapping is still up for debate.

We have looked into the GADL1 SNPs rs17026688 and rs17026651 for any potential relationship with lithium
responsiveness in BD. In our lab, a tetra-ARMS-based assay was used to identify the variant alleles. Allele-
representative samples were Sanger sequence-verified, and those samples were used as positive controls in future PCR
runs. Finally, the tetra-ARMS-determined genotypes were shown to be consistent with the genotypes of many randomly

selected samples after validation through Sanger sequencing.
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Figure 4: Sanger sequencing electropherograms of samples representing different genotypes.

CNV Identification: Agilent 244k (two-color) microarray aCGH analysis was used to determine genomic copy number
gains and losses in BD lithium responders and non-responders. Two pools of samples, one from respondents and one
from non-respondents, were hybridized into an array, and the third pool of DNA from a shared control group was used
as a reference (R vs. C and NR vs. C). The Agilent 244k aCGH platform has 8.9 kb of total median probe spacing, 7.4
kb in coding areas, and 236,381 unique human genomic sequences annotated against NCBI Build 36 (UCSC hg18).

Table 2: CNVRs Count identified in the aCGH analysis

Group CNV Types Total number of CNV | Total size in Mbp

regions
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Non-responders Gain 165 67.43
Loss 27 48.15

Responders Gain 69 21.392
Loss 90 10.12

Figure 5: Total number of CNV regions for Responder and Non-responder type CNVs.
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Figure 6: Total size in Mbp for Responder and Non-responder type CNVs.

We analysed the genomic intervals of CNVs in responders and non-responders to identify the distinct regions affected

in each group. Results showed that both responders and non-responders shared 34 CNV areas (31 gains and 3 losses).

It's possible that the areas related to BD, rather than the lithium response, are represented by these frequent CNVs. We
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also tested the opposite, with CNV losses in non-responders vs growth in responders. We did not, however, uncover any

CNVs of this common but opposite type.

6. Conclusion and Future Scope:

6.1. Conclusion:

Dynamic dysregulation of numerous gene regulatory pathways, proteins, and metabolic networks, reflecting complex
perturbations of the system, is likely to result in neuropsychiatric illnesses like BD. Multiple methods were employed in
this study to discover molecular markers linked with bipolar disorder, lithium responsiveness, and other subclinical
traits in a group of BD patients from India. Patients diagnosed with primary BD had their responses to lithium
medication retrospectively classified, yielding 103 non-responders and 62 responders.

Subjects with BD were classified according to a set of subclinical symptoms, including the presence of psychosis, a
familial history of psychiatric disorders, suicidal behavior, etc. When comparing clinical features, the rate of suicidal
behavior was much higher in lithium non-responders than in responders. Multiple studies have pointed to the
widespread presence of CNVs in the human genome, raising the possibility that they play a significant role in
neuropsychiatric illness susceptibility. Most genome-wide CNV investigations in BD have found no evidence of a
greater CNV burden in BD patients than in healthy controls. Concurrent nucleotide variants (CNVs) may represent a
unique genetic determinant for susceptibility to illnesses with a more prominent neurodevelopmental component than
BD. It was found in our study that the frequency of CNVs larger than 1 Mb was substantially higher in non-responders
than in responders. Our examination of CNV distribution and average size suggests that lithium non-responders have a
higher CNV burden than responders. This study lends credence to the theory that individuals who do not respond to

lithium have a more severe type of BD with deeper neurological and/or neurodevelopmental roots.

6.2. Future Scope:

The results provided in this paper represent one of the first attempts to throw light on the potential involvement of
CNVs and epigenetic variables in BD, its subclinical manifestations, and the lithium response, although more research
is needed to identify the actual function of the molecular markers revealed. Because of our limited knowledge of the
inheritance process at work in complex illnesses and the nature of biological variation that might lead to disease,
studying the aetiology of psychiatric disorders remains a difficult research subject. The ever-improving state of the art
in high-throughput DNA sequencing technologies holds great hope for the discovery of new genetic variations linked to
psychiatric disorders. The discovery of the genetic basis of psychiatric diseases is hoped to benefit greatly from large-

scale whole-genome sequencing.
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Abstract: The technical advancement in recent days has made a drastic increase in the amount of
data generated from the physical, cyber, and human world. The collection of data at a huge scale
makes sense only if the data is actionable and can also be used for making decisions. Data mining
provides needed assistance at this stage by inspecting the relationship in the data and offers needed
insights to the data owners. Moreover, the significant insights obtained are shared with third parties
for further analysis. In this situation, numerous varieties of information is processed and the
integration of machine learning with big data technology has made prominent aspect in the
identification of bipolar disorder. It is a complex genetic disorder characterized by episodes of mania
and depression. It affects 1% of the population worldwide. It is a major under-addressed public health
problem which causes a significant burden on caregivers. High heritability and familial relative risk
indicate the role of genetics in the etiology of the disorder. In this research, data is handled using an
improved auto encoder and deep neural network. The feature selection is accomplished using ISAE
and classification is accomplished using DNN. The proposed approach outperforms the existing state
of art techniques.

Keywords: Bipolar disorder, big data, EMR, Registries, Claims, Patient Monitoring

1. Introduction

Bipolar disorder is a severe mood disorder with a lifetime prevalence of 1% in both males and
females [1, 2]. It is characterised by recurrent episodes of dysregulated moods and is associated with
high morbidity and suicide risk. Life time risk of an unrelated member of general population is 0.5
to 1.5%, that in first degree relative of bipolar disorder (BD) is 5-10% and that in monozygotic co-
twin is 40-70% [3, 4]. It is a leading cause of global disability and its treatment is
unsatisfactory.Family, twin, and adoption studies have provided strong evidence for the significant
involvement of genes in predisposition to BD [5].

Estimates of heritability is as high as 89% and 93% in twin studies from hospital register in the UK
and population register in Finland respectively [6]. However, the genetic basis for the disorder
remains obscure [7-11]. It has been suggested that environmental stressors may trigger mood
episodes [12] though they are more likely to be involved in the precipitation of the first episodes, but
less with subsequent episodes [13].

Antioxidants suppress the process of oxidation that eventually led to the formation of free radicals.
These free radicals are generated through lipid peroxidation. At higher concentration, free radicals
from oxygen (reactive oxygen species - ROS) can damage the integrity of various biomolecules
including DNA [14] and promote the activation of autophagy, apoptosis, and necrosis [15]. Oxidative
stress has been implicated in the pathogenesis of neuropsychiatric diseases [16] as the brain has
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greater vulnerability to oxidative damage.
Big Data offers a huge value and has recognized as being impelling force behind the innovation of
technology and economic progression. Emerging approaches likely smart grid, e-health system,
social network etc, provides exceptional utilities by examining the data for obtaining better
understanding and services. An issue related to privacy is faced during the communication,
transmission, mining and aggregation process. The sophisticated mining approaches may
increasingly efficient and can expose the underlying data. The privacy related issues had established
viable elucidations to fulfil the necessities of privacy.
The intent is to construct trade-off among utility and privacy which means effective use of these
services while averting exposure or inference of private information during data analytic process. In
the past few years, researchers have retorted to the issues and projected various approaches [17].
While the privacy related research is still quickly establishing, it is significant to discuss the privacy
related aspects to preserve the privacy of the data in the era of big data. This informative chapter
offers a various facet of privacy in big data analytical process [18].
Big Data is a ubiquitous technology with the emergence of social network, outsourced cloud
computing, Internet of Things (IoT) and data transmission generated huge data that witnessed the
enormous growth in the data. The data generation is observed in name of huge volume, elevated
velocity and diversified data variety [19]. The exceptional usage of networking among smart objects
and the intelligent computational platform accords the Big Data but pretences towards privacy where
the location of privacy, transaction and behaviour are recorded digitally [20, 21]. Nowadays,
Hospitals maintaining patient medical records digitally and it contains personal medical data that
increases the privacy concerns [22]. Most of the developed companies are utilizing Big Data to
observe the workforce by tracking the performance and the productivity of the employees [23]. The
issues faced in hospital and companies revealed the gap among the regulatory policies (convention),
Big Data and the necessities of new policies to address the complete concerns of privacy [24, 25-33].
Evaluating the term of big data conceptually from privacy perspective is inadequate to
understand privacy comprehensively in big data domain. Hence, if 7 V’s of big data can be evaluated
from privacy perspective, a better understanding of big data can be presented. As presented in Figure
1, Volume, Velocity, Variety, Veracity, Value, Variability and Vulnerability are considered and
evaluated from privacy perspective in Table 1.
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Figure 4. 7V’s of Big Data
Table 2 Privacy Perspective of 7V’s of Big Data

V’s of Big Data

View of Privacy Insights

Volume

The raise in the count of the data records is directly proportional
to the raise of the volume of data. The increase of data volume
results in the decreasing of privacy threats and increases the utility
data.

Velocity

The lifetime of data utility is more effective and the process of
stream, batch as well as real time is accompanied in terms of high
utility.

Variety

The combined form of diversified data is utilized to enhance the
processing of big data analytics and processing. Thereby, the
privacy issues are decreased with the data utility rate.

Veracity

The more reliable and accurate data available with high level of
utility rate. The integrity of the data is devastated by the entrusted
data source. Accurate data offers meaningful and high rate of
utility.

Value

High utility value achieves best potential rate whereas data value
plays significant role in preserving the privacy.

Variability

Most of the inconsistencies of the data namely extreme values,
outlier and negative accurate analysis were rectified. Variability
is one of the important concerns in the privacy domain.
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Big data is holds several personal information and it needs
Vulnerability privacy preserving approaches in order to prevent the data from
exposure to the unknown or any third parties.

2. Classification of Bipolar Disorder

This section discusses about the classification of bipolar disorder using improved stacked auto
encoder and deep neural network. The overall proposed methodology is illustrated in Figure 1.
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Figure 1. Overall Proposed Methodology
Auto encoders are used to build improved stacked autoencoders (SAE). In a neural network, the
hidden layer of every auto-encoder is linked to the hidden layer of the following auto-encoder. The
hidden layer of the first auto-encoder should be the input to the second one during the training phase.
The improved stacked encoder is given in Figure 2.

Regularisation
Loss

Reconstruction
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Decoder

Encoder

Figure 2. Improved Stacked Auto Encoder

New representations utilizing the improved SAE is constructed by piling them on upper edge of older
ones. The high-level properties of the datadata are included in the eventual hidden layer output after
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rebuilding. The qualities of an item in the object field determine how conductivity is distributed. To
calculate the conductance distribution, the layer of logistic regression is employed. Figure 2 indicates
the structure of improved stacked auto encoder.

The DNN receives the normaliseddata choices as input. The symbol for selected data is denoted by
S = {SG(1), SG(2),..., SG(A)}, where A stands for the amount of training sets and SG(1) € [0,1]a is
the count of normaliseddatas. In a set of randomly selected data sequences, the letter a denotes the
presence of an undetermined count of data values. Distribution sample for internal connectivity is (S
= {o(1), 6(2), ..., o(a)}), where o(l) € [0,1]n and n indicate the possibility of every class. The bias
matrices, vectors, and weight are seeded via unsupervised layer-by-layer training. The DNN is
assigned with the responsibility of processing the data with the rate S = {SG(1), SG(2),..., SG(A)}.

The whole method is elucidated below: It's crucial to learn the initial hidden layer by utilising the
outcomes of the preceding one. Until all hidden levels are revealed, the similar process is repeated.
After the process of feature selection using ISAE, classification is done using Deep Neural Network.
During the supervised fine-tuning step, the pre-trained model parameters from a DNN's last hidden
layer are input into a model of logistic regression to activate the whole DNN. An authentic
representative group of the conductivity distribution serves as the inspiration for the network's name.
The back-propagation algorithm used in the top-down method of optimising network parameters is
based on the principle of gradient improvement. Dropout may be used to improve a model by
lowering overfitting and making it more generalizable. Through every training program, 0.5% of the
network's hidden units are arbitrarily removed from the network.

Neuronal coadaptation can be made easier, leading to the development of a more robust network.
When trained on big datasets, the dropout layer works superbly. Equations (2) and (3) are affected
by dropout, as can be observed in a standard auto-encoder.

vi = f(Xf=1 wij Bernoulli(p) X x; + b;)--------- )
z; = f(zj-‘zl wiTj Bernoulli(p) X x; + b{)--------- 3)

A randomized vector either of zero or one with a frequency of p equivalent to 0.5 is produced by the
Bernoulli() operator.

During the process of training weights are updated in every iteration that improve the features of the
encoder output. The proposed framework is trained for limiting both the reconstruction and
regularisation loss that is given in equation 4.

: 1
min BFree = min2 3Ly llx; — go (fo (x)) |- 4)

where the encoder and decoder parameters are indicated by 6 and @, respectively. The hyper
parameter [ stabilises significance of losses to the reconstruction of data. Equation (4) established
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the term Frec, which is then minimised to maximise the resemblance among the input and output
data and enhance the latent space description.

SVM employs kernel trick to identify new features for conversion from low dimensional feature
space to higher dimensional feature space. In the application of SVM classifier, the parameters
should be tuned to reduce the tuning time and to overcome the over-fitting problem. SVM builds a
model using a set of labelled training samples and classifies the new samples on the basis of distance
to the hyper plane. Training of the samples is performed by minimizing the error function EF as
presented in Equation 1

EF = %WTW o X D p— (5)
with the constraints y; (W @(x;) + b) =1 —¢g) and g = 0,i = 1,2,3,4, ... ... ... N

C and b are constants; w is the vector of coefficients and &; denotes the factor for managing the non-
separable input data. Index i is used to label the N training cases. Proper choice of C will avoid over-
fitting problems.

The categorization between malignant and non-cancerous samples will become poorer if 3 is high
and the data reconstruction term dominates. However, if this term is set too low, the hidden space's
features won't be properly optimised and the reconstructive losses will be minimal. As a result, the
latent characteristics will be drastically varied from the input data, which lowering the generalization
ability as well as accuracy. Consequently, the hyperparameter B have to be adjusted properly.

3. Result and Discussion

This section illustrates the numerical outcomes of the existing and proposed methodology. The
existing approaches namely SVM, and CNN are compared with the proposed ISAE. These
approaches are investigated using the classification accuracy.

Accuracy: Accuracy refers to how close the determined value from the classified occurrences is to the
true value. The representation of quantitative bias and persistent flaws is known as accuracy. It is also
the recognition (both TP and TN values) amongst number of the assessed classes, as well as the
estimation's similarity to the true value. Variation between the outcome and genuine resulting values
occurs when the lowest accuracy occurs. It's the proportion of successful fall detection to the number
of information examined. The rate of accuracy is given n Figure 3 and Table 2. It's calculated as
follows:

TP+TN

Accuracy = oo (0)
Table 1. Comparison of Accuracy
Iteration SVM CNN ISAE
Count
50 83 87 93
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Figure 3. Comparison of Accuracy
4. Conclusions

By examining the relationships in the data and giving the data owners the necessary insights, data
mining delivers the necessary support at this point. Also shared with outside parties for additional
investigation are the major discoveries that were discovered. Numerous different types of
information are processed in this condition, and the integration of big data and machine learning
technology has become a crucial factor in the recognition of bipolar illness. It is a complicated
hereditary condition that is characterised by manic and depressive periods. 1% of the world's
population is impacted by it. It is a serious under-resolved public health issue that places a heavy
strain on caretakers. High heritability and familial relative risk show that genetics play a part in the
disorder's genesis. In this study, a deep neural network and an enhanced auto encoder are used to
manage data. DNN and ISAE are used for feature selection and classification, respectively. The
suggested method performs better than current state-of-the-art methods. The proposed approach
attains 97% accuracy and outperforms SVM and CNN. In future, the approach can be extended with
artificial intelligence based algorithms for attaining effective accuracy.
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Abstract: An issue of classification may arise when learning classifiers use skewed or
imbalanced datasets. In case of an imbalanced dataset, the majority of examples are with
one class whereas the other class which is normally considered as the most important class,
is however signified by a minor share of instances. By using this type of data, the outcome
of machine-learning models would be ineffective. There is a term (High training reliability)
used to define preconceptions in between one instance against all other illustrations of the
class. In this paper, most important methods used to solve the class imbalance problem i.e.
data-level, algorithm-level, hybrid, cost-sensitive learning, deep learning etc. including their
advantages and limitations are discussed in detail. Performance and efficiency of classifiers
are evaluated using a numerous evaluation metrics such as Accuracy, Precision, Recall, F-
Measure.

Keywords: Cost Sensitive Learning, Evaluation Metrics, Imbalanced Classification,
Machine Learning, Predictive Model, Resampling.

1. INTRODUCTION

Imbalanced classification is an important problem in the domain of data mining and machine
learning. Since the last few years, researchers are giving more attention towards the imbalanced
data and its classification. Traditional classification techniques are used to perform a balanced
sample distribution approach across classes due to which, the majority of the classes perform
unfavourably. Generally, the overall classification error can be reduced by the use of classifiers
but in case of an imbalanced dataset these classifiers would reveal more classification errors
with respect to the examples of minority classes (Barua & Murase, n.d.). In the era of big data,
the nature of imbalance learning can be better understood by using machine learning and data
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mining [1]. It has been observed that finding rare events in Machine learning and data mining
groups is a prediction task. As rare events are scant in nature, therefore the prediction task
suffers due to the absence of balanced data [2]. The structure of larger datasets (big data) is
complex and distinctive. As a result, the disparity of the lower classes is a big problem. Spam
detection, software defect prediction and fraud detection are very common examples of
unbalanced datasets in the real-world [3].

In an online transaction, electronic fraud detection is a significantly challenging problem due
to the imbalancing of classes. Fraudsters have done so many attemptations for closely cloning
a legitimate transaction to avoid scrutiny. In this era of big data, differentiation of legitimate
and illegal transactions is very difficult due to the overlapping of huge amounts of data.
Overlapping problems in machine learning-based fraud transaction detection methods have less
attention than the imbalanced classification problems [4]. The philosophy behind it is that the
imbalanced data is skewed in favour of the instances of majority class with high training
accuracy. The solution to this issue is data creation from the minority class that has the best
chance of success [5].

1.1 Class Imbalance Problem

In classification, learning classifiers from skewed or unbalanced datasets leads to a serious
problem. In this case, the majority of instances belong to one class. It is due to the other class
(minor class) which encompasses the more significant characteristics has a lower number of
instances. It is observed from the previous research that traditional classifiers generally
categorize all data into the majority class and leave the class with the lowest importance which
is unsuited to handle imbalanced learning tasks [6].

When some classes are splendidly belittled, statistical and machine learning techniques are
inclined to encounter issues. In spite of being learned, cases of the rare classes are lost amongst
the others. As a result, unknown rare cases are misclassified by the resulting classifiers and
data could be misrepresented by descriptive models. The learning task becomes significantly
more difficult if a small class is hardy to identify due to its other features. Other classes may
be significantly overlapped by a small class.

In this paper, various techniques are discussed used to handle the imbalanced data sets used in
binary as well as in multi classification problems and also anticipate a relative study of the
nearly all accepted methods with their advantages and shortcomings. The remaining portions
of the paper are as follows: A few important methods of class-imbalance learning (Literature
Review) is discussed in section 2. Existing methods are elucidated in section 3. Essential
evaluation metrics are explained in section 4. Finally, the conclusion is given in section 5

2. Literature Review

Contemporary research challenges associated with imbalanced data learning that have roots in
application areas of the real-world and also investigate various facets of imbalanced learning,
like streaming of mining of data, classification, regression, clustering and big data analytics
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has been discussed by the author in this paper. By doing this, an error-free overview of new
challenges in the above-mentioned fields can be estimated [7].

An open-source toolbox of python which is known as imbalanced-learn proposes a large variety
of solutions to handle the issues related to imbalanced dataset that usually emerges in machine
learning and pattern recognition [8]. To balance the imbalance dataset in an artificial manner,
sampling techniques like the synthetic minority oversampling technique (SMOTE) have been
used so that this training dataset can be used by classifiers to build the model.

To reconcile the restraints of SMOTE's for nonlinear problems, a weighted kernel-based
SMOTE (WK-SMOTE) model that oversamples the feature space of the support vector
machine (SVM) classifier is implemented [9]. On the basis of chromosomal theory of
inheritance, the MAHAKIL synthetic oversampling method is introduced for imbalanced
software defect datasets [10].

To address the class-imbalance issue in the identification of breast cancer, on the basis of
sample selection an algorithm named RK-SVM algorithm was proposed Noise and borderline
issues are brought on by SMOTE's blind oversampling. Hussein et al., 2019 proposed the A-
SMOTE or advanced SMOTE which works on the basis of distance between original minority
class samples and the newly introduced minority class examples.

There was no sufficient solution by a high-class imbalance, random under sampling using
conventional binary classifiers for the fraud detection problem. A plan was developed for early
prediction of turnover intention of new college graduates by the establishment of a predictive
model using public data and machine learning [11]. Data of minority class data can be
remodelled into a realistic data distribution if it is sparse for Generative Adversarial Network
(GAN) (Sharma et al., 2022). An effectual model using ensemble classification (Logit Boost +
Random Forest) was built to predict academic performance of students at lower secondary level
[12].

3. Approaches to Handle Imbalanced Dataset

To handle an imbalanced dataset, techniques can be classified into three categories:
1) Data level Approach

i1) Algorithm level Approach

iii[) Hybrid (Ensemble) Approach

3.1 Data Level Approach

This approach/technique is also known as the resampling method. To make the changes in the
training set's distribution, this approach is very useful as it keeps the algorithm's overall
structure, including the loss function and optimizer, uninterrupted. This approach is also useful
to alter the dataset in order to make popular learning algorithms [13]. Instances of minority and
majority classes could be balanced using this method. Two most popular methods of data level
approach are under sampling and oversampling techniques of resampling methods.
Diagrammetric representation of the resampling method is given in the figure 1.
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Fig.1 Resampling Methods

To equalize the count of the majority and minority occurrences, a portion of majority class
instances is deleted from the training dataset using under sampling methods. For this, instances
of the majority class are removed one by one until the size of the two classes is nearly equal as
shown in Fig. 1 (a).

An oversampling method/technique increases the number of instances of minority class until
the size of both classes becomes almost equal as shown in Fig. 1(b).

The problem of class imbalance can be reduced up to some extent with the help of some
existing approaches like under sampling and oversampling, but each one has its own
considerable restraints. Under sampling leads to loss of instances/samples of majority class
having meaningful/valuable data while a considerable amount of computational time is entailed
by an oversampling method. In a fraud detection model, it is difficult to apply the fusion of
these two methods.

Under sampling and Oversampling techniques-based algorithms have their own advantages
and disadvantages. So, it is always suggested to use an ensemble/hybrid resampling algorithm
which integrates both oversampling and under sampling. It gives you truly accurate results in
data processing. There must be a large minimization of imbalancing the samples while
diminishing the proportion of majority samples and uprising the number of minority samples,

To make predictions about students at secondary level, an integrated ensemble model
comprising features like students’ demographic, family, social and academic attributes is
developed in this paper. To assess a student at an initial stage, this model is highly beneficial.
Out of various models i.e., single, ensemble, and fusion based ensemble classifiers developed
in this paper, a model built up with LogitBoost and Random Forest (RF) proves the best model
to predict students. [13].

3.2 Algorithm-level Approach

To handle the imbalance classification, a new method is used in this study which utilizes a
single-class classifier technique to apprehend the properties of the minority class. An
innovative hybrid sampling/boosting method i.e. (RUSBoost algorithm) described by (Seiffert
et al., 2010) is used in place of SMOTE Boost for learning from skewed training data. To
classify noisy label-imbalanced data, a new technique on the basis of bagging of Xgboost
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classifiers is proposed by [14]. To combine weighted ensemble classification with a method to
handle the issue of class imbalance, Weighted Ensemble with One-Class Classification along
with Oversampling and Instance Selection (WECOI) was proposed by [15].

3.3 Hybrid (Ensemble Approach)

Combination of resampling and ensemble learning techniques are used by hybrid ensemble
methods. For this, a comprehensive review of ensemble learning methods was used for
imbalanced classification.In ensemble learning, multiple classifiers are integrated to enhance
the performance of the model. Since blending is a complex process which takes more time to
train the model. Cost-sensitive learning confirms accurate classification of the minority class
by various algorithms and also does not affect its computation time and complexity.

The main aim of cost-sensitive learning is to minimize the total cost by computing
misclassification cost. Cost-insensitive learning is different from cost-sensitive learning
because the former type of learning handles misclassifications uniquely, i.e., the classification
cost to predict a sick patient vs healthy is disparate from the classification cost of predicting a
healthy patient vs. sick. Thus, the error rate could be minimized and numerous misclassification
errors could be neglected by using cost-insensitive learning. Moreover, it is also assumed by
cost-insensitive classifiers that all misclassification costs are equal.

4. Evalutaion Metrics

Confusion Matrix is an important parameter to check the performance of a model built for the
solution of binary classification as given in Table 4. A negative label (yi=0) is used to mark the
majority class while a positive label (yi=1) is used to mark the minority class.

Table 4. Confusion Matrix for binary classification

Actual

Positive Negative

5 True False
'g ositive Positive Positive
o
J:
False True
a
Negative Negative Negative

We used False Positives (FP), False Negatives (FN), Precision (P), Recall (R), Accuracy and
F1 Score as base metrics for the purpose of evaluation.

Precision = True Positive/Total Positives = TP/(TP+FP) (1)
Recall=True Positive/(True Positive + False Negative) = TP/(TP+FP) (2)
F1 Score=2*Precision*Recall/(Precision +Recall) 3)
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Accuracy= (True Positive +True Negative)/Total Values=TP+TN/(TP+FP+TN+FN) (@Y)

Area under the Precision-Recall Curve is a single statistic that encapsulates the precision recall
(PR) curve. It is a useful metric for the prediction's success when the classes are
imbalanced. Precision Recall (PR) curves are used as a replacement for receiver operating
characteristic (ROC) as it presents the veracious image of performance of an imbalanced
dataset.

To make a comparative analysis of various studies, area under the curve (AUC) is used. To get
the high score in prediction, each of the four confusion matrix categories (true positive, true
negative, false positive, false negative) must be predicted accurately and the same is dependent
upon the size of positive and negative values in the dataset.

A special metric Matthews correlation coefficient (MCC) is a statistical statistic used to check
the performance of the model. If the value of coefficient is +1, model is in perfect state whereas
coefficient=-1 shows that the model is not valid or it is completely failed.

A detailed meaning of all metrics for model evaluation is given in Table 2.

Table 2: Evaluation Metrics and their description

Metric Description
Precision It determines how good the classifier is in detecting fraudulent cases.
Recall It evaluates the quality of a qualifier.
Accuracy It measures the efficiency of the algorithm.
k- It qualifies the quality of a classifier for the rare classes
Measure
AUC It represents the area that exists under a ROC curve
ROC It is used for evaluating the trade-offs between true positive and false positive

error rates in the case of classification algorithms

5. CONCLUSION & FUTURE SCOPE

Most pioneered approaches used to solve the problem of imbalance classification are discussed
and evaluated in this paper. Every technique/approach has its own benefits as well as
limitations. There are numerous methods such as data level, algorithm-level, hybrid learning,
context sensitive learning, deep learning etc. Out of all these methods, data-level methods such
as oversampling, under sampling, and hybrids are used on a training set of data. By using under
sampling techniques, there is a problem of underfitting as this technique incurs the loss of
information whereas there is an issue of model overfitting by using an oversampling approach.
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Although hybrid approaches are more effective than resampling, their computation cost is very
high and they are also complex in nature. Apart from these, one-class learning and ensemble
learning can be used at the classifier level (Bagging and Boosting algorithms).

In the future, advanced techniques such as deep learning and cost-sensitive learning techniques
can be used to handle issues of class imbalances in more complex and big datasets. To measure
the accuracy and performance of the model, numerous evaluation metrics could be used.
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N G ok W N e

Abstract: Properties such as superior specific strength, being imponderous, and the ability to repro-
cess are the key features that have drawn attention to magnesium. In the last few years, applications
such as automotive, aerospace, and medical applications have been seeking light-weight equipment,
and light-weight materials are required for making them. These demands were matched by devel-
oping metal matrix composites with magnesium as a base and reinforced with carbon nanotubes
(CNTs), grapheme nanoplatelets (GNPs), or ceramic nanoparticles. CNTs have been adopted for
developing high-strength metal matrix composites (MMCs) because of their delicately superior
thermal conductivity, surface-to-volume ratio, and tensile strength, but lower density. In developing
high-performance light-weight magnesium-based MMCs, a small number of CNTs result in refined
properties. However, making Mg-based MMCs has specific challenges, such as achieving uniform
reinforcement distribution, which directly relates to the processing parameters. The composition
of CNT, CNT sizes, their uniform distribution, Mg-CNT interfacial bonding, and their in-between
alignment are the characteristic deciding factors of Mg-CNT MMCs. The current review article
studies the modern methods to develop Mg-CNT MMCs, specifications of the developed MMCs, and
their vital applications in various fields. This review focuses on sifting and summarizing the most
relevant studies carried out on the methods to develop Mg-CNT metal matrix composites. The article
consists of the approach to subdue the tangled situations in highlighting the Mg-CNT composites as
imminent fabrication material that is applicable in aerospace, medical, and automotive fields.

Keywords: Mg-CNT, magnesium; carbon nanotubes; composite; fabrication process; mechanical
properties; corrosion behavior

1. Introduction

In the current scenario, light in weight and high strength are the prime features of
the materials used in aerospace, medical, and automotive applications. The property of
magnesium that enables it to be used in vital applications is its density of 1.738 g/cm®
which is nearly two-thirds of aluminum, making it the lightest structural material. In
addition, some other properties, such as the ability to reprocess, its appreciable damping
character, treatable machinability, good electromagnetic shielding, and plenteousness, make
Mg an adequate selection among all other materials [1-3]. Due to these properties, the
abovementioned applications have adopted magnesium as a prime material [4-6]. However,
corrosion resistant strength and mechanical strength are the properties in which magnesium
is inferior to aluminum. Mg alloys consists hexagonally closed packed crystal structure
(HCP) and atomic packing in HCP does not allow slipping to occur easily, due to this Mg
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alloys offers restrictions in deformation at normal temperature conditions. The strength of
Mg alloys can be further increased by reinforcing them with metallic particulates, ceramic
particulates, and carbon fiber reinforcing agents [7-9]. Recently, as Mg-based composites
have attracted attention, their mechanical and electric properties are being enhanced to a
higher level by incorporating reinforcing agents, such as carbon nanotubes (CNTs) and
graphene nanoplatelets (GNPs). This has evolved into a wide research area [10-12]. The
exclusive optical, electrical, thermal and mechanical characteristics and the enhanced
surface area and aspect ratio make CNTs a superior candidate for vital application areas [13,
14]. Studies have revealed that CNTs contain diamond and graphite characteristics. It
has been said that due to their possession of high conductivity with regard to thermal
as well as electric behavior, they are as formable as graphite and hard as diamond [15].
Studies have confirmed that the CNT-reinforced composites have significantly improved
characteristics due to their high modulus and strength of CNTs. Photovoltaic cells, fuel
cells [16], energy depository products [17], physical properties detectors and responding
devices, amplification devices, electron escape process guns, energy source inverters [17,
18], medicine distribution systems [19], and biological sensors [20] are the various other
fields of applications of CNTs. Conclusively, a new research area in the field of material
science has been explored by incorporating nanotechnology in developing metal matrix
nanocomposites (MMNCs).

Recently, many studies have been carried out on developing metal matrix composites
(MMCs) reinforced with CNTs, especially aluminum and copper particulates [20-22]. In
addition, in depth work has already been carried out on CNTs reinforced with polymer
matric nanocomposites (PMNCs), and various advantageous outcomes have already been
drawn [23-25]. The application of carbon nanoparticles in the metal matrix is still a hot
cake in research due to the challenges in its homogeneous distribution [23,26,27] and
inferior wettability. This poor wettability in CNT arises due to its considerable surface
tension difference from metals. This difference is responsible for the development of weak
interfacial bonding between the metal matrix and the CNT. Studies have shown that in
polymer matrix nanocomposites, the constituents interact at the molecular level and highly
refine the composite’s properties. However, this phenomenon has not yet been studied in
the metal matrix composites composed of CNTs. Several investigations have been carried
out using various fabrication processes to conquer the issue of uniform distribution of
carbon constituents in the metal matrix [28-33].

Hence, the generation of lumps of nano-reinforcement and permeability in the synthe-
sis and fabrication process are the areas that need to be resolved for CNTs to be considered
as a prime choice for developing MMCs. The earlier gravity casting method was found
unsatisfactory due to the low yield point of the developed nanocomposites. This low
yield point is caused by its high permeability. However, these permeability levels can be
reduced by techniques such as squeeze casting. The distribution of reinforcing particles
and reduction in the formation of lumps are factors of the development techniques that are
adopted to develop the metal matrix nanocomposites (MMNCs) [34]. These development
techniques can be categorized generally as liquid state and solid-state techniques. Casting
under the liquid state category and powder metallurgy under solid state are two tech-
niques that are utilized in developing particle-reinforced magnesium-based composites.
Several investigations have been performed to develop magnesium-based composites and
to study their characteristic behavior using the powder metallurgy route [14,30-36]. The
powder metallurgy process is a chain of various processes, creating the uniform mixture of
fine powders of constituents, compacting the uniform constituent’s mixture, and finally
sintering the compacted shape. The steps mentioned above are executed to enhance the
density of the composites by minimizing the porosity level. The properties of the com-
posites, such as poor ability to machine, appreciably low fracture toughness, and inferior
tendency to deform easily, can be overcome easily by reducing the size of the reinforce-
ment from the particle to nano level and as a result, the characteristics are refined. These
appreciable enhancements in mechanical characteristics are due to grain refinement and
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Orowan strengthening. The attention-catching factor of metal matrix nanocomposites
(MMN(Cs) is their creep resistive property even at high temperature conditions, and this
property becomes more anticipatory in the magnesium-based MMNCs. Several studies
have been carried out on strengthening Mg/CNT composites to refine their mechanical
characteristics [33,37,38]. Emerging of various innovative fields of application of nanotech-
nology in recent time, have contributed to a significantly reasonable decrease in the cost
of CNTs [39]. As a result, CNT nano particles are currently available as chief reinforcing
agents for developing Mg-based nanocomposites at reasonable prices. The current review
article is a summary of the studies that have been conducted about the objectives of refining
the mechanical, corrosion, and tribological characteristics. This article also involves the
development-related suggestions/findings of authors in their respective research towards
the development of Mg/CNT composite materials.

2. Carbon Nanotubes (CNTs)

At the beginning of the 1990s, during the study of spherical carbon molecules in
electric arc equipment, Japanese scientist Sumino Iijima unintentionally found the existence
of coaxial nanotubes of carbon molecules [40]. The mentioned carbon atom layer, graphene,
was loped in a cylindrical shape for developing CNTs. These coaxial tubes were called
multi-walled carbon nanotubes (MWCNTs) [41]. Later, lijima and Ichihashi and their
teammates, based on the above findings, further investigated and successfully found
refined single-walled carbon nanotubes (SWCNTs) [42]. The configurations of carbon
atoms in SWCNTs and MWCNTs are depicted in Figure 1. The techniques adopted by
lijima et al. for developing MWCNT5, consisting of diameters up to 100 nm, were further
utilized with minor adjustments to develop the SWCNTs. The SWCNTs were designed by
transforming the single graphene sheet to a cylinder-shaped tube (0.4 to 2.5 nm diameter)
by rolling and they were extensively adopted due to their outstanding electrical, optical,
physical and chemical characteristics. The property of SWCNTs that empowers them to
carry numerous molecules in 7-7 piling connections is due to their well-defined walls,
possessing extremely high surface areas [43]. Rather than being straight, these nanotubes
curled and coiled towards inside, having the diameter of about 1 nm [43,44]. CNTs has
evolved into the most widely explored nanostructured materials, due to the availability
of their extremely unique characteristics, such as high flexibility, enhanced strength, sp2
hybridized carbons, and the capability to align those atoms in rope-like structures [45-49].
Figure 2 shows the historical evolvement of CNTs, which involves the wide developments
that were achieved during its journey. Since 2010, some extraordinary notable applications
of CNTs have evolved [20].

SWCNIT MWCNTT

Figure 1. Structural morphology of CNT [50].
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Figure 2. Evolution of CNTs at various stages and their major developments in several applications
with respect to period of time.

The axial dimensions of CNT are in microns and in radial direction they are in nano
size. As a one-dimensional nanomaterial, their surface area ranges from 50 to 1315 m?/g.
The property that makes CNT a low weight nanomaterial is its lower density of about
1.3 g/cm?>. The aspect ratio of CNT is much more refined compared to conventional fiber
materials, ranging from 100 to 1000. The most stable carbon—carbon covalent bonds can
assume the strength of CNT in their carbon loops, which possess heat conductivity of
nearly 3000 W/mK. This much high thermal conductivity of CNT is analogous to the
thermal conductivity of diamond. CNT holds some unique mechanical, thermal and
electrical characteristics, along with a lower density, which plays a role in the development
of strengthened MMNC. Studies has been executed to find the rigidity, strength and density
of the CNT relative to the values of steel. It has already been stated by some researchers in
their respective investigations that the density of CNT is extremely low. In a relative study
of CNT with steel, the density was approximately one-sixth of that of steel, the strength
was found to be approximately 100 times higher and Young’s modulus was approximately
1 TPa. This Young’s modulus is analogous to diamond and is the maximum value among
all the carbon allotropes [51]. These unique characteristics of CNT have evolved due to
the carbon—carbon (C-C) bond that they possess with a sp2 hybridized nature [15,17,18].
By containing higher stiffness as compared to diamond, CNTs also have appreciable
formability because of their locked and muffled configurations [52]. As a result, the CNTs
can deform their structure to a small angle ring shape when subjected to external stresses
and can regain their previous shape after the removal of stresses. Stone-Wales defects are
a kind of defect studied in CNTs, which has become advantageous for them with regard
to deformation beyond the elastic range. Due to this defect, CNTs have developed the
capability to bear 40% of the applied tensile strain without undergoing brittle failure [53].
Electrolysis, chemical vapor deposition, arc evaporation, laser ablation, and flame synthesis
are the various CNT development techniques. The techniques that are adopted the most for
the production of CNTs are the vacuumed depositing method, metal depositing through
dispersal of arc and photoablation [54]. The above-mentioned unique characteristics of
CNTs make them suitable for use in various fields of applications.
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3. Carbon Nanotube-Reinforced Mg Composites

In recent times, it has been observed that rigorous and vital investigations have been
conducted to decrease the weight of the materials used in various applications without
compromising their strength. These investigations are specially carried out for the materials
used in automobile and aerospace applications [55]. The density of magnesium has been
found to be even lower than aluminum and titanium. The characteristics of magnesium
that restrict its use in industrial applications are its inferior ductility and lower strength.
These inferior characteristics of Mg are due to its hexagonally closely packed (HCP) crystal
structure [54,55]. Because of the mentioned restrictions with magnesium, it is required to
improve the characteristics of magnesium to enhance its use in various applications by
adding reinforcing agents through different process routes. For increasing the strength
and other characteristics of pure magnesium, involvement of nanoscale reinforcing agents,
such as GNPs, Al,O3, SiC, and CNTs, in Mg matrices have been performed [28,56,57]. The
low density and attractive strength of CNT make them an attractive selection among other
reinforcing agents reinforced in the Mg matrix [5,6]. Highly stiff and strengthened MMCs
may develop through the addition of CNTs in Mg matrices. The characteristics such as
high ultimate strength (approximately 30 GPa) and great Young’s modulus, of developed
MMCs enhances by these CNTs addition [11,14,58-60].

Furthermore, CNTs have also emerged as a reinforcing agent to improve the char-
acteristics of Mg alloys, such as AZ81 [61] and AZ31 [59-62], monolithic Mg [11], and
Mg-6AL [63]. However, MMCs developed through reinforcing CNTs do not possess me-
chanical properties that are as refined as when they ae reinforced with nano-platelets
(GNPs). This deficiency in the properties of MMCs developed with CNTs is due to the
inferior reinforcement bonding with the Mg matrix material. This inferior bonding is due
to CNT’s inferior wettability in Mg matrix material. Utilization of Mg and its alloys in
various fields of applications is poor due to the different inferior characteristics that they
possess, such as poor anti-corrosive strength, less formability, and inferior mechanical
characteristics. The poor anti-corrosive characteristic of Mg and its alloys is due to their
lower standard electrode potential (—2.36 V), resulting in interaction with other elements,
enhancing corrosion in Mg [59,60,62,63]. Hence, the frequency of corrosion deposition in
monolithic Mg becomes unexpectedly unstable at the ppm level, due to the amalgamation
of contaminations of Fe, Cu, or Ni [64]. CNTs have been introduced into the matrix of Mg
material to enhance the characteristics of Mg and its alloys. However, the effect of this
amalgamation of CNTs on the inferior anti-corrosive characteristic of Mg has not been thor-
oughly studied [65]. Possibly, attractive changes in the corrosive behavior of Mg material
could emerge by reinforcing CNT particles because of its unique electrical characteristics
relative to all its allotropes. The corrosive behavioral changes in the Mg alloy AZ31, when
subjected to the CNT reinforcing agents, were studied by Fukuda et al. [66].

Furthermore, potential surface investigations, immersion, and polarization examina-
tions of CNT-reinforced AZ31 were performed to obtain accurate results on the corrosion
behavior changes [67,68]. The study mentioned the above-concluded remarkable changes
in corrosion behavior of MMC due to the galvanic corrosion development in-between the
Mg matrix and the CNTs. For further refinement of the characteristics of MMCs reinforced
with CNTs, the uniform distribution of CNTs in the Mg matrix is needed. Numerous
approaches have been implemented to achieve a more uniform distribution of CNTs.

4. Fabrication Routes to Fabricate Mg-CNTs Composites

Magnesium-based MMCs reinforced with CNT material have been developed by
incorporating numerous development routes [31,35,36,53,55]. Among all the development
routes of Mg/CNT MMC, the most acceptable method is powder metallurgy. Figure 3
depicts various development routes that have been incorporated to develop Mg/CNT
MMC:s [11,15]. Even in numerous routes, the uniform distribution of CNT particles in the
Mg matrix is still a tedious job because of the clustering of CNT particles. This clustering
is due to the poor wettability of CNT. The poor wettability of CNT is also responsible
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for inferior bonding between CNTs and Mg matrix material. Inferior bonding alters the
load transfer between CNTs and the Mg matrix [59,66]. Numerous process routes have
been adopted to develop Mg/CNT MMCs to achieve uniform distributions; they can
be categorized as follows: liquid distribution routes (ultrasonic curing and mechanical
stirring, gemini dispersant), apparent physical reformation (ball milling (BM)), friction
stir welding (FSW), applying glazing material (such as Si [69], Ni [70], and MgO [71]) to
CNTs to enhance their wettability, doping of CNTs and hybridization of CNTs with other
materials (such as hybrid Al-CNT reinforcement [72]). The investigations have concluded
that CNTs’ distribution in the Mg matrix with the stir casting process route is extremely
non-homogeneous because of the lower wettability of CNT particles in a molten matrix
of Mg [14,34]. However, outstanding distribution of CNTs has been observed in some
development routes, such as ball milling. However, they harm the apparent physical
structure of reinforced CNTs, resulting in lower strength of MMCs.

(b)

CNT-metal powder
mixture compact

Water cooled mould

Graphite erucible

Pouring nozzie
Argon-filed chamber

Molten slurry

Doposited ingot
=1 Subswete

Figure 3. Various fabrication methods associated with powder metallurgical route: (a) powder
metallurgy-ball milling [15,50], (b) direct current sintering [50], (c) extrusion based on hot work-
ing [50], (d) rolling based on hot working [50], (e) pulsed electric current sintering (PECS) [50],
(f) stirring based casting (SC) [50], (g) deposition of disintegrated melt (DDM) [11,50], and (h) die
casting featured with high pressure [15,50].
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4.1. Powder Metallurgy (PM)

Many investigations have been carried out to develop Mg/CNTs through the powder
metallurgy route [30,57,71-73]. The general powder metallurgy route involves the follow-
ing steps: obtaining a mixture of Mg and CNT particles by mechanical alloying or grinding,
compression of the developed mixture through sintering. Some other processes for obtain-
ing more refined characteristics are also performed with regard to further sintering, such as
hot and cold pressing and spark plasma sintering. The investigations that have been carried
out so far to develop the Mg/CNT MMCs majorly abide by specific post-processing of
deformation, such as extrusion and rolling. These investigations were focused on obtaining
a uniform distribution of CNT in the Mg matrix by developing good bonding between
CNT and Mg, irrespective of the process route phases. These phases and their respective
characteristic parameters are discussed in the following sections.

4.1.1. Ball Milling (BM)

The process of producing powders of composite materials and blending them to ob-
tain a uniform mixture is known as mechanical alloying [74,75]. For the development of
Mg/CNT MMCs, researchers have performed numerous investigations with the adoption
of significant modifications in their process routes to encounter the issues discussed in the
above section. Zou et al. [74] have investigated the effects on MMC, developed with various
compositions of CNT and varying porosities in the Mg matrix. The process route that
they adopted for developing MMCs was power metallurgy, which comprised processes of
mixing, compressing, and sintering powder material. First, powdered Mg and CNTs were
mixed to obtain a uniform mix; furthermore, this mix was compressed in a true shape die
and lastly, the compressed and compacted shape of the powder mixture was sintered in
a furnace to obtain the final strengthened product. Li et al. [76] also developed Mg/CNT
MMCs with the same powder metallurgy route, but they followed certain specific process
restrictions in the process. Thornby J. et al. [77] fabricated Mg-based composite material
reinforced with 0, 0.25, 0.5, and 0.75 vol.% of CNTs through the PM route. The prime
objective of the study was to analyze the creep-deformational analysis of the fabricated
composites with nano-indentation. The matrix material was blended with reinforcing
agents through a ball milling machine for 2 h at 200 rpm; the produced blend was com-
pacted, followed by sintering in hybrid microwave at 640 °C for 15 min and left for 1 h
for further soaking to 400 °C in a constant temperature-maintained oven. For producing
the fabricated material in billet form, it was extruded at 350 °C with the extrusion ratio
20:25:1. For analyzing the creep deformation, a two-step test was adopted by incorporating
a shielded environment of Ar gas. In the primary stage, any of the three 0.5, 5, or 50 /s
loading rates at any of 298, 373, 473 and 573 K temperature were applied to each of the
sample to a maximum loading of 50 MN. In the secondary stage, the duration for which the
indentation load was consistently applied was 120 s, and then the deformational behavioral
data were documented. Fewer micro-cracks and grain modifications were observed in
the microstructural investigation relative to pure Mg, which promoted the improvement
in material ductileness. It was observed that the dimensions of indentation at elevated
temperature conditions did not deviated by much extent; this is due to the agglomeration
of the large number of developed dislocations. The variation in the modulus of elasticity
for different compositions was observed to be limited at 373 K, although it was found
to be reductive until the vol.% of the CNTs was raised to 0.5 and abruptly increased at
0.75 vol.% of the CNTs. The creep deformation characteristics of the fabricated composites
were observed as the only function of the testing temperature and were unaffected by the
loading rate of the CNTs. Habibi et al. [72] have developed Mg-based MMC by using Al
and CNT nanoparticle hybrid reinforcement. The process route that they adopted was
PM and the Al content in the hybrid reinforcement that they used was approximately
1 wt.%. Their process was initiated with the mixing of Mg powder with hybrid reinforcing
nanoparticles by adopting ball milling. This uniform mix was then compressed in die to
create an initial bond between the discrete powder particles under a pressure of 97 bars.
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These compressed and compacted geometries were heated/sintered in an advanced oven,
which had a two-way sintering feature. For fusing the powders into one another, the
molded shape of the powder was heated to their melting point temperatures, and finally,
the sintered material was extruded. Their study found the satisfactory distribution of
hybrid reinforcing agents up to 1 wt.% of Al and further increasing the composition of Al
showed the agglomeration of the reinforcing agents. Goh et al. [31] also adopted the PM
process route for developing Mg/CNT MMC. Their study found an appreciable adherence
among the reinforcing agent CNT and the matrix material Mg. However, this adherence
between the particles was completely mechanical, and no chemical binding was involved.

4.1.2. Ball Milling (BM) Followed by Direct Current Sintering

Due to time, the powder metallurgy process route has evolved by adopting certain
modifications in its processes, for example, the conventional sintering of PM was replaced
by hot press sintering (HPS) [71,73]. The study followed the mentioned modification
in PM and has shown remarkable improvement in the hardness, bending strength and
compressive strength of the developed Mg/CNT MMC. The process of hot press sintering is
basically the sintering of powder mix along with compression, which endorses the changes
in their microstructure due the development of linkages in CNTs [71,78]. Endu et al. [79]
proposed in their study that the anticorrosive nature of MMINC could be boosted by adding
certain reinforcing agents in the Mg matrix. In their study, they developed composites
by using AZ91 as the matrix material and MWCNTs as the reinforcing agent through
the PM route. Their process of development of MMNCs began with grating the AZ91D
alloy into a fine powder by processing the AZ91D alloy through a ball miller with argon
shielding. Furthermore, this grated powder was mixed with the reinforcing agent MWCNT
in the same ball miller. The uniform mixture of the matrix and reinforcing material then
underwent hot pressure sintering (HPS). The hot sintered part was further extruded, and
certain post processes, such as solution curing and aging, were performed. These post
processes are performed for further enhancement of the anticorrosive nature of the MMNCs.
Ding, Y. et al. [73] developed MMNCs by grating pure Mg by employing a high energy
ball milling (HEBM) setup, which provided argon shielding. During this ball milling, a
controlling agent (stearic acid) was added. These milled, pure Mg granulates were further
mixed with CNTs of 1 vol.% through the previously used HEBM. This uniform mix of
CNTs and Mg further underwent HPS to be sintered. Li, Q. et al. [78] introduced CNTs into
Mg matrix material in an enhanced composition of 2 wt.%. The process of development of
MMNC included the dry powder mixing of Mg and CNT. The mixtures produced were
sintered in a vacuum environment using HPS; a compacting pressure of 50 MPa for 30
min was utilized, along with sintering at 600 °C. For the final touch to the samples, hot
isostatic pressing (HIP) was performed at 600 °C for a duration of 60 min. The researchers
concluded that the above-mentioned processes result in regular distribution of reinforcing
agents in the Mg matrix.

4.1.3. Pulsed Electric Current Sintering (PECS)

Researchers have further modified the PM process that was adopted to develop
CNT-reinforced Mg composites, in which sintering was replaced by pulsed electric current
sintering (PECS) [57,64,77]. The application of sparks in the PECS sintering process involves
pressure, electric field diffusion, and heating. In PECS, the methodology adopted for rapid
heating of the powder mix is carried out by passing the AC supply through the die
containing the powder mixture of the matrix and reinforcing agent [78-81]. Due to this, the
powder contained in the die has a high density and low porosity in the sintered part. The
applicability of PECS was assumed by the fact that even in a short period of PECS sintering,
the chances of agglomeration of CNT particles in Mg matrix were lowered significantly.
Adopting the PECS technique reduces the chances of agglomeration and reduces the need
for post-processing material formation [14].
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4.2. Semi-Powder Metallurgy (SPM)

The research above has proven that grating the powder of Mg and producing a
homogenous mix with CNTs using the ball mill is tedious. The tediousness of the ball
milling process is because the process depends on various processing factors; also, the
processing through cluster balls produces heat that may result in the fusion of Mg powder.
Additionally, the ball milling process also ruptures the geometry and unique structure of
the CNTs, which results in less strengthened composite development. To overcome these
issues, semi powder metallurgy (SPM) came into existence to develop MMNCs. Here, in the
SPM technique, a liquid solvent is utilized rather than planetary clustering in ball milling
for developing the mix of the matrix material and reinforcing agent [28,79,80,82]. A study
and its associated investigations revealed that an appreciable amount of local pressure of
approximately 50 MPa was generated due to ultrasonic cavitation [83,84]. This noticeable
amount of local pressure enhanced the mechanical properties of the developed composite
by achieving refined distribution of CNTs in the Mg matrix. Abazari S. et al. [85] fabricated
Mg-3Zn/CNTs composites through the semi powder metallurgy route. The process was
initiated by developing the Mg-3Zn alloy through the ball milling process in a shielding
environment of Ar gas. Before introducing the reinforcing CNTs to the matrix material, they
were acidic and treated with sulfuric and nitric acids. To observe the effect of CNTs on the
properties of the fabricated composites, samples were created with 0, 0.2, 0.4 and 0.8 wt.%
of CNTs. The Mg-3Zn alloy was magnetically stirred with ethanol for 1 h at 600 rpm;
simultaneously, MWCNTs associated with functional groups were separated in ethanol
by ultrasonication for 1 h. A droplet of definite solution of CNTs was introduced to the
powder suspension in ethanol at 600 rpm for 3 h. Furthermore, this mix was dehydrated in
the vacuumed furnace at 344 K for 24 h. The dry mixture was compacted under a pressure
of 650 MPa, sintered at 874 K for 2 h, and at the last extrusion based on hot working was
performed. The researchers concluded that semi-powder metallurgy and extrusion were
efficient process routes. The microstructures improved due to the presence of functional
groups associated with CNTs, which raised the nucleation sites and enhanced the strengths
of the load transfer mechanisms found to be responsible.

4.2.1. Gemini Dispersant

The objective of loading the Mg matrix material with CNT reinforcing agents faces
hurdles due to the clustering of the CNT particles in the Mg matrix in the process of
developing the mix, which results in the degradation of unique features of CNTs, due
to the generation of weak bonding between CNT and Mg particles [59,66]. The issue
mentioned above can be overcome, and for obtaining the desired uniform distribution,
the method of reform in covalent and non-covalent bonding is utilized and the process
of doing so is termed as chemical reformation [82,83,86,87]. This chemical reformation
method efficiently executes the uniform distribution of CNTs; however, this also alters
the CNTs’ internal structure by inducing a covalent bonding surface through chemical
and physical oxidation [86]. In recent times, researchers have investigated the use of new
dispersants named gemini in respective investigations and the results has shown appealing
characteristics [84,85,88,89]. The gemini dispersant constitutes two identical amphiphiles.
These amphiphiles are integrated with one another through a chemical bond. Aromatic
rings, hydrophilic groups, and hydrophilic chains develop these amphiphiles. The even
distributions of CNTs are possible with the gemini dispersant due to the phenomena of
generation of 7-7t assembling and also as a result of the tendency of gemini to be adsorbed
on the CNTs’ surfaces [64,80,86-89]. The gemini dispersant’s hydrophobic and lipophilic
nature also generates uniform distribution [90]. Hou et al. [91] developed Mg/CNT MM-
NCs by incorporating the gemini dispersant in the mix and the dispersants they utilized
were of ionic characteristics. The researchers concluded in their study that, by using the
mentioned dispersant, they achieved a more refined distribution of CNTs, even with CNT’s
untouched unique structure. From the purity of the developed MMNCs, these dispersants
can be extracted through annealing. To obtain the desired dispersal of the CNT particles
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throughout the matrix of Mg, the investigators dissolved MWCNTs in the die ionized water
and ionic gemini dispersant. The authors observed in their study that the reason behind
the refined distribution of the CNTs in the Mg matrix was due to the formation of negative
charge in the MWCNTs developed by the DSDM route. The generated negative charge
raises the intermediate particle repulsion in MWCNTs in DSDM water solution. Even
more refined distribution and less agglomeration were observed in enhancing the surface
potential of MWCNTs [91]. Furthermore, the powdered forms of Mg and Al were added to
the MWCNT mix with a steady rate, along with moderate ethanol and to obtain a perfect
miXx, stirring was performed for 20 min. Vacuum distillations were performed for drying
the stirred Mg-AI-MWCNT mixture. The removal of dispersant from the MWCNT mix was
performed through the annealing process in an argon shielding environment. The annealed
mix was placed under compression, heat-treatment, and extrusion, resulting in the devel-
opment of MWCNT’s outstanding characteristics [55]. Figure 4 depicts the characteristic
defining steps in the development of Mg/CNT composites through the gemini dispersant.
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Figure 4. Processes included in the gemini dispersant for fabricating Mg-CNT composites [50].

4.2.2. Development of CNT’s Surface Functional Groups

The development of the Mg/CNT composites is vulnerable to the agglomeration of
CNTs and generation of their clusters, which occurs due to CNTs” possession of certain
unique characteristics, such as their enhanced L/D ratio, extraordinary Van der Waals force,
and immense specific surface area. This clustering of CNTs in the Mg matrix is responsible
for the generation of porous composites [92]. For overcoming the disadvantages of CNTs,
function groups such as hydroxyls (-OH) and carboxyl (-COOH) carbonyls (>C=0) can
be generated on their surfaces. The uniform distributions of CNTs were also achieved
by applying sound energy to agitate the CNTs in an anhydrous ethanol solution. The
process of doing so is called sonication of CNT particles, which also leads to eradicating the
contamination from CNT’s surfaces [70], [75]. Rashad et al. [82], in the attempt to develop a
hybrid composite, produced a slurry of powders in an Mg-3Al-1Zn composition in ethanol.
Furthermore, this slurry was added to 1.5 wt.% CNTs, which were layered with nickel.
The additions were executed through mechanical stirring at 1500 rpm for a duration of 2 h.
Finally, vacuum filtration was performed, and the composite powder was compressed in
an SS die. Fatih Aydin et al. [93] developed MWCNT-reinforced Mg composites through a
process route that started with preparing the material powder through SPM, extraction and
sonication using ultrasonic waves in ethanol; for distribution of CNTs, mechanical stirring
was used and lastly, extrusion through dies was performed.
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4.3. Extrusion Based on Hot Working

The deformation of material through cold working processes results in work-hardening
of the materials. The Mg/CNT composites are deformed through hot extrusion to overcome
this issue. However, the hot extrusion process is optimal only when the amount of composite
material fabricated through the PM route is in a large quantity. During the development
of Mg/CNT composites, the generation of carbides has been observed at the interface of
the Mg matrix and CNTs when the working temperature rises above 500 °C; this leads to
lower composite strength [94]. The hot extrusion step in the process route may overcome
the issue mentioned above. Shimizu et al. [95] developed AZ91D alloy-based composites
using MWCNT as a reinforcing agent in different wt.% compositions, ranging from 0.5 to
5 wt.%. The process route that they adopted involved ball milling, vacuum-operated HPS,
and hot extrusion. In their observations, they stated that until the 1 wt.% was reached, they
observed proper CNT distribution. Once it raised above 5 wt.%, they observed clusters of
CNTs in the mix. In addition, they summarized that the strength of the fabricated composite
was enhanced due to the lying of the shorter and in line CNTs on the outermost surface of the
Mg particles, which offered restricted deformation; hence, the strength of the composite was
raised. Harun Mindivana et al. [96] fabricated Mg-6Al/CNT composites and their observation
was based on variations in the composition of CNTs, which were 0.5, 1, 2, and 4 wt.%.
The fabrication process consisted of ball milling, cold compacting, and hot extrusion. The
generated composites after hot extrusion underwent microstructural study. It was concluded
that the CNTs were uniformly distributed over the Mg chips and added that this distribution
of CNTs suffers from the increments in CNTs’ wt.%. In their study, Han et al. [59] summarized
that the CN'Ts in Mg matrix material enhance the development of twinning and also deteriorate
the basal consistency in Mg-based nanocomposites processed through hot extrusion.

4.4. Metal Fusion and Solidifying Technique

Plenteous attempts have been carried out to develop CNT-reinforced metal matrix
composites through the melting and solidification technique. The melting and solidification
route incorporates high-temperature conditions, which may affect the characteristics of
CNTs and involve chemical reactions at CNT-matrix interfaces. It has been advised to
include this process route in low-temperature working conditions. Furthermore, the
uniform distribution of CNTs in the metal matrix through mechanical stirring is a tedious
job; due to surface tension, CNTs are generally agglomerated with each other and develop
in bunches. Mg’s low melting point temperature enables the incorporation of the melting
and solidification route for reinforcing the Mg matrix with CNTs [14,88,93].

4.4.1. Stir Casting (SC)

The fabrication of Mg/CNT composites can also be performed through the stir casting
route. However, the process of stir casting possesses certain restrictions, such as the clus-
tering of CNT particles and oxidation of molten Mg. In addition to the issues mentioned
above, the mechanical stirring in stir casting damages the unique crystallographic character-
istics of CNTs, resulting in inferior mechanical characteristics of the Mg/CNT composites.
The issue of clustering of CNTs in the stir casting route may be overcome by modulation
and controlling the various parameters of the stir casting technique [97]. The oxidation of
molten Mg can be prevented by maintaining the vacuum in the stirring container [91,94,98].
In recent times, numerous investigations have been carried out, intending to optimize the
process parameters of the stir casting technique for obtaining the uniform distribution of
CNT particles by overcoming the above-mentioned issues. Gupta M. et al. [99] experi-
mented with fabricating the Mg matrix composite reinforced with different reinforcements,
such as ceramic nanoparticles, metallic and CNTs. The objective of the experiment was to
study the variance in mechanical characteristics of the fabricated composites [93-96,100].
The microstructural porosity in the Mg/CNT composites fabricated through the stir casting
route was comparatively lower; this has been concluded by the study conducted by Tun,
K.S. etal. [101]. Kumar et al. [102] fabricated AZ91D-based composite material by insertion
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of MWCNTs. The process route that they adopted was stir casting. In the outcome of
the study, they concluded that uniform distributions of CNTs in the AZ91D matrix were
observed with well-fabricated microstructures. Selvamani et al. [103] employed the semi-
automatic stir casting route in their AZ91D/MWCNT fabrication process. The amount of
MWCNT reinforcement that they dispersed in the Mg alloy matrix was from 2 to 4 wt.%.
As a result of the study, they found that CNT particles were dispersed in the eutectic matrix
and the developed composite consisted of a dendritic structure of lower porous nature
in comparison to the pure Mg alloy [103]. Abbas et al. [36] conducted an experiment to
decrease the porous nature of the fabricated composites through the stir casting route by
increasing the amount of CNTs dispensed in the Mg matrix. Different wt.%. of MWCNTs
were added in the AZ31 matrix in their composite fabrication process. This increment in
mass density effectively enhanced the mobilization and compaction of metal atoms. The
continuous stirring caused grains to be refined and shearing of the particles in the molten
mix. Consequently, the porous nature of the composites was reduced. Additionally, they
summarized the factors that influence the porous nature of the composites, which were
reinforcement distribution, appreciable wettability, and effective linkages. Hong Yuan
et al. [104] adopted a unique and innovative technique for developing ZM1alloy-based
CNT-reinforced MMCs. A ZM1 matrix material was prepared separately, with 3.50, 5.50,
0.50-1.00, 0.10 and 0.01 wt.% of Zn, Zr, Cu, Ni, Mg and impurities, respectively. Instead
of feeding the reinforcing material in o the matrix, primarily, they were pre-disbursed in
Zn powder through liquid mixing and mechanical alloying. In liquid mixing, 1000 mL of
ethanol was added with 10.0 g CNTs and ultrasonication was performed. Later, simultane-
ous sonication along with stirring were carried out after adding 3.0 g of powdered Zn to
develop CNT-Zn heterogeneous solution. In the secondary stage of mechanical alloying,
for obtaining the CNT-Zn mix, 10.0 g of CNTs, 3.0 g of Zn and 1.0 g of stearic acids were
blended and then ball milled at 100 rpm for 4 h. For obtaining the solid pieces of CNT-Zn,
the mixes obtained in both stages were further compressed through a hydraulic pressing
machine. Finally, these solid CNT-Zn pieces were fed in (1.0 wt.%) as reinforcing agents
in separately prepared 3.0 kg ZM1 Mg alloys through mechanical stirring. Sample testing
revealed appreciable modifications in the dispersion of the reinforcing material, leading to
enhanced mechanical characteristics, in addition to the fact that the fracture modes were
also transformed from brittle to ductile.

4.4.2. Deposition of Disintegrated Melt (DDM)

The DDM route of fabrication of composites has been adopted generally for those
fabricated with reinforcing nano-sized particles. The method involves the heating of Mg
above the superheated temperature of 750 °C, which contains the provision of argon
shielding. A mechanical stirrer is provided to disperse the reinforcing agents uniformly
throughout. The heating pot has a bottom nozzle for pouring out the molten material,
which also has the provision of disintegration with argon jets. Lastly, the poured-out
material is extruded. Chan et al. [11] employed an innovative electromagnetic concept to
stir the Mg/CNT molten mix. The molten pot used in the fabrication had inducting coils at
the outer surface; these coils induced the magnetic field that enabled the molten mix to be
stirred. Furthermore, the molten mix was heated to 700 °C in an environmentally shielded
manner. Lastly, the composite slurry was poured into the die for developing the composites.
Paramsothy et al. [105] conducted their experiment of developing a composite through the
dispersion of CNT particles into the ZK60A matrix. The process of development was carried
out through deposition of the disintegrated melt route, trailed by hot extrusion. The vibrant
accumulation of composite slurry on the substrate through hot extrusion, material shielding
through argon gas, and least gravity-associated segregation, due to proper selection of the
stirring factors, resulted in the uniform distribution of the CNT particles.
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4.5. Friction Stir Processing (FSP)

FSP is a solid phase processing approach that generates an adequate grained mi-
crostructure. Analogous to friction stir welding (FSW), a rotating tool, is adopted in the
process to rotate at the substrate surface. This generates the required plastic deformation
resulting from the fine and uniaxial grains on the friction plastic deformation surface. This
process of development of fine and uniaxial grains is termed as dynamic recrystalliza-
tion. FSP is a productive technique that is generally employed to fabricate the composites.
However, it has been employed for dynamic recrystallization of the substrate surface. The
outcome found by researchers in the process of Mg/CNT composite fabrication through
FSP involves the welding zones of CNT and matrix material [32,101,106]. Sharma et al. [107]
fabricated composites by introducing nano-sized MWCNTs and graphene as the reinforcing
material to the rolled matrix material plates of AZ31B through FSP. The process constraints
were as follows: axial load of 5.4 kN, transitional velocity of tool of 40 mm/min, and 2° tool
inclination. The composites were fabricated with 1000, 1200 and 1400 rpm rotational tool
speeds. The characteristic investigations of the developed samples revealed that tensile
and compressive strength of the fabricated composites increased by enhancing the rein-
forcing material distribution, which was achieved through enhancing the rotational tool
speed. In addition, they observed a drop in the tensile strength in the case of the hybrid
composite. They concluded that the mechanical characteristics of the fabricated composites
were satisfactory at a toll rotational speed of 1400 rpm. Jamshidijam, M. [108] fabricated
AZ31-based composite material reinforced with MWCNTs through FSP. The FSP process
involved adequately grained rigid interfacial bonding between the matrix alloy AZ31 and
reinforcing agents MWCNTS, resulting in hardened surface composites. Morisada et al. [33]
employed the process of FSP to develop Mg/CNT composites. The method of composite
development was initiated by creating an indent in a solid piece of the matrix material Mg
alloy and that indent was filled by the reinforcing agent CNTs. Then, a revolving tool was
projected in the groove for distribution and bonding of the CNTs with the Mg material. The
revolving tools were employed to rotate at 1500 rpm, providing the desired frictional force
to produce intermetallic bonding. They concluded from their findings that the size of grains
was reduced by the process; however, the grains were refined and proper distribution of the
CNTs was observed in the Mg matrix. Additionally, it was concluded that the distribution
of CNTs was found to be more uniform with a lower rotational speed of the tool, but that
resulted in increased process duration. Huang et al. [109] employed the stir casting route
followed by FSP for fabrication of Mg-6Zn-based composites reinforced with CNTs. The
researchers found in their investigations that the mechanical characteristics of the fabricated
composites were enhanced due to the development of appreciable intermetallic bonding
and refined grains.

4.6. Spread Dispersion (SD)/Rolling Process

Spread dispersion/rolling process is an innovative route to fabricate Mg matrix com-
posites by developing a layered micro-nano configuration. Xiang et al. [75] employed the
SD/rolling process route to fabricate Mg/CNT-laminated composites. For obtaining the lay-
ered micro-nano configuration, they were the first to employ the method of electrophoretic
deposition (EPD) for combining the CNTs with 50 pm Mg foils. The tests were oriented
towards characteristic identification and revealed no clustering of the CNTs or proper dis-
persion of the CNT particles. They added that the characteristics of the layered configured
composites can be customized by adopting variable thicknesses of Mg foils. Furthermore,
the deposition time is the most important factor in deciding the thickness of the CNT layer.
The process of fabrication ended with hot rolling of the stacked Mg foils, which resulted
in the reduction in the total thickness by up to 60%. The researchers also investigated
dislocation/slip vector movement in the fabricated composites; their observations and
findings reported the presence of blockages in dislocation movement in the fabricated
composite. The presence of these dislocation blockages resulted in a highly strengthened
composite compared to the composites fabricated through conventional routes. Figure 5.
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illustrates the process route of fabrication of Mg/CNTs through the layered micro-nano
configuration [75].

-

—é

F

=g Vo)

CNTs

Hot Rolling
——i

CNTs
Mg Nano layer
Micro layer

Figure 5. Fabrication of layered micro-nano configuration of CNT-reinforced composites [75].

5. Mechanisms Responsible for Strengthening of Nano-Composites

The fabrication of metal matrix nanocomposites (MMNCs) through any of the routes
mentioned above is commonly employed to enhance their mechanical characteristics, such
as strength and stiffness, relative to the pure matrix material. These composite characteris-
tics are accomplished by effectively transferring the working stress from the matrix material
to the reinforcing agents, i.e., CNTs. Interfacial bonding of the CNTs and matrix material,
homogenous dispersion of the CNTs in the matrix material, and aspect ratio are the chief
deciding factors of the characteristics of a fabricated composite [110]. It has been observed
that the observation of a crack at interfacial bonding between the reinforcement and matrix
materials affects the composite’s toughness, and the ductility of the composite will be the
factor of moderation of uttermost stresses near the interface [111]. Additionally, fabricated
composites’ characteristics are highly altered through the process route employed in fab-
rication [11]. Four mechanisms have been suggested for understanding and gauging the
strengthening effect in the fabricated composites, which are discussed further.

5.1. Load Transfer

Nardon and Prewo [112] have stated that the load transfer is the most acceptable mecha-
nism. Following this mechanism, the interfacial bonding created in the fabricated composite
enables the matrix material to transfer the applied stresses from the matrix material to the
reinforcing agent. This will enhance the composite strength to bear the stresses. Although,
for transferring the stresses and strengthening the composite, there should be an appropriate
aspect ratio associated with the nano reinforcing materials [107-109,113-115]. Consequently,
employing a reinforcing agent of greater hardness will be more effective in stress transfer
and may strengthen the composite. The shear model [116] is widely accepted for analyzing
the concept of load transfer mechanism. The perception made in the shear lag model is
that a 3-D fiber will be considered as a 1-D object during the analysis. The shear model is
also employed for analyzing the consequences of the presence of broken fiber in a metal
matrix with various complexities [117]. Li P. et al. [118] conducted a study for developing
AZ91D-based composites by introducing CNT-Mg2Sip as the reinforcing material through
the in-situ process route. At the initial stage, the CNTs were oxidized through magnetic
stirring in a 1:3 acidic mixture of concentrated H25S04 and HNO3. The CNTs underwent
acidic treatment with powdered AZ91D and were mechanically stirred in a C2H50H solution
for 2 h. The developed precipitated particles were dehydrated in a vacuum furnace at 60 °C
for 10 h. These dehydrated particles and powdered Sip underwent ball milling in atmospheric
shielding of Ar gas to develop 0.3 vol%CNTs-0.37 vol%Sip/AZ91D composite powders. This
powdered CNT-Sip/Mg form was hot compacted at 200 °C in a vacuum environment. The
compacted bar of the material was reheated in a capillary furnace at 585 °C for 60 min. Finally,
the desired composite was developed by pouring the partial solid into a preheated mold
under the pressure of 224 MPa. The same procedure was followed for the fabrication of
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0.75 vol%CNTs-0.75 vol%Mg2Sip / AZ91D, 1.5 vol%CNTs/AZ91D, 1.5 vol%Mg2Sip/AZ91D
and 3 vol%Mg2Sip/AZ91D. The results concluded that load transfer and thermal incon-
gruity were the prime strengthening mechanisms in the developed composites. The most

feasible mechanical characteristics among all the compositions fabricated were found for
0.3CNTs-1.2Mg2Sip /AZ91D.

5.2. Orowan Mechanism

Composite material undergoes plastic deformation beyond its yield limit. Plastic
deformation of composites is due to crystallographic movement of dislocations; this plastic
deformation consists of the Orowan mechanism [119]. The phenomenon of generation of
residual dislocation loops near to the dispersed CNT particles in Mg matrix, occurs through
the succeeding slip bends and sidestepping of the integrated agent’s incompliance with the
Orowan mechanism. Thus, the generation of the residual loops consecutively strengthened
the work material; hence, the dispersion of reinforcing agents in the metal matrix occurs
in the developed composite [34,36,55,70,73,74,103]. Earlier studies have summarized that
in order to analyze the Orowan mechanism in a fabricated composite, it is required to
have interparticle spaces among the reinforcing agents. Additionally, it was concluded
that appreciably strengthened composites were developed when cylindrically shaped
reinforcing agents were incorporated instead of spherical ones [120]. For the composites
that are fabricated through reinforcing the particles of comparatively smaller and shorter
shapes, the Orowan mechanism plays a major role [121].

5.3. Thermal Incongruity

The thermal incongruity mechanism emerges when the generation of the enhanced
dense dislocation site emerges around the reinforcing agents. This emergence is due
to the appreciable variation in the coefficient of thermal expansion (CTE) between the
reinforcing agent and matrix material. The presence of variation in CTE between the
reinforcing agent and matrix causes the composite to undergo thermal changes, resulting
in the generation of thermal and internal stresses. Due to the developed thermal variation,
the dislocations are generated around the reinforcing agents to lower the stored energy.
The dislocation density present in a composite is related to the thermal strain present in
composites. These developed dislocations are the measuring parameters for the level of
strengthening produced in the fabricated composites. Strengthening of the composite
is enhanced with the enhancement in the density of dislocations [115,116,122]. Multiple
strengthening mechanisms [60] due to the dispersion of CNTs in the metal matrix may be
characterized according to the following equation:

Oc = Omt + Ao, + AoT + AOOrowan 1)

In the above equation, o and omt are the composite strength and matrix strengths,
respectively, Aor, AoT, AGOrowan are the quantum enhancement in strength due to the
mechanisms related to the transfer of the load, thermal incongruity, and Orowan.

5.4. Grain-Boundary Strengthening

Grain-boundary strengthening is also a member of the group of mechanisms that plays
a chief role in strengthening the fabricated metal-based CNT-reinforced composites. Unlike
all the other mechanisms mentioned above, the grain-boundary strengthening mechanism
deals with the compressive strength of the composite. The mechanism is initiated through
the refining of grains and results in enriched compressive strength of the composite. It
has been experimentally observed that the grain-boundary strengthening befall during the
composite development process routes involves refining the grain sizes [53,66,69,103,117]. It
has also been observed that different process routes adopted to fabricate the CNT-reinforced
composites result in dissimilar grain-boundary strengthening coefficients [123-125]. During
the fabrication process of the composites, the reinforcing mechanism based on particle
size is expected to occur by simple reinforcing principles based on stress transmission,
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such as “rule of mixture”. Compared to conventional reinforcing agents, such as SiC,
the high aspect ratio property of CNTs enables the fabrication of the composite, which
may contain minor voids to lock the dislocation movement, even with lower wt.% of the
CNTs. The deformations through these composites are only possible if either the dislocation
bypasses the hindrance created by the Orowan mechanism or with the shearing of CNTs.
The characteristic feature of CNTs such as the smaller diameter and stress concentration at
the head, contribute to the dislocation growth which results in the yielding.

Furthermore, a significant rise in resistance to creeping in the fabricated composite
may be realized, as a result of the difficulty regarding the dislocation climb [126]. “Crack
divergence”, “CNT’s linking” and “CNT’s bug-out” are the general Mg/CMT composite
strengthening mechanisms. At the moment of failure in CNT-reinforced Mg-based com-
posites, many CNTs pull out from the matrix. The pulling out of the CNTs lowers the
crack propagation speed by overcoming the stresses at the crack tip. In addition, CNTs
pulling out results in generated interfaces that require external work that must be car-
ried out. Thus, crack propagation consumes surplus energy. When these bridged CNT
composites are subjected to external stresses, the stresses generated on the crack surface
are compressive. These compressive stresses develop near the crack surface, restricting
further crack enhancement; consequently, the toughness of the composite rises. Xiang
et al. [75] employed a layered micro-nano configuration to fabricate Mg/CNT composites.
The study aimed to investigate the fractured format in fabricated Mg/CNT composites.
Compared to pure Mg, in which a localized strain was observed, the fractured surface of
the Mg/CNT composites was found to be smooth. The Mg/CNTs underwent advanced
strain hardening and showed a substantial modification in even cleavage to a rough, jagged
fractured surface. This progressive rate of strain hardening results in even more uniform
deformation. CNT’s layers restrict the crack propagation; consequently, the CNT layers
refine the toughness of the composite.

6. Mechanical Properties of Developed Composites Depending on the Production Process

Various studies have been carried out to investigate the mechanical properties con-
cerned with fabricated Mg/CNT composites. The investigated mechanical properties
obtained in Mg/CNT composites fabricated through different process routes are sum-
marized in Table 1. Ding et al. [73] conducted an experiment to evaluate the mechanical
characteristics related to Mg-based, CNT-reinforced composites fabricated through the pow-
der metallurgy route. The fabrication process illustrated that the refinement of Mg powder
could be achieved by ball milling before the dispersion of CNTs, which enabled CNTs to be
uniformly dispersed in the matrix material. Furthermore, the sintering of Mg/CNTs was
executed. The grain sizes of the sintered composite observed through optical microscopy
were found to be approximately 2-25 pm. No considerable refinement in the grain size was
observed in the sintered samples after ball milling (2-18 um). The fabricated composite
was further tested for the evaluation of mechanical properties. The results of these tests
were concluded as follows: malleability of 11% was observed, compression strengths were
found 504 MPa, and yield strengths were 454 MPa, respectively. Li et al. [35] developed
Mg-MWCNT composites by employing a process route that consisted of two basic steps.
The first step was executed for the pre-distribution of MWCNTs on matrix material Mg
chips through a distributing block polymer. In a further step, the Mg chips containing the
MWCNTs finely distributed on their surface were converted into molten form. This heating
process of Mg chips was followed by stirring. Furthermore, this molten Mg alloy/MWCNT
composite mix was solidified after it was poured into the mold. The sample analysis en-
sured that the addition of only 0.1 wt.% MWCNTs resulted in the outstanding rise of 36% in
CYS and UCS. The investigators further concluded that the Mg matrix material’s deforma-
bility was enhanced due to thermal incongruity, load transfer, and Orowan strengthening
mechanisms. In addition, they added that the CNT’s distribution in the base Mg matrix
material effectively offered obstacles in crack propagation. Yuan et al. [71] initiated their
study to evaluate the mechanical characteristics of the AZ91/CNT composites coated with
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MgO. Their experimental outcomes highlighted the enriched mechanical characteristics.
The researchers concluded that the causes of enrichment were the Orowan mechanism,
thermal mismatch, grain size modifications, and stress transfer mechanism. Zeng et al. [127]
employed a manual stirring process route of distribution of MWCNTs in the AZ31 matrix.
The MWCNTs that they utilized as reinforcing agents had 30 nm diameters and lengths of
1-10 um. As an outcome of the experiment, they found extraordinary improvement in hard-
ness, tensile strength, and Young’s modulus when the AZ31 matrices were loaded with 1
wt.% MWCNTs. They concluded that when the loading of MWCNTs rises from 1 wt.%, this
resulted in the alteration of the tensile characteristics due to the development of clusters of
MWCNTs in the AZ31 matrix. Hou et al. [55] developed MWCNT-reinforced Mg-9Al-based
composites. Their experiment revealed the alterations in length from micron to nano size of
the Mgi7A}1, phase. During the study of Mg-9A/MWCNT composites, it was found that
the addition of 0.4 wt.% of MWCNTs resulted in a UTS value of 355 MPa and elongation
of 15%, which is represents 18% and 150% enhancement, respectively, compared to pure
Mg. Proper dispersal of the nano-sized Mg;7A}1, phase and appreciable inter-metallic
bonding between the matrix and reinforcement were the responsible phenomena for the
enhancement in the characteristics, according to the researchers. Goh et al. [31] employed
the powder metallurgy route to develop Mg/MWCNT composites. For the MWCNTs,
they adopted a diameter of 20 nm, and these reinforcing agents were added in different
compositions from 0.06 to 0.3 wt.%. The fabrication proceeded by blending the MWCNTs
and Mg powder, followed by sintering and hot extrusion. Regarding the study outcomes,
they concluded that the addition of maximum wt.% in the adopted range, i.e., 0.3 wt.%,
generated clusters in the matrix material.

Furthermore, they added that by increasing the wt.% of the CNTs, the yield strength
and deformability of the composites rises. However, negligible impact was found on the
composite’s UTS value by enhancing the wt.% of the CNTs. Shimizu et al. [95] carried
out their study by fabricating AZ91D-based MWCNT-reinforced composites through the
PM route. The route included ball mill, HPS, and extrusion processes. Their study was
focused on refining the distribution of reinforcing MWCNT particles. They reported that
the maximum yield strength (YS) and ultimate tensile strength (UTS) were observed with
reinforcing 1 wt.% of the MWCNTs. They found proper distribution of the CNTs over the
Mg matrix particles. Consequently, these generated restrictions in the deformations, and
thus strengthened the composite material. Liu et al. [128] experimented with developing
Mg-based composites reinforced with MWCNTs with a loading of 1.5 wt.%. The MWCNTs
that they employed were 2040 nm in diameter and 1-5 pm in length. The process route
that they followed was mechanical stirring, with the incorporation of the high-intensity
ultrasonic process. They reported that yield strength (YS), ultimate tensile strength (UTS)
and elongation of the Mg matrix material were enriched by the dispersion of 1.5 wt.%
MWCNTs as a reinforcing agent.

Sun, F. et al. [129] employed the CVD method to develop MWCNT-reinforced Mg-
based composites. The CVD technique was performed at 480 °C by incorporating a Co/Mg
catalyst and acetylene gas. The process was initiated with argon-shielded ball milling
of the matrix material dispersed with MWCNTs in the range of 1.8, 2.4, and 3 wt.%, for
400 rpm for 2 h. The ball milled mixture was further sintered at 580 °C for 2 h and lastly
extruded in a heated form. During observations, it was reported that the tensile strength of
the matrix Mg was enhanced to 285 MPa with increments in the reinforcing agent up to
2.4 wt.%. This increment in tensile strength was about 45% of the pure Mg Matrix, which
was 220 MPa. Increasing the composition of MWCNTs further up to 3 wt.% resulted in the
clustering of the reinforcements. The matrix material Mg possesses HCP crystal geometry,
which was the hindrance that Mg provided in tensile deformation. With the dispersion of
MWCNTs and further extrusion, the prismatic and cross-slip dislocations vectors activated
in the Mg matrix enhanced the composite’s deformability. Goh C.S. et al. [88,93] developed
Mg/MWCNT composites by employing deposition of disintegrated melt and extrusion,
incorporating variable wt.% reinforcing MWCNTs. In the study mentioned above, they
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concluded that with MWCNT incorporation of 0.3 and 1.3 wt.%, the tensile elongation,
UTS and YS of the matrix material improved. Upon further increment of the reinforce-
ment to 1.6 and 2 wt.%, the clustering of the MWCNTs was observed in the Mg matrix,
and consequently reduced the tensile strength, deformability, and YS. It has also been
reported that the fabrication of Mg/MWNCTs with MWCNTs consisting of length less than
100 um, diameter of 20 nm and inferior loading lower than 1.3 wt.%, this resulted in the
enhanced tensile deformability of the composites. The instigation of prismatic slipping
and advancement in basal slipping resulted in this enhancement in deformability [97].
Figure 6 illustrates the CNTs that sheared and buckled under compressive loading. The
shearing and buckling of the CNTs generated is due to the inhomogeneity of the tensile
yield strength (TYS) or compressive yield strength CYS [105]. The buckling of CNTs occurs
when these dispersed CNTs within the matrix material undergo fracture after experiencing
compressive deformation.

T /
CNT fracture

— ¢ OR
/ tl

CNT buckling \

T
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Figure 6. Compressive shearing and buckling of CNTs in ZK60A-based nano-composite (T, 71 are
in-plane stresses of shear nature, where 1, > t7) [105].

Paramsothy, M. et al. [105] fabricated ZK60A matrix-based composites reinforced with
CNTs of 40-70 nm outer diameter and an aspect ratio of about 100. They stated through
their study that the dispersion of 1 vol.% of CNTs in the ZK60A matrix resulted in an
improvement in UCS by about 5% and decrement in CYS of about 14%, compared to
unreinforced ZK60A. With the same dispersion value of CNTs, the compressive strength
(CS) of the developed composites was found to be inferior at any given strain value,
compared with unreinforced ZK60A. Figure 6 illustrates the causes of this decrement
in CS, which could be because of the adverse effects of (i) inferior intermetallic phase
dilution in the fabricated composite or (ii) the phenomena of the generation of buckling in
reinforced CNTs in the ZK60A matrix. The researchers have further stated that fabrication
of the ZK60A /CNT composites was performed by employing CNTs with an aspect ratio of
about 100. When the fabricated composites were subjected to compressive deformation,
buckling of the CNTs was reported and consequently, they fractured within the matrix
material [123,124,130,131]. The above-mentioned buckling in CNTs can also be carried out
even more smoothly by enhancing the width to height ratio of the CNTs being used, which
as a result lowers the limits of the characteristics concerning to reinforcement [100,125].
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Table 1. Summarized investigated mechanical properties obtained in Mg/CNT composites fabricated

through different process routes.

Tensile Proprieties

Compressive Properties

P Young's
Sample(s) Fabrication Method(s) . B : Hardness Ref.
Modulus (GPa) 0.2%TYS UTS (MPa) Elongation CYS (MPa) UCS (MPa) Failure Strain
(MPa) (%) (%)
Mg-1A1 SPM + VS + HTE EE":féZ]liOOz 156 £3 201+3 6.8 04 100 +£3 378 +7 17+04 49 +£3 [29]
ET:17.1 £0.2
Mg-1Al-0.60 GNPs SPM + VS + HTE EC: 75+ 06 202+7 263+ 6 41+07 228 +4 405 +4 12+04 62+3 [29]
ET: 155+ 0.2
Mg-1A1-0.60 CNTs SPM + VS + HTE EC: 6.6 + 03 211 +4 286 +3 11+02 236 +3 422+3 123+03 60+6 [29]
BM + ultrasonic
Mg-6Zn-0.5 CNT treatment + SC 91 193 - - - - - [30]
Mg-1A1-0.60 (1:5) ET:152+03 y " " .
(CNT + GNPs) SPM + VS + HTE EC: 6.8 + 0.3 184 +5 232 +5 161 +£03 166 £ 5 398 +4 16 +0.3 57 +4 291
Mg (98.5% purity) MBM + CP + HTE 126 + 4 203 +9 81 - - - 47+1 [31]
Mg-0.06 CNTs MBM + CP + HTE 131+3 201 +3 1B3+1 - - - 45+1 [31]
Mg-0.18 CNTs MBM + CP + HTE 136 £5 204+ 6 13+2 - - - 47 £0 [31]
Mg-0.30 CNTs MBM + CP + HTE 147 £ 4 21245 7+1 - - - 46 £1 [31]
AZ91 SI 48+2 82+4 204+ 6 - - - - 81 [32]
AZ91-5 MWCNTs SI 12+2 212+ 11 24249 - - - - 151
AZ91-5 (Si-MWCNTs) SI 13+2 251+ 11 294 +9 - - - - 159
AZ91-0.1 MWCNTs sC - - - - 160 £ 4.7 414 236
AZ31-0.1 MWCNTs SC + aged - - - - - - - -
AZ31-0.5 MWCNTs SC + aged - - - - - - - - [36]
AZ31-1 MWCNTs SC + aged - - - - - - - - [36]
AZ31-1CNTs BM + extrusion + welding 185 +£57 271+73 7+16 65 +3.5 [37]
Mg-9Al SPM + HTE 234 +3 300 +4 5+1 80.2£26 [55]
Mg-9Al1-0.2 MWCNTs SPM + HTE 240 £3 34543 15+1 914 +18 [55]
Mg-9A1 0.4 MWCNTs SPM + HTE 247 £ 4 354+ 6 14+3 94.1 +£26 551
Mg-9Al1-0.6 MWCNTs SPM + HTE 23243 32842 12+1 89.3 £4.7 551
AZ31 PM + extrusion 196 £ 5.1 284428 144+14 161 £6.2 361 +34 162+ 1.6 59 £3.1 [571
AZ31-0.3 GNP PM + extrusion 172+ 63 274458 218 £27 160 + 4.6 396 +54 16.1+1.7 70+£23
AZ31-0.3 CNT PM + extrusion 211 +£2.7 311+52 132+31 241+56 458 + 6.1 141+12 79+£27
Mg- 0.08 CNTs PM + PECS + HTE 186 237 16.2
AZ81 DMD + HTE 224 335 7.7 154 + 16 486 £ 13 171+02 118 £2 [62]
AZ81-1.5 CNTs DMD + HTE 279 391 127 127 +18 487 £11 162+ 1.6 115+7 [62]
AZ91 SPM + HTE 166 + 5.0 213 £ 6.0 68+0.2 721 +20 [71]
AZ91-1 CNT SPM + HTE 172 £ 4.2 226 £5.2 84+02 791 £21 [71]
AZ91-2 CNT SPM + HTE 196 + 4.4 262 + 5.4 8.6+0.1 87216 [71]
AZ91-3 CNT SPM + HTE 252 + 3.6 300 + 4.4 92+0.2 942 +2.1 71]
AZ91-4 CNT SPM + HTE 188 £ 3.4 247 +3.8 8.4 +£0.2 841+ 17 [71]
AZ91-5 CNT SPM + HTE 153 £ 4.6 227 +5.5 7.6 £0.1 80.1 +1.6 [71]
AZ91-1(MgO-CNT) SPM + HTE 191 £35 261 +4.1 75+02 80.1 +1.6 [71]
AZ91-2(MgO-CNT) SPM + HTE 211 +5.1 293+ 6.1 81+0.1 894+ 1.1 [71]
AZ91-3(MgO-CNT) SPM + HTE 283 +£4.5 330+ 5.1 84+02 96.3 + 1.1 [71]
AZ91-4(MgO-CNT) SPM + HTE 205 +3.6 271 +£47 81+02 864+ 1.1 [71]
AZ91-5(MgO-CNT) SPM + HTE 174 +£5.6 254 £5.1 73+0.1 83.4+14 [71]
Mg PM + HTE 104 + 09 238 + 14 197 £ 1.6 2+4 [72]
Mg-0.5A1-0.18 CNT PM + HTE 121 + 08 356 + 13 11.1+14 51+3 [72]
Mg-1AI1-0.18 CNT PM + HTE 131 + 03 420 + 14 124+12 57 +4
Mg-1.50A1-0.18 CNT PM + HTE 142 £ 06 420 4+ 10 11.1£1.6 61 £3 [72]
Pure Mg BM + HPS 137 165 72.2 [73]
Mg-(Ni-CNTs) BM + HPS 0.43 453 502 104 503 [73]
Mg-0.05 CNT wit.h 20% PM 714 +193 1741
overall porosity
Mg-0.05 CNT wit.h 30% PM 47 419 741
overall porosity
Mg-0.05 CNT wit.h 40% M 1949 1741
overall porosity
Mg-1CNT wilh 20% overall PM 870+ 257 741
porosity
Mg-1 CNT with 30% overall PM 516+ 194 1741
porosity : :
Mg-1CNT V\,’i[h.40(‘n overall PM 2444106 74]
porosity
Mg-0.05 CNTs EPD + HPS + HR 114 £4.1 151 +4.6 47+08 [751
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Table 1. Cont.
§ Tensile Proprieties Compressive Properties
Sample(s) Fabrication Method(s) Mo::r:sg(éPa) 0.2%TYS UTS (MPa) Elonugation CYS (MPa) UCS (MPa) Failurf Strain Hardness Ref.
(MPa) (%) (%)

Mg-0.10 CNTs EPD + HPS + HR 142+77 173 £2.7 56+08 [75]
Mg-2 wt.% CNTs BM + HPS 38.7 £ 0.6 87 141 2 [78]
Mg-6Al1-0.5 CNT MBM + CP + HTE ~161 ~41 [96]

Mg-6Al-1 CNT MBM + CP + HTE ~141 ~37 [96]

Mg-6Al-2 CNT MBM + CP + HTE ~106 ~35 [96]

Mg-6Al-4 CNT MBM + CP + HTE ~77 ~27 [96]

AZ91D sC 203 263 73 [102]

AZ91D-2 CNT sC 215.13 288.22 78.48 [102]

AZ91D-3 CNT sC 227.24 295.46 82.77 [102]

AZ91D-4 CNT sC 221.19 292.36 91.87 [102]

AZ91D-2 CNT sC 2912 81.21 [103]

AZ91D-3 CNT sC 301.457 86.92 [103]

AZ91D-4 CNT 294.67 92.3 [103]

ZK60A DMD 161 +£3.2 267 £2 6.7 0.4 126 £ 10 521 £ 10 194 £08 1387 [105]
ZK60A-1.0 CNT DMD 179 £5 29447 152+ 0.6 111+6 544 +2 336+ 64 113+7 [105]
Mg-6Zn As-cast 71+34 128 £25 82+20 54 +59 [109]
Mg-6Zn FSP 135 +4.7 280 +4.1 188 +1.2 68 £3.7 [109]
Mg-6Zn-1.0 CNTs MBM + SC + FSP 170+ 2.1 331454 151+13 82+£71 [109]
Mg (98.5% purity) BM + MS + HTE 125+2 172+ 4 7.7£0.2 37+£2 [110]
Mg-0.3 CNTs BM + MS + HTE 117 £3 161+ 6 55+ 0.3 35+2 [110]
Mg-0.3 (Ni-CNTs) BM + MS + HTE 205 +3 236 £2 6.3+0.2 53 +2 [110]
Mg-3Al-1Zn SPM 44.2 148 247 15.22 47.33 £ 3.4 [132]
Mg-3Al-1Zn -0.5 CNTs SPM 50.1 161 268 15.93 57.31 £ 4.4 [132]
Mg-3Al-1Zn -1.0 CNTs SPM 55.3 185 295 21.58 60.35 £ 2.1 [132]
Mg-3Al-1Zn -1.5 CNTs SPM 523 177 261 21.38 60.87 £ 3.2 [132]

Li et al. [68] employed CNTs with diameters of 40-60 nm and lengths of 2 um to fabricate
Mg/CNT composites. It was observed through the testing that the CNTs” distributions were
dependent on the degree of solidification. Through the observations, they stated that with an
inferior degree of solidification, CNTs were found to be projected out of the solidification front
and clustered besides the gain boundaries. Furthermore, at a higher degree of solidification,
appreciable CNT-matrix interface bonding was observed, resulted in improved UTS and YS
of the fabricated composite. Park et al. [32] fabricated composites using AZ91 matrix material
reinforced through Si-coated MWCNTs with diameters of 5-10 nm and lengths of 0.5-10 um.

The microstructural study depicted the formation of a uniform structure and conse-
quently, the mechanical characteristics of the fabricated AZ91-based composite reinforced
with MWCNTs were improved. Nai et al. [110] employed Ni coating on reinforced CNTs
with the diametric specification of 10-20 nm for fabricating composites in Mg matrices.
The generation of Mg, Ni intermetallic phases in the fabricated composite was observed
as the consequence of employing Ni coating on CNTs, which resulted in the improved
distribution of CNTs (Ni coated) and strengthening of the linkages was observed between
the CNTs and matrix. Conclusively, they stated that the mechanical characteristics, such as
micro-hardness, universal tensile strength, and yield strength, of the fabricated composite
were improved by 41%, 39%, and 64%, respectively, compared to the unreinforced Mg ma-
terial. Corrosion resistivity in composite material is also a major issue, which has attracted
the focus of various researchers to investigate that area of study. The studies discussed
above did not focus on the resistance offered by the fabricated composites to corrosion. In
a further section of this article, the consequences of the dispersion of CNTs on the corrosion
behavior of Mg matrix material are discussed.

7. Corrosion Properties

Magnesium is a prime material used in automotive, aerospace, and medical lightweight
applications. Nevertheless, the low corrosion resistivity of magnesium material provides
hurdles regarding its adaptability in various other applications, and this also degrades the
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life cycle of the servicing period. Several studies have been conducted so far regarding
the enhancement of the mechanical characteristics of developed composites [88,91,93].
However, no such in-depth studies have been conducted yet for observing the corrosion
characteristics. The tendency of Mg to become easily corrosive in various environments is
due to the development of a substandard magnesium oxide or magnesium hydroxide layer
of low ordinary electrode voltage (—2.36 V) [130-132]. The MMCs fabricated by incorpo-
rating the particulate reinforcements of ceramics or carbon fibers are found to have low
anti-corrosive properties, when subjected to environments containing chloride ions. These
chloride ions affect the matrix and the reinforcing material interfaces, leading to fissure and
pitting corrosion [133]. It has been also observed that the rate of corrosion on Mg-based
MMCs was found to be enhanced due to the presence of Cu [134], Al,O3 [135], Mo [130]
and SiC [131] reinforcing materials. Corrosion behavior of MMCs composed of CNTs as
reinforcing agents lies in their matrix material, along with the process route adopted for
their fabrication. In the case of Mg as a matrix material, it has been observed that the
presence of CNTs as reinforcing material enhances the corrosion behavior [63,130,131]. This
enhancement in corrosion behavior is due to the formation of galvanic couples between
the reinforcing material CNTs and the matrix material Mg, resulting from their large in-
between variation in standard electrode potentials. Additionally, it has been observed that
the presence of intermetallic phases, such as 3-Mgj7Al, Al-Mn and Al-Mn-Fe in Mg
alloys, behaves as cathode terminals to promote micro-galvanic corrosion at the anodic Mg-
based matrix [88,132-139]. As CNTs possesses high electrode potential, their reinforcement
in Mg to develop composites, also enhances the galvanic corrosion in developed MMCs.c8

The electrical characteristics of CNTs are diverse in comparison to other carbon al-
lotropes. Because of this, the behavior of Mg matrix material could be divergent when
reinforced with CNTs [11]. Endo et al. [79] proposed that the rate of corrosion could be
reduced by separating the oxide layers from the Mg matrix by MWCNTs, which leads to
decelerating the corrosive layer formation. The researchers examined a pure AZ91D Mg
alloy, fabricated AZ91D/CNT composites in salt water, and observed the development
of rigid oxide layers at the Mg-alloy matrix material grain boundaries. They concluded
that surface protective layers were found to be reinforced through CNTs and possess wa-
ter shielding characteristics. The researchers in their investigation did not report on the
relevance of galvanic corrosion between Mg and CNTs; additionally, it was not clearly
explained if development of the oxide layers could boost the overall anti-corrosive nature
of the Mg matrix. The rate of corrosion of MMCs could be degraded by developing passive
layers on the fabricated composite surfaces [11]. Furthermore, the study performed to
fabricate Mg/CNT composites did not revealed the development of such passive behavior
in inhibiting further corrosion [140-145]. The microstructural study of fabricated Mg/CNT
composites revealed that a major percentage of CNTs were stacked near to primary particle
boundary, the fabricated composite’s surface was locally damaged and severe galvanic
corrosion occurred in the CNT’s vicinity [136,137]. Fukuda et al. [66] fabricated an AZ31B
Mg alloy-based MMC, by incorporating the MWCNTs as the reinforcing agents through
the PECS route. To study the corrosion characteristics of the fabricated composites, the re-
searchers performed an immersion and polarization test by subjecting it to NACL. Because
of the appreciable amount of the potential difference between the matrix and reinforcing
material in the NACL solution, similar conditions to the galvanic cell were developed.
Furthermore, the anticorrosive characteristics of AZ31B degraded due to the large number
of corrosive byproducts stacked in the CNTs’ vicinity. The pH value of the solution in which
the fabricated composites were dipped was enhanced comparatively to the AZ31B pure
alloy. Monolithic Mg underwent progressive chemical reactions with aqueous solutions
and these are as follows [138-140,146,147]:

2H,0 +2e~ — H, + 20H @)

Mg —Mg?* + 2e~ (3)
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Mg?* + 20H~ — Mg(OH)? (4)

Mg(OH), was not developed adequately enough to restrict the further corrosion of
the fabricated composites in a corrosive environment. According to the above-mentioned
reactions, the magnesium fusion enhances the solution’s pH value. Furthermore, the
Mg(OH); layer could be converted into MgCl, salt due to the presence of C1~ ions, resulting
in an increment in Mg dissolution according to the following chemical reaction:

Mg + 2C1~ — MgCl, )

Aung et al. [65] developed Mg-based CNT-reinforced composites and subjected them
to NACL solution in order to observe the corrosive characteristics through the mass loss
due to the immersion test, hydrogen evolution measurement, and polarization curves. It
was reported that the corrosive characteristics of the fabricated composites were enhanced,
as compared to unreinforced Mg. The reason for this enhancement is the development
of intermediate corrosion, sandwiched between Mg and CNTs of galvanic nature. Saikr-
ishna N. et al. [148] conducted experimental work to develop Mg/MWCNT composites
through FSP. Unadulterated 10 mm thick Mg sheets of size 100 x 80 x 10 mm?> were
prepared for the process. Before execution of the FSP process, dual zig-zag blind holes
in multiple rows were developed on the Mg plates to fill with the MWCNTs. To prevent
the reinforcing particles from ejecting out from the holes, a pin-less FSP tool with a re-
volving speed of 1400 rpm and a travel speed of 25 mm/min was adopted to execute
the process. Sample investigations concluded that the presence of CNTs improved the
micro-hardness of the fabricated composite relative to unadulterated Mg. However, the
fabricated composites’ corrosion behavior was sacrificed, leading to enhanced galvanic
corrosion. Turhan et al. [137], Aung et al. [65], and Li et al. [138] also concluded in their
studies that reinforcing the Mg matrix with CNTs results in lower anticorrosive strength
of the fabricated composites, due to the generation of galvanic couples. Table 2 depicts
the corrosion characteristics of the fabricated Mg/CNT composites. Funatsu et al. [149]
attempted to examine the corrosion behavior of developed AZ61B-based CNT-reinforced
composites through the PM route. In the experimentation, they employed thermal treat-
ment of 823 K for the duration of 10 h while introducing Al atoms into the fabricated
composites, resulting in an accumulation of Al atoms adjacent to the CNTs’ surface. The
presence of Al atoms in CNTs’ vicinity was reported to lower the potential difference be-
tween the matrix and reinforced material. The researchers further performed an immersion
test on the fabricated composite to examine the effect on the corrosion rate by immersion in
NACL solution and reported that the rate was lowered down to 30% of the composite in
which Al atoms were not introduced. Say Y. et al. [150] fabricated AZ61 and AZ91 matrix
material-based composites by introducing CVD’s prepared CNTs as the reinforcing agent
through the PM process route. For producing the CNTs through CVD, the substrate used
was p-type Si wafer. Before preparing the substrate, the furnace capillary was washed
5 times in a vacuum of 10-3 Torr and further heated along with Ar gas. The developed
CNTsin 0.1, 0.2 and 0.5 wt.% were added with a predefined exact ratio of powdered matrix
material and ethanol solution. This mix was further ball milled at 200 rpm for a duration
of 90 min. The prepared ball milled mixture was compacted in die of 12 mm diameter
at 500 MPa and sintered at 500 °C for 2 h. Characteristic identification concluded that
the increments of wt.% of the CNTs sacrificed the strength of the fabricated composite in
both matrix materials. The corrosion resistive capability of the fabricated composites with
higher wt.% CNTs was also found to be degraded, as compared to 0.1 and 0.2 wt.%. For
both matrix alloys, the highest corrosive currents were reported for the samples containing
0.5 wt.% of CNT. Aydin et al. [93] fabricated Mg/MWCNT composites through the PM
route and performed plasma electrolytic oxidation (PEO) to develop the coating on the
fabricated composites. Furthermore, they examined the fabricated composites through
potential-dynamic corrosion tests. They reported that the corrosion rate of the coated
material decreased by 1.6 times that of the uncoated composite. Davaari M. et al. [151]
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studied the corrosion behavior of the fabricated AZ31B-H24 Mg alloy-based composite
reinforced with PEO/PCL-coated MWCNTs. Initially, the specimens of the base material of
15 mm X 15 mm X 2.5 mm were prepared and microstructural study was performed after
polishing and etching. A jacketed electrochemical cell with continuous electrolyte stirring
adoption was adopted for the PEO coating for 10 min with enforced voltage amplitudes
of + 405/ —25 V for 60 s and output current density restricted to 100 mA/cm?. Similarly,
the PEO process was also performed for 5 g/L of MWCNTs containing electrolytes. The
counter electrode employed for the process was a cylindrical mesh of SS 316. The coated
specimens were cleaned with water and isopropanol and dehydrated in lukewarm airflow.
For detecting the uncoated, PEO coated and PEO-MWCNTs, the employed acronyms were
BM, PEO and PCT, respectively. PEO and PCT were sealed using either a thinner or dual
PCL layer. Investigations concluded that thrusting pitting corrosion in the PEO samples
was due to successively generated stress, agglomeration of the corrosive byproducts and
undercoating corrosion. The PCT coating developed on the samples delayed the undercoat-
ing corrosion by 48 h. Sealing of the PCL layer resulted in appreciable enhancement of the
corrosive resistive strength by 15%, in comparison to PCT.

Table 2. Examined corrosion characteristics of fabricated CNT-reinforced magnesium nanocomposites.

Corrosion Rate (mm/year)

< . Processing Reinforcement Corrosion Icorr. (E\so‘:: Non-Polarized Polarized Rp 2 Ref.
P Route Particle Size Medium (uA-em—2) " (Q-em?)
sCB Immersion HE or WL PDP
Time (h)
CNT (0.3 wt.%) Average diameter: 20 nm 35 wt.% 57 ~1.56
Mg _— DMD and length: less than NaCl 163]
CNT (1.3 wt.%) 100 um 571 -1.51
MWCNTs > 24.60
Mg (0.5 wt9%) SPM - 5782 A -1.541 mm/year
MWCNTs 14.76
Mg (05 wt%) SPM + PEO - 129.6 pA -1.399 mm/year
35wt.% [93]
SPM + PEO NaCl
(coating
Mg-0.5 > . oy 14.47
MWCNT GNF with 100.9 A 1.421 mm/year
graphene
addition)
- o MBM + CP + Average diameter: 9.5 nm; . ~ .
Mg-6Al CNT (4 wt.%) HTE avorage longth: 15 pum 3.5% NaCl 4 1.53 [96]
MWCNTs
vt.%)-Dispers: ’
(0.1 wt.%) DLsp.er.sed 97 _1.616 44 367
during melt stirring mm/year
process (0 h)
Mg MS 3.5% NaCl [137]
MWCNTs
(((]1.1 ‘,Vt' %)- Dlsp.:er.sed 279 1519 126 331
uring melt stirring mm/year
process (6 h)
MWCNTs 4-8
(1 wt.%) gm72 day71
AZ91 _— Ms 3.5% NaCl [138]
MWCNTs 18-23
(5 wt.%) gm~2 day~!
9371 1543 1 2177
mm/year
AZ31 1421 1440 23 1.018
mm/year
21244 1401 337 i
DMD SBF mm/year [152]
87.63 -1.501 1 2012
mm/year
AZ31 CNT (1 wt.%) 1641 1407 23 0399
mm/year
8.31 -1.372 334 0211
mm/year
Diameter: 5 and 8 nm; 35wt% 324.901 411
GNPs (0.5 wt.% —-1.447
s (0.5wt.%) surface area: 750 mz/g NaCl HA mm/year
Diameter: 8 nm; surface )
AZ91 MWCNT (0.5 wt.%) SPM area: 387;230 1490 m;‘/g 1ear [153]
C60 (0.5 wt.%) 250 m2 /g ¥ b4
Average thickness: 1-2 nm 211136 -1.507 269
A mm/year

8. Wear and Friction Properties

Mg-based composites have been recognized as one of the prime selections among the
lightweight materials, with applications in aerospace, automotive, and biomedical fields.
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The superior properties of Mg, such as the ability to reprocess, appreciable damp character,
treatable machinability, good electromagnetic shielding, and plenteousness, makes Mg an
adequate selection among all the other materials. However, the specific properties of Mg
that make it an inferior choice for tribological applications include remarkably low hardness
and wear resistance. The hardness and wear resistivity of the Mg-based composites can
be altered according to the fabrication route that is adopted for their fabrication, even
though the coefficient of friction and wear resistivity of the fabricated composites may be
enhanced by introducing ceramic as the reinforcing agent in the Mg matrix [11]. It has been
reported that composites composed of Mg matrix and CNTs as reinforcing agents have
commendable self-lubricating and mechanical characteristics, low coefficient of friction, and
high wear resistance [11,143-145,154,155]. Recently, CNTs have emerged as an attractive
reinforcing material that can be used for reinforcing Mg. Numerous investigations have
been performed to examine the effect of CNTs on composites regarding their mechanical
and corrosion properties. Additionally, some studies have been conducted to evaluate the
wear characteristics of Mg-CNT nanocomposites.

Jamshidijam et al. [108] developed metal matrix composites by adding the MWCNT
reinforcement into AZ31 Mg matrix material through the FSP route. They conducted a
relative study between reinforced and unreinforced MMCs on their respective wear resis-
tive capabilities. As a result, they reported an outstanding improvement in mechanical
characteristics in MMCs due to the presence of MWCNTs as a reinforcing agent. They
argued that this improvement occurred due to the grain’s structural improvement, appre-
ciable interfacial bonding between AZ31 and MWCNTs, and uniform dispersion of the
reinforcing particles in the matrix material. Selvamani et al. [103] employed a stir casting
fabrication route to fabricate AZ91D-based composites reinforced with CNTs. The MMCs
were reinforced by loading 2, 3, and 4 wt.% of CNTs in order to examine the changes in
the mechanical properties of the developed composites. They reported that the MMC
samples that contained 3 wt.% showed extraordinary wear resistive nature, compared to
unreinforced AZ91D. In addition to the mentioned phenomena, they experienced enhance-
ment in the tensile strength of the same 3 wt.% sample, which was verified by their ductile
mode facture. They reported extraordinary hardness values with further enhancement
of the wt.% of the CNTs up to 4. Mindivan et al. [96] argued that uneven fragments and
dragged out CNTs from fabricated Mg6Al-CNTs at the matrix-reinforcement interface
could enhance the lubricating behavior. They also concluded that even high wt.% CNT
loading may result in inferior wear resistive characteristics, if unsatisfactory interfacial
linking is present among the chip layers.

Abbas et al. [36] fabricated AZ31-based composites reinforced with MWCNTs through
the stir casting route, which was further processed through precipitation hardening for
the duration of 10 h. The study was focused on examining the wear characteristics of the
fabricated composites. The results of the respective study were graphically depicted in the
form of bars, designated for the loss of mass and coefficient of friction, in contradiction
to the increasing values of wt.% of the CNTs, as shown in Figure 7. Conclusively, the
researchers argued that increments in the CNT wt.% decreased the wear-out weight loss
of the composites. The researchers also stated that two factors were responsible for this
decrement in weight loss. First, the increment in wt.% in CNTs enhanced the strength and
hardness. Second, the self-lubricating characteristic of CNTs, which lowered the coefficient
of friction, led to material loss. Abbas A. et al. [36] performed a study to reveal the wear
characteristics of fabricated AZ31-CNT composites. In order to reveal the effects of CNTs
on the fabricated composites and their wear behavior, CNTs were introduced in different
wt.% in the AZ31 matrix. The manufactured composite part’s worn-out surfaces were
studied through scanning electron microscopy (SEM) to obtain knowledge related to their
erosion, oxidation, abrasion and permanent deformation patterns. Figure 8. depicts the
worn-out surfaces of the SEM micrographs in non-wet sliding conditions.
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Figure 7. Plots pertaining to the variation in (a) mass loss due to wear, and (b) coefficient of friction
in contradiction to CNTs” concentration in AZ31-based CNT-reinforced composites in dry friction
situations [36].
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Figure 8. Pictorial observations of external worn-out structure of AZ31-based CNT-reinforced
composites through SEM composed with CNTs wt.% of (a) 1.0, (b) 0.5, (c) 0.1, and (d) 0, in dry
circumstances [36].

Figure 8a depicts the SEM micrograph of the fabricated composites comprising 1 wt.%
of CNTs. The micrograph clearly highlights the plenteous worn-out depression as well as
the marks; most of them are tending towards the sliding direction. This abrasive nature
of these wt.% CNTs raised due to clustering of the CNTs, which performed as plowing
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agent in the fabricated composites for promoting abrasion. As a result, the clustered zone
of CNTs promoted to occur the phenomenon of 3-body abrasion. According to the 3-body
abrasion phenomenon, a hard element stuck between two surfaces could lead to abrasion of
one or both surfaces [108]. The 3-body abrasion could happen along with the wear-out and
abrasion phenomenon [156]. Figure 8b depicts the micrograph of the fabricated composites
comprising CNTs of 0.5 wt.%. The wear-out characteristics pertaining to oxidation could
be read using the micrograph. The wear-out characteristics of the composites are highly
affected by the thickness of the oxidation layer that developed. It has been reported that
the wear rate of the composites was lowered due to the presence of a thicker oxidation
layer, which prevents the surfaces from sliding, and hence consecutively generated an
inferior wear environment [157]. Figure 8c depicts the SEM micrograph of the fabricated
composite containing 0.5 wt.% of CNTs. Generated networks of major voids that developed
on the wear-out surface can be easily observed from the micrograph. These major voids
are the leftovers of shearing of the surface through the propagation of cracks, generated
by the application of dynamic forces. The wear characteristics were also revealed by the
heating of the surfaces that they are in contact with. This heating could lead the asperities
to become soft, restricting them from adhering to the counterpart surface. The repeated
continuous sliding motion enabled the asperities to gather at the contact surface, which
led to nucleation, resulting in the erosion of the contact surfaces in a layered form. This
type of wear mechanism, which is initiated without the generation of wear cracks damages,
the surfaces more severely and is known as plastic wear. Figure 8d. depicts the SEM
micrograph of the unreinforced AZ31 matrix material. The significance of the plastic wear
can be observed through the micrograph. At elevated loading conditions, these layered
wear characteristics become responsible for permanent deformation of the surfaces [158].
The tendency of the wear-out mechanism is to support permanent deformation, enhanced in
the conditions of high surface roughness [159]. This permanent deformation phenomenon
was forced to occur through the heat generation between the counter steel plate and
fabricated composite sample and consequently, the permanent distortion of the surface
is enabled towards the direction of sliding [160]. It has been observed that large uneven
irregularities separated from part were deformed severely and extruded towards the
sliding direction [36]. The anti-wear characteristics and the coefficient of friction of the
fabricated composites was drastically enhanced through the presence of CNTs in their
vicinity. Most of the studies performed so far that concern the wear characteristics of
the fabricated composites have revealed the behavioral effect on the composites through
different compositions of CNTs, but one must obtain more knowledge in order to establish
the association of wear behavior of fabricated composites to their respective CNT loading.

9. Conclusions

The current article highlights the reputations of the factors that influence the conven-
tional routes for fabricating Mg-based composites reinforced with CNTs, their potential,
challenges, and scope for future developments. Their exclusive optical, electrical, thermal,
and mechanical characteristics, as well as their enhanced surface area and aspect ratio,
make CNTs a superior candidate for reinforcing metal matrices as a way of enriching their
properties, such as self-lubrication characteristics, overall lightweight nature, and superior
strength. These enriched properties in the fabricated composites could be achieved if
the fabrication process could allocate the reinforcing agent uniformly. Throughout the
article, knowledge has been gathered on the significance of several factors that play a role
in various Mg/CNTs fabrication routes, along with various strengthening mechanisms,
corrosion behavior, and wear properties and the following conclusions are suggested:

1. Due to various obstacles in the fabrication route of CNT-reinforced metal matrix
composites (MMCs), inadequate studies have been accomplished in the mentioned
domain. Only the fabrication routes pertaining to PM and stirring casting have been
comprehensively studied.
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2. The mechanical characteristics of fabricated Mg/CNT-reinforced composites that have
been debated and observed demonstrate that they are broadly altered through the
process route adopted to fabricate the composites. Additionally, uniform allocation
of CNTs, specifications concerned with CNTs, wt.% of CNTs in matrix material,
CNTs’ orientation with matrix material and their in-between interfacial bonding
could be the responsible factors for enhancing the mechanical characteristics by an
appreciable amount.

3. With regard to enhancing the strength of the composites to bear stresses, the load
transfer mechanism is expected to happen at the interfaces of the Mg matrix and
CNTs in fabricated composites. As a result, the composite will enable the transfer
of the stresses to reinforce CNTs more adequately. The interfacial bonding is crucial
due to poor wettability between CNTs and the Mg matrix, which arises due to their
considerable surface tension difference. This difference in the surface tension prevents
the Mg matrix material from being coated with CNTs. This interfacial bonding could
be strengthened by enhancing the wettability by incorporating Cu, Ni, or Cr as the
coating material for CNTs.

4. The mechanism through which the composites were reinforced with CNTs in the
Mg matrix that undergoes corrosion is the micro-scale galvanic phenomenon in
sodium chloride solution. The CNTs present in the Mg matrix behaved appreciably as
cathodes; as a result, increasing the wt.% of CNTs in the Mg matrix could decrease
the corrosion resistivity of the fabricated composite.

5. The coefficient of friction and wear resistivity of the fabricated composites could be
altered according to the fabrication route adopted for fabricating them. Incorporating
increased wt.% of CNTs in the Mg matrix could lead to enhanced self-lubrication
characteristics, refined mechanical characteristics, low coefficient of friction, and high
wear resistance.
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ABSTRACT- It has been observed recently that sustainable development is the primary goal for
any manufacturing industry globally. Green manufacturing is indeed needed because of its long
term advantages such as low carbon emission or wastes by better production design and
durability of the product. Green manufacturing not only provides unlimited opportunities for
long term development but also eliminates the unpredicted risks involved at strategic level for
manufacturing. The main objective of this study is to study the recent trends in green
manufacturing. This article is emphasizes on the literature review related to green manufacturing

and overall past research results and the identification of challenges in this methodology.

Keyword: Green manufacturing, sustainable, emissions, greenhouse gases.

INTRODUCTION

There are two important challenges in the 21st century identified as deficiency of resources and
environmental shift. It was also shown by Keeling curve that there is rapid increase of CO» as
compared to previous limit of emission of the polluting gases which will eventually result in
increases greenhouse phenomenon [1]. Secondly as per national geographic source, there is sea
level withdrawal which poses a threat to high density regions such as New York, Miami and
Shanghai [2]. Another change we are facing is the increase in world population up to 100 billion

at the end of this century [3]. This problem will be further worsened by the upliftment of living
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standards in the developing countries. Productivity is merely not the criteria for success rate of
the country, as there will be more requirements of facilities such car and fuel which will result in

more emissions. In today’s era, the industrialized countries enjoy affluent products such as
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energy, food and other daily requirements but there are no prepatory efforts in order to eliminate
the adverse effects of the environment by the regulating bodies such as local governing bodies

and international organizations.

Therefore there are chances that there will be disasters to the human lives in the upcoming
decade [4]. Therefore sustainable manufacturing is gaining more and more grounds these days. If
we look at the current consumption of the world in terms of energy then the major portion of the
energy is consumed by the industry (33%), temperature control in the building results in
consumption of 28% - 39%. Other adverse effect by the energy consumption results in
production of waste/ toxic material which negatively impacts the environment. Several studies

have also been conducted in green product innovation and low carbon matters [5-14].

2. Methodology of Green Evolution

There are different abstracts available for evaluation of recent technologies such as Hype cycle
which was published by Gartner Group which has given an insight of the emerging technologies
and additionally it also shows the development stages and its pace in the trend [8]. There various
assumptions taken into consideration such as trigger of innovation, inflated expectation peak,
trough of disillusionment, slope of enlightenment and finally the plateau of productivity as
shown in Figure 1. In the plateau region, the innovative technology matures and its profitable
margins are determined. For example if we consider rapid prototype as case study in field of
additive manufacturing which came into existence in 1980’s. The rapid prototyping (RP) was at
the peak at 2013 and even the laymen knew the technology due to the popularity but later on due
the adverse effects of RP, the expectations were not met but eventually RP will still be in
demand. There several examples of technologies which did not reach the maturity phase due the

various adverse effects.
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Figure 1. Hype Cycle

Recent study shows a comparison of average impact factors in engineering field related to

environment and fuels technology and it has been observes that nowadays more journal papers

related to greener technology is available as compared to research related to fields of

manufacturing engineering and mechanical engineering as shown in Figure 2. The combination

of manufacturing technologies and energy-environment technology provides adequate synergy

effect for the green technology and also for the initiation of new engineering research journals

covering those areas which are not yet discovered by the existing journals.

Avg. impact factor
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Figure 2. Comparative studies for different fields [15]
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Establishment of sustainable methods as a key challenge when it comes to economic activity
because it involves energy and climatic issues. Innovations in patterns of material flows for the

least effect of ecological footprint of human economic activity are shown in Figure 3.

system
innovation

.
>

system
factor 10 | redesign
or more

system
optimization

factor 5 +— l

factor 2 +—

5 10 20

Improvement of environmental efficiency

v

Time horizon (years)

Figure 3. Innovations in patterns of material flows [16]

2.1 Energy-intensive industries for selective green technologies

2.1.1 Iron and steel industry

There are various steps in steel production process which can be categorized in different
combination such as mixing of product, availability of raw material, and supply for energy and

capital investment as shown in Figure 4. These characteristics can be mentioned in three routes:

e Blast furnace produces pig iron using iron ore and coke. Afterwards this can be converted
into steel by using oxygen furnace. This is high energy intensive process as it involves
sintering process by involvement of coke making.

e Scrap furnace uses scrap from iron input and this route uses considerably less energy
intensive as compared to blast furnace due to coke omission.

e Finally there is process of direct reduced iron in which utilized scrap iron and this route is

less energy intensive.
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In recent years, increasing attention has also been paid to smelting reduction, which is emerging

as a contender to the blast furnace process.
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Figure 4. Source: Industrial Efficiency Technology Database, Institute for Industrial Productivity [17]

2.1.2 Cement production

The main four process routes utilized in cement production is dry process, semi- wet process,

semi-dry and wet processes. Although dry processes are more energy efficient but availability of

the raw resources also plays an important part in its production. On the other hand, the wet

process is more energy intensive process therefore it is being rules out in many countries such as

Australia, New Zealand etc. There are several processes in involved in cement production such

as sintering limestone, grinding raw material which require high demand of fuel. Therefore

nowadays alternate blends for fuels, energy efficient technologies and other options are also

emerging in the form of alternative cementitious materials which reduces carbon emissions and

consumption of fuel. Figure 5 shows the schematic diagram for use of alternate efficient

technologies in cement industry.

VOLUME 9, ISSUE 11, 2022

PAGE NO: 52



GIS SCIENCE JOURNAL

= Alternative raw macerials
* Frocess control systéms

* Efficient tansport systems
» Efficient meal blending

Fuel
preparation

» Alternative fuels

Fuel management

» High efficiency mills

= High-cfficiency
* High-cfficiency mils classifiers
. ® High-efiiciency dlassifiers

; {
Raw material
{ preparation

. =
= Energy management and process control

* |mproved insulation

s Combustion systam improvements

* Heat recovery for power generation

s Addition of mineralizers

¢ Low pressure drop cyclenes for preheaters
s Additional pre-heater stages

= Convertng to multistage preheater systems
s Addition of precalciner o preheatar kilns

= Diry systems with prebeacers & precalciner

General measures

* Preventative mainterance

* High-efficiency motors & drives

* Variable Speed Drivas (WSD)

* Compressed air & fan syscem
optimization

= Lighting contrel & opdmizaton

il

ISSN NO : 1869-9391

* Blended cements

* Process control and management

& High efficiency mills

= High efficiency classifiers

* Grinding aids in ball mills

* Impreved grinding media in ball mills |

_Elnlsh grinding [’

Clinker
cooling

» High efficiancy coolers
= Optimized heat recovery
= VED in conlar fans

F

Emerging carbon
reducing products & measures

* Low- & negative-carbon cemant alternatives

* Carbon capture & storage

VOLUME 9, ISSUE 11, 2022

o Fluidized bed advanced kiln syscems )

Figure 5. Cement production schematic, Institute for Industrial Productivity [17]

2.1.3. Paper production

Generally in paper production industry, pulp production and its conversion to dry paper are the
main energy consuming processes which need to be reduced by better technologies. Therefore
integrated mills are being encouraged these days for balancing the energy consumption as they
are more energy efficient as shown in Figure 6. The major energy consumer in the industry is the
process which involves production of pulp and its conversion to dry paper. Efficient Integrated
mill have significantly have reduced the impact of pulp mills and other integrated mills. Kraft
chemical is the most favourable material uses in pulp industry although it needs large amount of
heat energy for its processing but it can be compensated by the by-products such as black liquor.
Another chemical used is sulphite which also involves high energy consumption but large part of
energy can be met by its by-products too. Although weaker fibres are produced by mechanical
pulping but due to the high yield of the fibres, the energy demand is considerably lower.
Innovative technologies such as thermal —mechanical process for pulping are being used because

a large portion of heat is recovered at different grades.
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Figure 6. Paper production schematic, Institute for Industrial Productivity [17]

2.2. Less Energy Intensive Industries for Green Technologies

Electrical motors convert electrical energy into mechanical energy and are motor driven system.
These motor driven systems find application in applications such as conveyor belts, fans,
pumping, handling of mechanical equipment’s and processing. As we know that most of the
electricity is consumed by the motor parts but if we consider the overall efficiency then the
overall electricity consumption is often limited. The main reason attributed to this fact is that the
system components of motor driven system such as valve pipes, pumps, and ducts have affect on
mechanical power of the entire system and all the other losses incurred during the delivery of the
power have large impact on overall consumption of energy. Therefore it is much more important
to adopt an optimized system in way to reduce the overall energy consumption. The advanced
solution and technologies are very much responsible for improving the overall design of the
system. In most cases, improving the efficiency of a motor-driven system involves the following
parameters such as making use of energy efficient motors, selection of core components such as

fans, compressors, speed drives with high efficiency as shown in Figure 7.
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core NADLOF Syste

Figure 7. Equipment of motor systems, Institute for Industrial Productivity [17]

2.2.1 Renewables and Smart Grids

Renewable energy sources are considered as one of the possible solution for manufacturing
industry but only for short duration of time because these renewable resources are not a
mainstream for fields like industrial manufacturing and applications as these continuously
demands innovation in technology. This renewable energy finds application in generation of
electricity by utilizing wind energy or photo voltaic source. Similarly small batch of power units
in an approximate power range of 20-30 KW can be utilized for medium heat generation for
industrial purpose. In building, small units of solar panels can be utilized for temperature control
in building and offices. Other source such as bio-waste and bio genetic material further can also

be used for power generation and oil based chemistry respectively.

3. Conclusions
. Several developments have taken place in previous two decades related to green
manufacturing. Different innovations role has been played at different strategies ash

shown in Figure 8.
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Figure 8. Various innovations in environmental technology [18]

. Initially end of pipe solutions were followed but these solutions do not provide
any modification in the manufacturing process. This strategy was focussed on reducing
pollutants.

. In other stage process integration came into existence which used policy of
efficient energy and at the same time lower emissions. Quality production and economic
productivity were of utter importance along with environmental benefits such as use of
electrical efficient motors in steel making industry.

. Thirdly use on non-toxic material was encouraged for product design and
development. Recycling of end products and life cycle assessment was focussed in this
trend.

o In this study it was concluded that various efforts have been made in order to
attain sustainability and there is complete transformation of industry in the global level.
Secondly carbon free economy is the need of the hour without any further delay in the
future.
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Many devices are using transparent heaters and they often face problems due to fogging or icing on the
surface of the transparent heater (TH). The fogging or icing is mainly due to the droplet that gets depos-
ited over the surface of the transparent heater. If the evaporation of these droplets from the surface of TH

Keywords: gets obstructed, then only the fogging or icing starts. To develop an effective defogging, we require the
DropleF effective evaporation rate of the droplet. Many studies have already been done on the dependence of
Defogging evaporation on the various factors of the substrate as well as the ambient conditions. In this paper, the
gj;;%srt;gi N evaporation droplet characteristics of the transparent heater are analysed. Theoretical and experimental

investigations on droplet evaporation are reviewed. The dependence of droplet evaporation time and
temperature distribution on transparent heater coating properties are studied. Finally, the role of mate-
rial coating on defogging and defrosting properties of transparent heaters are investigated and discussed.
Also, the dependence of surface wettability of transparent heaters on the droplet evaporation property
has been investigated.

© 2023 Elsevier Ltd. All rights reserved.
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ence on Aspects of Materials and Mechanical Engineering.

Hydrophobic

1. Introduction

The phenomenon of how liquid droplet is responsible for wet-
ting the solid surface has already been studied since the 18th cen-
tury. The control of wettability on the surface of heater and the
characteristic of evaporation of a droplet is an important function
for developing an effective photo electronic instrument with TH
[1]. With the modification of the wettability of the substrate, the
evaporation rate of the water droplet can be controlled which is
a prime requirement for the defogging and deicing effectiveness
devices with TH [2]. The angle of contact between the solid and lig-
uid is an important factor for wetting the solid by liquid droplet.
The role of Contact angle, wetting properties and the bonding of
liquid and solid was investigated by Young and Pierre-Simon
Laplace. In biomedical and normal life situations, it is very compli-
cated to solve and predict the wetting and evaporation of droplets,
though the geometry is simple for a sessile droplet [3]. Agrawal
et al. [4] stated the optimal design parameters using Aluminium
Alloy AA6063. Also, deformation analysis of Al Alloy AA2024
through Equal Channel Angular [5]. Further, experimental sduy

* Corresponding author.
E-mail address: deb.rupak@gmail.com (R. Kumar Deb).
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2214-7853/© 2023 Elsevier Ltd. All rights reserved.

carried out on RMDTM welding parameters for ASTM A387 Grade
11 Steel and optimal sulution were obtaind [6], Beniwal et al. [7]
conducted an extensive review on Pore and Porosity in Tissue Engi-
neering. A simple droplet becomes a complicated one when the
wetting together with evaporation is investigated, which is
because of the factors of full coupling of the droplet with the sub-
strate on which the drop is deposited, the nature of the fluid, the
particles contained by the fluid and the mechanism of physics
involved. In this review paper, the mechanism involved in the
evaporation and wetting of droplets by considering the flow
dynamics, surface tension, dynamics of evaporation, properties of
wetting, and the behavior of vapor will be discussed. It is found
that the droplet of different liquid when deposited on the same
solid surface behaves differently. On the other hand, the same liq-
uid also behaves differently when deposited on different solid sur-
faces. Various literature describes the thin film behavior [8-11]. It
is not possible to produce a uniform layer of mercury over a glass
surface because mercury will produce a drop with a spherical cap
immediately as it falls over a glass surface. The contact angle of this
spherical cap is more than 90° as depicted in Fig. 1. This case of for-
mation of the mercury drop over a glass surface is a classic exam-
ple of a non-wetting phenomenon. On the other hand, oil drop can
easily spread over the same glass surface and is a classic example
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6 = Contact Angle

Fig. 1. Shape of the mercury droplet on a glass surface.

of wetting of the surface. The oil drop can be deposited over the
surface of the glass and with time it will completely spread over
the surface. The corresponding contact angle in this case will
decrease to zero with respect to time. An ordinary droplet of water
on the same surface of the glass will spread partially keeping the
contact angle between zero to 90°.

Thus an aqueous drop of water behaves between the phenom-
ena of mercury and oil with the same substrate glass. Like mercury
on a glass surface, the water drop also shows the same behaviour
on the Teflon surface. So it may be concluded that the same drop
behaves differently with respect to different surfaces and the wet-
ting, non-wetting or partially wetting behaviour is dependent on
both the liquid and solid substrate. With respect to Fig. 2 the con-
tact line of three phases may be considered to determine the meet-
ing point of the three phases namely the liquid phase, solid phase,
and vapor phase. The equivalent contact angle 6yy and the interfa-
cial tensions between solid-liquid phase 7, solid-vapor phase ySV
and liquid-vapor interfacial tension vy, can be connected by
Neumann-Young’s rule as;

Cos Ony = (VSV — ysl) (1)
Iv
Ony = equivalent contact angle.
Va1 = interfacial tensions between solid-liquid phase.
vsv = interfacial tensions between solid-vapor phase.
viv = interfacial tensions between liquid-vapor phase.

Now if ysy > (s + Y1v) then no forces in the tangential direction
will be compensated and the corresponding case will refer to the
wetting surface condition. If 0 < cos Oyy < 1 the corresponding case
will be partial wetting and finally if —1 < cos 6yy < 0 then the case
will be the non-wetting case. Thus we can conclude that Eq. (1) by
Neumann-Young can be easily applied to find out the wetting, par-
tial wetting, and non- wetting case provided we know the values
of vsy, s and 7yy,. But in reality, it is still impossible to directly

(Yov =Ya)
— MisV sl
Cos By =~y —1d/
YI\,
Vv
~ Ony
F}'sv \‘\.

Vsl
Ony = equivalent contact angle
va = interfacial tensions between solid-liquid phase
ysv = interfacial tensions between solid—vapor phase
v = interfacial tensions between liquid-vapor phase

Fig. 2. Depiction of forces applied on droplet contact point with the solid and vapor
phase.
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measure the interfacial tensions ysy and 7yg. Further Eq. (1) of
Neumann-Young has also not shown any dependency of the con-
tact angle of the droplet on the volume of the droplet and the
excess pressure inside the droplet, which is denoted as Pe. The val-
ues of both volumes of the droplet and the pressure may be arbi-
trary. This is because a droplet may be of any volume and of any
value of excess pressure Pe. Hence the conditions at equilibrium
should be.

(1) In the droplet the liquid must be in equilibrium with its
vapor.

(2) In the droplet the liquid must be in equilibrium with the
solid.

(3) The vapor should be in equilibrium with the solid substrate.

The excess pressure P, inside the droplet is given by the Kelvin
equation as;

_(RT Ds
P, = <W> lnE (2)

where V,,, is molecular volume, ps is saturated vapor pressure at
temperature T, p is the vapor pressurein equilibrium with the liquid
droplet and R is the universal gas constant. Thus it may be con-
cluded from the above discussion that any droplet deposited on a
solid surface is always in a state of evaporation and not in equilib-
rium with its surroundings under a saturated vapour [12]. Kumar
et al. [13] re-investigated on the effect of powder metallurgy
parameters of aluminium matrix composites. Surface Roughness
in EDM of Pure Magnesium was optimized Using TLBO [114]. Naik
et al. [15] studied the effect of Microstructure, on AI-CNTs/
Graphene Hybrid MMC. Also, a microstructural analysis on mechan-
ical properties of 316L Stainless Steel were carried out [16].

In the remaining part of the paper, section 2 discusses the
dependence of evaporation flux on droplet size and section 3 dis-
cusses the thermal phenomena during evaporation. Finally, in sec-
tion 4, the application of such droplet evaporation study in
developing transparent heaters is reviewed.

2. Evaporation flux and its dependence on the size of the
droplet

Various models relating thermal effects, surface tension and
vapor pressure at the evaporating surface are developed [7,17-
22]. The evaporation highly depends on the droplet size at the liq-
uid-vapor interphase. The water droplet mass evaporation rate
depends linearly on the increase in droplet base radius [23-25].

The theoretical investigation and the simulation suggested that
the rate of evaporation of sessile droplet is modelled as;

dv

q — “PFOL 3)
where

g 2nDM @)

Pl(Tsurface) — (He(Too)]

V is the droplet volume, t is the time, D is the vapor diffusivity
in the air, p is the density of the liquid, M is the molar mass, H is
the atmospheric air humidity, Tsurf is the average temperature of
the air-droplet interface and Too is ambient air temperature.

3. Thermal phenomena during evaporation

With the increase in temperature the kinetic energy of the
molecules also increases. The increase in molecular kinetic energy
results in the molecules escaping the forces of attraction leading to
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faster evaporation. David et al. [26] experimentally showed that
the temperature in the bulk of a sessile evaporating droplet is a
function of the rate of evaporation and the thermal properties of
the substrate. They also proved that during the course of evapora-
tion, the temperature of an evaporating droplet almost remains
constant and is different from the ambient temperature. In refer-
ence [27-28], an investigation using numerical simulations on
the dependence of the droplet base radius L, the contact angle 6,
and total vapor flux ] was done along with the effects of Marangoni
convection (MC) and the local heat of vaporization. Here the sub-
strates with different conductive materials were considered and
the results so obtained were compared with the results calculated
by Hu and Larson [29] and Schonfeld et al. [17] for the isothermal
cases. It was found that the difference between the results from
reference [30-31| and the present simulations remains within
three percent. However, if the material with lower conductivity
(less than the thermal conductivity of air) is used then it is found
that the evaporation flux reduces substantially than that of the
isothermal case [32]. Such a reduction of flux is due to the lowering
in the surface temperature of the droplet. Transparent heaters are
devices that contain electrically conductive layers and are visually
transparent. Transparent heaters generate heat by Joule effect
when current passes through them. Numerical studies on thin
films are reported in [33] and [10]. Transparent heaters are used
in a number of applications ranging from the electronic industry
to solar energy and medical sensors [34]. Transmittance and other
optical properties of transparent heaters are well understood.
However, the evaporation properties of transparent heaters are
still an active research area. This has applications in defogging
and defrosting applications in windshields and goggles [35]. A
recent paper from Park et.al. [36] has investigated the role of
aspect ratio (droplet height to base radius ratio) for transparent
heaters.

_ 200 opt -2
T= [1 + 2RSadc] (3)

Eq. (5) depicts the Figure of merit in an electrical to optical con-
ductance ratio (OCR). For a low contact angle, the evaporation time
was decreased by advancing the dissimilarity between the ambient
temperature and the temperature of a heated substrate. The fol-
lowing equation depicts this dependence.

pL
tot = STh(TS) — Hos(Ty) ()

Based on the experimental outcomes, TP with steady wettabil-
ity is expected to be used as wide reference material for de-fogging
in automobiles, detectors, greenhouses and bio-chips. Because of
low aspect ratio (AR) or lower value of CA on a hydrophilic surface
of ITO (Indium Tin Oxide) and Silver (Ag), rapid evaporation of
water droplet occurs. The result demonstrates that ITO/Ag/ITO
multiple layer flexible TH with hydrophilic texture was utilized
as transparent de-icing appliance and can be employed in distinct
operations such as in automobile windows, side mirrors, drones,
cameras and CCTV lenses. Also it can be employed as a heating
source and greenhouse [37]. Also if the ITO/Ag/ITO multiple layer
TH having hydrophilic surface is involved in detectors, biochips,
advancements in durability as well as performance are predicted
due to chemical affinity and high attachment between the heater
and the activity coating.

Picknett and Bexon [38] have identified two modes of evapora-
tion for a droplet resting on a smooth surface, namely, the
constant-contact-angle (CCA) mode and the constant contact
radius (CCR) mode. It is observed that the evaporation rate is a
function of radius of curvature (r) of the droplet surface. It can be
expressed simply by the following model
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dm

—— =KC 7

dt (7
where C represents an equivalence of capacitance of a droplet

and K is a constant depending on the boundary conditions of the

droplet. With some mathematical simplification, Eq. (9) can be fur-

ther represented as;

dm

qa - Ky (6,1) (8)
where F (0, 1) is a function of the angle of contact 6 and r. Fur-

ther, this term is defined as;

F(0,r) = % 9)

The term K; is constant. In the CCA mode, F (6, r) can be approx-
imated as a function f(0), i.e. only a function of contact angle 6.
Therefore, it is constant during the evaporation phase in CCA mode.
In the CCR mode, 1, 0, and F varies during the evaporation phase.
Further, it is experimentally observed that in CCR mode the rate
of evaporation falls very slowly compared to CCA mode during
the period of evaporation.

Ambient interface temperature, vapor concentration, and there-
fore vapor pressure and the droplet curvature play a critical role in
evaporation. These factors further make it complicated to deter-
mine the evaporation rate via experimental methods and mathe-
matical modelling. Following are some further research
conclusions for obtaining the evaporation rate on the droplet
surface:

e Popov [39] obtained an exact mathematical model for the rate
for the droplet evaporation rate by the diffusion of vapor in a
specific range of contact angles. With the change in contact
angle, the contact area and hence the radius also changes
thereby affecting the evaporation rate [14,40].

e The role of substrate conductivity in determining evaporation is
not explored well compared to other factors.

However, in recent studies, it is depicted that substrate conduc-
tivity has an important effect in defining ER of pinned sessile dro-
plets [41]. Further, Dunn et al. [42] proposed a model, which
determines the role of thermal conductivity in droplet evaporation.
The model predicts well the evaporation rates of volatile liquid
droplets compared to water droplets. Non-uniform form evapora-
tion flux on the droplet is demonstrated by the accumulation of
suspended particles at the outer edges of a droplet, also denoted
as the “coffee-ring” phenomenon. Such in-homogeneous solute
deposition due to varying evaporation flux is undesirable in certain
applications such as ink-jet printing, spotting of bio-fluids, and sur-
face coating [43-44]. Singh et al. [45-50] reported that with the
increase of temperature the moisture evaporation rate was
increased. Singh et. [51,52] investigated the effect of transverse
speed on microstructural feature of friction stir welded Al
AA2024-T351. Furthermore, Devangan et al. [53] anlyzed TIG weld
properties. The work of Dash et al. [54] observed that the entire
time of droplet evaporation on the hydrophobic surface was
expected well by a vapor-diffusion- only model for a hydrophobic
surface. However, for super-hydrophobic surfaces, the vapor-
diffusion model overrated the rate of evaporation remarkably. This
anomaly is mainly due to the thermal conductivity effect of the
substrate is not accounted for in a vapor-diffusion-only model.
The mesh of the acetone droplet, the temperature profile and
water-vapour concentration of the droplet are presented in the
droplet simulation Figs. 3 and 4, respectively.

The rate of volume loss from the droplet due to evaporation
with respect to the radius for PTFE base plate is simulated and is
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Fig. 3. A representative figure of the meshing on the droplet.
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Fig. 4. Droplet Simulation for profile of the droplet and water vapor concentration
above the droplet.
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Fig. 5. Flux Val-This shows the evaporation flux on the droplet surface.

compared with the experimental result of the PTFE base plate
shown in Fig. 5. The validation is carried out by comparing results
of evaporation rate obtained in simulation and the experimental
outcomes with the maximum difference of 2.8 %, as presented in
Figs. 5 and 6, respectively.

4. Conclusion

The phenomena of wetting by a droplet on a substrate is
becoming the subject of interest since last three decades and
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Fig. 6. Theoretical prediction for the initial evaporation mass flux from droplets of
methanol of radius R = 1.35 mm on different substrates [3].

becoming more prominent since 2010 because of more applica-
tions of such phenomena is in new areas. Due to huge number of
publications, it is not possible to review every publication. Hence
we selected publications on investigations carried on near past.
The role of contact angle with respect to the droplet evaporation
as well as spreading over the surface of the substrate along with
the various numerical and experimental investigations on droplet
evaporation phenomena is reviewed. Vapor-diffusion- only model
for a hydrophobic surface, coffee-ring phenomena, ambient inter-
face temperature, vapor concentration, and vapor pressure role
on evaporation and the role of surface tension on droplet shape for-
mation is studied. Further, the dependence of evaporation flux on
various droplet physical properties has been reviewed. Finally, a
special case of application of droplet evaporation study in the pro-
cess of defrosting and de-fogging for transparent heaters has been
studied and various papers on this specific application are
reviewed.
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ABSTRACT

Many researches had been carried out to incorporate wood waste ash as a cement replacement material in the production of
greener construction material (concrete/mortar) and also as a sustainable means of disposal for wood waste ash. Results of these
researches indicated that wood waste ash can be effectively used as a cement replacement material for the production of
structural concrete/mortar of acceptable strength and durability parameters.

In the present study water absorption, compressive test are performed in simulated environment of cement mortar, an overview
of the work carried out with cement mortar in which cement is partially replaced by wood waste ash on several aspects such as
the physical, chemical, strength and durability properties of mortar with wood waste ash and the result shows Compressive
strength of 40mm cubes at 0% replacement of WWA is 24.07 N/mm? at 7days of curing and 28.13 N/mm? at 28 days of curing while
at 10% replacement of WWA, the compressive strength is 17.28 N/mm? at 7 days of curing and 20.67 at 28 days of curing. It is clear
from results that at replacement of 10%, compressive strength decreased by 26.52% in comparison to control mortar and also
Water absorption capacity of mortar decreases with increase in percentage of wood ash. The reason behind this is that the
particles of wood waste ash are finer than particles of cement which also acts like a filler material in hardened state.

KEYWORDS:Wood waste ash;Water Absorption Coefficient of Cement Mortar ;UTM Machine; Mortar with wood waste ash.

1. INTRODUCTION current trends of energy production, power plants which
This chapter contains the introduction, wood ash origin, run from biomass have low operational cost and have
wood ash applications, factors that affect quantity and  continuous supply of renewablefuel[2].

quality of wood ash and objectives of wood ash in The thermal combustion/incineration reduces the mass
cement industry[1l]. This chapter also deals with the and the volume of the waste up to a large extent, thus
problems that arise from combustion of wood, from providing an environmentally safe and economically
cement industries and how we can handle wood ash efficient way to manage the solid waste. Solid wood

economically as well as environment friendly. In the waste is commonly preferred as fuels over other

e
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light/herbaceous and agricultural waste as their
combustion produces comparatively less fly ash and
other residual material[5].

Origin of WoodAsh

The combustion/incineration of wood biomass produces

wood ash as a by-product. A major problem arising from
the usage of forest/agricultural waste product as fuel is
related to the ash produced in significant amount after
the combustion of such wastes[3]. It is commonly
observed that the hardwood produce more ash than
softwood and the bark and leaves generally produce
more ash as compared to the inner part of thetrees.

Applications of Wood ash

Ash by-products obtained from combustion of wood

biomass are generally used in land filling for
embankments, road/highway construction[8]. It can be
used as soil supplementing material to reduce the
alkalinity of soil in agricultural lands. And it can also be
used as raw material in the manufacturing of cement in
cement industries[17].

As par current situation, approximately 70% of wood ash
produced is managed by land filling, 20% of total wood
ash produced is used as a soil supplement material for
agricultural activity and the remaining 10% is
implemented for other/miscellaneous applications as
metal recovery and pollution control[10].

As par current situation, approximately 70% of wood ash
produced is managed by land filling, 20% of total wood
ash produced is used as a soil supplement material for
agricultural activity and the remaining 10% is
implemented for ++other/miscellaneous applications as
metal recovery and pollution control.

Udoeyo et al. (2006) found the behavior of concrete
containing wood ash at varying replacement percentages
(0%, 5%, 10%, 15%, 20%, 25%, 30%). It was found out by
experiments that concrete mix with WWA as a replacing
material, decreases the workability of concrete[6,7]. This
was due to that wood ash particles are smaller than that
of cement particles due to which, wood ash particles has
more specific surface area. Hence these particles absorb
more water and ultimately, workability decreased.
Smililarly,Elinwa and Mehmood (2002) found that
when the cement is partially by wood waste ash
obtained from open combustion/incineration of saw dust
ash had the adverse effect on workability of grade 20
concrete. At constant w/c ratio of 0.565, when the

percentage of replacement of cement is increased from
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5% to 30% by weight of cement, slump value of concrete

is decreased by 5-40mm with respect to controlmix.

However, Horsakulthai et al. (2011) studied the effect of
finely ground ash obtained from combustion of wood,
rice husk ash, sugarcane bagasse waste (BRWA) as
partial replacement of cement on chloride permeability
of concrete. They used replacement percentages as 0%,
10%, 20%, 30% and 40% of total cement content by
weight. It was concluded that incorporation of wood ash
enhanced the chloride permeability.In the present study,
The report presents an overview of the work carried out
with cement mortar in which cement is partially
replaced by wood waste ash on several aspects such as
the physical, chemical, strength and durability
properties of mortar with wood waste ash. This report
shows the effect of wood ash on the workability,
porosity, water absorption, compressive strength,
flexural strength, thermal cycling, salt crystallization and

rapid chloride permeability test etc.

@) (®)
Fig 1:Wood Waste Ash Obtained from Open Burning,.

2. EXPERIMENTAL SETUP

1. Water absorption Test

To perform this testt we made prisms of size
40mm*40mm*160mm as per BS EN 1015:1999 Part-18,
three for each replacement percentage (0, 5, 7.5, 10%).
Take material in already given proportion as the cement
and sand ratio is 1:3 and water/cement ratio is 0.50 and
mixed it by hand or by epicyclic mixture. Prepare three
specimens for each replacement percentage for testing at
an age of 28 days.




Fig 2: Moulds for Prisms of Size 40mm*40mm*160mm.
Testing:

The prisms were dried at a temperature of 60+5°C till
constant mass is attained. The constant mass is reached
when the difference between two consecutive weighing
is very very negligible. Drying was done at lower
temperature instead of higher temperature so that
organic matter in mortar, if present, should not be
decomposed and so that structural water should not be
destroyed.

After drying to constant mass, samples are coated with
wax/epoxy on all four faces lengthwise as shown in fig

3.10 so that epavoration from sides does not take place.

Fig 3:Prisms with Epoxy Coating

Now, cut these samples into two halves (i.e., 80mm) and
place the samples into tray as shown in fig 3.11 with
cutting edge downwards in water. Put water upto 5 to

10mm depth into the tray to allow capillarity in samples.

1

@
Fig 4: Immersion of Samples into Water Tray

Remove the samples after 10 minutes to get readings.
Weigh individually the specimen and note down as M1.

Now, take the readings after 90 minutes and note.
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2. COMPRESSIVESTRENGTH:

Compressive strength is defined as the resistance of
mortar breaking under compressive load. It is the
capacity of mortar to withstand under compressive load
which break the specimen or fracture occurs in
specimen. Here, compressive load is applied by
Universal Testing Machine or by Compression Testing
Machine.

To perform compressive strength test, we used two
broken pieces (two halves) of flexural strength test (as
mentioned in BS EN 1015-11:1999). When load was
applied on prisms in flexure test, these prisms broke into
two halves. These two halves were used for compression
test. Two Dbearing plates of steel of size
40mm*40mm*10mm are used to apply load on

brokenpieces.

Testing:

Test the samples at 7 days and 28 days after regular
Machine  (UTM)/
Compression Testing Machine (CTM) of capacity

curing.  Universal  Testing
3000kN are used to test the compressive strength.
Prisms, to be tested, were placed on UTM/CIM as
shown in fig 5.

Bearing plates were applied, one above the prism and
the other one below the prism, to uniformly distribute
the load and to apply load on specified area
(40mm™*40mm). Fig.5 shows the different arrangements

of placing the sample between

()
Fig 5: Different Arrangements of Bearing Plates on
UTM

The loading rate should be uniform (without shock) at a

rate of 10N/sec to 50N/sec so that failure can occur
within a period of 30 sec to 90sec.
Calculate  the

maximum/peak load carried by the specimen divided by

compressive  strength as  the

its cross-sectional area (area of bearing plates). Record

the strength of each specimen individually.




3. CALCULATIONS

UTM/CTM gives us peak load (in kN) value. We have to
find out compressive strength/compressive stress (in
N/mm?). To get compressive strength of broken halves
(obtained from flexural strength test), we use following
formula:

Compressive Strength = Peak load/ area of bearing
plates

where,

Area of bearing plates = 40mm*40mm = 1600mm?

To get compressive strength of cubes, we use following
formula:

Compressive Strength = Peak load/ area of cube[ 13,19]

where,Area of cube = 50mm*50mm = 2500mm?

4. RESULTS AND DISCUSSION

This chapter contains the outcomes of our experimental
work. In this chapter, results of all the experiments are
mentioned with their explanations and reasons behind
the outcomes. This chapter gives the details of variation
in results, graphical and tabulated representation of
results.

1. Water AbsorptionCapacity

Water absorption capacity is measured by calculating
water absorption coefficient and for all replacement
levels, water absorption coefficient is depicted in table 1
and Variation in water absorption coefficient[11,13],
when replacement level of wood ash in cement is

increased, is shown in fig 6.

Table 1:Water Absorption Coefficient of Cement
Mortar Containing WWA

WWA
Content (%)

Mean of
Cm

Water AbsorptionCoefficient,

Cwum [kg/(m?*min®5)]

0% 0.197
0.184

0.209

0.196

5% 0.172
0.160
0.162

0.164

7.5% 0.159
0.145

0.140

0.148

10% 0.147
0.139

0.135

0.140
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0. 1“4\04‘9‘.
017 < 0.1

Water Absorption Coefficient,
Cm [kg/(m2*m|n0 5)]

5 T T
0 5 10 15
WWA Content

Fig 6:Variation in Water Absorption Coefficient with
Different WWA% Levels

From figure 6, Water absorption capacity is inversely
proportional to porosity and directly proportional to
bulk density. Water absorption capacity of mortar
decreases with increase in percentage of wood ash. The
reason behind this is that the particles of wood waste ash
are finer than particles of cement which also acts like a
filler material in hardened state. As these particles are
smaller than cement particles, they fill the void space
between cement and sand particles[14,15]. As we
increase the percentage of wood ash, we get compacted
matrix which reduce water absorption capacity of
hardenedmortar.

2. Compression Test

The Variation in compressive strength of broken pieces
obtained from flexural test, for 7 days and 28 of curing, is
shown in table 2. UTM gives load value, we have to
convert these load values in stress values by dividing
load value from area of samples|[1,12,18].

From Figure 7, shows how the strength values differ
with each other at 7 days curing period and at 28 days
curing period at different replacement level

37 28.
=7 Days
5 - 24 24 Qtrannth
- 27
S 20. 20.
[
g 2 18 17.
AN
¢ £
o 21
Q.
N
(@)
G T T T 1
0 5 10




Fig 7: Variation in Compressive Strength with
Variation in WWA Content at 7 Days and at 28 Days
(Broken Halves)

the compressive strength of cubes of 50mm size with
different replacement levels of wood ash in cement
mortar illustrated in table 3.

Table 2:Compressive Strength of Mortar with WWA

(Cubes)
WWA Content (%) 28 days strength (N/mm?)
0% 19.9
5% 18.1
7.5% 17.56
10% 16

Table 3: Compressive Strength of Mortar with WWA

(Broken Halves)
WWA Content (%) 7 days strength 28 days strength
(N/mm?) (N/mm?)
0% 24.07 28.13
5% 20.81 24.23
7.5% 18.63 22.37
10% 17.28 20.67

TheVariation in Compressive Strength of Cubes with
Variation in WWA Content at 28 Days graph of decrease
in compressive strength with increase in percentage of

wood ash in mortar is shown in fig 8.
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Fig 8:Variation in Compressive Strength of Cubes with
Variation in WWA Content at 28 Days

Main components of cement are CsS, C25, C3A and C4AF.
During hydration process, CsS and C:S react with water

to form calcium silicate hydrate (C-S-H) gel. C-S-H gel is

important for good binding properties in
mortar/concrete.
372

A
International Journal for Modern Trends in Science and Technology

If silica content is more, more is the formation of C-S-H
gel and more is the strength. But, from chemical
composition of wood ash, silica is present in negligible
amount which reduce the formation of C-S-H gel, hence

reduction in compressivestrength[4,21,22].

5. CONCLUSIONS

On the basis of results and discussion following

conclusions are drawn:

1. Compressive strength of 40mm cubes at 0%
replacement of WWA is 24.07 N/mm? at 7days of
curing and 28.13 N/mm? at 28 days of curing while at
10% replacement of WWA, the compressive strength
is 17.28 N/mm? at 7 days of curing and 20.67 at 28
days of curing. It is clear from results that at
replacement of 10%, compressive strength decreased
by 26.52% in comparison to controlmortar.

2. Flexural strength results show that there is a
significant decrease in flexural strength at upto 10%
replacement level of wood ash. At 0% replacement
of cement by WWA, the flexural strength is 7.1
N/mm?2 and at 10%
5.82N/mma?.

3. [If silica content is more, more is the formation of

replacement, strength is

C-5-H gel and more is the strength. But, from
chemical composition of wood ash, silica is present
in negligible amount which reduce the formation of
C-5-H gel, hence reduction in compressivestrength.

4. Water absorption capacity of mortar decreases with
increase in percentage of wood ash. The reason
behind this is that the particles of wood waste ash
are finer than particles of cement which also acts like
a filler material in hardened state.

5. Workability decreases with increase in replacement

percentage of woodash.
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ABSTRACT ARTICLE HISTORY
Incremental sheet formation (ISF) is extensively used versatile tech- Accepted 8 January 2023
nique for newer manufacturing processes, such as creating skull
: . KEYWORDS

prostheses, aerospace equipment, automobile, and so on. The cur- ISF: sori . .

. . . X . ; spring back; forming
rent work describes the techniques, history, and classification of ISF- forces: SPIF
based on the results of few aspects such as force forming, stress
triaxiality, force forming, bending stress, and so on. In addition, the
influence of different parameters and their effect on building force,
formability, spring-back, failure, surface roughness, rupture, and so
on, have been analysed. It has been noticed that an investigation of
the two degrees of freedom (DF) robot-manipulators with the ISF
and its influences on surface coarseness and formability are greatly
suggested.

1. Introduction

ISF technique is invented to minimise demerits of deep drawing of distinct processes,
higher operation cost and the complications. Using the ISF technique, the shortcomings [1]
had been excluded applying recently introduced die and punch-less methods [2] and are
appropriate for short run production. In addition, the ISF practice is also used to produce
a compound 3D object at a genuine price [3] that was difficult for built-up by conventional
approaches. In the ISF, the forming instrument rotates inward towards a radial contour of
a sheet clamped between blank pockets and support plates; hence a final shape is acquired
[4]. A moderately a low price of hardware, higher flexibility of the forming process, and
superior formability are the key rewards of ISF. Incremental sheet hydro-forming (ISHF)
grow into a vital attention towards exploration as an advanced material processing-
methodology for investigators over a decade due to its features of heightened formability
than the traditional processes [5]. J. Jeswiet et al. [6] discussed about integrating surface
unevenness of the deformed component, multi-pass system, tool, and SPIF at raised
temperature. It was reported that a galvanised steel and tool made of stainless steel offers
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an utmost outstanding combination of excellent formability and a minor surface roughness.
Malwad and Nandedkar [7] used a hemispherical tool that affected both the surface
coarseness and formability. It was reported that, formability decreased for lower (less
than 6 mm) diameter of tool. Abbas [8] compared the effect of elliptical profile tool on
final product profile, final thickness, and strain and stress distribution of formed compo-
nent over results by hemispherical and flat profile tools using numerical simulation. They
obtained forming limitation curve of negative slop with much higher strains by forming
sheets into a variety of geometrical shapes, including dome, cone, hyperbola, pyramid,
using SPIF. Chen Ke et al. [9] proposed a constitutive model of aluminium 2024 T4 sheet of
1 mm thickness for comparative (theoretical and experimental) stress-strain analysis of
a truncated cone. Moreover, Behera et al. [10] stated that a higher formable wall-angle
acquired by several researchers using instrument of different diameters to make a varying
or fixed wall angle of a multiplicity of sheet materials of altered thicknesses. The researchers
stated the scope in instantaneous governance over dimensional accuracy with thickness
variation for an actual tool-path improvement strategy [11]. In the ISHF process, pres-
surised fluid in the chamber applies pressure on the backside of the sheet and others,
similar to the ISF process. The 20 mm tool diameter, wall angle 450, and speed of 200 mm/s
move on a 0.85 mm sheet (Al6061 T6 material) in both cases ISF and ISHF. The ISHF
process overcomes the drawbacks of non-uniform sheet thinning and reduces the spring
back experimental done on conical and rhomboidal frustum [12]. Formability assessment
of any sheet material is an interest to bring out in requisites of sheet thickness distribution
after forming, maximum formable wall angle, and maximum formable depth of the
component formed using single point incremental forming (SPIF) [13]. A consequence
of process parameters and material property parameters on dimensional and geometrical
accuracy of the produced component through SPIF is also the key interest of research.
Formability is the ability of the material to withstand the stretch or draw stresses of forming
before failure in terms of necking or bearing spherical tool profiles. The formability of
a material mainly depends on the factors like anisotropy, strain hardening, yield strength,
ductility, strain hardening, modulus of elasticity, and so on. An elastic modulus of the
material plays a vigorous role that defines elastic spring-back. It meant that as the modulus
of elasticity of Aluminium is one-third of that of Steel, the spring back of Aluminium will
be three times that of Steel. Hence, it is desirable to carry out the deformation beyond the
desired point based on the amount of spring back.

2. Classification of newer IF techniques

The term incremental forming (IF) [14] is meant that at any instant of time, only a slight
portion of a product deforms using a deforming tool by applying incremental feed step-
by-step as shown in Figure 1 [15]. For an example, three features of ISF planes-ribs, cone
shown with ruled feature and freeform feature of double curved hyperboloid are pre-
sented in Figure 2 . A ruled feature which swept towards directrix line, can be represented
by a generatrix curve. A double curved surface cleared towards alternative curve that
forms a freeform-surface [16].

Further, ISF is divided in two categories namely, traditional and hybrid methods as
described below. Further, the conventional ISF methods are of three types such as a single
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[EY] ih (3]

Figure 2. Different types of behavior during ISF (a) planes-ribs, (b) cone shown for ruled feature, and
(c) Double-curved hyperboloid [16]. .

point incremental forming (SPIF) process, two-point incremental forming (TPIF) pro-
cess, and multi point incremental forming (MPIF) process.

2.1. SPIF

In SPIF, the sheet is held between backing plate’s and blank holders, to attained
a preferred shape. Also, it is known as negative die-less forming. Furthermore, to
distinguish the formability of a material, a forming angle is used in the SPIF method.
Though, the custom of P,.x provides only a rough guess due to the complexity of
distortion mechanisms in SPIF, while the formability is not possible to expressed using
a single constraint [17,18]. A few distinct geometries produced by SPIF method are
illustrated in Figures 3 and 4.

2.2. TPIF

There are two styles of tools to support and form the back side of the sheet, in which both
ends are clamped during the process; it is named die-less positive, positive forming.
Generally, in ISF, a hemispherical-shaped instrument employed to process the sheet in
stages, following a tool tack tailored to a geometry created on computer-numeric con-
trolled (CNC) device.
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Figure 3. Schematic view of SPIF [17].

Five lobe shape Faceted cone Truncated pyramid

Figure 4. Examples of a few geometries created by SPIF [18]. .

2.3. MPIF process

MPIF process is a flexible three-dimensional manufacturing technique applied for a very
long sheet. In this process, between two opposite lower and upper-dices, a matrix of
multiple-punches is fitted with a climb to height via linear actuators that press a blank to
find required desired shape. As shown in Figure 5, the alignment of two upper and lower
blank holders was used in various sections, and every section has diverse hydraulic
cylinders governed by the servo motor equipped mechanism. While the forming forces
are provided from the blank holders to give the preferred shape [19].

2.3.1. SPIHF

In SPIHF technique, only a forming tool is to perform required activities, while an
opposite-side was supported using hydraulic-fluid by the pump [20]. Currently, various
investigations are going on it because of the thinning problem.
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Upper matrix of punches
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Figure 5. MPIF of sheet metal with blank holder [19].

2.3.2. TPIFPD

A forming tool travels on one face of a formable-sheet, while the other face used partial-
die [20]. By comparing TPIF with PD and SPIF, the portions fabricated using these two
processes. While, total geometric accuracy is found better in TPIFPD as compared to
SPIF due to high negligence of elastic recovery in unloading.

2.3.3. TPIFD

In this technique, a forming tool rotates on a side, while other side, a full die is applied in
Figure 6. There is applied a complete and partial in a small series production. In a double-
sided ISF, the two tools were used to create geometry on the sheet while in opposite side
used local associate tool to deliver local hold [21].

Various process parameters influencing incremental forming process comprises sheet
blank of initial thickness of t; and final thickness of t;, wall angle of ¢, tool diameter, the
spindle rotational speed, incremental, stage depth of Az, tool-end geometry, tool-sheet
interface lubrication, and tool path strategy.

— diameter ~———

i spindle

: speed
i downward
blankholder progression !
f tool i

J E_, gfeedrate

backing
plate

metal
sheet Azl

tool diameter
depth

Figure 6. SPIF Terminology in a deformed part [21].
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2.4. Sheet materials

Nowadays, many researchers have reported the effect of process parameters in relation to
properties of various grades of sheet metals like AA1050-O, AA6114-T4, AA3003-0, and
so on. Copper, Brass formed by SPIF. Ham and Jeswiet [21] conducted experiments using
the design of experiments for deforming a cone out of AA3003-O of thickness ranging
from 0.8 mm to 2.1 mm. The authors presented a methodology to develop FLDs for
forming AA6451, AA5182, and AA5754 using SPIF and summarised that material with
lower ultimate tensile strength offers more formability. It was reviewed the procedure to
generate the contour and spiral tool paths for incremental sheet forming. Based on sheet
blank materials and component geometries can be observed that the major work had
been carried out for Steel sheets, Aluminium sheets, and its alloys. Similarly, major work
on the component geometry of constant wall or variable wall angle frustum of the cone
was found. Very less work had been found on the hard sheet metal like Ti, Mg, and its
alloys to form it into pyramidal geometry.

2.5. Parameters affecting ISF

The number of critics arises that require distinct conversation in order to optimise the
governing ISF parameters. The major process affecting parameters are wall angle, tilting
angle, forming angle, sheet thickness, step depth, spindle speed, feed rate, temperature,
stress tri-axiality, bending and rotational speed and interface of these parameters [22].
There are a few other considerable parameters in ISF that cannot be tolerated, such as
formability, surface-roughness (SR), geometric accuracy, and forming forces.

2.5.1. Formability

Formability is a critical parameter in deciding the material deformation capability.
Usually, there are four types: tool profiles of flat, angular, parabolic, and hemispherical
shapes. Also, contour and spiral types of tool paths were used in ISF [17] that influence
formability consistently as per the experimental observations on FLD [23].

SPIF affords a quick and cheaper forming process, easy however exciting form with
sort of forming strategies for lubrication [24]. Multi-Stage SPIF (MS SPIF) is a variety of
stages in SPIF employed for small quantities and complicated sheet metal domains of the
vertical axis. Also, in MS SPIF the strain path is noticed linear and nonlinear in other
succeeding steps [25]. Test the formability and to get FLD proposed on the basis of
different forming techniques and it is affected through loading path and to show the
feasibility. Forming test offers diverse approaches with uncommon distributions on the
rupture points [26]. To further enhance the formability and surface roughness using
digital image correlation (DIC) approach, to study the major and negligible strains and
compare the result with FEM [27].

2.5.2. Surface roughness C

A surface coarseness tester can be used by inserting it into the display unit and also can be
used by detaching it from the display unit. Also, process parameters are examined related
to effect on surface roughness. Another main focus is on the bending effect, stress-strain
analysis in Forming Limit diagram (FLD), formability, and accuracy [27]. The FLD has



ADVANCES IN MATERIALS AND PROCESSING TECHNOLOGIES . 7

for failure and safe zone of ISF, economy, flexibility, small-batch manufacturing, and
remarkably rapid prototyping [20]. It is observed that the surface roughness is affected by
the numerous parameters, namely feed rate, step depth, tool radius, sheet thickness after
applying etching, and different tool types affect the surface roughness [28].

2.5.3. Geometric accuracy

During the ISF process, produced geometry represents some errors along the oblique
walls; elastic spring back reduces, and geometric is higher than in the other areas.
Continuous yielding of the sheet becomes problematic at a higher rate of strain hard-
ening for hard material, which requires a higher load and energy to deform the sheet.
Deflection of smaller diameter tool during operation of SPIF against hard sheet metal
also leads to deviation of geometrical accuracy.

2.5.4. Forming forces

The load cell measures the occurrence of forming forces during the ISF process fitted on
the tool holder [29]. During sheet deformation, analytically predict the forming forces
and experimentally arises in three-dimensional perspective view analysed [30]. Analytical
predictions of forming forces in SPIF with the hydraulic fluid process have developed
based on analytical models used to compute part through-thickness stress in the
3-D perspective view is obtained during the sheet deformation. Experimentally, the
process parameters with total force, moment, the thickness of the component, and plastic
strain distribution [31] in a sequence of additional SPIF tests; to evaluate the influence of
the axial forming force [32]. Finally, on the variation of the process parameters, the
forming force varied [33].

2.6. Stress triaxiality, spring-back and fracture strain

There are several available aspects out of them we have studied a few such that stress
spring back, fracture strain, and triaxiality.

2.7. Stress triaxiality

Stress triaxiality deformed a sheet in radial, circumferential and meridional directions
[34]. Stress triaxiality is less stable in deformation stability, and a thinning sheet
thickness occurs, leading to failure. In the maximum shear stress (MSS) criterion, the
fracture condition characterised by stress triaxiality parameters is a mean to yield
pressure ratio.

2.8. Spring back

There are two types of spring-back in SPIF. The tool passes over the formable sheet to
achieve a desired shape by removing additional geometry because it yields a poor
accuracy. Also, a global spring back is formed due to other residual stress developed in
the matter. Also, it has been discussed a spring-back and the accuracy of the desired
product [35].



8 M. K. AGRAWAL ET AL.

2.9. Fracture strain

The major and minor strains are plotted along the Y- and X-axis, respectively, in the FLD
diagram in Figure 5. A combination of the stress and strain analyses the fracture
initiation in ISF. The elongation at fracture, the ratio of changed to initial length after
breakage of the test specimen. This fracture criterion is used to revise the scale impact
and previously published experimental records are used to authenticate the feasibility
[36]. Forming assessment offers diverse approaches with different deliveries at breakage
points, it occurs in contact and vicinity of the contact zone [37]. In MS-SPIF comparison
of measured and calculated primary and secondary forming strain distributions of
a spherical and cylindrical roller [38] of experimental deformation [39] and Analytical
validation of the results is achieved [6]. During the control of material provides thinning
and thickening of sheet and effect tool path of forming limit curve [40]. G. Centeno et al.
[37] took tool diameters 6, 10, and 20 mm rotate on AISI 304 metal sheet thickness of 0.8
mm and evaluate forming forces, failure, and fracture strain measure at failure and crack
initiation. The influence of varying process parameters like tool diameter, spindle speed
and step down is on suitability. At the contact area of tool and blank prediction, analytical
of forces in three directions with process parameters feed rate, tool diameter, and
constant sheet thickness AA2022 sheet, wall angle, and results verify by extra experi-
ments, in which high accuracy and maximum prediction of error less than 18% of forces
have obtained [41].

Poor ductility of a specimen at atmospheric conditions is hard to form employing ISF.
There is numerous heat affected approaches to apply, such that, electric, induction, laser
halogen lamp, hot air, oil, heat friction, are applied on different materials [42]. A laser
and other heating methods improve formability by local heating of sheets [43].
A hemispherical tool used with process parameters producing a series of plastic defor-
mations affects formability [3]. At the critical radius, 2.2 times of blank thickness was
found out excessive compression with low damage maximise formability [44]. It func-
tions at a continual feed rate, and tool-hammering, stable SR is obtained using an
industrial robot [45]. Improving geometric accuracy and multistage forming have dis-
cussed and compared mechanics of deformation and forming limits, distribution of
stresses- strains derived. The selected process parameters are more affected by the
formability and hardening law [46]. So all the experiments observed that surface rough-
ness varies with process parameter.

2.10. Process capabilities

According to several investigates, explanations, and strategies in IF recommended to the
improvement in ISF about the process capability. To mark one portion at a time, noble
accuracy by means of simulation, emerging time and energy depletion, water jet method
is found accurate and, sheets appearance of non-simulation.

3. Discussion and future scopes

Influence of input constraints on surface coarseness, spring-back, precision the form-
ability, and miscellaneous in SPIF were examined outcomes illustrations that:
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An increase in tool speed, spindle rotation speeds, sheet thickness, wall angle, forming
angle, and electric current, but the decrease in tool diameter, tool feed rate, step down,
tensile stress sheet rotational speed, respectively, shows formability increases. The inter-
action of (a) smaller tool size and step size, (b) decrease in sheet rotational speed and
increase in tilting angle, and (c) increase the rotational speed and decrease the feed rate
all tends to formability increases. As per previous investigations, feed rate does affect the
surface roughness. In the case of other parameters, spindle speed increases, but wall
angle, step depth, and forming time decrease, respectively, tend to enhance the surface
roughness. The utmost outstanding amalgamation of a better formability and very low
surface roughness is delivered by adopting flat-ended tool. The presence of feed rate
interfaces and friction coefficient upgraded surface quality and with no influence on the
formability. Spring-back can also be diminished by perfect calculation and modifying the
tool path. In a deformed part wall, spring-back can be diminished with the increase of the
tensile force. Also, the forming force was noticed to be decreased by increasing the
temperature. Finally, the destruction value along meridional direction tends increases the
fracture tendency and its value higher than 1.0 leads to crack in sheet. Future prospectus
conclude the consequence of many constraints and their interfaces can affect the form-
ability, geometrical accuracy, and SR of AA3003-O by means of SPIF. Multi DOF
robotics in the ISF, ISHF, and a corresponding mechanism can distort the sheet incre-
mentally. In order to appraise formability, dimensional accuracy, and spring-back for
a constant slope and force, and variable slope and force.

4. Conclusions

Formability is affected due to the dissimilarity of distinct parameters and its interaction.
Some elements of SPIF play a vital role in enlightening formability, flexibility, and
forming time reduction, while some process constraints and parts of SPIF have noticed
an effect on the surface finish and accuracy. Furthermore, it is observed that the decrease
in spring-back property effects reduces elastic limit and increases strength. Also, a two
degrees of freedom (DF) robot-manipulators with the ISF and its influences on surface
coarseness and formability are greatly suggested for future prospective.
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In this work, SiO, nanoparticles-based corrosion-resistant superhydrophobic coating for mild steel has
been developed. A wire electrical discharge machine (EDM) was used to cut micro-patterned mild steel
followed by chemical etching via Piranha solution. The etched metal was coated with triethoxyoctylsilane-
modified SiO, nanoparticles via the solution method to generate the hierarchical micro-nano roughness
with low surface energy. The developed coating exhibited micro-nano hierarchical roughness due to SiO,
nanoparticles and their clusters, verified by atomic force microscope (AFM) and field-emission scanning
electron microscope (FESEM) analysis. The maximum water contact angle (CA) of 153 £ 2° with a sliding
angle (SA) of 5 & 2° was obtained for the coated mild steel. The electrochemical impedance spectroscopy
(EIS) plots confirmed the noteworthy corrosion resistance performance of coated metal over the uncoated
one. Thus, the modified SiO, nanoparticles-based superhydrophobic coating could be a good option for

inhibiting the corrosion of mild steel.

Keywords corrosion resistance, mild steel, SiO, nanoparticles,
superhydrophobic coating, triethoxyoctylsilane

1. Introduction

Mild steel is one of the extensively utilized types of steel
due to its low-cost and exhibits such properties, which are
suitable for a wide range of applications like transportation,
construction and oil and gas pipelines (Ref 1). Conversely,
worldwide every year, billions of dollars are spent on repairing
or replacing corroded mild steel. It is well acknowledged that
mild steel suffers from corrosion when exposed to moisture and
air (Ref 2). Moisture protection of mild steel is more
challenging forcing the researchers to manufacture water-
resistant mild steel using the fundamental concepts of
hydrophobicity (Ref 3). Lotus leaves, bird feathers and water
strider legs are natural water-resistant objects (Ref 4, 5). Such
objects exhibit superhydrophobicity. The superhydrophobic
surfaces of any material have a static water contact angle >

150°, which results in the bouncing of water droplets on their
surface or displaying non-wetting behavior. Several researchers
mimic these types of natural superhydrophobic features on
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artificial surfaces to utilize their benefits for various applica-
tions, such as anti-corrosion, anti-oxidation, water drag reduc-
tion, anti-soiling and anti-icing (Ref 5-8). Superhydrophobic
surfaces have unique features such as low surface energy and
micro-nano scale structures (Ref 9). Numerous methods were
tried out in the past to generate micro-nano level roughness on
the metals using well-known techniques such as electrodepo-
sition, sandblasting, plasma etching, chemical etching, lithog-
raphy and nanoparticle deposition (Ref 3). However, the most
economical and feasible routes are chemical etching and micro-
nanoparticle deposition (Ref 10-12). For the generation of
superhydrophobicity on metallic surfaces, low surface energy
of the surface is required which can be obtained easily on a
chemically etched surface by the deposition of surface-func-
tionalized nanoparticles. Over the past few years, various
nanoparticles, such as carbon nanotubes, ZnO (Ref 12), TiO,
(Ref 13), and SiO, (Ref 9, 14), were explored to generate nano-
scale roughness to achieve superhydrophobicity. However,
SiO, nanoparticles are most commonly used for superhy-
drophobic surfaces because of their low cost, ease of fabrica-
tion, ease of functionalization and low density compared to
other nanoparticles (Ref 15). Such properties make these
nanoparticles an ideal choice for manufacturing superhy-
drophobic surfaces. However, the use of surface-functionalized
SiO, nanoparticles on chemically etched metallic surfaces is
not been fully explored yet (Ref 9).

In the present study, a unique approach was employed to
protect the mild steel from corrosion. A wire electrical
discharge machine (EDM) was used to generate a micro-
pattern on mild steel followed by chemical etching via Piranha
solution. The wire EDM and chemical etching produced
micron-level roughness on the surface of the mild steel. Then
the etched metal was coated with triethoxyoctylsilane-modified
SiO, nanoparticles to generate the hierarchical micro-nano
roughness with low surface energy. The superhydrophobicity
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and anti-corrosion performance of the samples produced
promising results, which can be very useful for the metal
industry.

2. Experimental

2.1 Fabrication of Superhydrophobic Coating on Mild Steel

The fabrication of functionalized SiO, nanoparticles-based
superhydrophobic coating on mild steel is schematically
illustrated in Fig. 1. Methyltrimethoxysilane (1.5 mL), Metha-
nol (15 mL), Ammonia (30%, 7.5 mL) and deionized water
were continuously stirred for 24 h at 25 °C to obtain the silica
sol. The silica sol was then filtered and dried at 110 °C for 24 h
and collected as silica nanopowder. The surface of SiO,
nanoparticles was functionalized by blending triethoxyoctylsi-
lane (1.5 mL) and ethanol (15 mL) with the nanoparticles
followed by magnetic stirring for 24 h at 25 °C. On the other
hand, the mild steel of 1 x 1 cm? size was cut from the bulk
sample using wire EDM (Ezeewin). The wire EDM created a
micro-pattern in form of parallel lines over the metal substrate,
which was further polished with 400-1200 Grit sandpapers. The
polished substrate was ultrasonically cleaned in acetone for
30 min. The polished substrate was etched in a Piranha solution
(Ref 16) (concentrated H,SOy4, 98% and H,0,, 30%. Ratio 7:3)
at 40 °C for 10 min. The etched substrate was washed with
deionized water several times and dried at room temperature.
The etched metal substrate was dipped in the solution of
functionalized nanoparticles for 15 min. Later on, the coated
substrate was annealed at 400 °C for 2 h to obtain the
superhydrophobic mild steel.
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2.2 Characterization

The morphology of triethoxyoctylsilane functionalized SiO,
nanoparticles and deposited coatings were characterized using a
high-resolution scanning electron microscope (FESEM, Quanta
200F, FEI, USA). The surface modification or functionalization
of the nanoparticles by triethoxyoctylsilane was characterized
by a Fourier transform infrared (FTIR) spectroscopy (Perkin
Elmer FTIR/FIR Frontier, Spectrometer, USA). Both the
functionalized and non-functionalized SiO, powder samples
were separately mixed with high purity potassium bromide
(purity 99.9%, Sigma-Aldrich) using a pestle motor and
converted into transparent films using a stainless steel die and
a hydraulic press. The infrared spectra of the transparent thin
films was recorded at ambient conditions. Bruker D8 Advance
Diffractometer (Germany) carried out the structural character-
ization of the samples with a Cu-Ko radiation source. The
optical micrographs of the samples were recorded using Nikon
Eclipse MA200 optical microscope. The wettability of the
samples was characterized using a drop shape analyzer (DSA
100, Kriiss GmbH, Germany). An atomic force microscope
(AFM, NT-MDT, Ntegra) was used to investigate the roughness
and surface morphology of the samples. An electrochemical
workstation (CHI 660E, CH Instruments, USA) was used to
obtain polarization curves with a low scan rate of 0.2 mVs ™'
The samples were immersed in corrosive salt solution (3.5%
NaCl) to obtain polarization curves. The corrosion resistance of
the samples was characterized using electrochemical impedance
spectroscopy (EIS) from 200 kHz to 50 MHz frequency and
via excitation of sinusoidal wave amplitude of + 5 mV.
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Fig. 1 Schematic illustration of the systematic fabrication of functionalized SiO, nanoparticles-based superhydrophobic coating on micro-

patterned and chemically etched mild steel
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3. Results and Discussion

The FESEM image of triethoxyoctylsilane functionalized
silica nanoparticles is shown in Fig. 2. The FESEM images
revealed a very smooth spherical shape of the SiO, nanopar-
ticles with an average size of ~ 30 nm. However, very limited
large size clustered particles can be seen but most of the
individual round shape particles are revealed by the FESEM
image. This indicates the successful functionalization of the
nanoparticle surface because the functionalization agent signif-
icantly reduced the clustering of nanoparticles (Ref 12). The
particles in solid circles indicate the individual particles, and
the particles in the dotted circle indicate the clustered particles
(Fig. 2).

FTIR spectra of SiO, nanoparticles and triethoxyoctylsilane-
modified SiO, nanoparticles are shown in Fig. 3. Both the
unmodified and modified SiO, nanoparticles reveal sharp
absorption peaks at 1103 and 802 cm™', which are designated
as anti-symmetric and symmetric vibrational peaks of the Si-O-
Si bond, respectively (Ref 17-19). A very broad peak centered
at 3421 cm™ ', which is common in both the spectra and a small
peak at 966 cm™ ' in the case of unmodified nanoparticles are
corresponding to the stretching vibration of Si-OH groups
indicating the presence of hydroxyl groups on the surface of
nanoparticles (Ref 19). In the case of modified nanoparticle
spectra, the change in the position of absorption peak from 966
to 882 cm™ ! and the generation of new peaks at 2978, 2921
and 1381 cm™! are corresponding to C-H, CH; and C-O
functional groups, confirming the surface modification of SiO,
nanoparticles by long chain triethoxyoctylsilane (Ref 9, 19-22).

X-ray diffraction (XRD) pattern of uncoated and coated
mild steel samples is shown in Fig. 4. The XRD analysis was
performed to investigate the effect of the presence of SiO,
nanoparticles-based coating on the crystallinity of the mild
steel. The 20 values were matched to the standard International
Centre for Diffraction Data (ICDD) data card (04-014-0360).
The XRD pattern of both the uncoated and coated mild steel
samples revealed one sharp peak at 20 = 45.26° corresponding
to a plane (110) and one low-intensity peak at 20 = 65.30°
corresponding to a plane (200), which indicates polycrystalline

Fig. 2 FESEM image of triethoxyoctylsilane functionalized silica
nanoparticles
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nature and body-centered-cubic (bcc) structure of mild steel
(Ref 23, 24). However, the SiO, nanoparticles-based coating
does not reveal any new peaks except a low-intensity peak at
20 = 27.30°, which may be due to some impurity of the
sample. Nevertheless, the relative intensity of the coated
samples was reduced due to the coating on the mild steel
substrate. The generation of no new peaks may be due to the
amorphous nature of the SiO, nanoparticles. Thus, the coating
does not change the basic structural characteristics of the steel
substrate.

Optical microscopic images of polished mild steel and
etched steel substrate at different magnifications such as 20X
and 100X with their corresponding water contact angles (CAs)
are shown in Fig. 5. The polished sample revealed parallel
microscopic lines on the surface due to the use of wire EDM.
The surface seems smooth and exhibits a water CA of 92° as
depicted in the inset of Fig. 5(a). The water CA > 90°
indicates the hydrophobic nature of the metallic substrate.
However, the Piranha solution etching of the metallic substrate
generates roughness on the surface, which makes the micro-
scopic parallel lines diffused. However, the etching of the
metallic surface results in a significant increase in the surface
roughness from 90 to 110 nm which remarkably increased the
water CA from 92° to 123° as shown in the inset of Fig. 5(c),
which is in close agreement with the results reported by others
(Ref 11). Thus, the etched metallic substrate exhibits a more
hydrophobic character compared to the polished metallic
substrate.

Optical microscopic images of the coated mild steel at
different magnifications such as 20X and 100X with corre-
sponding water CA are shown in Fig. 6. Due to the coating, the
surface of mild steel seems very smooth with uniform surface
roughness. The coated substrate exhibits a water CA of 153° as
depicted in the inset of Fig. 6(a). Thus, the superhydrophobic
character of the coated mild steel has been generated because of
the presence of surface-functionalized SiO, nanoparticles. The
surface functionalization of the nanoparticles reduced the
surface energy of the particles and the nano-size of the particles
offered nanoscale roughness. Thus, the combination of these
two transformed the hydrophobic mild steel into the superhy-
drophobic one (Ref 12, 14).

AFM analysis was performed to characterize the topography
and surface roughness of the polished, etched and coated mild
steel samples. The 2-dimensional (2D) and 3-dimensional (3D)
images of the polished and etched mild steel are shown in
Fig. 7. The polished mild steel is revealing micro-patterned
morphology (Fig. 7a, b). The parallel vertical lines with some
cavities are exposed by the 2D image and uniform surface
roughness is revealed by the 3D image. However, the etched
mild steel is revealing a completely different morphology,
which is obvious as the chemical etched away the metallic
surface. The 2D and 3D images of etched mild steel reveal the
non-uniform roughness and significant variation in the surface
roughness compared to polished steel (Fig. 7c, d).

The 2D and 3D AFM images of coated mild steel at
different magnifications are shown in Fig. 8. The 2D (Fig. 8a,
¢) and corresponding 3D (Fig. 8b, d) images revealed the
presence of significant but uniform surface roughness on the
coated mild steel. Additionally, the higher magnification AFM
image (Fig. 8c) revealed the presence of individual nanopar-
ticles and their agglomerates on the coated surface of mild steel,
which is producing a combination of micro-nano hierarchical
surface roughness responsible for the superhydrophobic behav-
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Fig. 4 X-ray diffraction (XRD) pattern of uncoated (pure steel) and coated mild steel samples

ior of the coating. The relation between an average surface
roughness (R,,,) and contact angle (CA) with sliding angle
(SA) of the polished, etched and coated mild steel is shown in
Table 1. It is evident from Table 1 that etched mild steel has
higher R,y (110 nm) compared to polished steel R,y (60 nm)

which is obvious because the chemical eats away some portion
of the metal (Ref 11). Similarly, the coated mild steel exhibits
higher R,,, (193 nm) compared to the etched mild steel. A
similar trend is followed by the water CA, because as per the
literature if the R,,, of a surface increases then the water CA
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Fig. 5 Optical micrographs of (a, b) polished mild steel and (c, d) etched mild steel substrates at 20X and 100X with their corresponding
contact angles (inset of a and c)

Fig. 6 Optical micrographs of (a, b) coated mild steel at 20X and 100X with their corresponding contact angle (inset of a)

also increases (Ref 12, 14). However, with the increase in ticles are found responsible for the increased roughness of the
surface roughness, the SA goes on decreasing which is in close mild steel in different situations.

agreement with the results published by others (Ref 16). Thus, FESEM analysis was performed to characterize the mor-
in the current study, the surface-functionalized SiO, nanopar- phology of the coated mild steel. The FESEM images of coated

Journal of Materials Engineering and Performance
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Fig. 7 The 2D and 3D AFM images of (a, b) polished and (c, d) etched mild steel

mild steel at different magnifications are shown in Fig. 9. The
lower magnification image is showing a quite rough surface of
the coated mild steel. The high roughness is in close agreement
with the AFM results. However, the high magnification
FESEM image is showing individual nanoparticles (solid white
circle) and their large size spherical agglomerates (dotted white
circle) on the coated surface of mild steel. The presence of
nanoparticles and their micron or sub-micron size clusters
jointly produce a micro-nano hierarchical surface roughness,
which is in close agreement with the AFM results. Thus, this
hierarchical roughness leads to the superhydrophobic surface
formation on the metallic substrate. That can be very effective
in controlling the corrosion of mild steel.

The corrosion resistance of the uncoated and coated mild
steel samples was characterized by immersing the samples in a
corrosive salt solution (3.5% NaCl) for 30 days. Optical images
of uncoated and coated mild steel after dipping in a corrosive

salt solution for a 1-month under ambient conditions are shown
in Fig. 10. The physical appearance is revealing that the
uncoated substrate corroded significantly, while the coated
substrate remains almost non-corroded. However, the coating is
damaged a little bit and reveals partially inflated spots on the
surface. The water droplet sitting on coated mild steel after a 1-
month corrosion test is shown in Fig. 11. The CA of the coated
mild steel substrate was reduced to ~ 135 + 3° from 153 &+ 2°
after the 1-month corrosion test, which is obvious as the coating
was found little bit damaged due to corrosive salt. Thus, it
indicates the reliability of the coating and its efficiency as
corrosion resistance material for mild steel.

The corrosion resistance performance of uncoated and
coated mild steel samples was estimated using Nyquist plots
and potentiodynamic polarization curves of EIS (Fig. 12).
Figure 12(a) shows that the impedance of coated mild steel is
significantly higher than that of uncoated mild steel, signifying
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Fig. 8 The 2D (a, ¢) and 3D (b, d) AFM images of coated mild steel at lower and higher magnifications

Table 1 The relation between R,,, and CA with sliding
angle (SA) of the polished, etched and coated mild steel

Metallic substrate Avg. roughness, nm CA,° SA, °

Polished Steel 60 92 £ 2 50 +5
Etched Steel 110 123 £ 3 28+ 3
Coated Steel 193 153 £ 2 542

that the corrosion confrontation of coated mild steel is very
high compared to the uncoated mild steel (Ref 16, 25). The
polarization curves of coated sample (Fig. 12b) demonstrating
the low current density (/o) and high E,, compared to the
uncoated one specified the higher corrosion resistance due to
the superhydrophobic coating (Ref 16, 25). The corrosion
properties of uncoated and coated mild steel are illustrated in
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Table 2. The EIS Nyquist plots exhibit typical semi-circle for
mild steed and semi-circle type arc with tail for coated mild
steel, therefore EIS data was fitted using two equivalent electric
circuit models (Fig. 12¢ and d), which are typically used for
bare and coated mild steel (Ref 25, 26). The fitted EIS data of
uncoated and coated mild steel is shown in Table 3. Where R is
solution resistance, R, is the resistance of corrosion products,
CPE; is the coating constant phase element which corresponds
double-layer capacitance at the interface of metal and coating.
CPEq corresponds to double layer capacitance occurred at the
interface of metal and solution (corroded area) and R, is charge
transfer resistance. Ry depends on the geometry of the area
through which current is flowing as well as on the resistivity of
electrolyte. Ry is technically not the main component as it is not
representing the property of a coating during coating perfor-
mance analysis (Ref 25). The use of modified nanoparticles-
based coating on mild steel-enhanced R value almost 8 times



higher than the mild steel whereas diminished double layer
capacitance CPEg,. The low value of CPEq signified decreased
coating porosity as well as better corrosion resistance perfor-
mance for coated steel substrate, which is in close agreement
with the results reported by others (Ref 25, 26).

Usually, low /., means a low corrosion rate. Silica is a
well-known coupling element for the corrosion resistance of
metals for ages. This may be due to the formation of a layer of
Si-O metal bonds over the sample surface, which dominates the

Fig. 9 FESEM images of coated mild steel at lower and higher
magnifications

corrosion reaction and decrease its speed, even if the substrate
does not possess superhydrophobic properties (Ref 27). The
cathodic and anodic current goes down and corrosion potential
(Ecor) goes toward a positive value due to superhydrophobic
coating (Ref 28, 29). Thus, the superhydrophobic coating has
an inordinate potential to resist the corrosion of mild steel or
other metals.

4. Conclusions

Triethoxyoctylsilane-modified SiO, nanoparticles-based
superhydrophobic coating was successfully prepared via solu-
tion method to prevent the corrosion of mild steel. The
developed coating exhibited micro-nano hierarchical roughness
due to the presence of individual nanoparticles and their micron
size clusters as verified by AFM and FESEM analysis. The
hierarchical roughness of the coating resulted in the superhy-

Fig. 11 The water droplet sitting on coated mild steel after a 1-
month corrosion test

Fig. 10 Optical images of (a) uncoated and (b) coated mild steel after dipping in a corrosive salt solution for a month at ambient conditions

Journal of Materials Engineering and Performance
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Table 2 The corrosion properties of uncoated and coated
mild steel

Metallic substrate Eorr, V versus SCE Iy, X 107% A/em?

0.201
0.041

— 0.516
—0.714

Uncoated mild steel
Coated mild steel

Table 3 Fitted EIS data of uncoated and coated mild
steel

Rpro, Q
CPE,, CPE, cm?
Metallic R, Q C, uF/ R, Q C, puF/
substrate cm? cm? n cm cm? n
Uncoated 2.32 6.99 1 121
mild steel
Coated mild 3.58 212 1 962 1000 1 6.288
steel

drophobicity of the mild steel. The maximum water CA of
153 4 2° with a SA of 5 + 2° was obtained for the coated mild
steel compared to the uncoated mild steel (CA of 92 + 2° with

Journal of Materials Engineering and Performance

SA of 50 4+ 5°). The EIS plots confirmed the significant
corrosion resistance performance of coated metal over the
uncoated one. Thus, the developed superhydrophobic coating
can play a vital role in controlling the corrosion of metals.
However, there is a great need to study the mechanical and
thermal stability of such coatings for industrial applications.
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Abstract

In this study, SiO, nanoparticles were modified using triethoxyoctylsilane to fabricate a corrosion-resistant super-
hydrophobic coating on brass. The brass substrate of 1 x 1 cm* was cut from the bulk using an electrical discharge machine
(EDM) that generated a micro-pattern on its surface then it was chemically etched with Piranha solution. In order to create
nano roughness on the etched micro-patterned brass substrate and to reduce its surface energy, surface-modified SiO,
nanoparticles were coated on the brass using the solution-immersion approach followed by annealing. AFM and FESEM
analysis of the coated brass showed the presence of SiO, nanoparticles and their clusters leading to the superhydrophobicity.
The coated brass exhibited a maximum water contact angle (CA) of 152°+2° and a sliding angle (SA) of 7°+3°. The
electrochemical impedance spectroscopy (EIS) plots demonstrated a high impedance value for coated brass compared to
uncoated brass. Conversely, the corrosion current density (I..) of coated brass (0.068 x 107® A cm?®) is much lower than the
uncoated brass (0.369 x 107° A cm?) signifying efficient corrosion resistance of the coated brass. The present work has
inordinate potential to control the corrosion of metals in corrosive conditions.
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1 Introduction

Brass is a multipurpose alloy made up of copper and zinc.
The mechanical, electrical and chemical characteristics of
brass can be easily altered by changing the ratio of copper
and zinc [1]. Brass has a broad range of applications in
various sectors such as healthcare, defense, marine, engi-
neering tools, musical instruments, ornaments, construc-
tion, electrical, sculptures [1-3], etc. due to its
affordability and the characteristics it possesses [4].
However, billions of dollars are spent annually throughout
the world on fixing or changing corroded brass. Brass
corrodes significantly when exposed to corrosive media
like seawater [3]. The conversion of the brass into a
superhydrophobic brass is a better option to avoid the
corrosion of brass [3-9]. The notion of super-
hydrophobicity originated from the self-cleaning surface
of lotus leaves long back, which consists of hierarchical
micro-nano size roughness on its surface [10]. Later on,
the superhydrophobic surface features were mimicked by
numerous researchers for various applications like corro-
sion resistance, self-cleaning, energy application, etc.
[11-15]. Superhydrophobic surfaces exhibit a water con-
tact angle (CA) > 150° and roll-off angle or sliding angle
(SA) < 10°, which keeps the surface dry. Such a surface
does not allow moisture to come in contact with the
metallic surface and metal remains corrosion resistant for a
longer time [16]. Several techniques, including chemical
etching, nanoparticle deposition, sandblasting, litho-
graphy, electrodeposition, and plasma etching have been
used in the past to produce a hierarchical micro-nano
roughness on various metallic substates [17, 18]. Chemical
etching and nanoparticle deposition methods are the most
practical and affordable [19-21]. Various nanostructures
of 1D (dimension), 2D and 3D have been coated on var-
ious metals to change their wetting properties [22-25]. In a
recent study, Dominic et al. [26] presented the preparation
of superhydrophobic coating on thermally oxidized brass
using 1H,1H,2H,2H-perfluorooctyltriethoxysilane for cor-
rosion inhibition. In another work, Cao et al. [27] pre-
sented the Mussel-inspired superhydrophobic coating on
brass for controlling corrosion using 1H,1H,2H,2H-per-
fluorodecanethiol. Yu et al. [4] developed a super-
hydrophobic H62 brass surface via chemical etching
followed by electrodeposition to enhance the corrosion
resistance. Similarly, Jie et al. [28] reported an integrated
etching and heating treatment methodology to fabricate
corrosion resistant superhydrophobic surface on brass.
However, silica nanoparticles are one of the most explored
superhydrophobic materials because of their cost-
effectiveness and simplicity of their surface functionali-
zation [29]. However, to improve the superhydrophobic
performance of SiO, nanoparticles, their surface

@ Springer

functionalization using different silanizing agents is still
not explored in full capacity [30].

In the above context, a micro-pattern on the brass sub-
strate was created using an EDM and then chemically
etched with Piranha solution. To create low surface energy
and nanoscale roughness, triethoxyoctylsilane-modified
SiO, nanoparticles were deposited on the etched brass
using the solution-immersion approach. The anti-corrosion
performance of superhydrophobic brass yielded encoura-
ging outcomes, which can be quite beneficial to protect the
metals against corrosion.

2 Materials and methods
2.1 Preparation of superhydrophobic brass

Figure 1 schematically depicts the deposition of a super-
hydrophobic coating on brass using functionalized SiO,
nanoparticles. To make silica sols, methyltrimethoxy silane
(1.5 mL), methanol (15 mL), ammonia (30%, 7.5 mL), and
deionized water were blended via magnetic stirring at 25 °C
for 24 h. After filtering, the sols of SiO, were heated at
110°C for 24h to form SiO, nanoparticles. The SiO,
nanoparticles were mixed with triethoxyoctylsilane
(1.5mL) and ethanol (15 mL) to functionalize their surface
using magnetic stirring at 25°C for 24h. A wire EDM
(Ezeewin) was used to cut the brass substrate of 1x 1 cm?
size from the bulk material. The metal substrate exhibited a
micro-pattern after the wire EDM processing. The micro-
pattern of the brass substrate was refined by 400-1200 grit
sandpapers. Acetone was used to ultrasonically clean the
polished substrate for 30 min. A Piranha solution (con-
centrated H,SOy4, 98% and H,0,, 30% in a ratio of 7:3) was
used to etch the polished substrate at 40 °C for 10 min. Later
on cleaning of the substrate was performed using deionized
water and allowed to dry at ambient conditions. Finally, the
brass substrate was immersed in silanized SiO, nanoparticle
solution for 15 min followed by its annealing at 400 °C for
2 h to produce the superhydrophobic brass.

2.2 Characterization

A high-resolution scanning electron microscope (FESEM,
Quanta 200F, FEI, USA) was considered to characterize the
shape and size of silanized and non-silanized SiO, nano-
particles and the superhydrophobic brass surface. The
structural information of the samples was obtained by
Bruker D8 Advance Diffractometer (Germany) using Cu-
Ka source radiation. A Nikon Eclipse MA200 optical
microscope was employed to capture optical images of the
specimens. A drop shape analyzer (DSA 100, Kriiss GmbH,
Germany) characterized the wetting behavior of the

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Fig. 1 Pictorial representation of a step-by-step approach for synthesis of silanized SiO, nanoparticles and superhydrophobic coating on a brass

substrate

samples. The metallic specimens were placed on the sample
holding stand of the DSA and an automatic contact angle
measurement mode was set to drop a standard 10 pl water
droplet on the specimens. Then the profile of water drop
was utilized for determining a static water CA followed by
automatic sample tilting to measure sliding angle via the
software. At least, three different locations on the samples
were used for the measurement of the CA and SA and their
mean values are reported. The morphology and roughness
of the specimens were examined by an atomic force
microscope (AFM, NT-MDT, Ntegra). Polarization curves
were acquired by utilizing an electrochemical workstation
(CHI 660E, CH Instruments, USA) with a scanning rate of
0.2mVs~!. To acquire polarization curves, the specimens
were submerged in a 3.5wt.% NaCl solution. Electro-
chemical impedance spectroscopy (EIS) was employed to
estimate the corrosion inhibition capacity of samples at
frequencies ranging from 200 kHz to 50 MHz.

3 Results and discussion

FESEM images of silanized SiO, nanoparticles are depicted
in Fig. 2. Most of the particles are clustered into large clusters
for non-silanized SiO, nanoparticles. However, the surface-
modified SiO, nanoparticles exhibit a smooth and spherical
shape with an average size of about 30 nm. The majority of
the particles are appearing as individual and round shape
particles but partially clustered. This might have happened

Fig. 2 FESEM images of (a) unmodified SiO, nanoparticles and (b)
silanized SiO, nanoparticles

@ Springer
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because of the successful silanization or functionalization of
the SiO, nanoparticles by triethoxyoctylsilane [13, 31].

X-ray diffraction (XRD) patterns of uncoated and coated
brass substrates are presented in Fig. 3. The diffraction pat-
tern of brass revealed the presence of the face-centered cubic
(fcc) phase of Cu(0) and the hexagonal closed packed (hcp)
phase of Zn(0). The main sharp diffraction peaks observed at
42.69°, 49.55°, 72.54° are as per JCPDS File No. 50-1333 of
brass [32]. However, almost all the diffraction peaks in the
present study such as 31.73°, 36.76°, 42.69°, 49.55°, 63.25°,
72.54° and 79.90° are in close agreement with the work
reported by Galai et al. [33]. The presence of these diffraction
peaks revealed the a phase of brass consisting of copper and
zinc as the main components with small traces of lead.
However, the silanized SiO, nanoparticles coated brass does
not disclose any novel XRD peaks. However, the relative
intensity of XRD peaks of the coated brass was declined
because of the superhydrophobic coating compared to the
uncoated brass. Thus, even after the coating, the structure of
the surface of brass remains unmodified.

Polished, etched and coated brass substrates character-
ized using an optical microscope at different magnifications.

Fig. 4 Optical micrographs of
(a, b) polished brass, (c, d)
etched brass and (e, f) coated
brass at 20X and 100X
magnifications with CAs (inset
of a, ¢ and e)
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The micrographs of these specimens along with CAs are
depicted in Fig. 4. The polishing of the brass sample
removed the micro-pattern and created some fine scratches

Pure Brass

Coated Brass

Intensity (a.u.)

27.30° 31.73°
e

20 30 40 50 60 70 80
26 (%)

Fig. 3 X-ray diffraction spectra of pure and coated brass

CA=102° ! (b)
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Fig. 5 (a, ¢) 2D and (b, d) 3D | Z-Axis - Scan forward Line fit Z-Axis - Scan forward  Line fit
AFM images of coated brass at
different scales (b)
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on the surface (Fig. 4a, b). The polished brass substrate ~ Table 1 Rqy, CA and SA values of brass specimens
revealed hydrophobicity with a water CA of 102° (inset of  Sample name Ryye (nM) CA (°) SA (°)
Fig. 4a). The chemically etched brass substrate revealed a -
rough surface (Fig. 4c, d) compared to the polished sub-  Folished brass 4 1027+4 39°=4
strate. The increased roughness increased the water CA  Etched brass 65 135%+4 1974
Coated brass 72 152°+2° 7°+3°

from 102° to 135° (depicted in inset of Fig. 4c). Similar
observations are stated by Jie et al. [34]. Therefore, the
rough surface of etched brass can exhibit more hydro-
phobicity compared to the smooth polished brass. The
coating significantly tuned the surface of the brass com-
pared to the etched brass. The coated brass surface becomes
smooth and exhibits even roughness. A large CA of 152°
(inset of Fig. 4e) was revealed by the coated brass. Thus, the
silanized SiO, nanoparticles result in the superhydrophobic
behavior of the coated brass by reducing the surface energy
of the substrate and generating the micro-nano hierarchical
roughness on the surface. Thus, the proposed methodology
in the present study can easily alter the wetting behavior of
brass [35, 36].

Figure 5 displays the 2-dimensional and 3-dimensional
AFM images of coated brass. The 2D images (Fig. 5a, c)
with corresponding 3D images (Fig. 5b, d) revealed con-
sistent surface roughness. The AFM images demonstrated
the presence of a majority of the individual nanoparticles
and their limited agglomerates on the coated brass, resulting
in a combined micron and nano level roughness imperative

for superhydrophobicity of the brass. Table 1 illustrates the
relationship among the average surface roughness (R,
CA and SA of brass specimens. The polished brass has the
lowest Ry, (45nm), while the coated brass reveals the
highest R, (72 nm). However, the etched brass shows the
R,vg (65 nm) in-between as per the results reported by others
[21]. The increase in water CA also follows a similar trend
as in the case of the Ry, [10, 37]. Conversely, the rise in
roughness of a surface declines the SA as per the findings of
other researchers [38]. Because, in a highly hydrophobic
zone, the SA decreases with the increasing CA. The rough
surface features can easily trap air and play a crucial role for
reducing the SA. It happened because of the transition from
a liquid-solid interface to a composite surface that consists
of trapped air, as proposed by Cassie’s equation. Similar
observations were reported by Miwa et al. [39].

The morphology of the coated brass was further studied
using FESEM analysis. Figure 6 presented FESEM

@ Springer
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Fig. 6 FESEM micrographs of
coated brass at dissimilar scales

Fig. 7 Photographs of (a) pure
brass, (b) coated brass and (c¢)
water droplet on coated brass
after immersion in (3.5% NaCl)
for one month

. . 1 :
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micrographs of coated brass at dissimilar scales. The coated
brass surface seems fairly rough at lower magnification
(Fig. 6a). However, the higher magnification image (Fig.
6b) reveals the presence of individual SiO, nanoparticles
and their clusters circumscribed by solid and dotted white
circles, respectively. The coexistence of individual nano-
particles and their clusters generates a combination of
micron and nano level roughness essential for super-
hydrophobic behavior of the metal substrate. Similar kind of
roughness is also validated by the AFM data.

The corrosion-control capability of brass substrates
was examined by dipping them in a 3.5 wt.% NaCl cor-
rosive solution for one month. Photographs of pure brass
and coated brass after the immersion test are illustrated in
Fig. 7a, b. The significant corrosion can be seen in the
case of uncoated brass, however, the coated brass appears
almost non-corroded. Though the coating on the brass
appears somewhat damaged and it is reflecting some
inflated spots on its surface. The photograph of a water
droplet sitting on coated brass after the immersion test is

@ Springer

illustrated in Fig. 7c. After the corrosion test, the CA of
the coated brass was slightly reduced to ~145° +2° from
152° £ 2°, which may be due to partially damaged coat-
ing. Thus, the developed coating is highly efficient against
the corrosion of brass.

Nyquist plots along with polarization curves of uncoated
and coated brass substrates are depicted in Fig. 8. Figure 8a
clearly reveals the significant difference in the impedance
value of pure brass and coated brass, indicating efficient
corrosion inhibition capacity of coated brass [38, 40]. The
polarization curves of coated brass present lower current
density (I.,) and high E,, values (Fig. 8b) as compared to
uncoated brass resulting in higher corrosion inhibition
efficiency because of the superhydrophobic coating, which
is keeping the moisture content away from the metallic
surface [41, 42]. The (open circuit) corrosion potential
(Ecorr) and corrosion current density (I..;) measurements for
uncoated brass and coated brass are shown in Table 2.

Generally, a lower value of I, indicates a low corrosion
rate. The cathodic and anodic current goes down while
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Table 2 The E.,, and I, measurements of uncoated brass and
coated brass

Sample name Econr (V vs SCE) Teorr (x107% A/em?)

—0.571
—0.203

0.369
0.068

Uncoated brass

Coated brass

corrosion potential (E.,,) moves towards a positive value
because of the superhydrophobic coating [35, 43]. Thus, the
fabricated corrosion-resistant coating has the potential to
protect the metals in a corrosive environment due to its
superhydrophobic nature.

4 Conclusions

A superhydrophobic coating to protect the brass against
corrosion was successfully developed using chemical
etching followed by solution-immersion route in presence
of silanized SiO, nanoparticles. AFM and FESEM results
validated the presence of micro-nano hierarchical roughness
imperative for superhydrophobicity. The hydrophobic brass
(CA of 102°%4°) was successfully transformed into
superhydrophobic brass (152° +2°). A significant corrosion
is found in the case of uncoated brass and coated brass
revealed almost no corrosion confirmed by optical images.
The EIS plots demonstrated that coated metal outperformed
uncoated metal in terms of corrosion resistance. Thus, the
developed corrosion-resistant superhydrophobic coating can
be quite beneficial to protect the metals against corrosion
after its thermal and mechanical performance testing.
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Published online: x = 0.10, 0.20, 0.30 and 0.40) were synthesized to study the effect of simulta-
17 January 2023 neous growth of ferroelectric and ferromagnetic phase for switching applica-

tions. X-ray diffraction confirms the double-phase formation in all composites
© The Author(s), under  possessing tetragonal and cubic symmetry. SEM micrograph strongly suggests
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Science+Business Media, LLC, ceramic. The dielectric and electrical characteristics of ceramics have been
thoroughly investigated in temperature range — 50 to 410 °C, and frequency
(10°-10° Hz). The grain and grain boundary also significantly contribute to
relaxation process, shown by fitting of Nyquist plots. The frequency dependence
of impedance plots has been used to characterize the electrical conduction of the
sample at various observed temperatures, which demonstrate the Negative
Temperature Coefficient of Resistance (NTCR) behavior. The composite with
x = 0.40 of pure CFO in (BCT);-(CFO)y composite showed maximum value of
saturated magnetization, remnant magnetization and coercive field of
M~ 38 emu/g, M;~15 emg/g and H.x 0.66 T, respectively.
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1 Introduction [1]. Electrical polarization can be operated using an

external magnetic field, and magnetization can be
Multiferroics are the most appealing multifunctional ~ induced by varying an external electrical field, due to
materials due to their wide range of applications in the coupling between ferroelectric phases and ferro-
magnetic sensors, actuators, transducers, spintronics, magnetic phases [2-5]. Few functional materials that
and storage media devices are unique in that they use ~ have magnetoelectric coupling among multiferroics
a novel way to converting electric and magnetic fields are known as magnetoelectric (ME) materials; these
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materials have a wide range of applications in
microwave devices and magnetic field detection
sensors [6-8]. Single-phase multiferroics have a very
limited range of application due to their poor ME
response at low temperatures. As a result, two-phase
multiferroic composites were developed and are now
widely used for magnetoelectric coupling due to their
high ME coefficients when compared to single-phase
materials [8, 9]. The elastic coupling between the
magneto strictive and piezoelectric components
induces the ME effect in composites, which is a
product property. ME composite characteristically
consists of two phases: a ferromagnetic/ferrimag-
netic phase (magneto strictive) and a ferroelectric/
piezoelectric phase (piezoelectric) [10-12]. At room
temperature, composite ME coupling is recom-
mended over single-phase coupling. Due to their
excellent ferroelectric properties, composites with
lead-based ferroelectric materials have the highest
ME output voltage, but these materials are hazardous
and volatile in nature. Due to their toxicity, there is a
need for other lead-free environment-friendly mate-
rials with unique ferroelectric properties. As a result,
recent research has focused on finding lead-free fer-
roelectric-ferromagnetic composites with a high ME
coefficient [13-16]. Due to the individual properties
of its constituents, BaTiO3-CoFe,O, composites are a
promising candidate for ME materials.BaTiO; has
polymorphs that change with temperature and have
excellent ferroelectric and piezoelectric properties;
and CoFe,O, has a spinel structure with high coer-
civity and magnetostriction. [17-19]. As a result, ME
composites may be a suitable replacement for lead-
based systems in integrated magneto/electric devices
such as sensors, transducers, high-density memories,
spintronics, and microelectromechanical systems,
among other applications [20, 21]. Liu and Ren
reported a new lead-free piezoelectric (1-x)Ba(Tigs-
Zr(2)O3-x(Bag ,Cag 3) TiOsmaterial for the first time in
2009 [22]; carrying certain exceptional piezoelectric
properties like dz; ~ 600 pC/N, what was reported
to be significantly higher when we compare this with
other lead-based piezoelectric systems. BZT-BCT

@ Springer

exhibits high piezoelectric response that contributes
towards its morphotropic phase boundary (MPB)
composition.

Ba(Ti, Sn)Os — (Ba, Ca)TiOs (d33 ~ 550 pC N ") [21]
and Ba(Ti, HHO3 — (Ba, Ca)TiO; (ds3 ~ 550 pC N~
[22]. The high piezoelectric response is because
0.5BZT-0.5BCT or BCTZ composition corresponds to
nominal morphotropic phase boundary (MPB) com-
position in which free energy anisotropy is reduced
like that observed in PZT. Thus, BaggsCagi5Tigo.
Zry103 or 0.5BZT-0.5BCT has emerged as potential
alternative to the conventional lead-based piezoelec-
tric materials.

ABO; based ferroelectric with large piezoelectric
coefficient and ferrite with high magnetostriction are
preferred in order to achieve strong magnetoelectric
coupling effect. Many researchers have observed a
significant piezoelectric effect in BCT based ABO;,
which is a promising candidate to develop lead-free
multiferroic composites and can help in producing a
significant ME response. BCT has a lower Curie
temperature approximately around 90 £ 10 °C,
while BaTiO; has a Curie temperature of around
120 °C [12, 22-26]. The symmetry of the ferroelectric
crystal structure transitions from rhombohedral to
orthorhombic, then to tetragonal, as the BCT content
increases at room temperature [24]. Among all the
ferrite families, cobalt ferrite (CoFe,O,) exhibits the
highest value of magnetostriction coefficient (A ~
— 110 x 107°), high curie temperature and out-
standing magnetic properties. Therefore, combining
the BCT and CoFe,O, (CFO) in a composite structure
is worth exploring. Sadhana et al. has synthesized
xBag gCag »TiO3-(1-x)Nig ,Cug 3Zng sFe;O, nanocom-
posites with x = 0.1, 0.3, 0.5, 0.7, and 0.9 and reported
the maximum magnetoelectric coefficient 280 mV/
cm Oe at x = 0.3 composition [4]. Leonel et al
investigated the structural characterizations of Bar-
ium Titanate—Cobalt Ferrite (BaTiOs—CoFe,O,) com-
posite materials and discovered that vacancies and
interfacial stress were related to the ferroelectric
structure’s tetragonal distortion being reduced [18].
The BCZTgs-CFO;5 composite materials were



identified by Naveed et al. as promising candidates
for developing lead-free materials with higher ME
coupling at room temperature. and ME coefficient
around 6.03 ps/m [27]. Shrma et al. has synthesized
(1 — x) BaTiO3—(x) CoFe; §Zny,04 (where x = 10, 20,
30 and 40 wt.%) by the solid-state reaction method
and reported that morphology and Dielectric con-
stant is found to increase as ferrite fraction increases.
The increase in dielectric constant is attributed to the
space charge effect and the hopping conduction
mechanism [28]. Varma et al. fabricated (1-x) (Bags.
Ca,TiO3)x(Cog ¢Zng 4Fe;04) (with x =0.00, 0.01,
0.02, 0.03, 0.04, and 1.00) via wet chemical method
and found that the leakage current measurement
value obey Ohmic conduction mechanism for all the
samples and with increasing ferrite concentration
saturation magnetization (Ms) was increased and
attain maximum value for x = 0.04 concentration [29].

The purposed (BaggsCag15Ti03)15-(CoFe;Oq)y(-
where x = 0.10, 0.20, 0.30 and 0.40) composite mate-
rials were synthesized by using solid-state reaction
method. IndividualBaggsCag15TiO3 and CoFe,Oy
ceramic samples were first synthesized, and then
composite samples were prepared. The structural,
microstructural, dielectric, electrical properties, and
magnetic properties of (BaggsCag151103)1.x-(CoFes,.
Oy)« composite materials were investigated using
XRD, Impedance spectroscopy and Magnetic hys-
teresis loop.

2 Materials and methods

(BCT)1-x-(CFO)4(where x = 0.00, 0.10, 0.20, 0.30, 0.40
and 1.00) composites materials were synthesized
using solid-state reaction method with analytical-
grade metal oxides. Barium carbonate (99.9% pure
M/S Aldrich chemicals India), Calcium carbonate
CaCOj3 (99.9% pure M/S Aldrich chemicals, India),
Titanium Oxide TiO5(99.9% pure M/S Aldrich
chemicals, India), ferric oxide Fe;O5 (99.9% pure M/S
Aldrich chemicals, India) and Cobalt oxide CoO,,
(99.9% pure M/S Aldrich chemicals, India). Both the
ceramic materials BaggsCag15TiO3 and CoFe,O,4 in
the stoichiometric ratio of the compositions were
weighed and mixed thoroughly in the presence of
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acetone. Later the composite powder was dried at
125 °C. Bag g5Cag 151105 calcined at 1100 °C for 3hand
CoFe,O, calcined at 850 °C for 4 h in alumina
crucibles.

X-ray diffraction (XRD) technique was used at
room temperature to confirm the formation of pure
phase and compound quality. After the confirmation
of pure phase these obtained samples were used for
the synthesis of composites (BaggsCap15Ti03)1-x
(CoFeyOy4)y (where x = 0.10, 0.20, 0.30 and 0.40) by
varying the weight percentage of CoFe,O, from
x = 0.10 to 0.40 and prepared the composite samples.
The composite samples were calcined at 1200 °C for
3 h before being pressed into pellets with a thickness
of 1-2mm and a diameter of 10 mm using a
hydraulic press at a pressure of 50 MPa. The pellets
were embedded in the same composition powder
and sintered in a closed alumina crucible at 1250 °C
for 3 h. At room temperature, the XRD patterns of the
compounds were reported using a Rigaku Minifiex
(Japan) X-ray powder diffractometer with CukK,
radiation (4 = 1.5405 A) in a range (20 < 20 < 70) of
Bragg angles 20 at a scanning rate of 1/2 min™ .
Rietveld Refinement was performed using Full-Prof
method to calculate the lattice parameters and other
structural study. Scanning Electron Microscopy
(SEM) JEM-2000FX (JEOL Ltd.) was used to examine
the surface morphology of these composite pellets at
20 keV. The sintered pellets were ground and pol-
ished for dielectric measurements; silver paste was
applied to opposite parallel faces and coated pellets
were heated at 550 °C for 10 min in a furnace to
create the electrode. An HP Agilent impedance ana-
lyzer (4294 A Hewlett Packed) was used to measure
the dielectric properties in the temperature range of
25-400 °C sintered ceramic pellets. A vibrating sam-
ple magnetometer (VSM) was used to record the
magnetic data (Cryogenic).

3 Results and discussion
3.1 Crystal structure

Figure 1 shows the Rietveld refinement of the
(BCT)1-x-(CFO)x (where x = 0.00, 0.10, 0.20, 0.30,
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11 C

carbonate, Titanium Oxide

for 3 hours
Fig. 1 Schematic flow figure of the experiment

0.40, 1.00) XRD pattern at room temperature, with
individual growth of both phases in all composite
samples. From the XRD pattern, it can be concluded
that composites were polycrystalline in nature. XRD
pattern depicts that BCT-CFO have both tetragonalas
well as cubic (spinel) structure. The peaks of XRD
pattern of BCT and CFO matches with the JCPDS no.
811289 for BaTiOzand the JCPDS no. 22-1086 for
CoFe;O4 phase. The patterns corresponding to the
mentioned ICSD files, indicating that the samples
possess the tetragonal phase at room temperature. All
Composites have both cubic spinel and tetragonal
structures in their XRD patterns, with no bias/de-
formation in the structure. When XRD patterns were
analyzed, it was observed that all composites have
only BCT and CFO peaks. No extra peaks or splitting
in peaks were observed, indicating that no transition
from tetragonal to cubic phase occurred during the
formation of the composite structure. By envisioning
the presence of the highest intensity peak of both the
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pure samples in the composite materials, we can see
both phases together in composite samples. As the
wt.% of CFO increased in BCT, the intensity of the
peaks associated with the CFO phase increases, while
the intensity of the peaks associated with the BCT
phase decreases.

Rietveld Refinement has been used to further
analyses the crystal structure of all the samples using
Full-Prof software. CFO has a spinal structure
(AB,O4) with cubic symmetry and space group
Fd3m, while BCT has a perovskite structure (ABO3)
with tetragonal symmetry and space group
P4mm.All the samples’ XRD patterns were refined
using a full-prof approach that is based on space
groups and an approximate structural model of these
structures. Table 1 summarizes some refined lattice
parameters, as well as their residual factor Rp,
goodness of fit y’and weighted residual factor Ryyp.
Since the ionic radii of Fe** (0.645 A) and Co**
(0.58 A) in the B (octahedral) site of ferrite phase
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Table 1 Dielectric properties of BT, BZT, BCT, BCZT, BSZT composites

Sr. no Sample name Smax/Emax (ds3) (pm/V) ds3 (pC/N) References
1 BNKTC 280 140 [41]
2 BT-NF (97-03) 150 77 [41]
3 BT-NF (94-06) 119 70 [41]
4 BT-NF (91-09) 99 68 [41]
5 BT-NF (88-12) 49 54 [41]
6 BT-NF (85-15) 30 47 [41]
7 (1-x) BaTiO; + Lig sFe 504 34.69 [42]
8 (x) BCZT —(100-x)NFO (90-10) 84 [43]
9 (x) BCZT —(100-x)NFO 71 [43]
10 (x) BCZT —(100-x)NFO 53 [43]
11 BSZT-NFO (BNO) 269 [43]
12 BSZT-NFO (BN5) 291 [43]
13 BSZT-NFO (BN10) 247 [43]
14 BSZT-NFO (BN20) 219 [43]
BCZT-(100-x) NFO [43]
15 BCZT-(90-10) NFO 84 [43]
16 BCZT-(80-20) NFO 71 [43]
17 BSZT-NFO (BN30) 189 [44]
xBZT-BXT-(1-x)CFCO [45]
18 x = 0.2 (CS-1) 294 [45]
19 x = 0.4 (CS-2) 322 [45]
20 x = 0.6 (CS-3) 413 [45]
21 x = 0.8 (CS-4) 382 [45]
22 (1 — x)Ba0.9Sr0.1Zr0.1Ti0.903-(x)CoFe204 (x = 0.30) 281 [46]
(BCT)1«- (CFO),
23 (BCT)oo- (CFO)o 196
24 (BCT)go- (CFO)s0 289
25 (BCT)7o- (CFO)30 254
26 (BCT)go- (CFO)40 219

(AByOy structure) are analogous to the ionic radii of
Ti** (0.605 A) in the B-site offer electric phase (ABOj;
structure), there could be a possibility that during
sintering process, ion diffusion between the two sites
of the ferroelectric-ferrite phase may occur, which
might be the one of the possible reasons for the
modification of lattice parameters.

As shown in Fig. 2, the bond lengths and angles
were determined using rietveld refinement. The
VESTA software was used to visualize and determine
the electronic state of the crystal structure in three
dimensions.

3.2 Morphology

Figure 3a—f shows microstructure of (BCT).-CFOx
(where x =0, 0.10, 0.20, 0.30, 0.40 and 1.00) were
studied using SEM. The polycrystalline (1-x)BCT-
xCFO composite samples had densely compacted
crystal grains and grain growth that was randomly
directed. The grains are evenly distributed across the
surface of sintered samples, demonstrating their high
compactness and polycrystallinity. The ceramics
density was estimated to be about 87% of the theo-
retical density.
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Fig. 2 a Rietveld refinement
XRD pattern in the 26 range of
20-70° of (BCT);_.-(CFO),
where x = 0.00, 0.10, 0.20,
0.30, 0.40 and 1.00)
composites. (b, ¢) The unit
cell of pure
Ba0.85Ca0.15TiO3 (tetragonal
structure) and pure CoFe204
(cubic structure) constructed
by using VESTA software by
data obtained from rietveld
refinement

3.3 Dielectric studies
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temperature, and then with increasing temperature it
decreases, that is a typical ferroelectric behavior. This

The dielectric constant of BCT.,- CFOx ceramics  transition was observed in all samples due to to the
varies as a function of temperature at different fre- orthorhombic-to-tetragonal phase transition.

quencies (1, 10 and 100 kHz), as shown in Fig. 4a—d. (O-T) at the range —50 °C to 4 50 + 20 °C tem-
The stoichiometry and choice of precursors have a perature. With the increasing frequency, the peak
substantial impact on the electric and magnetic shifts towards higher temperatures. It was also

properties of ferrite. Each sample had one transition observed that the samples impregnate into the sec-
temperature: initially, & increases with increasing  ond transition at higher temperature due the tetrag-
temperature until it reaches the phase transition  onal- to—paraelectric phase transition. Dielectric
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Fig. 3 a—-f SEM images of (BCT);_,-(CFO), composite (where x

constant decreases with increasing CFO content, due
to the excessive magnetic phase present in the cera-
mic. The cubic phase of CFO based magnetic material
decreases the percentage of tetragonality of per-
ovskite phase, restrict the atomic polarization. BCT.
»- CFO, at x = 0.30 were found to have maximum
value of & ~ 2515 at temperature 10 £ 5 °C). Com-
pared to BCT, CFO exhibits lower electrical resistiv-
ity, and its inclusion in composites will have a
significant impact on the conductivity of ceramics.
The percolation threshold is reached when the
inclusions’ volume filling factor is near to one-third,
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=0, 0.10, 0.20, 0.30, 0.40 and 1.00)

according to Bruggeman’'s effective medium
approximation (EMA) model, which was created to
characterise spherical inclusions implanted into a
continuous backdrop. According to this model, the
concentration of ferrite in BCT-CFO composites with
composition x = 0.10, 0.20, 0.30, and 0.40 is close to
the percolation threshold; as a result, both percolation
strengths are nonzero and percolating clusters coex-
ist, resulting in the detection of effective permittivity
and permeability. It is a thermally activated tech-
nique, therefore when we raise the ferrite phase, the
conductivity is improved at low frequencies and
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Fig. 4 a—d Variation of dielectric constant of(BCT),_,-(CFO), composite (where x = 0.10, 0.20, 0.30 and 0.40) with temperature at

different frequencies 1, 10, 100 kHz

higher temperatures. As a result, the effect can be
seen as a mutual rise in dielectric permittivity at the
lowest frequencies and highest temperatures [30].

3.4 Impedance spectroscopy

Figure 5a—d shows the spectrum of real part of
impedance (Z') at different temperatures and fre-
quencies along with compositional variations. In low-
frequency region the variation of Z' is sigmoid and a
saturated behavior in high frequency region. As a
result, the presence of a material with a mixed nature
of polarization behavior, such as electronic, dipolar
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polarizations, may be presumed. The negative tem-
perature coefficient of resistance (NTCR) behavior of
the material in the low-frequency range is depicted
by lowering the value of Z' as the temperature
increases. These results suggest that a rise in tem-
perature could lead to an increase in ac conductivity.
This is due to the space charge that is released as the
material’s barrier potential decreases.

Figure 6a-d shows the spectrum of the Z” (imagi-
nary part of the impedance) as a function of fre-
quency 300400 °C for BCTy.- CFO, (where
x = 0.10, 0.20, 0.30 and 0.40) samples. Wide-ranging
peaks were detected in plots, and it was determined
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Fig. 5 a-d Variation of real of impedance of (BCT),_~(CFO), composite(where x = 0.10, 0.20, 0.30 and 0.40) at different temperatures

that bulk resistance reduced as frequency and tem-
perature (300-400 °C) increased. The presence of a
relaxation process in the materials is confirmed by a
decrease in bulk resistance as temperature rises. At
high frequency, the perimeters the grain boundary
effect due to low relaxation time [31-33].This signifies
that dielectric relaxation is temperature-dependent,
and that there is no single relaxation time. Z"
decreases continuously as frequency and tempera-
ture increase, and eventually decreases in the high
frequency domain. At lower frequencies, it reveals
the presence of space charge polarization, which
vanished at higher frequencies [34, 35].

Figure 7a—d illustrate the temperature dependence
of complex impedance spectrum Z’ vs. Z” (known as

Nyquist plot) of BCT(y.,)- CFO (where x = 0.10, 0.20,
0.30 and 0.40) composite samples, whichdisplays
semicircular arc at high temperatures range
300400 °C. Semicircles arc suggest the occurrence of
grain (bulk) and grain boundary contribution of the
material. The material’s bulk (grain) properties are
represented by the high-frequency semicircle. The
intersection of the semicircle arc with the Z" provides
us an estimate of the material’s bulk resistance (Ry),
which has been seen to decrease as temperature
increased. This shows semiconducting property, i.e.
NTCR behavior of the samples. The decrease in
resistance with increasing temperature, indicated the
reduction in charge barriers from the grains and
grain boundaries, so that with the increase in
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Fig. 6 a-d Variation of imaginary part (Z") of impedance with frequency at different temperatures of (Bag gsCag 15TiO3);x-(CoFe;04),

composite (Where x = 0.10, 0.20, 0.30 and 0.40)

temperatures the conduction is enhanced [36]. Bulk
capacitance (Cp) and bulk resistance (Rp,) correspond
electrical behavior that can be described using an
equivalent circuit containing of a series combination
of parallel RC circuits. The material’s depressed
semicircles with centers below the real axis suggest a
divergence from ideal Debye behavior and a non-
Debye form of relaxation phenomenon. [37, 38].
Fig. 8a—d depicts the fitting of Nyquist plot of BCT .
x- CFO, (where x = 0.10, 0.20, 0.30 and 0.40) ceram-
ics, whichdisplays semicircular arc at high tempera-
tures range 300—400 °C.

The variability of the Real component (M') of
modulus with frequency at ambient temperatures of
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(BCT)1-x-(CFO)x composite samples is shown in
Fig. 9a—d. The variation of M’ with frequency illus-
trates a dispersion leading to M., (the asymptotic
value of M’ at higher frequencies), which shifted
towards the higher frequency side as temperature
was raised. The stretching of exponential character of
the material’s relaxation time provides by M’ asym-
metric plot. At lower temperatures, charge carriers’
short-range mobility will result in monotonous dis-
persion as frequency increases. These results could be
the sign of a lack of restoring force regulating charge
carrier mobility under the presence of an induced
electric field.
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0.30 and 0.40) at different temperatures

The variability of the imaginary part of modulus
(M") with frequency at different temperatures is
shown in Fig. 10a-d. As shown by the graph, M’
indicates the significant peaks and the site of the
peak, i.e., M" .« shifted to higher frequencies with
the increasing temperature. The frequency range
below peak maximum M’ represents the range in
which charge carriers are mobile over long distances.
Carriers are only mobile over short distances and are
restricted to potential wells at frequencies above peak
maximum. The peaks of the observed Debye curve
are asymmetric and broader than those of the ideal

Debye curve. Peaks in the frequency spectrum signify
a shift in mobility from long-range to short-range.
Complex modulus analysis is a technique for
investigating electrical properties of materials that
magnifies any other effects present in the sample. It’s
a useful method for determining, analyzing, and
interpreting the dynamical characteristics of electrical
transport phenomena (i.e., parameters like conduc-
tivity, carrier/ion hopping rate, relaxation time etc.).
Figure 11a—d indicates the complex electric modulus
distribution M’ vs. M” for (BCT);.,~(CFO),(where
x = 0.10, 0.20, 0.30, and 0.40) composite samples at
different temperatures. The existence of small
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Fig. 8 a—d Fitting of Cole—cole plot of (BCT);_.-(CFO), composite (where x = 0.10, 0.20, 0.30 and 0.40) at different temperatures with

equivalent circuit

asymmetric and depressed semicircle arcs with cen-
ters that does not lie on the M’ axis characterizes the
patterns. The pattern of the electric modulus spec-
trum indicates to a temperature-dependent hopping
type of electric conduction (charge transport) in
composite materials as well as non-Debye type
dielectric relaxation.

The scaling response of the composite samples
(BCT)1~(CFO),(where x = 0.10, 0.20, 0.30 and 0.40)
impedance data is shown in Fig. 12a—c using Z"(f)
spectroscopic plots. At all observed temperatures, the
normalized plot of Z"/Z" ,.x overlapping on a single

@ Springer

master curve. With an increase in temperature, the
frequencies of Z" peaks were clearly coincident and
had the same shape and pattern in the peak position,
with a slight variation in full width at half maximum
FWHM. The master impedance plot can be used to
investigate the dielectric phenomenon that occur
within the material, with the conclusion that for
lower temperatures, the dynamical processes are
nearly temperature-independent [37, 39].The obser-
vation is also noteworthy that the Z"/Z" ., curves
were asymmetric and signifying the conductivity
relaxation has non-exponentially behavior. The
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presence of a non-Debye form of relaxation process is
indicated by the spectra’s FWHM considerably wider
than a Debye peak [40].

3.5 Magnetic studies

Figure 13 shows the magnetization as a temperature
dependent between 5 and 300 K under Field Cooling
(FC) and Zero Field Cooling (ZFC) conditions with a
1 T magnetic field. The temperature at which the ZFC
and FC curves split apart is known as the transition
temperature. The samples are cooled in a field of 1 T
to reach a temperature of 5 K for the Field Cooled

(FC) magnetization, and they are heated in the same
field of 1 T for the Zero Field Cooled (ZFC) magne-
tization, with the magnetization being measured as
the temperature rises. It is evident that when tem-
perature rises, ZFC magnetization rises, reaches a
maximum at blocking temperature (Tp), and then
decreases again. The temperature at which the
nanoparticle moments do not relax (are blocked) over
the course of the measurement is known as the Tg.
Only above Tg the spins capable of flipping, and at
that point the ZFC magnetization and FC magneti-
zation coincide. The materials exhibit
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Superparamagnetism in conformance with the Curie-
Weiss law at temperatures above TB because the
thermal energy is greater than the magnetic energy
barrier at these temperatures. The blocking temper-
atures of (BCT)_-(CFO),(where x = 0.10, 0.20, 0.30
and 0.40) were found to be 50, 49, 48 and 47 K as the
wt.% of CFO increases as mentioned. When
nanoparticles are cooled from room temperature to
5 K, the magnetic direction of the particles is frozen
to the direction of the applied field for FC measure-
ments. A maximum magnetization has been seen at
5 K because the anisotropy energy barrier prohibits
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the magnetic moments from flipping at this temper-
ature. Because of the nanoparticles’ anisotropic
energy barrier, the FC and ZFC curves diverge,
which is a key characteristic of super-Paramagnetism.
Because the moments of the nanoparticles are orien-
tated along their easy axis, they must break through
the anisotropy energy barrier in the ZFC process. The
FC curve is unaffected by the anisotropic energy
barrier because the cooling process aligns the
nanoparticle moments with the field [41].

The magnetic hysteresis loops for (BCT)-x)-CFOx
composite samples with various CoFe,O, contents
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Fig. 11 a—d Variation of real and imaginary part of modulus at different temperatures of (BCT),_x-(CFO), composites (where x = 0.10,

0.20, 0.30 and 0.40)

are shown in Fig. 14 for all samples at 300 K in a field
range of 0-15 T. The well-defined magnetic hysteresis
loops show that (BCT)_-(CFO), composite samples
exhibit ferromagnetic characteristics (where x = 0.10,
0.20, 0.30, and 0.40). Ceramics’ magnetic properties
are influenced by particle size, sintering temperature,
additives, nanostructure, and the external field
applied. All the samples show the characteristic
hysteresis loops seen in soft magnetic materials,
confirming that incorporatingBaggsCag15TiOsto the

composite has no influence on the magnetism of
CoFe,Oy4. For (BCT).~(CFO),(where x = 0.10, 0.20,
0.30, and 0.40) composite samples, maximum satu-
rated magnetizations of 15, 22, 30, and 38 emu/g
were reported, respectively. With decreasing CoFe,.
O, content and increasing BaggsCag15TiO3 content,
the saturated magnetization was found to decrease. It
may also be explained by the existence of the Baggs.
Cag15TiO3 phase, which could have disrupted the
ferromagnetic CoFe,O, phase’s continuity or
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Fig. 12 a—d Impedance and modulus scaling behavior of the master curves at different temperatures of (BCT);_.-(CFO), composites

(where x = 0.10, 0.20, 0.30 and 0.40)

magnetic ordering. As a result, as the Bag gsCa 151103
content increases, the regional magnetic moments
decrease dramatically.

Figure 15 shows variation of saturated magnetiza-
tion with value of x % in compositions of (BCT);4-
(CFO)«(where x = 0.10, 0.20, 0.30 and 0.40) composite
materials. The saturated magnetization increases as
the content of CoFe,O, increases from 0.10 to 0.40, as
shown in the graph.
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4 Conclusions

XRD pattern of BCT-CFO composite samples depic-
ted both tetragonal as well as cubic (spinel) structure.
Polycrystalline BCT(;.,-CFOy composite samples
exhibited dense packing of grains in SEM micro-
graphs with randomly oriented grains. Decreasing
trend of Z' with the increasing temperature in
impedance spectroscopy suggested NTCR behavior
of the samples in low-frequency region. The mate-
rial’s depressed semicircles, whose centers are below
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the real axis, showed a deviation from ideal Debye
behavior and a non-Debye type of relaxation process.
The Z"/7Z",.. curves were also identified to be
asymmetric, indicating that the conductivity relax-
ation shows non-exponential behavior. The electric
modulus spectrum’s behavior indicated a tempera-
ture-dependent hopping type of electric conduction
mechanism and the existence of non-Debye type
dielectric relaxation in the composite samples. All the
samples exhibited the characteristic magnetic hys-
teresis loops indicating typically soft ferromagnetic
behavior. Maximum saturated magnetization ~ 15,
22, 30 and 38 emu/g were observed for (BCT);.-
(CFO)«(where x = 0.10, 0.20, 0.30 and 0.40) composite
samples, respectively.
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Bioactive thiadiazoles represent an indispensable class of nitrogen and sulfur containing
heterocycles, in part due to their extensive applications in medicinal chemistry." It is
generally assumed that the biological activities of thiadiazoles are due to the presence of
the = N-C-S- moiety and the aromaticity of the ring, responsible for the in vivo stability
and low toxicity for higher vertebrates.>>

Indeed, the thiadiazole ring represents a remarkably divergent scaffold responsible for
numerous biological properties including antimicrobial,* antituberculosis,” antiviral,’
analgesic,” antidepressant,” antihypertensive,” local anesthetic and kinesin inhibitory
activities.'”"'" Consequently, 1,3,4-thiadiazole chemistry is a mature field and occupies
an important niche in heterocyclic chemistry. The unit serves as a vital synthon for the
preparation of more elaborate bioactive molecules.

Several synthetic approaches are well known in the literature for the synthesis of
1,3,4-thiadiazoles. Some one-pot synthetic methods involve the reaction between car-
boxylic acids and thiosemicarbazides using (i) ionic liquids;12 (i) excess POCls;"? (iii)
polyphosphoric acid;'* (iv) a mixture of P,O5 and MeSO;H;" and (v) polyphosphate
ester (PPE).'® However, high production costs, reagent toxicity, and by-product forma-
tion are disadvantages of some of the known methods.'® Given the movement of the
field towards greener, more efficient and lower cost methods,'” microwave-assisted con-
struction of heterocycles has truly come into its own.'®™°

Recently, the Vilsmeier-Haack reagent (Scheme 1, OPC-VH) prepared by Kimura
and his team®"** using o-phthaloyl dichloride and dimethylformamide was employed
by us for the synthesis of 4-functional pyrazoles.>> >® Taking into account our interest
in the construction of heterocycles’” > and in light of the versatility of OPC-VH
reagent, we sought a method to produce 2-amino-1,3,4-thiadiazoles, which may then be
used to introduce substituents on the 5-position of the heterocycle. We now report an
optimized microwave-assisted OPC-VH mediated synthetic approach for the needed
2-amino-1,3,4-thiadiazole derivatives.
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Scheme 2. Construction of 2-amino-1,3,4-thiadiazoles 3 using OPC-VH reagent.

The OPC-VH reagent was first prepared from phthaloyl dichloride (OPC) and dime-
thylformamide (DMF) using Kimura’s procedures.”"** The reagent was obtained in
pure form, obviating the use of toxic POCl;. The phthalic anhydride formed as a by-
product may in its own turn be reused in the preparation of phthaloyl dichloride
(Scheme 1).

Recently, the conversion has been reported in the literature of numerous hydrazones
to 4-formyl pyrazoles and 4-formyl pyrazoles to 4-cyanopyrazoles using OPC-VH
reagent.”>**?® These results encouraged us to study the synthesis shown in Scheme 2.

We further hoped that the microwave method would increase the rate of reaction as
well as improve the overall yield of the products.>® As a model experiment, the one-pot
reaction of benzoic acid and thiosemicarbazide using OPC-VH (2.5 equiv.) at 60°C in
acetonitrile for 3hours afforded the desired thiadiazole 3a (3, R=Ph) in 54% yield
(Table 1, entry 1). The reaction was also attempted with o-phthaloyl dichloride (2.5
equiv.) at 60°C in acetonitrile for 6 hours but no desired product 3a was observed
(entry 2). Microwave irradiation, operating at a frequency of 2.455 GHz with continuous
irradiation power of 0 to 850 W, was next studied, varying the solvent, temperature,
and the amount of OPC-VH reagent.
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Table 1. Optimization of OPC-VH mediated synthesis of 2-amino-1,3,4-thiadiazole.

Entry OPC-VH (equiv.) Solvent Temp (°C) Reaction time Yield (%)*
1 2.5 Acetonitrile 60 3 hours 54°
2 0.0 Acetonitrile 60 6 hours NR¢
3 15 Acetonitrile 60 10 minutes 45
4 2.0 Acetonitrile 60 10 minutes 51
5 2.5 Acetonitrile 60 5 minutes 60
6 25 Toluene 60 10 minutes 56
7 3.0 Toluene 60 10 minutes 53
8 25 DMF 60 4 hours 65°
9 2.5 DMF 60 5 minutes 85
10 25 DMF 60 10 minutes 77
1" 2.5 DMF 80 5 minutes 73
12 3.0 DMF 80 5 minutes 71
13 0.0 DMF 60 20 minutes NR

Reaction conditions: benzoic acid (1 equiv.), thiosemicarbazide (1.1 equiv.), solvent (5 mL), OPC-VH, uW power, tempera-
ture as specified.

Yields of isolated products.

PThe reaction was performed at 60 °C without any pW activation.

“Benzoic acid (1 equiv.), thiosemicarbazide (1.1 equiv), o-phthaloyl dichloride (2.5 equiv.), acetonitrile, 60 °C, 6 hours.

Table 2. Scope of the microwave-assisted OPC-VH synthesis of 2-amino-1,3,4-thiadiazoles 3a-j.

Entry Product R Yield (%) m.p (Lit.)* CAS No.
1 3a CeHs 85 223-224 (227-230) 2002-03-1
2 3b 4-ClCeH,4 81 228-230 (229-231) 28004-62-8
3 3c 4-BrCgH, 79 232-234 (228-232) 13178-12-6
4 3d 4-FCeH, 86 240-242 (238-241) 942-70-1

5 3e (CH3)5C- 75 185-187 (181-185) 39222-73-6
6 3f 4-Py 72 238-240 (242-246) 2002-04-2
7 39 4-CH3Bz 87 205-207 (207-212) 39181-45-8
8 3h 4-CIBz 83 196-198 (195-197) 39181-43-6
9 3i 4-BrBz 80 208-210 (206-210) 329921-62-2
10 3j 4-FBz 84 201-203 (202-207) 39181-55-0

The formation of the desired product 3a in 60% yield within 5 minutes at the same
temperature demonstrated the efficiency of microwave irradiation in this setting (entry
5, Table 1). In the absence of OPC-VH reagent, no product was observed. The reaction
carried out in dry DMF at 60°C for 5minutes in microwave irradiation was best as it
gave 85% vyield (entry 9). We thus extended the reaction conditions of entry 9 of Table
1 to further exploration of preparing compounds 3 having different substituents at the
5-position. The results are summarized in Table 2. Under the optimized conditions, the
yields of isolated 1,3,4-thiadiazole derivatives 3a-j were uniformly good (72 - 87%) and
did not depend much on the given substituents.

The investigation was further extended to prepare a series of pyrazolylthiadiazoles
8a-e. The pyrazole-4-carboxylic acids 7 needed were prepared from pyrazole-4-carbalde-
hydes 6 using vanadium catalyst in the presence of 30% H,O, in acetonitrile as shown
in Scheme 3.* The treatment of aryl methyl ketones 4 with phenylhydrazine in reflux-
ing methanol using acidic conditions afforded the corresponding hydrazones 5. The
microwave-assisted cyclization of hydrazones 5 using OPC-VH reagent in DMF at
60°C within 10 minutes afforded the corresponding pyrazole-4-carbaldehydes 6.> The
pyrazole-4-carboxylic acids 7 were further subjected to the optimal reaction conditions
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Scheme 3. Microwave synthesis of pyrazolylthiadiazoles 8a-e using Vilsmeier-Haack reagent (OPC-VH).

Table 3. Yield of a series of pyrazolylthiadiazoles 8a-e.

Entry Product Ar Yield % Formula
1 8a CeHs 75 Ci7H13NsS
2 8b 4-FCgH,4 85 Cq7H12FNsS
3 8¢ 4-CICeH, 79 Ci7H12CINSS
4 8d 4-BrC4H, 76 Cy7H1,BrNsS
5 8e 4-EtCH, 82 CigH1NsS
X
o) [ o}
o] H fast - 0 HoNHN™ “NH5 H
R - I o R} B
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Scheme 4. Plausible mechanism of the OPC-VH mediated synthesis of 2-amino-1,3,4-thiadiazoles 3 and 8.

used for 3a to obtain novel pyrazole-1,3,4-thiadiazoles 8 in good yield (75-85%) and the
results are summarized in Table 3. Compounds 8 were rigorously characterized.

The IR spectrum of 5-(1,3-diphenyl-1H-pyrazol-4-yl)-1,3,4-thiadiazole-2-amine 8a
showed bands at 3321 and 3265cm ! (NH stretching), 1632 (C=C), 1598 (C=N thia-
diazole) and 698 (C-S-C). In the 'H NMR spectra, compound 8a showed a singlet at &
6.89 due to the -NH, protons. In the *C NMR spectra, the C=N carbons appeared at
0 173.1 and 160.2, deshielded due to the adjacent sulfur atom. The mass spectral ana-
lysis of 8a showed the molecular ion peak at m/z 320.19 (M + H)™.

In considering a plausible mechanism (Scheme 4), we believe that the intermediate I
might be quickly formed in the reaction of the carboxylic acid with the OPC-VH reagent.
After that, the chloride anion attacks the intermediate I to afford the acid chloride II. On
reacting with thiosemicarbazide the acid chloride yields thiosemicarbazone III. The subse-
quent reaction of thiosemicarbazone III with OPC-VH reagent forms intermediate IV, on
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which chloride ion attacks to produce the intermediate V. Upon cyclization compound
3 or 8 is obtained.

In summary, an efficient microwave assisted OPC-VH mediated synthesis of
2-amino-5-substituted-1,3,4-thiadiazoles from corresponding carboxylic acids has been
reported. The operational simplicity, avoidance of toxic materials, easy work up and
feedback into the process of a generated by-product are the advantages of this approach.
Given the practicality of this method, it is our hope that pyrazolylthiadiazole-2-amines
can be further investigated for the development of pyrazole-based drugs.

Experimental section

Melting points were determined in open glass capillaries on a Fisher-Johns melting
point apparatus and are uncorrected. '"H NMR (400MHz) spectra were recorded at
room temperature in CDCl; as solvent and tetramethylsilane (TMS) as an internal
standard. Coupling constants (J) are reported in Hz; those for common alkyl groups
were in the expected range and are not separately marked. >*C NMR (100 MHz) spectra
were recorded in CDCl; solutions with TMS as internal standard. The mass spectra
were recorded on a JOEL JMS 600 mass spectrometer at an ionizing potential of 70eV
(EI) in the electron impact ionization mode using the direct inlet system. All the reac-
tions were monitored by thin-layer chromatography (TLC) on pre-coated silica gel 60
F254 (mesh); spots were visualized under UV light at 254 nm. Elemental analyses were
obtained using a Carlo Erba EA1108 microanalyzer. Microwave irradiation was done
using an Anton Paar Monowave-300 Reactor (Gaas, Austria), operating at a frequency
of 2.455 GHz with continuous irradiation power of 0 to 850W.

Synthesis of 2-amino-5-substituted-1,3,4-thiadiazoles (3 and 8)

These compounds were synthesized using an Anton Paar Monowave-300 Reactor (Gaas,
Austria), operating at a frequency of 2.455 GHz with continuous irradiation power of 0
to 850W. The reactions were carried out in a G-4 borosilicate glass vial sealed with a
Teflon septum and placed in a microwave cavity. Sufficient power was used to ramp up
from room temperature to the desired temperature. Once this temperature was attained,
the process vial was held at this temperature for the required time. The reactions were
continuously stirred. Temperature was measured by an IR sensor. After the experi-
ments, a cooling jet cooled the reaction vessel to ambient temperature.

For the representative preparation of compound 3a, to a mixture of benzoic acid
(0.10g, 0.82mmol) and thiosemicarbazide (0.082g, 0.90 mmol) in DMF (5.0ml) in a
microwave vial was added OPC-VH (2.05 mmol) at room temperature and the mixture
was stirred for 1 min. The vial was sealed with the Teflon septum and aluminium crimp,
using an appropriate crimping tool. The vial was then subjected to microwave irradi-
ation, and the temperature was ramped from room temperature to 60 °C with the hold-
ing time of 5min. The reaction was then brought to room temperature, and the crude
product was poured into ice water (approximately 15mL), then extracted with ethyl
acetate (2 x 15mL). The organic layer was washed with brine solution (2 x 15mL). The
organic layer was dried over anhydrous Na,SO, filtered and the filtrate was
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concentrated under reduced pressure to afford crude 5-phenyl-1,3,4-thiadiazol-2-amine
3a. The crude compound was purified by column chromatography using silica gel (100-
200 mesh, eluting solvent 10% ethyl acetate in pet-ether) and concentrated under
reduced pressure to afford 5-phenyl-1,3,4-thiadiazol-2-amine 3a as an off white solid in
85% yield. Compounds 3 are known materials, identified on the basis of comparing
their melting points with those available in the literature, as specified in Table 2.

For the preparation of representative compound 8a, the known compound 1,3-
diphenyl-1H-pyrazole-4-carboxylic acid 7a** (0.200 g, 0.76 mmol) was mixed with thiose-
micarbazide (0.076 g, 0.84 mmol) in DMF (5.0 ml) in a microwave vial, to which was added
OPC-VH (2.05mmol) at room temperature, and the mixture was stirred for 1 min. The
vial was sealed with the Teflon septum and aluminium crimp, using an appropriate crimp-
ing tool. The vial was then subjected to microwave irradiation, and the temperature was
ramped from room temperature to 60 °C with the holding time of 5 min. The reaction was
then brought to room temperature, and the crude product was poured into ice (approxi-
mately 25 g), then extracted with ethyl acetate (2 x 20 mL). The organic layer was washed
with brine solution (2 x 15mL). The organic layer was dried over anhydrous Na,SO,,
filtered and the filtrate was concentrated under reduced pressure to afford crude com-
pound 8a. The crude compound was purified by column chromatography using silica gel
(100-200 mesh, eluting solvent 12% ethyl acetate in pet-ether) and concentrated under
reduced pressure to afford 5-(1,3-diphenyl-1H-pyrazol-4-yl)-1,3,4-thiadiazol-2-amine 8a
as an off white solid in 75% yield.

The other derivatives 8b-e were prepared by following the above procedure.
Compounds 8 are novel and were fully characterized as shown below.

5-(1,3-Diphenyl-1H-pyrazol-4-yl)-1,3,4-thiadiazol-2-amine (8a)

Off white solid; 75% yield; mp 225-227 °C; TLC solvent system: 20% EtOAc in pet-ether,

Rf: 0.5; IR (KBr) ¥ cm™*: 3321, 3265 (NH Str.), 1632 (C=C), 1598 (C =N thiadiazole),

698 (C-S-C); "H NMR (CDCl;, 400 MHz): 6 8.89 (s, 1H, Pyrazole-H), 7.23-7.80 (m, 10H,

ArH), 6.89 (s, 2H, NH,). 13C NMR (100 MHz, CDCl5): 6 173.1, 160.2, 144.5, 142.6, 138.9,

131.2,129.1, 128.9, 128.2, 127.1, 125.8, 118.1, 102.9. ESI-MS (m/z): 320.19 [M + H]+.
Anal. Calcd for C;7H;3N5S: C, 63.93; H, 4.10. Found: C, 63.89; H, 4.07.

5-(3-(4-Fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)-1,3,4-thiadiazol-2-amine (8b)

Off white solid, 85% yield; mp 218-220°C; TLC solvent system: 20% EtOAc in pet-
ether, Rf: 0.4; IR (KBr) v cm™ ' 3318, 3271 (NH Str.), 1630 (C=C), 1597 (C=N thia-
diazole), 697 (C-S-C); '"H NMR (CDCl;, 400 MHz): 6 8.90 (s, 1H, Pyrazole-H), 7.21-8.01
(m, 9H, ArH), 6.85 (s, 2H, NH,). >’C NMR (100 MHz, CDCl;): § 173.4, 162.3, 160.4,
145.5, 143.1, 131.3, 130.2, 129.1, 128.3, 1259, 118.9, 115.2, 102.9. ESI-MS (m/z):
338.36 [M+H]™ .

Anal. Calcd for C;7H;,FN;S: C, 60.52; H, 3.59. Found: C, 60.69; H, 3.56.

5-(3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-1,3,4-thiadiazol-2-amine (8c)
White solid, 79% yield; mp 258-260 °C; TLC solvent system: 20% EtOAc in pet-ether,
Rf: 0.45; IR (KBr) v cm ': 3321, 3287 (NH Str.), 1631 (C=C), 1597 (C=N
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thiadiazole), 698 (C-S-C); '"H NMR (CDCl;, 400 MHz): 6 8.92 (s, 1H, Pyrazole-H), 7.31-
7.75 (m, 9H, ArH), 6.81 (s, 2H, NH,). >*C NMR (100 MHz, CDCL;): § 172.8, 161.2,
145.4, 143.3, 133.8, 131.1, 130.8, 129.1, 129.0, 128.3, 125.8, 118.7, 102.9. ESI-MS (m/z):
356.11 [M+H, *Cl]*, 354.09 [M +H, **Cl]*.

Anal. Calcd for C,7H,,CIN;S: C, 57.71; H, 3.42. Found: C, 57.65; H, 3.39.

5-(3-(4-Bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-1,3,4-thiadiazol-2-amine (8d)

White solid, 76% yield; mp 269-271°C; TLC solvent system: 20% EtOAc in pet-ether,
Rf: 0.52; IR (KBr) v cm™': 3334, 3286 (NH Str.), 1629 (C=C), 1596 (C=N thiadia-
zole), 697 (C-S-C); '"H NMR (CDCl;, 400 MHz): 6 8.86 (s, 1H, Pyrazole-H), 7.36-7.78
(m, 9H, ArH), 6.85 (s, 2H, NH,). >’C NMR (100 MHz, CDCl;): § 172.3, 161.3, 145.5,
143.3, 131.8, 131.7, 130.9, 129.1, 128.3, 125.9, 122.7, 118.9, 102.8. ESI-MS (m/z): 400.17
[M+H, ¥Br]*, 398.19 [M+H, "Br]".

Anal. Calcd for C;7H;,BrNsS: C, 51.27; H, 3.04. Found: C, 51.19; H, 3.01.

5-(3-(4-Ethylphenyl)-1-phenyl-1H-pyrazol-4-yl)-1,3,4-thiadiazol-2-amine (8e)

Off white solid; 82% yield; mp 212-214°C; TLC solvent system: 20% EtOAc in pet-
ether, Rf: 0.55; IR (KBr) v cm™': 3309, 3251 (NH Str.), 1625 (C=C), 1593 (C=N thia-
diazole), 697 (C-S-C); "H NMR (CDCl;, 400 MHz): 6 8.91 (s, 1H, Pyrazole-H), 7.16-7.51
(m, 9H, ArH), 6.77 (s, 2H, NH,), 2.56 (q, 2H, CH,), 1.28 (t, 3H, CH;). >°C NMR
(100 MHz, CDCls): 6 172.9, 160.7, 144.5, 143.8, 142.6, 131.3, 129.9, 128.9, 128.5, 126.1,
125.3, 118.1, 102.9, 30.3, 15.3. ESI-MS (m/z): 348.49 [M +H]™".

Anal. Calcd for C,oH;7N5S: C, 65.68; H, 4.93. Found: C, 65.61; H, 4.89.
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The presence of heterocyclic units as central structural features in both natural products
and synthetic molecules has been long recognized in preparative organic chemistry.'
Among heterocycles, some pyrazoles have been successfully commercialized as medi-
cines or pesticides,z_S and, as a class, pyrazoles exhibit a wide range of pharmacological
properties. The latter represent remarkably divergent areas, including antimalarial, anti-
glaucoma, antihypercholesterolemia, antihyperglycemic, antihypertensive, analgesic, anti-
Parkinson, antipsychotic, antimicrobial, anti-inflammatory, anticonvulsant, anticancer,
and estrogen receptor (ER) ligand activities.* ' Consequently, pyrazole chemistry is a
mature field and occupies a prime place in organic synthesis.''

Chalcones are key synthons used to design heterocyclic compounds in drug develop-
ment. It is believed that the broad range of biological activities of chalcones is due, at
least in part, to the presence of the ethylene unit in conjugation with the carbonyl func-
tionality, as removal of this functionality makes them inactive. Such biological proper-

12-14 15-18 19221 Jntimicrobial,??

ties as anticancer, anti-oxidant, anti—inﬂammatory,
antitubercular,” antileishmanial,”* antimalarial,”> anthelmintic,'® and osteogenic*® activ-
ities of chalcones are well known in the literature. The synthesis of chalcones remains a
crucial area of research for synthetic organic and medicinal chemists. Several synthetic
protocols are reported in the literature for the synthesis of chalcones (Figure 1). The
most common involves acid or base mediated Claisen-Schmidt condensation under
homogeneous conditions.””*® The search for new synthetic protocols with such advan-
tages as shortened reaction times, high yields, and eco-friendliness remains challeng-
ing.”” The advent of microwave-assisted synthesis of heterocyclic compounds has the
potential to assist in this search because it offers many of the needed advantages.’® >*

In our ongoing investigations into the synthesis of pyrazoles®>™*’ we have considered

Me;Sil in its role as a promising promoter and water scavenger. We now report an
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Figure 1. Some synthetic methods used for chalcone synthesis.

optimized microwave-assisted Me;Sil-promoted synthetic procedure for pyra-
zolyl chalcones.

This closely relates to our prior work on the Vilsmeier-Haack reagent OPC-VH (pre-
pared from phthaloyl dichloride (OPC) and DMF), enabling in a convenient way the
reaction of acetophenone hydrazones to give 4-formylpyrazoles 3 (Scheme 1).>>**%4

Having in hand the 4-formylpyrazoles 3 prepared by this method, we sought to use
them to prepare the title pyrazolyl chalcones. First, as a model, 1,3-diphenyl-1H-pyra-
zole-4-carbaldehyde 3a (1.0 equiv.) was subjected to Claisen-Schmidt condensation with
propiophenone (1.2 equiv.) to prepare pyrazolyl chalcone 5a under the conditions noted
in Table 1. Under a variety of conventional conditions (Entries 1-6) compound 5a was
formed only in yields of 30-45%. The use of dimethylformamide (DMF), higher temper-
atures and Me;Sil offered encouraging improvements in the yield (Entries 7-12).
Finally, the reaction of 3a and propiophenone with 3 equivalents of Me;Sil in DMF for
10min at 100°C using microwave irradiation gave 88% of the pyrazolyl chalcone 5a
(Entry 13). The great reduction in reaction time made possible by microwave irradiation
is noteworthy.

Having established the optimized reaction conditions, we extended the scope and
generality of the procedure with different substituents at the aryl moieties as shown in
Table 2. Each of the pyrazolyl chalcones 5a-1 could easily be prepared within 15 minutes
(yields 76-93%, mean 85%). It was found that the reactions proceeded smoothly when
either electron donating or withdrawing groups were present at the aryl rings. All of the
novel compounds were rigorously characterized (see Experimental section).

In summary, this study presents a microwave-assisted iodotrimethylsilane-promoted
synthesis of novel pyrazolyl chalcones. Hallmarks of this method include operational
simplicity, easy work up procedures, very good yields and short reaction times. Now
that pyrazolyl chalcones are readily available with the structural complexity
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Scheme 1. Synthesis of 4-formylpyrazoles 3 using microwave assisted OPC-VH reaction.

Table 1. Optimization of reaction conditions.

0] Ph
01:\—_:;\ Base f'-N\
A MNPt —— Ph_ s s MN=Ph
Ph N Solvent, Reflux, time
]
a Propiophenone e

Entry Method® Base (equiv.) Solvent Time (h) Temperature (°C) 5a yield (%)*
1 A - MeOH 24 Reflux NR
2 A NaOMe (1.0) MeOH 7 Reflux 30
3 A NaOEt (1.0) EtOH 7 Reflux 33
4 A NaOH (1.0) MeOH 6 Reflux 37
5 A KOH (1.0) MeOH 6 Reflux 45
6 A Piperidine (2.0) EtOH 24 Reflux 32
7 A Me;Sil (2.0) DMF 18 60°C 61
8 A Me;Sil (2.0) DMF 14 80°C 63
9 A MesSil (2.0) DMF 10 100°C 68
10 A MesSil (2.0) DMF 10 120°C 67
11 A MesSil (3.0) DMF 10 100°C 71
12 A Me;Sil (4.0) DMF 10 100°C 69
13 B MesSil (3.0) DMF 10 min 100°C 88

Reaction Condition: Compound 3a (1 eq.), propiophenone (1.2 eq.), Base, Solvent, time, temperature.
%lsolated yields.
BConventional heating (Method A) and Microwave irradiation (Method B).

demonstrated here, we hope that our methods will promote further investigation of
their useful properties.

Experimental section

Chemicals were obtained from commercial sources and used without further purifica-
tion. Melting points were determined in open glass capillaries on a Fisher-Johns melting
point apparatus and are uncorrected. '"H NMR (400 MHz) spectra were recorded at
room temperature in CDCl; as solvent and tetramethylsilane (TMS) as an internal
standard. Coupling constants (J) are reported in Hz; those for common alkyl groups
were in the expected range and are not separately marked. >’C NMR (100 MHz) spectra
were recorded in CDCl; solutions with TMS as internal standard. The mass spectra
were recorded on a JOEL JMS 600 mass spectrometer at an ionizing potential of 70eV
(EI) in the electron impact ionization mode using the direct inlet system. All the reac-
tions were monitored by thin-layer chromatography (TLC) on pre-coated silica gel 60
F254 (mesh); spots were visualised under UV light at 254 nm. Elemental analyses were
obtained using a Carlo Erba EA1108 microanalyzer. Infrared (IR) spectra were obtained
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Table 2. Microwave assisted synthesis of Pyrazole based Chalcones (5)°.

R
—
Megsn R~ f
A = | =N —
|

DMF, 10 min S s A N
100 °C, MW i ¥\
o]
5

Entry® Product R R R” %Yield®
1 5a H H H 88
2 5b c H H 79
3 5¢ CHs H H 78
4 5d F Br H 87
5 5e OCH3 H H 90
6 5f Br H H 87
7 59 H H a 76
8 5h c H c 78
9 5i CH, H al 89
10 5§ F Br a 86
11 5k OCH3 H @ 87
12 51 Br H c 93

“Reaction conditions: 1H-Pyrazole-4-carbaldehyde 3 (1.0 equiv.), propiophenone 4 (1.2 equiv.) and MesSil (3.0 equiv.),
DMF (3 mL), 100 °C, 10 min, MW.

BYields of isolated products 5 with respect to 3.

“All the products were duly characterized by "H NMR, "*C NMR, Mass, IR and elemental analysis.

on the Shimadzu FTIR spectrophotometer using KBr and only functional group fre-
quencies are given in cm ™'

1,3-Disubstituted-4-formylpyrazoles®®

Vilsmeier-Haack reagent (OPC-VH reagent)35 (0.73 g, 5.76 mmol) at 0°C was added to
a solution of the appropriate hydrazone 2 (1.92mmol) in dimethylformamide (10 mL)
in a microwave vial. The vial was closed with a Teflon septum and aluminium crimp by
using a suitable crimping tool. The vial was then irradiated in the microwave and the
temperature was steadily raised from room temperature to 60°C in the interval of
10 minutes. The reaction mixture was cooled down and the crude product was poured
into ice water. The crude product was neutralized with saturated NaHCOj3 solution and
extraction of the target compound was done with ethyl acetate (2 x 50mL).The ethyl
acetate layer was washed with brine solution (2 x 15mL), then dried over anhyd.
Na,SO,, filtered and the solvent was evaporated under reduced pressure to afford crude
compound 3 which was recrystallized with refluxing CHCl;-EtOH. The physical data of
all 4-formylpyrazoles are provided in Table 3.

3-(3-Aryl-1-phenyl-1H-pyrazol-4-yl)-2-methyl-1-phenylprop-2-en-1-ones (5)

Method A (Conventional conditions)
Propiophenone (0.064g, 0.48 mmol) and 1,3-diphenyl-1H-pyrazole-4-carbaldehyde
(0.10g, 0.40mmol) were placed in a 20mL tube and dissolved in DMF (5.0 mL).
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Table 3. Physical data of 4-formylpyrazoles (3a-f).

Entry Compound R Mol. Formula Mol. Wt %Yield m.p.%°

1 3a H Ci6H12N0 248.28 85 142-145
2 3b 4l CreHr1CIN,O 282.72 88 109-111
3 k14 4-CH; Cy7H14N0 262.31 87 99-101

4 3d 3-BrAF CyeHroBIFN,0 345.17 91 128-130
5 3e 4-OCH; Cy7H14N50, 278.31 79 134-136
6 3f 4-Br Cy6Hq1BrN,O 327.18 78 155-157

Iodotrimethylsilane (TMSI) (0.24 g, 1.20 mmol) was added dropwise to the solution. The
tube was sealed tightly and heated at 100°C for 10h. The reaction progress was moni-
tored by TLC (20% ethyl acetate in pet ether). On completion, the sealed tube was
cooled and the reaction mixture was poured onto crushed ice. The organic compound
was extracted into ethyl acetate (2 x 50 mL). The organic layer was washed with brine
solution (2 x 20mL). The organic layer was dried over anhydrous Na,SO,, filtered and
the filtrate was concentrated under reduced pressure to afford crude 3-(1,3-diphenyl-
1H-pyrazol-4-yl)-2-methyl-1-phenylprop-2-en-1-one 5a. The crude compound was puri-
fied by column chromatography using silica gel (100-200 mesh, 10% ethyl acetate in
pet-ether) and afforded 5a as an off-white solid in 71% yield.

Method B (Microwave irradiation)

All compounds 5 were synthesized using an Anton Paar Monowave-300 reactor (Gaas,
Austria), operating at a frequency of 2.455 GHz with continuous irradiation power of 0
to 850W. The reactions were carried out in a G-4 borosilicate glass vial sealed with a
Teflon septum and placed in a microwave cavity. Sufficient power was used to ramp up
from room temperature to the desired temperature. Once this temperature was attained,
the process vial was held at this temperature for the required time. The reactions were
continuously stirred. Temperature was measured by an IR sensor. After the experi-
ments, a cooling jet cooled the reaction vessel to ambient temperature. In a representa-
tive case, to a mixture of propiophenone (0.064g, 0.48 mmol) and 1,3-diphenyl-1H-
pyrazole-4-carbaldehyde (0.10g, 0.40 mmol) in DMF (3.0ml) in a microwave vial was
added TMSI (0.24 g, 1.20mmol) at room temperature and the mixture was stirred for
I min. The vial was sealed with the Teflon septum and aluminium crimp, using an
appropriate crimping tool. The vial was then subjected to microwave irradiation and
the temperature was ramped from room temperature to 100 °C with the holding time of
10min. The reaction was brought to room temperature, and the reaction mixture was
poured into ice-water, and then extracted with ethyl acetate (2 x 20mL). The organic
layer was washed with brine solution (2 x 10mL). The organic layer was dried over
anhydrous Na,SO,, filtered and the filtrate was concentrated under reduced pressure to
afford crude 5a. The crude compound was purified as before to afford as an off-white
solid in 88% yield.

3-(1,3-Diphenyl-1H-pyrazol-4-yl)-2-methyl-1-phenylprop-2-en-1-one (5a)

Off white solid; 88% vyield; m.p. 126-128 °C.TLC solvent system: 20% EtOAc in pet-
ether, Rf: 0.7. IR (KBr) v em™': 1685 (C=0), 1652 (C=N), 1621 (C=C); 'H NMR



6 A. KUMAR ET AL.

(CDCl;, 400 MHz): 6 8.24 (s, 1H, Pyrazole-H), 7.81 (d, ] = 7.8 Hz, 2H, ArH), 7.68 (d,
J=7.8Hz, 2H, ArH), 7.60 (dd, J=7.5 & 1.8 Hz, 2H, ArH), 7.33-7.53 (m, 9H, ArH), 7.23
(s, 1H, =CH), 2.30 (s, 3H, =C-CH;). >*C NMR (100 MHz, CDCL,): § 190.1 (C=0),
151.2 (C=N), 139.3, 139.1, 138.9, 138.3, 133.8, 132.9, 130.1, 129.1, 129.0, 128.9, 128.3,
128.1, 127.1, 125.7, 119.2, 112.6, 10.1 (CH;). ESI-MS (m/z): 365.19 [M +H] ™.

Anal. Calcd for C,5H,0N,O: C, 82.39; H, 5.53. Found: C, 82.07; H, 5.51.

3-(3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-methyl-1-phenylprop-2-en-1-
one (5b)

Light yellow solid, 79% yield; m.p. 157-159 °C. TLC solvent system: 20% EtOAc in pet-ether,
Rf: 0.8. IR (KBr) v cm™": 1687 (C=0), 1648 (C=N), 1619 (C=C); '"H NMR (CDCl;,
400 MHz): 6 8.23 (s, 1H, Pyrazole-H), 7.79 (d, ] = 8.4 Hz, 2H, ArH), 7.68 (d, J=8.4Hz, 2H,
ArH), 7.49-7.55 (m, 5H, ArH), 7.43 (t, ] = 7.6 Hz, 2H, ArH), 7.33-7.38 (m, 3H, ArH), 7.16 (s,
1H, =CH), 2.30 (s, 3H, =C-CH;). >C NMR (100 MHz, CDCl;): 6 190.2 (C=0), 150.1
(C=N), 139.5, 139.3, 138.9, 138.4, 134.2, 133.9, 130.1, 129.2, 129.1, 129.0, 128.3, 128.1, 127.1,
125.9,119.4,112.5, 10.2 (CH,). ESI-MS (m/z): 401.15 [M + H, *’Cl] *, 399.25 [M + H,*>Cl] .
Anal. Calcd for C,5H,9CIN,O: C, 75.28; H, 4.80. Found: C, 74.89; H, 4.67.

2-Methyl-1-phenyl-3-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)prop-2-en-1-one (5c)

Light green solid, 78% yield; m.p. 124-126 °C. TLC solvent system: 20% EtOAc in pet-ether,
Rf: 0.8. IR (KBr) v cm™': 1690 (C=0), 1649 (C=N), 1625 (C=C); '"H NMR (CDCl;,
400 MHz): 6 8.23 (s, 1H, Pyrazole-H), 7.80 (dd, ] = 8.8 & 1.2 Hz, 2H, ArH), 7.68 (dd, J]=8.4
& 1.6Hz, 2H, ArH), 7.48-7.52 (m, 5H, ArH), 7.44 (t, J=7.6Hz, 2H, ArH), 7.35 (t,
J=7.6Hz, 1H, ArH), 7.24 (s, 1H, =CH), 7.18 (d, = 7.6 Hz, 2H, ArH), 2.37 (s, 3H, ArCH3),
2.30 (d, J=1.2Hz, 3H, =C-CH3). >C NMR (100 MHz, CDCl;): ¢ 190.1 (C=0), 149.3
(C=N), 139.5, 139.3, 138.9, 138.2, 134.1, 131.1, 130.5, 130.1, 129.4, 129.2, 129.1, 128.3,
128.1,125.9,119.3,112.6, 21.1 (Ar-CHj3), 10.2 (CH3). ESI-MS (m/z): 379.10 [M + H]T.
Anal. Calcd for C,4H,,N,O: C, 82.51; H, 5.86. Found: C, 82.19; H, 5.83.

3-(3-(3-Bromo-4-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-methyl-1-phenylprop-2-
en-1-one (5d)

Light brown solid, 87% yield; m.p. 152-154°C. TLC solvent system: 20% EtOAc in pet-
ether, Rf: 0.8. IR (KBr) v cm ' 1681 (C=0), 1651 (C=N), 1620 (C=C); '"H NMR
(CDCl;, 400MHz): 6 822 (s, 1H, Pyrazole-H), 7.77-7.83 (m, 3H, ArH), 7.68 (d,
J=8.0Hz, 2H, ArH), 7.44-7.54 (m, 6H, ArH), 7.37 (t, J=7.6Hz, 1H, ArH), 7.10-7.15
(m, 2H, ArH, =CH), 2.30 (d, J=1.2Hz, 3H, =C-CH;). >*C NMR (100 MHz, CDCl;): §
189.3 (C=0), 164.1 (Ar-F), 149.9 (C=N), 139.3, 139.1, 138.8, 138.1, 134.1, 133.9,
130.5, 130.2, 129.5, 129.2, 129.1, 128.3, 125.9, 119.3, 117.9, 112.6, 109.5, 10.2 (CH,). ESI-
MS (m/z): 463.17 [M+H, ®'Br] ", 461.19 [M+H, °Br]™.
Anal. Calcd for C,5H3BrFN,O: C, 65.09; H, 3.93. Found: C, 65.15; H, 3.88.
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3-(3-(4-Methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2-methyl-1-phenylprop-2-en-1-
one (5e)

Light yellow solid, 90% yield; m.p. 162-164 °C. TLC solvent system: 20% EtOAc in pet-
ether, Rf: 0.8. IR (KBr) v em™': 1684 (C=0), 1652 (C=N), 1620 (C=C); 'H NMR
(CDCl;, 400 MHz): 6 8.22 (s, 1H, Pyrazole-H), 7.80 (d, J=7.5Hz, 2H, ArH), 7.68 (dd,
J=8.4 & 1.8Hz, 2H, ArH), 7.34-7.54 (m, 8H, ArH), 7.22 (s, 1H, =CH), 6.91 (d,
J=8.7Hz, 2H, ArH), 3.83 (s, 3H, ArOCH;), 2.30 (d, J=1.2Hz, 3H, =C-CH;). *C
NMR (100 MHz, CDCl;): 6 190.0 (C=0), 159.9 (C-OCHj), 149.8 (C=N), 139.5, 139.3,
139.2, 138.3, 134.2, 130.1, 129.2, 129.1, 128.3, 128.2, 125.9, 125.1, 119.3, 113.9, 112.6,
51.1 (Ar-OCHj;), 10.1 (CH3). ESI-MS (m/z): 395.07 [M +H] ™.
Anal. Calcd for C,4H,,N,0,: C, 79.16; H, 5.62. Found: C, 78.94; H, 5.58.

3-(3-(4-Bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-methyl-1-phenylprop-2-en-1-
one (5f)

Yellow solid, 87% yield; m.p. 174-176 °C. TLC solvent system: 20% EtOAc in pet-ether,
Rf: 0.7. IR (KBr) v cm™': 1681 (C=0), 1645 (C=N), 1618 (C=C); '"H NMR (CDCl;,
400 MHz): 6 8.23 (s, 1H, Pyrazole-H), 7.79 (d, ]=7.8 Hz, 2H, ArH), 7.68 (d, J=8.4Hz,
2H, ArH), 7.36-7.54 (m, 10H, ArH), 7.16 (s, 1H, =CH), 2.30 (d, J=1.2Hz, 3H, =C-
CH;). >*C NMR (100 MHz, CDCL;): ¢ 190.1 (C=0), 150.3 (C=N), 139.7, 139.4, 139.1,
138.5, 134.3, 131.9, 131.7, 130.1, 129.2, 129.1, 128.3, 128.1, 125.7, 122.9, 119.7, 112.7,
10.2 (CH3;). ESI-MS (m/z): 445.14 [M+ H, ®'Br]", 443.17 [M +H, "°Br]".
Anal. Calcd for C,5H,9CIN,O: C, 67.73; H, 4.32. Found: C, 67.48; H, 4.29.

1-(3-Chlorophenyl)-3-(1,3-diphenyl-1H-pyrazol-4-yl)-2-methylprop-2-en-1-one (5g)

Yellow solid; 76% yield; m.p. 128-130°C. TLC solvent system: 20% EtOAc in pet-ether,
Rf: 0.7. IR (KBr) v cm™': 1685 (C=0), 1651 (C=N), 1621 (C=C); '"H NMR (CDCl;
400 MHz): 6 8.24 (s, 1H, Pyrazole-H), 7.78-7.84 (m, 4H, ArH), 7.66 (t, J=1.6Hz, 1H,
ArH), 7.47-7.55 (m, 9H, ArH), 7.15 (s, 1H, =CH), 2.30 (s, 3H, =C-CH;). >*C NMR
(100 MHz, CDCl3): § 189.9 (C=0), 149.8 (C=N), 139.3, 139.1, 139.0, 138.4, 134.5,
134.3, 132.9, 130.5, 130.1, 129.6, 129.1, 128.9, 128.3, 127.1, 125.9, 125.5, 119.4, 112.9,
10.2 (CH;). ESI-MS (m/z): 401.08 [M + H, *’CI] ", 399.10 [M + H, **CI] .
Anal. Calcd for C,5H,9CIN,O: C, 75.28; H, 4.80. Found: C, 74.89; H, 4.76.

1-(3-Chlorophenyl)-3-(3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-methyiprop-
2-en-1-one (5h)

Light Green Solid, 78% yield; m.p. 112-114°C. TLC solvent system: 20% EtOAc in pet-
ether, Rf: 0.8. IR (KBr) v em™': 1690 (C=0), 1653 (C=N), 1625 (C=C); 'H NMR
(CDCl;, 400 MHz): 6 8.26 (s, 1H, Pyrazole-H), 7.81 (d, ] = 8.4Hz, 2H, ArH), 7.67 (t,
J=1.6Hz, 1H, ArH), 7.59 (d, ] = 8.0Hz, 2H, ArH), 7.33-7.55 (m, 8H, ArH), 7.23 (s,
1H, =CH), 2.31 (s, 3H, =C-CHj;). >*C NMR (100 MHz, CDCl;): 6 190.1 (C=0), 150.2
(C=N), 139.5, 139.3, 138.9, 138.4, 134.2, 133.9, 133.6, 130.9, 129.9, 129.7, 129.3, 128.7,
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128.6, 128.2, 1259, 125.7, 119.6, 112.8, 10.2 (CH;). ESI-MS (m/z): 437.12 [M+H,
CllT, 434.99 [M +H, *’CI>*Cl] ™, 433.16 [M +H,**Cl] .
Anal. Calcd for C,5H,5CLN,O: C, 69.29; H, 4.19. Found: C, 68.96; H, 4.15.

1-(3-Chlorophenyl)-2-methyl-3-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)prop-2-en-1-
one (5i)

Yellow Solid, 89% yield; m.p. 118-120 °C. TLC solvent system: 20% EtOAc in pet-ether,
Rf: 0.8. IR (KBr) v cm™': 1691 (C=0), 1654 (C=N), 1623 (C=C); '"H NMR (CDCl;,
400 MHz): 6 8.24 (s, 1H, Pyrazole-H), 7.80 (dd, ] = 8.8 & 1.2Hz, 2H, ArH), 7.67 (t,
J=1.6Hz, 1H, ArH), 7.46-7.56 (m, 6H, ArH), 7.34-7.38 (m, 2H, ArH), 7.23-7.25 (m,
3H, ArH), 2.38 (s, 3H, ArCH;), 2.30 (s, 3H, =C-CH;). >*C NMR (100 MHz, CDCl;): ¢
190.2 (C=0), 150.1 (C=N), 139.5, 139.3, 138.9, 138.2, 134.3, 134.1, 131.1, 130.5, 130.1,
129.8, 129.4, 129.2, 129.1, 128.3, 126.3, 125.9, 119.5, 112.7, 21.1 (Ar-CH3), 10.2 (CH,).
ESI-MS (m/z): 415.14 [M+H, *CI|*, 413.24 [M+ H,>CI]".
Anal. Calcd for C,4H,;CIN,O: C, 75.63; H, 5.13. Found: C, 75.54; H, 5.07.

3-(3-(3-Bromo-4-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)-1-(3-chlorophenyl)-2-
methylprop-2-en-1-one (5j)

Yellow solid, 86% yield; m.p. 132-134°C. TLC solvent system: 20% EtOAc in pet-ether,
Rf: 0.8. IR (KBr) v cm™': 1684 (C=0), 1651 (C=N), 1621 (C=C); '"H NMR (CDCl;,
300 MHz): ¢ 8.24 (s, 1H, Pyrazole-H), 7.83 (dd, ] = 6.6 & 2.4Hz, 1H, ArH), 7.79 (d,
J=7.8Hz, 2H, ArH), 7.63 (t, J=1.5Hz, 1H, ArH), 7.36-7.55 (m, 7H, ArH), 7.18 (t,
J=8.4Hz, 1H, ArH), 7.12 (s, 1H, =CH), 2.30 (s, 3H, =C-CH;). >*C NMR (75 MHz,
CDCl,): § 189.9 (C=0), 165.2 (Ar-F), 150.1 (C=N), 139.3, 139.1, 138.8, 138.4, 134.3,
134.2, 134.1, 130.5, 130.3, 129.9, 129.5, 129.2, 128.9, 125.9, 125.5, 119.3, 117.9, 112.6,
109.5, 10.2 (CH;). ESI-MS (m/z): 499.39 [M +H, ¥Br*’Cl]™, 496.96 [M +H, "’Br’’C],
SIBSCI T, 494.90 [M + H, 7°Br>>Cl] ™.
Anal. Calcd for C,5H,,BrCIFN,O: C, 60.57; H, 3.46. Found: C, 60.39; H, 3.44.

1-(3-Chlorophenyl)-3-(3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2-
methylprop-2-en-1-one (5k)

Light yellow solid, 87% yield; m.p. 159-160 °C. TLC solvent system: 20% EtOAc in pet-
ether, Rf: 0.8. IR (KBr) v em™': 1681 (C=0), 1647 (C=N), 1618 (C=C); 'H NMR
(CDCl;, 400 MHz): 6 8.24 (s, 1H, Pyrazole-H), 7.79 (d, J=8.8Hz, 2H, ArH), 7.66 (t,
J=1.6Hz, 1H, ArH), 7.45-7.55 (m, 6H, ArH), 7.33-7.38 (m, 2H, ArH), 7.21 (s, 1H,
=CH), 6.97 (d, J=8.8Hz, 2H, ArH), 3.84 (s, 3H, ArOCH,), 2.30 (d, J=1.2Hz, 3H,
=C-CH;). ®C NMR (100 MHz, CDCl): § 190.1 (C=0), 159.8 (C-OCHj), 149.6
(C=N), 139.5, 139.3, 139.2, 138.3, 134.2, 134.0, 130.1, 129.8, 128.8, 127.9, 125.9, 125.5,
124.9, 119.3, 113.9, 112.6, 51.1 (Ar-OCHs), 10.1 (CH;). ESI-MS (m/z): 431.11 [M + H,
ClT, 429.06 [M+H, *°Cl] ™.
Anal. Calcd for Cy4H,,CIN,O,: C, 72.81; H, 4.94. Found: C, 72.71; H, 4.91.
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3-(3-(4-Bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-1-(3-chlorophenyl)-2-methylprop-
2-en-1-one (5I)

Light brown solid, 93% yield; m.p. 147-149°C. TLC solvent system: 20% EtOAc in pet-
ether, Rf: 0.7. IR (KBr) v em™': 1683 (C=0), 1651 (C=N), 1620 (C=C); 'H NMR
(CDCl;, 400 MHz): 6 8.24 (s, 1H, Pyrazole-H), 7.79 (d, J=8.8Hz, 2H, ArH), 7.66 (t,
J=1.6Hz, 1H, ArH), 7.46-7.57 (m, 8H, ArH), 7.36-7.40 (m, 2H, ArH), 7.15 (s, 1H,
=CH), 2.30 (d, J=1.2Hz, 3H, =C-CH;). *C NMR (100 MHz, CDCl;): 6 190.2 (C = O),
150.1 (C=N), 139.1, 138.8, 138.7, 138.1, 134.3, 134.1, 131.9, 131.7, 130.1, 129.8, 129.4,
128.9, 127.6, 125.7, 125.1, 122.9, 119.7, 112.7, 10.2 (CH;). ESI-MS (m/z): 480.76 [M +H,
81Br*"Cl] T, 478.94 [M +H, 7°Br’’Cl, ¥'Br’°Cl] ", 476.96 [M +H, "*Br’°Cl] .

Anal. Calcd for C,5H,3BrCIN,O: C, 62.85; H, 3.80. Found: C, 62.49; H, 3.77.
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1. Introduction

Last few decades there are a lot of evolutionary algorithms subset of evolutionary computational
approach have been proposed and used to many real world complex optimization problems and got
the success in finding the near best optimal solution. Solution of non-linear optimization problems
is one of the most important issues in many field like complex research problem and real world

problems. Evolutionary algorithm uses the computational model of evolutionary processes as key
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element and share a usual concept based on the processes of selection and reproduction. Mostly all

evolutionary algorithms are inspired by the natural concept of Darwinian Theory and this theory
tells that EAs are not static but dynamic as they can evolve over time. Evolutionary algorithms are
population based local search algorithm. During the last twenty years most of the research has done
in the complex objective function without using constraints. Genetic algorithm, differential
evolution, Particle swarm optimization, Artificial Bee Colony algorithm, Ant colony optimization
and Spider monkey optimization etc. are the evolutionary algorithms and all type of non-linear
complex optimization problem can be easily solved by these algorithms. Among all Differential
evolution is very easy and effective to apply. GA is evolutionary algorithm based on the theory of
natural selection of Charles Darwin. GA and DE both uses same operator’s mutation, crossover
and selection but in GA crossover is used first then mutation while in DE mutation is used first then
crossover. DE algorithm solved continuous optimization problems first and depends on the
differentials of two vectors. ABC algorithm introduced by Dervis Karaboga in 2005. It is inspired
by the behaviour of natural honey bees and uses three main phases employed bee phase, onlooker
bee phase and scout bee phase. In ABC algorithm the aim of the bees is to find the best place of

food sources with high nectar amount.
2. Literature Review
2.1 Genetic algorithms

Nuno Neves et al. [1] discussed the study of NON-LINEAR Optimization problem using a
distributed GA. GA is used in large space for the optimization problem. Dr. Yuyi Lin et al. [2]
proposed solution of non-linear optimization problems using GA with penalty method. This paper
discussed the techniques of applying GAs with penalty function to solve highly constrained
nonlinear engineering design problems. Subrata Datta et al. [3] proposed the efficient genetic
algorithm on programming problems for fittest chromosomes. Chhavi Mangla et al. [4] proposed
the genetic algorithm based optimization problem for solution of system of non-linear equations.
D.E technique is applied for the solution of non-linear optimization problem. This type of problems
is changed first in to multi objective problem then a new fitness function is used further process and
both result is compared. Dr. Amanpreet Singh et al. [5] discussed some special type of
Unconstrained Optimization Problem with using G.A and main focus of G.A is on the simulation of
natural evolutionary process which can use for certain standard optimization problems. It is
evolutionary algorithm which works according to the basis of natural genetics on a population

string structures. The global and population based optimization technique is used to avoid the
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problem like stagnation of the solution to a local minimum. Punam S Mhetre et al. [6] introduced

G.A for the solution of both linear and Non-linear optimization problems and check the major
benefits acquired as a result of using G.A. Gauss- Legendre integration method as a technique is
used for the solution of NLPP and to get the result without changing the non -linear equation to
linear. G.A result are very good for all tasks requiring optimization and highly successful in any
situation where many variables interact to produce a large number of possible solutions. T Yokota
et al. [7] discussed non- linear optimization problems of integer programming and also its
applications. T. Yokota also introduced the new method for the solution of NLPP for better
comparison. Some methods and holding property are discussed with the help of G.A. From the
result it i1s observed that proposed method is best then the property. Chhavi Mangla et al. [8]
discussed solution of non- linear optimization problem by using Genetics algorithm. Both type of
problems singles and multi-objective optimization problem based on engineering, social sciences
and medical sciences are solved by using standard benchmark problems. This paper carries out a

comprehensive review to analysis the work of GA.
2.2 Artificial Bee Colony Algorithm

Lalit Kumar et al. [9] proposed solution of NP-hard Problem using ABC algorithm. ABC is
considered as a newest nature-inspired swarm intelligence-based optimization algorithms. S. T S.
Talatahari et al. [10] discussed solution of Parameter Identification of Nonlinear Problems by
Artificial Bee Colony Algorithm. Dervis Karaboga et al. [11] discussed the ABC algorithm for
solution of non -linear unconstraint optimization problem. Modified result of ABC algorithm has
been compared to state of art algorithm. Result of modified ABC algorithm are tested for real
engineering problems and found that it can efficiently applied for solving constrained optimization
problem. Weifang Gao et al. [12] introduced a framework of constraint optimization problem by
novel ABC algorithm. Bi -objective optimization problem is taken in which first part remains same
(objective function) and the second part is the degree of constraint. Multi-strategy technique is used
which consists three types of strategies, and play the main role between diversity and convergence.
Soudeh Babaeizadeh et al. [13] discussed Constrained based ABC Algorithm for Optimization
Problems. It is an optimization algorithm and compared to other optimization based algorithms.
ABC has one poor exploitation ability that can be removed by using three types of phases employee
bees, onlooker bees and scout bees phase by a new search technique. Soudeh Babaeizadeh et al.
[14] discussed non-linear optimization problem related to enhanced Constrained ABC Algorithm.

From last few years ABC with less parameters and strong global optimization ability researcher
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paid their attention on these two problems. But still there is one drawback in ABC algorithm that is

poor in exploitation. Numerical examples results are shown with several benchmark functions and
result are compared. Nadezda Stanarevic et al. [15] proposed improved ABC algorithm for
constrained optimization problem. Artificial bee colony algorithm is applicable only on
unconstrained optimization problems but later a lot of modification in ABC was introduced of

constraints problems. ABC modified version introduced for constraint optimization problem.
2.3 Differential Evolution Algorithm

Jouni Lampinen et al. [16] discussed the mixed variable non- linear optimization by differential
evolution. This paper solving non-linear programming problems containing integer, discrete and
continuous variables. Md. Abul Kalam Azad et al. [17] proposed the solution of non -linear
continuous global optimization problems by modified differential evolution. This paper discussed
about modified differential evolution in which some self -adaptive parameter is introduced.
Mutation is modified and then use its inversion operator. Some non-linear continuous optimization
problems are tested. Inversion operator has used in this proposed differential evolution algorithm.
Musrrat Ali et al. [18] discussed simpler differential evolution algorithm. Simple and modified
version of differential evolution algorithm (NSDE) is presented. In simple DE & NSDE there is
only one difference of initial population between them. NSDE uses non -linear simplex method to
create the initial population. Twenty benchmark problem are taken with box constraint and
numerical result are compared with traditional DE and other DE. Zhang Xiao Fei et al. [19]
proposed different concept related to reactive power optimization of power system based on niching
differential evolution algorithm, As the problem is non -linear integer type. In this Zhang
introduced the niche theory and some improvement in the differential evolution which aim of the
modified RPO. Local search ability and broaden search range also increased. Different degrees of
improvement are also used for speed and precision of convergence. Chiha Ibtissem et al. [20]
discussed differential evolution algorithm for special multi -objective optimization problems. A
new variant is discussed for DE. Proposed algorithm named based cost differential evolution
generate the mutant vector. This vector is created by adding a weighted difference of two cost
functions. Then performance of Bc.DE is calculated on several bound constrained non -linear and
non -differentiable numerical problems and compare with the DE and other DE variants. Jeerayut
Wetweerapong et al. [21] Proposed an improved differential evolution algorithm with a restart
technique to solve system of non -linear equations, which often used for the solution of complex

computational problems with variables. In DE —R a new approach is used for mutation and restart
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technique to stop premature convergence. Proposed technique is applied on various world and

synthetic problems and compare with other methods, it found that DER gives fast convergence and
high quality solutions. Saeed Nezhadhosein et al. [22] Introduced integrating differential evolution
algorithm with modified hybrid GA for solving non -linear optimal control problems. Two phase
algorithm is used based on IDE. Associate non- linear problems with hybrid GA of optimal control
problem is discussed. In First phase DE is completely depends on initial population. In 2 phase

MHGA starts with new population.
3. Evolutionary Computational Approach
3.1 Genetic Algorithm

Genetic Algorithms are metaheuristic optimization method and based on the biological theory
introduced by Charles Darwin and provides an extended concept survival of the fittest [23]. GA is
developed by Professor Johan Holland along with his students and colleagues at the University of
Michigan during the 1960s and 1970s. [24] Dr Johan Holland then developed the theoretical
framework for applying genetic algorithm many complex computational problems needed searching
through huge search domain. In that cases G.A gives best and efficient tool to reach at an optimal
solution and gives an efficient way for solving computationally hard non-linear optimization
problems. GA starts with a set of possible solutions where each solution in GA, is represented as a
chromosome. Set of operators are applied to the initial set of solution space. GA does not work on a
single trial solution at a time but work on entire population. In special generation, the whole
population comprises to the set of solution then select the fittest member and share their qualities.
GA is based on the principal of Natural selection and applied to discrete optimisation problem. It is
frequently used to find optimal or near optimal solution to difficult problem. GA can solve both

types of problems unconstrained and constrained optimization problems [25].
GA has three main operators:
3.1.1 Selection Operator

This operator gives preference to better solution allowing them to pass on their genes to the
next generation of the algorithm. The main objective is to select the good solution and discard the
bad solution. The individual with a higher fitness must have a higher probability of having

offspring. There are different selection techniques in GA.
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(a) Roulette Wheel Selection. Here selection is done by Roulette wheel.

(b) Rank Based Selection: Rank the all individual firstly and then give the fitness ranking to
each.

(©) Tournament Selection: A group of n individuals is randomly selected from the current
population and from them best is selected. Here n is the tournament size the higher n the higher the
pressure to select above average quality individual. A lot of tournaments are held between the
individual and this process is repeated as often as desired.

3.1.2 Crossover Operator

The crossover between two parents string produce offspring by swapping genes of the
chromosomes. With the help of crossover, we can combine partial solution from different

candidate.

In GA three types of crossover are used
I-point Crossover,
2-point crossover and

3-Uniform- Crossover.

3.1.3 Mutation Operator

GA get better solution by using this operator. This operator is used to maintain genetic diversity
from one generation of population to the coming generation. After mutation the solution may

change entirely from the last solution. Mutation operator changes 1 to 0 or O to 1.
Bit Flip Mutation: We can select one or more random bits and flip them to each other

Swap Mutation: In swap mutation we select two position on the chromosome at random and

interchange the values

Scramble Mutation:_This is also famous with permutation representation choose, select a subset of

genes and shuffled their values.

Inverse Mutation: In Inverse mutation, we select a subset of genes and inverse that selected

subset.
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3.2 Atrtificial Bee Colony Algorithm

ABC is same as swarm based intelligence, metaheuristic and global optimization algorithm and
advanced proposed algorithm by Dervis Karaboga in 2005. Dervis Karaboga with his research
members studied on ABC algorithm and some of its applications. The first journal article of ABC
was presented by Karaboga and Basturk in 2007 in which the performance of ABC was compared
to GA and PSO. First conference paper is published in 2006. In ABC algorithm [26, 27], the swarm
of artificial bees are categorised in three groups of bees: employed bees, onlookers and scout bee.
50% are the employed bees and 50% are onlooker’s bees to the total bees and only 1 and 2 are scout
bees. The total numbers of employed bees are equal to the number of onlooker’s bees. Every food
source is a possible solution to the optimization problems. Here the main aim of the bees is to find
the best place of food source with high amount of nectar. Fitness of bees is determined in terms of
best quality of the food source. Initially first group of employed bees goes to random places for
searching the food. At that time onlooker bees are at bee hive. They are waiting for the employed at
the hive. When the employed returns to beehive then they share all the information like quality,
quantity and distance with onlooker bees regarding the food source. After receiving all information
from the employed bees the onlooker bees also start searching in neighbourhood of same food
source. Food sources which are abandoned changed by scout bees in to new randomly generated
food source.

Behaviour of Honey Bee in Nature

ABC algorithm 1is inspired by honey bees, where honey bee’s swarm works in collective
intelligence way, while searching the food. Bees have many qualities, like bees can communicate in
their own language, can memorize all the information and take best own decisions based on that
gathered information. By the intelligence behaviour of bees, many researchers motivate to simulate

above foraging behaviour of the bees. The nature of honey bees is listed as

Employed Bees: Every employed Bee exploit only single food source and store every information

regarding that food source like richness, direction and distance.

Unemployed bees: These bees divided in to two groups of bees, onlooker and scout bees. Only

these bees found and shape out all information from 1** group of bees based on certain probability.

Foraging behaviour: Foraging behaviour is the important characteristic of the bees. In this process,

bees go away from their hive and starts searching best food with high nectar amount, extracts all
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nectar and stores in her abdomen. She can store nectar till 30-120 minutes, on the basis of nectar

quantity and distance. Finally, they share all information.
Four Phases of ABC Algorithm

1. Initialization Phase: In this phase we select the food sources randomly with the

expression.

xi] =xr]nin +rand(0,1)x(xr]nax—xr]nin)

Here x) . & x,J;lax are the upper and lower bound of the solution space (Domain) of objective

min
function, rand (0 1) is a random number lies between [0 1]. And fitness function is determined by

this formula

Evaluate the fitness function of all new solution with the help of this formula.
fit = o, if f 2 0 1+ fabs(f),if f <0

2. Employed Bee Phase: Three steps are used mainly in this phase a) Generate a new solution

b) Calculate new fitness, c) Apply greedy selection

The neighbourhood food source is determined and calculated by the following equation.
Xow= X140 (0 —x}), § € [-1,1]

Where x = Current solution

x{;:Random partner, x,J;eW:NeW solution

f=0Objective function value of a solution.

3. Onlooker Bee phase

Firstly, calculate the probabilities of every food source. Then generate a new solution that depends

on probability value after that Calculate new fitness by applying greedy selection
oqe fit;
Probability = 0.9% T 0.1

Here fit; is the fitness value of the solution i. Onlooker bees search the neighborhood food sources

according to this expression.
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Xnew= X'+ (x/ —x;)

4. Scout Bee Phase

First of all, found the abandoned solution which based on limit value. Then discard that abandoned
solution and generate a new solution randomly to replace that. The new food sources are randomly
generated by the scout bees. The new solution will be discovered by the scout bees by using the

expression.

x} =x . +rand (0, 1) X (Xppqe X0 i)

3.3 Differential Evolution Algorithm

Differential Evolution Algorithm is very simple and easy stochastic optimization technique for the
solution of non- linear optimization problems which evolves a population of potential solutions
(individuals) in order to increase the convergence to optimal solutions. DE is population based
stochastic search algorithm developed by Storn and Price in 1995 for the solution of Chebyshev
fitting problems [28]. DE is different from other algorithm in the sense that distance and direction
from current population is used to guide the search process. DE has evolutionary operators like
mutation, crossover and selection and totally depends on difference of vectors.DE is not nature
inspired algorithm like PSO, ABC etc. But in DE global search algorithm employ investigate to
allow escaping from local minima. Here three main operators are used mutation, crossover and last
selection. The special work of DE algorithm is generating a trial vector, for this three different
vectors are selected from the initial population and got the trial vector by adding a weighted
difference of two randomly selected solutions to a third one which is target vector. This process is
known as mutation operator of evolutionary algorithm. After mutation operator vectors are merged
with another vector and this operation is called crossover operators. After this process we get a new
trial vector and this trial is accepted after applying greedy selection in new population if its fitness
function value is better than the target vector fitness value. It evolves generation to generation until
the stopping criteria would be met. There is one difference between GA and DE algorithm is the
mutation and recombination phase. In DE position of the vectors give important information about
the best vectors. Diversity of the present population is determined by the distance between the
individuals. If distance is large then steps size are also large for the individuals and they can explore
much search space in another side if distance is small, then step size should be small to exploit local

areas. Minimum population size in differential evolution should be 4.
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Three Main Operators of Differential Evolution

3.3.1 Mutation Operator
In DE trial vector plays an important role and it is created by mutation operator.

Trial vector is created for each solution as follow

Trial Vector=Target vector + Scale factorx (Randomly selected solutionl- Randomly selected

solution12)

Five mutation strategies are proposed by Storn and Price initially. Later Storn and Price discussed

ten different working strategies of DE and these are derived from mutation schemes. E
mutation strategy either used exponential type crossover or the binomial type crossover.
DE/rand/1:Uj= xp j+F(xy, j — X 5)

DE/best/1:Ujj= XpestitF(Xr, j — X))

DE/target to best/2:Us= x;+F(Xpestj -Xij JH4FCr j — Xr)5)

DE/best/2:Ujj= XpestitF(xy, j — X, )+ F(xp, j — x7,)

DE/rand/2:Uj- X, #F(xy, j — %y )+ By, j = %)

3.3.2 Crossover Operator

Crossover is the discrete recombination of parent and trial vector and increase the diversity.
Crossover is of two type Binomial and Exponential crossover. Binomial crossover is commonly
used by the researchers as it gives best result. Any calculation work is not used in crossover
operator only some conditions which are user defined gives the trial vector. Trial vector is
generated as

Uy={v, ifr<p.ORj=6x; ifr>p.,ANDj+#§6

Here p. is the Crossover probability
6=Randomly selected variable § € {1,2,3,4, ... ... ,D}

r = random number between 0 and 1
U; jth variable of trial vector

v;j jth variable of donor vector

x; jth variable of target vector
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3.3.3 Selection operator

In this operator apply greedy selection and find the best fitness vector which can take part in
mutation operator to produce best trial vector which will continue in next iteration. It constructs the
new generation for the next iteration and apply deterministic selection. The offspring replaces the
parent if the fitness of the offspring is better than its parent otherwise the parent survive to the next

generation. This ensure that the average fitness of the population does not deteriorate.

4. Non Linear Programming Problems

There are different types of non —linear optimization problems like continuous optimization, Bound
constraint, discrete, global derivative free and non -differentiable optimization problems. Among
these problems some are solved by traditional method which give the approximate solution result
rather than accurate solution and some are solved by evolutionary algorithm which are derivative
free algorithm. As everyone know that solution of NLPP are difficult in comparison to LPP. Many
traditional methods are available for the solution of LPP and these are easy to apply. There are two
types of NLPP constraints and without constraints. NLPP without constraints could be designed
with several methods like steepest descent, Newton’s method. They are taking less time in
comparison to the NLPP with constrains. On the other hand, various methods are available like
KKT conditions, Lagrangian multiplier, penalty method, barrier method for the solution of NLPP
with constraints and there are special problems of quadratic NLPP that cab solved by Beal’s
method, Wolfe’s method etc. Special method is not available for the solution of both types of
problems LPP and NLPP. Many non-traditional methods have been introduced for the solution of
different optimization problems. These methods are very powerful, easy, populations based and
metaheuristic algorithm, by which we can solve NLPP without constrains and with constraints like
PSO, DE, ABC and GA to implement for the solution of complex research problems and others
problems. DE is very easy to apply because this algorithm used less parameters to others algorithm.
In NLPP the function may be convex or non-convex. A convex optimization problem maintains the
properties of a linear programming problem and a non-convex problem the properties of a nonlinear
programming problem. The basic difference between the two categories is that in a) convex
optimization there can be only one optimal solution, which is globally optimal or you might prove
that there is no feasible solution to the problem, while in b) non convex optimization may have
multiple locally optimal points and it can take a lot of time to identify whether the problem has no

solution or if the solution is global.
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Suppose we are given an NLP with constraint
Min. f (x)
Subject to linear or non-linear constraints
g(x) <0; and h(x) = 0;
5. Numerical Examples
1.objective function (min) = X;-Xo+ 2x12+2x1 Xo+ x22
0<x1, x,<10
2.objective function(min) = 20x;+26X,+4XX,-4X 12-3xz2
-10<x;, x,<10
Genetic Algorithm problems
1.0bjective function (min) = x;-Xo+ 2x 12+2x1 Xot+ xf
0<x;, x,<10
1** Table of G.A
Populatio | No. of Generatio | Function
SNo | n Variable n Value X1 X2
1]10 2 50 -0.22185 0.667
2 20 2 10 -0.25 0.5
3 50 2 50 -0.2599 0.5
4 100 2 50 -0.25 0.5
5 100 2 100 -0.25 0.5
6 500 2 100 -0.25 0.5
7 500 2 500 -0.25 0 0.5

2094-0343
2326-9865
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2"" Table of G.A
Populatio | No. of Generati | Function
S.XNo | n Variable on Value X1 X2
110 2 50 -1072.0593 9.998 | -9.292
2 20 2 10 -1144.975 9.971 | -9.903
3 50 2 50 -1159.695 9.998 | -9.999
4 100 2 50 -1159.999 10 -10
5 100 2 100 -1159.999 10 -10
6 500 2 100 -1159.999 10 -10
7 500 2 500 -1159.999 10 -10
Figure 2 (GA)
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Artificial Bee Colony Algorithm problems
1.0bjective function (min) = X;-Xo+ 2x12+2xl Xo+ X22
0§X1 , XQS 1 0
1* Table of ABC
Function
Pop Size | Variable Iteration value X1 X2 Fnew
10 2 50 -0.25(38ite) 0 0.5006 -0.2500
20 2 10 -0.2103(1it) 0 5.0616 20.5585
50 2 50 -0.25(40ite) | 0.0011 | 0.4290 -0.2429
100 2 50 -0.25(10ite) 0 0.3876 -0.25
100 2 100 -0.25(39ite) 0 0.5000 -0.25
500 2 100 -0.25(4ite) 0 0.5000 -0.25
500 2 500 0(2iter) 0 0.5000 -0.25

For ABC solution is -0.2103 in 10 iterations with 20 populations but when iteration and population

are increasing ABC gives the best optimal solution is -0.25 near to 0 in 50 iterations and all other

iteration with different population. Values of x1 =0 and x2=0.5.

Figure 3(ABC)
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2.Artificial Bee Colony Algorithm problems

2.objective function(min) = 20x,+26x, +4x1xz—4x12—3xz2

-10<x; , x,<10
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2" Table of ABC
Function
Pop size Variable | Iteration value X1 X2 fnew
10 2 50 -865(50iter) -9.9823 | -4.5912 -597.5201
1080.337(5it
20 2 10 ) -9.9987 | 6.4894 -817.0251
50 2 50 -1160(20ite) 10 -8.6092 -990.5670
100 2 50 -1160(8ite) | 10 -10 -1160
100 2 100 -1160(6ite) -10 -2.5203 -583.7715
500 2 100 -1160(2ite) | -9.7807 10 -1.0095e+03
500 2 500 -1160(3iter) 10 -10 -1160

For ABC solution is -0.2103 in 10 iterations with 20 populations but when iteration and population

are increasing ABC gives the best optimal solution is -0.25 near to 0 in 50 iterations and all other

iteration with different population. Values of x1 =0 and x2=0.5. In the same way for 2" problem we

got the optimal solution -1160 when we take 50 iterations with 50 populations and gives the best

solution in 20 iterations. When iterations are increasing solution obtained in less number of

iterations.
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1* Table of DE

Pop Size | Variable Iteration | Best Cost X1 X2 New Sol

2.6437,

5 2 50 29.2154(54) 2.6437 | 2.0023 2.0023
20 2 10 -0.2498(3) 0.0104 | 0.5143 0,0.5221
50 2 50 0(lit) 0 0.5000 0,0.5000

100 2 50 -0.25(20ite) 0 0.5000 0,0.5000

In DE result is faster than ABC and GA here optimal solution is near to 0 in 3" jteration with 20
populations and x1=0.0104, x2= 0.5143. when iterations and population are increasing than we got

optimal point in minimum no of iterations.

2.objective function(min) = 20x;+26x, +4xlxz-4x12-3x22

-10<x; x,<10

2" Table of DE

Pop Size | Variable Iteration | Best Cost X1 X2 New Sol
5 2 50 -1.160(3ite) 10 -10 10,-10
20 2 10 -1160 10 -10 10,-10
50 2 50 -1.160 10 -10 10,-10
100 2 50 -1160(2ite) 10 -10 10,-10

Result of the problems

In GA 1* problem we got the optimal solution -0.25 near to 0 because problem is of minimization
in 10 number of iterations with 20 population and values of x1=0, x2=0.5. These values are same
for all other iterations in the table. so we get our optimal solution in 10 number of iterations. 2
problem gives the optimal solution -1154.695 in 10 number of iteration with 20 populations, value

of x1 and x2 are near to 10 and -10. These value remain same for all other iteration also in the table.

For ABC solution is -0.2103 in 10 iterations with 20 populations but when iteration and population
are increasing ABC gives the best optimal solution is -0.25 near to 0 in 50 iterations and all other
iteration with different population. Values of x1 =0 and x2=0.5. In the same way for 2" problem we
got the optimal solution -1160 when we take 50 iterations with 50 populations and gives the best
solution in 20 iterations. When iterations are increasing solution obtained in less number of
iterations. In DE result is faster than ABC and GA here optimal solution is near to 0 in 3™ iteration

with 20 populations and x1=0.0104, x2= 0.5143. when iterations and population are increasing than
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we got optimal point in minimum no of iterations. In 2" problem optimal point -1160 is obtained in

second iteration when population is 100 and iteration are 50. Value of x1, x2 are 10 and -10 So we

can conclude that DE gives faster convergence point in less iterations. Result of DE is better in

comparison of ABC and GA.

COMPARISON TABLE OF 1* problem

Variab
Pop le Gen GA ABC DE
X1 | X2 LR X1 X2 F.V X1 X2 F.V
10 50 0 0.2218 0.50 | 0.25(38i | 2.64 29.215
0.667 5 0 06 | ter) 37 2 4(54ite)
20 2 10 | O 5.06 | 0.2103( | 0.01 | 0.51 | 0.2498(
0.5 -0.25 0 16 1it) 04 43 3)
50 2 50 | O - 0.00 | 0.42 | 0.25(401
0.510.2599 | 11 90 | te) 0 0.5 0 (1st)
100 2 50 0 0.38 | 0.25(10i
05| -0.25 0 |76 te) 0 05 |0
100 2 100 0 0.50 | 0.25(391
05| -0.25 0 00 te) 0 0 0
500 2 100 0 0.50 | 0.25(4it
05| -0.25 0 00 e) 0 0 0
0.50
500 5000 0.5 -0.25 0 00 | O(2iter) | O 0 0
COMPARISON TABLE OF 2" problem
No.
Populati | of | Gen
on Varia GA
ble ABC DE
X | X2
X1 X2 E.v X1 X2 FV 1 F.V
10 2 50 9.99 | 9.29 | 1072.0 | 9.982 | 4.59 | 865(50ite 1.160(
8 2 59 3 12 r) 10 | -10 | 3ite)
20 2 10 | 997 | 990 | 1144.9 | 9.998 | 6.48 | 1080.337
1 3175 7 94 1(5it) 10 | -10 | -1160
50 2 50 | 9.99 - |- 10 - - 10 | -10 | -1.160
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81 9.99 | 1159.6 8.60 | 1160(20it

9195 92 |e)

100 2 50 1159.9 1160(8ite 1160(
10| -10 99 10 -10 ) 10 | -10 | 2iter)

100 2 100 1159.9 2.52 | 1160(6ite
10| -10 99 -10 103 ) 10 | -10 | -1160

500 2 100 1159.9 | 9.780 1160(2ite
10] -10 99 7 10 ) 10 | -10 | -1160

500 2 500 1159.9 1160(3ite
10 -10 99 10 | -10 r) 10 | -10 | -1160

7.Conclusion

This paper discussed the solution of unconstrained non-linear optimization problems by using
evolutionary computational approaches Genetic algorithm, Artificial bee colony algorithm, and
Differential evolution by using MATLAB. For this comparison unconstrained non-linear
optimization problems are solved and result are compared. According to 1% comparison table result
of DE at 50 number of iteration and 50 populations is 0 in 1*" iteration but GA and ABC result are —
0.2599 and -0.25 in 40 number of iteration, so result is faster than both algorithms. In pnd
comparison table we can see result is better in with 20 particles and 10 number of iterations DE
result is -1160 which is minimum but GA and ABC result are -1144.975 and -1080. So DE result is
better in comparison GA and ABC algorithm in less number of iterations. These algorithms are
computational algorithms and efficient for the solution of non-linear optimization problems. From
tables and figures it is concluded that Differential evolution gives better result in less number of
iterations. Optimal solution obtained from the DE algorithm is much better than Genetic algorithm

and ABC algorithm.
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