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Message

It gives me immense pleasure to witness a major milestone for us all — the publication of the
proceedings of the “National Conference on Advances in Material Sciences” organized by the

Department of Applied Sciences, ACET Amritsar.

Research in all the fields of Materials Science has to be undertaken earnestly, with the objective of
original findings in the new realms. I am particularly happy to know that the Department of Applied
Sciences of ACET, Amritsar is carrying forward the legacy of PTU by organizing such an event with
a clear agenda for researchers to provide solutions to the myriad of problems in the field of Materials

Science.

I am sure that the Conference will not only provide a useful forum to the participants to share their
expertise in their respective fields but will also be professionally beneficial to them. The conference
1s being held in Amritsar, which is the place of spiritual importance in Punjab and I hope that the

delegates will enjoy the traditional hospitality offered by the Institute.

I compliment the Organizers of AMS-2014 for holding this event and wish all success to the

conference.

Dr. Rajnish Arora
Vice Chancellor
Punjab Technical University

Kapurthala
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Message

I am glad to know that a “National Conference on Advances in Material Sciences” is being organized
by Department of Applied Sciences of Amritsar College of Engineering and Technology on April 4-
5,2014.

It’s a saying of wisdom that; Acquires knowledge and impart it to the people. Though the quest for
knowledge has been from the beginning of time but knowledge only becomes valuable when it is
disseminated and applied to benefit humankind. Academicians, Scientists and Researchers will be
able to share and discuss new findings and applications of Materials Science. The primary goal of the
meeting is to bring together the researchers from far and near to discuss the current understanding of
the fundamental issues pertaining to the field of Materials Science. It is likely that the deeper
understanding of experimental/academic observations of Materials Science will have far reaching but

very positive and encouraging consequences.

Finally T would like to congratulate the organizing committee for their tremendous efforts in

organizing the conference. I wish that the conference turns out to be a grand success.

Advocate Amit Sharma
Chairman & CEO
ACET Amritsar
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Messagoe

It is a matter of great pleasure that a “National Conference on Advances in Material Sciences” i1s

being organized by Department of Applied Sciences of Amritsar College of Engineering and

Technology on April 4-5, 2014.

The purpose of the conference is to unveil high quality research and experience which will set a
milestone in transforming the mind set of researchers, academicians and students. Since the
inception of this premier institute of Engineering and Management Studies in 2002, the main focus
has always been to improve the quality of education and encourage the researchers and knowledge
seekers by organizing conferences, seminars, workshops and invited guest lectures etc., and
undoubtedly the current conference on Materials Science i1s part of our endeavor to take a step

forward 1n this direction.

I would like to congratulate the Department of Applied Sciences for organizing this conference. I

pray that the conference turns out to be a grand success.

Ragini Sharma
Director (Finance)

ACET Amritsar
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Message

It gives me immense pleasure to note that a “National Conference on Advances in Material
Sciences” is being organized by the Department of Applied Sciences of Amritsar College of

Engineering and Technology, Amritsar on April 4-5, 2014.

The rich benefits of this conference are expected to have positive impact amongst the scientific and
engineering communities. Special emphasis is being placed on inviting eminent scholars, researchers
and engineers from various backgrounds to discuss recent advances in Materials Science and share
their experiences for greater mutual benefits. The conference will surly provide comprehensive
overview of the current status and potential directions for future research in search for diverse

applications of Materials Science.

I on behalf of ACET, Amritsar wish all academicians and professionals for fruitful interaction in this

significant field. I congratulate the Department of Applied Sciences for organizing this conference.

Dr. Om Kumar Harsh
Group Director

ACET Amritsar
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Message

On behalf of Amritsar College of Engineering and Technology, I welcome all the participants to

“National Conference on Advances in Material Sciences”.

National level Conference on Advances in Material Sciences aims to bring together leading
academic scientists, researchers and research scholars to exchange and share their experiences and
research results about all aspects pertaining to Materials Sciences. It will also provide the premier
interdisciplinary forum for participants to present and discuss the most recent innovations, trends,
concerns and practical challenges encountered and the solutions adopted in the respective field. This
conference of Materials Science aims to enhance the exchange of scientific activities in materials

science and technology.

The Department of Applied Sciences at ACET, Amritsar is putting in its best efforts to make this
venture not only successful but fruitful also. I want to assure the researchers and teaching
community that we will continue with many more such events at ACET to reap the reward of mutual

sharing for the common benefit and knowledge enrichment for all.

Dr. V. K. Banga
Principal

ACET Amritsar
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Message

It 1s a matter of great pleasure for me that the Department of Applied Sciences of Amritsar College
of Engineering and Technology is organizing a “National Conference on Advances in Material

Sciences” on April 4-5, 2014.

Directions of activities of materials science and engineering are ensuring the achievements of
strategic aims of the developments of societies pertaining to a humanistic mission which stands at the
engineering circles. Significant contributions by researchers, academicians and scholars from all over
the country are commendable and a source of great encouragement to forward many steps in the
direction of many more such activities that contribute a lot in the society for the betterment of

mankind.

Knowledge by sharing, undoubtedly, enhances many folds and at ACET we work with this
philosophy. I hope your experience of being part of this conference will be wonderful. ACET will
be a venue where exchange of applications and ideas face to face finds you a global partner for
collaborations by which you can advance and explore your research and research experiences.
Hopefully, the conference discussions, presentations and contributions play significant roles to

update the knowledge in the concerned field.

Dr. H. S. Gill
Principal

ACHMT Amritsar
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Message

I feel proud that the Department of Applied Sciences is organizing a “National Conference on

Advances in Material Sciences” on April 4-5, 2014.

In today’s era, new developments are occurring almost on daily basis. These developments are
changing the shape of the society. Considering the fast pace of globalization and dynamic nature of
trends in materials science, the need of the hour is to provide a platform where experts may share the

advances in this field.

The conference paper submission opened on February 15, 2014 and in this very short period of time
the conference received an overwhelming response from various researchers from esteemed
mnstitutes like IITs, UPES, Dehradun and many more across the country. We have received around 80
papers covering various areas of Materials Science. The papers received in this conference have been
reviewed by reviewer committee and editorial board. After the review process around 65 papers were

selected on the basis of originality, significance, clarity for the objective of the conference.

I am confident that the conference will become an occasion for academicians, professionals,

researchers and students to acquire latest knowledge in the field of Materials Science.
I wish this conference a grand success.

Dr. Amit Sarin
Organizing Secretary

AMS-2014
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Message

It is a matter of great pleasure for us that our department is organizing a “National Conference on

Advances in Material Sciences” on April 4-5, 2014.

This conference is a platform where researchers can share their experiences and ideas. Experts will
deliver keynote lectures during the conference for value addition to the professional skills of
conference delegates. We believe that organizing such an event is a must for enabling professionals,
scientists and educators to analyze the future needs and to keep themselves updated with the

advances in the field of Materials Science.

We also take the opportunity to thank the Management, Group Director, Principal and staff of ACET
for their encouragement and continuous support without which this event would not have taken

shape.

Best Wishes.

Dr. Navdeep Singh
Varun Mehra
Conveners

ACET Amritsar
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Nano Biomedical Applications of Carbon Nano
Tubes

Neetika Soni
Department of Electronics and Communication Engineering,
Guru Nanak Dev University Regional Campus, Jalandhar

Abstract-Recent progress in synthesis and characterization
of carbon based nanostructured materials has
demonstrated tremendous development in the field of
devices used in almost every field of engineering. Carbon
Nano Tube (CNT), an allotrope of carbon is one of the most
probable candidate for use in nanoscale paradigm. In this
paper, various applications of CNTs in the field of
Biomedical engineering have been discussed.

Index Terms: Carbon Nano Tubes, Functionalized CNTs,
Biosensors, Targeted drug delivery.

LINTRODUCTION

Continuous miniaturization of electronic components
and circuits has been instrumental in improvisation of
systems in all fields. With the advances in technology, it
has become possible to fabricate and study the nano
scaled quantum systems. The silicon based transistors are
no longer shrinking and the circuits based on them leaks
current and gets hot. Carbon based nanostructures with
high tensile strength and good thermal and electrical
properties have become the prominent material in all
disciplines. Various materials have been studied for use
in electronics but Carbon Nano Tubes (CNTs) have
raised expectations in number of different applications.
CNTs, an allotrope of carbon that are hollow carbon
tubes having diameter in nanometer scale and length in
microns to few centimeters. These are the graphene
sheets rolled up with continuous unbroken hexagonal
mesh and carbon molecules at the apexes of the
hexagons. These CNTs have varying structures differing
i length, thickness, types of helicity and layers of
graphene sheets. CNTs can be categorized as Single Wall
Nano Tubes (SWNTs) with single layer of graphene
sheet and diameter of 1nm to 20 nm and Multiwall Nano
Tubes(MWNTs) having multi wall concentric cylinders
of graphene sheets having diameter upto 50 nm.[1,2]

Figl. MWNT and SWNT

Though formed with the same lattice structure the CNTs
can behave as metals or semiconductors depending upon
the orientations of the carbon atoms. There are three
different confrontations in which these carbon atoms can
be placed : arm chair, zig-zag and chiral. CNTs exhibits
extra ordinary properties of high mechanical strength,
low weight, excellent thermal and chemical properties,
high surface area and electrical, electronics and optical
properties.

“armchair”
@ (metal)
, @ “zigzag” (Semi) i—'

A § “chiral” (Semi) %
S \“\ 3 iy

Fig 2. Different confrontations of CNTs

Owing to their unique features CNTs present exciting
opportunities for scientific, research, industrial and
commercial applications. Ever since its discovery
Jesearchers have been exploring its potential in
biomedical applications. These applications include use
of CNTs in energy conversion devices, nano probes,
nano biosensors, actuators, bio markers(quantum dots)
and bio imaging.

ILFUNCTIONALISED CNTS(f~-CNTs)

CNTs individually are chemically inert and
incompatible with almost all organic and inorganic
solvents. So CNTs are being functionalized in which
various functional groups are placed at the tips and
around the sidewalls of CNTs[3]. Functionalized CNTs
have 1mproved surface properties for enhanced
dispersion, solubility, biocompatibility ; thereby reduces
cytotoxicity in biological systems for biomedical
applications. Different methods that can be used for
functionalization of CNTs are

L. Covalent Functionalization: In this method various
chemical groups like COOH, OH and CO are
covalently attached with CNTs that increases the
oxygen content of the CNTs and decreases their
cytotoxicity.

2. Non Covalent Fuctionalization: CNTs are non
covalently interact with various molecules through
weak interactions such as surface adsorption onto

E3)) AMRITSAR COLLEGE
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the sidewalls of the CNTs , =m-m stacking .
electrostatic interactions, hydrogen bonding and
vander walls forces . [4] m-m stacking occurs

between proteins and CNTs which have been found
very beneficial in biosensor fabrication, drug
delivery and cancer therapy.

-stackin
sdewall functionalization

endohedral functionalization

Fig3. Different types of CNT functionalization

IIT. APPLICATIONS OF CNTS IN BIOMEDICAL
ENGINEERING

CNTs have numerous scope in the field of
biomedical engineering. CNTs are playing a major role
i existing and future applications in biomedical
industry. In this paper few applications of CNTs in bio
medical field have been discussed and their role in
detection and curing the diseases have been studied.
Various applications of CNTs are:

a) Diagnostic Tools And Devices: The traditional method
of generating X-rays based on thermoionic emission has
the limitation of slow response time , limited lifetime,
and consumes high energy. Recent research has reported
that field emission is better mechanism than thermoionic
emission [152 153] and CNTs having high melting point
and low work function can be used as cathode in field
emitters. The advantage of CNT based X-ray devices are
fast response time, fine focal spot, low power
consumption possible miniaturization , longer life and
low cost.[6]

b) Atomic Force Microscopy (AFM): AFM has been
widely applied to investigate surface topographies at the
nano scale. CNTs can be attached to the tip of AFM
probe to make the tip sharper. This allows much higher
atomic resolution of the surface under investigation. Also
the flexibility of the CNTs prevents damage to the
sampled surface and the probe tip if the probe tip happen
to crash into the surface.[7]

¢) CNT Sensors: CNT pressure or stress sensors are
basically amperometric biosensor and are also based on
the principle that nano tube experience a change in
electric resistance when experience stress or strain. This
peizo resistive effect changes the current flow through

the nano tube, which can be measured to quantify the
applied stress. Peizoresistive pressure sensors made by
incorporating CNTs can bring drastic change to the
biomedical industry. These pressure sensors can be
helpful in kidney dialysis, blood pressure monitoring,
eye surgery and respiratory devices. CNTs sensors can
be used as to check the level of cholesterol, sodium,
glucose and other 1ons in the blood stream in the body[7-
9.16].

d) Quantum Dots: Quantum dots are basically
functionalized CNTs in which the molecules with
fluorescent characteristics are attached. To detect the
unhealthy cells, CNT based quantum dots bound
themselves to sequences of DNA that are associated with
the disease. When the quantum dots are stimulated with
light, they emit their unique bar codes, or labels, making
the critical, diseases-associated DNA sequences visible.
The diversity of quantum dots create many unique
labels, which can identify numerous regions of DNA
simultaneously. Another advantage of quantum dots is
that they can be used in the body, eliminating the need
for biopsy.

e)Targeted Drug Delivery: CNTs possess unique
structure that brings opportunities for improved and fast
diagnosis of the diseases and targeted drug delivery.
CNTs being in the nano meter scale are small enough to
enter directly into cells and hence very beneficial in
targeted drug delivery and therapies. In case of cancer
treatment, the chemotherapy, not only kills the infected
cells but also affects the healthy cells.[] Through targeted
drug delivery drugs will be punctured into the targeted
cells. The CNT based drug delivery has not only been
experimentally demonstrated at the cellular level ,but
also applied for the treatment of cancer in animal models
[10-12]. CNTs based targeted drug delivery has
applications in field of cancer treatment, AIDS treatment,
gene delivery and vaccine delivery.
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Fig4. CNTs for drug delivery to therapies

g) Tissue Engineering: CNTs have been reported as a
promising material in tissue engineering. CNTs are used
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for preservation of cells , delivery of growth factor and
promote integration with the host tissue and are used in
scaffolding the bone tissue engineering applications. The
extraordinary ability of CNTs to reinforce polymeric
composites is due to its high surface to volume ratio[8].

IV. CONCLUSION

This paper reviews the features of carbon nano tubes
and its potential applications in the field of biomedical
engineering. The cytotoxicity of the CNTs can be
reduced through various methods of surface
functionalazations. The exceptional ~ physical,
mechanical,and electronic properties of CNTs allow
them to be used in sensors, quantum dots, actuators,
nanoelectronic devices, and drug delivery systems within
biomedical applications. With the increasing interest
shown by the nanotechnology research community in
this field, it 1s expected that plenty of applications of
CNTs will be explored in future. At the same time, it is
believed that the continued development and application
of CNTs can enhance the practice of biomedical
industries.
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Effect of Nickel (N1) underlayer on the field
emission from carbon nanotubes
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Abstract- Carbon Nanotubes were synthesized by
Microwave plasma enhanced chemical vapour deposition
(MPECVD) system. The CNTs were deposited on p-Si (100)
wafer. The catalyst used for the growth of CNTs was Iron
(Fe). A thin film (10 nm) of catalyst was coated on the Si
substrate by thermal evaporation method. The introduction
of Ni metal underlayer, which itself is a good catalyst for
CNT growth, beneath the catalyst layer was carried out to
study the structure and field emission properties of CNT
films deposited on these substrates. The precursor gases used
for the synthesis of CNTs were C,H, and H,. Use of Ni
underlayer was observed to improve the emission from CNT
films as lower turn-on fields were observed for samples with
Ni underlayer.

Keywords— Carbon nanotubes (CNTs), Field emission,
Microwave plasma enhance chemical vapour deposition
(MPECVD), Underlayer.

I INTRODUCTION

Carbon nanotubes have a long list of outstanding
properties depending on their bonding and structure. The
physical properties of nanotubes make them potentially
useful in Nano metric scale electronic and mechanical
applications because of their unusual strength, unique
electrical properties and extremely high thermal
conductivity. Carbon nanotubes are one of the best known
field emitters. This is understandable due to their high
electrical conductivity, and the unbeatable sharpness of
their tip. Because, the sharper the tip, the more
concentrated will be an electric field on the tip, leading to
enhanced field emission. The sharpness of the tip also
means that they emit at especially low voltage, which is an
important fact for building electrical devices, these include
field emission displays (FEDs) [1], field emission x-ray
tubes [7]. plasma ignition [8] and lighting [9].An
immediate application of this behaviour receiving
considerable interest 1s in field-emission flat-panel
displays. Instead of a single electron gun, as in a
traditional cathode ray tube display, here there is a
separate electron gun (or many) for each pixel in the
display. The high current density, low turn-on and
operating voltage, steady and long-lived behaviour make
carbon nanotubes excellent field emitters to enable this
application [1].Carbon nanotubes are generally produced
by three main techniques, arc discharge, laser ablation and
chemical vapour deposition. The basic requirements for
the formation of CNTs are an active catalyst, a source of
carbon and an adequate energy. Chemical vapour
deposition (CVD) synthesis is achieved by putting a
carbon source in the gas phase and using an energy source,

such as plasma or aresistively heated coil, to transfer
energy to a gaseous carbon molecule.

II EXPERIENTAL SETUP

Microwave plasma enhanced chemical vapour
deposition technique (MPECVD) has been used to
synthesize CNTs in the work reported here. MPECVD
falls under the category of (Plasma enhanced chemical
vapour deposition), which is a low temperature technique
for synthesis of MWNTs. Plasma is formed by microwave
discharge which is directly coupled to the microwave
source through suitable wave guides. Microwave
frequency of 2.45 GHz is applied between the source and
the reaction chamber (quartz tube). The reaction chamber
consists of a quartz tube of diameter 45m, inserted
vertically into an aluminium cylinder and the upper end of
the chamber is closed through aluminium coupler. Coupler
1s connected to a port for precursor’s gases, through MFC
(Mass flow controller;: model 247 C MKS Instruments
Inc.USA). Inside the reaction chamber there is a holder for
keeping the substrate which lies exactly in path of the
waveguide. No external heating source is used in this
setup to heat the substrate. The required substrate
temperature is achieved with help of plasma species which
are continuously colliding with the substrate surface. The
bottom of the chamber is connected to a two stage rotary
pump (model 2020A, Alcatel, France). A pirani gauge is
used for measuring the pressure in the reaction chamber.
There is a small window provided to view the plasma.
Water is circulated around the reaction chamber through
copper pipes for cooling.

III EXPERIMENTAL DETAILS

Experiments with metal alloys such as FeNi, NiCo,
CoMo, and FeMo have been empirically observed to
produce higher growth rates and lower growth
temperatures. The unique catalytic properties of bimetallic
nanoparticles may be a result of the role, different metals
play during critical steps in CNT growth. Therefore,
dimensional and compositional tuning of catalyst
nanoparticles is critical to precise control of CNT growth
[2]. It 1s interesting to see the effect of N1 as an underlayer
on the growth of CNTs, since Ni itself 1s a good catalyst.
Ni forms alloy with Fe which increases the number of
reactive sites due to clustering of bimetallic nanoparticles.
So, the present work is done to study the effect of Fe and
Ni combination on CNT growth and further on its field
emission characteristics. N1 underlayer was deposited on a
clean Si substrate of different thickness by thermal
evaporation. Fe film of thickness 10 nm was deposited
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over the Ni underlayer, by thermal evaporation system. Fe
film of thickness 10 nm was also deposited without Ni
underlayer.

After evacuating the chamber to a base pressure of 2 x
107 torr with a rotary pump, Argon was purged into the
chamber and total pressure of 1 torr was maintained. Pre-
treatment of Fe catalyst was done in the presence of argon
plasma for 10 minutes at a pressure of (2.3 torr). After
that, hydrogen was introduced into the chamber and heat
treatment was done in the presence of argon and hydrogen
plasma for 5 minutes.It is reported that any kind of metal
can support the core according to its affinity for carbon
atoms. Therefore, the Fe-Ni catalyst can support the
carbon in different manners on the iron-or nickel-
containing areas. This can result in different diameter
distributions [6].

&

8

No. of particles

Size in nm

Fig. 2 Particle size distribution of Fe-Ni (3) nanoparticles

Fig. 3 SEM micrograph showing Fe film transformed into nanoparticles
after heat treatment
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Fig. 4 Particle size distribution of Fe nanoparticles.

CNTs were grown using MPECVD on both type of
samples Fe samples and Fe-Ni samples. Various samples
were deposited at different deposition times. Sample
preparation details are mentioned in table I and table II.

Sample | Gas flow ratios | Deposition time (sec)
Fe-2 15:75 90
Fe-3 15:75 60

Table I Details of sample prepared using Ni underlayer

:"“ "“ﬂ\’.
MRITSAR COLLEGE
A o ' OF ENGINEERING & TECHNOLOGY
i oy A Accredited | NAAC Accredited

NBA Accres e

Department Of Applied Sciences



National Conference on Advances in Material Sciences

April 4-5, 2014 ISBN: 978-81-924867-2-7

Fe /Ni Gas flow ope
. . Deposition
Sample thickness ratios time
P (nm) C2H2 . Hz (Sec)
(sccm)
Fe-Ni 10/10
15:80 90
)
Fe-Ni 10/5
15: 75 95
(3)
Fe-Ni 10/ 15
15:75 95
©)

Table II Details of sample prepared using Ni underlayer

It can be seen from fig. 1 and fig. 3 that the particle size
varies in the range 80 — 300 nm, with maximum particles
of size 150 — 200 nm for Fe-Ni sample. Large size
particles are speculated to be of Fe-Ni alloy whereas
particle size is small in Fe sample.

IV CHARACTERIZATION RESULTS

Glancing angle X-ray diffraction (GA XRD) pattern of
one of the Fe-Ni samples indicates the presence of Fe-Ni
alloys. The peaks at 43.7° and 52.3% are due to (111) and
(200) planes of Fe-Ni.
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Fig. 5 GAXRD of sample Fe-Ni (1)
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Fig. 6 SEM micrograph of sample Fe-Ni (3)

The SEM micrograph of Fe-Ni (3) and Fe-Ni (6) is shown
in fig. 6and fig. 7. From the top view dense growth of
CNTs 1is observed. The cross sectional view of the CNTs
of sample Fe-Ni (1) is shown in the fig. 8. We can
estimate that CNTs grown are almost vertically aligned.
Length of CNTs is estimated from the SEM micrograph of
Fe-Ni (1) 1s to be 3 um approximately. A dense CNT
growth can be seen for Fe (3) sample from fig. 9.

TEM micrograph of sample Fe-Ni (3) is shown in the fig.
10. Compartmental growth is clearly visible from the
figure. Outer diameter found out to be Ranging between
50-65 nm, which is larger than in Fe samples. It is due to
the larger particle size for Fe-Ni samples than Fe samples.

Fig. 7 SEM micrograph of sample Fe-Ni (6)
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Fig. 8 SEM micrograph of sample Fe-Ni (1)

Fig. 10TEM micrograph of sample Fe-Ni (3)
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Fig. 11 EDAX of sample Fe-Ni (2)

Energy dispersive x-ray diffraction (EDAX) of sample Fe-
Ni (2), which was taken from the tip of the CNT, shows
peaks for both Fe and Ni. This indicates the presence of Fe
and Ni both in the catalyst particle. Concentration of in
at% of one of Fe-Ni sample was estimated from EDAX. It
was found from the quantitative EDAX analysis that there
was 54 at % of Fe and 45 at% of Ni approx in Fe-Ni
samples.

V FIELD EMISSION APPARATUS

Field emission is an alternative way to extract electrons.
Because the field emission current is controlled by the
applied voltage rather than temperature as in the case of
thermionic emission, pulsed emission with variable pulse
width and repetition rate can be readily obtained by
programming the applied electrical field [3].A simple
model (the Fowler-Nordheim model) shows that the
dependence of the emitted current on the local electric
field and the work function is exponential-like. As a
consequence, a small variation of the shape or surrounding
of the emitter (geometric field enhancement) and/or the
chemical state of the surface has a strong impact on the
emitted current. The emission current from a metal surface
1s determined by the Fowler—Nordheim (F-N) equation:

I=aV’exp(-b3/2/pV )............... 1)

where I, V, ¢, [ are the emission current, applied voltage,
work function, and field enhancement factor, respectively.
The constant b = 6.83 x 10° (V eV*? m™). For metal, with
typical work function and a flat surface the threshold field
is typically around 10" V/ pum which is impractically high.
The work function is a basic material property that cannot
be varied significantly. All the field emission sources rely
on field enhancement due to sharp tips/protrusions, so they
tend to have smaller virtual source sizes because of the
primary role of the f factor. The larger the S, the higher
the field concentration and therefore the lower the
effective threshold voltage for emission [3].
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The field enhancement factor [ can be estimated
experimentally from the slope of the F-N plot between
In(I/'V?) versus 1/V. And the value of ¢ can be taken as 5
eV for carbon film emitters. The slope of F-N plot is

b QP oo ()

Field emission studies were carried out on various
deposited samples. The system used to study the field
emission characteristics 1s shown in fig. 12. It consists of a
cathode and anode assembly. There i1s a highly polished
stainless steel UHV chamber having two ports for the
attachment of gauges. There is an additional port for
feedthroughs for making electrical connections. A window
1s provided on the top of the chamber for monitoring.
Inside the chamber, there are cathode and anode plates
mnsulated from each other. The movement of the cathode
plate is digitally controlled to the accuracy of Sum, for the
adjustment of distance between the cathode and anode.
The sample can be mounted on the cathode plate with
silver paste. The chamber is connected to the rotary pump
(Varian DS 102) to create backing pressure of the order of
10~ torr for turbo molecular pump (TV- 301 Navigator of
Varian), which is connected to achieve high vacuum of the
order of 2 x 10° torr. Pirani and Penning gauges are
attached through feedthroughs to measure pressure.

106 Torr Applied Voltage

Anodi ‘ ‘
CNT films
cathod
(a)

_/

Current meter

Vacuum chamber

Fig. 12 Schematic diagram of field emission setup

The anode plate is connected to the positive terminal of
the high voltage DC power supply unit (model no
HS5KO02N of Aplab of 5 KV rating) through a current meter
(Kethely 197 microvolt DMM). A high resistance of 7.7
MQ is connected in series with the power supply for
limiting the current and to avoid accidental damage. The
cathode electrode is grounded to the power supply and
also grounded to earth through chamber body. It was
assembled on the window provided at the top of the
chamber. For I-V characteristics, circular polished

stainless steel plate having diameter 19 cm was used as an
anode.

VI FIELD EMISSION RESULTS

The field emission measurements were carried out
using field emission set up, discussed earlier. Samples
were attached on the cathode plate by silver paste. The
distance between cathode and anode was set to a value of
200um for all samples, with the help of digital controller.
The chamber was evacuated to a vacuum level of 2 x 10
torr. A positive voltage varying from 360V up to 3000V
was applied to the anode electrode. The actual field
applied was found by dividing the voltage applied (drop
across 7.7 MQ resistance was taken into account) by the
distance between the cathode and anode. The current
density versus electric field was plotted for the samples
from which turn on field was measured for the current
density of 100 uA/cm®. The field enhancement factor was
calculated from the slope of F-N plot of the samples. It is
observed from the field emission results shown in fig. 13,
fig. 14 and fig. 15that field emission 1s better in Fe-Ni
samples than Fe sample. J vs. E plot for Fe-Ni samples in
Fig. 12 and fig. 13 showing low turn on fields.
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Fig. 13 (a)J vs. E plot of Fe-3
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Fig. 13 (b) F-N plot of Fe-(3)
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Fig. 14 (a) J vs. E plot of Fe-Ni (3)
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Fig. 15 (a) J vs. E plot of Fe-Ni (6)

Field enhancement factor was calculated for various
samples of Fe and Fe-Ni using (2). It is found to have
comparatively large values for Fe-Ni sample than Fe
sample. This reflects better field emission from CNTs
grown on Fe-Ni samples 1.e samples where Ni underlayer
has been used.

-14

=15 4 \H

=16 <

=17 <4 .,
18- \

N

-20

In (J/E?)
/

0.000030 0.000045 0.000060 0.000075 0.000090

11 E (Viem)!
Fig. 15 (b) J vs. E plot of Fe-Ni (6)

DISCUSSION

It can be summarized from the results discussed that
carbon nanotubes are excellent field emitters with low

turn-on fields. N1 was used as underlayer, which was
deposited beneath the Fe layer. Ni itself is a good catalyst
for CNT growth. Bimetallic catalysts have stronger
catalytic activity as compared to Fe and Ni substrates,
reported in literature [2]. Substrates varying Ni thickness
from 5 to 15 nm were prepared. X- ray diffraction
confirms the formation of FeNi alloy showing peaks for
FeNi (111) and (200) planes. Fe and Ni forms alloy which
increases the number of reactive sites. It was seen from the
nanoparticle size distribution that the nanoparticles of Fe-
N1 samples were larger in size than Fe and Ni samples. It
was speculated that large size particles are of FeNi alloy. It
1s due to large size particles, TEM studies revealed the
variation in outer diameter of CNTs in Fe-Ni samples than
Fe samples. Also, it was estimated that CNT growth was
almost aligned in case of Fe-Ni samples.

Sample Turn on field Field enhancement
(V/um) factor 8
Fe-3 3.31 4838
Fe-Ni (1) 1.97 9092
Fe-Ni(3) 225 8123
Fe-Ni (6) 2.36 7713

Table III Turn on field and Enhancement factor for various
samoles.

It can be inferred from the field emission results
summarized in Table III, that the sample Fe-Ni has
minimum turn-on field and larger value of Field
enhancement factor. The turn-on field for Fe-Ni (1) was
found to be 1.97 V/ um and field enhancement factor was
found to be 9092. It was inferred from the SEM results
that Fe-N1 (1) was well aligned CNTs. This is the one
reason for its lower turn-on field. This is also the one
reason for its better emission than other samples.

VII CONCLUSIONS

e It was found that the particle size distribution for the
Fe-Ni1 samples was larger than others.

e It was observed from the peaks of Fe-Ni alloy in XRD
that Fe and Ni has formed alloy.

e Morphology structures showed vertically aligned
CNT growth for Fe-Ni samples.

e  Diameter of CNTs found to be large in Fe-Ni samples
and lie in the range 55-70 nm, attributed to large size
nanoparticles of Fe-Ni.
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e It was also observed that field emission results of Fe-
Ni samples are better than Fe samples. Lower turn on
fields has been observed for Fe-Ni samples.

samples. It is reported in literature that for 80-45 at% of N1

i Fe-Ni alloy, the activation energy required for the

growth of the CNTs is very less [4]. So, one can study this

by varying different at% of Ni and further its effect on
field emission properties.
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Abstract: The fossil fuels are depleting day by day, there is a
need to find out an alternative fuel to full fill the energy
demand of the world. The various oil sources are classified
as edible and non edible the edible sources like groundnut,
peanut etc are primarily used to meet the food requirement
and the balance if any converted to biodiesel. But India is
already importing 70% of the total edible oil and therefore
diversion of edible oil resources for biodiesel production is
not possible. The option remaining includes the growing of
non edible seed crop for oil production and conversion to
biodiesel. In India Jatropha and Pongamia being non edible
source are being viewed as the only future hope for biodiesel
production. Biodiesel is one of the best available sources to
full fill the energy demand of the India. The main problem
associated with biodiesel is its oxidation stability. The
oxidation stability of fats and oil and their product play an
important role in determining the quality. It is defined
as the resistance of oil/fats/biodiesel to degradation

Keywords: Energy, Oil, Biodiesel, Pongamia, Jatropha,
Stability

L INTRODUCTION
India ranks 6th in terms of consumption of energy,
which 1s 3.5% of the total world’s commercial energy.
The current consumption of diesel in India is about
40MT (40% of the total petroleum product
consumption) and 1s expected to reach 52MT by 2009-
10 as the demand is growing at a rate 6.5% per annum.
Whereas domestic production of crude oil and natural
gas will remain around 33.97MT during 2009-10.
Hence there will be a huge gap between demand and
supply which needs to be met through increasing fuel
immports or increasing production of biodiesel as
substitute of diesel by growing oil seeds especially non
edible plantations without sacrificing the food security
of the country. Biodiesel is renewable energy resource
that can be obtained by using waste and degraded lands.
Biodiesel is a fuel comprising of mono-alkyl esters of
long chain fatty acids of vegetable oils or animal fats,
which 1s derived either from plant or animal. Use of
bio-fuel requires very little or no modification of engine
when blended with diesel up to 20% (B,). Use of bio
fuel results in substantial reduction of un-burnt HC by
30%. CO by 20% and particulate matters by 25%. It has
no sulphur. Besides, it has nearly 10% in-built oxygen,

through oxidation with air result in change of fuel
quality. The rapidity of oxidation depends on the
degree of un saturation, the presence of antioxidants,
and prior storage conditions. This auto oxidation
caused by contact with air during long term storage
presents a legitimate concern for monitoring of oil fuel
maturity and effect kinematic viscosity, acid value or
peroxide value. The exposure of oil, fats or biodiesel to
atmosphere O,, heat, heavy metal, light, porphyrims
etc generate free radicals that form peroxide radicals
which subsequently led to the formation of stable
secondary products. The product of oxidation stability
can be measured by oil stability index or oxidation
stability index. This paper focuses on oxidation
stability mechanism and its effect in case of non edible
oil.

which facilitates the combustion process and enhances
Cetane number (51). [1]

II. OIL SEED CROP IN INDIA
The various oil sources are classified as edible and non
edible the edible sources like groundnut, peanut etc are
primarily used to meet the food requirement and the
balance if any converted to biodiesel. Since the country
already importing 70% of the total edible oil and
therefore diversion of edible oil resources for biodiesel
production is not possible. The option remaining
includes the growing of non edible seed crop for oil
production and conversion to biodiesel. The non edible
oil resources are Jatropha, Pongamia, Mahua, Neem etc.
Depending on climate and soil conditions, different
nations are looking for different vegetable oils as
substitute of diesel fuel for example soybean oil in
USA, rapeseed and sunflower oils in Europe, palm oil
in south East Asia and coconut oil in Philippines are
being considered as substitutes for diesel. In India
Jatropha and Pongamia being non edible source are
being viewed as the only future hope for biodiesel
production. Table 1 overviews the non-edible oil
producing plants that can be cultivated for oil
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production on suitable land and consequently the oil can
be used for biodiesel production. [2]
Table: 1 Various Sources of Oil for biodiesel [3]

Vegetable | Non Edible | Animal Other

Oil 0Oil Fats Sources

Soya Bean | Jatropha Lard Bacteria
Curcas

Rape seed | Jajoba oil Tallow Algae

Canola Pongamia Poultry Fungi
glabra

Suntlower | Mahua Fish O1l Micro

algae

Barley Tobacco Tarpenes
seed

Coconut Rice bran Latexes

Copra Salmon oil Cooking

oil

Cotton Sesame Micro

seed algae

Ground

nut

Oat

Rice

Sorghum

wheat

The non edible oil seed plant given in the above table
has potential to produce oil and subsequent conversion
to biodiesel apart from their uses for illumination,
burning, soap making, candle making etc. It is estimated
that the potential availability of such oils in India 1s
about 2 million tons per year. The most abundant oil
sources are Sal, Mahua, Neem, Pongamia and Jatropha
oil. Based on extensive research, Jatropha and
Pongamia have been identified as the potential feed
stocks for biodiesel production in India. Table 2 gives
the oil productivity of the most important non-edible
oils resources in the country.
Table 2: Production of Non-Edible oils in India [4]

S. Botanical Local Annual
No. Name Name Productivity
(Tons)

1. Jatropha Ratanjyot 45,000
curcas

2. Pongamia Karanja 135,000
Pinnata

3. Schleichera Kusum 25,000
oleosa

4. Azadirachta | Neem 1.00.000
mndica

5. Shorea Sal 1.80,000
robusta

6. Modhuca Mahua 1.80,000
indica

The above table shows the various sources of biodiesel.
But according to Indian perspective Jatropha and
Pongamia are the major source of biodiesel in India.
Out of these non edible sources the production of
pongamia is three times of jatropha oil. This has led to
the expatriation of the oil for biodiesel production.

II1. PROBLEM OF USING OIL AS
FUEL

There are two major problem associated with oil when
used in engine ie. stability and other is cold flow
properties. Both these properties are dependent on fatty
acid composition of oil. 1.e. saturated and unsaturated
fatty acids present in oil.

A.  Stability of Oil

The fuel stability is usually defined in terms of color,
soluble gums and insoluble. Each i1s an important
stability characteristic. The color is normally a
predecessor of sediments. The fuel forming color does
not necessarily develop gum and sediment which are
predominant stability concern. The biodiesel and its
blends have been found to be more prone to oxidation
than the straight vegetable oils (SVO). The biodiesel &
its blends can develop wide variety of alcohols,
aldehydes, peroxide and other insoluble formed during
its transport and long term storage and can cause acidity
in the fuel and form insoluble gums and sediments that
result in operational problems with plugging of fuel
filter and fouling can and affect the engine operation. In
view of the above problem it becomes necessary to
study the oxidation, thermal and storage stability of
biodiesel and its blends with diesel. The oxidation
stability can be studied to establish relationship between
induction period and other quality parameters. The
storage stability studies require the study of the effect of
storage conditions like temp., light, atmosphere,
presence of natural antioxidants, metals etc on the
stability of biodiesel / fuels. Thermal stability i1s
concerned with the effect of temperature on the natural
oxidation stability of fuel and the effect of adding
natural synthetic antioxidants to stabilize the fuels that
can be used over long period of time without any
problems. In order to ensure stable biodiesel quality
over long period, there is a need to enhance the
oxidation, storage & thermal stability of biodiesel & its
blends using various natural / synthetic antioxidants
under different parameters like light, temp. metals etc.
[5]

Fuel stability is the resistance of a fuel to degradation
processes that can change fuel properties and form
undesirable species. A fuel is considered unstable when
it readily undergoes these changes. The fatty acid
composition of the biodiesel fuel is an important factor
in determining stability towards air. Generally, the
polyunsaturated fatty acids (C18:2, linoleic acid; C18:3
linolenic acid) are most susceptible to oxidation. [6] Oil
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fuel properties can degrade by one or more of the
following mechanisms: (1) oxidation or autoxidation
from contact with oxygen present in ambient air; (i1)
thermal or thermal-oxidative decomposition from
excess heat; (ii1) hydrolysis from contact with water or
moisture in tanks and fuel lines; or (iv) microbial
contamination from migration of dust particles or water
droplets containing bacteria or fungi into the fuel. [7].
Oxidation stability 1s more general and is distinguished
from the term “storage stability” since oxidation may
occur not only during storage but also during
production and use.

Sarain et al. [8] states that the protection of oil quality,
which remains suitable to consumers for longer time, is
an important objective of quality control in the oil and
fat industry. Shelf life of vegetable oils is the main
characteristic that influences its suitability and market
value. The consequence of lipid oxidation leads to
decrease in shelf life and has been recognized as the big
problem in the food industry. Oxidative stability is one
of the most important indications for maintaining the
quality of the vegetable oils

Tan et al. [9] state that oxidative stability is one of the
most important indicators for maintaining the quality of
edible oils. It has been shown that oxidation of edible
oils takes place through a chain reaction that essentially
consists of an induction stage. The time before a
dramatic increase in the rate of lipid oxidation is a
measure of oxidative stability and is referred to as the
induction time. Jain and Sharma [10] states that there
are various types of stabilities like oxidation, storage
and thermal, playing key roles in making the fuel
unstable

All fats and oils are prone to oxidation. The rapidity of
oxidation depends on the degree of un saturation, the
presence of antioxidants, and prior storage conditions.

[11]

B.  Measurement of Oxidation

During the measurement a stream of air is passed
through the oil or fat sample contained in a sealed and
heated reaction vessel. Oxidation of the oil or fat
molecules in the sample results in the formation of
peroxides as the primary oxidation products. Secondary
oxidation products formed after the complete
destruction of the fatty acids include low-molecular
organic acids. These are transported in the stream of air
to a second vessel containing distilled water whose
conductivity is continuously recorded. The organic
acids can be detected by the increase in conductivity.
The time that elapses until these secondary reaction
products appear is known as the induction time,
iduction period or Oil Stability Index (OSI). [8]

Shabuddin et al. [12] states that difference in oxidation
stability 1s due to the difference are due to the various
percentages of saturated fatty acid in the biodiesels. If
water 1s present, hydrolysis can also occur.
Hydroperoxides that can, in turn, produce short chain

fatty acids, aldehydes, and ketones. Under the right
conditions, the hydroperoxides can also polymerize.
Therefore, oxidation is usually denoted by an increase
in the acid value and viscosity of the fuel.

Agarwal et al. [11] State that Oxidation of the esters
during the long-term storage can lead to problems in the
utilization of biodiesel in the engine and can lead to
rough engine operation. Contact with ambient air,
exposure to sunlight, metals, and exposure to high
temperature conditions accelerate the oxidation
reactions leading to lower oxidation stability of
biodiesel. Sarin et al. [8] state that it is not 1s possible to
use biodiesel as a fuel having low OS.

C.  Mechanism of Oxidation

The oxidation of fatty acid chain is a complex process
proceeded by a variety of mechanisms. The oxidation of
biodiesel 1s due to the unsaturation in fatty acid chain
and presence of double bond in the molecule which
offers high level of reactivity with O,, especially, when
it 1s placed in contact with air/ water. The primary
oxidation products of double bonds are unstable allylic
hydroperoxides which are unstable and easily form a
variety of secondary oxidation products. This includes
the rearrangement of product of similar molecular
weights to give short chain aldehydes, acids compounds
and high molecular weight materials The oxidation
reactivity is related to the degree of C=C bonds in the
fuel. Increased content of the C=C bonds correlates to
decreased oxidative stability of the fuel. The increase in
mnstability of a given diesel fuel molecule is generally
directly proportional to the number of C=C bonds in the
molecule (i.e., a molecule containing two C=C bonds
has half the stability of a molecule containing one C=C
bond). [13,14]

D. Primary oxidation

Peroxidation occurs by a set of reactions categorized as
initiation, propagation, and termination as given in Fig
1 which shows that first set involves the removal of
hydrogen from a carbon atom to produce a carbon free
radical. If diatomic oxygen is present, the subsequent
reaction to form a peroxy radical becomes extremely
fast even not to allow significant alternatives for the
carbon-based free radical. The peroxy free radical is not
reactive compared to carbon free radical, but is
sufficiently reactive to quickly axtract hydrogen from a
carbon to form another carbon radical and a
hydroperoxide (ROOH). The new carbon free radical
can then react with diatomic oxygen to continue the
propagation cycle. This chain reaction terminates when
two free radicals react with each other to yield stable
products.
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Initiation:
RH+I»R +IH
Propagation:
R- + O, » ROO-
ROO- +RH » ROOH + R-
Termination:
R-+R-»R-R
ROO- + ROO- » Stable Products

Fig.1 Primary Oxidation

E. Secondary oxidation.

Once the fatty oil hydroperoxides are formed, they
ultimately decompose to form aldehydes such as
hexenals , heptenals, and propanal. Hexanal, pentane,
and 2.4-heptadienal have also been detected. Increased
acidity 1s always a result of oxidation of fatty oils and
biodiesel leading to the formation of shorter chain fatty
acids [10]

R R,
7 Rs
g Ot l( — |
Ry
R, R,
Fig. 2. Diels Alder reaction.

F.  Oxidation Stability Index/Oil Stability Index

All oils and fats have a resistance to oxidation which
depends on the degree of saturation, natural or added
antioxidants, pro oxidants or prior abuse. Oxidation is
slow until this resistance is overcome, at which point
oxidation accelerates and becomes very rapid. The
length of time before this rapid acceleration of
oxidation 1s the measure of the resistance to oxidation
and is commonly referred to as the ‘induction period, or
Oxidative Stability Index. [10] OSI is defined as the
hours required for the rate of conductivity change to
research a predetermined value. This method has been
collaboratively studied and accepted by American Oil
Chemists Society, and deter mines the relative
resistance of oil/fats samples to oxidation and replaces
the out dated AOM. These measurements of stability
are available which do take into account double bond
position and is termed Oil Stability Index. The OSI
analysis, the rate of oxidation is slow until any
resistance to oxidation is overcome. This time 1s known
as the oxidation induction period. After the induction
period, the rate of oxidation increases dramatically. [15]
The BAPE and OSI of SVOs based on the data of table
3 has been calculated using the following equation [10]

BAPE =% C 18:2 + 2% % C 18:3)
(Equation 1)
OSI=3.91 - (0.045 x BAPE)
(Equation 2)

Table. 3 BAPE and OSI value of various edible and
non edible oil [16]

Oil % % % BAP | OSI
C18: | C18: | C18: | E
1 2 3
Sunflower | 17.7 72.9 - 72.9 .62
Oil

Soybean | 23.2 56.2 43 64.8 .99
Oil

Cotton 13 58 0 58 1.30
seed Oil

Rapeseed | 64.1 223 8.2 38.7 2.20
il

Peanut 48 32 1 34 2.38
Oil

Seasame 52.8 30.2 - 30.2 2.55
Oil

Jatropha | 35.8 28.8 0.2 29.2 2.59
Oil

Pongami | 51.59 | 16.64 | - 16.64 | 3.16
a Oil

Palm Oil | 40.5 10.2 0.2 10.6 343
Corn Oil | 25 6 - 6 3.6
Coconut 5 1 - 1 3.86
Oil 5

The variation of BAPE with OSI for various oil is given
in table 3 which shows that oxidation stability of oil is
dependent on the amount of fatty acids present in the
oil. The BAPE for sunflower oil is max of all the other
o1l which shows that it is highly unstable while the
BAPE value for coconut oil is lowest which shows that
it is highly stable. The variation of BAPE with OSI is

given in fig. 3.
6 y =-0.045x + 3.911
R*=0.999
osl 4
(Hours) 2
o T T \\* 1
0 20 g4 60 80

Fig. 3 OSIvs. BAPE
The above figure shows the variation of OSI with
BAPE for various oil. It shows that as the BAPE
increases the stability of o1l going to decrease.

Iv. CONCLUSION
The performance of oil as fuel is dependent on the
amount of fatty acids presents in the oil. The variation
of fatty acids gives the direction for oxidation stability
of oil. In case of edible oil the OSI is lowest for
sunflower oil which shows that it is highly unstable
while the OSI value for coconut oil is maximum which
shows that it is highly stable. In case of non edible oil
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Pongamia oil have high OSI than Jatropha oil. So edible and edible oils: Influence on the OS

Pongamia oil can be used for biodiesel production.
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PETROLEUM PRODUCTS TRANSMISSION
PIPELINES IN INDIA

R.Bhaskaran®, Lalit Bhalla®, Vishal Sarin® Sukhpreet Kaur®
Afzalur Rahman® and Ashish Shukla®

School of Business, Lovely Professional University, India.

Abstract— Pipelines are invariable used most for
transporting oil and petroleum products from one end to
another end. Corrosion is one of the major problems in such
pipelines. It may be due to internal or external factors. In
order to control corrosion and protect these pipelines, each
industrial sector has to spend enormous amount. In this
paper, an insitu corrosion auditing has been carried out for a
14 km long oil and petroleum products carrier pipeline in
India. By using present value method, annual protection cost
has been worked out as Rs.71,740. By direct extrapolation of
the same to the entire pipelines in India, annual cost of
corrosion is worked out Rs.106 million.

Keywords— Corrosion Auditing, Cost of Corrosion, Cathodic
Protection, Pipeline Corrosion.

L INTRODUCTION

N 1945, Campbell Stirling [1] estimated the annual loss
1due to corrosion as related to underground pipelines to be
US $ 50 million. He further showed through specific case
studies that by application of suitable wrapping to the
pipelines considerable amount could have been saved. In
1947, Anderson [2] presented a paper entitled “Our Billion
— Dollar Side Show” in the annual meeting of NACE held
at Chicago. According to Bureau of Standards Circular C-
450, the annual cost of pipeline replacement due to
corrosion was approximately US $ 200 million per year.
Unruh [3] reported that for one oil company, corrosion
was costing US $ 1.5 million per year on a large pipeline
system prior to installation of sacrificial magnesium
anodes. With installation of cathodic protection, the
expenditure was drastically reduced. Talley [4] who dealt
with control of pipeline corrosion has shown that cathodic
protection of pipelines will lead to net annual savings of
US $ 1.1 million. Peabody [5] in Chapter 16 of his book
“Control of Pipelines Corrosion” published by NACE
during 1967 discusses the economics of controlling
corrosion of pipelines through cathodic protection by
sample comparison between impressed current and
sacrificial anode system. He has further shown that if the
pipeline suffers leakage due to inadequate maintenance it
1s confronted with the following indirect losses:

(1) The average cost of making a leak repair on the
pipeline understudy

(11) An average cost for property damages associated
with a simple corrosion leak repair.

(1) The value of product lost through the average
corrosion leak.

(1iv) Miscellaneous costs, such as insurance, good will
etc.,

During 1991-2001, Corrosion Control Technologies
Laboratories (CCTL) Inc., conducted the systematic study
i a cooperative agreement with the Federal Highway
Administration (FHWA) and NACE International [6]. In
this study, the total direct cost of corrosion for Gas and
Liquid Transmission Pipelines was estimated to US § 7
billion. In 2004, US Department of Transportation
presented a detailed report [7] on cost of repairs to USA
onshore pipelines. In this report, cost of repairs (non-
leaking) to gas pipeline shown as US § 20,000 — 40,000
million. Repair (leaking) to pipeline was presented as
approximately US § 200,000 — 400,000 muillion,
According to an estimate by speakers at a symposium on
the corrosion of buried metals held at London, Dec. 1952
annual cost of replacing corroded underground pipelines in
Britain was of the order of £ 130 million [8]. According to
an article on “the cost of corrosion” published in the
Corrosion Prevention & Control [9] the annual cost of
corrosion in the UK was £ 200 million during 1954. Out
of these at least £ 5 million was spent towards replacement
of corroded buried pipelines. In Japan, Michio Tanaka
[10] during 1956 made an estimate of corrosion losses to
underground cables and pipelines based on the number of
failures per year caused by chemical and electrolytic
corrosion, annual expenditure necessary for replacements
and repairs, average repair expenditure per failure etc.,
The annual loss was shown as 74 billion yen.

In India, pipelines are invariably used for transporting oil
and gas from one place to another place. It is a part of oil
and gas industry. During 2013, the total net work of crude
oil, petroleum product and LPG pipeline in India was
23,067 km. Out of this, crude oil pipeline network was
9,537 km, petroleum product pipeline network was 11,218
km and LPG pipeline network was 2,312 km [11].

Corrosion is one of the major problems in underground
pipelines. It may occur either internally or externally.
Internal corrosion is depending upon the nature of
corrosive liquid transported through pipeline along with its
transport  velocity. External corrosion is due to
heterogeneous nature of soils and local damage of the
external coatings on the pipelines. Every year, this
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industrial sector has spent huge amount of money to
protect their structures. Therefore it would be of interest to
carry out a systematic corrosion auditing in oil and gas
transmission pipelines by collecting and analyzing data on
the money spent towards control corrosion. The present
value method has been adopted for estimating the cost of
corrosion.

I SURVEY DETAILS

A survey was carried out on a 14 km long pipeline route of
a major oil company (M/s. Indian Oil Corporation
Limited), Chennai. Field data collected on carrier pipelines
under road crossings has been taken for this study. There
are 7 different sizes of pipelines carrying different

Petrochemical Corporation Limited (CPCL) and Fore-
Shore Terminal (FST) at Chennai Port Trust, Chennai.
The details of the pipelines are as follows:

0.508m dia pipeline carrying white oil

0.356m dia pipeline carrying Black oil

0.356m dia pipeline carrying While oil

0.305m dia pipeline carrying Lube oil

0.457m dia pipeline carrying Naptha

0.305m dia pipeline carrying Motor Sprit and
0.254m dia pipeline carrying Aviation Turbine Fuel

Nk v e

These pipelines cross the road at many places between
CPCL and FST. The details are shown in Table 1.

products. These are running between Chennai
Table 1: Details of Pipeline crossings between CPCL and FST
Location Pipeline Length of crossings Type of crossings
diameter in meter
(m)
Thiruvorttiyur Road Crossings 0.305 20 Hume pipe
0.457 20
0.254 20
Manali Highway Crossings 0.305 15 Hume pipe
0.356 15
0.356 15
0.508 15
IOCL Inspection Road 0.254 6 Hume pipe
0.457 6
0.305 6
IOCL Inspection Road 0.305 20 Underground
(Lube Line Diversion) 0.305 8 Culvert
Concrete Pavement Road in front of Tondiarpet Installation 0.508 100 Underground
(Western Side) 0.356 100
0.356 100
0.305 100
Tondiarpet Terminal (Southern side) Road Crossings 0.508 15 Underground
0.356 15 Culvert
0.356 15
Eastern side of Tondiarpet terminal 0.457 20 Hume pipe
0.457 360 Underground
Highway crossing (Opposite to Patel Nagar water distribution 0.356 15 Underground
station) 0.356 15 Hume pipe
Metro water road crossing 0.356 10 Culvert
0.457 10
0.305 10
Pipeline under culvert (opposite to diesel loco-shed) 0.508 15 Culvert
Diesel loco-shed crossing 0.356 8 Hume pipe
0.356 8
0.457 8
0.305 8
0.305 8
Karunanithi Road 0.508 15 Culvert
Highway crossing — near tea godown 0.508 40 Hume pipe
Pipeline under inspection road (Tea Godown) 0.356 10 Underground
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0.356 10
0.457 10
0.305 10
0.305 10
0.508 10
Below Tondiarpet Railway bridge 0.356 120 Underground
0.356 120
0.457 120
0.508 120
0.305 120
KOKG Yard Crossings — 1 0.356 15 Culvert
0.356 15
KOKG Yard Crossings — 2 0.457 6 Culvert
0.508 6
0.305 6
KOKG Yard Crossings — 3 0.457 10 Underground
0.508 10
0.305 10
Total length of the pipeline in meter 1899
SELECTION OF PROTECTION SYSTEM Weight of anode =22 kg.
Out of 14 km network length of pipelines, only 1.9 km  Cost Details

length of pipelines are crossing the road at different places
through underground, culvert and hume pipe. Due to
environment differential, external corrosion will occur at
those places. Therefore those portions are needed to be
protected.  Cathodic protection along with protective
coatings is the best method for protecting those structures.
However, application of protective coating is not possible
since the pipelines are already laid in the soil. Cathodic
protection is an alternative method of protection. In
cathodic protection, impressed current system is likely to
generate fire hazard. In order to avoid such a hazard,
sacrificial system has been selected for protecting those
structures. Details of suggested sacrificial system are as
follows:

= Zinc strip anodes for the carrier pipelines encased in
the hume pipe as well as culvert

= Magnesium alloy anodes for the underground portion
of the carrier pipelines.

a. Calculation of cost of Cathodic protection system
for the carrier pipelines encased in hume pipes as

well as culvert.

Design parameters

Current density 10mA/m*

Design life = 20 years

Coating efficiency = 50% (assumed)
Type of anode = Zinc Stripe Anode
Anode capacity = 770 AH/kg

Anode Utilization Factor =
Size of the anode = 45 mm x 45mm x 1500mm
with 1 Mtr. Long of 16 sq.mm

copper

The supply cost per Zinc stripe anode is Rs. 12,000/- and
the installation cost per anode is Rs.8,000/-. Pipe to cable
connection by EUTECTIC WELD with epoxy
encapsulation for cathode connection is Rs. 8,500 per
location and Earth work excavation for cable laying at a
depth of 1.5 Mtr. Below the ground level is Rs.275/- per
running meter.

Calculation for determination of weight and size of
Zinc Strip Anode

Methodology involved for determination of weight of Zinc
Strip anode required for protecting the carrier pipelines
encased in hume pipe as well as culvert is shown in Table
2

No. of Zinc Strip anode required 43
Total number of locations =14
Total length of crossings (meter) 399

Therefore total cost of Anode required for protection =
(No. of anode required x Supply cost of anode +
Installation cost of anode)

43 x (Rs.12,000 + 8,000) = 8.,60,000
Pipe to cable connection for all the locations

(14 x Rs.8.500) = 1,19,000
Earthwork excavation for cable laying

(399 x Rs.250) = 99,750
0.8

Total cost of Zinc strip Anode for 20 years= 10,78,750
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b. Calculation of cost of Cathodic protection system
for the carrier pipelines under road crossings.

Design parameters

Current density = 10mA/m’

Design life = 20 years

Coating efficiency = 50% (assumed)

Type of anode = Magnesium alloy anode
Anode capacity = 1100 AH/kg

Anode Utilization Factor = 0.8

Size of the anode = 125mm dia x 1500
mm long

Weight of anode = 22kg.

Cost Details

The supply cost per magnesium alloy anode is Rs.
18,000/- and the installation cost per anode is Rs.8.000/-.
Pipe to cable connection by EUTECTIC WELD with
epoxy encapsulation for cathode connection is Rs. 8,500
per location and Earth work excavation for cable laying at
a depth of 1.5 Mtr. Below the ground level is Rs.275/- per
running meter.

Calculation for determination of weight and size of
Magnesium Alloy Anode

Methodology involved for determination of weight of
Magnesium Alloy anode required for protecting the carrier
pipelines under road crossings is shown in Table 3.

No. of Magnesium Alloy anode required 100
Total number of locations = 4
Total length of crossings (meter) = 1500

Therefore total cost of Anode required for protection =
(No. of anode required x Supply cost of anode +
Installation cost of anode)

100 x (Rs.18.000 + Rs.8.000) = 26,00,000

Pipe to cable connection for all the locations
(4 xRs.8,500) =

Earthwork excavation for cable laying
(1500 x Rs.250) =
3,75,000

Total cost of
Magnesium Alloy Anode for 20 years = 30,09,000
Determination of Annual cost of Corrosion

As can be seen from the foregoing that a Oil and Gas
Pipeline industry normally spends every year quite a
considerable amount towards mitigation of corrosion.
Therefore in the present study, the cost of corrosion has
been analyzed by considering the following

e  As per the Income Tax Act, Oil and Gas Pipeline
industry has to pay 35% of the net income as tax
(t). This factor has been taken into account while
computing the cost of corrosion.

e An interest rate (1) of 6.25% has also been
considered

sData generated for cost of corrosion of cathodic
protection by zinc strip anode and magnesium anode for
the carrier pipelines 1s shown in Table 4. This table depicts
annual expenditure, present worth factor, tax credit,
present value, annual cost factor and equivalent annual
cost 1n that order.
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Table 2 : Determination of weight of anode required for protecting pipelines

encased in hume pipe as well as culvert

Surface Weight
Hours of )

Pipeline Length area of ' Cutrent ClTn‘ent protection A@de of aniode Weight o.f No. of
dia of. - .thet CO?.nmg density requirement (Yearx ca?écn}f X | required ConuTlercnal anode

(meten) crossing p1pe1:11e Efficiency (@A) (mA) dayx Utilization | (gxh/ Available required

(m) (m”) (dxex®) factor 1) anode
laxbx hours)
c]
(a) ®) (© (@ © ® (g ) ® @ (&) (m)
0.305 20 | 3.14 19.14 0.5 10 95.71 175200 616 27.22 22
0.457 20 | 3.14 28.71 0.5 10 143.56 175200 616 40.83 22 2
0.254 20 | 3.14 15.95 0.5 10 79.76 175200 616 22.68 22 2
0.305 15 | 3.14 14.36 0.5 10 71.78 175200 616 20.42 22 1
0.356 15 | 3.14 16.75 0.5 10 83.74 175200 616 23.82 22 2
0.356 15 | 3.14 16.75 0.5 10 83.74 175200 616 23.82 22 2
0.508 15 | 3.14 23.93 0.5 10 119.63 175200 616 34.03 22 2
0.254 6| 3.14 4.79 0.5 10 23.93 175200 616 6.81 22 1
0.457 6| 3.14 8.61 0.5 10 43.07 175200 616 12.25 22 1
0.305 6| 3.14 5.74 0.5 10 28.71 175200 616 8.17 22 1
0.305 8| 3.14 7.66 0.5 10 38.28 175200 616 10.89 22 1
0.356 15 | 3.14 16.75 0.5 10 83.74 175200 616 23.82 22 2
0.356 15 | 3.14 16.75 0.5 10 83.74 175200 616 23.82 22 2
0.457 20 | 3.14 14.36 0.5 10 71.78 175200 616 20.42 22 1
0.356 15 | 3.14 11.17 0.5 10 55.83 175200 616 15.88 22 1
0.356 10 | 3.14 11.17 0.5 10 55.83 175200 616 15.88 22 1
0.457 10 | 3.14 11.17 0.5 10 55.83 175200 616 15.88 22 1
0.305 10 | 3.14 14.36 0.5 10 71.78 175200 616 20.42 22 1
0.508 15 | 3.14 9.57 0.5 10 47.85 175200 616 13.61 22 1
0.356 8| 3.14 9.57 0.5 10 47.85 175200 616 13.61 22 1
0.356 8| 3.14 23.93 0.5 10 119.63 175200 616 34.03 22 2
0.457 8| 3.14 8.93 0.5 10 44.66 175200 616 12.70 22 1
0.305 8| 3.14 8.93 0.5 10 44.66 175200 616 12.70 22 1
0.305 8| 3.14 11.48 0.5 10 57.42 175200 616 16.33 22 1
0.508 15 | 3.14 7.66 0.5 10 38.28 175200 616 10.89 22 1
0.508 40 | 3.14 7.66 0.5 10 38.28 175200 616 10.89 22 1
0.356 15 | 3.14 23.93 0.5 10 119.63 175200 616 34.03 22 2
0.356 15 | 3.14 31.90 0.5 10 159.51 175200 616 45.37 22 3
0.457 6| 3.14 11.17 0.5 10 55.83 175200 616 15.88 22 1
0.508 6| 3.14 11.17 0.5 10 55.83 175200 616 15.88 22 1
0.305 6| 3.14 14.36 0.5 10 71.78 175200 616 20.42 22 1
399 43
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Table 3: Determination of weight of anode
required for protecting pipelines buried underground in road crossings

Surface Hours of Weight .
- Length area of N Current . Anode of anode Weight of
Pipeline . Current o protection . e . No. of
dia . of 1 ' tll; Coating density requirement (Year x capacity X | requir ecli Couu}lemlal anode
(meter) crossing plpelzme Efficiency (mA/m?) (mA) day x Utlllzatl.OIl (gxh/ Available required
(m) (m”) (dxex® hour factor D anode
[axbx hours)
c]
(@ ® © @ (e) ® 2) (0) @ @ k) (m)
0.305 20 | 3.14 19.14 0.5 10 95.71 175200 880 19.05 22 1
0.508 100 | 3.14 159.51 0.5 10 797.56 175200 880 158.79 22 8
0.356 100 | 3.14 111.66 0.5 10 558.29 175200 880 111.15 22 6
0.356 100 | 3.14 111.66 0.5 10 558.29 175200 880 111.15 22 6
0.305 100 | 3.14 95.71 0.5 10 478.54 175200 880 95.27 22 5
0.508 15 | 3.14 23.93 0.5 10 119.63 175200 880 23.82 22 2
0.457 360 | 3.14 516.82 0.5 10 2584.09 175200 880 514.47 22 24
0.356 15 | 3.14 11.17 0.5 10 55.83 175200 880 11.12 22 1
0.356 10 | 3.14 31.90 0.5 10 159.51 175200 880 31.76 22 2
0.356 10 | 3.14 133.99 0.5 10 669.95 175200 880 133.38 22 7
0.457 10 | 3.14 133.99 0.5 10 669.95 175200 880 133.38 22 7
0.305 10 | 3.14 172.27 0.5 10 861.36 175200 880 171.49 22 8
0.305 10 | 3.14 191.41 0.5 10 957.07 175200 880 190.54 22 9
0.508 10 | 3.14 114.85 0.5 10 574.24 175200 880 114.33 22 6
0.356 120 | 3.14 14.36 0.5 10 71.78 175200 880 14.29 22 1
0.356 120 | 3.14 15.95 0.5 10 79.76 175200 880 15.88 22 1
0.457 120 | 3.14 9.57 0.5 10 47.85 175200 880 9.53 22 1
0.508 120 | 3.14 9.57 0.5 10 47.85 175200 880 9.53 22 1
0.305 120 | 3.14 9.57 0.5 10 47.85 175200 880 9.53 22 1
0.457 10 | 3.14 9.57 0.5 10 47.85 175200 880 9.53 22 1
0.508 10 | 3.14 9.57 0.5 10 47.85 175200 880 9.53 22 1
0.305 10 | 3.14 9.57 0.5 10 47.85 175200 880 9.53 22 1
1500 100
Table 4 : Equivalent annual cost of corrosion for carrier pipelines encased in hume pipe / culvert and buried
underground
Annual cost
Present factor
o worth factor
= Tax Present . n Equivalent
= Amount 1 credit value X (1 +1 ) annual cost
g Rupees VANEAYE Amount in Y Amount in
é (Rupees) (1 +i )n (l —t ) ( Rupees) (1 + Z) -1 ( Rupees)
Expenditure details =
E
g
@ ®
) ®) © | AXBX (E) D XE]
8|
Cathodic Protection using Once in
Zinc Strip Anode system 20 10,78.750 0.30 0.65 2,10,356 0.09 18,932
years
Cathodic Protection using Once in
Magnesium  Alloy  Anode 20 30,09,000 0.30 0.65 5.86,755 0.09 52.808
system years
Total Equivalent Annual Cost 71,740
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The annual cost of Cathodic protection for 1.9 km
pipelines is estimated as Rs.71,740

Annual Cost of Sacrificial Cathodic Protection System
for Carrier Pipeline in India

Assuming that the same environment is prevailing at all
places, annual cost of corrosion for entire carrier pipelines
in India has been estimated.

During 2012-13, the total network of carrier pipeline
(crude o1l and Petroleum product) in India was 20,755 km.

Length of pipeline is to be protected

Out of 14 km, only 1.9 km is needed to be protected. A
direct extrapolation of the same to the entire pipelines
(20,755 km) carrying crude oil and petroleum product in
India is worked out

1.9
Ta X 20,755 = 2,816.75 km.

Therefore 2.817 km total length of pipeline is needed to be
protected

Cost of protection

Annual cost of protection (corrosion cost) for 1.9 km is
worked out to Rs.71,740. A direct extrapolation of the
same to the pipelines carrying crude oil and petroleum
product (2,817 km length) in India is worked out

71,740
1.9

X 2,817 = Rs.10,63,63.989.50

Say Rs. 106 million

II1. CONCLUSION

Annual cost of corrosion for 1.9 km length of the pipeline
carrying crude oil and petroleum product has been
estimated as Rs.71,740. By direct extrapolation of the
same to the entire pipelines in India, the annual cost of
corrosion during the year 2012-13 has been worked out as
Rs.106 million.
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ENHANCED ANTIOXIDANT ACTIVITY OF GOLD
NANOPARTICLES EMBEDED SOLANUM TUBEROSUM
EXTRACT AND HPTLC QUANTIFICATION

Roopa Rani, Kiran Singh and ManMohan Srivastava
Department of Chemistry, Dayalbagh Educational Institute, Deemed University, Dayalbagh, Agra, India — 282110

Abstract— The facile synthesis of stable gold nano particles
embeded solanum tuberosum (GNPST) is demonstrated using
extract of Solanum Tuberosum. The best parameters for the
synthesis were NaAuCl, salt (0.1M, 2 pL) at room temperature.
The results were verified using UV-Vis spectrometry, XRD,
AFM and SEM. GNPST were monodispersed and of the size
(40 = 20nm). DPPH and Fenton bioassay indicated that GNPST
exhibit 12% enhancement in antioxidant activity. HPTLC
detection identified ascorbic acid as major antioxidant
compound in the potato extract.

Keywords: Antioxidants, HPTLC, Gold nanoparticles, Solanum
Tuberosum.

1.  INTRODUCTION

Synthesis of metal nanoparticles using biological
systems as an efficient sink has grabbed exceptional
attention due to their anomalous optical, chemical, photo
electrochemical and electronic properties [1]-[3]. Unlike
chemical protocols which demands expensive instruments
and results in release of inimical chemicals, biological
method is more facile, eco-friendly and results in more
mono dispersed nanoparticles. Gold salt when exposed to
alcoholic extracts of plant have resulted in the intra
cellular as well as extra cellular formation of metal
nanoparticles [4]-[7]. The rate of formation fop)
nanoparticles and therefore the size of the nanoparticles
could, to an extent, be manipulated by controlling
parameters such as pH, temperature, substrate
concentration and exposure time to substrate [8]-[10].
Plant extracts have been found to play an important role in
biosynthesis of gold nanoparticles of pharmaceutical
importance [11]-[12].

In the present work, use of methanolic extract of
Solanum  tuberosum 1s chosen for preparing gold
nanoparticles. Solanum tuberosum commonly known as
potato belong to the family Solanaceae. Potatoes are good
sources of antioxidant compounds, including polyphenols,
carotenoids and vitamins.

II. EXPERIMENTAL DETAILS
A. Reagents

Solanum tuberosum was procured from market,
DPPH (0.3mM in methanol), Methanol, Deoxyribose
(3mM), Ferric chloride (0.1mM), Ascorbic acid (0.1Mm),
EDTA (0.1mM), H,O, (1mM), Thiobarbituric acid (1% in
100 ml NaOH: 0.05 N), Trichloro acetic acid (5 % in
water), Phosphate Buffer Saline (pH 7.4), a-tocopherol
(0.1mM) were from Sigma Aldrich Pvt. Ltd, USA.

B.  Sample extraction

Potatoes (100g) were crushed in methanol (250ml)
and refluxed for 8 hours. The extract obtained was
centrifuged at 10,000 rpm for 15 minutes. The supernatant
was used as reducing agent for synthesis of gold
nanoparticle.

C. Biosynthesis of gold nanoparticles from Solanum
tuberosum extract

Doubly ionized water (10ml) was added to Solanum
tuberosum extract (4ml) and stirred continuously
at 25°C for 15 min. The stock solution of NaAuCl,
solution (0.1M, 2 pL) was added to the stirring mixture.
The colour of the mixture turned reddish brown from pale
yellow, indicating the formation of gold nanoparticles. The
gold nanoparticles thus formed were separated from potato
extract immediately using filter paper (Smicron).

D. Antioxidant determination DPPH assay:

The reaction mixture of dilution series (1-20 mg/ml)
of potato extract were incubated with methanolic DPPH
(0.03 mM, 1ml). The solution was allowed to stand for
30min at room temperature. Extracts when reacted with
DPPH, a stable purple coloured free radical was converted
mto colourless compound (o-o diphenyl [-picryl
hydrazine). The extent of decolouration indicates the
amount of DPPH scavenged [13]. The absorbance was
measured at 517nm using a-tocopherol as a reference
antioxidant. The percent inhibition of DPPH was
calculated using the formula: [(C-T)/C]X100, where C is
the absorbance of control and T is the test sample

E. Fenton’s assay:

The reaction mixture containing different dilution
series of potato extract were incubated with deoxyribose,
H,0,, FeCls, ethylene diamine tetra acetic acid (EDTA) in
phosphate buffer (pH 7.4). The reaction was terminated by
thiobarbituric acid (1ml, 1%w/v) and trichloro acetic acid
(2% w/v) by boiling in water bath for 15 min. The pink
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chromogen was formed resulting in the formation of
thiobarbituric acid reactive substance (TBARS); a-
tocopherol was used as a reference antioxidant. The
percent inhibition of OH generated was calculated using
the same equation mentioned above.

F. Characterization — of  Biosynthesized — Gold

nanoparticles

Gold nanoparticles prepared from Solanum tuberosum
extract was characterized by X-ray diffraction (XRD)
analysis, Atomic force microscopy (AFM), Scanning
Electron Microscopy, UV- Visible Spectral analysis. X-
ray diffractometer (Bruker AXS D8 Advance, Germany)
was used to determine the crystallinity and the lattice
properties operated at 40KV, current of 30 mA with Cu
Ka radiation. Scattered radiation was detected in the range
20 = 30°- 80°, at a speed of 2° per min. Atomic force
microscope (Nanosurf easy scan Switzerland; Version 1.8)
was used for the morphological observation of
biosynthesised gold nanoparticles. All scans were
performed in air with commercial Si nanoprobe tips.
Height and phase images were obtained simultaneously in
tapping mode at the fundamental resonance frequency of
the cantilever with a scan rate of 0.5-0.8 Hz. The
oscillating amplitude was 0.5 V. The morphological
characteristics of gold nanoparticles were also evaluated
using Table tops SNE-3200M Scanning Electron
Microscope at working voltage 30 KV with 700X
magnification. UV-Vis spectroscopy (Shimadzu 2450
UV-Vis spectrometer) is also one of the most important
techniques to characterise gold nanoparticles. The
absorption behaviour arises due to Surface Plasmon
Resonance, which originates from coherent oscillation of
the electrons in the conduction band of the nanoparticles
induced by the electromagnetic field. The SPR band of
gold nanoparticles at scanning range between 200-800 nm
was observed.

G. HPTLC Estimation of Major antioxidant

HPTLC analysis was performed on a computerized
densitometer scanner controlled by Win-CATS planner
chromatography manager version 14.4. (Camag,
Switzerland). Various steps involved in the estimation of
major antioxidant of Solanum tuberosum (potato) extract
were as follows - Standard preparation: Stock solution of
standard ascorbic acid (lmg/ml) was prepared by
dissolving ascorbic acid in methanol, Loading of the
samples: 20cm x 10cm HPTLC plates coated with silica
gel 60 Fys4 (E. Merck, Darmstadt, Germany) were used for
analysis. The samples were applied at 10mm from the base
of HPTLC plate by means of Camag (Switzerland)
Linomat V sample applicator using a syringe (100 pl,
Hamilton, Switzerland), Developments of bands. Plates
were developed in a Camag twin-trough chamber with
optimised mobile phase [Ethanol: Acetic acid: Toluene
(5.5: 1: 1.5, vivIv)], Visualization of bands: TLC plates
were visualized in HPTLC Visualizer at 254 and 366nm,

Qualitative and  quantitative assay: Densitometric
scanning of the HPTLC plates was done in HPTLC 3
Camag Scanner at 200nm controlled by WinCATS planar
chromatography manager version 1.4.4. (Camag,
Switzerland).

III. RESULTS AND DISCUSSION

Synthesis of gold nanoparticles

Desired Gold nanoparticles were synthesized from
sodium tetra chloroaurate solution containing Au’" ions by
treating with solanum tuberosum extract. The colour of the
solution changed to reddish brown within 5 min of
reaction with the Au’™ ions. The appearance of the deep
brownish colour indicated formation of gold nanoparticles
with size (40 = 20nm).

Characterization of gold nanoparticles

A. X-ray Diffraction (XRD) of gold nanoparticles

The diffraction peaks at 26 =38.15° (1 1 1), 44° (20 0),
63.9° (22 0) and 77.25° (3 1 1) obtained [Fig. 1] are
identical with those reported for the standard gold metal as
per recommended by Joint Committee on Powder
Diffraction Standards-JCPDS, USA. The crystallite size
was estimated from the full width at half-maximum
mtensity (FWHM) of the reflection using Scherrer’s

equations: B = V(FWHM)? - (0.045)*= X: Bragian = — = V:

180
t= %; where B is the breadth of the peak of a specific

phase (26=38.15 in our case), K is a constant that varies
with the method of taking breadth (K=0.94), X is the
wavelength of incident X-rays (A=0.15418nm), 6 is the
centre angle of the peak, and L is the crystallite length
(size). The crystalline size obtained was 32.10nm. The
reference crystal size is 40 £ 20nm.

5

Intensity (a.u)
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Fig.1 X-RD of gold nanoparticles

B. Atomic Force Microscopy

Topography - Scan forward

Fig.2 AFM of gold nanoparticles
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From the topographical view, it is evident that the
most of the nanoparticles are in spherical shape [Fig. 2].
The average roughness of the particles was found to be
13.39 nm.

C.  SEM of gold nanoparticles

Fig. 3 SEM of gold nanoparticles
Information on the morphology of gold nanoparticles
obtained from  Scanning Electron = Microscopy
measurements. The image [Fig. 3] revealed that
nanoparticles are mainly spherical in shape and are not in
physical contact but are separated.

D. UV-Vis Spectra of gold nanoparticles
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Wavelength (nm) of gold
nanoparticl

€S

The UV- visible light absorption of gold nanoparticles
was monitored in the range of 200-800 nm. In case of gold
1ons reduction, the bands corresponding to the Surface
Plasmon Resonance (SPR) occurred at 530 nm [Fig. 4].
Earlier studies have established that SPR band of gold
nanoparticles appears around (500-550nm).

E. DPPH and Fenton bioassay of antioxidant activity
of Solanum Tuberosum extract

Solanum  Tuberosum  (potato) extract showed
antioxidant behaviour in terms of percentage inhibition
83% for DPPH radicals at the concentration range 20
mg/ml. Reference antioxidant o-tocopherol inhibited
98.98% of DPPH radicals at the same concentration. The
free radicals were scavenged and solution becomes yellow
because of formation of a-o diphenyl-p- picryl hydrazine.
The extent of decolouration indicates the amount of DPPH
radical scavenged. Similarly, potato extract showed

antioxidant behaviour in terms of percentage inhibition

84.1% against OH radicals at the concentration range 20
mg/ml in Fenton’s assay. Reference antioxidant o-

tocopherol inhibited 99.51% of OH  radicals at the same
concentration. The rate of degradation of deoxyribose
sugar in test samples was compared with control in terms
of appearance of pink chromogen with thiobarbituric acid.
ICs values of potato extract were calculated using DPPH
and Fenton assay and found to be 9.34mg/ml &
8.36mg/ml, respectively.

F. Enhanced antioxidant activity —of  Solanum
Tuberosum embedded gold nanoparticles
The antioxidant behaviour of synthesized gold
nanoparticles of potato extract with that of the native
potato extract was examined using DPPH assay. Gold
nanoparticles and native potatoes showed percentage
mhibition 98.34% and 83% against DPPH radicals at the
concentration range 20 mg/ml respectively. It is concluded
that there i1s 15% enhancement in antioxidant behaviour,
further confirmed by lowering in ICs, value (9.34) to
(5.87) [Fig. 5]. The observed enhancement in the
antioxidant behaviour can be ascribed to the fact that,
nanoparticles have advantages over bulk materials due to
their surface plasmon resonance (SPR), enhanced
Rayleigh scattering, surface enhanced raman scattering
(SERS) in metal NPs and quantum size effect.

%18: 1
é%-
S 6 -
g 2 -
Cl_
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Native potato gold nanoparticles

Fig. 5 IC5 value of raw potato and gold nanoparticles

G. HPTLC detection of major antioxidant in Solanum
Tuberosum extract

HPTLC chromatogram was developed using
optimized solvent system as ethanol: Toluene: Acetic acid
[6:1:1 (v/v/V)]. A linear calibration curve was obtained on
applying the increasing concentration of standard ascorbic
acid in the range (2- 14 pl). The presence of Ascorbic acid
in the sample was confirmed by its R¢ value of 0.66 + 0.03
matching with that of standard Ascorbic acid having R
0.66. Ascorbic acid in the sample was measured
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quantitatively (1.30 + 0.40 mg/g) in potato. Recording of
their UV spectra further confirmed by the presence of
characteristic peak of ascorbic acid in the potato extract,
matching with the peak of standard ascorbic acid at A,
254nm.

.................

Fig 6: UV spectra of standard ascorbic acid and potato extract
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Fig. 7: Chromatographic profile of potato extract
IV. CONCLUSIONS

Biosynthesis of gold nanoparticles embeded with
plant extracts having reducing agents such as citric acid,
ascorbic acid, flavonoids and extracellular electron
shuttlers play important role in the enhancement of various
bio efficacies.
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Abstract—TheSeebeck Coefficient for the strontium
ferrites Sry \RE;Fe; ;0,9 (Where RE = Dy, x = 0.0, 0.10, 0.20
and 0.30), which have been prepared by employing the
ceramic technique, were studied in the temperature range
313-473K. The value of thermoelectric power seems to
increase with increasing temperature where as the AC
conductivity has been observed to be independent of
frequency at high temperatures for all values of x. In the
relatively low temperature region, thermoelectric power
value has been found to be negative confirming that the
majority of carriers are electrons thereby indicating the rare
earth substituted strontium ferrites to be classified as n-type
semiconductors. The X-ray diffraction patterns show that the
prepared samples have a single phase.  The lattice
parameters ‘c’ and ‘a’ were found to decrease whereas the X-
ray density increases with increasing REcontent. It has been
found that the value of electrical conductivity also increases
with an increase in RE content. The dispersion of dielectric
constant has been discussed in the light of Koops model and
hopping conduction mechanism.

Keywords—Hexagonal ferrites, X-ray diffraction, Scanning
electron microscope, Thermoelectric power, AC conductivity .

L INTRODUCTION

he hexagonal ferrites, MFe;;0;9 (M= Ba, Sr and Pb)

are well known as permanent magnetic material which
have magnetoplumbite structure and exhibit large
spontaneous magnetization with strong anisotropy [1] M-
type  hexaferrite have widely been used in
telecommunication, magnetic recording media, magneto-
optics  and devices [2-5].  Strontium
hexaferriteSrFe;,0,, 1s a hard magnetic material due to high
coercivity (6.64 kOe) which originates from its high
magnetocrystalline anisotropy and is strongly dependent on
the size and the shape of the particles. The Curie
temperature of SrFe ;0o is around 470°C and the saturation
magnetization between 74.3 and 92.6 emwg [6-
11].Hexagonal stronttum ferrites have been intensively
mvestigated during the last few decades due to their
considerable importance in the electronic material industry.
The hexagonal Barium (BaM) and Strontium ferrite (SrM)
are considered to be excellent candidates for magnetic
recording media and characterized with  high
magnetocrystalline anisotropy, moderate hard magnetic
properties and high chemical stability, compared with other

microwave

magnetic materials. The thermoelectric power of hexagonal
ferrites has rarely been studied. The thermoelectric
propertiesof hexagonal ferrites depend on the preparation
conditions such as sintering temperature, sintering
atmosphere and the soaking time as well as the type of the
substituted 1ons.The common processing methods of
hexagonal ferrites are conventional ceramic process of
solid-state reaction, co-precipitation method, sol-gel process
and molten salt method [12-14] etc .The conventional
ceramic process includes the mixing the raw materials,
calculation, milling, pressing and sintering at 1150- 1200°C.
In a fine particle form, Strontium ferrite is suitable for high
density recording media. Ultra fine strontium ferrite powder
with narrow particle size distribution is desirable to increase
the capacity of information storage as well as to reduce the
medium noise [15].

In the present work the temperature and composition
dependence of thermoelectric properties of rare earth
doped stronttum M-type hexagonal ferrites Sry.
REFe;;0owhere RE=Dy) has been studied at different
frequencies and temperatures. Structural properties and
particle size of hexaferrite have also been investigated by
employing XRD technique.

II. EXPERIMENTAL

Strontium  hexaferrites  (SrFe;,O.) of nominal
composition (x = 0.0, 0.10, 0.20 and 0.30) were
synthesized starting from ball-milling mixtures of SrCO;,
Fe,Osand Dy-rare earth ion for 12h. After drying at 60°C
for 6h, the powder mixture was heated at temperature of
800-1150 °C for 4 h in a lid covered alumina crucible with
a heating rate of 5° C/min in air and were cooled to room
temperature in furnace. In order to make the sintered
magnet , the strontium ferrite powder were wet mixed in
acetone medium with addition of 4% polyvinyl alcohol
(PVA) binder solution by using a ball mill. The mixture
were reground again for Shrs and the final fine powder
were pressed in disk-shaped pellets with thickness ranging
from 2- 4mm and with diameter from 7-
9mm.Subsequently the pellets were sintered in a resistance
heated furnace for 3hrs at beach specified level of
sintering temperature ranging from 950 to 1250°C. The
samples were then slowly cooled to room temperature.
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The structural characterization was carried out by
employing X-ray diffraction(XRD) technique using a X-
ray Diffractometer (XPERT-PRO) with CuK, (A =
1.5406) radiations.The electric properties of the samples
were measured by HP4284A precision LCR meter having
frequency range from 20 Hz-1MHz. All the measurements
have been carried by using a cell having platinum

electrodes.

111 RESULTS AND DISCUSSION

The XRD pattern obtained for different molar
concentration in the prepared samples of Sr; RE.Fe;;01
(where RE=Dy) ferrite sintered at 1250°C for 6hrs have
been shown m Fig. 1. The analysis reveals that the
prepared samples have single hexagonal M-type phase. All
peaks correspond to hexaferritebut for the substitution x =
0.30, where extra peaks of hematite (0-Fe,O;) and
tetragonal Sr;Fe,O-have been observed, indicating that
Dy for x = 0.30 did not substitute totally into the Sr M-
type structure resulting in incomplete reactions between
Fe*” and Sr*" This is further indicated by tracing of
secondary phases in these samples and 1s attributed to the
preparation process. The respective peaks show that a
magnetoplumbite structure has been formed. The variation
in relative intensities of peaks may be related to the
occupation of lattice sites by substituted ions . It is
observed that both ‘a’

cc <
©
N x=0.30
©

c ©
©
8

(merstyae)

e | 5
s slfeg ) § 3

Fig.1. XRD Patterns of SriDysFe;010 for compositions
() X=0, (b)X=0.10.(c)X=0.20 and (d)X=0.30

and ‘c’ decrease continuously with increasing substituted
amount of rare earth ions in the ferrites. The observed
variation in the lattice constants can be explained on the
basis of relative ionic radii of Sr and Dy which are 1.12 A

for Sr and 0.912A for Dy respectively. Since Dy*" ions
have ionic radii less than that of the ionic radii of Sr*~
ions, the replacement of Sr** ions by Dy*” ions results in
the decrease of unit cell dimensions of hexagonal lattice.
The peak for the doped strontium ferrites appears at the
same position as for undoped ferrite, with different
intensities[16].

The X-ray density or theoretical density (T.D.)of all the
samples was determined by the relation given by equation

2nM

o J3.Nad’c

where n 1s number of atoms, M 1s molecular weight, N, is
Avogadro’s number per gram mole and ‘a’ and ‘¢’ are
lattice constants.The bulk X-ray density (B.D.) is
measured using Archimedes’ Principle. The porosity of all
samples was calculated from the measured values of X-ray
density and experimental density by using

P =(T.D-B.D)/T.D x 100%

The values of observed density and porosity are listed in
Table 1. It has been observed that density increases
continuously with increasing substituted amount of rare
earth ions for the series.This can be attributed to the
atomic weight and density of rare earth ions (162.5amu
and 8.53 g/em®) for Dy*" which are higher than those of
Sr*” (87.6amu and 2.54 g/cm’). The replacement of Dy’
by Sr*” ions in the hexagonal structure leads to a variation
in the bonding and consequently interatomic distance and
density. The oxygen ions which diffuse through the
material during sintering also accelerate the densification
of the material [16]. The apparent density of the sample
reflects the same general behavior as the theoretical
density. The X-ray density is higher than the apparent
value due to the existence of pores which depends on the
sintering condition. The porosity decreases as the rare
earth content increases which reflects the opposite
behavior of density.

Table 1. X-ray density D, Observed density. D and Porosity P (%)
of SrixDysFe;»010 with (x= 0 to 0.30)

Composition (x) | D(g/cm’) | Dy(g/cm’) P(%)
0 4.20 5.07 17.03

0.10 4.28 5.12 16.31

0.20 33 5.16 16.07

0.30 4.39 5.22 15.97

Figure 2 shows plot of log 6,¢ against 10*/T. It has been
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observed that o, exhibits a semi- conductive behavior
with the temperature and increases with increasing
temperature. The conductivity also increases with increase
in X. The results of AC conductivity could be explained on
the basis of Koops Model [17], which assumes that ferrite
samples act as a multilayer capacitor in which the ferrite
grain and grain boundaries have different properties.
According to this model, the bulk material of the ferrite
could be considered as consisting of two layers, one
representing the grains (a conducting layer) and the other
representing the grain boundaries (a poor conducting
layer). The grains having high conductivity are effective at
high frequencies. However the grain boundaries with low
conductivity are effective at lower frequencies.

0

——x=0
——x=0.10
——x=020

——x=0.30

log ¢’

log f (Hz)

Fig. 2.Variation of AC conductivity with frequency for
Sr1xDyyFen019 series at different compositions

The wvariation of the Seebeck coefficient with
temperature for three series prepared with RE = Dy’ are
shown in Fig3. It 1s observed that the value of
thermoelectric power for Sr-Dy ferrites increases with
increasing temperature. Throughout the temperature range,
the thermoelectric power value has been found negative
confirming that the majority of the charge carriers are
electrons. On the basis of its negative sign, the rare
earthsubstituted strontium ferrites have been classified as
n-type semiconductors. A similar variation of the
thermoelectric power with temperature has been reported
for different ferrite systems [18,19]. The experimental
values of Seeback coefficients have been tabulated in
Table 2.

-280
Dy ——x=0
—s—x=0.10
200 b
4 200 ——x=0.20
=
= ——x=0.30
7~
~ .120 M
40 ! I 1 I
300 350 400 450 500 550
Temperature (K)

Fig.3. Variation of Seeback coefficient with temperature for
Sr1xDyxFenOieseries for different compositions

The carrier concentration for these ferrite samples was
calculated using the formula given by Morin and
Gebella [20]

Nexp (—22)
n=Nexp
k

where S = Seebeck coefficient, e = charge of electron,
i= Boltzman constant and N = density of states or
concentration of electronic levels involved in the
conduction process. In this case N = 2.8 x 10% the
number of octahedral cation sites/cm’ of ferrite. The
variation of charge carrier concentration (n) with
temperature is shown in Fig. 4. It is observed that the
value of charge carrier concentration increases with
increase of temperature. Similar variation of nwith
temperaturehas also been observed in Ba-Zn hexaferrites
[21].

——x=0
15 —a—x=0.10
"z —a—x=0.20
S
a ——x=0.30
R 1.0
“
=
0.5
0.0 . L . L
300 350 400 450 500 550

Temperature (K)

Fig.4. Variation of carrier concentration with temperature for
forSryxDysFe,010 series for different compositions

The computed values of carrier concentration are included
in Table 2. It has been observed from the table that the
value of charge carrier concentration also increases with
an increase in Dy content.

Table.2.Room temperature electrical conductivity and thermoelectric
power data of Sty DyFe;,Oyjnfor different compositions

Composition Seebeck Carrier Carrier
(x) Coefficient | Concentration | Njopjlityp
S(uV/K) n(10™/Cm) (cm’/Vs)

0 -45 0.15 8.5x107"
0.10 73 0.28 6.42x10™"
0.20 -104 0.32 2.5x107°
0.30 -115 0.36 8.03x107°

Table 2 also gives the experimental values of Seebeck
coefficient and electrical conductivity values at room
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temperature for the series prepared with RE =Dy*". The
values of Seebeck coefficient vary from -45pV/K to -
115uV/K for different values of x. The values of charge
carrier concentrationhave also been found to increase with
an increase in RE content. Similar behavior of the
electrical conductivity has been reported [21].

IV.

The aim of the present work is to investigate the

thermoelectric properties due to rare earth substitution in
place of Sr*" ion in hexagonal ferrites and to understand
the various physical phenomena and mechanisms that lead
to modifications in their properties. It has been observed
that the replacement of Sr*” ions by RE = Dy’ ions in
SrixREFe ;O ohexaferrite yields hexagonal ferrites to a
certain extent of unreacted oxides with an additional
phases.
The observed variation in the lattice constants can be
explained on the basis of relative ionic radii of Sr and Dy ,
which are 1.12 A for Srand 0.912A for Dy respectively.
Since Dy’” ions have ionic radii less than that of the ionic
radii of Sr*” ions, the replacement of Sr*” ions by Dy’
ons results in the decrease of unit cell dimensions of
hexagonal lattice. The increase in bulk density with rare
earth substitution may be attributed to the atomic weight
and density of these ions, which are higher than those of
strontium ions. The replacement of Sr** by Dy’ ions in
the hexagonal structure leads to a variation in the bonding
and consequently interatomic distance and density. The
bulk density of the sample reflects the same general
behavior as of the X-ray density. The X-ray density is
higher than the bulk density value due to the presence of
pores which depends on the sintering conditions. The
porosity decreases as rare earth content increases thereby
reflecting the opposite behavior of density. The negative
values of the thermoelectric power found over the entire
temperature range confirm that the majority of the charge
carriers are electrons. On the basis of its negative sign, the
rare earth substituted stronttum ferrites have been
classified as n-type semiconductors.

CONCLUSIONS

REFERENCES

[1] S. Che, J. Wang and Q.W. Chen “Soft magnetic
nanoparticles of BaFe;;Oy fabricated under mild
conditions™J. Phys: Condens. MatterVol. 15 (22), pp
1.335-1.339, 2003

[2] M. Sivakumar, A. Gedanken, W. Zhong, Y.W. Du, D.
Bhattacharya, Y. Yeshurun, and I. Felner “Nanophase
formation of strontium hexaferrite fine powder by the
sono chemical Imethod using Fe(CO)s”J Mag.
&Mag. Mater Vol268(1-2), pp 95-104, 2004.

[31 Y.P. Fu, C. H. Lin, K..Y. Pan.”Strontium hexaferrite
powders prepared by a  microwave-induced

(4]

(5]

(6]

(71

(8]

(]

[10]

[11]

(12]

[13]

(14]

[15]

[16]

combustion process and some of their properties”.J.
Alloys Compd.,Vol. 349(1-2)  pp 228-231, 2003.
M.J. Igbal, M.N. Ashiq, P.H. Gomez and J.M. Munoz,

“Synthesis, physical, magnetic and electrical
properties of Al-Ga substituted co-precipitated
nanocrystalline strontium hexaferrite”, J. Mag. and

Mag. Mater., Vol. 320(60) pp 881-886, 2008.

S.V. Ketov, Yu.D. Yagodkin, A.L. Lebed, Yu.V.
Chernopyatova and K. Khlopkov, “Structure and
magnetic properties of nanocrystalline SrFe;;0y alloy
produced by high-energy ball milling and annealing”
J Mag. and Mag.
Mater., vol. 300(1), pp e479-e481, 2006.

N. Rezlescu, C. Doroftei, E. Rezlescu and P.D. Popa,
“The influence of heat-treatment on microstructure
and magnetic properties of rare-earth substituted
SrFe;,04o, J. Alloys and Compounds, vol. 451 (1-2),
pp 492-496, 2008.

JF.Wang, C.B. Ponton and L.R. Harris, “A study of
Pr-substituted strontium hexaferrite by hydrothermal
synthesis” J. Alloys and Compounds, vol. 403(1-2),
pp 104-109, 2005.

J. Fang, J. Wang, L. Gan, S. Ng, J. Ding and X. Liu,
“Fine Strontium Ferrite Powders from an Ethanol-
Based Microemulsion”, J. Amer. Ceram. Soc, vol.
83(5), pp 1049-1055, 2000.

J. Ding, W.F. Miao, P.G. McCormick and R. Street,
“High coercivity ferrite magnets prepared by
mechanical alloying” J. Alloys and Compounds, vol.
281(1), pp 32-36, 1998

L. Rezlescu, E. Rezlescu, P.D. Popa and N. Rezlescu,
“Fine barium hexaferrite powder prepared by the
crystallisation of glass”, J. Mag.and Mag. Mater.
vol. 193(1-3). pp 288-290, 1999.

Y .P. Fuand C.H. Lin, “Fe/Sr ratio effect on magnetic
propemes of strontium ferrite powders synthesmed by
microwave-induced combustion process”, J. Alloys
and Compounds, vol 386(1-2), pp 222-227, 2005.
H.Zhang , L. Li, J. Zhou, Z. Yue, and Z. Gui,
“Microstructure characterization and properties of
chemically synthesized Co,Z  hexaferrite”,
J.Europ.Ceram.Soc., vol 21(2) pp 149-153, 2001

Y. Hayashi, T.Kanazawa and T.
Yamaguchi,“Preparation of acicular NiZn-ferrite
powders”. J Mater.Sci., vol 21(8), pp 2876-2880,
1986.

T. Kimura, T. Takahashi and T.
Yamaguchi,“Preparation and characteristics of Ni-
ferrite powders obtained in the presence of fused
salts” J. Mater. Sci., vol 15(6), pp1491-1497, 1980.

T. G. Carreno, M.P. Morales and C.J. Serna, “Barium
ferrite nanoparticles prepared directly by aerosol
pyrolysis” Mater. Lett., vol 43(3), pp 97-101, 2000
AKatoch and T. Singh, “Temperature and
composition dependence of structural, electrical and
dielectric properties of rare earth doped ferrites” in
Proc. ICETEC, pp76-84, 2013.

E3): AMRITSAR COLLEGE
OF ENGINEERING & TECHNOLOGY
SEERF?" NBA Accredited | NAAC Accredited

Department Of Applied Sciences

30



National Conference on Advances in Material Sciences

April 4-5, 2014

ISBN: 978-81-924867-2-7

[17] C.G. Koops, Phys. Rev., “On the Dispersion of
Resistivity and Dielectric  Constant of Some
Semiconductors at Audiofrequencies”, Phy. Rev.,vol

83(1),pp 121-124, 1951.

[18] D. Ravinder, “Thermoelectric power studies of zinc
substituted copper ferrites”J. Alloys & Compounds,

vol291(1-2).pp208-214, 1999.

[19] D. Ravinder, D and A.C.S Reddy, “Thermoelectric
power studies of Co-Ge ferrites” J. Alloys and

Compounds, vol 353(1-2), pp 86-90, 2003.

(200 F. J. Morin and T. H. Gebella, “Electrical
Conductivity and Seebeck Effect
in Nig goFe; 2004 Phys. Rev., vol. 99(2), pp 467-468,

1955.

[21] M. Saadawy and M. M. Barakat, “Electrical
conductivity of cobalt-doped BaZn hexagonal
ferrites”, J. Magn. and Magn. Mater., vol 205(2-3),

pp 319-322, 1999.

B3 AMRITSAR COLLEGE Department Of Applied Sciences

NBA Accredited | NAAC Accredited

31



National Conference on Advances in Material Sciences

April 4-5, 2014 ISBN: 978-81-924867-2-7

Utilization of Polymer Nanocomposites for Power
System Equipment’s

Isaac Ramalla®
“Research Scholar, Department of Electrical Engineering, University of petroleum and Energy Studies, Dehradun, India.

Abstract—Among various types of materials for electrical
insulation in power system equipment, polymers have been
commonly used for more than five decades. They are usually
manufactured with additives to meet design requirements.
Intense researches are currently focused on nanocomposites,
which are synthesized with nano-scale particles as fillers and
conventional polymers as matrices. The key challenges yet to
overcome are the poor dispersion and the low fillermatrix
interactivity. In this paper, plasma technology, for the very
first time, is utilized to engineer the surface of the
nanoparticles for fabricating nanocomposites with advanced
dielectric and electrical insulation properties. First, an
atmospheric-pressure plasma (APP) system is developed.
APPs carried by inert gas are employed to tailor the surface
of silica nanoparticles with existing silane functional groups.
In addition, a plasma polymerization system is developed to
provide an alternative fabrication process, where the plasma
is carried out under low pressure with specified monomers.
In this case, plasma polymerization takes place on the pure
silica nanoparticles and functional plasma polymer layers
can be coated on their surfaces. For both methods, results of
chemical and morphological characterization indicate that
the filler-matrix bonding is enhanced and the dispersion is
improved in the epoxy resinbased nanocomposites. Electrical
tests showed improved partial discharge (PD) characteristics,
breakdown strength, electrical ageing resistance, space
charge distribution, and dielectric constant in the
nanocomposites with plasma modified fillers. These
improvements can be explained from the perspective of the
immobilization of polymer molecules by the reinforced filler-
matrix bonding, carrier trapping effects by the altered
electrical double layer around the nanoparticles, and the
barrier effects by good dispersion of the nanoparticles. The
outcome of this research provides an effective, economic, and
environment-friendly approach for synthesizing high
performance nanocomposite insulation materials. It is also
generic that can be utilized in the fabrication of novel
nanocomposites for a wide range of applications.

Keywords— plasma polymerization technology, epoxy resin
based, nanocomposite, electrical insulation technology.

L INTRODUCTION

Polymers have been serving as electrical insulation
materials in power systems for more than half a century.
Polymers have been widely used in the power systems
since the 1960s [1]. They can be used alone as insulators,
bushings, surge arresters, cable determinations, and bus
bar insulation [2].Also, polymer housing is applied to
enhance the performance of porcelain insulators [3]. From
the perspective of the material, polymers consist of two or
more polymeric compounds with a number of structural
units bound by covalent bonds [4]. Epoxy resinis the most
widely used thermoset polymer due to its high mechanical

properties, heat andchemical resistance, and good
adhesion to metal conductors [5, 6]. Cross-linked
polyethylene(XLPE) 1is another important thermoset

polymer, which is commonly employed as the insulationof
high-voltage cables [7]. Other additives, such
asantioxidants, plasticizers, pigments, flame retardants,
UV stabilizers, etc, are also applied toimpart desired
properties to microcomposites which are extensively
utilized in power systemscomponents and apparatus [2].
The improved properties of microcomposites are attributed
to the high content of the fillers.

However, such a high loading rate usually results in
decrease of dielectric strength [14]. Thedielectric constant
may significantly increase due to the Maxwell-Wagner
polarization effect[15]. These properties are considered
detrimental to the electrical insulation in power
systemdesign. To this end, researchers are seeking the use
of nanocomposites, which consist only of asmall amount
of nano-sized inorganic fillers dispersed in pristine
polymer matrices, as the nextgeneration of filled resin
insulation materials [16]

II. HELPFUL HINTS

A.  Key problems and existing methods

Due to the enormously large specific surface area of
nanoparticles, the interfacial region can take up to a few
tens of percent of the total volume of the
nanocomposites[34]. To achieve desired properties of the
interfacial region, two major factors need to be taken into
consideration. First, homogeneous dispersion 1s required.
In the case of agglomerated or

clustered nanoparticles, the average particle size is
significantly increased, thus the materials may turn into
microcomposites. Traditional methods to enhance the
dispersion include mechanical blending and ultrasonic
bathing [35]. However, the key factor dominating the
dispersion is the compatibility between the surface of
nanoparticles and the host polymer. Traditional methods to
enhance the dispersion include

mechanical blending and ultrasonic bathing [35].
However, the key factor dominating the dispersion is the
compatibility between the surface of nanoparticles and the
host polymer. The procedures are rather complicated and
the agents are usually toxic. As an alternative, plasmas are
believed as powerful tools for surface modification of
nanomaterials[41]. Plasma surface modification 1s
considered as a clean, effective, economical substitution
forwet-chemical methods. It is also more versatile as the
resultant surface chemistry of thesubstrate is highly
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dependent on the plasma parameters, which can be
customized according toparticular demands.

B.  Existing modification methods for nano
composites

The plasma-treated alumina was consolidated to

bulk. It was found that the mechanical strength of such a
material was improved due to promoted particle-particle
adhesion [47]. His group used the same setup to coat
polystyrene thin films on carbon nanofibres (CNFs) and

found improved strength of the polystyrene/CNFs
nanocomposites [48]. In 2005, Cao implemented a
capacitively coupled plasma (CCP) reactor, and

successfully performed coating hydrogenated carbon films
on metallic nanowires and silica nanoparticles [49].
Plasma deposition on ceramic nanoparticles has been
carried out by Timmons. His group employed a 360°
rotating plasma reactor to break down the aggregation and
mtroduce film deposition on the nanoparticles uniformly
[50]. This techniques was then used to coat functionalize
BTO nanoparticles with reactive amine groups. The
epoxy/BTO  nanocomposites  obtained  improved
mechanical  strength and  significantly increased
glasstransition temperature as compared to the epoxy resin
with the non-treated BTO nanoparticles [37].

C.  Nanoparticles

A series of fumed silica nanoparticles provided from
EVONIK are wused as the fillers forsynthesizing
nanocomposites in the present thesis. The models of
nanoparticles and theirparameters are given in Table 1.1.
Among these nanoparticles, the AEROSIL R 812 and R
972 silica nanoparticles have been surface functionalized
with silane.

Chemical Surfa
Composi | Model ce Functionalizati | Wettabili
tion No area on ty
AER | 110%
OSIL 20 Dimethdiehler | Hydroph
S10, 972 m’/g | osilane (DDS) obic
AER | 260
OSIL | *30 | Hexmethldisilo | Hydroph
Si10, 812 m’/g | xane (HMDS) obic
AER | 380
OSIL *30 Hydroph
Si0, 812 | m'/g N/A obic

D.  Characteristics of Epoxy/SiO, Nanocomposites
Epoxy resin is widely applied in electrical equipment,
electronic components and integrated circuits due to its
flexibility and electrical insulation properties.Its
performance canbe severely degraded over long term
operation under electrical, mechanical and
environmentalstresses. Recent reports showed that the
incorporation of nanometric particles can enhance
theelectrical properties and ageing resistivity of traditional
polymers [25, 74, 75]. Samples with relatively
lownanoparticle content are prepared by direct mixing

method. The electrical insulation propertiesare tested by
carrying out a proposed surface ageing tests with self-
developed needle-to-needleelectrodes. Epoxy resin is
selected as the host polymer for the composite system.
Specifically, bisphenol-A  diglycidyl ether(BADGE),
which 1is the reaction product of bisphenol-A and
epichlorohydrin, is used as thepre-polymer resin, while
triethylenetetramine (TETA) is chosen as the hardener.
Thisthermosetting epoxy resin is particularly applied for
electrical insulation. AEROSIL® R 972 SiO2
nanoparticles are selected as the filler. This type of
nanoparticles has aspecific surface area of 110 = 20 m2/g
and an average particle size of 16 nm. The nanoparticles
are after-treated with dimethyldichlorosilane (DDS).
Sample preparation and Electrical testsFirst, 0.3 g of the
silica nanoparticles is dispensed into 10 g of thepre-
polymer epoxy resin. Then the mixture undergoes
ultrasonication for 30 min, followed by 30 minutes
blending by the overhead stirrer. After that, 4 g of the
curing agent is added to theslurry. Subsequently, the
blending 1s performed for another 30 minutes. Degassing
1s thenperformed under low pressure (~1 Torr) until all air
bubbles are extracted. Subsequently, themixture is poured
mto plastic moulds and undergoes another degassing
process. The weightratio of resin and curing agent is 10:4,
while the concentration of the nanoparticles is 2.14 wt%.A
pristine epoxy resin counterpart is also fabricated
according to identical procedures withoutintroducing the
nanoparticles. All samples are shaped into round pellets
with a thickness of 3

mm and a diameter of 20 mm. Electrodeconfiguration is
suggested in ASTM Standard D495 to create highly
divergent electric field on thesurface of the samples [77].
Specifically, the sample pellet is placed on an insulating
stage witha pair of needle-to-needle electrodes pressing on
the top surface. The electrodeneedles are made of steel and
have a tip radius of 1.3 um. The distance between the two
needletips i1s 4 mm. They are placed at an angle of 45° to
the horizontal plane and in contact with thetop surface of
the pellet with equal force. Potential D activities along the
surface during the ageingprocess are simultaneously
monitored. For each material, the electrical test 1s carried
out on four samples pellets withthe same composition.
Results with good repeatability are obtained. Results and
Discussions

With this electrode configuration, surface discharges along
the surface of the sample pellet arethe predominant
sources of PD activities. The PD patterns at the inception
stage of each sampleare shown in figure 1.1 One can
clearly observe the “hill-shape” feature, which is typical
forsurface discharges, in the PD patterns of both samples.
It is also noted that the inceptionvoltage of the pristine
epoxy resin (1.61kV) 1is lower than that of the
nanocomposite (1.74kV). Moreover, the integrated PD
quantities, namely the average PD magnitude (qaverage),
themaximum PD magnitude (gmax), and the PD repetition
rate (n), are extracted from the PDpatterns and shown in
table 1.2. The average and maximum PD magnitudes of
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both samples are similar to each other. However, the PD
repetition rate of  the nanocomposite 1s
dramaticallyreduced compared to the pristine sample,
indicating that the surface of nanocomposite hasa
suppressing effect on the occurrence.

(a) 45 T T T T T T T
40 1

Discharge Magnitude (pC)
i

; . "
150 200 250 300 350
Phase Position (Degree)

Figure 1.1: PD patterns at the inception voltage of (a) the pristine epoxy
resin sample (1.61 kV)

PD Average Maximum
repetition PD PD
rate (count | magnitude | magnitude
per second) | (pC) (pO)
Pristine 136 9.8 29.1
Nanocomposite 68 14.4 40.3

Table 1.2: Integrated PD quantities of surface discharges
at the inception voltage of the pristineand the
nanocomposite sample.

It is found that the PDrepetition rate of the nanocomposite
sample 1s noticeably lower than the pristine sample
atlower voltages (2kV and 2.5kV) in both half-cycles,
whereas more PDs are detected in thenanocomposite
sample at 3 Kv. In the surface ageing test, the applied
voltage 1s held at 3 kV (rms). Figure 1.1demonstrates
thevariation of the PD pattern of the pristine epoxy resin
and epoxy resin/S102 nanocomposite overthe ageing time.
In the beginning (Omin), the PDs of the pristine epoxy
resin isrelatively weak in both magnitude and repetition
rate as compared to the nanocomposite. This is due to the
slight difference of initial roughness of the sample pellets.
However, thesurface discharge of the nanocomposite
sample 1s weakened at later stages (20 min and 40 min). It
1s clear evidence that the insulationperformance 1is
degraded.

E. Discussion

The inclusion of silica nanoparticles can increase the
inception voltageand enhanced the ageing resistivity of the
host epoxy resin. In particular, the “self-healing”feature of
the nanocomposite exhibited through the surface ageing
test 1s a significant advantagecompared to the pristine
epoxy resin, in which the surface discharge finally
develops to surfacetracking at the end of the ageing
process. However, nanofillers, which are more stable than

thepolymer molecules, are exposed on the surface and
acting like “humps” on the paths of charges. This may
effectively reduce the kinetic energy of the charges
travelling along the surfacethereby preventing the
formation of surface tracking. As the erosion depth 1is
expected to increase over time, more and more
nanoparticles areexposed on the surface, leading to a better
hindering effect and more suppressed PDs. However, it
has to be noted that the initial PD magnitude at the applied
voltage of 2 kV, 2.5 kV.and 3 kV of the nanocomposite
has been little suppressed from that of the pristine epoxy
resin. This is probably due to the surface incompatibility
between thenanofillers and the polymer matrix, which
normally leads to the agglomeration of the nanofillersand
weak chemical bonds forming between the two phases
[37]. Therefore, appropriate surface pre-treatment is
needed to accommodatethe surfaces of the nanoparticles to
the host polymer properly, in order to maximize the
positiveinfluence of the nanoparticles.

111 CONCLUSION

In the present study, nanocomposites have been fabricated
by introducing silica particles toepoxy resin. PD test and
surface ageing test have been carried out on the
nanocomposite and thepristine epoxy resin sample with a
pair of needle-to-needle electrodes. The
nanocompositeexhibited better PD resistance in the
negative half-cycle (in relation to the applied AC
voltage)in terms of the reduced PD repetition rate and
lowered PD magnitudes. A higher inceptionvoltage has
also been found in the nanocomposite sample. From the
result of the surface ageingtest, it has been found that the
development of surface discharges was decelerated in
thenanocomposite sample. In contrast, surface discharges
in the pristine sample have eventually

developed to surface tracking with intermittent sparks after
being aged for 40 minutes.In the present study,
nanocomposites have been fabricated by introducing silica
particles toepoxy resin. PD test and surface ageing test
have been carried out on the nanocomposite and
thepristine epoxy resin sample with a pair of needle-to-
needle electrodes. The nanocompositeexhibited better PD
resistance in the negative half-cycle (in relation to the
applied AC voltage)in terms of the reduced PD repetition
rate and lowered PD magnitudes. A  higher
inceptionvoltage has also been found in the nanocomposite
sample. From the result of the surface ageingtest, it has
been found that the development of surface discharges was
decelerated in thenanocomposite sample. In contrast,
surface discharges in the pristine sample have
eventuallydeveloped to surface tracking with intermittent
sparks  after being aged for 40  minutes.
Certainmodification methodologies are to be employed to
increase the surface compatibility of thenanoparticles and
the host polymer. Strong chemical bonds between these
two phases are alsoexpected to be created. With these
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issues  solved, 1t 1s expected that the electrical
insulationproperties can be further promoted.
SUGGESTIONS FOR FUTURE WORK

As the present research involves background knowledge of
multiple  discipline  includingelectrical ~ engineering,
materials science, physics, chemistry, nanotechnology, and
plasmatechnology, the future of the present research is
wide open. In particular, the next stage of thisproject
might take the following aspects into account; the effect of
the plasma polymerization can be further investigated by
comparing  nanoparticlesfunctionalized by  plasma
polymerization and conventional wet chemical methods
with the samemonomer agent. The monomer agent might
be a kind of existing coupling agent. As morecomplicated
and highly cross-linked polymer networks can be created
in the plasmaenvironment, the plasma polymerized layers
might have better adhesion with both thenanoparticles and
the host polymer of the nanocomposites, leading to
potentially improveddielectric and electrical insulation
performance. In this way, it can be testified that
plasmapolymerization is more favourable than coupling
agent methods from the perspective ofnanocomposite
performance.

Besides, more kinds of nanocomposites can be synthesized
using the plasma functionalizednanoparticles. However, as
the requirement of polymers for the nanofiller surfaces
may vary,specific monomers for plasma polymerization
need to be identified for different host polymersfor the
nanocomposites. An index or criteria needs to be
established to match monomers withhost polymers as a
reference.

Material Characterization

In the present thesis, the author estimates the dispersion
solely by observation. This canmarginally describe how
homogeneously the nanoparticles distribute. In future
vestigation,quantitative methods of evaluating the
dispersion might be deployed. For instance, digitalgraphic
processing techniques can be applied on the SEM or TEM
mmages of the nanocompositeso that distribution
parameters can be obtained from computation, which is
much more preciseto indicate the property of
dispersion.Moreover, due to the limit of time and
equipment, there are still a number of characterizationsof
the nanocomposites that need to be carried out. For
example, the thermal conductivity andthermal expansion
rate of the nanocomposites are worth studying as these
properties are ofequal importance as the electrical
properties when the nanocomposites are engaged in
powersystem equipments.

Electrical Insulation Test

With more and more academic research and industrial
development carried out onnanocomposite dielectrics, it is
foreseeable that nanocomposites will be applied in
commercialpower system equipment. It is possible that the
PD behaviour in nanocomposite is diverse fromthat in
conventional insulation materials. Therefore, the PD
characteristics of nanocompositeswith different defects
need to be carefully investigated to precisely correlate the

PD activitieswith the type of faults.On the other hand,
dielectric fluids, e.g. mineral oils, also play an important
role in powersystem equipments, especially in oil
impregnated transformers. The incorporation
ofnanoparticles into such insulation media has rarely been
carried out. The plasma treatmentmethodologies proposed
in this thesis might be able to improve the compatibility of
the surface
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Abstract-Since the rise of internet, the most important
factor of information technology and communication has
been the security. Many different methods have been
developed to encrypt & decrypt the data in order to keep the
message secret. Cryptography stegnography and
watermarking and many more methods are introduced but
when we combine these method with a security key which
provides us a 4-tier security level which is touted as higher
protection of data from external threats results in better
results for different parameters. This paper will explore
some of the key security issues and identify concerned
solutions provided.
Keywords- MSE, PSNR, Video frames, LSB, Encryption,
Decryption, Steganography

I. INTRODUCTION

Information hiding is the technique of hiding secret data
mto the host medium so that the hidden data are
mmperceptible but known to the intended recipient [1].
The host medium can be anything like digital media,
digital 1mage, audio, video or any other type of media.
Among the different kinds of media, the digital image is
most popularly used as the host media to convey secret
mformation. In the image hiding system, the image used
to embed secret data is called the host image (cover
mmage). The resultant image, which 1s embedded with
secret data, 1s called the stego-image. Cryptography) [3]
[11] can be defined as the conversion of data into a
scrambled code that can be deciphered and sent across a
public or private network. Cryptography uses two main
styles or forms of encrypting data; symmetrical and
asymmetrical. Symmetric encryptions, or algorithms, use
the same key for encryption as they do for decryption.
Other names for this type of encryption are secret-key,
shared-key, and private-key. The encryption key can be
loosely related to the decryption key; it does not
necessarily need to be an exact copy. Symmetric
cryptography is susceptible to plain text attacks and linear
cryptanalysis meaning that they are hack able and at times
simple to decode. With careful planning of the coding and

functions of the cryptographic process these threats can be
greatly reduced. Asymmetric cryptography uses different
encryption keys for encryption and decryption. In this
case an end user on a network, public or private, has a
pair of keys: one for encryption and one for decryption.
These keys are labeled or known as a public and a private
key; in this instance the private key cannot be derived
from the public key.

Steganography [1] 1s one of the data hiding scheme
which 1s the science that involves communicating secret
data in an appropriate multimedia carrier. It can embed
any 1umage, audio and video files. Steganography’s [15]
ultimate objectives which are undetectable, robustness
resistance to various image processing methods and
compression, and capacity of the hidden data, are the
main factors that separate it from related techniques such
as watermarking and cryptography. Steganography hides
the existence of the message

Digital image watermarking: It 1s the process of inserting
data into in 1mage can be used to protect the rights of their
owners [3] in a variety of ways:

1) Copyright identification — provide a proof of
ownership.

2) User 1dentification (fingerprinting) — encode identity of
legal users to encode sources of illegal copies.

3) Authenticity determination — if the watermark will be
destroyed by modification in an image, its presence
quarantines authenticity.

4) Automated monitoring — monitor when and where
mmages are used (for royalty collection or the location of
illegal uses).

5) Copy protection — they can specify rules of image
usage and copying (for instance, for DVD players only)
Block diagram

The basic block diagram  representation  for
Steganography mechanism [1] is shown in the below
figure.
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Fig 1: Steganography mechanism

Block Diagram Explanation

The above figure shows a simple representation of the
generic embedding and extraction process in
Steganography. In this example, a secret data is being
embedded inside a cover image to produce the stego
mage. A key 1is often needed in the embedding process.
The embedding procedure is done by the sender by using
the proper stego key. The recipient can extract the stego
cover 1mage in order to view the secret data by using the
same key used by the sender. The stego image should
look almost identical to the cover image.

Steganography is the science of hiding information.
Whereas the goal of cryptography is to make data
unreadable by a third party, the goal of Steganography is
to hide the data from a third party. In this article, I will
discuss what Steganography is, what purposes it serves.
The following formula provides a very generic
description of the pieces of the Steganography process:
cover_medium-+hidden data + stego_key =
stego_medium

In this context, the cover medium is the file in which we
will hide the hidden data, which may also be encrypted
using the stego key. The resultant file 1is the
stego medium (which will, of course. be the same type of
file as the cover_medium). The cover medium (and, thus,
the stego medium) are typically image or audio files. In
this article, I will focus on image files and will, therefore,
refer to the cover image and stego_image. The simplest
approach to hiding data within an image file s called least
significant bit (LSB) msertion. In this method, we can
take the binary representation of the hidden data and
overwrite the LSB of each byte within the cover image. If
we are using 24-bit color, the amount of change will be
minimal and indiscernible to the human eye.

II. COMBINATION OF STEGANOGRAPHY AND
CRYPTOGRAPHY AND THE WATERMARKING:
Steganography and cryptography are closely related.
Cryptography [11] [6] scrambles messages so it can’t be
understood. Steganography on the other hand, hide the
message so there 1s no knowledge of the existence of the

message. With cryptography, comparison 1s made
between portions of the plaintext and portions of the
cipher text. In Steganography, comparisons may be made
between the cover-media, the stego-media, and possible
portions of the message. The end result in cryptography is
the cipher text, while the end result in Steganography is
the stego-media. The message in Steganography may or
may not be encrypted. If it i1s encrypted, then a
cryptanalysis technique is applied to extract the message.
Those who seek the ultimate in private communication
can combine encryption and Steganography. Encrypted
data 1s more difficult to differentiate from naturally
occurring phenomena than plain text is i the carrier
medium. There are several tools by which we can encrypt
data before hiding it in the chosen medium. In some
situations, sending an encrypted message will across
suspicion while an mvisible message will not do so. Both
methods can be combined to produce better protection of
the message. In case, when the Steganography fails and
the message can be detected, it is still of no use as it 1s
encrypted using cryptography techniques.

III. LITRATURE SURVEY

A lot of research has been done in the field of unage de-
noising but yet the area of image de-noising, especially
for the medical images remains to be a popular area of
research. Stress has been laid to summarize the concept of
different authors who has worked 1n this field

Sunil. K. Moon Rajshree.D.Raut (2013) [1] has proposed a
scheme which is very important to us for studying the
basic concept of Steganography. The author deals which
Steganography using image file as a cover carrier. Image
based Steganography can be used as one image file
having separate images in frames. Since that the use of
the image based Steganography can be more eligible than
other multimedia files. This author is mainly concerned
with how to embed data mn a image file in from of bmp
mmages and how we can make use of the internal structure
of the umage to hide data to be secured. The basic concept
of this author which we have used in my research work
and the second concept which has been implemented in
our research work 1s how to use Steganography using
image file as a cover carrier

Mr Ersin Esen, A. Aydin Alatan (2012) [19] purposed a
Digital Image Watermarking Algorithm Based on DCT
Domain. In order to solve the conflict with robustness and
mvisibility of image watermark, the algorithms proposed
m this paper select certain blocks according to the texture.
By using the binary image to deal with logistic chaotic
map and error correction coding as watermarked data can
mmprove the robustness and security. The low frequency
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signals of the selected blocks are modified such that their
Discrete Cosine Transform (DCT) fulfills a constraint
mmposed by the watermark code. Experiment results show
that this algorithm provides a larger embedding capacity
and has a certain robustness and mvisibility. Digital
mmage watermarking technology is one of the current
research focuses, which has a broad prospect of
application. At present, there are many scholars who put
forward many image watermarking algorithms, and have
their own advantages and deficiencies. In this paper, we
mtroduce a new 1mage watermarking scheme.
Experiments show that this algorithm owns greater
capacity, and has certain robustness m allowing range of
immage watermark's invisibility. Of course, there are still
many unresolved issues, such as how to prevent lower
quality after compressing, how to resist random attacks in
real time request, and how to resist the frame attack.
These are all the challenges to meet in the watermarking
technology. We will give further research in these fields
m the future.

Mr B. Subramanan (2011) [3] proposed an AES technique
which presents fundamental mathematics behind the
algorithm along with a brief description of some
cryptographic primitives that are commonly used in the
field of communication security. AES provides better
security and has less implementation complexity. It has
emerged as one of the strongest and the most efficient
algorithm.

Mr A K.Jain, P.Mohan Kumar and K.L.Shunmuganathan
(2011) [13] proposed a techniques for the digital
watermarking. According to him the retrieval can be
faster if the query is made by multimodal keywords 1.e.
use of image as well as textual keywords. He used three
MPEG-7 descriptors out of seven color descriptors m his
experiment. He made the query in the form of a matrix by
concatenating visual keywords and textual keywords.

Ms Punita Meelu (2011) [5] gave a different concept from
above the authors using a new approach of hiding image
m 1mage. The algorithm 1s replaces 1 LSB of each pixel in
image frame. It becomes very difficult for a truder to
guess that an image 1s hidden in the image as individual
frame are difficult to analyze in a umage running at 30
frame per second. We have seen that the author has used
only 1 LSB substitution technique here. This is the basic
concept of the author which is implemented in my
research work.

Mr A K. Al Frajat (2010) [6] presented a similar concept
with stenography, is the art of communicating a message
embedded it into multimedia data. It is desired to
maximize the amount of hidden information while
preserving security against detection by unauthorized

parties. The image based stenography issues has been
illustrated to hide secret information in images and the
possibility of using the image as a cover carrier for hiding
secure data

Mr Al K Hmood (2010) [9] proposed an image
encryption algorithm combining the image encryption
based on S-boxes scrambling with error correcting code
was developed. The error correcting code could
effectively mmprove the security of image encryption
algorithm based on S-boxes scrambling. The basic
concept of this author which we have used in my work
focuses on maximizing security, capacity factor of data
hiding and secures the data through AES.

Mr Saurabh Singh (2010) [7] dealt with three main
stenography challenges capacity imperceptibility and
security. This is achieved by hybrid data hiding scheme in
corporate LSB technique with a key permutation method.
In my work I have implemented this basic concept of
using LSB substitution and the ways to increase the
system performance as well as its security.

Mr L.Rondney Long, M.Wu ,E. Tang and B.Liu (2010)
[8] proposed in thew paper the basics about the
Steganography techniques. They suggested the features
of an embedding message in the Steganography.
Steganography is the art of hiding information and an
effort to conceal the existence of the embedded
mformation. It serves as a better way of securing message
than cryptography which only conceals the content of the
message not the existence of the message. Original
message 1s being hidden within a carrier such that the
changes so occurred in the carrier are not observable. In
this paper we will discuss how digital images can be used
as a carrier to hide messages. This paper also analyses the
performance of some of the Steganography tools.
Steganography 1s a useful tool that allows covert
transmission of information over and over the
communications channel. Combining secret image with
the carrier image gives the hidden image. The hidden
image is difficult to detect without retrieval. This paper
will take an in-depth look at this technology by
mtroducing the reader to various concepts of
Steganography, a brief history of Steganography and a
look at some of the Steganography technique.

Mr Niu Jiping (2008) [10] uses an algorithm based on
AES expansion i which the encryption process 1s a bit
wise exclusive or operation of a set of image pixels along
with the 128 bit key, which changes for every set of pixel.
The keys to be used are generated independently at the
sender and receiver side based on AES key expansion
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process. Hence the imitial key is shared rather than scaring
the whole set of keys. The author gives the information
about AES. The AES is provides high encryption quality
with minimum memory requirement and computational
tume.

Mr Liu bin, Li zlitang, Li Yao (2005) [12] presented
Digital watermarking, the technology of embedding
special mmformation into multimedia data, 1s a topic that
has recently gained increasing attention all over the
world. The watermark of digital images, audio, image,
and other media products in general has been proposed
for resolving copyright ownership and verifying the
mtegrity of content. The paper first introduced the
defimition and basic framework of watermark techniques,
and then the basic theoretical and evaluation criteria are
expatiated. Finally, the application field and possible
research direction of digital watermark technology is
pointed out. Nowadays due to the new technology and the
communication network huge development, to enter the
digital multimedia world easier and easy, it's easier to
unauthorized copying and multimedia mformation of
illegal spread, such as images, image and audio. Because
the present digital watermarking technology 1s difficult to
solve collusion against attacks of opportunity, and
mterpretation attack, make digital watermark in the
copyright protection, access and copy control, digital
fingerprints, and other aspects of the application by a
limit, many researchers are working to address these
issues. In addition, the watermarking algorithm design,
lack the general framework of is instructive, if can put
forward the feasible has guiding significance for the
robustness of the watermarking model framework, will
give watermarking algorithm design great convenience.
Can foresee a digital watermark is used to protect the
multimedia information will become a more and more
popular n the world.

Mr Tao Zhang, Wenxiang Li, Yan Zhang, Xijian Ping
(2005) [14] describe a method for integrating together
cryptography  and  steganography through image
processing. In particular, we present a system able to
perform steganography and cryptography at the same time
using images as cover objects for steganography and as
keys for cryptography. We will show such system is an
effective steganographic one and is also a theoretically
unbreakable cryptographic one (demonstrating its
equivalence to the Vernam Cipher).

Mr Fafael C.Gonzalez,Richard E.Woods Addison (1995)
[17] proposed the use of Steganography. He also
discussed the current status and future diections. He
discussed the image features as color, texture, and shape

m details. He also gives a summary of all the features
with examples. For e.g. for texture there are texture co-
occurrence, Fourier power spectrum, Gabor features
and tamura features. He also discussed various similarity
measures classifier-based, elastic deformation and graph
matching.

IV. PROPOSED WORK

* To propose a new algorithm for transmitting the secret
image over a network by combining the cryptography
steganography & watermarking techniques.

* To implement the new algorithm on various Picture
format like (JPG, PNG, TIFF, and Bmp) & video format
like (mpeg, avi, flv)

* To evaluate the performance of proposed algorithm on
the basis of parameters like (PSNR, MSE. EMBEDDING
CAPACITY, SECURITY, RD %)

* To perform the comparison of above algorithm
(Analysis of Secured Video Steganography Using
Computer Forensics Technique for Enhance Data
Security) with the existing algorithm (A Secure Image
Based Steganography, Cryptography and Watermarking
with security key) based on following parameters PSNR,
MSE, Embedding capacity, SECURITY,RD%

V. CONCLUSION

In this paper, I have proposed the A Secure Image Based
Steganography, Cryptography and Watermarking with
security key using matlab technique which will combine
all these technique results in better PSNR, MSE,
Embedding capacity, security, RD% and the algorithm
will work on major picture formats like Jpeg, Bmp also
on major video formats like Mpeg, Avi, Flv. 1e the
mproved technique for database security with different
picture and video formats which will qualify it to be a
suitable for internet security.
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Abstract— This paper presents a review on the research
trends in WEDM which deals with the relation between
different process parameters such as pulse on time, pulse off
time, peak current, flow rate of dielectric, wire tension etc on
different process responses viz surface roughness (Ra),
material removal rate (MRR), Kerf width, wire lag and
Cutting speed. The paper also gives conclusions &
recommendations about the trends for future WEDM
researches.

Keywords—Wire Electric Discharge Machining (WEDM),
Surface roughness, Material Removal Rate, Kerf width

L INTRODUCTION

Wire EDM is defined as a technique of thermal
Welectrical erosion in which material is worn away by the
sequence of sparks between the work piece and the wire
electrode  which 1s a good conductor of
electricity[1]. WEDM is identical to isopleths cutting with
a band saw a slow speed wire moves along a defined path.
In this process there is no communication between the
work piece and the electrode and the material of any
hardness can be used, so it is used to cut plate of thickness
around 300mm [2].In WEDM, wire does not touch the
work piece, so hence no pressure i1s exerted on the
component and a negligible pressure is used for clamping
to hold the workpiece [1].The array of modern wire EDM
machines are automatic control of the cutting path of the
wire. Huge sparks can be seen at a time this is because real
discharge can take place about 100 thousand times.[3]The
temperature of heat of electrical discharge is about 8315 to
11093 Celsius[2].The application of Wire EDM is
Aerospace, Nuclear and Automobile industries [3].

1I. WIRE EDM PARAMETERS

A.  Pulse On/Off time

During electric discharge machining process there are
start and stop intervals known as ON time and OFF time.
The machining is performed during the pulse ON time
when in the gap between work piece and electrode the
voltage is applied. Alternatively the time during which no
voltage 1s applied is the pulse off time. A greater value of
On time 1s selected to obtain a long duration of electric
discharge to increase the material removal rate but also
leads to poor surface finish. During the pulse off time re-

1onization of dielectric occurs and 1t is also essential to
avoid any short circuit leading to wire breakages.

OFF Tume On Time
[—————>

1 —

Amperage

‘| Peak Current

Microsecond

Fig. 1 Pulse on & off time

B.  Peak Current & Gap Voltage

In WEDM, the most important machining parameter is
the peak current. Measured in unit of amperage it is
basically the amount of power used in WEDM. Peak
current is the preset level reached by the increasing current
during each pulse on-time.

In both processes, die sinking and wire-EDM, the
surface area of cut governs the maximum amount of
amperage. In roughing operations and in cavities or details
with large surface areas, a higher amperage is used.

The supply voltage to be placed on the gap is expressed
as the gap voltage or open circuit voltage. The electric
discharge energy is directly proportional to this value i.e.
greater the gap voltage value greater is the electric
discharge energy. Moreover gap voltage and peak current
are also dependent and peak current increases with the
increase in gap voltage. In some WEDM machines
machining voltage is shown by both of these factors.

C.  Servo Voltage & Servo Feed

For controlling the advances and retracts of the wire a
servo voltage is used. Depending on the state of machining
between the work piece and electrode the mean machining
voltage 1s varied. The reference voltage for governing the
advances and retracts of the wire is established using the
servo voltage.

The wire advances when the mean machining voltage is
greater than the set voltage and retracts if it 1s lower. A
superior value of servo voltage will lead to widening of
gap between electrode and work piece. The number of
electric sparks also decreases thus steadying the electric
discharge albeit the machining rate slows down. For a
smaller value of servo voltage the mean gap gets
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attenuated which results in rise in number of electric
sparks. It speeds up the process but may also result in wire
breakage as it gets unstable.

The feed rate of table during machining is detailed by the
servo feed rate. Normally this factor 1s selected
automatically by the WEDM machines in accordance with
the servo voltage but it can also be controlled manually. In
such a case the machining table will have a constant speed
with no remark of servo voltage.

Overall the feed rate can be altered by both servo voltage
and servo feed rate.

Work piece

Feed rate Gap
it

Fig. 2. Feed rate & gap size [20]

D.  Dielectric flow rate

Electro discharge which occurs in the air can't be used
for rough cut machining as it is not stable. Thus, in order
to have stable electric discharge, dielectric fluid 1is
required. Electric discharge machining can be stabilized,
within the dielectric fluid, with efficient cooling and chip
removal. Because of its environmental friendly
characteristic, typically the de-ionized water is used as a
dielectric in wire EDM. For example in Titanium alloy
material, due to low thermal conductivity, high flushing
pressure is completely necessary for rough machining ,
otherwise wire breakage will be caused by the short circuit
phenomenon.

E. Wire speed & Wire Feed
In WEDM the speed of the wire is given by wire speed.
With the increase in wire speed both the wire consumption
as well as machining cost increases. On the opposite side a

low wire speed can lead to wire breakage in high cutting
speed.
F. Wire tension
In WEDM the tension of wire is disciplined by
the wire tension. For the wire to remain straight the wire

tension should be sufficiently high or the wire will sway
behind.

Travel Direction

-

Wire Stays Straight Wire Drags Behind

S

<1V

High Wire

Tension

Low Wire

Tension

Travel Direction
P —

Fig. 3 Wire drag & wire tension

II1. TYPES OF WIRES AS TOOL

The main problem that arose when wire EDM was first
introduced was wire material as this material should
possess lots of properties, the key properties include,
Conductivity. A high conductivity rating means the wire
can carry more current which in turn means to a 'hotter'
spark and increased cutting speed. Tensile Strength, which
1s the ability of the wire to withstand the wire tension,
imposed upon the wire in order to make a vertically
straight cut during cutting. Elongation, which describes
how much the wire plastically deforms just before the
breakage. Melting Point.it is preferred to have the wire
electrode be resistant to being melted too quickly by
electric sparks. Straightness, is the property which helps
the wire to stay straight. Flush ability, a better flush ability
will result in the faster cutting of the wire and also helps in
decreasing the chance of wire breakage. Cleanliness, the
wire should be clean from the contamination by residual
metal powder left over from drawing process, drawing
lubricant, or paraftin added to wire prior to spooling by
some manufacturers.

A. Copper

Copper: it was the inceptive material used in wire EDM.
In spite of its excellent conductivity its potential is
severely restrained due to its low tensile strength, low
vapour pressure and high melting point. Now a days it’s
confined to older machines which have power supplies
designed for copper wire.

B.  Brass

Brass was the first alternative to copper. It is an alloy of
copper and zinc with 63-65% Cu and 35-37% Zn. A
higher tensile strength, lower melting point and higher
vapor pressure rating is provided by the addition of zinc,
which reduces the losses in conductivity. It is most widely
used electrode material for general purposes and is
available in a wide range of tensile strengths and hardness.

C. Coated Wires

The inefficient fabrication of brass wires with any higher
concentration of zinc led to the development of coated
wires or stratified wires. These wires have a core of brass
or copper and are electroplated with pure or diffused zinc.
The brass or copper core enhances conductivity and tensile
strength and the coating of zinc enhances the spark
formation and flush characteristics. Coated wire are also
referred as speed wires due to their potential to cut at
notably higher metal removal rates. The coated wires are
best suited for all-round performance despite their high
cost when compared to copper and brass.

D. Fine wires

These include the wires with diameters in the range of
0.006-0.012 inches. High precision work requiring small
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mnside radii 1s done by wires with diameters in range of
0.001-0.004 inches. Molybdenum and tungsten wires are
used as brass and coated wires have low load carrying
capacity in these sizes and hence are not practical.
However they are not suitable for very thick work and
tend to cut slowly due to the limited conductivity, high
melting points and low vapor pressure ratings. Only a few
scientific works have been dealing with cutting by wires
with a diameter below 50um.The wire materials are brass
coated steel wire and tungsten having high tensile strength
and melting temperatures.

IV. LITERATURE REVIEW

Dharmendra et al [4] found out the main parameters which
are average cutting speed and surface roughness which
affect the different machining criteria. They studied the
trend of variation of these important machining criteria
with four control factors which has been studied
simultaneously to establish the trend of variation.

Bijendra Diwakar et al [5] analyzed that metal removal
rate 1s most affected by pulse frequency as and predicted
optimal parameter setting with the help of Taguchi’s
approach.

Scott F. Miller et al [6] investigated the effects of pulse on
time and spark cycle on micro features with the help of
wire EDM. They studied the uses of low MRR EDM
cutting for complaint mechanisms and machining of thin
sections. They further utilized the findings of EDM
surface, subsurface, Debris from SEM micrograph.

Kamal Jangra et al [7]proposed a methodology to evaluate
the machinability in terms of metal removal rate of
tungsten carbide which is based on diagraph and matrix
method. It was further investigated that other machining
performances such as surface finish, dimensional
precision, cutting forces, tool life etc. also determine the
machinability.

Y.s Liao et al [8]proposed for fault diagnosis and the
maintenance schedule of wire EDM a prototype ANN
based expert system which is a powerful developmental
tool for a complicated system such Wire EDM.

Satyaveer Singh et al [9] experimentally investigated the
effects of pulse on time, pulse off time and peak current in
machining of HSLA steel by utilizing WEDM process by
taking into account Taguchi method. It was also
demonstrated in this paper that Taguchi method is very
effective in optimizing machining parameters while
carrying out minimum number of experiments.

Neeraj Nirmal et al [10] concluded that both pulse
duration and charge current can be utilized in order to
enhance surface roughness by reducing the above
parameters. It can be shown that by combining high peak
value with a short pulse duration gives out a better surface
roughness which 1s unachievable by using long pulses.
Maringostimirovic et al [11] by effectively carrying out
analytical and experimental investigation suggested that
metal removal rate is increased by the increasing discharge
energy and the surface roughness is also directly

proportional to discharge energy and hence uniform
increase of surface roughness can be achieved by
increasing discharge power and discharge duration by
effectively carrying out analytical and experimental
investigation.

J.T. Huang et al [12] with the assistance of taguchi quality
design, ANOVA and F-test identified current limiting
resistance, machine voltage, type of pulse generating
circuit and capacitance as the significance parameters
affecting the surface roughness. They also analyzed that in
order to have good surface roughness traditional circuit
utilizing low power for ignition is modified for machining.
Goswami Amitesh et al [13] summarized that cutting
speed can be increased by increasing the peak current and
1s inversely proportional to pulse of time spark gap set
voltage and same is the case with material removal rate.
Saeed Daneshmand et al [14] studied the capabilities of
NiTi60 and investigated the effect of input parameters
such as wire speed, pulse current and pulse on time on
MRR and surface roughness. It was also inferred that
surface roughness increases rapidly with the increase in
machining speed resulting from the increase in power.
S.Sivanaga et al [15] summarized the effect of various
process parameters like discharge current, job thickness
etc. on machining parameters like cutting speed, spark gap
and material removal rate. Optimal cutting time,
machining cost and cutting accuracy for any job size were
estimated using mathematical relations. An error of less
than 2% was observed between the calculated and
experimental values.

Gautam kocher et al [16] made an observation that for
WEDM machining of D3 tool steel good surface finish
was obtained using copper tungsten electrode in place of
cooper and graphite electrodes. For roughing graphite
electrode 1s used while for semi finishing process copper
electrode 1s preferred. It was found that for final finishing
process copper tungsten electrode is the best giving good
surface finish.

Basil Kuriachen et al [17] showed that the pulse time,
dielectric pressure, voltage pulse interactions on time are
some important parameters affecting surface roughness.
Further it was shown that by adopting a high value of
dielectric pressure (15 kgf/cm®) and a low value of pulse
on time (20 us) minimum surface roughness can be
achieved. The marginal error in the comparison of
conformation test with the predicted results was found to
be 7%.

S. B. Prajapati et al [18] concluded that pulse ON and
pulse OFF time are the most significant factors for
determining the surface roughness and cutting rate. The
spark gape set voltage was found to be significant for kerf
and high confidence was indicated by all the probability
distribution measurements.

Pankaj Agrawal et al [19] made the observations that with
the increase of peak current the surface roughness
increases. Further it was reported that with the increase of
peak current the MRR of tungsten carbide increased for
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short pulse duration. For high electrical energy micro
cracks were exhibited on the machined surface.

V. CONCLUSION

Wire EDM is a thermal metal removal process that can
produce complicated parts which cannot be machined by
conventional machining processes. There is a need to
optimize the process parameters of WEDM because it is
costly & widely acceptable method. Many researchers
have suggested various methods to optimize parameters
thereby increasing the metal removal rate & lowering
surface roughness. But still there is difficulty in selecting
wire EDM parameters. After reviewing the literature it is
found that more research needs to be done on comparision
of different wire types on response characteristics. More
research can further improve the contouring process.
Additionally,there 1s no information about dry Wire EDM
process.Mostly, GA is used for optimization,some other
optimization method can also enhance the process
capabilities.

Finally,more research on this process can further increase
productivity,accuracy & efficiency of the process.
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Comparison of the accidents at Chernobyl and

Fukushima Dai-1chi Nuclear Power Stations

Igbal Preet Kaur
Department of Physics,DAV College, Chandigarh,India

Abstract-The Chernobyl and the Fukushima Dai-ichi Nuclear
disasters have put a question mark on the process of replacing
the fossil fuel based power plants with the nuclear power
plants.The current paper studies the progression of the
accidents at Chernobyl and Fukushima Dai-ichi Nuclear Power
Stations.It also compares the two accidents in terms of the
radioactive elements released, people evacuated,current
status,Jong term health effects etc. In almost every respect, the
consequences of the Chernobyl accident clearly exceeded those
of the Fukushima accident. In both accidents, most of the
radioactivity released was due to volatile radionuclides

LINTRODUCTION

The Chernobyl Nuclear Power Plant Accident occurred on
26" April 1986 in Ukraine. The accident took place when a
low-power engineering test of the Unit 4 reactor was being
conducted.It caused widespread damage due to release of
radionuclides in the environment.The Fukushima Dai-ichi
Nuclear Power Station Accident occurred on 11th March
2011 when a magnitude 9 earthquake and a tsunami hit the
Nuclear Plant causing extensive damage to the power
station. The present paper compares the two accidents .

ILTHE ACCIDENT AT CHERNOBYL NUCLEAR
POWER STATION

The accident at the Chernobyl nuclear power station
occurred when a low-power engineering test of the Unit 4
reactor was being conducted .The Chernobyl reactor was of
the type RBMK ,which is an abbreviation of Russian terms
meaning reactor of high output ,multi channel type. It is a
pressurized water reactor which uses light water as a coolant
and graphite as a moderator. The events leading to the
accident at the Chernobyl Unit4 reactor at aboutl.24 a.m. on
26April1986 resulted from efforts to conduct a test on an
electric control system, which allows power to be provided
m the event of a station blackout[1].Actions taken during
this exercise resulted in a significant variation in the
temperature and flow rate of the inlet water to the reactor
core(beginning at aboutl.03a.m.). The unstable state of the
reactor before the accident 1s due to two factors :1. basic
engineering deficiencies(such as graphite-tipped control
rods, instability at low power levels and large positive
coefficient of reactivity under certain conditions) 2. faulty
actions of the operators (e.g., switching off the emergency

(noble gases, iodine, cesium, tellurium).For Chernobyl, a total
release of 5300 PBq (excluding noble gases) has been

established as the most cited source term. For Fukushima, we
estimated a total source term of 520 (340-800) PBq. In the
course of the Fukushima accident, the majority of the
radionuclides (more than 80%) was transported offshore and
deposited in the Pacific Ocean.

Keywords- Accident, Chernobyl, Comparison, Fukushima

safety systems of the reactor)[2].The relatively fast
temperature changes resulting from the operators’ actions
weakened the lower transition joints that link the zirconium
fuel channels in the core to the steel pipes that carry the inlet
cooling water[3].Other actions resulted in a rapid increase in
the power level of the reactor [4], which caused fuel
fragmentation and the rapid transfer of heat from these fuel
fragments to the coolant (between 1.23:43 and 1.23:49a.m.)
. This caused the generation of a shockwave in the cooling
water, which led to the failure of most of the lower
transition joints. As a result of the failure of these transition
joints, the pressurized cooling water in the primary system
was released, and it immediately flashed into steam. The
steam explosion occurred atl.23:49. It is believed that the
reactor core might have been lifted up by the explosion [3],
during which time all water left the reactor core. This
resulted in an extremely rapid increase in reactivity, which
led to vaporization of part of the fuel at the centre of some
fuel assemblies and which was terminated by a large
explosion attributable to rapid expansion of the fuel vapour
disassembling the core. This explosion, which occurred at
aboutl.24a.m..blew the core apart and destroyed most of the
building. Fuel, core components, and other structural items
were blown from the reactor hall onto the roof of adjacent
buildings and the ground around the reactor building. A
major release of radioactive materials into the environment
also occurred as a result of this explosion. The core debris
dispersed by the explosion started multiple (more than 30)
fires on the roofs of the reactor building and the machine
hall, which were covered with highly flammable tar. Some
of those fires spread to the machine hall and, through cable
tubes, to the vicinity of the Unit3 reactor. A first group of 14
firemen arrived on the scene of the accident atl.28a.m.
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Remforcements were brought in until about 4a.m., when
250 firemen were available and 69 firemen participated in
fire control activities. These activities were carried out at
upto 70m above the ground under harsh conditions of high
radiation levels and dense smoke. By 2.10a.m., the largest
fires on the roof of the machine hall had been put out, while
by 2.30 a.m. the largest fires on the roof of the reactor hall
were under control .By about 4.50a.m. ,most of the fires had
been extinguished. These actions caused the deaths of five
fire fighters.It is unclear whether fires were originating from
the reactor cavity during the first 20 h after the explosion.
However, there was considerable steam and water because
of the actions of both the fire fighters and the reactor plant
personnel. Approximately 20h after the explosion, at9.41
p-m..a large fire started as the material in the reactor became
hot enough to ignite combustible gases released from the
disrupted core, e.g. hydrogen from zirconium-water
reactions and carbon monoxide from the reaction of hot
graphite with steam. The fire made noise when it started
(some witnesses called it an explosion) and burned with a
large flame that mnitially reached at least S0m above the top
of the destroyed reactor hall[3].The first measures taken to
control the fire and the radionuclide releases consisted of
dumping neutron-absorbing compounds and fire-control
materials into the crater formed by the destruction of the
reactor.The total amount of materials dumped on the reactor
was approximately 5,000t , including about 40 t of boron
compounds, 2,400 t of lead, 1,800 t of sand and clay, and
600 t of dolomite, as well as sodium phosphate and polymer
liquids[10].About 150t of materials were dumped on 27
April, followed by 300 t on 28 April, 750 t on29 April,
1,500 t on 30 April, 1,900 t onl May, and 400 t on 2
May.About1,800 helicopter flights were carried out to dump
materials onto the reactor. During the first flights, the
helicopters remained stationary over the reactor while
dumping the materials .However, as the dose rates received
by the helicopter pilots during this procedure were judged to
be too high, it was decided that the materials should be
dumped while the helicopters travelled over the reactor.
This procedure , which had a poor accuracy, caused
additional destruction of the standing structures and spread
the contamination. The radionuclide releases from the
damaged reactor occurred mainly over al0-day period, but
with varying release rates. An initial high release rate on the
first day was caused by mechanical discharge as a result of
the explosions in the reactor. There followed a five-day
period of declining releases associated with the hot air and
fumes from the burning graphite core material. In the next
few days, the release rate of radionuclides increased until
day 10, when the releases dropped abruptly, thus ending the
period of mtense release. The increasing release rates on
days 7 through 10 were associated with the r1ising
temperature of the fuel in the core. Cooling of the reactor

structure with liquid nitrogen using pipelines originating
from Unit3 was initiated only at late stages after the
accident. The abrupt ending of the releases was said to occur
upon extinguishing the fire and through transformation of
the fission products into more chemically stable compounds
[2]. Table I gives radionuclide iventory in Unit 4 reactor
core at time of the accident on 26 April 1986[2].

Table I

Radionuclide | Halflife Activity(PBq) Activity (PBq)
Estimates by Estimates by
[11] [1]

*H 12.3a* 14

“c 5730a 0.1

SKr 10.72a 28

Sr 50.5d* 3960

0y 29.12a 230 220

S7r 64.0d 5850

“Nb 35d 5660

Mo 2.75d 6110

1%Ru 39.3d 3770

1Ry 368d 860 850

10Ag 250d 13

135gh 2.77a 15

12Te 33.6d 1040

e 3.26d 4480 4200

129 15700000a 0.000081

B 8.04d 3080 3200

132 2.3h* 4480 4200

T 20.8h 6700 4800

39 52.6min* 2050

FEE] 6.61h 2900

33Xe 5.25d 6510

Bics 2.06a 170 150

Becy 13.1d 110

ik 30.0a 260 260

8¢y 32.2min 6550

140Ba 12.7d 6070

10 q 40.3h 6070

S CE 32.5d 5550

e 284d 3920 3920

H"Nd 11.0d 2160

3Eq 8.6a 14

v 704000000a 0.000096

B3y 23400000a 0.0085

L 44700000002 0.0023

BNp 21400002 0.00026
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239Np 2.36d

58.100 ‘ 58100 ‘

*a-years.d-days.min-minutes.h-hours
III.GROUND CONTAMINATION IN EUROPE

Table II gives contaminated areas in European countries
following the accident contaminated areas are defined as
areas where the average 'Cs deposition densities
exceeded 37ch11112 (1 Cikm? ). [2].

Table I
Country Areaindeposition densityranges (km2)
37-185kBqm 2| 185-555kBgm ™ |555-1480kBgm  [>1480kBgm ™
Russian Federation 49800 5700 2100 300
Belarus 29900 10200 4200 2200
Ukraine 37200 3200 900 600
Sweden 12000
Finland 11500
Austria 8600
Norway 5200|
Bulgaria 4800
Switzerland 1300
Greece 1200|
Slovenia 300|
italy 300
Republic of Moldova 60

IV.ACCIDENT AT FUKUSHIMA-DAI-ICHI NUCLEAR
PLANT

The Great East Japan Earthquake on 11 March 2011, a
magnitude 9 earthquake, generated a series of large tsunami
waves that struck the east coast of Japan, the highest being
38.9 m at Aneyoshi, Miyako[5]. Several nuclear power
facilities were affected by the severe ground motions and
large multiple tsunami waves including TEPCO's
Fukushima Dai-ichi. The operational units at this facility
were successfully shutdown by the automatic systems
mstalled as part of the design of the nuclear power plants to
detect earthquakes. However, the large tsunami waves
caused serious consequences at Fukushima Dai-ichi.
Although all off-site power was lost when the earthquake
occurred, the automatic systems at Fukushima Dai-icli
successfully mserted all the control rods mto its three
operational reactors upon detection of the earthquake, and
all available emergency diesel generator power systems
were 1n operation, as designed. The first of a series of large
tsunami waves reached the Fukushima Dai-ichi site about
Table III-Estimated amount of radionuclide released into the air
due due to the accident

46 minutes after the earthquake. These tsunami waves
overwhelmed the defences of the Fukushima Dai-ichi
facility, which were only designed to withstand tsunami
waves of a maximum of 5.7 m high. The larger waves that
mpacted this facility on that day were estimated to be
overl4 m high. The tsunami waves reached areas deep
within the units, causing the loss of all power sources except
for one emergency diesel generator (6B), with no other
significant power source available on or off the site, and
little hope of outside assistance. The station blackout at
Fukushima Dai-ichi and the impact of the tsunami caused
the loss of all instrumentation and control systems at
reactors 1-4, with emergency diesel 6B providing
emergency power to be shared between Units 5 and 6. The
tsunami and associated large debris caused widespread
destruction of many buildings, doors, roads, tanks and other
site nfrastructure at Fukushima Dai-ichi, including loss of
heat sinks. The operators were faced with a catastrophic,
unprecedented emergency scenario with no power, reactor
control or instrumentation, and i addition, severely affected
communications systems both within and external to the
site[6]. They had to work in darkness with almost no
mstrumentation and control systems to secure the safety of
six reactors, six nuclear fuel pools, a common fuel pool and
dry cask storage facilities. With no means to confirm the
parameters of the plant or cool the reactor units, the three
reactor units at Fukushima Dai-ichi that were operational
up to the time of the earthquake quickly heated up due to
the usual reactor decay heating. Despite the brave and
sometimes novel attempts of the operational staff to restore
control and cool the reactors and spent fuel, there was
severe damage to the fuel and a series of explosions
occurred. These explosions caused further destruction at the
site, making the scene faced by the operators even more
demanding and dangerous. Moreover, radiological
contamination spread into the environment (TableIII). These
events are provisionally determined to be of the highest
rating on the International Nuclear Event Scale.
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- Containment Fukushima Containment
Released Amount (PBq) remains intact
- - - Chernobyl No contaim_ncnt to
Rare I Cs Cs stop the trajectory of
Gas radioactive
materials into the air
TEPCO About About About | About 10 Area affected Fukushima Officials say areas
500 500 10 extending more than
60km (36 miles) to
JAEA Nuclear 150 13 the north-west of the
Safety Commission plant and about
12% April 2011 40km to the south-
southwest have seen
NISA (Nuclear and 130 6.1 radiation levels
Industrial Safety exceed annual limits
Agency) Chernobyl Contamination of an
12th April 2011 area as far as 500
km (300 miles) from
IRSN(Instiutde | 2000 200 the plant, according
Radioprotection et to the UN. But
de Surete Nucleaire) animals and plants
were also affected
Accident at 6500 | 1800 83 much further
Chernobyl Nuclear - - away9Table II[T]
Power Plant[1] Evacuation Fukushima 20km: 20-30km
Zone voluntary zone
Chernobyl 30km
People Fukushima Tens of thousands
evacuated Chernobyl The authorities
V.COMPARISON OF FUKUSHIMA AND evacuated. in 1986.
CHERNOBYL NUCLEAR DISASTERS about 115,000
people from areas
Table IV-Comparison of Fukushima and Chernobyl Nuclear surrounding the
reactor and
Disaster subsequently
relocated. after
1986. about 220.000
Date of accident | Fukushima 11 March 2011 people from
Belarus. the Russian
Chernobyl 26 April.1986 Federation and
i _ Ukraine
Accident details | Fukushima A magnitude-9.0 Related deaths Fukushima No deaths so far due
earthquake and to radiation
resulting tsunami Chernobyl A UN report places
damaged the plant's the total confirmed
power systems deaths from
Chernobyl A sudden power radiation at 64 as of
output surge during 2008.
a systems test Long-term Fukushima Not yet known. but
caused a reactor health damage risks to human
vessel to rupture health are thought to
Severity rating | Fukushima Level 7 - major be low
accident Chernobyl Among the residents
Chernobyl Level 7 - major of Belarus. the
accident Russian Federation
Number of Fukushima Six: but only three and Ukraine, there
reactors of concern, plus had been up to the
pools storing spent year 2005 more than
fuel 6.000 cases of
Chernobyl Four: but only one thyroid cancer
reactor involved reported in children
Type of reactors | Fukushima Boiling-water and adolescents who
reactors were exposed at the
Chernobyl Graphite-moderated time of the accident.
boiling water reactor and more cases can
be expected during
, AMRITSAR COLLEGE
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the next decades

Current status Fukushima Engineers have
brought the plant to
a "cold shutdown
condition", a key
milestone in
bringing it under
control. It will take
decades to dismantle
it completely
however.

Chernobyl The damaged
reactor is now
encased in a
concrete shell. A
new containment
structure is due to be
completed by 2015

VI.CONCLUSION

Both the accidents occurred due to a shoddy accident
management plans.Monitoring campaigns after both
accidents reveal that the environmental impact of the
Chernobyl accident was much greater than of the
Fukushima accident. Both the highly contaminated areas
and the evacuated areas are smaller around Fukushima
and the projected health effects in Japan are significantly
lower than after the Chernobyl accident. This is mainly
due to the fact that food safety campaigns and evacuations
worked quickly and efficiently after the Fukushima
accident. In contrast to Chernobyl, no fatalities due to
acute radiation effects occurred in Fukushima.
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Abstract— The waste-to-energy (WTE) plants are
running at very low efficiency. The main reason is the hot
corrosion failure of the heat transfer tubes in the plants. The
corrosion problem in these plants is very complex due to
heterogeneous nature of the fuel used in these plants. The
fuel used in these plants is the waste which is usually dumped
in the rivers and in land. In this study efforts are made to
study the complex corrosion mechanism in these plants.

Keywords— Hot Corrosion, WTE, Chlorine

L INTRODUCTION

Due to shortage to electricity worldwide and especially in
developing countries like in India, there is need to install
the waste-to-energy (WTE) plants. These plants use the
waste as fuel to generate heat in controlled condition. This
heat can be further recovered to generate power
(electricity). But the waste which is used as fuel is
heterogeneous in nature. It is not selected possible to
select the fuel of these plants. These plants are primarily a
project of waste management and energy recovery is
secondary. The waste usually contains chlorine. This
element usually reacts with alkali and other elements to
make corrosive compounds which are molten in the plant
conditions. Thus the environment of these plants is very
harsh and corrosive in nature. This study is done to
understand the corrosive nature of the WTE environment
and mechanism involved which cause the degradation of
the heat exchanger tubes.

[I. CORROSION MECHANISM IN WTE PLANT

Several authors [1-3] suggests that the corrosion in
WTE plants 1s more severe than the fossil fuel based
plants because corrosion in these plants, i1s chlorine based
called active oxidation and the melting temperature of the
chloride salt mixture deposits on the tubes of boiler is less
than sulfate salt mixture. So the deposition of chloride salt
mixture accelerates the corrosion at low temperature than
the sulfate salt mixture. To found the stability of protective
oxide films formed on the metal in molten salt corrosion
environment, similar to the waste incinerator plants.
Tetsuo [4] study the solubility of several oxides in NaCl-
KCl, melting point 660°C and NaCl-KC1-Na,SO,-K,SO,,
melting point 518°C, salt mixtures in three different basic
environments and Ishitsuka [5] study the solubility of
protective oxide films Cr,0;, N1O, Co;0,, Fe;0, and Si0,
m molten chlorides NaCl-KCl at 727°Cand NaCl-KCl-
Na,S04-K,SO0,at 550°C in the basic environment similar

to the WTE plant. In this environment the Cr,O; film
changed to Cro™; by molten chlorides contained in the
deposits, because basicity of molten chloride increases due
to the presence of water in the combustion gas. So in the
presence of low melting point salts in WTE plants the
protective oxide film dissolves in the salts [4].

In WTE plants upon burning waste, gaseous alkali
chlorides are expected to vapor-condense on the tube
surfaces in a wide temperature range from flue gas at 650—
950 °C, on the tube surface at 350-650 °C as reported by
otsuka [6]. In this regime, vapor- condensation of gaseous
NaCl and KCI from flue gas on the tube surface is
favorable. The molecular quantity of vapor-condensed
NaCl and KCl increased with increasing the flue gas
temperature at 550—750 °C and leveled of at above 750 °C.
The pure sodium and potassium chlorides cannot vapor-
condense on the tube surfaces at higher than 700 °C
because the pure solid NaCl and KaCl became unstable
and disappeared from the deposit at higher than 650 °C.
But at the tube surface temperature lower than 400 °C,
exposed to flue gas at higher than 750 °C the vapor-
condensed deposits PbCl,, PbSO,, ZnCl,, and ZnSO, are
considered to be responsible for the fireside corrosion of
waterwall tubes, because these salts can lower the melting-
point temperature of the tube deposits. Also it was found
that vapor-condensation of these lead and zinc salts can
only be possible on tube surfaces at lower than 400 °C.
The vapor-condensation of NaCl and KCI salts, on the
tube surface at 500 °C from the flue gas at 750 °C was
found to be two-orders of magnitude greater than that from
the flue gas at 550 °C because the high-temperature flue
gases generally have high concentration of vapor NaCl
and KCIl and hence have greater capability to vapor-
condense these species on tube surfaces. This enhanced
vapor-condensation of NaCl and KCI salts on tube
surfaces exposed to high-temperature flue gases increases
the amount of molten salts in tube deposits, resulted in a
severe fireside corrosion of boiler tubes.

Now the vapor-condensation of sodium and potassium
sulfates (as solid solution) can occur for flue gases at
higher than 750 °C and became heavier at higher
temperatures. For flue gas at lower than 700 °C, vapor-
condensation of sodium and potassium sulfates is not
likely. At 650 °C, Na,SOy, can exist as solid phase involved
in fly ash particles, instead of vapor phase in flue gases.
The superheater tubes in most WTE plants are located in
the region where the flue gas temperature is lower than
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650 °C, hence the sodium sulfate found in superheater tube
deposits 1s presumed to accumulate not by wvapor-
condensation from flue gas, but rather by impingement
and/or adhesion of fly ash particles containing solid
Na,SO, to superheater tube surfaces. So the deposits on
the boiler tubes is influenced by the flue gas temperature,
rather than tube wall temperature and is also affected by
the contents in the waste as reported by otsuka [6].

A corrosion mechanism based on literature available
for fullscale deposit and corrosion studies in the waste-to-
energy plants is based upon the chlorine-containing
deposits, the sulfation of alkali chloride to sulfates and due
to high partial pressures of gas-phase HCI or Cl,. The
theory is based on gaseous alkali chlorides condensing on
the heat transfer surfaces and subsequently gaseous SO,
enhanced the corrosion of metals covered with deposits
containing alkali chloride, due to the in-deposit sulfation
of alkali chloride to alkali sulfate by reacting with SO,
that diffuses from the bulk gas stream to the deposit
surface, forming the thermodynamically stable alkali
sulfate, leading to the generation of high partial pressure
chlorine. The alkali-chloride forms a melt with alkali-
sulfate and iron components (Fe Oy, FeCl,) adjacent to the
oxide layer. The sulfation occurs fast in the melt and HCI
or Cl, 1s formed close to the metal. Also the bulk of the
salt containing chloride and sulfate did not melt it
appeared that the salt grains in contact with the metal
sample had formed a small amount of liquid phase (in both
0,-SO; and O,-Cl, environments). Now the chlorine gas
has the ability to diffuse through the oxide layer to the
metal surface where it reacts with chromium and iron to
form volatile metal chlorides. Chlorides of iron and
chromium are thermodynamically stable and have high
partial pressures at the conditions of low oxygen partial
pressure prevailing at the metal/scale interface. The
volatile iron chlorides diffuse out through the scale and
oxidize as they reach areas with higher partial pressures of
oxygen, forming a loose non-protective oxide layer. The
iron oxides formed either in the metal oxide layer or in the
dense mixed layer. The net reactions in the melt phase are
that iron chloride is transformed to iron oxide and alkali
chloride to alkali sulfate and release of chlorine. In this
mechanism corrosion behavior shift with temperature, at
low metal temperatures the solid-phase sulfation is slow
and the metal suffers only from general oxidation and as
the metal temperature increases from the lowest melting
temperature of the deposit on the boiler tubes, the
formation of sulfates from alkali-chloride increases in the
melt, generating a high partial pressure of Cl,/HCL. This
causes accelerated oxidation and possibly selective
corrosion on the fireside of boiler tubes in the waste to
energy plants.

IL. CoNCLUSION

The following conclusions are derived from this study:

1.The reason for the harsh fireside corrosion in WTE
plants lies in the characteristic waste chemistry. It is not
only one element but the complex chemistry involving
elements like sodium, potassium, calcium magnesium,
lead, zinc, sulfur, and chlorine contents in the waste
which cause severe corrosion problem in WTE plants.

2.The high-Cl, low-S, and moderate sodium/potassium
contents, with small addition of heavy metals such as Pb
and Zn has created the severe corrosion environment for
boiler tubes in waste incinerators.

3.The effect of Cl in the deposits can be hindered and
subsequently decrease in the corrosion, by the capture of
alkali compounds in the waste.

4.The nature or composition of waste which is used as a
fuel in WTE plants can not be selected, since waste
incinerator is primarily a project of waste management
and energy recovery is secondary.
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Abstract— The corrosion degradation of boilers tubes
in waste incinerator environment is a serious issue. The
presence of chlorine in the waste which is used as fuel
in these plants is the main reason of highly corrosive
environment. These plants are still running at low
efficiency due to the boiler tube failures. So there is
need to study the corrosion preventive measures
especially for the waste incinerators and waste-to-
energy (WTE) plants. In this study various corrosion
preventive measures which can be adopted in these
plant is reported.
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L INTRODUCTION

The difficulty of combating corrosion in WTE plants is
that there are many contributing factors and their effects
may be overlapping effects and also the nature or
composition of waste which 1s used as a fuel in WTE plant
can not be selected. Now the effects of these factors vary
widely among WTE facilities, due to the heterogeneous
nature of the fuel used and differences in grate and boiler
designs of WTE plants. In the past several years of the
operation of the WTE plants the general approaches
developed to reduce the corrosion can be classified as
primary and secondary measures. Most of these methods
have been applied to actual WTE facilities and shown
different levels of effectiveness. The prevailing methods
of protection from high temperature corrosion are
described in this section.

II. Primary measures

The primary measures of protection to minimize the
adverse effects of the corrosion factors are by influencing
the process conditions in the boiler of the plant. Some of
the primary methods include:

a) Changing the aggressive nature of the environment of
plant by altering the fuel content used in the plants. The

addition of some elements such as Mo, V or W 1n the fuel
reduce the solubility of protective oxide film like Cr,O; or
addition of some elements like Si or Ni produce the
protective oxide film having low solubility in a basic
solution [1]. Other remedies as suggested by Khan et al.
[2] 1s the successful removal or at least hindering the
effect of Cl in the deposits and subsequently decrease in
the corrosion, by the capture of alkali compounds. It is
suggested that the use of different materials such as
bauxite, kaolinite, limestone etc., produce high melting
point alkali compounds relative to alkali chlorides and
hence increase the melting point of the ash formed during
combustion. But the corrosion effect will not be totally
eliminated, because by the use of these additives, Cl will
be released in the gas phase [2]. Also the addition of clay
in the industrial waste fuel, can form high fusion point
compound by reacting with the low fusion point materials
and hence increase the operating temperature of plant [3].

Another measures include a new technique named
““Targeted In-Furnace Injection’” (TIFI) which makes the
ash deposits more friable by means of injecting chemicals,
such as MgO, directly into the combustion chamber [4].

b) Change in furnace design as suggested by Krause [5] so
that there is uniform combustion, and avoid reducing
conditions and also minimizing fluctuations in gas
temperature[4]. Also it 1s suggested by Wenchao [6] that
there is need for further research considering residence
time, air ratio, temperature, fuel rate etc., to run the WTE
plants at high efficiency.

II1. Secondary Measures

Secondary methods of protection are applied to extend
the lifespan of the boiler tubes. The life of tubes and hence
efficiency of plant can be increased by protection from
high temperature corrosion. Some of these methods
require either the retrofit of existing WTE boilers or the
redesign of boilers of new WTE facilities. In the case of
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retrofits, the construction time for making equipment
changes is a very important parameter since the required
shutdown can affect the economic viability of the WTE
facility [4]. Some of the protection methods applied in
WTEfacilities, or are under investigation, are described in
the following section:

A. Corrosion Resistant Materials

Many kinds of corrosion-resistant materials like high
Cr- high Mo nickel base alloys and high Cr-high Si
ferronickel alloy tubing products are used in WTE plants.
From the previous study [7] it is found that the corrosion
resistance of alloys can be improved by the addition of Mo
or Si, but the effect of silicon is smaller than that of
molybdenum, due to the discontinuity of silica layer.

B. PROTECTIVE COATING

It 1s learnt from the published literature that one
possible, practical, reliable and economically viable way
to control or prevent the problem of the high temperature
corrosion, is an application of a thin layer of coatings
having good thermal conductivity, such as nickel based
alloys. Due to the continuously rising cost of the bulk
materials as well as increased material requirements, the
coating techniques have been given more importance in
the recent times. Therefore, the use of protective overlay
coatings has been emerging as a potential area and 1is
successfully used to increase the life of superheater tubes
of fossil fuel based energy recovery plants [8]. But this
technique 1s not fully explored till now in WTE plants.
Porosity, stress generation and interlayer separation
between the different deposited layers are the prominent
parameters to be considered for selecting a particular
process for deposition of the coating. The easiness,
economy and convenience of operations are the other
major factors that must be considered for applying the
coatings to industrial installations at site.

IV. CONCLUSION

After studying the literature critically it is found that
there 1s very rapid surface degradation and hence failure of
tubes of WTE plants in short duration due to aggressive
nature of the environment in the plants.

The following conclusions are derived from this study:
1. The use of protective overlay thermal spray coatings has

been emerging as a potential area and is successfully
used to increase the life of superheater tubes of fossil

fuel based energy recovery plants. But this technique is
not fully explored till now in energy recovery plants
based on waste as fuel.

2. Coatings based on nano-scale material also need to be
explored because nano-scale materials have achieved
much attention in recent years.

3.WTE plants are still operating at low efficiency as
compared to fossil fuel based plants, so ways has to be
found out to increase the efficiency of plant by
decreasing the surface degradation of boiler tubes at
high temperature. This area needs to be explored in the
future.

4. New corrosion resistant alloys must be found, which are
resistant towards chlorine corrosion.
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AbstractThe emerging energy demands of the world have
put the renewable source of energy in focus. Solar energy
is one of the cheapest and greenest energy available to
mankind. Inorganic material based solar cells have been in
use for long time but low efficiency and high initial cost of
such solar cells have inhibited their wide spread use.
Organic solar cells (OSCs) have received
much attention recently due to several potential
applications, including compatibility with flexible
substrates, low-manufacturing cost, and roll-to-roll
fabrication process [1-3]. In organic materials, light
absorption leads to the formation of excitons (bound
electron-hole pairs) rather than the free electron-hole
pairs. The research field of organic electronics experiences
tremendous developments since organic conjugated
materials are typically disordered, the charge carriers are
mostly localized over a single molecule and charge
transfers between molecules occur very efficiently [4]. The
mobility is affected by many parameters such as molecular
packing, disorder, electric field amplitude, and
temperature, impurities, pressure and charge carrier
density. During the past three decades conjugated organic
compounds have attracted a strong interest in laboratories
worldwide. The high mobility and broad light absorption
band make them attractive materials for photovoltaic
applications. The charge carrier mobility is the key
quantity in order to get better solar cells devices made of
organic conjugated material. It has been known that the
dielectric constants of organic materials are largely
influenced by orientations of the constituent molecules [S].
In the present work Dicinnamalacetone which is
a green organic material with large conjugation, has been
studied for its optical properties. The band gap has been
found to be in the UV-Visible region, making it suitable
candidate for solar cells.
KEYWORDS: - Dicinnamalacetone, organic solar cells
(OSCs)

Introduction

The energy demands of the world have seen an
exponential growth over the last century. The fossil
fuels have been contributing significantly to fulfill the
energy demands. But the rising cost and diminishing
reserves have put the focus of the world to other sources
of energy. Solar energy is the greenest and cheapest
source. Photovoltaic cells to harness the energy are
commercially available, most of which are inorganic
material based. These solar cells have high initial cost
of installation and low efficiency. The scientific

fraternity has been looking for organic material which
can replace the inorganic material based solar cells.
Materials like Phthalocyanine and sub Phthalocyanine
chloride have shown some potential but the expected
efficiencies have not been achieved. In organic
materials the electron hole pairs are generated but the
high recombination rates before reaching the electrodes
reduces the open circuit voltage Voe Thus the charge
transport properties of the organic material are the main
parameter, after their absorption band, on which a
material 1s rated. The conjugation of double bonds
seems to enhance the charge transport properties. In the
present work we are proposing Dicinnamalacetone as a
potential material for solar cell applications. The thin
films of the material were deposited under high vacuum
conditions and were studied for their structural, optical
and electrical properties [1-6].

The structure of Dicinnamalacetone is shown in figl,
having high conjugation. There is chain of five alternate
double bonds on every side of the oxygen atom which
can be considered as the centre of gravity of the
molecule.

Fig.1 Structure of Dicinnamalacetone

LEXPERIMENTAL TECHNIQUES
The high purity Dicinnamalacetone was deposited on
ultrasonically cleaned glass substrates by thermal
evaporation method at pressure of about 10° mbar.
Aluminum electrodes were deposited under the same
conditions by masking techniques. A molybdenum boat
was used for depositing the Dicinnamalacetone. The
structural and optical analysis of films under
investigation was done by using X-ray Diffraction
(XRD) technique U-V Visible spectroscopy. The C-V
studies were done using Pico ammeter and function
generators supplied by SES company, Roorkee.
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STRUCTURAL PROPERTIES

XRD was done from SAIF, PU Chandigarh using
Diffractrometer XPERT-PRO.

X-ray spectra have been recorded in the range 5°-79°
(26).The graph 1s plotted between 26 and counts.
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The XRD graph a strong peak at around 26 = 25,
indicating a preferential orientation for the deposited
films.
II.OPTICAL PROPERTIES

UV-Visible analysis was done from SAIF, PU,
Chandigarh using apparatus Perkin Elmer model no.
lambda 750. The graphs were plotted between hv and
(ahv)2. From graph we measure band gap for different
samples. The band gap obtained for the samples was
found to be about 2.2eV. The band gap found is in the
UV region. This implies that the material chosen cannot
alone be suitable for solar cell applications because of
mismatch between the peak of solar spectrum and the
peak of absorption band of the material. However the
semi transparent kind of texture makes it suitable for
making multilayer photo voltaic cells. The upper layer
may absorb the energy from the UV part of the
spectrum and for making optimum use of the solar
energy underlying layer of some other material with
absorption peak in the visible region can be used.

1.8E+15 1
1.6E+15
1.4E+15 alpha h-nu vs E(eV)
1.2E+15
1E+15
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Fig.1 Optical band gap of Dicinnamalacetone

ILELECTRICAL PROPERTIES
The dielectric properties of the samples were studied by
forming aluminum electrode. The V-I characteristics

showed that the electrodes were non rectifying in
nature. The dielectric constant was determined using
Goswami equivalent circuit model [7]. The capacitance
of the film was obtained by measuring ac current at
various frequencies (10-1000 Hz). The asymptotic value
of this curve gives the geometric capacity of the film.
C=¢g,KA/d.

7E-08 -
6E-08 1 C (F) vs Frequency
5E-08
4E-08

3E-08 -
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0
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Fig.2 Variation of film capacitance with frequency

Dielectric constant was found to be 2.25.
IV.RESULTS AND CONCLUSIONS

The thermally deposited films were crystalline in
nature and the junctions formed were non rectifying.
The optical band gap of the films was found in the UV
region. Thus the material 1s suitable for making
multilayer solar cells. The dielectric constant was found
to be 2.25.
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Abstract:-

In this paper an attempt has been made to theoretically
find the variation of some important parameters of one
of the arsenic free Ge-Se glass system by the addition
of In content. Various parameters like co-ordination
number, floppy modes, bond energy, electronegativity,
heat of atomization, cohesive energy and glass
transition temperature have been calculated for
Ge6Segy Ing(x=0,1,2,3,4,5,6) glass system. Glass
transition temperature (Tg) is calculated by using two
approaches i.e.Tichy-Ticha and Lankhorst approaches.
Tg seems to be increasing in theoretical calculations
while average single bond energy is decreasing with the
increase in content of In.

Keywords: Chalcogenide, Cohesive Energy, Glass
transition temperature, Lone pair electrons, Heat of
Atomization.

I.  INTRODUCTION:

Chalcogenide Glasses (C.G) has recently attracted
attention of various researchers due to their wide
applications in electronics and optical devices. Among
these due tothe reversible phase transformation property,
high transparencies in low and middle IR region, Selenium
(Se) finds numerous applications in photocells, rectifiers,
switching, memory etc. [1]. But Sealso finds some
disadvantages like short life time, aging, low sensitivity
[2].[3].[4]- To improve its properties, it is alloyed with the
elements of 3", 4%, 5®group of periodic table. The second
element make bonds with Se chain and thus strengthens
the average bond thereby increases the glass transition
temperature. Ge-Se system is found to have wide glass
forming ability. Whereas third element like In added to
Ge-Se host structure in turn disturbs the long Se chains
and results into the short range ordering and increase in
defect concentration which helps in the network flexibility
and thereby widens glass forming region.

degree of constraints acting on it. Number of constraints in
an atomic species with average co-ordination <r> arises
from Bond Bending N (angular) and Bond Stretching Ns
(linear).

Bond Bending per atom is given by:

Np=2<1>-3 )

So, in this paper an attempt has been made to theoretically
study the effect of partial replacement of Se by In on the
physical parameters (i.e co-ordination number, floppy
modes, bond energy, electronegativity, heat of
atomization, cohesive energy and glass transition
temperature) of Ge,4ln,Segy, (x=0,1,2,3,4,5,6) system.

II. THEORATICAL METHODOLOGY

Co-ordination number is an important parameter in
describing the geometrical arrangement of particles in a
unit cell of a crystal and is helpful in explaining some
structural properties. In a multicomponent glasses, the
average co-ordination number describes the cross linking
in the covalently bonded solids. Higher the co-ordination
number is, stronger 1s the bonding between the
atoms.Average Co-ordination number <r> has been
calculated by the standard result [5-6].Average Co-
Coordination number <r> for the composition Ge gln,Seg,.
«(x=0,1,2,3.4,5,6) is given by

_ aNGe+bNIn+CNSe
a+b+c

<r> (1)

Wherea.b.c are concentration (at %) of Ge, In, Se
respectively and Ng.= 4, Nyp=4, Ns. = 2 are their
respective co-ordination number.

Mechanical constraint theory proposed by Philips and
Thorpe [5-6] explains the glass formation tendencies of
the material structure. These constraints are associated
with the breaking of long rage ordering and resulting into
short range order whichprovides the flexibility required for
the formation of glass. Philips and Thorpe approach
compares the degree of freedom per atom and

Bond stretching per atom N is given by

Ng = <Ir:>/‘2(3)
Total number of constraints is given by

Nr=Ng +Ns(4)
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It has been further suggested that the composition at which
the covalently bonded glassy system shows a sudden
change from floppy (polymeric) state to rigid or stressed
state 1s referred to as the Rigid Percolation (RPT) or
Mechanical Threshold [6]. For covalently bonded
network, rigid percolation occurs at <r>= 2.4 and at this
point the degree of freedom per atom and total number of
constraints becomes equal. At this composition glass
forming ability of alloys is maximum. For <r>>2.4 the
system 1s said to be over-stressed or rigid and for <r>< 2.4
the system issaid to be under coordinated or floppy.

The effective co-ordination number <r.g> 1s also related
with the total number of constraints

T = 2(<1> +3)/5 (5)

Number of floppy modes signifies the degree of cross-
linking and is the function of average co-ordination
number. The number of floppy modes can be determined
by the following relation

f =22<r>(6)

Number of lone pairs can be calculated by using following
formula

L= V- <r>(7)

Where L is the number of lone pairs and V is the number
of valence electron [7]. Number of lone pairs signifies the
degree of flexibility. More the number of lone pairs, more
i1s the possibility of formation of amorphous network
which enhances the glass formation ability. Thus lone
pairelectrons in the structure of a system are a
necessarycondition for obtaining the system in vitreous
state [8].

Heat of atomization (Hs) is the energy required to
dissociate the molecule into individual atoms. In case of
the ternary compounds the relation is given as

(aHsge+ bHSp +CcHsge)
I_IS — Ge In Se (8) (8)
a+b+c

whereHsg., Hsp,, Hsg. areheat of atomization of Ge.In.Se.
Average single bond energy which is a measure of bond
strength can be calculated by heat of atomization as
Hs/<r>. For ternary compounds, energy can be estimated
using the relation [10]

Eg = aBgg. + bEg;,+ cEgs.(9)

In Ge4ln,Seq,  system there is relatively more probability
of formation of Ge-Se, Se-In, Ge-In bonds then homopolar
bonds Se-Se. According to Chemically Ordered Network
model formation of hetropolar bonds dominates over
homopolar bonds and the formation of bonds is in the

decreasing order of their bond energy [9]. The energies of
their hetropolarbondsis given by

Eap=(EaaXEgsp)"? +30(3a-xs)*(10)

where Eas s , Epp are homopolar bond energies and
¥axsare corresponding electro-negativities.

Cohesive Energy of the system is the stabilization energy
per atom of the large cluster. It is the amount of energy
released when the crystalline structure is formed or
amount of heat absorbed when crystalline structure is
broken into individual atoms. Cohesive energy can be
calculated by using the relation

Ce =X PE (11)

where P; is the number of bond expected and E; is the
energy of corresponding bond.

Various properties of C.G depends on mean bond energy
E of the system which is the function of degree of
crosslinking, average co-ordination number and bond
energy. Mean bond energy as proposed by Tichy-Ticha
[11,12], 1s a combination of two factors, contribution to
the bond energy by hetropolar bonds Ec and contribution
by the remaining matrix Erm. Thus mean bond energy can
be given as

E =Ec+ Erm(12)

E. and E,;, can be calculated by using following relations:

Ec= aEGe-SerGe+ bESe-Iann( 13)
and

CNg, - aNge- bNp,)* Ese-se
Em1=( S Ge<>ln) (14)
1

WhereNg., Ng.. Nyare coordination numbers and a, b, ¢
are concentration (at %) of Ge, Se, In respectively.
Parameter R is the ratio of covalent bonding of chalcogen
atoms to non-chalcogen bonds. Parameter R indicates the
deviationrepresent that eitherchalcogen or metal bonds
dominates the structure.

&( 15)

(a Nge-bNy)
wherea,b,c are concentration (at %) of Ge, In, Se
respectively. R>1 signifies that the system is chalcogen
rich and R<1 indicates chalcogen poor material 1.e. metal-
metal bonds dominates the structure.
Another parameter which can be determined is the glass
transition temperature Tg. Glass transition temperature Tg
1s the transition from a pliable or “rubbery” state to more
viscous, hard or rigid state. Or in other words, below Tg
The material is rigid or glassy and above Tg the material is
first super cooled liquid and then finally a liquid. Decrease
in temperature hinders the mobility of molecular chains
[13]. Tg 1s the function of overall mean bond energy,
degree of crosslinking, types of bonds and bond energy of
network formation [14].
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According to Tichy-Ticha bond energy of the system also
influences glass transition temperature [12]. They
proposed an empirical relation between the mean bond
energy and glass transition temperature is given as

Tgr =311 (E-0.9) (16)

Glass transition temperature is also related to the heat of
atomization by a relation given by Lankhorst [15]. This 1s
expressed by the relation
Tgr =3.44 Hs — 488 17)
OI.  RESULTS AND DISCUSSION

The values of average coordination number, constraints,
floppy modes and lone pairs electrons calculated for
GegIn,Segs (x =0, 1, 2, 3,4, 5, 6) are shown in table 1*.
From the table it is inferred that average coordination
number, number of constraints and hence effective
coordination number increases with the increasing
concentration of In. For x =0, 1, 2. 3, 4, 5, 6 Ge4In,Seg,.,.
average co-ordination number is first <r>< 2.4 then
becomes equal to 2.4 and finally <r>> 2.4 and similarly
total number of constraints ranges from 0> Nr> 3. Thus
the system is showing transition from under stressed or
floppy to Stressed, rigid and over coordinated glass.
Number of floppy modes and lone pair electrons decreases
with the increasing concentration of In, indicating that the
system 1s getting more and more rigid. Variation of
effective coordination number, number of constraints,
floppy modes and lone pair electrons with In concentration
1s shown 1in figure 1.

4
L

3 NT%‘*
22
% reff
=1

f
0 | A —fb————p——p—p——p
0 2 4 6 8
-1 In concentration (%)

Fig: 1 shows the variation of Number of constraints (N), Effective
Coordination number (T.s). number of floppy modes (£f) and lone pair
electrons (L) with In concentration for Gejsln.Sessx(x = 0, 1, 2,3, 4,5, 6).

Table 2* is showing the variation of heat of atomization,
average single bond energy, glass transition temperature
with x = 0, 1, 2, 3,4, 5 ,6. Values of glass transition
temperature are calculated using Lankhorst relation for
GejgIn,Segssystem.  Variation of glass transition
temperature with Se concentration is shown in figure 2.
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Fig. 2.Variation of glass transition temperature (Tg) with In
concentration for Ge;sIn,.Sess, (x =0, 1, 2,3, 4,5, 6).

Heat of Atomization of the system increases with In
content while average single bond energy decreases with
the increasing content of In. In chalcogenide glasses, the
lone pair of Se atom forms the top of the valence band.
The lone pair of Se atoms has energy higher than the
electronegativity of Se atoms. When electronegative Se
atom (y = 2.55) is replaced by electropositive In (y =
1.78), the energy of lone pair gets enhanced and valence
band moves towards the energy gap. Thus Energy gap
decreases (Eg). Table 3* shows the variation of
electronegativity, deviation of stoichiometry (R),
distribution of bonds and cohesive Energy for Ge,4In,Seg,.
System. From the table 3 it can be observed that
electronegativity is decreasing with electropositive content
of In. Decrease of parameterR factor shows that the
system 1s becoming chalcogen poor which implies that
hetro-polar bonds are increasing over homopolar bonds.
Variation of number of bonds of Ge-Se, Se-In, Ge-In and
Se-Sewith the increasing content of In is also shown in the
table 3. Since bond energy of Se-In bonds is highest
among the bonds for the present system and number of Se-
In bonds i1s increasing at the faster rate than Se-Se, Ge-In
bonds and leading to increase in glass transition
temperature. Cohesive energy is also increasing due to the
increase i Ge-Se, Se-In content. This reflects that
stabilization energy per atom increases with increasing In
concentration. Variation of heat of atomization, cohesive
energy and mean bond energy with In concentration is
shown 1in figure 3.
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Table 4* shows the variation of mean bond energy with x
=0,1,2,3,4,5,6. As In increases it is observed from the
table 4 that hetero-polar bonds are increasing thus E, is
increasing at the cost of weaker bonds resulting in the
decrease of E,,. Values of glass transition temperature are
also calculated from Tichy-Ticha formula. Bond energies
of Ge-Se, Se-In, Ge-In, Se-Se are also shown in the table
5%

IV.  CONCLUSION
Increasing concentration of In increases the number of
hetero-polar bonds in the system and system becomes

more and more rigid. It is seen that average coordination
Fig.3. Variation of Average single bond energy (Hs/<1>), Cohesive
energy (C.) and Mean bond energy (E) with In concentration for
GejslnSese (x =0, 1, 2,3, 4,5, 6)

*Tables are given at the end

number, number of constraints, cohesive energy is also
increasing with the increase in the concentration of In or
decrease in concentration of Se whereas number of lone
pairs and bond energy is decreasing with the increase in In
content. Mean bond energy and heat of atomization
increases with increase in In concentration leading to
increase in glass transition temperature.
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TABLE 1

Values of Average Coordination No. (<r>), Constraints Bond bending (N3), Bond Stretching (Ns) and Total (N), Effective Coordination Number,
Floppy Modes (f) lone pairs of electrons(L) for Ge sIn,Sess (x =0, 1, 2,3, 4, 5, 6).

<> Np Ns Nt Teft f L
GeyglngSeg, 232 1.64 1.16 28 2.128 0.066666667 336
GeiglmSess 2.34 1.68 1.17 285 2.136 0.05 331
Geygln,Seg; 2.36 1.72 1.18 29 2.144 0.033333333 326
GeglnzSeg; 238 1.76 1.19 295 2.152 0.016666667 301
GeglngSesy 24 1.8 1.2 3 2.16 0 316
GejglnsSesy 242 1.84 121 3.05 2.168 -0.01666667 311
GejglngSers 2.44 1.88 122 3.1 2.176 -0.03333333 306
TABLE 2.

Values of Heat of Atomisation (Hs). Average Single Bond Energy (Hg/<1> ). Glass Transition Temperature (T¢ (Lankhorst)). Band Gap
(Eg)forGeisInsSessx(x =0, 1, 2,3, 4, 5, 6).

(kcal/gsatom) Hy/<r> (-I;S (E\gf)
GesIngSesy 55.89 24.09051724 316.96 1.79
GegIln;Segs 55.98 23.92307692 317.7168 1.77
Gejsln,Ses, 56.07 23.75847458 319.55333 1.75
GegInzSeg; 56.15 23.59243697 320.16608 1.73
GesIngSegy 56.24 23.43333333 322.00304 1.71
GegInsSesy 56.32 23.27272727 322.61192 1.69
GejgIngSess 56.41 23.11885246 324.44888 1.67
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TABLE 3.

Values of Electronegativity (y). Deviation from Stoichiometry (R). Distribution of Bonds. Cohesive Energy(Ck). for GeisInsSessx(x = 0. 1. 2. 3. 4.5. 6)

Distribution of Bonds Ce
%L R
Se-Ge Se-InGe-InSe-Se (Kcal/mol)
GeglngSesy 2.46 2.63 0.38 - - 0.62 46.0596
Gegln;Segs 2.456 2.44 0.385 0.0481 024 0.54 46.3494
Gejsln,Ses, 2.45 2.28 0.39 0.09756 0.04878 0.4637 46.6574
GeglnsSes 2.44 2.13 0.395 0.1481 0.0741 0.383 46.9576
GesInsSesy 2.43 2 0.4 0.2 01 0.3 47.2789
GeglnsSero 2.425 1.88 0.40506 0.253 0.1265 0.2152 47.5979
GejglngSers 241 1.77 041 0.31 01538 0.1282 48.0425
TABLE 4.

Values of Mean Bond Energy (E). Glass Transition Temperature ( Tr (Tichy-Ticha)). forGeisIngSessx(x =0, 1,2, 3. 4.5, 6.)

E Ter
E. Em
(Kcal/mol) (029)
GejsIngSesy 31.63 19.72 51.35 413.63
Gejeln;Segs 33.79 18.427 52.217 422.96
GejsIn,Ses, 35.95 17.15 53.1 436.2086
GejsInzSes; 38.11 15.899 54.009 447.84
GeysInsSeg 40.27 14.66 54.93 460.28
GejsInsSer 42.43 13.455 55.885 472.72
GejslngSers 44.59 12.26 56.85 488.27

Table 5.Values of Bond Energy for Ge-In-Se System.

Bonds Bond Energy
(Kcal/mol)
Ge-Se 49.42
In-Se 54.02
Ge-In 35.0774
Se-Se 44
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Burnishing a super finishing process — A

review

Aashish Sharma and S.B.S. Kalsi
Amritsar College of Engineering and Technology, Amritsar, Punjab, India

Abstract— Burnishing is considered as a super finishing
process. In this process, the metallic surface of the work piece
undergoes plastic deformation by the pressing action of a
hard and highly polished rotating ball or roller.
Improvements in surface finish, surface hardness, wear
resistance and corrosion resistance can be achieved by the
application of this process. But how to select the burnishing
parameters to reduce the surface roughness and to increase
the surface hardness is especially crucial. The aim of this
paper is to critically discuss the affect of different parameters
on burnishing.

L INTRODUCTION

Burnishing is a method of finishing the surfaces by
applying the pressure on the surface by a hard ball or a
roller. In these days, finishing processes are becoming
more and more important. Surface finish not only give the
good appearance to the material but it also increases the
properties of the material such as increase in the surfaces
hardness, decrease in surface roughness and increase the
load carrying capacity of the material. Surface roughness
occurs due to uregularities left by the machining tool.
Owing to the inherent irregularities in the machining
process, some other operations such as grinding, polishing,
honing are performed to increase its surface finish. Now,
in recent years, a process namely burnishing is commonly
used to increase the surface finish of the material. In this
process, surface characteristics are improved by plastic
deformation. Such operations are sometimes referred to as
plastic surface deformation. The different researchers (1-7)
had tried to optimize the different parameters to achieve
best possible surface finish.

A.  EFFECTS OF DIFFERENT PARAMETERS

Adel  Mahmood hassan and Ayman Mohammad
Magqableh [1] in 2000 review the effects of initial
burnishing parameters such as initial surface roughness &
hardness of work piece, the ball diameter & the use of
different lubricants on two non-ferrous work piece
material namely Brass & Cast Al-Cu alloy. In their
experiment, they comes out with the result that an increase
in initial surface roughness will cause an increase in the
final surface roughness of ball-burnished work piece but it
has no effect on the surface hardness of these metallic
work pieces. An increase in initial surface hardness will
cause a decrease in the reduction of surface roughness and
in total amount of the increase in surface hardness.

S.Rajesham and Jem Cheong Tak [2] in 1989 has studied
the surface characteristics of aluminium alloy after its
burnishing. They also done the experimental work on it
and comes out with the result that as the burnishing force
1s increased the surface finish improves. A higher

burnishing speed also has brought up an improvement in
the surface finish. The micro hardness increases with the
increased value of burnishing force.

S.B.S Kalsi, J. Singh, B.B. Saini [3] in 2006 carried out
the experimental work on the effect of the burnishing
parameters on EN-31 material. In their experiment, they
comes out with the result that the surface hardness and
surface roughness depends upon the burnishing parameters
such as burnishing feed, burnishing speed and burnishing
burnishing force. With the increase in the burnishing
force, the surfaces roughness decreases to a certain limit,
then it starts to increase with increase in burnishing force.
The surfaces hardness decreases with an increase in feed
rate and burnishing speed.

R Rajasekariah and S.vaidyanathan [4] in 1975 carried out
experimental work on steel components to increase the
wear resistance of steel by ball burnishing process. They
concluded that the finishing of the burnished surface
depends on the burnishing load, feed rate and initial
surface roughness. The burnishing load is the main factor
affecting work hardening and wear- resistance of the
surface. Fig.1 shows the relations between burnishing
force (load) and surface hardness.
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Fig.1 Relationship between
hardness.[4]

burnishing load and surface

N.H. Loh, S.C. Tam and S.Miyazawa [5] in 1990 carried
out the experiment on the surface hardness of material by
ball burnishing process. They worked on the four ball
burnishing parameters namely depth of penetration, type
of lubricant, burnishing force and hardness of the material.
They comes out with the result that as the feed increases,
the normal and tangential forces and the hardness increase
upto a maximum point. The hardeness of the material
decreases with increase in the feed. Their is a variation of
hardness at different depths below the surface.

R.LMurthy and B. Kotiveerachari [6] in 1980 done the
review work on the burnishing on the metallic surfaces.
They concluded that the parameters such as burnishing
force, feed forces in burnishing, characteristics of
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components which are being burnished, smoothness of the
surfaces and fatigue strength of the components. They
studied some important applications of burnishing process
such as finishing of inner hole, inner and outer diameter of
the hydraulic cylinder, face seale, press fits, salvage
operations.

N.H. Loh and S.C. Tam [7] in 1988 done the survey on the
effect of ball burnishing parameters on surface finish.
They studied the different ball burnishing parameters such
as burnishing force, ball diameter, ball material and nature
of work material. They concluded that the ball burnishing
not only give the good look to the material but also
increases the characteristics of the material. A required
surface roughness and surface hardness can be achieved
by this process.

S.S. Pande and S.M. Patel [8] mn 1983 did the
mvestigations vibratory burnishing process. They done the
experimental work to study the influence of various
process parameters such as burnishing speed, feed, ball
force , frequency and amplitude of vibration on the surface
finish micro hardness of surface layers produced by
vibratory burnishing process. They also present the
commercial models to correlate these parameters. They
comes out with the result that very good surface finish can
be obtained with the combination of large frequency and
high force. Actually the effect on the surface finish is an
interaction between the various process parameters rather
than the total dependence of an individual parameter.

N.H. Loh and S.C. Tam [9] in 1989 did the statistical
analyses of the effects of ball burnishing parameters on
surfaces hardness of the material. They showed that the
main effects on the surface hardness is of the lubricant
used, feed and depth of penetration. The ball burnishing
process can increase the surface hardness of the material to
a desired amount. An interaction effect between the ball
material and the linear feed was also evident. Fig.2.Fig.3
and Fig.4 shows the ball burnishing tool, set up of ball
burnishing operations and schematic illustration of
terminology respectively.

Burnlshing ball Push Rod
4

Fig. 2 The ball burnishing tool.[9]
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Fig.3 Schematic set up of ball burnishing operations.[9]
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Fig.4 Schematic illustration of terminology.[9]

N.H. Loh, S.C. Tam and S.Miyazawa [10] in 1990 did the
experimental work on the surface roughness produced by
ball burnishing. They works on the various ball burnishing
parameters such as speed, feed, burnishing force, depth of
penetration, lubricant used on the surface roughness of
AISI 1045 material. Results showed that the above written
parameter effects the surface roughness. Increase in the
depth of penetration surface roughness decreases up to an
optimum point and then increases. Surface roughness
increases with speed.

N.H. Loh, S.C. Tam and S. Miyazawa [11] in 1992 did the
experimental work on the application of design in ball
burnishing. They use ASSAB XW -5 tool steel for
bunishing process. They use grease as lubricant. To
establish the mathematical models to correlate these three
parameters, they use response surface methodology
(RSM). Finally they comes out with the result that in
increase in the depth of penetration the surface roughness
first decreases and then increases. Fig.5 Shows the
relationship between surface roughness and depth of
penetration:
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Fig.5 Effect of depth of penetration on surface roughness.[11]

Tokio Morimoto and Kentaro Tamamura [12] in 1991
carried the experimental work on the effect of tool
material on the burnishing process. They use five types of
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ball — tools namely silicon nitride, cemented carbide (JIS-
G2), silicon carbide, alumina ceramic and high carbon
chromium bearing steel(JIS-SUJ2). The turned surfaces of
the steel bars were burnished using these tools. The results
showed that the cemented carbide and silicon nitride ball
— tools achieved the good surface finish among all types
of ball — tools used.

Adel Mahmood Hassan and Aiman Sharef AI — Bsharat
[13] in 1995 did the experimental work on the influence of
burnishing process on surface roughness, surface hardness
and microstructure of two non — ferrous metals, i.e, Brass
and Aluminium. The burnishing parameters such as feed,
speed, force and number of tool passes were taken into
considerations. It was found that with increase in the feed
rate the surface roughness decreases to a certain limit and
then it starts increasing. Same results were found for the
other considered parameters. With an increase in feed rate
and burnishing speed the surfaces hardness decreases but
surface hardness increases with the increase in burnishing
force and number of tool passes. Their is an elongation in
the grain near the surface of the burnished workpiece.

Adel Mahmood Hassan [14] in 1996 did the experimental
work on the effects of ball and roller burnishing on the
surface roughness and surface hardness of two non -
ferrous metals i.e, brass and aluminium. The results
showed that with increase in the burnishing force the
surface roughness first decreases and then starts increasing
with further increase in the burnishing force. The surface
hardness increases with increase in the burnishing force.
The relation between burnishing force and surface
roughness shown in fig.6
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Fig.6 Relationship between surface roughness and burnishing

force.[14]

M.H. EL — Axir [15] in 2000 did an investigation into the
roller burnishing. The burnishing done on the steel — 37 to
determine the surface hardness and surface roughness of
the material. The result shown that the parameters of
burnishing such as burnishing force, burnishing feed,
spindle speed and number of passes of tool effect the
characteristics of the material. At very high spindle speed,
feed rate and number of passes, an increase in the

burnishing force results in an increase in surface
roughness. The workpiece over hardening and then flaking
generally occurs when using a combination of high
burnishing force with a high number of passes and the
great deforming action of the tool and the increase of
structural homogeneity of the surface layers that occurs
when using low burnishing feed. The residual is maximum
near the surface and decreases with an increase in the
depth beneath the surface.

F. Klocke and J. Liermann [16] in 1998 carried out the
experimental work on the roller burnishing of hard turned
surfaces. In this hard roller burnishing operation, a
hydrostatically borne ceramic ball rolls over the
component surface under high pressures. The result shown
that the hard roller burnishing transforms tensile residual
stress present in the surface zone after hard turning into
compressive residual stress. It also improve the surface
roughness and surface hardness of the specimen. This
process has no effect on the formation of white layers in
the surface zone.

Adel Mahmood Hassan and Sulieman Z.S AL — Dhifi [17]
in 1999 reviewed the improvement in the wear resistance
of brass components by ball burnishing process. They
investigated that with the increase in the burnishing force
or the number of burnishing tool passes the wear
resistance of brass component increases upto certain
limits. The ball burnishing process also increases the
surface finish and the surface hardness of the non- ferrous
metals. It can be stated that the use of ball — burnishing
process increases the wear resistance of brass component.

AM. Hassan [18] in 1997 investigated into the surface
characteristics of burnished cast Al — Cu alloys. He
studied the effects of different burnishing parameters such
as burnishing force, burnishing speed and burnishing feed
on suface roughness and surface hardness of cast Al — Cu
alloys. The result shown that with the in increase in
burnishing force, speed and feed, the surface roughness
seems to fall to a certain limit, and then starts to rise via an
increase of each of the above — mentioned parameters. The
relation between burnishing force and surface roughness
1s shown in fig.7(a) and the relation between burnishing
speed and the surface roughness is shown in fig.7(b).
Surface hardness increases with increase in the burnishing
force and it decreases with burnishing speed and feed.
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Fig.7(a). Burnishing force (v=30 m/min.f=0"Imm/rev).[18]
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Fig.7(b). Burnishing speed (p=10 kgf. f=0"1 mm/rev)[18]

B. CONCLUSION

The review show that the burnishing as a finishing process
is not only technically viable but also has commercial
potential. The burnishing parameters should be put under
close control for the beneficial application of this process
to improve the surface characteristics of the specimen. The
increase in the burnishing force and speed decreases
surface roughness to certain limits, and then starts to
increase through the increase of each of the above —
mentioned burnishing parameters. Surface hardness
increases with burnishing force and it decreases with
burnishing speed.
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SYNTHESIS OF GOLD NANOPARTICLES
FROM SOLANUM TUBEROSUM EXTRACT
AND EVALUATION OF ITS ANTIOXIDANT

ACTIVITY
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Abstract-Naturally occurring antioxidants are presumed to be
safe since they are of plant origin and are as desirable as their
synthetic counterparts. Thus, the strategy of implementing the
diet with antioxidants especially deriving from natural sources
is becoming more and more convincing against oxidative stress
damages. This has promoted the investigation and
characterization of active natural antioxidant compounds in
various plant derived foods. The present piece of work is aimed
to estimate antioxidant behaviour of the potato extract under
different conditions (boiled, baked and raw) and synthesis of
gold nanoparticles of potato extract followed by the estimation
of its enhanced antioxidant behaviour.

Keywords: Antioxidants, characterization, oxidative stress, Gold
nanoparticles.

.. INTRODUCTION

Antioxidants are compounds that inhibit or delay the
oxidation of other molecules by inhibiting the initiation of
oxidizing chain reactions. They reduce the risk for chronic
diseases including cancer and heart disease by trapping
free radicals generated in our body. Synthetic antioxidants
such as butylated hydroxyl anisole (BHA), butylated
hydroxyl toluene (BHT), ter-butyl hydro quinine (TBHQ)
and propyl gallate (PG) are effective in the protection of
unsaturated fats and oils. However, the use of synthetic
antioxidants in foods 1s discouraged because of their
toxicity and carcinogenicity [1]. They may also cause liver
swelling and non-selective killing of the cells. The
presence of antioxidants in fruits and vegetables may
reduce the risk of chronic diseases [2]. Naturally occurring
antioxidants such as polyphenols, flavonoids, tocopherols
and ascorbic acid are presumed to be safe since they are of
plant origin and are as desirable as their synthetic
counterparts. Plant sourced food antioxidants like vitamin
C, vitamin E, carotenes, phenolic acids, phytate and
phytoestrogens have been recognized as having the
potential to reduce disease risk. Potatoes are also known as
sources of antioxidant compounds, including polyphenols,
carotenoids and vitamins, pointing to their relevance not
only as a starchy food, but also as a

vegetable. Potatoes contain phenolics compounds in
the range of 0.3-4.8 mg/g dry weight [3]-[4]. Total
carotenoids contents in potatoes were reported in the range
of 0.6 — 233 ng/g [5]-[8]. As far as the vitamins content is
concerned, potatoes contain 0.3 — 5.6 mg/g of vitamin C
[9]-[13]. The present piece of work reports the estimation
of in vitro antioxidant activity of potato extract in different
conditions (raw, boiled and baked) using DPPH and
Fenton assay and evaluation for enhanced antioxidant
activity of gold nanoparticles synthesised from raw potato
extract.

1. EXPERIMENTAL DETAILS

A. Reagents

DPPH (0.3mM in methanol), Methanol, a-tocopherol,
Deoxyribose (3mM), Ferric chloride (0.1mM), Ascorbic
acid (0.1Mm), EDTA (0.lmM), H,O, (ImM),
Thiobarbituric acid (1% i 100 ml NaOH; 0.05 N),
Trichloro acetic acid (5 % in water), Phosphate Buffer
Saline (pH 7.4), a-tochopherol (0.1mM).

B.  Sample extraction

Potato (100g) was extracted with methanol (250ml) in
a reflux extractor for 8 hours. The filtrates obtained were
concentrated to a fixed volume (100 ml) using rota vapour
distillation.

C. Antioxidant determination
DPPH assay:

The reaction mixture of dilution series (1-20mg/ml) of
potato extracts were incubated with 1ml of 0.3 Mm DPPH
solutions in MeOH. The solution was allowed to stand for
30min at room temperature. Extracts when reacted with
DPPH, a stable purple coloured free radical was converted
mto colourless compound (o-o diphenyl [-picryl
hydrazine). The extent of decolouration indicates the
amount of DPPH scavenged [14]. The absorbance was
measured at 517nm using a-tocopherol as a reference
antioxidant. The percent inhibition of DPPH was
calculated using the formula:

[(C-T)/C]X100 1
C is the absorbance of control and T is the test sample

Fenton’s assay:
The reaction mixture containing different dilution
series of potato extracts were incubated with deoxyribose,
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H,0,, FeCl;, ethylene diamine tetra acetic acid (EDTA) in
phosphate buffer (pH 7.4). The reaction was terminated by
Iml thiobarbituric acid (1%w/v) and trichloro acetic acid
(2% w/v) by boiling in water bath for about 15 min. The
pink chromogen which was formed eventually results in
the formation of thiobarbituric acid reactive substance
(TBARS); oa-tocopherol was used as a reference
antioxidant. The percent inhibition of OH generated was
calculated using equation 1.
Synthesis of gold nanoparticles from Solanum tuberosum
extract

Doubly ionized water (10ml) was added to 4ml of
Solanum  tuberosum  (potato) extract and stirred
continuously at 25°C for 15 min. To the stirring mixture
NaAuCl, solution (0.1M, 2 pL) was added. The colour of
the mixture turned reddish brown from pale yellow within
5 minutes of the addition, indicating the formation of gold
nanoparticles. The reaction mixture was stirred for an
additional 15 minutes. The gold nanoparticles thus formed
were separated from potato extract immediately using a 5
micron filter.
Characterization of Gold nanoparticles

Gold nanoparticles prepared from Solanum tuberosum
(potato extract) was characterized by X-ray diffraction
(XRD) analysis, Atomic force microscopy (AFM),
Scanning Electron Microscopy, UV- Visible Spectral
analysis.

. RESULTS AND DISCUSSION

Estimation of antioxidant activity of potato extract by
DPPH and Fenton assay

Different forms of potato (baked. boiled and raw)
showed antioxidant behaviour in terms of percentage
mhibition 83%, 92.46%, 97% for DPPH radicals at the
concentration range 20mg/ml respectively. Reference
antioxidant a-tochopherol inhibited 98.98% of DPPH
radicals at the same concentration [Fig.1 (a)]. The free
radicals were scavenged and solution becomes yellow
because of formation of a-o diphenyl-f- picryl hydrazine.

baked

potatoes
boiled
potatoes
W raw
potatoes

1246 8101214161820

Concentration (mg/ml)
The extent of decolouration indicates the amount of DPPH
radical scavenged. Similarly, baked, boiled and raw
potatoes showed antioxidant behaviour in terms of
percentage inhibition 84.1%, 93.04%, 97.02% against OH
radicals at the concentration range 20mg/ml, respectively,
in Fenton’s assay. Reference antioxidant o-tochopherol
mhibited 99.51% of DPPH radicals at the same
concentration [Fig.1 (b)]. The rate of degradation of

% inhibition

deoxyribose sugar in test samples was compared with
control in terms of appearance of pink chromogen with
thiobarbituric acid. The order of antioxidant activity was
found to be - baked potatoes < boiled potatoes < raw
potatoes < a-tochopherol. ICs,

values of potato extract were calculated using DPPH and
Fenton assay and found to be baked potatoes (13.95mg/ml
& 13.00mg/ml), boiled potatoes (11.53mg/ml &
10.95mg/ml) and raw potatoes (9.34mg/ml & 8.36mg/ml),
respectively.

(a)

[y
0o
o

g 38 ® baked potatoes
=70
560 m boiled potatoes
=50
£40
c
=30 raw potatoes
R20

18 = tochopherol

12 46 8101214161820

Concentration (mg/ml)

(b)
Fig.1: a) Percentage inhibition of DPPH radical, concentration
dependency of baked potatoes. boiled potatoes and raw potatoes against
reference a-tochopherol
b) Percentage inhibition of OH radical. concentration dependency of
baked potatoes. boiled potatoes and raw potatoes against reference -
tochopherol

Synthesis of gold nanoparticles
Gold nanoparticles were synthesized from sodium

tetra chloroaurate solution containing Au’~ ions by treating
with the potato extract. The colour of the solution changed
to reddish brown colour within 5 min of reaction with the
Au’” ions .The appearance of the deep brownish colour
indicated formation of gold nanoparticles.
Characterization of gold nanoparticles

A. X-ray Diffraction (XRD) of gold nanoparticles

The diffraction peaks at 26 =38.15° (11 1), 44° (20 0),
63.9° (22 0) and 77.25° (3 1 1) obtained [Fig. 2] are
identical with those reported for the standard gold metal
(Joint Committee on Powder Diffraction Standards-
JCPDS, USA).
The crystallite size was estimated from the full width at
half-maximum intensity (FWHM) of the reflection using
Scherrer’s equation.

B =V(FWHM)? - (0.045)*=x )
_XxXm _

Bradia:; ﬁ y (3)

t= yCosf (4)

Where B is the breadth of the peak of a specific phase
(26=38.15 1 our case), K is a constant that varies with the
method of taking breadth (K=0.94), X is the wavelength of
incident X-rays (A=0.15418nm), 6 1s the centre angle of
the peak, and L is the crystallite length (size). The
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crystalline size obtained was 32.10nm. The reference
crystal size 1s 40 + 20nm.

Intensity (a.u)

30 o so oo 70 no

Angle 2 theta

Fig.2 X-RD of gold nanoparticles
B. Atomic Force Microscopy

E
&
]

‘opagraphy range

Fig.3 AFM of gold nanoparticles
From the topographical view, it is evident that the
most of the nanoparticles are in spherical shape [Fig. 3].
The average roughness of the particles was found to be
13.39 nm.
C.  SEM of gold nanoparticles

Fig. 4 SEM of gold nanoparticles
Information on the morphology of gold nanoparticles

obtained from  Scanning  Electron = Microscopy
measurements. The image [Fig. 4] revealed that
nanoparticles are mainly spherical in shape and are not in
physical contact but are separated.

D. UV-Vis Spectra of gold nanoparticles

4o | <50 | soo | sio | eso | eso | 7oe | 7io | =00
Wavelength (nm)

Fig. 5 UV-VIS spectra of gold nanoparticles

The UV- visible light absorption of gold nanoparticles
was monitored in the range of 200nm-800nm. In case of
gold ions reduction, the bands corresponding to the
Surface Plasmon Resonance (SPR) occurred at 530 nm
[Fig. 5]. Earlier studies have established that SPR band of
gold nanoparticles appears around (500-550nm).

Antioxidant
nanoparticles

The antioxidant behaviour of synthesized gold
nanoparticles of potato extract with that of the raw potato
extract was examined using DPPH assay. The comparison
indicates that gold nannanarticlec and raw potatoes showed
percentage inhibit and 97% against DPPH
radicals at the con 1ige 20mg/ml respectively.
Reference antioxidant ascorbic acid inhibited 98.98% of
DPPH radicals for the same concentration.

activity  of  potato  embedded  gold

%18: |
§_§'
S 6 -
£ g
o -
g 2 -
Cl_
S 0

raw potato gold nanoparticles

Fig. 6 IC5 value of raw potato and gold nanoparticles

The synthesized gold nanoparticles of potato extract
showed significant increase in its antioxidant behaviour
which is confirmed by the lowering in ICs, value (9.34) to
(5.87) when compared to raw potato extract [Fig. 6]. The
observed enhancement in the antioxidant behaviour can be
ascribed to the fact that, nanoparticles have advantages
over bulk materials due to their surface Plasmon resonance
(SPR), enhanced Rayleigh scattering and surface enhanced
Raman scattering (SERS) in metal NPs, quantum size
effect in semiconductors.

Iv. CONCLUSIONS

The present study showed that the potato extract
possesses strong antioxidant activity against DPPH and
OH radicals. The order of free radical scavenging activity
was found to be a-tochopherol> raw potato> boiled
potato> baked potato at concentration 20mg/ml. The
observed trend showed that the antioxidant behaviour of
different forms of the potato might be lost during boiling
and baking. Synthesis of gold nanoparticles of potato
extract has been carried out. The formation of gold
nanoparticles were confirmed by UV-Visible spectra, X-
RD, AFM, and SEM. Results indicated that nanoparticles
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are spherical with 32nm in size and a broad peak at 530nm
for gold nanoparticles was observed. The antioxidant
behaviour of synthesized gold nanoparticles of potato
extract with that of the raw potato extract was compared
which indicates that the synthesized gold nanoparticles of
potato extract showed significant increase In its
antioxidant behaviour.
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Abstract- The 1l factor is an important parameter that
determines the power conversion efficiency of an
organic photo-voltaic solar cell. There are several
factors that significantly infuence FF and these factors
interact with each other in-tricately. Due to this
understanding FF is quite important. The relationship
between Fill Factor(FF) and process variables have
been demonstrated with series and shunt resistances
and this provided a chance to understand the electrical
de-vice behavior in the blend layer, series resistance(R;)
and shunt resistance(R,,) were varied by controlling the
morphology of the blend layer, the region regularity of
conjugated polymer, and the thickness of the blend
layert the interface between the cathode including
PEDOT:PSS and the blend layer, cathode conductivity
was controlled by varying the structure of the cathode
or adding an additive.

KEYWORDS: Organic PhotoVoltaic Cell; PE-DOT:PSS;
P3HT; PCBM; Fill factor.

I INTRODUCTION

Solar cell or Photovoltaic cell (or PV cell for short). is the
device that converts the radiation of the sun to electricity.
Every leaf of a green plant does something similar | they
convert sunlight to chemical energy. Actually, a group of
solar cells, the so-called "organic cells", started by
borrowing the idea from leaves. Pigments (including
chlorophyll [1]) were used to sensitize titanium-based
materials [1,2]. The importance of developing e cient solar
cells is obvious. The

sun supplies us a clean and unlimited resource of energy,
helping us relieve the energy crises and world pollution.

The source is out of question while the approach to e
ciently utilize it remains a challenge.

Ever since 1954, when the rst modern Si p-n junction
solar cell is invented at bell lab[3], many attempts have
been done looking for a high-efficiency low-cost solar
cells, leaving several signi cant milestones. In 1970,
Zhores Alferov's team at USSR developed rst highly e
ective GaAs heterostructure cell. In 1980, the rst thin- Im
cell using Cu,S/CdS was devel-oped at the University of
Delaware with e - ciency of 10%. In1991, the rst dye-
sensitized cell was invented. In 1994, there came the rst
cell that exceeds 30% conversion e ciency using
GalnP/GaAs. And in 2006, the "40% e cient barrier" was
broken. Besides material research, much has been done for
increasing sunlight con-centration, carrier collection, and
cell stabil-ity[4]. Moreover, researches have gone beyond
the inorganic world. Despite their low e ciency, the organic
polymers have attracted much in-terest. The poly (3-
hexylthiophene) (P3HT) and [6,6]-phenyl C61-butyric acid
methylester (PCBM) blends is one of the promising
organic solar cell materials. It is the most e cient fullerene
derivate based donor-acceptor copoly-mer so far[5.6].

P3HT:PCBM has reported an e ciency as high as 10%,
which is unusual in the organic cell material[7-10]. Their
structures are as shown (Fig 1)PCBM is a fullerene
derivative. Because of high hole mobility, it plays the role
of elec-tron acceptor in many organic cells. P3HT is
among the Polythiophene family, which is a kind of
conducting polymer. It is the excitation of the - orbit
electron in P3HT that gives the photo-voltaic e ect in the
blend[11].All devices showed
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Figure 1: Structure of P3HT and PCBM[11].

that the eld-e ect transistor (FET) hole mo-bility values
close to 0.1 cm®V 's ! have been obtained in P3HT[13-16].
To maximize PCE of

(a) (b)
Bias() [ photons
v
3
Jsc Jmax -Vmax
b Jsc -Voc
() (d)
Bias (V) V Bias (V) /
=

Figure 2: (a) The de nition of 1l factor(FF), J,,, current
density at the maximum of J x V in 4®quadrant, V™*:bias
at the maximum of J x V in 4®quadrant. (b) Circuit of
photovoltaic device, R®: series resistance, Ry,: shunt resis-
tance(c) Model of series resistance (R,) impact-ing FF (d)
Model of shunt resistance (Ry,) im-pacting FF[10].

OPVC, understanding on the parameters that a ect on J,
V... and FF should be made. FF is de ned by (Jiax X Vinax) /
(Jee X Vo) (Fig 2(a)) and its characteristic is determined by
series resistance (R;) and shunt resistance (Ry,) of the
device (Fig 3(c).(d))[17]. R, is the measure of the series
resistance of the organic semicon-ductor layer, which is
related with the intrin-sic resistance, morphology, and
thickness of the semiconductor layer. R, determines the
slope of J-V curve in the 1* quadrant and is calculated

by V/I. On the other hand, the shunt resistance Ry, is
correlated with how much charge are re-combined and
generate the leakage current that are closely related to the
amount and character of the impurities and/or defects n
the active or-ganic semiconductor layer. Ry, determines the
slope of TV curve in the 4® quadrant.

Monojit Bag Dhritiman Gupta, and K.S.Narayana
mvestigated the concaved-up shape of S-like JV curve
having drastically small FF. In their investigation, the con-
caved up shape JV curve was explained by charge
accumulation at the interface between an electrode and the
organic semiconducting layer[18]. To verify that
hypothesis, the au-thors prepared two types of OPVCs -
one was ITO/PEDOT:PSS/P3HT+CB/AI and the other was
ITO/PEDOT:PSS/P3HT+PCBM/Ca/Al. The former device
showed the concaved up shape IV curve and the obtained
FF was only 0.12. In the latter device, the thin calcium
layer at the interface of Al and the organic layer facilitates
the charge collection due to the ohmic contact and the
resulting FF was improved up to 0.37. Instead of Christoph
JBrabec, Sean E.Shaheen, Christoph Winder, and

V N.Serdar Sariciftci added a lithium uoride layer between

the blend layer and the aluminum cathode and observed
enhanced FF from 0.5 up to 0.6[19].In this case, the
authors explained that the enhanced FF originates from the
dipole formation induced by LiF rather than the ohmic
contact formation.

In this paper, we report the relationships be-tween FF
and various parameters including the quality and thickness
of the OPVC blend layer and the two interfaces between
the electrodes and the blend layer. Through the study
island-type electrode geometry was used to prevent the
additional charge collection observed form the crossbar
type device con guration[20].

II DISCUSSION

It had been tested that the e ect of the character of the
organic layers, such as, the morphology, thickness, and
regioregularity of the conjugated polymer to the FF. The
device structure was
ITO/PEFOT:PSS/P3HT+PCBM/LiF/Al. The following
data and observations were made:
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Figure 3: The annealing e ect on the FF of OPVCs (a)Absorption change a ect by thermal an-nealing. (b)Crystallinity
evolution during thermal annealing(c) and(d) JV curve evolution during thermal annealing for 15min in di erent

scale[10].
Annealing time(min.) Jsc (mA/cm?) Voc(V) PCE(%) Ry(! cm?) FF
0 1.54 0.8 0.44 9.6 0.36
1 243 0.67 0.99 6.7 0.61
15 5.36 0.6 2.10 38 0.65

Table 1: The performances of P3HT and PCBM blend
conditions[10].

photovoltaic devices under di erent various annealing

Types J.. (mA/cm?®) Voo(V) | PCE(%) FF | Ry(! cmy) Ry(! cm?)
Regiorandom P3HT+PCBM 0.65 0.59 0.12 031 0.05 1.6
Regioregular PSHT+PCBM 5.40 0.60 212 0.65 0.005 1.1

Table 2: Device performances of P3HT and PCBM blend photovoltaic devices having Device performances of P3HT
and PCBM blend photovoltaic devices having di erent regioregularity ofthe conjugated polymer|[10].
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P3HT:PCBM layer thickness J.(mA/cm?) Voo(V) | PCE(%) R(! cm?) Ra(! cm?) FF
150nm 5.36 0.60 2.10 0.005 0.83 0.65
320nm 5.47 0.58 1.620 0.007 0.36 0.51
800nm 431 0.55 0.91 0.059 0.29 0.38

Table 3: The device performance depending on lblejnd layer thickness e ect[10].
a oo ; ( 1
& 150nm - o Q 150nm
E 80 320nm 3 £ 320nm
< 7 z |
E 60 -3 £ -2
€ 0 e S
53 ©
(=] Q 4
& 20 S 5 =
= - s .-..:‘;:"“-‘".:"1
0 > S
02 0 0204 06 08 1 12 14 o2 0 0.2 0.4 0.6
Bias (V) Bias (V)
Figure 5: Thickness e ect on FF[10].
Types J.(mA/cm?) Voo (V) PCE(%) FF
Not annealed 5.06 0.42 0.92 0.43
Annealed for 10min 45 0.52 1.37 0.59
Annealed for 20min 54 0.56 1.81 0.6

Table 4: FF change depending on the interface between cathode and blend layer[10].
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Figure 7: (a) The e ect of anode conductivityon FF and (b) Illumination intensity e ect on FF[10].
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Intensity J.(mA/cm?) Vo(V) | FF

0.01 sun 0.01 0.35 0.3
1 sun 0.08 0.57 0.2
10 sun 0.53 0.59 0.17

Table 5: Device performances depending on anode conductivity[10].

Types J.(mA/cm?) Vo(V) | FF
PEDOT:PSS 0.02 0.59 0.16
PEDOT:PSS(w/10% DMS) 0.07 0.57 0.20
ITO/PEDOT PSS 5.26 0.60 0.65

Table 6: Device performances depending on illumination intensity[10].
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Figure 8: JV curves of a P3HT and PCBM blend photovoltaic device under various illumination intensities. (a) JV curves

from -0.2V to 0.7V (b) JV curves from -0.2V to 1.5V. The larger scale JV curves are added to provide the graphical
information of R [10].
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Figure 4: The regio regularity e ect of conju-gated
polymers on FF[10].
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Figure 6: The interface e ect between the cath-ode and the
blend layer on FF. (inset) currents from 0.8V to 1.3V
which shows R [10].
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Illumination Isc VYoc | PCE | FF
intensity (mA/cm?) V)

0.2 Sun 1.64 057 | 284 | 061

1 Sun 5.83 061 | 2.00 [ 0.56

2 Sun 11.5 064 | 1.76 | 048

3 Sun 18.2 0.66 1.63 | 041

5 Sun 35.5 0.68 1.62 | 034

Table 7: The device performances of a P3HT and PCBM
blend photovoltaic device under various illumination
mtensities[10].

IIT CONCLUSION

In this paper, the effective variables having im-pact on FF
of OPVC having P3HT and PCBM were systematically
identi ed. Systematic un-derstanding of the way to control
FF and the correlation between the device variables and R,
and Ry, are important to achieve high perfor-mance OPVC.
As the variable in the blend layer component, the blend
morphology, the region regularity of the conjugated
polymer, and the thickness of the blend layer showed large
in uence on FF and through a ecting on R, and Ry;,. When
the crystallinity of the blend layer was increased by
thermal annealing, R, decreased. When the regioregular
P3HT was used one order of magnitude lower R, was also
observed. The higher crystallinity induced by thermal
anneal-ing and regio-regularity should enhance the e -
ciency of the intermolecular and intramolecular charge
transport. On the contrary, as the thick-ness of the blend
layer increased, R, increased
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and Ry, decreased due to the increased distance the charges
should travel until they reach the electrodes and this will
increase the resistivity and the charge recombination. The
quality of the two interfaces between the blend layer and
the electrodes was revealed to play a signi cant role in
determining FF as well. When a less con-ducting cathode
was used FF decreased due to more charge recombination
and leakage current that was evidenced by lower Ry,. By
controlling the amount of the photo-induced charges in the
blend layer through various illumination condi-tions, it
could proved that the Ry, and resulting FF are largely in
uence by how e ciently ex-tract the generated charge
through the cathode. As the chance of charge
recombination increased in the experimental condition of
the higher il-lumination intensity, Ry, and FF gradually de-
creased indicating more charge recombination in the blend
layer. The nature of the interface be-tween the Al anode
and the blend layer turned out to be detrimental to FF as
well. As the PV cells were thermally annealed after Al
deposition FF Ry, increased indicating the interface became
more favorable for charge extraction. It 1s likely due to the
better contact between Al and the blend layer.
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Current Trends m ECG Compression Techniques

Butta Singh
Guru Nanak Dev University Regional Campus, Jalandhar

Abstract: Compression methods have taken an important role
in recent years in many areas including health monitoring.
Electrocardiogram (ECG) is a physiological signal widely used
in diagnosis and treatment of cardiac abnormalities. Large
amount of signal data need to be stored and transmitted.
Particularly, taking into account the limited band width of the
transmission channels together with the imposing amount of
the data to be transmitted, there is obviously a need for
introducing the data compression. ECG Data Compression is
intended to attain a lossless compressed data with relatively
high compression ratio (CR) and low PRD (Percent Root Mean
Square Difference). This proposed paper discusses various
techniques proposed earlier in literature for compression of an
ECG signals and provide comparative study of these
techniques.

Keywords: ECG, Compression ratio (CR), Percentage mean
square, Discrete, Cosine transforms Wavelet transform.

I Introduction

The electrocardiogram (ECG) is a physiological signal
containing information about the cardiac disease of the
heart. The PQRST complex of ECG cycle and the various
time intervals between peaks contains valuable information
about the cardiac abnormalities afflicting the heart. The
study of ECG pattern and heart rate variability has to be
carried out over extended periods of time [1]. Therefore the
storage size of the ECG data to be handled is enormous [2].
The advanced techniques must required a way to minimize
the data storage without making major error in the
reconstructed ECG signal and is exactly the aim of many
existng ECG data compression techniques projected in
literature over the last 3 decades [2, 3].The goal of ECG
compression techniques is to achieve a reduced information
rate, while preserving the relevant diagnostic information in
the reconstructed signal.

ECG signal compression techniques can be broadly
classified into three major categories: 1) Direct data
compression, 11) Transformation methods and 111) Parameter
extraction techniques. Many algorithms have been proposed
m the literature on direct data handling [4] transformation
method, [5, 6, 7] and parameter extraction methods [8].
Direct methods generally preserve samples that contain
important information about the signal and discarding the
rest. The basic 1dea of all these methods is to break the ECG
signal into consecutive linear segments. This is done by
selecting a set of significant samples i the encoder.
Whereas parameter extraction methods are mainly based on

linear prediction and long-term prediction methods. It is an
ureversible process, where a pre-processor 1s employed to
extract some features that are later used to reconstruct the
signal.

II Performance Measure of ECG Compression

One of the most difficult problems in ECG compression
applications and reconstruction 1s defining the error
criterion. The main purpose of the compression system is to
remove redundancy and irrelevant information. The error
criterion has to be defined so that it will measure the ability
of the reconstructed signal to preserve the relevant
mformation.

2.1 Percentage of root mean square difference (PRD)
PRD is one of the important parameters of any algorithms
analysis and the small value of PRD shows success of
algorithm. PRD is a most common used distortion measure
that 1s given by

PRD—100x JZ(Oqu)—REC(i))2

3 (ORG()
Where ORG 1s the original signal and REC i1s reconstructed
signal.

2.2 Compression ratio

Compression efficiency i1s measured by the compression
ratio (CR). The CR 1is defined as the ratio of the number of
bits representing the original signal to the number of bits
required to store the compressed signal. The ECG signal
calculation for compression ratio 1s explained as

CR=origmal file size /compressed file size

Higher the CR, smaller will be the size of compressed file.

IIT ECG Compression Methods
There are mainly three methods of ECG data compression

3.1 Direct methods

In these methods, signal samples are directly used to
provide the compression. We classify the direct data
compression methods into three categories: tolerance
comparison  Compression, differential  pulse code
modulation (DPCM), and entropy coding methods [4]. This
section presents the direct data compression schemes
developed specifically for ECG data compression. The
Amplitude Zone Time Epoch Coding (AZTEC), Fan/SAPA,
TP, and CORTES ECG compression schemes, which are
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mainly, based on the tolerance- comparison compression
methods. The (AZTEC) technique was proposed by J.R.
Cox et al. [9] converts the original ECG data into horizontal
lines (plateaus) and slopes. Plateaus use a zero-order
Interpolator algorithm to compress the data, where
amplitude and a length are stored. Slopes are formed when
the length of a plateau is less than three. The information
stored from a slope is the length of the slope and its final
amplitude. Although the AZTEC algorithm provides a CR
of around 10:1 (500 Hz sampled ECG with 12 b resolution)
but the step-like reconstruction of the ECG signal is
unacceptable for accurate analysis by the cardiologist,
especially in the P and T portions of the ECG signal. W.C.
Mueller proposed the Turning Point (TP) [10] data
reduction algorithm was for the purpose of reducing the
sampling frequency of an ECG signal from 200 to 100 Hz
without reducing the elevation of large amplitude QRS’s.

TP always provides CR of 2:1 and retains the important
features of the ECG signal. It achieves this by replacing
every three data points with the two that best represent the
slope of the original three points. The second of the two
saved points is used for the calculation of the next two
points. A demerit of the TP method 1s that the saved points
do not represent equally spaced time intervals. S.C. Tai
proposed a real-time ECG data compressor SLOPE. This
method considers some adjacent samples as a vector, and
this vector i1s extended if the next sample falls in a fan
spanned by this vector and a threshold angle; otherwise, it 1s
delimited as a linear segment. By this way SLOPE
continuously delimits linear segments of different lengths
and different slopes. Fan and Scan-Along Polygonal
Approximation (SAPA) algorithms [11] are ECG data
compression techniques. These are based on the First-Order
Interpolation with two Degrees of Freedom (FOI-2DF)
technique. J.R. Cox ef al. [9] proposed a technique in which
Huffman coding was applied to the frequent codeword set,
while a fixed word length coding technique was applied to
the infrequent set. In this data compression ratio of 2.8:1
was reported using 250 Hz sampled ECG’s with 10 b
resolution. An ECG delta coding system is presented in[12]
and implemented in Stewart ef al. [2] proposed a moditfied
technique called delta coding with threshold for
compression of three-lead (X, Y, Z) ECG signals. Whenever
the absolute value of the difference between successive
samples in any of the three ECG leads signals exceeds
above a preset threshold, data are stored. Otherwise data are
considered redundant and hence, removed. DPCM system
for data compression comes under the delta coding. In this
system the actual signal 1s replaced by the first-difference
signal (amplitude between successive samples).

3.2 Transformation methods

In this original samples of ECG are subjected to a (linear)
transformation and the compression is performed in the
entirely new domain like Fourier transform (FT), discrete
cosine transform (DCT) and wavelet ete [5,15,16,17]. With
FT the frequency-amplitude representation of the signal 1s
obtained [17]. To reconstruct the signal apply inverse FFT.
Limitation of FT 1s it fails to provide the information
regarding the exact location of frequency component in
time.

In DCT compression signal mformation can restore in a
restrict number of DCT coefficients [17]. At first, the ECG
signal 1s partitioned imto its periods or beats. A beat is
defined here as the signal between two R waves. As ECG
signal is quasiperiodic, the lengths of the partitioned beats
are not equal. These partitioned beats are then period
normalised. These normalised beats are DCT transformed.
For reconstruction of a signal, DCT coefficient blocks are
IDCT transformed. Limitation of DCT is that the distortion
1s more in reconstructed signal.

ECG signal is non-stationary signal which includes different
frequency components at different times and locations.
Wavelet transform may localize the signal analysis in the
both time and frequency domains simultaneously [22, 23].
This algorithm firstly decomposes the original signal using
wavelet transform to get the coefficients. Process the
wavelet coefficients by using the hard threshold. Apply
mverse wavelet transform to reconstruct the signal [17].

3.3 Parameter extraction methods

In this a preprocessor is used to extract some features that
are later used to reconstruct the signal. Methods belonging
to this group are: peak picking linear prediction methods,
syntactic methods neural nets methods and Long Term
Prediction [18-21]. Parameter extraction method is an
ureversible process in which a particular parameter or
characteristic of the signal 1s extracted. The extracted
parameters are used for classification based on a priori
knowledge of the signal features. The peak picking
compression techniques are usually based on the sampling
of a continuous signal at peaks (maxima and minima) and
other significant poimts of the signal. Imai et al. presented an
ECG peak-picking compression system where the signal
reconstruction was achieved by using spline functions. The
system finds out the points of maxima and minima, as well
as those of large curvature. The performance of compression
method was compared to the AZTEC method. Nave et al.
proposed the Long-Term Prediction (LTP) model which 1s
based on the Sub-Auto Regression (SAR) model [18]. The
"periodicity" of the ECG signal is used in order to further
reduce redundancy, thus producing high compression ratios.
It was detected that the PRD error (at 250 Hz sampling
frequency) of LTP is lower than the conventional linear
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prediction (short term prediction- STP) method at any bit
rate [21].

IV Conclusion
This proposed paper provides an over view of various ECG
compression techniques Table I, evaluates the performance
of different algorithms that were proposed earlier for ECG
compression. The future work mainly concentrates on
developing an algorithm for efficient storage of ECG.

Table .1 Performance of Some ECG Signal Compression

Technique

Method CR PRD (%)

TP[10] 2:1 28.0
AZTECH][9] 10:1 |53
CORTES[24] 48:1 | 7.0
FAN/SAPA[11] 3:1 4.0
Entropy coding of second | 2.8:1 | -
difference ECG[29]

Peak Picking (spline) with | 10:1 14.0
Entropy Coding [12]

DPCM Delta Coding with | 4:1 -
threshold [2]

DPCM linear Prediction [3] 2.5:1 |-
DPCM-Linear Predict | 7.8:1 | 3.5
Interpolation and Entropy

Coding[19]

Fourier Descriptor[5] 74:1 | 7.0

DWT wusing direct binary | 23:1 1.95
representation[7]
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Electronics with “Genes Inside”

Deep Kamal Kaur Randhawa, ECE Department,
Guru Nanak Dev University Regional Campus, Jalandhar, India.

Abstract—Continuous miniaturization of electronic devices
has been instrumental in development of computational and
communication technology. Due to decreasing sizes lead to
change in the physical mechanisms controlling the charge
propagation. So there is search for new materials with new and
novel properties will lead to new circuit architectures that can
fundamentally change the way electronic circuit designing and
the technologies evolved hence. DNA is one of the foremost
contenders for use in electronic circuits.

Keywords—DNA, DNA based electronic devices, Single
Electronics,

L INTRODUCTION

The technical and economic growth of the
twentieth century was marked by evolution of electronic
devices and gadgets. The day-to-day lifestyle has been
significantly affected by the advancement in communication
systems, information systems and consumer electronics. The
lifeline of progress has been the mvention of transistor and
it’s dynamic up gradation. Discovery of fabricating
Integrated Circuits (IC’s) revolutionized the concept of
electronic circuits. With advent of time the size of
components decreased which led to increase in component
density. The increase in density was as per Moore’s Law.
[1] The transistor has seen a consistent decrease in size over
last six decades. This trend of decreasing device size and
denser integrated circuits 1s being limited by the current
lithography techniques. Non-uniformity of doping, quantum
mechanical tunneling of electrons from source to drain and
leakage of electrons through gate oxide limit scaling down
of devices. Heat dissipation and capacitive coupling
between circuit components becomes significant with
decreasing size of the components. Along with the intrinsic
technical limitations, downscaling of devices to nanometer
sizes leads to a change in the physical mechanisms
controlling the charge propagation. Some researchers
predict that silicon based devices are going to face a
bottleneck in near future. To deal with this constraint, search
1s on to look around for alternative materials, which might
facilitate even more dense packing of transistors in a given
space. While transistor —based

electronic circuit design will continue to be the fundamental
aspect of technology, the search for new materials with new
and novel properties will lead to new circuit architectures
that can fundamentally change the way electronic circuit
designing and the technologies evolved hence.

Last decade has seen significant efforts aimed at
developing new materials for electronic device application
and new methods for electronic device fabrication. Contrary
to the present technique of making devices out of bulk
material, completely new approach of fabrication is being
envisioned where one starts with a nanometer-scale material
and assembles them into macro scale circuit architecture.
This bottom —up approach, which has been observed to
exhibit very accurate results, is cheap and ensures exact
reproduction of a structure.

One of the concepts of bottom up approach is to
utilize organic molecules, which can be grown in laboratory.
Many molecules show interesting electronic properties,
which make them probable candidates for electron device
applications. The challenge is to interpret their electronic
properties at nanoscale so as to exploit them for use in new
generation electronic devices. Need to trim down size and
have higher component density have ushered us into an era
of DNA Electronics. [2] DNA, the building block of life is
being predicted to be the building block of bottom-up
electronics. DNA 1s a nanowire, which exhibits property of
self-assembly and self-replication. Both these properties of
DNA are most vital for electronics, as they would help in
reproducing nanostructures with precision that is not
possible with classical silicon based techniques. Further the
techniques used for fabrication of DNA based device will be
cheaper leading to economical and sophisticated gadgets. So
it can be stated that miniaturization trend in semiconductor
technology would lead experts into the realm of organic
chemistry and biology.

II. WHAT IS DNA?

DNA or Deoxyribonucleic Acid, encodes the
architecture and function of cells in all living organisms. Its
size 1s of the order of ~ 10pm for animal cells and 100pm
for plant cells. DNA comprises of a sequence of four bases
namely A (Adenine), T (Thiamine), G (Guanine) and C
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(Cytosine).These bases are organic compounds attached to a
backbone built from repeating phosphate and sugar
molecules. The bases can be attached in any sequence
forming a single strand of DNA. Two strands may get
coupled through hydrogen bonding of bases as per fixed
pairing combination i1.e. A with T and G with C. The
bonding of two strands forms the double helix structure
discovered by Watson and Crick .The base pairs look like
rungs of a helical staircase as shown in Fig.1. Phosphate
molecules in the backbone are negatively charged.
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Fig. 1 Helical Structure of Double Stranded DNA

In the helical structure some of the electronic
orbitals belonging to bases overlap each other along the long
axis of DNA providing a path for conduction. There is
difference in the energy levels of base pairs of DNA. This
energy difference is larger than the thermal energy of the
charge carriers. DNA’s electronic and self-assembly
properties make it an interesting aspirant for
nanoelectronics.

During the course of research various experiments
have been carried out to study the charge transport
characteristics of DNA. The first direct electrical
measurements on small bundles of DNA were made i
1999.[3] DNA sequences with various lengths and random
base arrangements were observed. DNA was reported to act
as conductor, semiconductor and insulator m different
observations, which seem to be contradictory results. Porath
et al observed poly (dG)- poly (dC) sequence and suggested
that this type of sequence acts like a large —gap
semiconductor.[4,5] On further probing it was observed that
various parameters like base sequence, base length,
orientation and temperature played a major role in defining
conduction properties of DNA.

Experiments have demonstrated that DNA exhibits
rare super conducting properties similar to those of carbon
nanotubes. [6-8] By depositing long DNA molecules across
a 500nm gap between special electrodes, scientists were
able to apply voltages to the quantum wires and measure

their conductivity at various temperatures. While most
molecular wires become insulating at low temperatures, the
DNA  exhibited an increased conductance. [9]
Superconductivity refers to a complete loss of electrical
resistance, and DNA 1is normally not a superconductor.
However, by connecting it to super conducting electrodes
the scientists were able to induce super conducting effects
when the temperature was lowered to 1 Kelvin and below,
hence the term "proximity-induced superconductivity".
[10]Charge transport measurements were also carried out at
room temperature, both m and out of solution. In order to
confirm that the electricity was indeed flowing through the
DNA, the scientists added DNA degrading enzymes to the
solution, after which the resistance increased by orders of
magnitude. [11-14] At room temperature, the conductance
seemed unaffected by addition of a biological buffer
solution to the dried sample. This i1s good news for
nanoengineers who might want to build solid-state
nanoelectronic devices with DNA. The unique properties of
DNA, self assembly and molecular recognition has rendered
the “molecule of life” a promising candidate in moOlecular
nano-electronics.[15-20]

III. WHAT ARE  SINGLE
MOLECULAR DEVICES?

ELECTRON

The incessant downscaling in the size of electronic
components leads the integrated circuits into the domain of
so called “mesoscopics”, a dimension between microscopic
and macroscopic worlds. Singular handling of electrons was
conceptually possible even in the beginning of the century,
but could not be realized practically as there were no means
of fabricating small structures with accurate terminals.
Availability of nanofabrication techniques in the past two
decades have made possible a new field i electronics called
Molecular Electronics. The properties of nanoscale
materials are often dominated by their surface chemistry due
to mcreased surface to volume ratio.

Silicon devices operate based on the movement of a
large number of electrons n bulk matter while molecular
devices take advantage of the quantum mechanical effects
taking place at the nanometer scale. The building blocks of
molecular electronics are single or small packets of
molecules. [21, 22]

The main component of single electronics 1s a
tunnel junction with a very small capacitance. Theses
Junctions can be implemented using a variety of materials:
metal insulator structures, GaAs quantum dots, silicon
structures, large molecules with conducting cores, etc. If the
size of junction 1s sufficiently small, then the tunneling of
only one electron may produce a noticeable change e/C of
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voltage across the junction. The discreteness of this change,
which 1s a consequence of the electrical charge discreteness,
leads to a number of effects, which constitute the field of
single electronics.

The single electron devices comprise of a quantum dot
connected to tunnel junctions and are able to control the
motion of single electrons. Injection/ ejection of electron
through the quantum dot controlled by charging effect on
the dot and the phenomenon is called Coulomb blockade
effect. This 1s suppression of tunneling at voltages |V| <
e/2C because in this case tunneling would increase the
electrostatic energy of the capacitor: C(V+e/C)*/2>CV?/2.
Condition for Coulomb Blockade Effect is expressed as

e .
o T (1)

Where C 1s the self-capacitance of quantum dot sphere and
1s described as C= 4megor (e-permittivity of medium
surrounding the sphere; gy vacuum permittivity, r- radius of
the sphere). As the size of sphere decreases (ie. ‘r’
decreases 0, the capacitance of the sphere decreases which
increases the coulombic interactions of the electrons as there
1s lesser space separating the electrons. Capacitances as
small as 10"°F can be achieved in principle in the molecular
electronic devices using conducting clusters of atoms
embedded n a molecular matrix. The increased interactions
of electrons enhance the charging energy. As the size of
sphere 1s reduced below 10nm in diameter, this charging
energy exceeds the thermal energy of the system (kgT) and
the charge states of the sphere become quantised. Term
quantised implies that energy difference between sphere
containing ‘N’ electrons ‘N+1’electrons is observable and
measurable. This implies that charging of sphere can be
observed one electron at a time. This phenomenon of
quantised charging energies of nanoparticles is exploited
single electron molecular devices [23-25].

Molecular devices offer many advantages apart from
reduction of size. They operate at much lower voltage and
current levels; hence saving on power consumption, which
1s also complemented by more densely packed ICs. As
single electron molecular devices offer multiple stable
current states they can allow multibit computing paradigms,
opening the possibility of information processing.

Iv. DNA BASED ELECTRONIC DEVICES

The electronics world 1s i pursuit to utilize the
abundance of nature, which 1s full of physical and biological
phenomenon. The molecular concepts, which support these

phenomenons, are being interpreted for use in electronic
devices and circuits. Various molecules are being analyzed
for the possibility of use. DNA is one of the hot candidates
for use as electronic material. It has rare quality to store
mformation, which might prove useful in artificial storage
devices.

DNA strands virtue their electrical characteristics are
being considered for fabrication of electronic devices. There
are certain significant facts, which support this prophecy.
The energy difference between the base pairs and p and n-
type of properties of the base pairs form the initial basis of
this concept. Further the size of DNA molecules gives it an
edge over the semiconductors especially i single electron
devices. The small size can be utilized to enhance the
temperature range of operation of these devices. Self-
assembly property of DNA can be exploited for multiple
replications. This would be a revolutionary improvement as
far as uniformity of devices 1s concerned. DNA bases can be
engineered to assemble sequences so that they are
characterized by properties similar to the semiconductor
devices.

Sugar molecule of backbone is connected to a base and
the assembly 1s called a grain. Phosphate bridges forming a
strand connect the grains to each other. The bases of the
strand are connected to complementary bases of another
strand through hydrogen bonds. In the phosphate bond the
two transverse oxygen atoms connected to phosphorous
give rise to two ¢ and one © bond as shown in fig.3. The
tunneling and the capacitive effects exhibited at the bonds of
DNA sequence [26,27] can be exploited to realize devices,
which are characterized by these electrical parameters.

Fig.2 Schematic image of two grains of DNA connected by P bond

The energy level of A-T pair is higher than G-C
pair. If an AT sequence is sandwiched between two G-C
sequences the energy difference thus formed can be
considered as a barrier for flow of charge carriers. [28-31]
For the carrier to move from one edge of the sequence to
other, the carrier has to overcome this barrier. The
movement of carrier can be achieved by making the energy
of carriers comparable to the barrier energy or by reducing
the energy level of A-T pair. The energy levels of HOMO
and LUMO molecular orbits are calculated to find the
energy gap of the molecule. Analysis is also done to
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visualize charge distribution on the molecule so as to predict
the electrical characteristics of the DNA molecule. [32-37]

V. CONCLUSION

The unique self-assembly property of DNA along
with exhibition of electrical and electronic characteristics
suggests that DNA may be forecasted as one of the most
effective species in molecular electronics. DNA might be
used as a wire, transistor or rectifier depending on the
electronic properties of the DNA sequence. DNA might
become the driving force of new generation of nanodevices
with gadgets labeled as “genes inside”.
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Synthesis and Characterization of Boron
Subphthalocyanine Chloride Thin Films
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PG Department of Physics, DAV College, Amritsar, India

Abstract-There has been exponential growth in energy
demands of the world in recent years. The reliability on
fossil fuels has increased the pollution concerns. The world is
now committed to bring to use the greener energies. Solar
energy is the most abundant energy on the surface of earth
and is the most nature friendly form of energy as well. The
last two decades have seen the growth of inorganic solar cells
put to use but their high initial cost of installation has
inhibited their use. The scientific fraternity has been looking
for the use of organic materials for solar cell applications.
However till date no material has been able to achieve the
efficiencies attained by their inorganic counterparts. The low
efficiencies in organic solar cells ( OSCs) has encouraged the
people to look for other highly conjugated organic materials
which can help in transporting the electron hole pairs
generated as excitons [1-3]. This area of research found due
attention with pioneer work reported by Tang [4] forming a
two layer hetrojunction solar cell. Since then many new
multi layer and composite materials have been put to use for
OSCs [5-8].

Boron Subphthalocyanine Chloride (BSubPc) is a highly
conjugated organic material. It has specific properties
different from other members of Phthalocyanine family due
to its non planner structure [9]. In the present work BSubPc
films were prepared by vacuum coating technique. The films
prepared were studied for their structural, optical and
electrical properties.

LINTRODUCTION

Boron Subphthalocyanine Chloride is a highly conjugated
organic material with 14 IT electron aromatic system.
Their slight non planner bowl kind structure with
octupolar  character 1s  different from  other
Phthalocyanines. The BSubPc based solar cells have great
advantage of having high power conversion effeciencies,
high open circuit V.. When used as a layer in
hetrojunction cells, 1t has been reported to have VOC 27%
more than Phthalocyanine/C60 cells [10]. But the most
mmportant of all its properties 1s its absorption band in the
visible region with peak matching the peak of energy
spectrum of sun at around 575 nm. Electronic properties
organic semiconductors are strongly depending on the
overlap of the neighboring molecule orbits [11, 12].

An interesting feature of all of the OPVs of BsubPec is that
they in general display a particularly high open circuit
voltage (Voc) [10] likely due to their HOMO and LUMO
energies, a property that has been desirable 1n
photovoltaics since their inception. The emission
wavelength of BsubPc is around 575 nm, and has a
narrow emission band with a full width half maximum of
only 30 nm [14].

Boron Subphthalocyanine chloride is composed of three
diiminoisoindole around a boron core. These isoindoles
are connected through imino nitrogen, giving BsubPc an
aromatic m-system of 14 m-electrons (Fig 1). SubPcs have
a coned shaped structure because of constraints arising
from the coupling of the three isoindoles units. These
molecules indeed have a strong aromaticity [13]. The
l4m-electron aromatic core system of Cl-BsubPc along
with their nonplanar cone shaped structure and octupolar
character make them potential candidates to design hybrid
morganic-organic materials with outstanding tunable
properties for photo-induced electron energy transfer,
optical data storage, nonlinear optics and sensing
applications [10]. The atomic radius of boron 1s slightly
larger than cavity causing the SubPc ligand to adopt
nonplanar conformation. The symmetrical 14- 1 electron
system of BsubPcs both absorbs and emits radiation in the
visible spectrum [14]. Their most prominent and lowest
energy absorption band, known as the Q band, is seen
generally between 560-600 nm equating to an optical
band gap of 2.1-2.0 eV.

Fig.1 Structure of B SubPc
[ILEXPERIMENTAL TECHNIQUES

The Boron subphthalocyanine chloride powder was
purchased from eldritch company. The heterostructure
was deposited on to cleaned glass substrate by vacuum
coating unit. The deposition of organic material was done
at the pressure of (10-5) mb. The thickness of BsubPc-Cl
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was found to be 100nm. The structural analysis of films
was done by using X-ray diffraction (XRD) technique.
The optical properties were studied using uv vis analysis
of the sample. The electrical studies were done using Pico
ammeter and function generator supplied by SES
company, Roorkee. All the measurements were carried
out at room temperature.

III.UV-VISIBLE ANALYSIS

UV-Visible analysis was done from SAIF, PU,
Chandigarh using apparatus Perkin Elmer model no.
lambda 750. The graphs were plotted between hv and
(ahv)2. From graph we measure band gap for different
samples. The band gap obtained for the samples was
found to be about 3.57eV.

IV.X-RAY DIFFRACTION (XRD)
X-Ray Diffraction (XRD) was done from SAIF, PU,

Chandigarh using Diffractrometer XPERT. PRO. X-
ray spectra have been recorded in the range 5-80 (26).

w4

w-

The graph shows that used material is of amorphous type
and only hump at 22 degree is due to the glass substrate
only. The broad peak centered at 2theta =22deree has
been observed in the X-ray diffraction spectrum of Cl-
BsubPc films and this peak represented (002) plane. This

atatnv

{ahvi?2

v

hv >
Fig.2 U-V visible analysis of the films

mdicates that Cl-BsubPc molecule exhibit a preferential
alignment of the molecular crystals with the (002)
orientation perpendicular to the substrate [10].

V.DIELECTRIC PROPERTIES

The dielectric properties of the samples were studied by
forming alumimum electrode. The V-I characteristics
showed that the electrodes were non rectifying in nature.
The dielectric constant was determined using Goswami
equivalent circuit model[15]. The capacitance of the film
was obtamned by measuring ac current at various
frequencies (10-1000 Hz). The asymptotic value of this
curve gives the geometric capacity of the film.

C=¢,KA/d
Dielectric constant was found to be 2.7.
VI.RESULTS AND CONCLUSION

The Cl-BsubPc has made significant mark as potential
candidate for photo voltaic applications. The band gap of
the films made were found to be corresponding to visible
part of the spectrum. The XRD studies have shown that
the films were amorphous in nature. The dielectric
constant of the material has been found to be 2.7.
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Abstract- Load balancing is the crucial part of the MANET
routing protocols. It has been seen that many experts
proposed many new techniques for balancing the load in
MANETSs. Here this paper includes many load balancing
techniques in MANETs and also measures their
performances by taking several parameters like PDR,
DELAY, Control Packets. This paper contains the basic
knowledge about the MANETSs with their applications and
limitations. It also contains MANET’s routing protocols like
FARP, AODV, LBPRP, and NCLBR.

Index terms- load balancing, MANETS, routing protocols,
FARP, AODV, LBPRP, and NCLBR.

1. INTRODUCTION

Load balancing plays an important role m routing
protocol for efficient data transmission in MANETS
(mobile ad hoc network).Today, the most challenging
Task in designing an adhoc network 1s the development of
efficient routing protocol that provides high quality
communication. In MANETS, the role of the routing
protocol 1s to distribute the routing tasks among the
mobile host. If the node with heavy routing duties 1.e. has
large queuing delay and high packet loss ratio which
results i the serious problem like congestion, power
depletion and queuing delay. To remove these problems,
a load balancing tool 1s emerged for better use of
MANET’s resource and also to enhance MANET’s
performance.  With the use of the load balancing
techniques, MANETS can be able to minimize the traffic
congestion, end to end delay and to maximize the lifetime

of mobile nodes.

2. MOBILE ADHOC NETWORK
MANETS are the wireless communication network in
which nodes are not m the direct range of each other.

They separately establish their communication by using
the different nodes to forward the data between them.
They will occur without any fixed infrastructure and also
comes under the multi-hop wireless networking

2.1 APPLICATIONS OF MANETS

MANETS are often used in the situations where fixed
networks are either very much expensive or they are
mpractical in nature. They are used in large no of
applications for example [1]

A. PERSONAL AREA NETWORK (PANs):
PANs are particularly designed for individual
users. They are derived from different types of
mobile devices. The main role of PANs is to
build an embedded network by combining some
nodes that are inside or near the human body to
exchange the digital data between them. The
communication between nodes of different
PANs can take advantage of using the facilities
provided by adhoc network for example a doctor
can distribute different set of devices (sensors)
on the patient’s body so that he can able to get
the medical information also named as Wireless
Body Area Network which has many
applications in medical field[1].

B. MILITARY APPLICATIONS: In the area of
battle field military applications  can be
considered as the most popular application of
adhoc network because of providing an
mfrastructure less network which gives reliable
communication and fast failure recovery. In the
battle field, it 1s not so complicated to set up a
fixed network for military communications.

2.2 LIMITATION OF ADHOC NETWORK [1]
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There are many restrictions that need to be accounted for

when designing routing protocols for MANETSs which 1s

mdeed a challenging task. These physical constraints Figl. Types of MANETSs Routing Protocols
mclude the following.[1]

A. Limited CPU Capacity: Nodes have limited L
processing operations.
B. Limited Storage Capacity: Memory resources are
normally restricted in the mobile nodes.
C. Limited Battery Power: where each node has a
limited life time battery.
D. Limited Bandwidth: Bandwidth is shared by a
number of mobile nodes.
E. Nodes have limited transmission range since
they are depends on the radio waves.

Reactive Protocols: They are also called On
Demand routing protocols because it does have
any prior knowledge about the routes between
the nodes until the source node sends a Route
Request to the destination node. They are used to
reduce the no of control overhead by determining
routes to a destination whenever required. This
can be achieved by a process called two-phase
route discovery which is initiated by source
node. This include Route Request Packet

F. Rapidly changing topology, where the nodes are (RREQ) and Route Reply Packet (RREP). When
continuously moving and changing their places. large no of flows, reactive protocols shows
significant drop in data throughput due to global
3. ROUTING FOR ADHOC NETWORK flooding. To reduce this global flooding two
Routing 1s the essential component of any adhoc network protocols are introduced Location aided routing
which is responsible for balancing the load between the (LAR) and RDMAR. Reactive protocols have
source and the destination. It is a mechanism of finding an the following four characteristics [1]
appropriate route between the source and the destination 1. The route should be found only when needed.
m order to send the packets between them. They are 2. Flooding technique is used in order to
divided into two basic types which are [1]: broadcast the route request.
a. Static Routing: Static Routing is the type of routing 3. Saving bandwidth by decreasing control
which 1s done manually by the administrator. packets.
Administrator assigns the route manually to send 4. Bandwidth is used when source node decides
the packet in the network. From this it has been to transmit data to a destination node. Adhoc On-
concluded that the source and the destination are Demand Distance Vector Routing Protocol
fixed during the whole transaction. Here the router (AODV) is an example of on-demand protocol.
is not responsible for building a routing table. II.  Proactive Protocols: It is the first step in
b. Dynamic Routing: Dynamic routing is the routing designing the routing protocol. They include two
technique which 1s responsible for building and protocols DSDV and GSR which are used to
exchanging the routing table information. It is much maintain the routes to all nodes within the
more flexible than the static routing since it detects network. They contain full information regarding
congested paths. It comes under the following three the routes between each pair of nodes whether
categories:[1] the nodes need to send data or not. This lead to
1. Reactive Protocols disadvantage of having lack of scalability and
2. Proactive Protocols large no of overhead. This can be removed by
3. Hybrid Protocols introducing two protocols i.e. OLSR and TBRPF

by reducing the no of re-broadcasting nodes in
the network. The advantages and disadvantages
MANETs ROUTING PROTOCOLS of proactive protocols are given below.
Advantages: [1]

a. Nodes can easily obtain routing information.
b. Nodes can easily initiate a session.

PROACTIVE
PROTOCOL

REACTIVE
PROTOCO

Disadvantages: [1]
a. Consuming bandwidth because of the large
overhead caused by the control messages

HYBRID exchange
PROTOCOL
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b. A huge amount of data needs to be saved in
the memory of each node in the network.
Hybrid Protocols: It is a combination of both
reactive and proactive protocols to utilize the
advantages of each of them. The most popular
example of the hybrid routing is Zone Routing
Protocol (ZRP). In these routing protocols all the
network nodes are groups into zones. The nodes
having the same zone come under the proactive
protocol where as the nodes having different
zones comes under the reactive protocols. Figl
shows an example of the ZRP protocol with two

hops.

Fig2. Example of routing zone with two hops

In the figl we notice that the nodes in ZRP protocol
are differentiating into three categories [1]
A. Peripheral Nodes: Peripheral nodes are the

nodes which are at the same distance from the
central node with equal zone radius. The nodes J,
I, G and H are the peripheral nodes.

Interior Nodes: The interior nodes are the nodes
which are placed at a distance from the central
node smaller than the zone radius. The nodes A,
B. C and d are the interior nodes.

Nodes outside the routing zone: Those nodes
which are separated from the central nodes by a
distance more than the zone radius. The node k is
the only node which resides outside the routing
zone.

FLOW AWARE ROUTING PROTOCOL

Flow Aware Routing Protocol is the protocol
whose purpose is to reduce the amount of control
overhead so that a better distribution of the
traffic between the nodes takes place. To reduce
congestion or the creation of the bottleneck

April 4-5, 2014 ISBN: 978-81-924867-2-7

the active data flows from different source
nodes.

4.1 PERFORMANCE METRICS IN FARP [4]
There are three different types of  performance
metrics to compare the FARP routing strategies.
They are:

A. Packet Delivery Ratio(PDR)

B. Control Packets

C. Delays

A. Packet Delivery Ratio (PDR): Packet
Delivery Ratio measures the percentage of
data packets generated by nodes that are
successfully delivered. [2]

In case of 20 nodes — both AODV and
FARP achieves over 98% of PDR. [4]

In case of 100 nodes- The PDR performance
of FARP is much more than AODV in case
of having high node mobility. This is due to
FARP reduces the establishing routes over
bottleneck. Also FARP introduces a more
selective approach to flooding than
AODV.[4]

B. Control Packet: In case of 20 or 100 nodes,
FARP produces fewer control packets than
AODV because of having restriction of
flooding over nodes which are further break
down the no of rebroadcasting nodes as
compared to AODV.

C. Delays: In case of 20 nodes- both AODV

and FARP obtaining equal levels of end-to-
end delay because of introducing lower level
of traffic in the network than that of the
available bandwidth and capacity of each
node.[4]
In case of 100 nodes- when the mobility is
high 50 flows of FARP obtains significantly
lower end-to-end delay than AODV. This 1s
due to the AODV protocol produces more
control overhead than FARP. [4]

5. MANET NETWORK MODEL

The MANET network model consists of a collection
of nodes that have the capacity to connect on a
wireless medium and form either an arbitrary and
dynamic network with the wireless links that will
change with respect to time. They have no permanent

nodes, they mtroduce a utility metric for mfrastructure.
restricting the propagation of route request
(RREQ) over the nodes having minimum no of
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Fig3. Wireless Network Structure (Infrastructure
Networks)

6. Ad hoc On Demand Distance Vector Routing
Protocol (AODV)

In case of the MANETSs, AODV protocol is a reactive

unicast routing protocol in which it maintains a

routing table for storing each entry of the routing data

for all the nodes. If the routing table entry is not used
for such a long period it will get expires or
reactivated for a pre-specified expiration time. The

AODV routing table contains the following main

fields. [1]

a. Destination IP Address: It contains the IP
address of the destination nodes.

b. Destination Sequence Number: It increment the
sequence number for every new route to the
destination node.

c. Hop Count: It gives a total number of hops
needed to reach a specific destination.

d. Next Hop: It indicates the next node 1n the route.

e. The states routing flags( e.g. valid, invalid,
repairable, being repaired): These flags indicates
the states of the route in the routing table.

7. NODE CENTRIC LOAD BALANCING
ROUTING PROTOCOL (NCLBR)

The working of this protocol is same as like the
AODV protocol. In this protocol it performs three
distinct roles for the nodes named as Terminal, Trunk
and Normal Nodes. The nodes which are connected
through a single link are called Terminal nodes. They
contains only one neighboring nodes. The nodes
which are connected to two distinct networks are
called Trunk nodes. Normal nodes are those nodes
which are neither the Terminal nodes nor the Trunk
nodes.
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Roles for the nodes in NCLBR protocol

L

[ Terminal Nodes ]

[ Trunk Nodes

[ Normal Nodes J

Fig4. Roles for the nodes in NCLBR protocol

PARAMETERS | NCLBR AODV

Routing path Single Path Single Path

Category Traffic Size Packet in
mterface
Queue
Metric Used Current terface
congestion queue length
status
Complexity of | Low High
capturing load
Routing Reactive Reactive
structure

Tablel. Compares the delay-oriented load balancing
routing protocols [8]

8. OVERVIEW OF CORMAN

CORMAN stands for the Cooperative Opportunistic
Routing i mobile ad hoc network. It 1s an extension
of EXOR. Unlike EXOR, CORMAN also forwards
the mformation in batch oriented fashion 1.e.
mformation packets are divided mto batches. To
support CORMAN, we have proactive source routing
which provides complete routing imformation to each
node in the network.

9. LOAD BALANCING PARALLEL ROUTING
PROTOCOL (LBPRP)

The main aim of this system 1s to develop a product

which results in increase in the MANETS lifetime by

using Load Balancing multipath technique

representing parallelism in sending data using

disjoints multipath. Here disjoints multipath means
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all the selected nodes will send data at the same time.
Hence, it results in solving the overloading problem

and prevention of the node starvation.

10. COMPARISON CHART

ROUTING
PROTOCOLS

PDR(PACKET
DELIVERY
RATIO)

DELAYS

FARP(FLOW
AWARE
ROUTING
PROTOCOL)

A

AODV(Ad hoc
on demand
Distance
Vector
Routing
Protocol)

LBPRP(LOAD
BALANCING
PARALLEL
ROUTING
PROTOCOL
(LBPRP)

CORMAN

D

A- EXCELLENT B-GOOD

AVERAGE

D-POOR

C-

Table2. Comparison of routing protocols based on
parameters like PDR and Delay.

PARAMETER

LBPRP

CORMAN

AODV

PDR

650%10"3

700*%10"3

750%10"3

Table3. The Packet Delivery Ratio Vs Network

Dimension [2]

PARAMETER

LBPRP

CORMAN

AODV

Packet Delay

7*10"3

48*1073

15*%10"3
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11. CONCLUSION

In this study many load balancing techniques for
MANETs are discussed. It includes routing protocols like
FARP (Flow Aware Routing Protocol), AODV (Adhoc on
demand Distance Vector Routing Protocol), LBPRP

(LOAD BALANCING PARALLEL ROUTING
PROTOCOL (LBPRP), CORMAN, NCLBR (NODE
CENTRIC LOAD BALANCING ROUTING

PROTOCOL). On comparing all these protocols on the
basis of the following parameters like PDR (Packet
Delivery Ratio), Control Packets, Delay. It has been
observed that FARP has higher level of packet delivery
than AODV which further have a higher packet delivery
than CORMAN AND LBPRP. So from this it has been
concluded than FARP has overall higher PDR among all
the routing protocols. Also FARP achieves lower end-to-
end delay than AODV. AODV achieves more packet
delay than LBPRP and corresponding less packet delay
than CORMAN. So overall it is seen that FARP has lower
packet delay among all routing protocols. So from here it
1s concluded that FARP has high packet delivery ratio
with less delay.
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Abstract— An ever increasing demand for data has led to
the invent of smaller, faster and efficient devices. But the
thermal and signal delay problems impose a limitation on the
speed of the device.[1-3]Large-scale photonic integrated
circuits (PICs) in Indium Phosphide represent a significant
technology innovation that simplifies optical system design,
reduces space and power consumption, and improves
reliability. In addition, by lowering the cost of optical-to-
electrical-to-optical (OEO) conversion in optical networks,
they provide a transformational opportunity to embrace the
use of electronic ICs and system software in a “digital” optical
network to maximize system functionality, improve service
flexibility, and simplify network operations.

Keywords—microelectronics, photonics, optical materials

L INTRODUCTION

The most commercially utilized material platform for
photonic integrated circuits is indium phosphide, which
allows for the integration of various optically active and
passive functions on the same chip. Initial examples of
photonic integrated circuits were simple 2 section
distributed bragg reflector lasers, consisting of two
independently controlled device sections - a gain section
and a DBR mirror section. Consequently, all modern
monolithic tunable lasers, widely tunable lasers, externally
modulated lasers and transmitters, integrated receivers,
etc. are examples of photonic integrated circuits. Current
state-of-the-art devices integrate hundreds of functions
onto single chip.[4]

it has been shown that silicon can, even though it is an
indirect  bandgap material, still be used to
generate laser light via the raman nonlinearity. Such lasers
are not electrically driven but optically driven and
therefore still necessitate a further optical pump laser
source. [5]

1L MATERIALS AND FABRICATION
A. Materials

Unlike electronic integration where siliconis the
dominant material, system photonic integrated circuits
have been fabricated from a variety of material systems,
including electro-optic crystals such as lithium niobate,
silica on silicon, Silicon on insulator, various polymers
and semiconductor materials ~ which are used to
make semiconductor lasers such as GaAs and InP. The
different material systems are used because they each
provide different advantages and limitations depending on

the function to be integrated. For instance, silica (silicon
dioxide) based PICs have very desirable properties for
passive photonic circuits such as AWGs due to their
comparatively low losses and low thermal sensitivity,
GaAs or InP based PICs allow the direct integration of
light sources and Silicon PICs enable co-integration of the
photonics with transistor based electronics.[3]

The fabrication techniques are similar to those used in
electronic integrated circuits in which photolithography is
used to pattern wafers for etching and material deposition.
Unlike electronics where the primary device is
the transistor, there is no single dominant device. The
range of devices required on a chip includes low loss
interconnect waveguides, power splitters, optical
amplifiers, optical modulators, filters, lasers and detectors.
These devices require a variety of different materials and
fabrication techniques making it difficult to realize all of
them on a single chip.

Newer  techniques  using  resonant  photonic
interferometry is making way for UV LEDs to be used for
optical computing requirements with much cheaper costs
leading the way to PHz consumer electronics.

Photonic integrated circuits are usually fabricated with a
wafer-scale technology (involving lithography) on
substrates (often called chips) of silicon, silica, or
anonlinear crystal material such as lithum niobate
(LiNDbO;). The substrate material already determines a
number of features and limitations of the technology:

Silica-on-silicon integrated optics builds on silicon

wafers, for which many aspects of the powerful
microelectronics technology can be used.
Silica waveguides allow the realization of

couplers, filters (e.g. for multiplexers and demultiplexers
in wavelength division multiplexing technology), power
splitters and combiners, and even active elements with
optical gain. They can also be connected to optical fibers.

An area of strong current interest is silicon photonics,
where photonic functions are implemented directly on
silicon chips.

An already commercialized photonic integrated circuits
technology is based on indium phosphide (InP); it is used
mainly in optical fiber communications.

Waveguides can be fabricated onsilica glass (fused
silica) e.g. with lithographic techniques involving
chemical processing or indiffusion of dopants, or with
laser micromachining. The latter techniques can be used
for fabricating waveguides far below the surface
(embedded waveguides), so that three-dimensional circuit
designs become possible. Amplifiers and lasers can be
made by using rare-earth-doped glasses.
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Lithium niobate (LiNbO;) as anonlinear crystal
material 1s suitable for devices performing nonlinear
functions, for example electro-optic
modulators or acousto-optic transducers. Waveguides can
be fabricated on lithium niobate substrates e.g. via proton
exchange or by indiffusion of titanium, in any case
controlled by a lithographic method. Doping with rare
earth ions makes possible amplifiers and lasers.
The birefringence of this material creates opportunities for
polarization control, which may then be used e.g. for
filtering purposes. On the other hand, the birefringence
makes it more difficult to obtain polarization-independent
devices, as are often required for optical fiber
communications.[6]

An important distinction 1s that between devices with
smaller or larger mode areas:

Some waveguides (e.g. made in silicon-on-insulator
technology) exhibit strong confinement, leading to
small effective mode areasand allowing for tight bends
without excessive bend losses. They are therefore
potentially suitable for chips with a very high level of
mtegration. However, such devices are essentially always
polarization  dependent, having a strong bult-
it birefringence. Polarization-insensitive designs would be
possible in principle, but would introduce unrealistic
fabrication tolerances.

Other waveguides exhibit much weaker guidance and
can be made in polarization-insensitive form. However,
such waveguides do not allow tight bends and thus prevent
a high level of integration.[7]

B. Fabrication

There are two techniques to design these ultra-compact
waveguides. One can use a scaled down version of
conventional index-guided waveguides. These photonic
wires are typically 300—500nm wide. Alternatively, light
can be guided in a photonic crystal, a periodic structure
with a high refractive index contrast and a period of the
order of the wavelength of the light[8].This strong contrast
and periodicity can create a photonic band gap (PBG), 1.e.
a wavelength range where light cannot propagate through
the crystal. A waveguide can be made by confining the
light to a line defect in a photonic crystal.

In a photonic crystal slab, a 2-D periodic structure is used,
and in the third, vertical, direction, the light is confined in
a simple slab waveguide. These structures can be
fabricated using high resolution lithography and dry
etching in a semiconductor layer stack.

At 1.3um and 1.55um, both photonic wires and photonic
crystals have dimensions of a few hundred nanometers.
However, the accuracy required of the fabrication is of the
order of 10mm. Therefore, we can rightfully speak of
nanophotonics. For research purposes, nanophotonic
components are traditionally fabricated using e-beam
lithography. While this is a very accurate technique, it is
slow and unsuitable for mass-fabrication. Conventional
photolithography, as used for the fabrication of current

photonic ICs, lacks the resolution to define nanophotonic
structures. Deep UV lithography at 248nm or 193nm, the
technology used for advanced CMOS {fabrication, offers
both the resolution and throughput needed for commercial
applications.

Deep UV Lithography

Photonic nanostructures typically consist of a variety of
structures and for accurate alignment all nanostructures
should be printed in the same lithography step. This is not
trivial, as not all structures print on target for the same
lithography conditions. Especially the exposure dose, 1.e.
the amount of light in the photoresist, has a large influence
on the feature size [3. 4]. For higher doses, the illuminated
areas, like the holes of a photonic crystal or the trenches
adjacent to photonic wires, will expand. The dose-to-target
for photonic crystals and photonic wires can therefore
differ significantly. To fabricate both simultaneously, a
bias needs to be applied to one or the other, preferably the
1solated wires. As this bias between lines and holes needs
to be applied directly on the photomask, it should be
known in advance. Therefore, we have included on our
first photomask a large number of test structures,
representative of many nanophotonic circuit elements.
From this, we could extract the necessary bias on the
etched features.

Etching

After lithography, the patterns in the photoresist are
transferred to the underlying SOI by dry etching. We can
choose between etching only the top Silicon, or the
underlying oxide as well. For a nano-photonic waveguide,
etching the oxide is better, as it increases the lateral and
the vertical index contrast. For our first experiments [9],
we etched the top Silicon layer with a low pressure/high
density ICP etch based on CI2/HBr/He/O2. This 1s a
highly selective etch process. Subsequently, the oxide was
etched using medium density CF4/0O2-plasma chemistry at
medium pressure. In between the etch processes, the wafer
1s not exposed to the outside atmosphere. However, as we
can see in Fig. 3(a), this deep etching causes considerable
sidewall roughness[10], because of the limited thickness
of the photoresist which is used as an etch mask.

The sidewall roughness can be reduced by thermal
oxidation of the top Silicon layer [11]. However, this
technique only reduces roughness in the top layer, not in
the underlying oxide. A better solution is not to etch the
buried oxide altogether, as shown in Fig. 2(b). In our
optimized fabrication process, a plasma treatment of the
photoresist is carried out, which smoothens irregularities
present in the photoresist patterns. Then the top Silicon is
etched
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Fig.1. Fabrication process for photonic nanostructures in SOI using
deep UV lithography and dry etching[13]
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Fig.2. Photonic crystal waveguides fabricated with deep UV lithography
and dry etching. a). trench defect in deeply etched photonic crystal. b).
silicon only etch, c). racetrack resonator with silicon only etch[13]

(h) Silicon efch (i) resist strip

Conclusion

Photonic integrated circuits can allow optical systems to
be made more compact and higher performance than with
discrete optical components. They also offer the
possibility of integration with electronic circuits to provide
increased functionality. [12]

One challenge to achieving this level of integration is the
size discrepancy between electronic and photonic
components.[13] The emerging field of nanoplasmonics is
focused on creating ultracompact components for realizing
truly nanoscale photonic devices to match their electronic
counterparts.

An example of the new breed of components is a recently
proposed novel type of bandpass plasmonic filter that uses
a response similar to electromagnetically induced
transparency to achieve multichannel filtering.[14] This
allows easy control over the filtering wavelengths and
bandwidths for applications in wavelength
multiplexing systems  for optical computing and
communications in highly integrated all-optical circuits.
Photonic integrated circuits should also be immune to the
hazards of functionality losses associated
with electromagnetic pulse (EMP), though may not be
immune to high neutron flux.
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Abstract-An mobile Ad-hoc network forms the temporary
network with the wireless mobile hosts. It is a local area
network and doesn’t use the base station for the
communication [1].Ad-hoc network is used for short range
.mobility; energy efficiency and the looping free path are the
main part in ad-hoc network.Enrgy efficient routing
protocols are used for the efficient energy to the mobile ad-
hoc network. We consider DSR , MMBCR and AODV
protocols and also the performances of routing protocols in
terms of life time[2][7][1].

Keywords- Ad-hoc network, AODV, DSR, MMBCR, mobile
AD-hoc network.

INTRODUCTION

An ad-hoc network is used for short range and it is
temporary network. Ad-hoc network 1s used for the local
area and the messages can transfer from one end to
another. Wireless devices also can communicate with
each other with the help of ad-hoc network i local area
network. Mobility is the major feature of mobile ad-hoc
network. MANET is the end-to-end network and can
transfer messages from one end to another and so
communication can takes place but in case of large
network not all the nodes can directly communicate with
each other so the multi-hop 1s used in ad-hoc network. In
this intermediate nodes are used and through these
mtermediate nodes the communication can takes place
from source to destination.ad-hoc network forms the
temporary network with the help of wireless hosts.
Mobile ad-hoc 1s a multi hop wireless network because of
the mobility of the nodes. The nodes in the ad-hoc
network forward packets of data to and from each other
this node 1s also behave like a router that routes the data
and can communicate with each other. Mobile ad-hoc
network 1s dynamic in nature.

The main drawback of ad-hoc network is that devices are
communicating by passing messages but if the devices or
nodes are not there then whole network fails nodes mn ad-
hoc network uses the limited battery power. So the energy
management 1is the important aspect in ad-hoc network.
The energy can be saved with the designing of good
protocols so as to decrease the energy consumption. In
case of network layer, where the load is distributed to the
different paths and then increases the life time. So the
routing protocols which selects the path that save the
power and increases the life time of the ad-hoc network

[11[2][7].

4

Figurel: Simple Ad hoc Network[2]

CLASSIFICATION OF ROUTING PROTOCOLS

1. Proactive Routing Protocol (table-driven)

2. Reactive Routing Protocol (on-demand)
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Ad-hoc Routing Protocols

Reactive Proactive

protocol protocol

Figure2: Classification of Routing Protocol

Proactive routing protocol or table driven

In Proactive Protocol, the nodes transfer the data packets
from one node to the other node and so they update the
position of entire node. So the nodes create the Routing
table for the other nodes in the network and update the
mformation in the routing table:

The benefit of these Protocols is that for find the route to
a destination node , the source node does not require the
travels from the source and the limitation of these
protocols 1s that 1s creates the routing table which is
contains the information but increase overhead of
messages, uses the more energy and using output . various
table driven protocol are Destination Sequenced Distance
Vector Routing (DSDV) ,Wireless Routing Protocol
(WRP), Fish Eye State Routing Protocol (FSR),
Optimized Link State Routing Protocol (OLSR) Cluster
Gate Way Switch Routing Protocol[2].

REACTIVE ROUTING PROTOCOL -(On Demand )

Reactive protocol 1s also called on demand routing
protocol. Reactive protocol is used mostly as compared to
proactive protocol the reactive protocol is better. Because,
it 1s on demand protocol AODV, PAAMODYV are the
reactive protocol[2].

2. DESCRIPTION OF SELECTED ROUTING
PROTOCOLS

Ad-hoc Routing Protocols
v
Table dnven On Demand
driven

OLéR DéDV AO*V DS*K TO*(A

Figure3: Different Routing Protocols

(a)Ad-hoc on demand distance vector (AODV)-

AODV routing protocol 1s used for ad-hoc
network. AODV is also called on —demand algorithm
because it maintains the route AODV makes trees and this
tree structure create by the group members and all the
nodes of the tree connect with each other so the group
members connects with each other . In AODV, the
messages flows and creates the path and this process is
done by first sends the route request (RREQ). The nodes
which receives the request is called mtermediate node
replies to the requesting the nodes by using the nodes
reply message. the intermediate nodes replies to the
requesting node . if it has a destination path . The
mtermediate node replies with the route reply message.
The mtermediate node which replies to the source node
have the sequence number which is greater or equal to the
sequence number contained in RREQ and also the node
which have to reply the RREQ i1s either the destination or
the path to the destination the nodes which contains the
RREQ [2][7]if this node 1s have processed before than the
RREQ will be discard the data packets forwards by the
source node , if it receives the RREP from the destination
if the data packets the source to destination than the route
will be active and if the source node doesn’t sends the
packets then this link will be deleted from the network but
if the link is deleted from the network but the path is
active then the route error messages(RERR)[7] will
receives by the source node[7].In case of ERS, the RREQ
goes to the neighbors in the route. if this request receives
by the node for the first time , then it will relay the request
otherwise the packets will be drop. So the information
about the source and destination wastes so this design
propose and makes the efficient design in which some
nodes will be silent and these and these nodes doesn’t
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sends the packets so in this way the energy used by the
nodes will be efficient and its name after improves is
E2AODV 1.e. energy efficient AODV[7][2].

Advantages of AODV

AODV protocol is the on demand and finds the route
from source to destination &this route will be latest.

The delay 1s less in AODV protocol. It 1s on demand so
the message overhead is not in case of AODV[2].

Disadvantages

The disadvantages of this protocol 1s that if the
mtermediate node does not have latest sequence number
then it leads mconsistent routes and also the multiple
route reply packets to the one route request packets and
this leads to greater overhead[2].

(b)Minimum maximum battery cost routing (MMBCR)

In MMBCR, the selection of route is done on the basis of
battery capacity of the nodes which have minimum
battery capacity and selects the having the maximum life
time or maximum value. If C1 1is the cost of battery at
any instant t FCIT is the function and the route contains
the N nodes then the total cost for the route Ri is the sum
of the cost function of all nodes .If f(cit)=1/Git for
example the function having higher value .the more
unwilling nodes participating in the route selection
algorithm 1s used for uniform distribution of batteries[7].

(¢)DYNAMIC SOURCE ROUTING (DSR)

DSR 1s the routing protocol. The sender knows the route
and the route cache 1s used to store the route. Data header
1s used in DSR. The data packets carry the source route in
the packet header. When the data packet travel from
source to destination and it do not already knows or than
it uses the route discovery process to find the route. The
route discovery process first it sends the ROUTE
REQUEST (RREQ)[7]. The node which receives the
RREQ rebroadcast it, whether it is a destination or the
route to the destination then RREQ makes the path than
Route REPLY (RREP) traverse the path backwards. If the
link on the route is break than the source node notified by
route error (RERR) packet. The source detect the route
with the link of error from it cache and new route
discovery process starts to find the route[2][7].

ADVANTAGES

DSR 1s a reactive or table driven protocol. In this, the
mtermediate nodes use the route cache to reduces the
control overhead.
(d)Destination-Sequenced  Distance-Vector
(DSDV)

DSDV is a proactive protocol 1.e. it is a table- driven
routing scheme. It eliminates route looping, increase
speed and reduces control message overhead. Each node
maintains a next —hop table, which exchanges with its
neighbours[2].

Routing

3. Comparison between DSR, AODV, DSDV

Sr No. AODV DSR DSDV

1 It s | It 1s | It 1s  Proactive
Reactive Reactive protocol
protocol protocol

2 It delivers | It 1s very | It performs almost
virtually good at all | as DSR,  but
all packets | mobulity requires
at low | rates. transmission
mobility overheads of many

packets.

3 It has low | It has high for
end to end | pause time 0 but it
delay starts decreasing as

time increases.

4 It It performs | It performs better
performs better for | for few number of
better for | larger nodes
larger number of
number of | nodes
nodes

5 For  real
time traffic
AODV is
preferred

Tablel: Comparison b/w Different Protocols[2]

4. Simulation Tool

The simulation tool for analysis 1s NS-2 which is highly
preferred by research communities[2].NS-2 is suitable for
designing new protocols. Comparing different protocols
and traffic evaluation. NS-2 is an object oriented sumulator
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written m C++, with TcL interpreter as a fronted. This
means that most of the simulation scripts are created in
TCL(Tool Command Language).If the component have to
be developed for NS-2 then both TcL and C++ have to be
used[2].

5. Simulation Analysis

We creates the network of seven nodes, node
0,1,2,3,4,5&6 with an energy with energy level of
1.5W[7].Initially node 5 has to send the data to node
1,2&3. MMBCR first finds the node having the minimum
battery capacity and having the maximum value of the
selected route 1.e. the route with maximum lifetime 1s
selected. Node 0 has to transmit the data from 0 to 4.
These are 0-5-4,0-1-6-4&0-2-3-4[7]. MMBCR initiates
route discovery process and selects the route with
maximum lifetime 1.e. MMBCR selects 0-2-3-4 from the
route discovery process. Source node is 0 and the
Destination node is 4 via route 0-2-3-4.Before the link
failure takes place source node O initiates the route
discovery process and transmit the packet through route
0-1-6-4 for increasing the network lifetime. Thus the
DSR does not take into consideration the energy levels of
nodes or the lifetime of the network resulting in link
failure whereas MMBCR increases the network lifetime
by selecting route with maximum battery capacity[7][2].

Simulation Parameter Value
Simulator NS-2 NS-2
No. of nodes used 7
Selected Route 0-2-3-4
After link failure route | 0-1-6-4
will

Table2: Parameters Used
6. CONCLUSION

In this paper, we have considered four routing protocols
1e. AODV, DSR, DSDV & MMBCR and compared the
performances of two protocols 1.e MMBCR and DSR in
terms of network using NS-2.From the simulations we
observed that MMBCR selects the route with nodes
containing maximum battery value i1.e the route with
maximum lifetime is selected. DSR does not consider the
lifetime of the network and chooses the route based on
route discovery process. It is also clear from the result

that minimum energy routing protocol should employ a
unified link cache graph data structure to store the routing
and power mformation so that it can converge to the
minimum energy route faster with reduced overhead[7].
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Abstract— Surface functionalization of nanocrystalline
cellulose using diethyl amine was carried out to form an
anion adsorbent (3-N-N' dimethylamino-2-hydroxypropyl
nanocrystalline cellulose ether) for arsenic remediation. The
product was thoroughly characterized using modern tools.
Nano-biosorbent had high efficiency of removal of trivalent
(85.20 %) and pentavalent (97.60 %) arsenic from aqueous
solutions, even at low concentrations. Adsorption capacity
was found to be 8.28 and 9.56 mg/g for As (III) and As (V)
respectively. Functionalized nano-biosorbent is ideally suited
for economic biosorbent for pretreatment step before large
scale chemical treatments for arsenic remediation.

Keywords— Arsenic, Functionalization, Isotherms, Kinetics

Nano-biosorbent.

L INTRODUCTION

mong various toxic pollutants, arsenic released into

the environment tends to persist, circulate and

eventually accumulating throughout the food chain,
thus becoming a serious threat to the environment [1]. The
presence of various environmental oxidation states of
arsenic, toxicity and health hazards have been
comprehensively reviewed [2-6]. World Health
Organization has revised the guidelines for arsenic in
drinking water from 50 to 10 pg/L [7]. However, arsenic
concentrations, about 100 times more than permissible
limit, were found in many parts of world [8.9]. Of these
regions, India and Bangladesh are most seriously affected
in terms of the size of the population at risk and the
magnitude of the health problems [10].

methods of arsenic removal are available
including  precipitation,  electrochemical  reduction,
adsorption, 1ion exchange, solvent extraction, nano
filtration and reverse osmosis [11-14]. However, their use
is limited due to high operation cost, sludge formation
with high wastage of water, and other technical
difficulties. Lime precipitation is in frequent use, but
suffers from the problem of gypsum formation and is not
capable of reducing arsenate to the optimum level, thus
requiring an additional ferric treatment [15]. Calcium
arsenate formed in the process has to be disposed off in a
landfill site where it may interact with carbon dioxide in
air to form calcium carbonate thus releasing arsenic back
mto the environment [16]. Alum precipitation is in
practice but its performance has not been considered to be
satisfactory [17]. Arsenic precipitation using sodium

Several

sulfide has also been considered in reducing arsenic levels;
however, being colloidal in nature cause a filtration
problem and is also readily oxidized when exposed to the
atmosphere there by making it difficult to dispose off in a
land fill site [18-20]. Lanthanum compounds and iron
(IIT)-loaded chelating ion exchange resins having either an
acidic or basic moiety as the functional group [21-23].
Treatment with such chelating ion exchange resins is
expensive because of the materials cost associated with the
removal process[24-27]. This sludge contains a mixture of
gypsum, heavy-metalloid hydroxides and carbonates in
addition to a large amount of water, this may leak arsenic
back to the environment after exposure to water and air. In
addition, to remove arsenite directly by these adsorbents, it
should be oxidized into the pentavalent state prior to
treatment by using oxidizing agents like hydrogen
peroxide [28.29].

Biosorption has gained important credibility in recent
years for remediating even heavily metal-loaded waste
water because of its eco-friendly nature, excellent
performance and low cost [30,31]. Over the past years,
intensive research on metal biosorption has established
solid base of knowledge, principles and highlighted
enormous potential of this effective metal removal
phenomenon for commercialization. The highest priority
of commercially available bioremediation technology is
the assessment of the commercial potential, practicability
of the developed technology, competition with other
technologies, market size, and cost of raw biosorbents [32-
33]. Association with the industries to carry out biomass
formulation, processing, into a product for its tuning to
meet out the technical requirements is yet another
important aspect. Green Nanotechnology integrates
Nanomaterial science and environmental chemistry and
creates significant step forward in biosorption processes
whose efficiency depend on the size of particles of sorbent
[34-35].

Currently, research is being conducted in toxic metals
removal from water using inorganic nanomaterials [36-
42]. However, inorganic nanostructured materials are
coupled with toxicity issues [43-45]. One approach to
tackle such issues associated to sustainability is to
incorporate organic nanomaterials of plant origin. The
increasing interest in the organic bio nanomaterials of
plant origin and their unique properties has led to intensive
research in the area of nanocellulose materials [46-49].
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Cellulose 1s considered as one of the most economic
biomass for the preparation of nano-biosorbent. Chemical
reactivity of cellulose is largely a function of the high
donor reactivity of the OH groups which becomes the
sorption site of cationic form of metals; however, it does
not have sorption capacity for anionic metal species. Using
smart processing it could be used as nano reinforcing
biopolymer triggering various functionalizations. A
critical challenge in the fabrication of nano-biosorbent is
to make nanoscale building blocks with a particular
surface  structure,  charge, and  functionality.
Nanocrystalline cellulose 1s ideal building block due to
their lightweight, high aspect ratio, large specific surface
area, reactive surface of —OH groups, high mechanical
strength and stiffness, and ability to form superstructures.
In order to improve the performance of NCC-based
composite materials, there has been a strong desire to
develop an environmentally friendly procedure for
tailoring the surface functionality of nanocrystalline
cellulose.

This communication reports the unexplored removal
efficiency of dimethyl amine functionalized nano
crystalline cellulose for negatively charged arsenic species
(H;AsO{l, HAsO;™, H;AsO,™, H:AsOf') from aqueous
solutions. This nanotech and synthetically functionalized
nano-biosorbent has significant potential as economic,
biodegradable, non-toxic nature with enhanced sorption
and environmental stability.

A.  Reagents and chemicals

All chemicals were of analytical grade. Stock solutions of
arsenic containing 1,000 mg/L. As(IIT) and As(V) were
prepared by dissolving NaAsO, and Na,HAsO, - 7H,O in
double distilled water and stored in darkness at 4 °C.
Working solutions of the desired concentrations were
prepared by diluting the stock solution.

B. Preparation of Nanocrystalline cellulose

NCC was prepared by sulphuric acid hydrolysis of
microcrystalline cellulose (MCC) [50]. MCC (50.0 g oven
dried weight) was mixed with H,SO, solution (62 %, w/w)
with continuous stirring at 45° C for 45 min. The
hydrolysis reaction was stopped by adding excess (10
fold) of distilled water followed by the removal of acidic
solution by successive centrifugation at 12,000 rpm for 10
min. until the supernatant became turbid. After washing,
the content was sonicated for 30 min. The cloudy
supernatant, containing NCC, was collected and the
remaining sediment was again mixed with water,
sonicated and centrifuged to obtain additional NCC, this
procedure was repeated till the supernatant was clear.

C. Preparation of Tertiary Aminated
Nanocrystalline cellulose (TA-NCC)

Epichlorohydrin (50 ml in 0.1 moles DMF; 60 ml) was
reacted with dimethyl amine (1.5 moles; 25 ml). A viscous

chlorohydrin was resulted and treated with 50% solution
of sodium hydroxide (4.0 g;: 0.1 moles). Amine epoxide
was extracted with dioxane and filtered. It was separated
from sodium chloride formed during the reaction. NCC
(10 g) was taken as slurry in dioxane and made alkaline
with 50% aqueous sodium hydroxide (0.1 moles). Amine
epoxide in dioxane was added to NCC and allowed to
react for 4 hours at 50-60° C. The product was filtered,
washed and neutralized with 75% methanol and air-dried.
3-N-N' dimethylamino-2-h hydroxypropyl cellulose ether.

D. Characterization of NCC and TA-NCC

Native NCC and TA-NCC were dried at 105 °C for 6 h
and cooled to room temperature for analysis. The average
crystallite size and crystallinity pattern of both the samples
were recorded using glancing angle X-ray diffractometer
(Bruker AXS D8 Advance, Germany) with Cu Ka
radiation at 40 kV and 30 mA. Scattered radiation was
detected in the range 26 = 5-40°, at a speed of 2 °/min.
Nanosurf Easyscan, Switzerland (V 1.8 atomic force
microscope) was used for surface roughness and
topography observation of native and modified
biosorbents before and after arsenic ion sorption. All the
scans were performed in air with commercial Si
nanoprobe tips. Images were obtained simultaneously in
tapping mode at the fundamental resonance frequency of
the cantilever with a scan rate of 0.5-0.8 Hz and oscillating
amplitude of 0.5 V. The morphological characteristics of
the oven dried NCC and freeze dried TA-NCC before and
after arsenic ion sorption were evaluated using Scanning
Electron Micrograph Zeiss EVO40 at bar length
equivalent to 10 pm, working voltage 15 kV with 500X
magnification. FTIR analysis in solid phase in KBr was
performed using a Shimadzu 8400 Fourier Transform
Infrared spectroscope. Absorption mode FT-IR spectra
were recorded in 600-4,000 cm™ range and scanned for 64
times.

E. Biosorption studies

Batch experiments using standard practices were
performed as functions of biomass dosage (0.1 - 1.0 g),
contact time (10-50 min), volume of test solution (100-300
ml), pH (1-10) and arsenic ion concentration (0.005-50
mg/L) at shaking rate 250 rpm at room temperature in
clean air-conditioned environmental laboratory. The
solutions of trivalent and pentavalent arsenic were taken
into separate erlenmeyer flasks. After proper pH
adjustments, a known quantity of biosorbent was added
and arsenic bearing suspension was kept under stirring
until the equilibrium conditions were reached. After
shaking, suspension was allowed to settle down. Arsenic
treated biosorbent was filtered using whatman 42 filter
paper (Whatman International Ltd., Maidstone, England).
Filtrate was collected and subjected for arsenic 1ons
estimation using ICP OES Perkin Elmer Optima™ 8x00.
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Percent arsenic sorption was computed using the equation:

% Sorption = [@ « 100], where, C, and C, are the
0

mitial and final concentrations of arsenic ions in solution.
All the investigations were carried out in triplicate to
confirm reproducibility of the experimental results. The
reproducibility and relative deviation are considered at
+0.5% and +2.5%, respectively. The adsorption capacity
Q. (mg/g) was calculated from the following equation:

Q.= [%V]‘ where C, and C, represent the initial
and final concentrations of the arsenic solutions,

respectively. V and m are the solution volumes and
biosorbent dose.

II. RESULTS AND DISCUSSION

A. Confirmation of preparation of NCC and TA-
NCC

The prime objective of this paper was to prepare smart
tertiary aminated NCC having different extents of tertiary
amine group for arsenic remediation. Prepared NCC was

obtained in 60-70 % yield and was aminated to obtain
TA-NCC 1n 75-88% yield.

FTIR spectrum of NCC shows all the characteristic
absorption bands of cellulose. A broad band at around
3324 cm™! which is attributed to the presence of free and
hydrogen bonded —OH stretching vibrations. The peaks at
2891 cm™ and 1429 cm™ corresponds to the —CH
stretching and —CH, bending vibrations. The peak at 1152
cm ' relates to C—O—C anti symmetric stretching vibration.
The adsorption band at 1001 cm™' is attributed to —CO
stretching vibration. An absorption band at 896 cm ™ arises
from the —glycosidic linkages. In addition to the
characteristic cellulose peaks, additional peaks at 14318.1
and 1246.4 cm” in its functionalized form (TA-NCC)
indicate the presence of aliphatic —CN and —CH,-
"NH(R),—type nitrogen vibrations. These observations
clearly indicate the formation of chain and the presence of
~CH2-'NH(CH;)* groups in TA-NCC. After the
amination, the characteristic absorption bands of cellulose
have not shifted, indicating that amination reaction has not
destroyed the basic molecular structure of cellulose.
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Fig. 1 - FT-IR spectrum of NCC and TA-NCC

XRD analysis shows that the acid treatment results into
narrowing and higher crystallinity level of hydrolyzed
cellulose. Presence of three strong peaks at 20= 14.84,
22.76 and 34.98 are the characteristics of cellulose 1. [52].
The observed slight decrease in crystallinity index
reduction may be ascribed to the incorporation of amine
groups onto the TA-NCC surface. X-ray crystallinity
index of native (NCC) and functionalized (TA-NCC) were

. . looz—1
calculated using equation: CI= % x 100, and
002

found to be 92.56 and 54.82, respectively. The average
crystallite size was estimated from the full width at half-
maximum intensity (FWHM) of the reflection using
Debye-Scherrer equation and was found 6 and 116 nm for
NCC and TA -NCC respectively.
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600 —— (TA-NCC)

500
400 +

300

Intensity (a.u.)

200 +

100 -

T T u T T T
5 10 15 20 25 30 35 40
Diffraction angle

Fig. 2 — XRD spectrum of NCC and TA-NCC

Investigation of surface roughness and morphology of
NCC and TA-NCC were carried out using AFM. AFM
micrograph of NCC indicates that the NCC are triangular
rather than spherical and with a diameter of nano meter
range, uniform growth and mono disperse particle
distribution without any pinhole. AFM amplitude images
indicate that the TA-NCC has less well-defined structures
with little evidence of triangular shape. The TA-NCC i1s of
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same length the NCC, but wider. AFM image shows that
the NCC maintained their characteristic RMS roughness
even after amination process and found to be 19.491 and
18.456 for NCC and TA-NCC, respectively.

(b)

Topography - Scan forward
hd

Line ft 107nm

(@

Line fit 11.3nm

Line # 7.44nm

Fig. 3 - AFM images of a) NCC; b) TA-NCC; c¢) As (IIT) laden
TA-NCC: and d) As (V) laden TA-NCC

SEM 1images of NCC and TA-NCC indicate that the
surface morphology of NCC looks smooth and triangular,
supporting the results of AFM. However, after amination,
the shape of the NCC is slightly deformed, losing their
original triangular shapes. After the amination reaction,
obvious coating layers are observed. Thus, the amination
reaction achieved the immobilization of the amine groups
on the surface of NCC. NCC appeared to be agglomerated
before functionalization and was separated from each
other after amination, reason being the incorporation of
relatively hydrophobic amine groups on the surface.

(a) (b)

Fig. 4 - SEM images of a) NCC; b) TA-CC; ¢) As (IIT) laden
TA-NCC and d) As (V) laden TA--NCC

B. Evidences in support of the sorption of As (I1I
and V) onto TA-NCC

Loading of both the arsenic species on TA-NCC is evident
from lowering in peak intensity and shifting of -OH peak
appearing at 3324 cm™' in native to 3303 cm™ and 3309
em™ in As (III) and As(V) laden TA-NCC, respectively.
Similarly, lowering in the characteristic -N peak intensity
(1245 cm™) observed in each case (As III and As V laden
biosorbent) also confirms TA-NCC-Arsenic interaction.
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Fig. 5 —FT-IR spectrum of TA-NCC and As(III) and As(V) laden
TA-NCC

AFM images points out the fact that shape and surface
topography of arsenic laden TA-NCC (Fig. 3¢ and d) was
found to be destroyed confirming sorption of arsenic on
target biomass. Significant decrease in relative mean
surface roughness in arsenic laden TA-NCC also provides
support to the above observation.
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SEM Micrographs (Fig. 4c and d) of native and As (III
and V) laden TA-NCC clearly shows the change in
morphological features from triangular cluster to dense
agglomerated clusters. Reduction in pore area of native
(10.02 um? to 4.48 and 3.21 um?) for As (III) and As (V)
laden TA-NCC respectively was also recorded confirming
the accumulation of liquid phase arsenic species in the
target biosorbent.

C. Sorption Experiments

A series of batch experiments on sorption led to the
standardization of the optimum conditions for As (III) and
As(V) removal at arsenic concentration (25 mg/L), contact
time (40 min), volume (200 mL) and pH 7.5 for As (III)
and 2.5 for As (V). A mechanistic aspect of sorption has
been discussed as follows.

Fig. 7 shows the dependence of sorption behavior of
arsenic species on pH at adsorbent dose (0.5g). The
observed increasing and decreasing trend of sorption with
lowering and rise in pH may be explained on the basis of
highly pH dependent aqueous arsenic chemistry. In the pH
range 7.5-9.0, As (III) exists in anionic (H,AsO;" and
HAsO;?) species, exhibiting optimum sorption on cationic
biosorbent because of electrostatic attraction. At pH< 7.5,
As(III) exists as uncharged species H;AsO;” and does not
show affinity towards cationic TA-NCC sorbent.
However, the observed sorption (60-70 %) of As (III) in
this pH range is ascribed to the structural behavior of
modified nano sorbent. The increased surface area-to-
volume ratio of cellulosic nanoparticles and quantum size
effects not only increase the surface area providing more
adsorption sites but also induce the ability to tune surface
properties through molecular modification. Therefore, in
the present paper, nanotech strategy has been used to
enhance the sorption of arsenic species.

Appreciable sorption of As (V) is observed in the pH
range 2.5 -7.5. Maximum sorption of As (V) on cationic
biosorbent observed at pH 2.5 can be easily ascribed to its
interaction with the anionic (H,AsO," and HAsO,?)
species, occurring predominantly in this pH range [53]. To
add, designed biosorbent (TA-NCC) at lower pH has
tertiary amine group in protonated form (NR;R,H"). the
electrostatic repulsion among these positive groups
increases the availability of sorption sites by overcoming
the tendency of the chains to aggregate. At pH below 2.5,
neutral species of arsenic starts forming and becomes the
reason of relative decrease of As (V) sorption on cationic
biosorbent.

II. CONCLUSION
The incorporation of positively charged amino groups
m NCC significantly enhanced binding capacity of
negatively charged arsenic species and reusability cycles
of functionalized nano-biosorbent. The work highlighted
the application of nanotech and chemical functionalization

approach on largely abundant, economic, biopolymer
(cellulose) resulting into smart nano-biosorbent with
enhanced sorption efficiency and environmental stability
for a simple and cost effective pretreatment step before
large scale chemical treatments for the removal of arsenic
from water bodies.
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Abstract—Dielectric properties along with
photoluminescence phenomenon of ion induced Polyethylene
naphthalate (PEN) were analyzed. Li**, C®", Ni'® jon beams
were used to analyze the modifications induced by swift
heavy ions as a function of ion fluence, ranging from 1x10"!
to 3x10'? ions/cm’. Blue shift is observed in PL behavior.
Dielectric constant (¢) for pristine and irradiated samples
has also been calculated, which increases with the increase in
ion fluence.

Keywords—Dielectric constant,
Photoluminescence, Swift heavy ions.

Trradiation,

L INTRODUCTION

Swift heavy ion loses its energy by interacting with target

nuclei (nuclear stopping) and by interaction with target

electrons (electronic stopping). In case of polymers,

electronic stopping process due to ion irradiation is
more eminent, which contributes to the scissoring of
original bonds, production of radicals and excited atoms.
At higher ion fluences cross linking and rearrangement of
bonds occur. All these processes are accountable for the
modifications in structural, optical, thermal and chemical
properties of the polymer due to creation of defects in the
polymer [1]. Effect of swift heavy ion irradiation on
Polyethylene naphthalate (PEN) has rarely been studied,
therefore the aim of the present investigation is to study
the alterations in structural properties of PEN films caused
by lithium (50 MeV), carbon (85 MeV) and nickel (120
MeV) ion irradiation with the help of Photoluminescence
(PL) and Dielectric techniques.

IL EXPERIMENTAL DETAILS

The specimens of Polyethylene naphthalate (PEN) in the
form of flat polished thin films (25um) were procured
from Good Fellow Ltd. (England). These films were used
as-received form without any further treatment in the size
of I ecm x 1 cm. The samples were mounted on the sliding
ladder and irradiated with lithium (50 MeV), carbon (85
MeV) and nickel (120 MeV) ion beams using 15 UD
pelletron facility for the general purpose scattering
chamber (GPSC) under vacuum of ~10° Torr at Inter-
University Accelerator Center, New Delhi.

The electronic energy loss of characterize lithium (50
MeV), carbon (85 MeV) and nickel (120 MeV) ions in

PEN polymer is ~6.96. 27.85 and 563.3 eV/A respectively.
The range of all ions is more than the thickness of polymer
films. The ion beam fluence was varied from 1 x 10" to 3
x 10" ions cm™ In order to expose the whole target area,
the beam was scanned in the x-y plane. The beam current
was kept low to suppress thermal decomposition and was
monitored intermittently with a Faraday cup. Flouromax-3
(Jobin-Yvon, Edison, NJ, USA) equipped with a
photomultiplier tube and a xenon lamp was used for (PL)
analysis of samples at 300K. The Precision impedance
analyzer 6500B is used to measure dielectric constant (&)
of pristine and irradiated samples of polyethylene
naphthalate at room temperature in the frequency range
20Hz-1MHz.

I1I. RESULTS AND DISCUSSION

A. PL Analysis

Fig. 1(a), (b) and (c) shows PL spectra of pristine and
irradiated samples of Polyethylene Naphthalate (PEN)
with different fluences of lithium, carbon and nickel ions
respectively. The samples were excited at wavelength A
=350 nm. A prominent peak was observed at 448 nm for
pristine sample. The spectra shown by samples irradiated
with heavier ions (nickel ions) have intensity quite
smaller than the pristine ones, which show that after
wrradiation the luminescent centers such as impurities,
defects have disappeared [2]. The PL spectra of
irradiated Polyethylene naphthalate (PEN) samples show
shifting of peaks towards the lower end of wavelength
(448nm-425nm) 1.e. towards higher energies which 1is
known as blue shift, might be due to compressive stress.
This may be due to the reason that with irradiation, there
1s increase in defects concentrations in polymers [3].The
PL intensity of PEN samples irradiated with lighter ions
(lithium and carbon ions) decreases, when irradiated at
lower fluence (1x10'ions/cm®), but at intermediate
fluences there is increase in intensity, which may be due
to increase in concentration of defects after irradiation. At
higher fluences the intensity again decreases, which is
due to degradation of sample with irradiation.
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Fig. 1 PL spectra of Polyethylene Naphthalate samples irradiated with
different fluences of (a) lithium (b) carbon and (c) nickel ions.

B. Dielectric studies

The dielectric constant of pristine and irradiated samples
of polyethylene naphthalate (PEN) was calculated using
the relation &' = C,/C,, where C, is capacitance measured
using impedance analyzer; C, = g, A/t, where g, is the
permittivity in vacuum. The plots for variation of
dielectric constants with frequency for pristine and
irradiated samples of polyethylene naphthalate (PEN),
irradiated with lithium ions, carbon ions and nickel ions
are shown in Fig. 2(a). (b) and (c) respectively. It is
observed that dielectric constant (g¢') decreases with
increase in frequency. This is due to the fact that the
charge carriers migrate through the dielectric and get
trapped against a defect site, where they induce an
opposite charge; hence motion of charge carriers slow
down, which in turn decreases the value of dielectric
constant (¢'). It 1s also observed from Fig. 2 that the value
of dielectric constant (g¢') of uradiated samples of
polyethylene naphthalate (PEN) is more as compared to
dielectric constant (&) of pristine sample. This may be due
to chain scission process due to which there is an increase
in number of free radicals [4]. The increase in dielectric
constant (¢') with increase in ion fluence leads to the
increase in rigidity of polymer due to irradiation [5].

IV. CONCLUSION

The irradiated samples of Polyethylene naphthalate
(PEN) shows a shifting of peaks towards the lower end of
wavelength (448nm-425nm) i.e. towards higher energies
due to compressive stress. The increase in dielectric
constant (¢') with increase in ion fluence leads to the
increase 1n rigidity of polymer due to irradiation.
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Fig. 2 Dielectric spectra of Polyethylene Naphthalate samples irradiated
with different fluences of (a) lithium (b) carbon and (c) nickel ions.
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Abstract—In the present work a green method of
synthesising Copper Nanoparticles using Ascorbic Acid as
reducing agents is proposed. The method involves adding
Polyethylene glycol(PEG) as capping agent for stabilising
the copper nanoparticles. The synthesised Nanoparticles
were characterised by UV, IR Spectroscopy. The UV
Spectrum gave a Characteristic Band at S70nm indicating
the synthesis of copper nanoparticles. The TEM Analysis
was carried out to confirm the size distribution of
nanoparticles. The size distribution of synthesised
particles was in the range80-100nm.The same particles
were synthesised by using traditional reducing agent such
as NaBH4 via chemical reduction method and a
comparison of size distribution was made. It was
concluded that the particles synthesised by Green
Synthetic method showed a better size distribution pattern

which was confirmed by TEM and XRD studies,

Keywords—Copper ~ Nanoparticles, — Ascorbic  Acid,
Reductants, Green Synthesis.

L INTRODUCTION

The emerging field of green Nanoscience faces
considerable research challenges to achieve the
maximum  performance and  benefit  from
nanotechnology while minimizing the impact on human
health and the environment. The principles of green
chemistry, applied to Nanoscience, provide a
framework for designing greener nanomaterials and
developing greener Nanosynthesis methods. As
Nanoscience emerges from the “discovery phase” to the
production level, the need for larger quantities of highly
purified, structurally well defined and precisely
functionalized materials will require significant
immprovements in Nanoparticles synthesis. The
literature in this area illustrates a few of the many
approaches that are being explored in the pursuit of
Greener Nanosynthesis and provides some examples of
how these steps can yield high-performance materials
with higher efficiency and enhanced safety.

The nature of engineered nanomaterials and
their proposed uses provides compelling reasons for the
implementation of green chemistry in the development

of the new materials and applications. Nanomaterials
are expected to (1) exhibit new size-based properties
(both beneficial and detrimental) that are intermediate
between molecular and particulate, (i1) incorporate a
wide range of elemental and material compositions,
including organic, inorganic, and hybrid structures, and
(1) possess a high degree of surface functionality.
Assessment of the potential toxicological and
environmental effects of nanoscale materials before
they are accepted as mature technologies presents an
opportunity ~ to  minimize  putative  negative
consequences’ from the outset and ultimately lead to the
design of higher performance materials.

It 1s a well known fact that green chemistry has been
employed successfully in the preparation of highly
functionalized products (e.g., pharmaceuticals) that
have a strong analogy to functionalized nanomaterials
that have been proposed for a range of future
applications, one would expect successful application of
this approach for these nascent materials. Application of
green chemistry to Nanoscience should also prove
beneficial in developing production-level commercial
scale materials. The development of high-precision,
low-waste methods of Nano manufacturing will be
crucial to commercialization. In addition to providing
enhanced research and development strategies, green
chemistry offers an opportunity to improve public
perception of Nanoscience, as this approach is relatively
easy to explain and can be used to convey a responsible
attitude toward the development of this new technology.
For these reasons, green chemistry can play a prominent
role in guiding the development of nanotechnology to
provide the maximum benefit of these products for
society and the environment.

IL. METHODOLOGY

Metal Nanoparticles via Greener Routes have been
synthesized by wusing an Environmentally Benign
Method .In this approach we intend to use different
available Environmentally Benign Biodegradable
Reductants such as Sugars like Glucose and Sucrose;
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Vitamins Like Ascorbic Acid. This approach has
certain advantages

(1) sugars  (glucose, fructose, and
sucrose) and other biodegradable
reductants are easily available to be
used as reducing agents,

(1) upon their exploitation no other
stabilizing agent or capping agent is
required to stabilize the
Nanoparticles,

(111) sugars are very cheap and biofriendly
and 1instead of keeping the
Nanoparticles in aqueous solution one
can safely preserve the particles in a
desiccators for months and can be
redispersed in  aqueous  phase
whenever required.

The Method would involve mixing the standard
solutions of Cu** ions with the Poly ethylene Glycol
(PEG) solution and the mixture is stirred for 30min at
about 70°C. Aqueous solution of NaOH was added
slowly to the above solution to adjust the pH to alkaline.
The resulting mixture was stirred for half an hour.
Ascorbic Acid was added in small portion to complete
reduction. Colour of the solution changes indicating the
formation of copper nanoparticles. The nanoparticles
were separated by ultracentrifugation, washed with
distilled water and dried in oven at 80°c for half an
hour.

II1. RESULTS AND DISCUSSION

Characterization of  Synthesized Copper (Cu)
Nanoparticles

The characterization of Synthesized Nanoparticles will
be done by using following techniques

A. UV-Visible and FTIR characterisation:

The formation of Copper Nanoparticles was indicated
by the change in colour of solution from blue to copper
yellow and Dark black, which is also supported by the
Amax value at 572nm.The value clearly indicates that
copper nanoparticles have been formed in the colloidal
form. The Nanoparticles were separated by
ultracentrifugation and the dried powder was analyzed
by FTIR. The FTIR spectra showed a Characteristic
pattern as reported for copper nanoparticles.(figurel and
2)
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Figure 1: UV spectra of Copper Colloidal solution showing
Absorption Maxima-572nm
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Figure 2: FT IR Spectrum of Copper Nanoparticles

B. X-Ray Diffraction (XRD)

The intensity of the diffracted X-rays is
measured as a function of the diffraction angle. The
mtensities of the spots provide information about the
atomic basis. The sharpness and shape of the spots are
related to the perfection of the crystal or a powder.
These studies determine the lattice constants, porosity
and approximate size of the metal nanoparticles. Il also
tell us about the purity of the synthesized materials.

AMRITSAR COLLEGE
OF ENGINEERING & TECHNOLOGY

NBA Accredited | NAAC Accredited

Department Of Applied Sciences

115



National Conference on Advances in Material Sciences

April 4-5, 2014 ISBN: 978-81-924867-2-7

%04 {111)
bl
2
3
g (200)
i'“n ' |?2'0|
MWMWWW
0
0
ZM(MM)

Figure 3: XRD of Synthesized Copper Nanoparticles

C. SEM Studies:

In these studies Electron beams are used to
produce images. SEM (Scanning-Tunneling
Microscope) studies will be applied to confirm the
particle size of metal nanoparticle obtained by varying
the reductants. Analysis pertaining to the determination
of size of nanoparticles is the TEM Analysis for which
the samples are being send to IIT Mumbai for Analysis.
Further studies in this regard were carried out to check
the size distribution of copper nanoparticles the TEM
Image showed that the size of particles was in the range
0f 80-100nm.

Figure 4(a): SEM Image and size distribution of
synthesized copper
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Figure 4(b): SEM Image and size distribution of synthesized
copper

The particle size distributions of the freshly prepared
Cu nanoparticles is shown in the figure3. It is seen that
thesize of the majority of the nanoparticles when
prepared fresh was about 90 nm but after storage for 2
days the same was increased to about 300 nm. This is
due to the aggregation of mnanoparticles. Cu
nanoparticles because of their high reactivity tend to
form aggregates. The tendency of getting aggregated
was controlled by the starch and PEG (poly ethylene
glycol which act as the stabilising agent.

IV. CONCLUSION

> Copper nanoparticles were successfully
prepared, by reducing Cu™* ions, using environmentally
benign reducing agents ie Ascorbic Acid. The
absorbance spectrum of the solution was taken showing
characteristic absorption at 572nm.

> The particle size and theirdistribution, of
freshly prepared system and after storing for two days
in atmospheric condition, were examined by particle
size analyzer shows that the maximum size of the
particle was increased from 90nm to 300 nm .

> The stability of the particles was improved by
the introduction ofstarch solution along with PEG in the
colloidal system.the antimicrobial activity of these
particles were studued and it showed that they resist the
growth of gram positive bacteria.
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Abstract— Poly(vinylidene fluoride-co-
hexafluoropropylene) (PVdF-HFP)-ionic liquid gel
electrolytes have been synthesized using ionic liquid 2,3-
dimethyl-1-hexylimidazolium
bis(trifluoromethanesulfonyl)imide (DMHXxImTFSI) and
propylene carbonate. Ionic conductivity of the ionic liquid is
2.47 x 10 Scm™ at 30°C and polymer gel electrolytes also
possess conductivity of the same order. The dependence of
ionic conductivity on the concentration of ionic liquid,
polymer and temperature has been studied. TGA/DSC
studies shows that the polymer gel electrolytes containing
ionic liquid are thermally stable upto 100°C.

Keywords—Ionic Liquids, Ionic Conductivity, Polymer Gel
Electrolytes, Thermal Stability

L INTRODUCTION

Room temperature molten salts or ionic liquids (IL), as
they are generally known, are salts with melting point
below 100°C and are composed of large organic cations
and weakly coordinating anions. Due to the unique
physicochemical properties of IL such as high ionic
conductivity, negligible vapor pressure, non-flammability
and high thermal and chemical stability [1]-[3], polymer
electrolytes containing ionic liquids in gel or solid form
are being widely studied for their potential applications in
solid state 1onic devices [4]-[9].

In the present work, polymer gel electrolytes containing
imidazolium based ionic liquid have been prepared and
characterized for their ionic conductivity and thermal
stability.

1I. EXPERIMENTAL

Tonic liquid 2,3-dimethyl-1-hexylimidazolium
bis(trifluoromethane sulfonyl)imide (DMHXImTEFSI) was
synthesized by the metathesis reaction of 1,2-
dimethylimidazole with 1-bromohexane to obtain 2,3-
dimethyl-1-hexylimidazolium  bromide (DMHxImBr)
followed by an anion exchange reaction of DMHXImBr
with lithium trifluoromethanesulfonimide. The formation
of ionic liquid was checked by 'H and *C NMR with
JEOL AL-300 MHz NMR spectrometer. The details of the
preparation procedure for the ionic liquid is available in
earlier publications.'™'! Polymer gel electrolytes having
different  concentrations of IL  and  polymer

poly(vinylidenefluoridecohexafluoropropylene)  (PVdF-
HFP) were prepared by first solvating the IL in the high
dielectric constant solvent propylene carbonate (PC, € =
64.4) to prepare liquid electrolyte and then immobilizing
this liquid electrolyte by the gradual addition of polymer
along with continuous stirring. Ionic liquid and polymer
gel electrolyte were characterized by impedance
spectroscopy (computer interfaced Hioki 3532-50 LCR
Hi-Tester), FTIR spectroscopy (Shimadzu 8400S FTIR
spectrometer) and  simultaneous = DSC/TGA/DTG
measurements (Perkin Elmer Pyris Diamond)

I1I. RESULTS AND DISCUSSION

A. Ionic Conductivity and Viscosity

As a function of temperature, the viscosity of IL
decreases from 109 mPas at 30°C to 19.8 mPas at 80°C,
and a corresponding increase in conductivity from
2.47x107 Sem™ at 30°C to 1.21x10” Sem™ at 80°C has
been observed. The decrease in the viscosity results in an
increase in mobility and hence increases ionic conductivity
of ionic liquid.

Liquid electrolytes with the composition PC+0.5M IL
has been subsequently utilized to prepare polymer gel
electrolytes. The 1onic conductivity of polymer gel
electrolytes containing different concentrations of PVdF-
HFP in PC+0.5M IL 1s given in Fig.1(a).

10

a 10
s
- = - -
1 & e e -
°ls E . 0
- 25
_ - : o
T 8 e -
I3 hd 7
S P 00 05 10 15 20 25
w x (wt% of PVdF-HFP)
[
-~ 7
©
-
6
-
5
o 2 4 6 8 10
-1
b
N
L ]
v v -
. ¢ . " =
p T v " .
-
S e v -
@D -2 e v v -
© - v
2 . v
.
L]
-3 . N v v
24 26 28 3.0 3.2 3.4
1000/T (K1)

£3))) AMRITSAR COLLEGE
P, # OF ENGINEERING & TECHNOLOGY

NBA Accredited | NAAC Accredited

Department Of Applied Sciences

118



National Conference on Advances in Material Sciences

April 4-5, 2014 ISBN: 978-81-924867-2-7

Fig. 1(a) Variation of ionic conductivity of gel electrolyte
PC+0.5M IL+ x (wt%) PVdF-HFP with concentration of polymer.
Inset shows the conductivity at lower concentrations of polymer.
(b) ionic conductivity of IL(e), PC+0.5M IL(m), and PC+0.5M
IL+10 wt% PVAF-HFP( V) as a function of temperature.

At very low concentrations of PVAF-HFP (0-0.6wt %),
conductivity of electrolytes increases, reaches a maximum
and then starts decreasing at higher concentrations of
PVdF-HFP. This small increase in ionic conductivity with
the addition of polymer is due to the dissociation of some
ion aggregates, which are generally present in these
electrolytes due to the higher concentration of ions. This
results in an increase in free ion concentration, thereby
increasing the ionic conductivity. The decrease in ionic
conductivity at higher concentrations of PVdF-HFP is due
to an increase in viscosity, which reduces mobility and
hence conductivity decreases.

The variation of ionic conductivity of IL, PC+0.5M IL
and PC+ 0.5M IL+ 10wt% PVdF-HFP as a function of
temperature has been shown i Fig. 1(b). At room
temperature the addition of PC to the IL results in an
increase in conductivity and liquid electrolyte PC + 0.5 M
IL show higher conductivity than IL at all temperatures
which 1s due to lower viscosity of PC as compared to the
IL and higher dielectric constant and both these factors

contribute to higher conductivity.

However polymer gel electrolytes containing 10 wt%
PVdF-HFP show lower conductivity as compared to the
liquid electrolytes at all temperatures which 1s due to an
increase in viscosity with the addition of polymer.

B. FTIR

The formation and dissociation of ion aggregates has
been checked by FTIR spectroscopy. In the FTIR
spectrum of (PC+0.1M IL), peaks due to free ions
contributed by the 1onic liquid are observed at 739 (5, CF3)
and 761(v, SNS) cm™ and 1056ecm™ (v, SNS) (Fig. 2(a)).
On further increasing the concentration of IL in PC to
0.5M. an additional shoulder is observed at 757cm™ and
also a shoulder appears adjacent to 1056cm™ peak
suggesting the presence of ion aggregates.
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Fig. 2 FTIR spectrum of electrolytes PC+0.1M IL (a), PC+0.5M IL (b)
and PC+0.5M IL+ 10 wt% PVdF-HFP (¢).

However, the addition of PVdF-HFP in small
concentrations (0.1wt %), results in the disappearance of
the shoulders at 757cm™ and 1070cm™. indicating the
dissociation of ion aggregates. These observations are

consistent with the results obtamed from 1onic
conductivity measurements.
C. DSC/TGA

TGA thermogram, of PC+0.5M IL+ 10wt% PVdF-HFP
(Fig. 3) shows that the polymer gel electrolyte is stable
upto 100°C.
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Fig. 3 DSC/TGA/DTG plots for PC+0.5M IL+ 10 wt% PVdF-HFP

Above 100°C, weight loss by a large amount takes place
due to the loss of PC which also corresponds to the
endothermic peak at 180°C in DSC curve. The second
weight loss by a small amount at 374°C in the TGA
thermogram is due to the degradation of IL and PVdF-
HFP.

IV. CONCLUSION

PVdF-HFP based polymer gel electrolytes containing
tonic liquid DMHXImTFSI have been found to show
ionic conductivity higher than 001 Scm™ at all
temperatures above 50°C._ The polymer has been observed
to play an active role and helps in the dissociation of ion
aggregates present in these electrolytes. The polymer gel
electrolytes are thermally stable upto 100°C which is
suitable for their use in many devices.
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Abstract:  The estimation of radon level has been
increasingly supervised in world due to its unsafe effects to
mankind. In the present study, groundwater samples were
taken from different villages of Tarn Taran district. The
analysis of radon concentration in these samples was
carried out by using RAD7, an electronic radon detector
equipped with an appropriate unit (Aqua kit). The radon
concentration in the samples has been found to be in range
of 27.18 pCi/L to 189.18 pCi/L, which is well within safe
limit as recommended by USEPA in all the regions from
where the samples were collected.

Keywords: Estimation, Radon Concentration, RAD7.

INTRODUCTION

Great interest has been expressed worldwide for the
study of naturally occurring radiation and
environmental radioactivity. This interest has led to the
performance of extensive surveys in many countries
(UNSCEAR, 2000). The primary reason for these
studies 1s the simple fact that natural radiation
background is the primary source of human radiological
exposure. Radioactivity present in human environment
1s the major source of radiation dose being received by
population. Naturally occurring radionuclides like
Uranium have existed in the Earth’s crust since its
formation. Radon (Rn-222) is a radioactive gas derived
from the Uranium decay series and it is the main source
of internal radiation exposure to human life [1]. As
radon undergoes radioactive decay, it gives off radiation
and becomes another radioactive element. This is
repeated several times until it becomes stable lead
Radon gas 1s chemically inert without odor, color or
taste and is responsible for about half of the radiation
dose received by the general population [2]. According
to the US Environmental Protection Agency (EPA) and
the World Health Organization (WHO) Handbook on
Indoor Radon (WHO, 2009) radon is the second leading
cause of lung cancer after smoking [3.4]. The increased
mterest in measuring radon in recent years has
stimulated instrument research radon measurement

professionals, mitigators, and researchers. Overall, as a
global average, at least 80 % of the radon emitted into
the atmosphere comes from the uppermost ground
layer. The second most important contributor to
environmental radon is emanation from groundwater
sources [5,6]. Since water is most important source of
life and major part of total body weight. So dissolved
radon in drinking water can lead to significant health
problems for humans [7]. It 1s estimated that for every
10000 pCvL of radon in water, about 1 pCvL is
released into air [8]. The nuclides of the uranium series
which can be dangerous to health because of their
presence in drinking water are 226Ra and 222Rn [9].
The maximum limit of concentration of radon in water
as proposed by US Environmental Protection Agency
(USEPA) 1s 300 pCyY/L which can cause a life time
cancer risk of about 1 in 104 [10]. Many extensive
studies have been performed on radioactivity in
drinking waters worldwide in recent years [11, 12, 13].
The present work tries to explore the concentration of
radon in water samples taken from some regions of
Tarn Taran district of Punjab.

EXPERIMENTAL DETAILS

Water samples were taken from the study area used for
drinking and radon concentrations in these samples
were measured with solid state alpha detector based
RAD7 [14]. The RAD?7 is a continuous monitor based
on the alpha spectrometry technique. It uses a solid state
semiconductor detector that directly converts an alpha
radiation to electrical signal. Its accessory RAD H,O i1s
used to measure the radon in water over a wide range of
concentration [15]. The wunit features the fastest
response and recovery time of any system on the
market, and 1s able to measure radon concentrations at
the 200Bg/m’ action level in less than one hour.
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Figure 1:The RAD7 connected with RAD7H20
accessories

The RAD7-H,O method employs a closed loop
aeration scheme in which the air is recirculated through
the water sample collected in vial and the radon is
continuously extracted until a state of equilibrium
develops. The RAD-H,0 system reaches this state of
equilibrium within about 5 minutes, after which no
more radon can be extracted from the water sample.
The extracted radon is pumped in the test chamber the
detector measures the radon concentration. The RAD
H,O gives results after 30 minutes analysis with a
sensitivity that matches or exceeds that of liquid
scintillation methods.

STUDY AREA

The study area covers some regions of Tarn Taran
district which i1s one of the districts in the state of
Punjab in North-West Republic of India as shown in the
map in Figure 2.
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Figure 2: The map of Tarn Taran District

RESULTS AND DISCUSSIONS

The results of measurements are summarized in tables
1. A total of 20 samples were analysed. It can be seen
that radon activity in water varies from 27.18 pCv/L to
189.18 pCi/L and the safe value recommended by EPA
1s 300pCy/L.

Sample no. | Location Radon conc. In
pCi/L
1 Sheron 84.40
2. Dhotian 102.76
3. Usmaan 27.18
4 Nasshehra pannua 37.34
5 Jamarai 109.65
6. Rasulpur 69.5
7. Aladinpur 103.16
8 Sarhali 149.58
9. Sarhali kalan 121.43
10. Chaudary wala 189.18
1. Bhathal bhaike 118.04
12. Warian 98.48
13. New warian 108.41
14. Thathiana mahanta | 132.92
15. Banwalipur 46.16

Table 1: Results of measurements of radon
concentration

CONCLUSIONS

Present study reveals that the value of radon
concentration in the water samples is well below the
prescribed safe limit values in all the regions from
where the samples were collected.
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Abstract-Presently the world has facing energy crisis
associated with continuous depletion of fossil fuels,
emission of greenhouse gases which are responsible for
global warming. The urgent need to replace fossil fuels
and introduced a new source of energy which can fulfill
the global energy demand. Biodiesel and biohydrogen are
interesting alternatives, both of which can be obtained by
non-edible and microalgae. Microalgae have several
advantages over the edible and non-edible feedstocks such
as it have potential to produce 25-220 times higher
triglycerides than terrestrial plants, gives about 30 times
or more oil yields than terrestrial oil seed crops, have
greater photosynthetic efficiency, require less land area
and it can provide several different types of renewable
biofuels such as methane, ethanol, triglyceride and
hydrogen. Microalgae can be cultivated in saline and
wastewaters, in sunlight and in atmospheric CO,.
However, large-scale Dbiodiesel and biohydrogen
production from microalgae are commercialized due to
their poor volumetric efficiencies. This paper provides an
overview of the biodiesel production from microalgae via
acid catalyst and the effect of various parameters on the
biodiesel yield.

1. Introduction

Renewable energy plays a key role to replace fossil
fuel. Presently biodiesel importance is increasingly to
meet the global energy demands. Biodiesel 1s an alkyl
esters of long-chain fatty acids obtained from various
sources such as edible and non edible oil or animal fats.
Edible as well as non-edible feedstocks have several
limitations which restricts it use for biodiesel
production. Presently attention is focused on microalgae
for biodiesel production. Microalgae have several
advantages over the edible and non-edible feedstocks
such as it have potential to produce 25-220 times higher
triglycerides than terrestrial plants, gives about 30 times
or more oil yields than terrestrial oil seed crops, have
greater photosynthetic efficiency, require less land area
and it can provide several different types of renewable
biofuels such as methane, ethanol, triglyceride and
hydrogen [1-3]. The tubular photobioreactors was
preferred, in comparison to raceway pond for
microalgae culture, because the former resulted in
greater productivity with a higher microalgal oil yield

with minimum contamination. The flocculation is
reported as the most promising harvesting method
because flocculants used having higher molecular
weights and it can adsorb several particles at once.
Microalgae produce 25-220 times higher triglycerides
than terrestrial plants and can doubling their biomass
within 24 h. Oil content in microalgae is 30 times or
more than the terrestrial oil seed crops. From the
available extraction method, solvent extraction method
1s most commonly used because of low cost of solvent
and the solvent can be reused. Biodiesel production
from the Chlorella protothecoides was performed by
acidic transesterification. The optimum condition
occurred at 100% catalyst quantity (based on oil
weight) with a molar ratio of methanol to oil of 56:1 at
a temperature of 30 °C, which give biodiesel yield 63 %
within~4h of reaction time [4].

2. Algae Cultivation

Two types of system are used of algae cultivation
named is open system and closed system. In earlier time
open system is most successful method of microalgae
cultivation because of easily availability of natural
water (lakes, lagoons) and artificial ponds. But low
productivity and contamination limited its use to
industrial scale. Open system can be classified into
circular ponds, inclined ponds and unmixed ponds. In
order to overcome the limitation of open ponds such as
contamination and low productivity, closed system is
used for microalgae cultivation. Closed system permits
single strain culture, high productivity and increases the
light availability to each cell [5]. Closed system can be
classified into vertical tubular reactor, flat plate
bioreactors.

3. Harvesting of Algae

Harvesting consist of removing of water from
microalgae and recover the biomass for further
processing. Due to the small size of microalgae cells (1-
20 pm), it may account 20 to 30 % of the total biodiesel
production cost [6-7]. Various methods available for
harvesting including ultra filtration sedimentation,
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filtration, centrifugation, combination of flocculation-
flotation, etc [8].

4. O1l Extraction Technique

After harvesting, several extraction methods like
solvent, mechanical and chemical extraction methods
can be applied to extract oil from microalgae. Solvent
extraction 1s usually applied to get high oil yields from
microalgae [2].

Table 1: Comparison of various extraction methods [9]

Extraction Advantages Disadvantages
methods
Mechanical Easy to use, no | Slow  technique,
extraction solvent higher amount of
required  for | sample  required
extraction for extraction
Solvent Solvent used | Solvent used are
extraction are of low | highly flammable
cost, solvent | and toxic, large
can be | amount of solvent
recycled required
Ultrasound Fast process, | Very difficult for
low volume of | scale up, required
solvent needed | high power
Supercritical Easy to use, no | Interaction
fluid need of | between CO2 and
extraction organic sample 18
solvent msufficient

The above table shows the advantages and
disadvantages of various extraction systems. It is
concluded that solvent extraction method is most
promising method for oil extraction and can be widely
used.

5. Conversion of microalgal oil into biodiesel

The direct use of oils in an engines is not possible,
because it can creates several problems such as, their
characteristics (high viscosity, high density, difficulty to
vaporize in cold weather) cause deposits in the
combustion chamber, with a risk of fouling and an
increase in emissions [10]. To overcome all these
problems, the conversion of microalgal oil into
biodiesel is necessary. The main advantage of acid
catalyst transesterification is that it allows to use of high
free fatty acid content feedstocks and overall theoretical
yield is more than the alkaline catalyst. The main
drawback of this method is that high molar ratios of
alcohol to oil are required to drive the reaction forward,
reactions time is more than alkali-based catalysis. It was
reported that biodiesel production from microalgae via
acid catalysis are much more abundant than those of the
alkali base catalyst method. Other acid catalyst (HCI) 1s

used for biodiesel production with similar reaction
conditions of sulphuric acid [11].

6. Effect of various parameters on the transesterification

The biodiesel from microalgal oil is depends on the
following parameters [4]:-

(1) Catalyst and its quantity

(2) Molar ration of methanol to oil
(3) Reaction Temperature

(4) Reaction time

6.1 Catalyst and its quantity

Homogenous as well as heterogeneous both catalysts
can be used for transesterification of microalgal oil into
biodiesel. Homogeneous alkaline catalysts include
sodium or potassium hydroxide (NaOH or KOH) while
homogeneous acid catalysts include sulfuric acid or
hydrochloric acid (H,SO4 or HCL). Homogeneous acid
catalyst 1s mostly used because of higher biodiesel yield
while these catalysts are slower and more expansive
than the homogeneous alkaline catalysts. Different acid-
alkaline catalysts used for biodiesel production such as
sulfuric acid-Potassium methoxide (H,SO,-CH;0K) or
potassium  hydroxide-hydrochloride ~ (KOH-HCI).
Alkaline catalysts can be used to increase the biodiesel
yield. [4, 12, 13] take the (2-100%) catalyst
concentration, the specific gravity is less while
biodiesel yield 1is also lower because at this
concentration some of oil is burned. [14-18] used
NaOH as catalyst and obtained biodiesel yield by
91.4% while [19-20] used KOH as a catalust and they
obtained biodiesel yield by approximately 100%. Some
author used Mg-Zr, CH;0Na and CaO/ALO; as a
catalyst for biodiesel production from microalgal oil
[21-22]

6.2 Molar ration of methanol to oil

Alcohol is necessary in the transesterification process
for breaking the glycerine—fatty acid linkages. The
alcohols used for biodiesel production are methanol,
ethanol or butanol. Methanol is most commonly used
because of low cost. The optimum molar ration of
methanol to oil 1s from 30:1 to 56:1 and H,SO, as a
catalyst while molar ratio 1s from 6:1 to 12:1 in case of
KOH as catalyst while 11:50 to 220:100 (based on
Volume of methanol to volume of oil) [4, 14-20, 23].
The presence of excess methanol i1s essential while
higher amount slow down the separation of biodiesel.
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Fig.1. Influence of molar ratio on biodiesel yield

The above shows the variation of biodiesel yield with
molar ration. High volume of methanol is required to
break the glycerine—fatty acid linkage and to move the
reaction in forward direction. The above figure can be
helpful to choose the optimum molar ration for
biodiesel production.

6.3 Reaction Temperature

The temperature seems to have less effect on the
microalgae biodiesel production. Miao found that same
biodiesel yield at temperatures of 30 and 50°C,
respectively while at higher temperature the biodiesel
yield dropped [4]. The optimum biodiesel achieved in
transesterification is from 30-110 [4, 14-20, 23].

50 4
40

Biodiesel yield (%)

30 50 2

Temperatre ('C)

Fig.2. Influence of temperature on biodiesel yield
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Abstract - Tonic conductivity of xanthan gum based gel
electrolytes containing NaOH has been studied and the
maximum ionic conductivity (¢ = 88.8 mS/cm) at room
temperature has been recorded. The behavior of ionic
conductivity with the rise in temperature has been observed
and shows contradiction to the theoretical explanation. Small
change in ionic conductivity of xanthan gum based gel
electrolytes containing sodium hydroxide (NaOH) has been
observed with the passage of time. pH value of gel electrolyte
containing NaOH shows their basic in nature.

Keywords: Natural gum, Gel electrolyte, Ionic conductivity,
pH

L INTRODUCTION

A Gel is defined as substantially dilute cross linked
system and 1s categorized principally as weak or strong
(in terms of less or more viscous) depending upon their
flow behavior in steady state [Ferry, 1980] [1]. Gel
electrolyte is the hybrid mixture of salt, solvent and
polymer: in which salt provide ions upon it’s dissociation
in solvent and create conducting medium. Along with
solvent property is to dissolve the salt; whereas polymer
increases the mechanical stability of the electrolyte [2-4].

Number of proton conducting polymer gel electrolytes
has been studied since last two decades and categorized
as: strong acid based gel electrolytes, weak acid based gel
electrolytes and natural gum based gel electrolytes [4].
Strong acid (like HCI, H;PO, and H,SOj, etc.) based gel
electrolytes are mostly not suitable for a device
application due to their corrosion in nature that results the
degradation of the gel electrolytes. Whereas, weak acid
based gel electrolytes are materials of current interest due
to their high 1onic conductivity at room temperature and
also non-degradable nature.

Also natural gums consist of polysaccharides which are
extracted from trees and plants, they are materials of high
molecular weight, which are mostly soluble in water and
provide high 1onic conductivity and also capable of large
increase 1n a liquid viscosity even at small concentrations.
They are also wused asadhesives, binding agents,
encapsulating agents, flocculating agents, swelling agents,
foam stabilizers, etc. [5-7].

In the present research work, the ionic conductivity and
pH of xanthan gum based gel electrolytes containing
NaOH have been reported.

II. EXPERIMENTAL TECHNIQUE

Xanthan gum 1s a polysaccharide secreted by the
bacterium xanthomonas campestris, mainly composed of
pentasaccharide repeat units containing glucose, sucrose
and lactose and is produced by fermentation of glucose,
sucrose and lactose.

Xanthan gum based gel electrolyte was prepared by
dissolving salt (NaOH) in distilled water and then an
appropriate amount of xanthan gum (Aldrich) in NaOH
solution. With continuous stirring and kept for 24 hours
resulting in the formation of homogeneous gel electrolyte
in viscous form.

The extent of ion transport in gel electrolyte represents
it’s ionic conductivity 1.e. ¢ = nqu, where n represents the
number of charge carriers, 1 be the mobility of 1ons and q
be the charge on the ion [8, 9]. The ionic conductivity of
gel electrolyte was measured with conductivity meter
(WTW 3210), which 1s based upon four probe method. To
check the acidic/basic behavior of gel electrolyte; pH
measurement was done with the help of pH meter.

III. RESULTS AND DISCUSSION

Xanthan gum is highly soluble in both cold and hot water
and this bahaviour is related with polyelectrolyte nature of
the xanthan molecule. Due to their special properties,
xanthan gum is useful in many industrial applications,
especially in the food industry as well as xanthan gum is
used as a thickener and to stabilize suspensions and
emulsions [10].

Ionic conductivity of liquid electrolyte (solvent:
distilled water) has been studied as a function of salt
(NaOH) concentration at room temperature and is as
shown in Fig. 1.
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Fig. 1. Variation of room temperature conductivity of liquid
electrolyte with salt concentration.
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The conductivity of solvent (distilled water - DW) (G ~
10° S/cm) increases by four order of magnitude with the
addition of small concentration of NaOH salt, which may
be explained to be due to the dissociation of salt into 1ons
in distilled water resulting an increase in number of
charge carriers and hence conductivity value. As the ionic
conductivity i1s given by o=nqu, where n represents the
number of charge carriers, p be the mobility of ions and q
be the charge on ion. The mobility of ions is given by
pu=q/6mm. Here n is the viscosity of electrolyte, q is the
charge on the 1on and r is radius of carrier ion.

From figure 1, also it has been observed that
conductivity increases linearly (upto 270 mS/cm) with the
increase of salt (NaOH) concentration in distilled water,
which has already been explained and is due to the
dissociation of salt (NaOH) into ions (Na* & OH’) and at
higher salt concentration, a small decrease in conductivity
value has been recorded, which may be due to the
formation of ion aggregates alongwith the increase in
viscosity of liquid electrolyte.

The conductivity of liquid and gel electrolyte has been
studied with increase in temperature and the results are
shown in figure 2. It has been observed that the
conductivity of liquid and gel electrolyte decreases with
increase in temperature, which is in contradiction to the
theoretical explanation {i.e. 6 = o, exp(-E,/KgT)}. This
may be due to the evaporation of water on raising the
temperature of gel electrolyte leads to decrease in
mobility of ions and hence conductivity [11]. Also the
decrease in conductivity with increase in temperature is
small which may make suitability of these gel electrolytes
for device application particularly for fuel cell application.

1000/T (K2)
2.8 3 3.2 3.4 3.6
_0'5 1 1 1

logo !S/cm)

-1.5
Fig. 2. Conductivity variation of liquid () and gel (m)
electrolyte with temperature

It has been further observed that the conductivity of
xanthan gum based gel electrolyte is lower than that of
liquid electrolyte at all temperature region. This may be
explained to be the due to the higher viscosity of gel

electrolyte as compared to that of liquid electrolyte with
the addition of xanthan gum.

The conductivity of gel electrolyte has also been
studied at different time span and results are shown in
figure 3. The conductivity of xanthan gum based gel
electrolyte containing NaOH increases upto 20 days and
then decreases with the passage of time. This may be
explained due to continuous movement and interactions of
OH', H', H;O", Na  ions in gel electrolyte with the
passage of time [12]. As there is not much change in
conductivity and gel electrolyte has been observed fungus
free even after 50 days, this indicates about their suitable
candidature for fuel cell application.

120
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Fig.3. Variation of ionic conductivity of gel electrolyte with the
passage of time at room temperature.

pH value of xanthan gum based gel electrolyte
containing sodium salt was studied with the passage of
time and it’s observed values for different gel electrolytes
lies between 12 - 14. This shows that these gel
electrolytes are basic in nature.

CONCLUSION

The 1onic conductivity of xanthan gum based gel
electrolyte containing sodium hydroxide is lower than the
liquid electrolyte. Also the conductivity of the gel
electrolyte decreases with increase in temperature.
Conductivity of gel electrolyte varied with passage of
time 1s small and 1s factor-wise only, which may make it
suitable for fuel cell application. pH value of gel
electrolyte shows their basic behaviour.
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Abstract-Here in this work, the polycarbonate CR-39 with averageoptical and structural properties of SSNTD,s have been
thickness 260pm was irradiated with different neutron fluencesextensively used [20] whereas a little work has been
from Cirus reactor BARC, Mumbai. For all the samples thecarried out on neutron induced effects [21_23], A large
isochronal annealing was done in temperature zone 130° to 150°C,number of plastic detectors have been extensively used

each for 45 minutes [1, 2]. The effect of annealing on irradiated;, eutron dosimeters and attempts have been made to
samples was studied using etching studies via bulk etch rate VB’im rove neutron detection efficiency and their
track etch rate Vi, sensitivity S, activation energy for bulk etch rate pro . y

retention properties [24-20].

Eg and activation energy for track etch rate Ey [3,7].
Keywords: CR-39 polymer, Thermal neutron-irradiation, bulk etch
rate, track etch rate, sensitivity, activation energy for bulk etch rate,

ILEXPERIMENTAL SETUP

activation energy for track etch rate, Annealing.

LINTRODUCTION

Solid State nuclear track detectors (SSNTD) are
used in a very broad field of technical applications for
the detection of charged particles from protons to heavy
ions [8].Besides the simple use of it in the
environmental dosimeter, the extraordinary properties
of SSNTDs are manifested in reasonable resolution of
particle charge and energy makes them very useful for
many complicated experiments in particle physics like
space research, neutron and plasma physics and biology
[9-11]. Out of a large number of solid state nuclear
track detectors, polymers have been found to be most
sensitive, efficient, easily processable and low weight.
The use of different irradiation to modify polymer
properties, opened a wide area of research and
utilization in various fields like industry agriculture,
ecology [12], sensors [13, 14], micro-electronics[15]
and nano-technology[16-18]. When a nuclear particle
passes through a SSTD, it leaves behind its impression
in the form of a damage trail called latent track which
gives us very important information about particle and
its interactions with the medium for analysis. The tracks
are developed at a track etch rate Vrand with increasing
etching time, the removal of blank sample layers
proceeds with a different bulk etch rates V. Along with
it, some useful information can also be made if we can
remove the impressions of these recorded particles and
this process i1s known as annealing. The annealing
mechanism has been mainly studied in minerals and
glasses due to its extensive application in fission track
dating [19] .The effects of radiations such as gamma-
rays, X-rays and heavy ions etc. On track etch rates,

Here, in the present work the main focus is to
study the influence of the thermal neutrons on the
fission fragment etching properties, optical and
structural properties of CR-39 polymeric track recorder
with average thickness of 260pum (monomer as shown
below and is procured from Pershore Moulding Ltd.
U K.) after isochronal annealing.

(&)

)
/CH:-CHQ"O—C—O-Q"Q‘CH-O“,
O\ 4
CHy-CH; - O -C-O~«CHy~CH=CH,

o

Fig.1Structure of CR-39

The small sample pieces of size 1xlem® were sent to
CIRUS Reactor as a Neutron Source at Bhabha Atomic
Research Centre, Trombay, Mumbai. Thermal neutron
flux up to 6.7x10" necm™ s is available in the thermal
column of the reactor with very low fast neutron flux
[27]. In the present work, the samples of CR-39
detector was irradiated with thermal neutrons in the
fluence range upto 10" nem™ with gamma background
in the range of 1.11x107°kGy tol.1kGy in the IC-1 self
serve position of the reactor. The gamma dose in the
thermal column is less than that in the Co® source
which i1s purely for gamma irradiation and gives
sufficiently high gamma dose (of the order of Mrad).
Then these neutron irradiated samples were annealing at
130° and 150°C each for 45 minutes.

To study the variation of fission track
registration in irradiated and pristine samples after
annealing, these were exposed to Cf** source in the 27
geometry. After then, these exposed samples of the
detectors were etched in 6.25N NaoH at different
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etching temperature viz 328, 333, 338 and 343K.The
track lengths were measured with an optical microscope
at 400x magnification at different etching time. The
bulk etching rates were estimated by measuring the
thickness for defined time [28] while the track etch
rates were calculated from the slope of linear part of
curve between the track length and etching time [29].
These calculated values of bulk and track etch rates of
the different detectors are reported in tables (I-IV). The
sensitivity S (=V1/Vp) was also calculated and the
values are mentioned in table (5).
The dependence of Vp on the temperature and
concentration of the etchant is given by the relation.

Vg = a C"Exp (-Ep/kT);

where o is constant of  proportionality,
n is slope of plot of InVy Vs InC, C 1s the etchant
concentration in normals. Ep is the activation energy
for bulk etching. Here we take C as a constant, so the
above relation becomes

VB =A EXp ('EBr/kT)

or Eg=-kT InVy e
This relation is also valid for activation energy of track
etching
Er=-kT InV; ?2)

In the ongoing investigations an attempt has also
been made to estimate the effects of dose as well as the
effect of annealing temperature both have been studied.
The irreparability of the damages caused at high-doses
at optimum annealing temperatures has been revealed.

II.RESULTS AND DISCUSSION

Here, to study the etching studies, the thermal
neutron irradiated and the pristine samples were
exposed to Cf* source in 2m geometry and then
annealed at 130 and 150° C for 45mintues. After then,
these exposed samples of the detectors were etched in
6.25N NaoH at different etching temperature viz 328,
333, 338 and 343K and bulk and track etch rates of the
these samples are calculated and reported here in tables
I-IV respectively. The sensitivity S (=V1/Vg) was also
calculated and the values are mentioned in table V. For
annealed samples, bulk etch rate sightly decreases with
increase of annealing temperatures. By annealing
studies, 1t i1s found that the track etch rate, V1, and the
track registration sensitivity .S, decreases with the
healing of latent tracks (tables III- V). Here the
activation energy associated with bulk and track etch
rates for all the samples (neutron irradiated and pristine)
1s calculated using the equation (1 and 2). The
calculated values (from the graphs fig.1-4) of Eg and Er
are mentioned in table 6. A decreasing trend has been
found for irradiated samples. Here this decrease 1s much
more prominent in case of CR-39 polymer. This
decrease in Ep and Er may be due to scission which
breaks down the size of the polymer chain and
facilitates the movement of the functional groups. The
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values of bulk and track etch activation energies almost
remain constant with annealing temperatures.

Table I The variation of the bulk etch rate Vg with
neutron fluence in the gamma background at different
temperatures after annealing at 130°C.

Temp. (K)
- 328 333 338 343
Neutron
fluence
(n/em?)|
Pristine 0.43+1.02 .54+ 0.03 1.01+0.01 | 1.45+0.05
10" 2.09+0.04 3.89+0.11 5.0+ 0.16 5.89+0.08
107 24.05+1.07 | 29.03+1.02 | 30.8+0.74 | 45.79+1.76

Table II The variation of the bulk etch rate Vg with
neutron fluence in the gamma background at different
temperatures after annealing at 150°C.

Temp.

K) — 328 333 338 343

Neutron

fluence

(n/em?)|

Pristine | 0.44+0.05 0.5+0.08 0.95+0.06 1.39+0.09
10 1.91+0.03 3.56+0.18 4.75+0.07 5.63+1.01
10" 21.76+1.58 | 26.89+0.09 | 29.06+1.59 | 43.89+1.74

Table III

The variation of the track etch rate V; with neutron
fluence in the gamma background at different
temperatures in case of CR-39 after annealing at 130°C.

Temp. (K)

> 328 333 338 343
Neutron

fluence

(n/em?)|

Pristine 501+ 0.11 | 7.5+0.20 12.48+0.31 | 14.21+0.58
107 7.39+0.19 8.67+0.28 13.48+0.50 | 18.69+0.63
10" 85.3+1.69 88.92+2.45 | 99.57+3.20 | 102.03+4.45
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Amealed 2t 130°C
45 +
. KM
¢ Pristine
Table IV 15 - \ 1.00E+1
—_ 5
The variation of the track etch rate Vi with neutron g *1.00E+1
fluence in the gamma background at different = 0 - 7
temperatures in case of CR-39 after annealing at 150°C.
Emp. (K) | 328 333 338 343 15 ‘ | |
ge“fmll 29 2.94 2.98 3.02 3.06
uence
(n/em?)| 1000/T(K-)
Pristine 4.89+0.04 | 7.32£032 | 12.3240.67 | 14+0.71
Fig 1 shows the variation of bulk etch rate with etching temperatures
107 72+0.39 | 856+028 | 13.01+0.52 | 18.45+0.65 at different fluence of neutrons after annealing at 130°C.
107 84.742.22 | 88.2943.20 | 99.49+4.28 | 101.89+4.45 o
Annealed at 150°C
4.5 -
® Pristine
3 - XM%E
In
Table V V) A A 1.00E+15
1'5 7 \
The variation of the sensitivity, S(= Vg /Vg) with
. } X“2.00E+17
neutron fluence in the gamma background at different 0 -
temperatures after annealing at 130°C and at 150°C.
_1-5 T T T 1
Temp. Annealed at 130°C | Annealed at 150°C
(K) — 29 2.94 208 3.02 3.06
Neutron 103’T(K1)
fluence
2
(wem)| | 550 333 | 338 | 343 32 | 333 | 338 343 Fig 2 shows the variation of bulk etch rate with etching temperatures
8 lat different fluence of neutrons after annealing at 150°C
Pristine 11.65 | 13.8 | 12.3 | 9.80 11 | 14 12.96 10.07 55 -
8 5 1 |64 : Annealed at 130°C
1
10° 353 | 222|269 | 317 |3. |24 |273 |327 45 | F——%— . ePpristine
76 | 0 =
10" 354 [306]323 222 |3 [32 |342 232 In(V.)
89 |8 E A 1.00E+15
35 -
s ‘ % 1.00E+17
2.5 A \’\
1-5 T T T
2.9 2.94 2.98 3.02 3.06
10°7® )

Fig 3 shows the variation of track etch rate with etching
temperatures at different fluence of neutrons after
annealing at 130°C
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55 +

Annealed at 150°C

" @ Prisine
45 4 & g K —X
ln(VT) A 1.00E+1
3.5 - 5

* 1.00E+1

25 - \7
1.5 T T T

2.9 2.94 7 o) 3.02 3.06
10T

Fig 4 shows the variation of track etch rate with etching
temperatures at different fluence of neutrons after
annealing at 150°C

Table VI The variation of the bulk etch and track etch

Neutron Eg(eV) Ez(eV)
fluence

(em®) [130°C [ 150°C | 130°C | 150°C

Pristine | 0.82 0.79 0.70 0.70

10" 0.65 0.68 0.62 0.62

10" 0.38 0.42 0.12 0.12

activation energies with neutron fluence in the gamma
background after annealing at 130°C and150°C
temperatures .
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Abstract:

In this work nuclei from Z=70 onward are of interest. A
strong sudden shape transition between deformation is
predicted to occur in the region N>Z nuclei. New shell
gaps are predicted using nucleon and two-nucleon
separation energies. Nucleon separation energy plays a
major role in the prediction of new magicity .Shell
closures play very important role in predicting the mgic
nuclei. In this work separation energies of one and two
neutrons are studied, with and without shell corrections
and results are compared.

Keywords: Separation Energy; Stability; Shell Closures;
Shape Transition

1. INTRODUCTION

The landscape of nuclear binding energy
spanned in the co-ordinate system of proton and neutron
1s well structured as evident by the measured binding
energies. At the magic proton or neutron numbers 2, 8,
20, 28, 50 and 82 the nuclei have an increased binding
energy relative to average trend. For neutron, N=126 1s
also identified as a ‘magic number’. Among other
special properties, the doubly magic nuclei are spherical
and resist deformation.

The stability of the heaviest and super heavy
elements has been a long-standing fundamental
question in nuclear science. Theoretically, the mere
existence of the heavy elements with Z>104 is entirely
due to the quantal shell effects.

If the heaviest nuclei were governed by the
classical liquid drop model, they would fission
immediately from their ground states due to the large
electric charge. However in themid 1960s, with the
mvention of the shell-correction method, it wasrealized
that atomic numbers could exist due to the strong shell
stabilization [1], [2], [3]. Most of the heaviest elements
found recently are believed to be well deformed. Many
nucleus structure models have been proposed,
including, Liquid drop model, Collective model, Shell
model. None of these could completely explain
experimental data of nuclear structure. The nuclear
radius (R) is considered to be one of basic things that
any model must explain for stable nuclei.

2. LIQUID DROP MODEL AND SHELL
CORRECTION

Semi empirical mass formula given by Von Weizsacker
[4] can be used to predictaccurately the masses of nuclei
which ranges from light nuclei to heavy nuclei .In
reality this situation is complicated. The inability of the
liquid drop model proposed by Bohr and Wheeler [5] to
account for the observed asymmetry in the mass yield
curve of binary fission was demonstrated by Cohen and
Swiatecki [6]. It does not explain the peaks in Binding
energy curve at certain key values of N and Z.

There might be local variation of masses due to effects

known as shell effects. Introduction of shell correction
explains  magicity in the Dbinding energy
curve.A.E.L Deperink[7] has shown that if in addition
to an improved version of liquid drop mass formula
with modified symmetry and coulomb terms, shell
effects are modelled, a very simple formula 1s obtained
with a rms deviation from the 2003 database of atomic
masses of about 800keV.

3 METHODOLOGY

Two nucleon separation energies are difference of
binding energies. They provide information on the
relative stability of the nuclei.G.G.Bunatyan[8] has
studied the behaviour of change of slope of two-nucleon
separation energies and has shown that the maximum
slope, at closed shells is due to Wigner energy.

It 1s shown by V.Yu. Denisov[9] that position of deep
local minima of shell correction associated with magic
numbers in the region of super heavy nuclei depend on
the parameters of central spin-orbital mean-field
potentials.

The separation energies of two protons for Odd Z and
Even N nuclei have been calculated using theformula

Sy =B(Z,N)=B(Z,N=2)ccooor. 1

The Binding energies have been calculated by using
semi empirical formula.

2 aZ(Z-1) a,(A-27)?

b — ah g %L =D a4 =22)
Az A

+6(4,2)
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The values of these coefficients are are calculated by
“Wapstra”[10] as

a, = 14.1MeV ag, = 13MeVa, = .595MeV aq, =
19MeV..............3

Due to pairing, a nucleus with an even number of
protons is tightly bound than odd number of proton
nucleus [11]. As we are taking Odd nucleons, therefore
pairing term is taken as zero.

The Binding energies of elements having
atomic numbers from 1 to 112 with all their possible
1sotopes have been calculated. Then we calculate the
separation energy of two protons as well as one proton
for Odd Z and Even N nuclei. Fig. 1 is a plot of
separation energies of two neutrons as a function of Z
(San)It 1s observed that this curve is not in agreement
with the experimental plot.

30 ~ Separation energy of 2n without shell effects

25 d P (N-Zodd)
v B
s ¢
= 15 A ( -
|
v 10 A

0 T T T

60 80 100 120
z

Fig. 1: Plot of theoretical values of separation energies of
two neutrons with Z without shell corrections

This problem is resolved by taking in account
the shell effects. Seeger gave a formula for calculating
binding energies [12]

AMy(Z,A) = 7.2887Z + 8.0713(A — Z) — aA +
0.8076Z2A71/3(1 — 0.7636Z7%/3 —
2.29A7%3)+y A2 + (B —nA~V3)ATH(A - 22)% +
214 =22|] = S (N'Z)......... 4

The last term in the above equation is a shell correction
term, which is the function of parameter N and Z
defined as

, N —N;
N' =
NN,
- Z-Zk 5
Zper—Zk T

Here N; and Z,, are magic numbers

N,Z=8, 20, 50, 82, 126, 184
andN;< N < Ny 1 Zy<Z < Zpery

Thus the function Sjis different for different intervals
between magic numbers. The formula for Sy is

Sie(N',Z") = §;sinN'm + §sinZ'm + v;jsin2N'm
+ visin2Z'm
+ (¢j+¢k)(sinN’n)(sinZ’7r) +x

The adjustable constants have been determined by
method of least squares. The constants are the same for
the full range of masses listed from A =19 to A =260.

a= 17.06 MeV
=59.54 MeV

B = 33.61MeVy= 25.00 MeVn

In our calculation we use Von Weisacker’sformula [4]
to calculate the binding energy as

aczZ(Zz-1) ap(A-22)?
1 - A -

AM(Z,A) = a,A — a, A?/3 —
SigON', Z")o 7

A3

Using this formula, separation energies for two
neutrons are calculated for all the possible isotopes
from Z= 70 to Z=112. Now these separation energies
include shell corrections. The experimental values of
separation energies of two neutrons are taken from the
table compiled by Audi and Wapstra[10] and separation
energies of two neutrons are calculated and plotted
against Z. From comparison of Fig 2 and Fig 3, we see
the change of slope at Z=81 proving the magic character
of Z=82.

30 - Separation energy of 2n with shell effects
N-Z even
25 4
= 20 - y
2 15 - =
w10 >
)
5
0 T T T
60 80 100 120
z

Fig. 2: Plot of theoretical values of separation energies
of neutrons with Z with shell corrections
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Separation energy of 2n with shell effects
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.
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Fig. 3: Plot of theoretical values of separation energies of neutrons
with Z with shellcorrections

4. CONCLUSION

Liquid drop model of the nucleus structure explains all
the binding energies but cannot explain the existence of
magic nuclei. Shell corrections play very important role
in nuclear structure. By following this methodology we
can guess the next magic nucleus in super heavy
elements.
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Abstract- The increased demand for energy, climate
change, and energy security concerns has driven the
research interest for the development of alternative fuel
from plant origin. Biodiesel derived from plant oils, which
include edible and non-edible oil have gained interest for
the last two decades as alternative for diesel around the
world. Performance and emissions are two distinct factors
that decide the use of fuels in engines; a brief discussion is
made on the performance and emission characteristics of
various bio-diesel sources like Jatropha Oil, Pongamia Oil,
Cottonseed oil etc. Biodiesel produced from saturated
feedstock reduce NOx emission and resistive to oxidation
but exhibit poor atomization. However,many further
research needs to be carried out to understand the
relationship between the type of biodiesel feedstock and
performance and emissions.

Keywords—Biodiesel, BTE, BSFC, Non-edible oil

L INTRODUCTION

Biofuels are globally considered sustainable and eco-
friendly source of energy to enhance national energy
security and decrease dependence on imported fossil
fuels. Main user of diesel fuel in India is the agriculture
sector next to transport sector. The demand for diesel
fuel exceeds its availability resulting in its scarcity and
is projected to increase at an annual rate of 5.8% [1].
Biodiesel demand and over-capacity in Europe, US and
Asia are driving investment in the global trade of
alternative feedstocks. As the demand of these fuels
increases, the price of the fuel also keeps on increasing
which has become a great setback for the nation’s
economy. It is becoming increasingly important to
develop sustainable solutions to our energy needs. As
fossil fuels are depleting at a faster rate and global
warming more heavily affects our lives, the urgency of
finding a solution to these problems is more obvious.
Energy is considered a critical reason for economic
growth, social development, and human welfare. Since
their exploration, the fossil fuels continued as the major
conventional energy source. With the trend of
modernization and industrialization, the world energy
demand is also growing at a faster rate. To cope up the

increasing energy demand, the majority of the
developing countries import crude oil. This puts extra
burden on their home economy [2]. Biodiesel is an
alternative fuel similar to conventional or fossil diesel
which can be produced from raw vegetable oil, animal
oils/fats, tallow o1l and waste cooking oil [3]. Biodiesel
has many environmental beneficial properties as it has
the potential to be a “‘carbon neutral’’ fuel. Biodiesel
fuels are attracting increasing attention worldwide as a
blending component or a direct replacement for diesel
fuel in vehicle engines [4]. Biodiesel is often used as a
blend rather than pure. Biodiesel blends up to B20 can
be used in nearly all diesel engines and are compatible
with most storage distribution equipment [5,6]. FAME
(Fatty Acid Methyl Ester) biodiesel is the most common
biofuel employed in Europe and is mainly produced
from types of raw vegetable oils from energy crops, but
waste oils can also be used in small percentages as
feedstock. FAME from vegetable oils is considered a
first generation biofuel as it is exclusively produced
from energy crops using the conventional
transesterification technology. The basic feedstock for
FAME production is vegetable oil from seeds of various
crops such as sunflower, rape, soy, jatropha etc, raising
economic and social implications due to the associated
““food versus fuel’” debate and problematic glycer- ine
disposal. Nevertheless, the growing need for biodiesel
and the above considerations directed research focus
into alternative technologies that can exploit residual
biomass [7].

IL. BIODIESEL AS A SOURCE OF FUEL

The name Biodiesel was introduced in the United States
during 1992 by the National Soy diesel Development
Board (presently national bio diesel board) which has
pioneered the commercialization of Biodiesel in the
United States. Biodiesel can be used inany mixture with
petroleum diesel as it has very similar characteristics
but it has lower exhaust emissions. Biodiesel has better
properties than that of petroleum diesel such as
renewable, biodegradable, non-toxic, and essentially
free of sulfur and aromatics. Biodiesel fuel has the
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potential to reduce the level of pollutants and the level
of potential or probable carcinogens [8]. Various
researchers [9] in literature have reported that the
following advantages are noted with bio-diesel:

e Bio-diesel is non-toxic and degrades four times
faster than diesel.

e Its oxygen content improves the bio-
degradation process.

e Pure bio-diesel degrades 85-88% in water.

e Blending of bio-diesel with diesel fuel
increases engine efficiency.

e Bio-diesel has a lower vapor pressure and
higher flash point than its petroleum
counterpart, making it safer to handle and
store.

e Oxygen content of bio-diesel improves the
combustion process and decreases its oxidation
potential.

In contrary, various other authors reported the following
disadvantages [9]:

e  Higher viscosity.

e Higher copper strip corrosion.

e Slight decrease in fuel economy on energy
basics (about 10% for pure bio-diesel).

e Bio-diesel offers unfavorable cold flow
properties since it begins to form gel at low
temperature which can clog filters or even
become so thick that it cannot be pumped from
the fuel tank to the engine.

e Density is more than diesel fuel, but may need
to use the blends in sub-freezing conditions.

e More prone to oxidation than petroleum diesel
and in its advanced stages, this can cause
acidity in the fuel and form insoluble gums and
sediments that can plug filters.

II1. BIODIESEL PREPARATION

The main problems associated with the use of vegetable
oils are due to their high viscosity and poor volatility.
Some methods to overcome these difficulties are:

e Blending

e  Micro-emulsion

e  Pyrolysis (Thermal cracking)
o  Transesterification

A. Blending

A mixture of 10% vegetable oil is used to run the
engine without any modifications. At present, it is not
practical to substitute 100% vegetable oil in diesel
engines, but a blend of 20% vegetable oil and 80% of
diesel fuel can be used. Some short-term experiments
are conducted with a 50% blend of Jatropha oil in diesel
engine without any major operational difficulties, but

further study is required for the long-term durable
operation of the engine. Direct use of vegetable oils and
the use of higher percentages of blends of oil have
generally been considered not satisfactory for either
direct or indirect injection diesel engines. High
viscosity, acid composition, free fatty acid content, as
well as gum formation due to oxidation polymerization
during storage and combustion, carbon deposits and
lubricating oil thick ening aresome of the problems
[10].

B. Micro-emulsions

A micro-emulsion is defined as a colloidal equilibrium
dispersion of optically isotropic fluid microstructure
with dimensions in the 1-150 nm range, formed
spontaneously from two normally immiscible liquids.
They can improve spray characteristics by explosive
vaporization of the low boiling constituents in the
micelles. A brief study shows that the performance of
micro- emulsions of aqueous ethanol in soya bean oil
was nearly as good as that of diesel, in spite of lower
cetane number and energy content [11].

C. Pyrolysis (thermal cracking)

Pyrolysis 1s the conversion of one substance into
another by means of heat in the presence of a catalyst.
The pyrolised material can be vegetable oil, animal fats,
natural fatty acids or methyl esters of fatty acids. The
pyrolysis of fats has been investigated for more than
100 years, especially in those areas of the world where
there 1s lack of deposit of petroleum. Many
investigators have studied pyrolysis of triglycerides to
obtain products suitable for diesel engines. Thermal
decompositions of triglycerides produce alkanes,
alkenes, alkadines, aromatics, and carboxylic acids [12].

D. Transestrification

Transesterification (also called alcoholysis) is the
reaction of a fat or oil with an alcohol to form esters and
glycerol. A catalyst is usually used to improve the
reaction rate and yield. Excess alcohol 1s used to shift
the equilibrium toward the product because of
reversible nature of reaction. For this purpose primary
and secondary monohybrid aliphatic alcohols having 1-
8 carbon atoms are used [13].

Singh et al. [14] evaluated the use of magnesium oxide
(MgO) mmpregnated with potassium hydroxide (KOH)
as a heterogeneous catalyst for the transesterification of
mutton fat with methanol. This process yielded more
than 98% of bio-diesel in 20 min. Fig. 1 shows the
reaction of transesterification used for preparation of
biodiesel.
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CH, -COOR, CH,-OH R,COOCH;
| —

CH-|( OOR, i 3CH0H CH-OH R,COOCH;

CH,-COOR; CH)-OH R3;COOCH;

Vegetable oil ~ Alcohol Glycerol ~ Methyl-ester

Fig. 1: Transesterification reaction of triglycerides.

V. ENGINE PERFORMANCE

To use biodiesel as a fuel, the first consideration is its
economic aspect. If the crude oil is not widely
available, it cannot be used as engine fuel. Engine
performance is the next parameter which indicates
whether a fuel 1s economical or not. Brake power, brake
specific fuel consumption (BSFC) and brake thermal
efficiency are the performance indicators for engines.
Not only fuel properties but also fuel injection pressure
and timing, air-fuel mixture, amount of injected fuel,
fuel spray pattern etc. affect engine performances.
Usually engine brake power, brake torque and BSFC
are tested against load or speed. Engine performance
parameters for different biodiesel and their blends are
discussed here. Articles reviewed here reveal that
biodiesel generally gives lower power, torque and
thermal efficiency at higher fuel consumption than that
of pure diesel. Usually calorific value of biodiesel is
lower than pure diesel thus use of pure biodiesel or its
blends as fuel reduces heat release during combustion
and decreases engine performance. However, in some
cases, irregular change of power [15,16] and efficiency
[16] were observed. It may be because, the engines
were not modified for biodiesel used and the amounts
of fuel injected at different load conditions were not
properly tuned.

A. Jatropha Biodiesel

Bhupendra Singh et al. [17] conducted an experiment
on the performance and emission of a diesel engine
fueled with Jatropha biodiesel oil and its blends. The
results show that biodiesel from Jatropha oil has higher
density but lower calorific value than that of diesel,
however, the difference is not significantly higher. The
kinematic viscosity of biodiesel derived from Jatropha
oil 1s higher than that of diesel. The engine performance
with biodiesel of Jatropha and its blends were
comparable to the performance with diesel fuel. The
oxides of nitrogen from Jatropha biodiesel during the
whole range of experiment were higher than diesel fuel.
While running the engine with biodiesel and its blends,
emissions such as CO, smoke density and HC were
reduced as compared to diesel. These reductions of
emissions could be due to complete combustion of fuel.
PK. Sahoo et al. [22] evaluated that the maximum
increase in power 1s observed for 50% jatropha

biodiesel and diesel blend at rated speed. Brake specific
fuel consumptions for all the biodiesel blends with
diesel increases with blends and decreases with speed.
There is a reduction in smoke for all the biodiesel
blends. Smoke emission reduces with blends and speeds
during full throttle performance test.The average fuel
economy at rated speed measured with JB20, JB50,
JB100 was found to be 181.63, 184.56, 191.28 g/BHP-
hr. It is observed that there is an improvement in fuel
economy with JB20 when compared with reference
fuel. The brake specific energy consumption
improvement 1s observed with JB20. Biodiesel
proportion of more than 20% in the blend tends to
decrease BSEC. The energy content of the fuel tends to
decrease by increasing biodiesel proportion from B20 to
B100. This consequently affects the fuel economy.

B. Karanja (Pongamia) Biodiesel

Gaurav Dwivedi [18] did Performance Evaluation of
Diesel Engine Using Biodiesel from Pongamia Oil and
found that BSFC for Bio (580 g/kWh) which is almost
equal to the diesel, (601 g/lkWh) for Bzo, (642 g/kWh)
for Bso, (661 g/kWh) for Bao, (669 g/kWh) for Bso is
respectively 3.2, 10.3, 13.5and 14.9% respectively
higher than diesel. The BSFC of Bio is same as that of
diesel. The reason may be due to high viscosity higher
volumetric fuel delivery of fuel per stroke of the engine.
The BTE for Bio (22.08), B20 (22) and Bso (21.03) was
found about nearly equal to diesel (23.39) respectively.
The low efficiency may be due to low volatility, slightly
higher viscosity and higher density of the biodiesel of
Pongamia oil.

C. Cotton Seed Oil

Nurun Nabi et al. [19] reported that biodiesel mixtures
showed less CO, PM, smoke emissions than those of
neat diesel fuel. NOx emission with biodiesel mixtures
showed higher values when compared with neat diesel
fuel. Compared to the neat diesel fuel, 10% biodiesel
mixtures reduced PM, smoke emissions by 24% and
14%, respectively. Biodiesel mixtures (30%) reduced
CO emissions by 24%, while 10% increase in the NOx
emission was experienced with the same blend.
Thermal efficiency with biodiesel mixtures was slightly
lower than that of neat diesel fuel due to lower heating
value of the mixtures.A. Siva Kumar et al. [20] reported
thatcompared to the neat diesel fuel, 10% biodiesel
mixtures reduced smoke emission by 24% and 14%
respectively. Biodiesel mixtures (30%) reduced CO
emission by 24%, whilel0% increase in the NOx
emission was experienced with the same blend. The
reason for reducing CO emissions and increasing NOx
emission with biodiesel mixtures was mainly due to the
presence of oxygen in molecularstructure.
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D. Rubeer Seed Oil

A.S. Ramadhas et al. [21] prepared biodiesel from
rubber seed oil and performance of diesel engine
showed that. The maximum brake thermal efficiency
obtained 1s about 28% for B10, which 1s quite higher
than that of diesel (25%). The maximum brake thermal
efficiency obtained while using B50, B75 and B100 are,
respectively, 25, 25 and 24%. Initially the thermal
efficiency of the engine is improved with increasing
concentration of the biodiesel in the blend. The possible

Table 1: Effect of biodiesel on

Performance and

reason for this is the additional lubricity provided by the
biodiesel. Using lower percentage of biodiesel in
biodiesel-diesel blends, the brake specific fuel
consumption of the engine is lower than that of diesel
for all loads. In case of B50 to B100, BSFC is found to
be higher than that of diesel. At maximum load
condition, BSFC consumption of 100% biodiesel is
more than 12% than that of diesel. Table 1 shows
results found by various researchers for different
biodiesel feedstocks.

Emission of  Diesel Engine

S. No. Fuel Results References
1 Jatropha e  BTE of Jatropha biodiesel oil and its blends were found [17]
Biodiesel, Diesel to be lower than diesel fuel.
e  Brake specific consumption of Jatropha methyl ester
and its blends, when used in an unmodified diesel
engine was higher than the diesel fuel.
e  With increase in biodiesel percentage in biodiesel-
diesel blends. CO emission decreases.
e  NO.emissions increased with the increasing engine
load.
2 Karanja Biodiesel. e  BSFC is more for biodiesel than diesel [23]
Diesel e  Decrease in BTE for biodiesel.
e  CO.NOxand HC emission increase for biodiesel
3 Rubber seed methyl e BSFC increases for biodiesel [24]
esters, Diesel e CO.NOj, and HC decrease for biodiesel.
4 Poon Oil Biodiesel. e Increase in BSFC [25]
Diesel e  Decrease in BTE
e  Exhaust Gas Temperature increases.
. CO» and NOy emissionsdecrease.
5 Pongamia Biodiesel. e BTE of diesel is higher as compared to biodiesel by (3— [26]
Diesel 5%).
. COsand NOx emission are lower in case of diesel
e CO and unburnt hydrocarbon emission are lower in
case of Pongamia biodiesel
6 Neem O1l e  BSFC was slightly higher at all loads for B20 compared [27,28]
with pure diesel.
e  Higher brake thermal efficiency (BTE) of biodiesel
blends than the standard diesel
' CONCLUSION parent oil or fat, which are highly influenced by the

The choice of feedstock for biodiesel often depends
upon domestic source. Being renewable and sustainable
source of fuel, biodiesel will play dominating role in
transport sector in the near future. The properties of
biodiesel depend on the fatty acid compositions of the

REFERENCES

[1] Annoy, 2008. Biodeisel-2020. Global market
survey, feedstock trends and forecasts. Multiclient
study, 2nd eds. Multi-Client Study, 2nd Edition
(2008 release), 685 pages Published by Emerging
Markets Online.

nature of the feedstock. Most of the researchers have

reported that the BTE of bio- diesel operated engine

decreased with increase in bio-diesel- diesel blends.

One possible explanation for this trendcould be as a

result of higher BSFC of bio-diesel due to the presence

of fuel-borne oxygen.

[2] Agarwal AK. Bio fuels (alcohols and bio diesel)
applications as fuels for internal combustion
engines. Progress in Energy and Combustion
Science 2007;33:233-71.

[3] Dennis Leung YC, Xuan Wu, Leung MKH. A
review on biodiesel production using catalyzed
transesterification. Applied Energy 2010;87:1083—
9s.

E3): AMRITSAR COLLEGE
OF ENGINEERING & TECHNOLOGY

) NBA Accredited | NAAC Accredited

Department Of Applied Sciences

141



National Conference on Advances in Material Sciences

April 4-5, 2014 ISBN: 978-81-924867-2-7

[4] Dermibas A. Progress and recent trends in
biodiesel fuels. Energy Conversion and
Management 2009;50:14-34.

[5] MustafaB.Potentialalternativestoedibleoilsforbiodie
selproduction—a review
ofcurrentwork . EnergyConversionandManagement
2011;52:1479-92.

[6] Mofijur M, Masjuki HH, Kalam MA, Hazrat MA,
Liaquat AM, Shahabuddin M, et al. Prospects of
biodiesel from jatropha in Malaysia. Renewable
and Sustainable Energy Reviews 2012;16:5007-20.

[7] Stella Bezergianni, Athanasios Dimitriadis,
Comparison between different types of renewable
diesel, Renewable and Sustainable Energy Reviews
21(2013) 110-116.

[8] Martini N, Shell JS. Plant oils as fuels—present
state of science and future development. Berlin:
Spinger; 1998. p. 276.

[9] Subramaniam D, Murugesan A, Avinash A,
Kumaravel A, Bio-diesel production and its engine
characteristics—An expatiate view, Renewable and
Sustainable Energy Reviews 22 (2013) 361-370.

[10]Pramanik K, Propertiesanduseof Jatropha curcas
oilanddieselfuelblendsin a
compressionignitionengine RenewableEnergy
(2003) 28:239-48.

[11]Srivastava A, Prasad R. Triglycerides-based diesel
fuels. Renewable & Sustain- able Energy Reviews
2000;4:111-33.

[12]Ma F, Hanna MA. Biodiesel production: a review.
Bioresource Technology 1999:70:1-15.

[13]Sprules FJ, Price D. Production of fatty esters. US
Patent 2; 1950, p. 366-494.

[14]Vishal Mutreja Satnam Singh, Amjad Al
Biodiesel from mutton fat using KOH impregnated
MgO as heterogeneous catalysts. Renewable
Energy 2011:36:2253-8.

[15] Sahoo PK, Das LM, Babu MKG, Arora P, Singh
VP, Kumar NR, et al. Comparative evaluation of
performance and emission characteristics of
jatropha, karanja and polanga based biodiesel as
fuel 1 a tractor engine. Fuel 2009:88:1698-707.

[16] Karabektas M, Ergen G, Hosoz M. The effects of
preheated cottonseed oil methyl ester on the
performance and exhaust emissions of a diesel
engine. Applied Thermal Engineering
2008;28:2136-43.

[17] Chauhan BS, Kumar N, Cho HM, A study on the
performance and emission of a diesel engine fueled

with Jatropha biodiesel oil and its blends, Energy
37 (2012) 616e622.

[18]Dwivedi G, Sharma MP, (2013), Performance
Evaluation of Diesel Engine Using Biodiesel from
Pongamia Oil, International Journal of Renewable
Energy Research, Vol.3, No.2

[19]Nabi N,Rahman M, Akhter S, Biodiesel from
cotton seed oil and its effect on engine performance
and exhaust emissions, Applied Thermal
Engineering 29 (2009) 2265-2270

[20]Kumar AS, Maheswar D, Reddy KVK,
Comparision of Diesel Engine Performance and
Emussions from Neat and Transesterified Cotton
Seed Oil, JIMIE, Volume 3, Number 3 (ISSN
1995-6665).

[21]Ramadhas AS, Muraleedharan C, Jayaraj S,
Performance and emission evaluation of a diesel
engine fueled with methyl esters of rubber seed oil,
Renewable Energy 30 (2005) 1789-1800.

[22] Sahoo PK,Das LM, Babu MKG, Arora P, Singh
VP, Kumar NR, Varyani TR, Comparative
evaluation of performance and emission
characteristics of jatropha, karanja and polanga
based biodiesel as fuel in a tractor engine, Fuel 88
(2009) 1698-1707.

[23] Srivastava PK, Verma M. Methyl ester of karanja
oil as an alternative renewable source energy. Fuel
2008:87:1673-7.

[24]Lin L, Ying D, Chaitep S, Vittayapadung S.
Biodiesel production from crude rice bran oil and
properties as fuel. Applied Energy 2009;86:681-8.

[25]Devan PK, Mahalakshmi NV. Performance,
emission and combustion char- acteristics of poon
oil and its diesel blends in a DI diesel engine. Fuel
2009:88(5):861-7.

[26] Chauhan ~ BS KumarN,ChoHM,  Astudyonthe
performance and emission of a diesel engine fueled
with Pongamia biodiesel and its blends, Energy
2013:56:1-7.

[27] Sharma D,SoniSL.Mathur]J, Emissionre ductionina
direct injection diesel engine fueled by neem-
diesel blend, EnergySourcePartA2009:31:500-8.

[28]Dhar A, Kevin R, Agarwal AK. Production of
biodiesel from high-FFA neem oil and its
performance, emission and combustion
characterization in a single cylinder DI CI
engine.Fuel Processing Technology 2012, 97:118—
29.

@ AMRITSAR COLLEGE
st /" OF ENGINEERING & TECHNOLOGY

NBA Accredited | NAAC Accredited

Department Of Applied Sciences

142



National Conference on Advances in Material Sciences

April 4-5, 2014 ISBN: 978-81-924867-2-7

Spin speed dependence of optical band gap of sol
gel spin coated zinc oxide thin films
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Abstract: The zinc oxide (ZnO) thin films have been
obtained by sol gel spin coating technique on to the glass
substrates kept at 400°C. The conditions have been
optimized to obtain quality films. Optical absorption
studies to find optical band gap of the films have been
made through UV-Visible spectroscopy in the spectral
range 200 -1100 nm. Effect of spin speed on the optical
band gap of these films has been studied. Results show
that optical band gap of the films gets modify on
increasing the spin speed of films.

Keywords: Spray pyrolysis, Zinc oxide, optical band gap.
I INTRODUCTION

ZnO i1s a wide band gap semiconductor with interesting
electro optical properties because of large exciton
binding energy and its high thermal as well as chemical
stability at room temperature. ZnO thin film has been
extensively used as transparent conductive film and the
solar cell window material because of the its high
optical transmittance in the visible region. With such a
technological important properties ZnO has wide range
of applications as sensors [l, 2], heat murrors [3],
transparent electrodes [4], solar cells [5-7] and
piezoelectric devices [8].These films can be deposited
by several techniques including, sputtering [9], metal
organic chemical vapour deposition [10], sol gel [11]
and spray pyrolysis [12]. A sol-gel method has
advantages over other techniques due to low cost
mstrumentation involved for obtaining films, the easy
control over chemical components and thickness of the
film along with the simple route for film deposition.
Optical absorption coefficient, optical band gap and
refractive index of semiconductors are important
parameters for the design, fabrication and analysis of
various optical and optoelectronic devices. The optical
transmittance through the samples can be used to obtain
direct and indirect optical band gap along with other
optical constants. In the present work, low cost sol-gel
spin coating technique has been exploited to obtain ZnO
thin films onto the glass substrate. The effect of spin
speed on optical band gap of the films so obtained has
been discussed.

II  EXPERIMENTAL DETAILS

Chemically and thermally stable films of zinc oxide
were prepared using the spin coating method.
Microscope glass slides were used as the substrates for

thin films. Prior to deposition, the glass slides were
sequentially cleaned in an ultrasonic bath with acetone
and ethanol. Finally they were rinsed with distilled
water and dried. 0.1M solution of zinc acetate dehydrate
(Zn(CH3COO0),.2H;0) in ethanol was taken as
precursor solution for all the films. The solution was
continuously stirred for an hour with the help of
magnetic stirrer in an air tight container. The resulting
solution was allowed to get settled for 24 hours. The
solution so obtained was stirring at room temperature
for half hour in an air tight container. 40ul of this
spreading solution was dispensed on to the substrate
from a distance of Smm above the substrate and spinner
(Apex system model NXG M1) was employed to spin
the substrate at different speeds ranging from 2000 to
5000 rpm with spin time 15 sec. for each film. The
amorphous gel films were left to dry in air at 100°C for
ten minutes. The films were then cooled down to room
temperature in open air. This process was repeated four
times/cycles for each film. The films were further kept
at 400°C for half an hour in open air. The UV-visible-
IR optical transmission spectra of ZnO thin films were
recorded by using Shimadzu UV-VIS-2450 scanning
spectrophotometer in the range of 300-1100 nm. The
measurements were taken at a normal incidence using a
reference blank glass substrate. From the transmittance
and absorbance spectra were used to calculate the
absorption coefficient and optical band gap of the films.
The thickness of the thin films were estimated using
max-min method, using the formula: t =24, A/4n (A, -
A1) , where ‘t’ 1s the thickness of the film, &, and A, are
the wavelengths which corresponds to the maxima and
minima of the transmittance spectra and ‘n’ is the
refractive index to ZnO. Thickness of the films was also
confirmed using microbalance method and has been
shown in table 1.

III  RESULTS AND DISCUSSION
The most direct and perhaps the simplest method for
probing the band structure of semiconductors is to
measure the absorption spectrum. The absorption and
percentage transmission spectra of ZnO thin films
deposited at different temperature is shown in Figs.
1 and 2 respectively.
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Fig. 1: Optical absorbance spectra of ZnO films deposited at spin
speed (a) 2000 rpm (b) 3000 rpm (c) 4000 rpm
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Fig. 2: Optical transmittance spectra of ZnO films deposited at spin
speed (a) 2000 rpm (b)3000 rpm (c) 4000 rpm.

In order to determine the optical band gap of the films,
the absorbance spectra of the films were recorded at
room temperature. The absorption coefficient (o) was
calculated from the absorbance spectrums using the
formula: o = 2.3026 (A/d),  where d is the film
thickness and A 1is the optical absorbance. The
absorption edge of the ZnO has been examined in terms
of a direct transition using the equation of Bardeen et al
[13], stating that: ohv =B(hv - E,)", where
a 1s the absorption coefficient, hv is the photon energy,
E, is the optical band gap, B is a constant which does
not depend on photon energy and n is respectively 1/2
and 2 for direct and indirect transitions. The direct and
indirect band gap was determined by plotting (athv)® vs.
hv and (ahv)'™ vs. hv curves and have been shown in
figs. 3 and 4 respectively.

0.0014
0.0012

0.001
0.0008
0.0006
0.0004

(ahv)? (107 cm!t eV)?

0.0002

3 3.2 34

hv(eV)

Fig. 3: Variation of (ahv)? as a function of photon energy hv of ZnO
films deposited at spin speed (a) 2000 rpm (b) 3000 rpm (c) 4000
rpm.

The intercepts (extrapolations) of these plots (straight
lines) on the energy axis give the optical energy band
gaps. It has been observed that both direct and indirect
optical band gap increases from 3.22 eV to 3.27 eV and
from 2.98 eV to 3.08 eV respectively with the increase
in spin speed. This increase in band gap energy may be
attributed to the improvement of crystallinity of the
films with the increase in spin speed and due to the fact
that homogeneity of the films increases with increase in
the spin speed of films hence more ordered films
causing comparatively less contribution to the
absorption is obtained at higher spin speeds. Results are
in good agreement with the findings of Halin et al [14]
and Capan et al [15]. The direct and indirect band gap
energy of zinc oxide films obtained on glass substrate at
different spinning rates have been listed in table 1.
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Fig. 4: Variation of (0hv)"? as a function of photon energy hv of
ZnO films deposited at spin speed (a) 2000 rpm (b)3000 rpm (c) 4000
rpm.
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TABLE 1

Band gap energy of spray deposited zinc oxide films on
glass substrate kept at different spin speeds.

Spin Thickness | Direct Band | Indirect
Speed (nm) Gap (eV) GaB:r(:lV)
(rpm)

2000 60 3.22 2.98
3000 57 3.26 3.05
4000 43 3.27 3.08

IV CONCLUSION

The spin coated zinc oxide films at different spin rates
have been obtained on glass substrates. The optical
absorbance and transmittance spectra of the films so
obtained has been recorded in the wavelength range of
200-1100 nm. It has been observed that both the
allowed direct and indirect optical band gap of the films
increases with the increase in spinning rate.
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Abstract-Mobile ad-hoc network (MANETSs) is a network
without fixed infrastructure. In MANETSs path routing and
protocol selection are the strategies to design a wireless
network. MANET should selected the protocol which has the
high capability of data delivery and used in large network,
So performance analysis on routing protocols is carried out
ie. AODV,DSR,TORA,OLSR and DSDV using OPNET
simulator. The delay, throughput and load are the three
parameters used for the comparison of the performance of
above protocols.

Index terms- performance analysis, MANETs, routing
protocols, AODV, TORA, DSR, OLSR and DSDV.

1. INTRODUCTION

The mobile ad-hoc networks (MANETS) contain the ad-
hoc network which consists of wireless network without
any fixed infrastructure. It provides the facility to get
access to the network for the communication or
exchanging information from anywhere. It has the facility
of changing the network structure dynamically due to the
move ability of nodes. In this nodes behave or act as a
host or routes for the transmission of data from one node
to another node in the network. In MANETS the security
of mformation during transmission has guaranteed. In
MANETs to transfer information from source to
destination 1i.e. to get the efficient routing. The routing
protocols take some parameters.

Wireless networks

Infrastructure Ad-hocnetworks

networks

Figurel: Wireless Networks Categories

The routing protocols that used are AODV, DSR, OLSR,
TORA and DSDV for finding the routing paths and
efficient data delivery and data integrity. Through these
protocols, it can find the best performance metrics, so the
output of these performance metrics decide which routing
protocols 1s the best to transfer large information from
one source to another source. There are some operations
1.e. performance analysis of protocol to judge their delay,
throughput, and packet delivery ratio. To calculate their
performance using simulation software.

2. MANET ROUTING PROTOCOLS

There are some important features of these protocols that
can be studied i simulations and we have some
parameters to implement these protocols. There are some
differences in routing protocols 1.e. lies on protocols. The
routing strategy based on two classifications i.e. reactive
and proactive. So through this the protocols find the way
to launch the terms like scalability, mobility support and
energy consumption.

A. Reactive Routing Protocols
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It represents the determination of routes, only and only
when there is availability of packets to send. So this
reactive routing protocol describes about the AODV,
DSR, TORA protocol i detail .The routing protocol 1s
used for large networks.

B. Proactive Routing protocols

Proactive routing protocols are basically used to maintain
routes to all the destinations of all the time. It cannot be
used for large networks. There 1s slow reaction where any
link breakage or failures. the facility of this routing is
quickly obtain routing information and establish routes. It
describes about the OLSR and DSDV.

Ad-hoc Routing Protocols

Reactive Proactive

protocol protocol

Figure2: Classification of Routing Protocols

Ad-hoc Routing Protocols
Y Y
Table dniven On Demand
driven

OLéR DéDV AO*V DS*( TO*(A

Figure3: Represents Family Tree

3. Ad-hoc On-Demand Distance Vector Routing Protocol
(AODV)

AODV is a combination of on-demand and distance
vector 1.e. hop-to-hop methodology. This protocol
performs routing discovery when a node needs to know
the route from source to destination, it creates a ROUTE
REQUEST and ROUTE REPLY, it creates when the
request reaches a node with route to destination. And
there is a ROUTE ERROR which is sent to the effected
source nodes. When a source node receives, it again
creates a route discovery, if route is needed.

4. Dynamic Source Routing (DSR)

It is a reactive routing protocol. DSR 1is also known as on
demand routing protocol, It 1s very simple and efficient
protocol designed for the use in multichip wireless ad-hoc
networks. It has two mechanisms i.e. [3]

1. Route Discovery

2. Route Maintenance

In route discovery we use ROUTE REQUEST and
ROUTE REPLY for sending data packets. The data
packet that we sent it carries in its header to know that
from which source the packet is sent or at which
destination.

5. Temporally Ordered Routing Algorithm (TORA)
TORA i1s reactive routing protocol. It is a distributed
algorithm, adaptive and efficient protocol. It is basically
known for their three main functions that are creating
routes, mentioning routes and erasing routes. It creates the
route when we required not at all tume the route
establishment 1s achieved through the directed acyclic
graph. Characteristics of TORA:-

1. Distributed execution

2. Loop-free routing

3. Multipath routing

6. Destination Sequenced Distance Vector (DSDV)
DSDV is a proactive routing protocol(table driven routing
protocol).It i1s based on hop-by-hop distance vector .In
this routing protocol, each node in the routing table, in
which all destinations and number of hops that used them
m network. It also generates the sequence number for the
route generated by nodes.

7. Optimized link State Routing (OLSR)

OLSR also comes under the proactive routing protocol. It
provides the link state routing for mobile ad-hoc
networks. It also maintains the routing table by the link
state called MPR (multipomnt relays) for forwarding
control traffic. It helps in exchanging of messages. It
creates two types of packet: [1]

1. Hello packets

2. TC packets (topology control) through its MPR.
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8. SIMULATION and ANALYSIS [1]

In this study, the simulation software is Optimized
Network Evaluation Tool (OPNET), which is to simulate
and analyze for network communication and distributed
system. It provides three-tier model, where the top layer 1s
the network layer that reflects the topology of the
network, the middle layer is the node layer that is
composed of the corresponding protocol modules and the
bottom layer is the process model that is described by
finite state machines.
Aimm 1s to analyze the performance of the routing
protocols of AODV, DSR, TORA, DSDV and OLSR
which takes the parameters of throughput (bits per
second), delay (sec).The analyzing of routing protocols 1s
done by the simulation tool OPNET. The communication
over the wireless nodes with the transmission range of
1500 with transmission power of 0.05w. The traffic
generator starting time has set to 10(sec), pause time (0)
size and the duration period constant 10(sec). The random
mobility model was used. The simulation was 300
seconds 1n length.

These routing protocols can be configured on:

1. MANET routing protocols

2. Routers

Performance indexes:

1. Throughput

2. Delay

3. Load

In the OPNET simulator first create a design of the
network and by applying individuals statistics to each
node the performance is viewed by view result.Figure3
shows the workflow of OPNET simulator.

Apply Individual MANETS Design
Statistics
A 4
Simulation | View Result

Figure 3: Simulation Flow

[ Routing protocols | AODV.DSR.TORA.OLSR.DSDV |
Number of wireless 5.10.15.20
nodes
Simulator

OPNET
Transmit power

0.05(watt)
Data rate

11Mbps
Simulation seconds

300(sec)

Tablel: Simulation Parameters.

8.1 PARAMETER ANALYSIS [2]
There are some performance evaluations with respect to
the parameters of the routing protocol. The parameters are
delayed, load, throughput.
DELAY: It is time taken for an entire message to
completely arrive at the destination from the source. It
mcludes the components 1e. propagation time (PT),
transmission time (TT),
Queuing time (QT) and processing delay (PD).
It 1s evaluated as:

Delay=PT+TT+QT+PD

THROUGH PUT: It is a measure of how fast a node can
actually sent the data through a network. Through put 1s
the average rate of the control information sent to the data
actual received at each node.

Throughput (bits/sec) = no of delivered packets*packet size*8

Total simulation period

LOAD: It represents with respect to bits/sec, which is put
forward to wireless LAN layers.
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Routing | Delayed | Network | Throughput

protocols load

AODV | Excellent | Very good Average

DSR Worst Good Very good
TORA Very good | Excellent Average
OLSR Average Average Good
DSDV Good Average Excellent

Table2: Comparison of routing protocols depending upon

number of nodes.

9. CONCLUSION

In this study, an effort has been made to concentrate on
the comparative performance analysis of routing protocols
are reactive (AODV, TORA, DSR) and proactive (OLSR,
DSDV) routing protocols on the basis of above mentioned
performance metrics using OPNET simulator. While
comparing five routing protocols, in OLSR load and delay
1s low while the number of nodes is less, so OLSR can
use in small network areas. While DSDV because of its
proactive nature it provides delay is low. The average
load and delay is high for DSR and throughput is also
high in DSR when the number of nodes increases and
hence it can be used for large networks but not suitable
for wireless transmission. TORA and AODYV both have
less, load while increasing number of nodes. So TORA
and AODV have the capability of higher packet delivery
than DSR.
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ABSTRACT—As there are many research going on in the
field of surgical implanting materials. One of the major
factors that affect the materials is chemical reaction and
environmental conditions inside the body during the
internal fixation in surgical implantation. This paper is
based on comparing materials(like stainless steel, cast
cobalt, and titanium) under the internal conditionsof body
in order to describe the susceptibility and corrosion of
these materials. The work is done by considering different
paper published in this field. Based on these results it can
be analyses which material is best suitable under the given
circumstances.

KEYWORDS: Bio-material, Corrosion, Implantation
Surgical materials.

INTRODUCTION

Human body is a very complex system consisting of
many organs. These organs are enclosed by an structure
of bones, which protects organs along with it stores
blood cells and other essential nutrients. The study of
entire structure of bones is well-known as skeletal
system. During a birth of a child there are 306 bones
which get fuse into one another and become single one
as growth occur. In an adult 206 bones is identified. All
the bones consists of a living cells, if somehow, any
bones get fractured or broken then it is capable of
repairing itself by multiplication of its cells through the
process of mitosis and meiosis.Ligaments and tendons
are like rubber bands that hold the musculoskeletal
system together. Ligaments are used to join one bone to
another and having 50-60% of water along with 70-80%
of collagen and 10-15% of elastin while Tendons are
used to join the muscles with the bones and having 75-
85% of collagen and 5% of elastin [1].
At the time of joint fracture when bones are incapable
of repairing itself, certain materials known as
biomaterials are used to replace that segment of bone.
As early as the first material implants, surgeon
identified some of the problem regarding material and
designthat resulted in premature loss of implant
function, as evidenced by mechanical failure, corrosion,
and poor biocompatibility. Design, material selection,
and biocompatibility remain the three critical issues in
today's biomedical implants and devices.
The main problems with these materials are as

e Either the body accepts these types of

materials or not

e  Corrosion and stability of the metals

e Infections on other parts of tissues and bones

e  Chemical reaction that take place inside a body

Orthopedic biomaterials are generally limited to those

materials that withstand cyclic loadbearing applications.
While metals, polymers, and ceramics are used in
orthopedics, it remains metals, which have over the
years uniquely provided appropriate material properties
such as high strength, ductility, fracture toughness,
hardness, corrosion resistance, formability, and
biocompatibility necessary for most loadbearing roles
required in fracture fixation and total joint arthroplasty
(TJA). The environment to which biomaterials are
exposed during prolonged use (i.e., the internal milieu
of the body) can bedescribed as an aqueous medium
containing various anions, cations, organic substances,
and dissolved oxygen. The anions are mainly chloride,
phosphate, and bicarbonate ions. The principal cations
are Nat+, K+, Ca2+, and Mg2+, withsmaller amounts of
many others, also protein content of the environment 1s
known to have a significant influence on the corrosive
nature of body fluids [2],[3]. The pH in this well-
buffered system is around7.4, although because of
inflammation it may change for shortperiods following
surgery to as low as 4 or 5 [4],while temperature
remains constant around 37°C.
Material selection should be strong and stable under
these type of variable body environment also one of the
major factor effect the material is corrosion.Since
corrosion is a surface phenomenon, however, itmay be
possible to optimize corrosion resistance byattention to
or treatment of the surface rather than bymanipulation
of the bulk chemistry[5]. This offers the possibility of
developing sufficientcorrosion resistance in materials of
excellent bulkmechanical and physical properties. Thus,
noble metalssuch as gold and platinum are rarely used
for structuralapplications (apart from dental restoration)
because oftheir inferior mechanical properties, even
though theyhave excellent corrosion resistance; instead,
base metalalloys with passivated or protected surfaces
offer betterall-around properties.

The metal can be corroded either by

In body environment which contain a number of cations
and anions, electrons will flow from that metal withthe
greater potential in an attempt to make the two
electrodes equipotential. This upsets the equilibrium
and causes continuedand accelerated corrosion of the
more active metal (anodicdissolution) and protects the
less active (cathodic protection).Galvanic corrosion
may be seen whenever two different metals are placed
in contact in an electrolyte. It has beenfrequently
observed with complex, multi component surgicall
implants such as modular total joint designs consisting
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of titanium alloy femoral stems and cobalt alloy femoral
heads[6].

It 1s not necessary for the components to be
macroscopic, monolithic electrodes for this to happen
,and the same effect can be seen when there are
different microstructural features within one alloy, such
as the multiphase microstructure evident in implants of
sensitized stainless steel where the gramn boundaries
become depleted in chromium and corrode
preferentially to the remaining surface [7].

In practice, it is the regional variations in electrode
potential over an alloy surface that are responsible for
much of the generalized surface corrosion that takes
place in metallic components. Many of the commonly
used surgical alloys contain highly reactive metals (i.e.,
with high negative electrode potentials),such as
titanium, aluminum, and chromium. Because of this
high reactivity, they will react with oxygen upon initial
exposure to the atmosphere. This initial oxidation
leaves an impervious oxide layer firmly adherent to the
metal surface; thus all other forms of corrosion may be
significantly reduced because the oxide layer acts as a
protective  barrier, passivating the metal. The
manufacturing process for implant alloys may include a
passivating step to enhance the oxide layer prior to
implantation, for example nitric acid treatment of 3161
stainless steel [8].

2. The stability of the oxide layer depends on the
electrode potential and the pH of the solution. Proteins
and cells can be electrically active and interact with the
charges formed at the interface and thus affect the
electrode potential [4]. Bacteria and inflammatory cells
can alter the pH of the local environment through the
generation of acidic metabolic products that can shift
the equilibrium.

3. The stability of the oxide layer is also dependent on
the availability of oxygen. The adsorption of proteins
and cells onto the surface of materials could limit the
diffusion of oxygen to certain regions of the
surface.This could cause preferential corrosion of the
oxygen-deficient regions and lead to the breakdown of
the passive layer. Alternatively the biomolecule
adsorption layer could act as a capacitor preventing the
diftusion of molecules from the surface [9].

The need to ensure minimal corrosion has been the
major determining factor in the selection of metals and
alloys for use in the body. Two broad approaches have
been adopted. The first has involved the use of noble
metals, that 1s, those metals and their alloys for which
the electrochemical series indicates excellent corrosion
resistance. Examples are gold, silver, and the platinum
group of metals. Because of cost and relatively poor
mechanical properties, these are not used for major
structural applications, although it should be noted that
gold and its alloys are extensively used in dentistry;
silver is sometimes used for its antibacterial activity;

and platinum-group metals(Pt, Pd, Ir, Rh) are used in
electrodes.

The second approach involves the use of the passivated
metals. Of the three elements that are strongly
passivated (i.e.,aluminum, chromium, and titanium),
aluminum cannot beused on its own for biomedical
purposes because of toxicity problems; however, it has
an important role in several Ti alloys.

Chromium is very effectively protected but cannot be
used inbulk. It 1s, however, widely used in alloys,
especially in stainless steels and in the cobalt—
chromium-based alloys, where it is normally considered
that a level of above 12% gives good corrosion
resistance and about 18% provides excellent resistance.
Titanium is the best in this respect and is used as a pure
meta lor as the major constituent of alloys [10]. In
alloys the passivating layer promoting the corrosion
resistance 1s predominantly composed of one of these
metal oxides. For example, chromium oxide passivates
316L stainless steel andCo—Cr-based alloys and Ti
oxide in T1 alloys. The other alloying elements may be
present in the surface oxide and this can influence the
passivity of the layer [11].

Carefu lpretreatment of the alloys can be used to
control the passivityof these alloys [5].[12]. In
particular, production procedures need to be controlled
because of their influence on the surface oxides, for
example, the cleaning[13] and sterilization
[14]procedures. Although these metals and alloys have
been selected for their corrosion resistance, corrosion
will still take place when they are implanted in the
body. Two important points have to be remembered.
First, whether noble or passivated, all metals will suffer
a slow removal of ions from the surface, largely
because of local and temporal variations In
microstructure and environment. This need not
necessarily be continuous and the rate may either
increase or decrease with time, but metal ions will be
released into that environment. This is particularly
important with biomaterials, since it is the effect of
these potentially toxic or irritant ions that is the most
important consequence of their use. Even with a
strongly passivated metal, there will be a finite rate of
diffusion of 1ons through the oxide layer, and possibly a
dissolution of the layer itself. It is well known that
titanilum 1s steadily released into the tissue from
titanilum 1mplants [15].[16]. Fig 2 such type of
implanting material.
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Fig.2

According to the Rang, 2000 [17]the first metallic
implant for a hip replacement, introduced in 1940, was
constructed of Vitallium, form of cobalt-chromium
alloy. Along with stainless steel, this became a standard
metal for large-joint replacement and internal fracture
fixation. In 1926 18% chromium, 8% nickel stainless
steel was introduced into surgical applications [18].
This material was noted to be much more
corrosion resistant in body fluids. This was stronger and
more resistant to corrosion than the vanadium steel
mitially introduced by Sherman for his fracture fixation
plates. Later in 1926, 18-8SMo stainless steel, which
contained a small percentage of molybdenum, to
mmprove the corrosionresistance in salt water, was
mtroduced. This alloy became known as 316 stainless
steel. . In the 1950's the carbon content of 316 stainless
steel was reduced from 0.08% to 0.03% for better
corrosion resistance and became known as 316L
stainless steel [18].

The next alloy to be introduced into orthopedic practice
was titanjum and its alloys. In 1947 possible
This paper is focused on materials like tungsten,
stainless steel and cast cobalt alloys. Titanium and
stainless steel are known for its good corrosion
resistance property because of its inertness and presence
of chromium, nickel respectively. Since the materials
which is implanted inside the body is always the

applications for titanium surgical implants were
considered. The pure metal had shown excellent
mertness in an environment of seawater, so that
corrosion resistance seemed likely to be good in the
human environment. A few surgical implants were
made and inserted into human subjects. Upon their
removal, excellent corrosion resistance was confirmed.
Subsequently, Maurice Down introduced a variety of
titanium orthopedic fracture devices such as plates and
SCIEWS.

In order to determine whether a newly developed
implant material conforms to the requirements of
biocompatibility, mechanical stability and safety, it
must undergo rigorous testing both in vitro and in vivo.
Results from in vitro studies can be difficult to
extrapolate to the in vivo situation. For this reason the
use of animal models is often an essential step in the
testing of orthopedic and dental implants prior to
clinical use in humans. This review discusses some of
the more commonly available and frequently used
animal models such as the dog, sheep, goat, pig and
rabbit models for the evaluation of bone-implant
interactions.

There were only minor differences in bone composition
between the various species and humans. The pig
demonstrates a good likeness with human bone,
however difficulties may be encountered in relation to
their size and ease of handling. In this respect the dog
and sheep/goat show more promise as animal models
for the testing of bone implant materials. While no
species fulfils all of the requirements of an ideal model,
an understanding of the differences in bone architecture
will assist in the selection of a suitable model for a
defined research question.

selection of material in animals depends on many
factors out of which some properties like density and
elastic modulus of the material are compared with the
cortical bonein tabular form in table 1 while summary
of orthopedic biomaterials and their primary use are
listed n Table 1.

Table I: Density and elastic modulus of selected biomaterials [19]

Material Elastic Modulus
Cortical Bone ~20gcem” 7-30 GPa
Cobalt-Chrome alloy ~85gem” 230 GPa
316L Stainless Steel ~8.0gcm” 200 GPa
CP Titanium ~45] gem” 110 GPa
Ti-6Al-4v ~ 440 g.em™ 106 GPa
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Table II: common metals used in implantation

METAL

PRIMARY USE

Co-Cr-Mo alloy

TJA components

Stainless Steel

TJA components, screws, plates, cabling

Ti alloy (Ti-6Al-4V)

Plates, screws, TJA components

(non-bearing surface)

METALS AS BIOMATERIALS

Stainless Steels

The primary stainless steel alloy presently
recommended for device manufacture used in
implantation is the American Iron and Steel Institute
(AISI) type 316L (Table Il).This steel has less than
0.03% carbon 1n order to reduce the possibility in vivo
corrosion. The “L” in designation316L denotes low
carbon content. The exact composition may vary
slightly relative to the casting or forging variant;
however, both forms are derived from the very common
18-8 stainless steel alloy (18% chromium, 8% nickel)
used in tableware and other commercial applications.
The composition differences between the 18-8 and
316L alloy are necessitated by the superior corrosion
resistance required of implant devices. Very briefly, the
addition of molybdenum (3%) to the 18-8 alloy and the
reduction of carbon content (0.03% max) confers
improved corrosion resistance particularly to pitting and
mtergranular attack, respectively. Such compositional
changes, however, necessitate the addition of nickel
(12%) to maintain the stability of the desired
microstructure, austenite.

The mechanical properties of surgical-grade stainless
steel are considered to be good relative to other implant
alloy systems but certainly not outstanding in the
general engineering field. To maintain the specified
austenitic microstructure, the normal hardening and
tempering heat treatments of carbon-and low-alloy
steels cannot be performed. Indeed, within the
composition and phase specifications of SS316,
hardening can be achieved only by a process known as
cold-working. The cold-worked alloys relative to a
fully annealed alloy can produce a twofold to threefold
increase in yield strength, a 40% increase in ultimate
strength, but a corresponding 80% decrease in ductility,
thus making the material far more brittle. This is an
important consideration when cold-working stainless
steel fracture-fixation devices, as in the plate-
contouring process. Although such a contoured device
may have improved ultimate properties, it is somewhat
more prone to catastrophic brittle failure.

Tablelll: composition of surgical implant alloy [20]

STAINLESS STEEL
ASTM FS55 OR FS6
comMPOosITION WROUGH 1
52 wEIGHT) TYPE B

co-CcR co-cr
AsTMm F75
casT WROUGHT

AsT™M FOO CVITALLIUM)

ZTunesten —_ — 4—-16
<ob — Bal (567.4— 65> ey (A6-53>
S hrarairn 1720 27_30 1921
Nickel 10-14 2.5 max s 11
Molybdenum 5—7 —
Iron Bal (59—70> O.75 max 2.0 max
Carbon S0 max O.35 max 005 0.15
Mangancse 2. 00 max 1.0 rax 2.0 max
Phosphorus .09 max — —
Sulfur 0.03 max — —
Silicon O.75 max 1.00 max 1.00 max
TITANIUA (PURED FITANIUM
STAINLESS STEEL AsT™M F67 6A1-4V ALLOY
composITION ASTM AZSE6 GRADE 4. FLAT PRODUCT AsTM 136
(9% weiGHT> casT CASTAVROUGHIT CASTAVROUGHT
CTobalt — — —
Chromium 1618 — p—
Nickel 1014 —_ —_
Molybdenum 2> 3 —— X3
Iron Bal (62—72> O.5 max .25 max
Aluminum — — 5565
Vanadium == J— 35 as
Ticanium = Bal (99 + > Bal (88.5-92)
b 0.06 max ©.10 max 0.08 max
anganese 2.00 max — —
Phosphorus ©.045 max — —
Sulfur 0030 max — J—
Silicorn 1.0 max — —

XV e _ O.<2o nmax ©O.13 max
Nitrogen — ©O.05 max
Hiydrogzen —_— O.015 max 0.015 max
TRADE NAME TYeE AMANUFACTURER
Alivium Co-Cr Zirnmcr Oxed dic Lt don. Ensland
CoCroMo. < x t Co.. Bourbon. Indiana
Francobal CTo-Cx e Benols( Girard & Cie. Heronville. France

Orthoc
Protosul-2
Tivanium
Vinertia

Vitalliurm Co-Cr
Zirnaloy CTo-Cr

Dy
2]
]
ne
0=
]
-
y
v
)

!’rc(ek ‘8 Sulzer. Zurich., §wll7crlavi(l

Zimmer USA. Warsaw. Indian

Deloro Sux‘glcal Ltd., Stratton S( Margaret. England

New Jersey

i
Zimmer USA \V1r-za\v Indiana

Treatment and H = . we S

fixadion. In

Black J.- rials for
1980)>

B (ed>: F
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The forged stainless steel alloy is used most commonly
for fracture-fixation devices because of the desirable
effects the forging process has on the grain structure of
the fixahon device. For example, the selective
directional deformation in forging a plate from bar
stock or in making wire results in an optimum "fiber
texture" or grain structure in which grains are elongated
mto fibrous or spindle shapes parallel to the long axis of
the device and the expected deforming forces. This
microstructure provides greater resistance to crack
propagation and breakage than fully-annealed or as-cast
devices having equi-axed grain structure. Of the
alloys currently specified for device manufacture,

COBALT-BASED ALLOYS

Two main types of cobalt-based alloys are used for
surgical implant purposes; a cast alloy and a wrought
alloy, which vary significantly in composition (Table
[l). Despite these differences, however, the trade
designation of Vitallium (or in Britain, "Stellite") is
often applied erroneously to both alloys. The cobalt-
based alloys display a wuseful balance between
mechanical properties and biocompatibility, both forms
being somewhat superior to stainless steel in strength
and corrosion resistance but more expensive to
manufacture

The casting variant is a cobalt-chromium-molybdenum
alloy referred to as cast cobalt chromium alloy, which
because of its high rate of work hardening cannot be
contoured at the time of surgery. Accordingly, this alloy
1s typically reserved for implantable devices having a
fixed configuration (e.g. total hip prosthesis), and
because of its high abrasion resistance is sometimes
used for bearing applications including metal-on-metal
devices.

TITANIUM- BASED ALLOYS

This third alloy system used in manufacturing structural
mplants  includes two titanium-based alloys:
commercially pure titantum and the Ti-6AI-4V,
containing a nominal 6% aluminum and 4% vanadium
(Table Il). Commerically pure titanium must adhere to
specified impurity maxima, particularly with respect to
oxygen, since mechanical properties vary markedly
with impurity content; the higher the impurity content,
the stronger but less ductile the metal. Mechanically,
the disadvantages of pure titanium include its relatively
low elastic modules (approximately one half that of
stainless steel and cobalt-chromium), low shear stength,
and its poor abrasion resistance causing it to gall or
seize when it is in sliding contact with another metal
surface. In addition, it is more difficult to fabricate than
stainless steel and is more expensive. Beyond its light
weight, its major advantage lies in its inherent corrosion
resistance. This is attributable to the spontaneous

stainless steel is the cheapest and most easily fabricated.
To obtain high quality devices, however, careful
attention must be given to the melting process, the
carbon and impurity content, and the various thermal
treatments necessary for shaping and developing
desirable mechanical properties. Surface preparation is
typically accomplished by mechanical polishing or
electro-polishing to remove draw marks, pits, burrs, and
surface contamination. The final step in processing
stainless steel implants is that of surface passivation in
nitric acid to remove surface iron particles and to
artificially  thicken the surface oxide layer

The wrought cobalt-chromium alloy is composed
primarily of cobalt, chromium, nickel, and tungsten and
mechanically exhibits a lower rate of work hardening
than the cast alloy. In the fully annealed state the
wrought alloy displays a yield stress similar to the more
brittle cast variant yet has a much improved ductility
(60% strain at fracture) and an ultimate tensile strength
approaching that of a heavily cold-worked stainless
steel. Moreover, with appropriate working and
annealing treatments, the wrought alloy can be made to
yield a useful range of strengths and ductilities, giving it
much versatility as an implant alloy. The wrought alloy,
however, is somewhat less resistant to crevice corrosion
than the cast cobalt-chromium-molybdenum alloy. Its
use for fracture-fixation purposes is not as yet
commonplace, probably as a result of its increased cost
compared with that of stainless steel.

formation of a strong passivating oxide layer
particularly resistant to saline solutions.

The addition of 6% aluminum and 4% vanadium to
commercially pure titanium results in an alloy having
mechanical properties similar to cold-worked stainless
steel (including superior fatigue resistance) yet retaining
excellent corrosion resistance. In addition, the Ti-6AI-
4V alloy 1s more easily weldable and machinable than
the pure form. Its principal drawback remains its poor
resistance to erosion, making it unacceptable for
bearing surfaces.

The titanium-based alloys, because they have been
more recently introduced and are more costly, have not
found widespread application, particularly in veterinary
surgery; however, they are the material of choice for
patients having known hypersensitivity reactions to any
of the constituents of stainless steel or cobalt-chromium
alloy.
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CONCLUSION:

Along with the advances in biomedical technology and
tissue engineering, biomaterials are desired to exhibit
low elastic modulus, shape memory effect or super
elasticity, wear resistance and workability. In addition,
they are required to eliminate all possibility of toxic
effects from leaching, wear and corrosion. Nowadays,
some metal implants have been replaced by ceramics
and polymers due to their excellent biocompatibility
and bio-functionality. However, for implants which
require high strength, toughness and durability, they are
still made of metals. This demand leads to the
development of new generation of metallic biomaterials
and their novel processing
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Abstract—To investigate the relationship between the
particle size and the Raman bands of TiO2 nanoparticles,
two different size-selected samples of TiO2 nanoparticles
wereinvestigatedusing transmission electron microscopy (TE
M), High resolution TEM (HRTEM), Xray photoelectron abs
orption spectroscopy (XPS), and Fourier Transform Raman
spectroscopy (FT-Raman). In the Raman spectra, both
broadening and shifts of the Raman bands with decreasing
particle diameter were observed. In this paper, these Raman
shifts are attributed to the effects of decreasing particle size
on the on theforce constants and vibrational amplitudes of
the nearest neighbor bonds.

Keywords— nanoparticles, titania, Raman
resonance Raman scattering

spectroscopy,

I INTRODUCTION
Various metal oxides (ie. TiOp, ZnO, MoO3. CeO»,
Zr0p, W03, FepO3, and SnO») and metal chalcogenides
(1e. ZnS, CdS. CdSe, WSy and MoSj) are used as

catalysts in semiconductor photocatalyst reactions[1-4]. In
this regard, Titanium Dioxide (TiOp) mediated

photocatalysis has been of
particular interest [5]. TiO5 is most widely used for hetero

geneous photocatalysis due to its special characteristics su
chas: 1. It is environmental friendly and TiO7 is plenty
full (it 1s widely used as pigment in paint industry and it
1s inexpensive ), 2. It is chemically stable and non-toxic, 3.
It has excellent electronic and optical properties, 4. It is
chemically and biologically inert, 5. It is stable with
respect to photocorrosion or chemical corrosion, 6. It is
available at relatively modest cost and can be recycled in a
technical scale, 7. Most of the studies are only on TiO,and

No other semiconductor has proven to be as best as TiO,.
Because of these reasons TiO» 1s the special photocatalyst

with a wide band gap whose absorption onset occurs in the
lower end of the UV-spectrum [6-10]. Sensitization and
modification of this catalyst leads to the visible light
response. Because of high photocatalytic activity and
stability, TiOp has become bench mark photocatalyst.In
recent years, the preparation and characterization of TiOp
nanostructures have attracted much interest due to their
unique properties and potential applications in catalysis
[10-15]. It has been demonstrated that the physical and
chemical properties of TiOp nanostructures, and their

potential applications depend strongly on their crystalline
structure, morphology and particle size. TiOp occurs

mainly in three crystalline phases namely Anatase, Rutile
and Brookite. Rutile is the thermodynamically most stable
phase. They differ in their physical properties, such as
refractive index, dielectric constant, chemical and
photochemical reactivity. Though various forms of TiOp
have been reported [16-20]. rutile, anatase and brookite
are the naturally occurring forms of TiOj. The rutile
structure is based on a slightly distorted hexagonal close
packing of oxygen atoms with the half of the octagonal
interstices being occupied by the titanium atoms. The
octahedral coordination of titanium atoms and the trigonal
planar coordination of oxygen atoms. This is the structure
commonly adopted by ionic dioxides and difluorides. The
relative sizes of ions are such that they favour 6 : 3
coordination. Anatase and brookite are based on cubic
rather than hexagonal close packing (ccp/hep) of oxygen
atoms where Ti*" ions occupy half-the octahedral
interstices [20].

II RESULTS AND DISCUSSIONS

FT-RamanSpectral Analysis
Figure lalb & lcshows the Raman spectra of three types
of TiOnanoparticles and the reference spectrum of
anatase Ti10,.Bulk anatase has a tetragonal structure
containing twelve atoms per unit cell with
latticeparameters a = 3.784 A°and c¢ = 9.514 A°[21].
According tofactor group analysis, anatase has six Raman
active modes(A;, + 2By, + 3g,). Ohsaka reported the
Raman spectrum of
an anatase single crystal that the six allowed modes appear
at
144 cm™ (E,). 197 cm™ (E,), 399 cm™" (B,,). 513
cm '(Alg).
519 em™' (Blg). and 639 cm™" (Eg) [22]. The main
spectralfeatures of samples N (~27 nm) and M (~10 nm)
are closelysimilar to those of the reference Ti0O,, which
mean that the prepared samples N and M possess a certain
degree of longrangeorder of the anatase phase. However,
the spectrum of sample P
(=5 nm) 1s quite different from the others, showingthe
band broadening with decrease in intensity. This
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difference in Raman spectra of TiO, nanoparticles can be
attributed to the effect of smaller particle size and it
affectsthe force constant and vibrational amplitudes of the
nearestneighbor bond.
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Fig. la, 1b & lc Raman spectra of all the samples of anatase
TiO,(XRD of anatase TiO,)

B. TEM and HRTEM analysis
TEM image of the TiO)p sample of particles have

sizes in the range 6-10 nm and homogeneously
distributed TiOp grains. TEM image shows the

particles of the TiO) sample possess sphericalshapes

and of same sizes: some small spherical particles
approximately 10 nm in diameter and agglomerates
approximately 20-30 nm in length and 2 nm width.
The high resolution transmission electron microscopy
of the TiO catalysts were shown in the Figure. 2 (a,

b&c).The HRTEM shows that titania particles were
present in nano spherical shapes: smaller round
particles of diameter ~10 nm and long prismatic
particles with an end to end distance of ~ 30 nm. The
distance between the lattice planes in the latter case is

2.8 A°. HRTEM images of anatase TiO particles

were obtained, hexagonal crystal was 5 nm across its
edges. As can be seen from the TEM image, the Ti0»

powder shows a wide particle size distribution
ranging from 10 to 30 nm. Moreover, some small
particles with diameters of less than 10 nm were also
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observed. In this case, it seems that the crystallite size
of the T105 1s the most important factor affecting the

phase transformation.

Fig. 2 (a. b & c) the TEM and HRTEM images of anatase TiO
nanoparticles
C. XPS analysis

The chemical state and the composition of anatase
TiOy surface was studied by XPS as shown in

Figure. 3(a & b). The Ti binding energies were
observed at 45843 eV and 464.196 eV which can be
assigned to Ti 2p3/» and Ti 2pjp with a peak

separation of 5.739 eV which can be assigned to Ti+t
in TiOy. The O 4 peaks were observed at 529.668 eV.

The surface atomic concentration of O Is is 72.7 and
70.5%, T12p 1s 27.3 and 24.2%, T10».

Tntessity ( connis)

EY = =

Fig. 3 (a&b) the XPS spectra of anatase TiO, nanoparticles

IIT CONCLUSION

The broadening and shifts of Raman bands of anataseTiO,
nanoparticles with decreasing particle size were
mvestigatedusing X-ray absorption spectroscopy and
Ramanspectroscopy. The TEM results show that the
prepared 25 and 10 nm TiO, nanoparticles have an anatase
structure,and that there is no difference between the
oxidation state ofthe titanium ions in the nanoparticles and
that of titaniumions in bulk TiO,. Both broadening and
shifts of theRaman bands were observed with decreasing
particle diameter.The observed Raman shifts are thus due
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to the effectsof decreasing particle size on the force
constants andvibrational amplitudes of the nearest
neighbor bonds.
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Abstract- Cracking is a frequent cause of complaints
in the concrete industry. Cracking can be the result
of one or a combination of factors such as drying
shrinkage, thermal contraction, restraint (external
or internal) to shortening, sub grade settlement, and
applied loads or can also be caused by freezing and
thawing of saturated concrete, alkali- aggregate
reactivity, sulphate attack, or corrosion of
reinforcing steel. So there is a need for the
development of such an inherent biomaterial which
is an self-repairing material and can remediate the
cracks and fissures in concrete.

Bacterial concrete is one among such a material,
which can successfully remediate cracks in concrete.
This Technique is an eco-friendly desirable as well
as a natural method that can be taken into
consideration in recent concrete industry era. The
Paper discusses the comparative study of concrete
self healing capability using different types of
bacteria viz Bacillus Sphacricus, B. Cohnii. Hence
this is a Biological Remediation of cracks
repairment.

Keywords:- Cracking , Bacterial Concrete
Biological Remediation.

Introduction

Usually Concrete plays a major role in the
construction era due to its strength acquiring
capability and various other factors like ease
to use, less cost and good workability, But the
concrete with passage of time start undergoing
losing its strength due to various
environmental parameters . This strength can
be acquired by polymer based resins and
chemicals but there use 1s restricted to a
limited extent.

So, Bacteria action in concrete is an advance
method that can be implemented in recent
construction technology as bacteria 1s a
biological substance that is capable of healing

concrete using biomechanics reactions. Bio
methodology to be used in concrete can lead to
a new concrete type called as bacteria
concrete.

The Use of bacteria in concrete 1is a new
rational approach for biologically precipitation
of calcite in cracks. It is of a vital importance
for the identification of concrete microbial
behaviour towards crack. This method 1s
basically a microbiologically induced calcite
precipitation  technique based on bio
mineralization Concept. Concrete, however, is
due to its high internal pH, relative dryness
and lack of nutrients needed for growth, a
rather hostile environment for common
bacteria, but there are some extremophilic
spore forming bacteria may be able to survive
in this artificial environment and increase the
strength and durability of cement concrete.
The following reaction summarizes the
bacterial role in formation of nucleation site
on cracked concrete specimen:-

Ca’" + Cell — Cell — Ca®"
Cl' + HCO;™ + NH;— NH,CI + CO;>
Cell- Ca*" + CO5;— Cell- CaCO;

Basically this paper is based on the behaviour
of B. Pasteruii, B. sphaericus , B. Cohnii &
Bacillus subtiles, bacteria due to its higher
stability in environmental conditions and also
helps in reduction of permeability to avoid
bacterial nutrients losses during the
phenomenon.
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This phenomenon is based on the concept of
metabolic process of CaCO; Precipitation, the
Calcium Carbonate Microbial Precipitation
leads to various applications like Crack
remediation of concrete, Sand Consolidation,
repairment of cracks in historical Monuments
and various other applications.

The Use of Bio mineralogy leads to the
imvention of Bacterial concrete- A Bio
potential Material which is considered as a
green technology and is a crossbreed between
biology and engineering study of concrete
which involves bacterial utilization. The
microbial precipitation of calcite 1s visualized
using X-ray Diffraction analysis along with
scanning electron microscopic analysis of the
specimens.

Requirement of the Study

This study is carried out for visualization &
analysis of the following aspects:-

e Effect of  Different  Bacterial
concentrations on strength & crack
repairing ability of the specimen.

e Bacterial Efficiency 1in different
medium concentrations and their
reaction tendency.

e Comparison of various categories of
bacteria in crack repairing ability and
their survival duration in the specimen.

e Bacteria inherent ability to precipitate
calcite continuously.

e Evaluation of Crack Repair.

The main purpose of this paper is to observe
the bacterial tendency to act as a self-repairing
agent in concrete as usually bacteria are
considered to be alkali-resistant and produces
spores which act as a protecting agent for the
cell-wall against extreme environmental and
chemical stresses. Bacterial spores are
specialized cells which can remain viable for
up to 200 years. Spores are dormant but viable
bacterial spores immobilized in the concrete

matrix will become metabolically active when
revived by water entering freshly into the
concrete.

As usually many terminologies are there for
crack remediation using different biological
species but mostly there output is not up to the
desired level of the requirement so there 1is a
need to compare the different biological
species and there outputs in order to get that
particular bio mineral method and species
which provide better results.

Looking at the challenges of our infrastructure
- self repairing concrete would be a
advancement, as Cracks permit water to
penetrate concrete, water in contact with
reinforcing steel causes rust, rust takes up 7
times the volume of steel and causes concrete
to crack more and spall, exposing more steel
to water.

Literature Review

In this study four calcite forming precipitation
bacteria were compared on the parameters like
compressive, strength, their reactivity, These
bacteria are B. Pasteruii, B. sphaericus , B.
Cohnii & Bacillus subtiles. The microstructure
examinations are analyzed out using Scanning
electron Microscopy micrograph of these four
bacteria. From the SEM Micrograph of these
four bacteria it was found that there is no
crystal growth in concrete without bacteria but
when bacteria 1s added the rod shape Fabulous
deposition 1s observed due to bacterial
interaction with concrete. During this study
the enhancement of compressive strength |,
Reduction in permeability and concrete
optimum performance has been observed as
due to calcifying micro-organisms growth in
concrete.
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These Four Bacteria are prepared by

following Biomechanism:-
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Bacteria Formation Nutrients Concrete Specimen:-
Mechanism Required
Bacteria Specimen Compressive
B. Pasturii Oxidative trypticase, yeast Strength
Determination extract, tricine (7 days)
of amino acids ammonium B. Pasturii 30 N/mm’
sulphate,
glutamic acid , . 5
agar solution. B. Subtiles 33 N/mm
B. Subtiles Hydrolysis of Urea B. Sphaericus 28 N/mm’
Urea ,ammonium
chloride, sodium B Cobnhi 390 N/mm2

biocarbonate ,
Calcium salts.

B. Sphaericus Bio oxidative Extract Yeast ,
urea analysis urea, Calcium
Salts.
B. Cohnii Urea Hydolysis | Peptone , yeast .
extract . Actical Compressive Strength
, Natamycine. . o
Comparision
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Graph No. 1: Compressive Strength of concrete for Different
Bacteria.
The units of Compressive Strength of concrete is kN/m?

Result of Comparative study the Graph
1S

B.Subtiles is found as the most effective
microbiome after studing this graph.
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Fig: (a) & (b)
Fig:(a). shows the Concrete SEM without Bacteria,
Fig: (b) shows the Concrete SEM with B.Subtiles Bacteria.

Conclusion

In this comparative study of the literature ,it 1s
conclude that the B.Subtiles is the most
effective  microbiome  for the crack
remediation of the concrete as it remediates
the cracked specimen easily . Out of the four
bacteria , study reveals that Bacillus subtilis
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contribute marked increase in strength during
early age. It appears that the increase in
strength due to the inclusion of microbe in
concrete is comparable from the Literature
Review . However, the strength enhancement
made from a microbe in concrete was not able
to surpass the strength enhancement made by
silica fume replacement ( Average Strength of
34 N/mm?) . Microbial concrete has proved to
be better than many conventional technologies
as of its eco friendly nature, self-healing
abilities and increase in strength of various
building materials.
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Abstract— The samples of Zn; Ni,O (x= 0.00 and 0.05)
were prepared with coprecipitation method at different
annealing temperatures. The effect of Ni ion substitution on
the structural and optical properties has been studied using
X-ray Diffraction (XRD), Ultraviolet-Visible and
Photoluminescence Spectroscopy. XRD measurements
demonstrate that all the prepared samples are polycrystalline
single phase in nature and belong to the wurtzite structure
ruling out the presence of any secondary phase formation.
Ultraviolet visible measurements showed a decrease in band
gap with the increase in annealing temperature and doping
concentration. The PL data shows the red shift in all the
samples with the increase in the annealing temperature.

Keywords— Coprecipitation, Nanopowders,
Photoluminescence, XRD

L INTRODUCTION

Currently, ZnO 1is attracting attention for its
application to transparent high power electronics, surface
acoustic wave devices, UV light-emitters, gas-sensing and
as a window material for display and solar cells [1].[2].
Zinc oxide (ZnO) has a direct wide bandgap (3.4 eV at
Room temperature), which is n-type semiconductor. In
ambient condition, ZnO has a stable hexagonal wurtzite
structure with lattice spacing a = 0.325 nm and ¢ = 0.521
nm [3]and composed of a number of alternating planes
with tetrahedrally-coordinated O*and Zn®" ions, stacked
alternately along the c-axis. All these predominant
properties make ZnO a great potential in the field of
nanotechnology. Usually ZnO is doped with different
types of metallic ions, like Ga, In, Sn, Al, Sc, T1, V. Ni,
Co and Mn in order to improve its transparent conducting
oxide properties [4],[5]. ZnO nanoparticles can be
prepared at low cost by simple solution based method,
such as, sol-gel synthesis, chemical precipitation and
hydrothermal reaction [6] ,[7]. Coprecipitation method is a
promising alternative synthetic method because it can be
achieved at low working temperature as well as particle
size could be easily controlled.

In the present work undoped and Ni doped ZnO
nanoparticles were synthesized by wusing chemical
coprecipitation method and thus we attempt to study

structural and optical properties of undoped and Ni doped
Zn0O nanopwders

IL. EXPERIMENTAL DETAILS

Zn;  N1,O (x= 0.00 and 0.05) powders were prepared by
coprecipitation method. Sol was synthesized using sol-gel
solution route technique in order to obtain the Ni doped
ZnO powders. For the preparation of sol, stoichiometric
amounts of metal nitrate, Zn(NO,);.sH20, Ni(NO3);.sH,O
was dissolved in deionized water to get 0.6 M solution. No
stabilizer was added. This solution was kept for 1 hour for
stirring at room temperature. In this solution, 5 M NH,OH
was added drop wise, till the pH value reached to 7.the
solution was stirred for 3 hours and then filtered and
washed with deionized water and ethanol 3 times. The
mixture was then dried at 800° C for 15 hours. The dried
mixture was then grounded .The obtained powders were
annealed at 400°C and 600°C temperature. Structural
characterization of undoped and Ni doped ZnO
nanopwders were done using Shimadzu XRD-7000 x-ray
diffractometer (Cu Ka, 2= 1.5418 A) and optical studies
were done using ultra-violet visible spectrometer (Perkin
Elmar, Lambda 35). Photoluminescence studies were done
with fluoremeter LS 45 to excite the luminescence with
fixed wavelength light and to measure the intensity of the
PL emission at a single wavelength or over a range of
wavelengths.

II1. RESULT AND DISCUSSION

Fig.1 and Fig.2 shows XRD spectra of undoped and Ni
doped ZnO annealed at 400 and 600°C temperatures
respectively. The data analyzed exhibits single phase
behavior with wurtzite lattice and excludes the formation
of any secondary phase. No significant change were
observed in the peak position as the annealing temperature
of undoped ZnO was increased from 400 to 600°C, but the
intensity of all the peaks were found to decrease indicating
a little degradation in the crystallinity of ZnO. No peaks
corresponding to Ni 1ons (clusters or precipitates) were
observed 1n all the samples, this clearly indicates that Ni-
incorporation does not change the wurtzite crystal
structure of the ZnO matrix, hence it can be said that Ni
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1ons intrinsically substituted Zn ion without disturbing the
parent structure of the host matrix.

The lattice parameter values were calculated using XRDA

analysis and tabulated (Table 1), compared with standard
ZnO (a = 3.25 and ¢ = 5.21 nm), ¢ parameter decreased
with annealing temperature and doping of Ni ions. This
decrease can be justified since the ionic radius of Ni **
(0.069 nm) is less than that of Zn*" (0.074nm) [8].The
particle size d, of ZnO:Ni nanoparticles were estimated by
Debye- Scherer’s equation (1)

kA
D Bcosb (1)
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Fig.1 XRD pattern of Zng ¢sNig osO powders annealed 400 and 600°C
temperatures.
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Fig.2. XRD pattern of ZnO annealed 400 and 600°C temperatures.

Uv-Vis spectra of both undoped and Ni doped ZnO
nanoparticles are shown in Fig. 3 and Fig. 4.The
calculated band gaps are tabulated in Table 1.The band
gap was found to decrease with doping, since doping of

ZnO with N1 adds defects sites in the vicinity of valence
band and reduces the effective band gap [9].The decrease
in the band gap with annealing temperature may be
attributed to the better substitution of Ni ions annealing
out of some defects.

= ZnO at 400°C o
o ZnO at 600°C

(ahvy’

Energy(in eV)

Fig.3 Optical Band gap of ZnO of annealed 400 and 600°C temperatures.
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Fig.4. Optical Band Gap of Zng ¢sNig osO powders annealed 400 and
600°C temperatures.

Fig.5 and Fig.6 illustrate the photoluminescence
spectra of undoped and Ni doped ZnO respectively with
290 nm excitation under room temperature. The PL
emission consists of broad visible region, which can be
attributed to the electronic transitions from the level of
interstitial zinc as associated with 1onized oxygen
vacancies to the valence band. [10].A peak at 423 nm
refers to the violet luminescence which is probably due to
radiative defects related to the interface traps existing at
the grain boundaries and emitted from the radiative
transition between this level and the valence band
[L1].Another peak at 485 nm refers to the blue emission
and can be attributed to the transitions between the oxygen
vacancy and lattice defects related to oxygen and zinc
vacancies[12].The PL intensity becomes stronger as the
annealing temperature increases from 400 to 600° C which
might be attributed to the recovery of microstructural
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defects [13].However as, Ni doping concentration is
increased the peak at 485 nm quenched with the
significant value .This quenching might be due
incorporation of Ni ions into the ZnO host matrix and
hence leads to decrease in the crystalline quality of the
samples, which is consistent with the XRD results.

Intersity (au)

€0 350 420 450 %0 s10
Wavelength (nm)

Fig. 5 PL spectra of ZnO annealed at 400 and 600°C temperature

Intensity (a.u.)

i T T T
260 400 420 480 520
Wavelength (nm)

Fig. 6 PL spectra of ZngosNig¢sO powders annealed at 400 and 600°C
temperatures.

TABLE 1. Variation of Lattice parameters and Band Gap with of undoped and Ni doped ZnO annealing
temperature and doping concentration.

Parameters Pure ZnO ZnO Zn sNij osO

Temperature 400 600 400 600

a(nm) 3.250 3.279 3.279 3.279
3.27

c(nm) 5.204 5.208 5.205 5.202
5212

Band Gap (eV) 3.278 3.293 3.260
33

Crystallite Size(nm) 3288 20.96 22.10 24.6
20.80

IV. REFERENCES 7. J.Zhang, L. D. Sun, J.L. Yin, Chem. Mater. 14, 4172

1. D.C. Look, Mater. Sci. Eng. B80, 383 (2001)

2. P. Zu, ZK. Tang, GK.L Wong, M. Kawasaki, A.
Ohtomo, K. Koinuma, Y. Sagawa, Solid State
Commun.103, 459. (1997)

3. Nakahara, K.; Takasu, H. Appl. Phys. Lett., 25 (79),
4139-4141 (2001)

4 V.N. Zhitomirsky, E. Cetinorgu, RL. Boxman, S.
Goldsmith, Thin Solid Films 516, 5079 (2008)

5. B.D. Ahn, SH. Oh, CH. Lee, GH. Kim, HJ. Kim,
S.Y. Lee J. Cryst. Growth 309, 128 (2007)

6. Z. Hui, Y.Deren, M. Xiangyang, J.Yujie, X. Jin,
Nanotechnology 15, 622 (2004)

(2002)

8. M. El-Hilo, A.A. Dakhe, A.Y. Ali-Mohamed, J. Magn.
Magn. Mater. 321, 2279-2283(2009)

9. S.Kant and A. Kumar Adv. Mat. Lett. 3(4), 350-354
(2012)

10. R. Elilarassi, and G. Chandrasekaran Optoelec. Lett. 6,
1(2010)

11. B.J. Jina ,SImb, S.Y. Leec, Thin Solid Films 366,
107-110 (2000)

12. S. Kumar, N. Kumari , S. Kumar, S. Jain, N. K. Verma
Appl Nanosci 2, 437-443 (2012)

13. D.J. Quua.*, HZ. Wua,b , AM. Fengc , Y.F. Laob ,
N.B. Chena, T.N. Xua. 4Appl. Surf Sci. 222, 263-268
(2004)

& AMRITSAR COLLEGE
i /! OFENGINEERING & TECNOLOGY

NBA Accredited | NAAC Accredited

Department Of Applied Sciences

165



National Conference on Advances in Material Sciences

April 4-5, 2014 ISBN: 978-81-924867-2-7

Role of Certum on Structural and Optical
Properties of Lithium Borate and Lithium
Aluminium Borate Glasses

Parvinder Kaur®, Simranpreet Kaur”, Gurinder Pal Singh”, Deepawali Arora®, Sunil Kumar®, D.P.
Singh®
“Department of Physics, Guru Nanak Dev University, Amritsar 143005, India
Corresponding Author e mail: dpsinghdryahoo.com

Abstract- Melt quench technique has been used to prepare
lithium aluminium borate glasses doped with CeO, at the
expense of ALO; and lithium borate glasses doped with
cerium but without aluminium. An intense fluorescence has
been observed when excited at 380 nm which has been
attributed to 5d—4f transition of Ce*". A comparatively
more increase in fluorescence intensity and a decrease in
band gap have been observed in the samples in which
cerium is added at the expense of Al,O; as compared to the
samples in which aluminium is absent. The densification of
glass network has been studied using density and molar
volume calculations.

Keywords: Optical absorption; Fluorescence; Borate glasses.

INTRODUCTION

Rare earth doped glasses have attracted a great attention
of researchers world over for a number of years due to
the specific electronic structure of rareearth elements [1].
Certum doped glasses are used in many practical
purposes such as protection of fibre optic materials
against radiation, laser active media and scintillating
materials [2-5]. It has been accepted that solids, including
glasses having Ce’” possess strong optical absorption and
fluorescence in near UV and/or visible and infrared range
[6]. Trivalent cerium (4f') holds parity allowed
transitions between 4f and 5d electronic configurations.
The energy gap between 4f levels and lowest of 5d levels
1s very large which is helpful for the nonradiative decay
to be less probable and hence 5d fluorescence can be
observed. In this report, we have tried to put some light
on the cerilum doped lithium aluminium borate and
lithium borate glasses and compared their roles to show
that which can give us better spectroscopic and physical
properties.

EXPERIMENTAL

Glass samples of composition (1) x CeO,- (10-x) ALOs-
10L1,CO;- 80 B,O;5 and (i1) x CeO,- (10-x) Li,COs-
90B,0; with x= 0.5 and1% mole fraction are prepared by
melt quench technique. The raw materials of lithium
carbonate (Li,CO;), aluminium oxide (a-Al,Os), borate
(B,0;) and certum oxide (CeO,) in appropriate amounts

are mixed and grinded finely to make a batch of 15g. The
grinded mixture was melted in silica crucible in an
electric furnace for 1 hour at a temperature of 1150° C in
normal atmosphere until a bubble free liquid was formed.
The melt is then dispensed into preheated steel mould and
annealed at a temperature of 350° C for a time of one and
a half hour to remove the internal strains. The samples so
prepared are ground with different grades of SiC and
polished with

cerium oxide to have maximum flatness. The nominal
composition of the prepared glasses is given in Table 1.
Archimedes principle is used to find the density and
molar volume (V) is calculated by using the formula:
V=2 XiMi/”D

where X; 1s the molar fraction of the component and M; 1s
its molecular weight.

The fluorescence spectra of the samples are recorded with
the help of Perkin-Elmer Fluorescence LS-
Spectrophotometer.

Results and Discussion
Density

The density of glass samples is given in Tablel. It is clear
that an increase in CeO, concentration causes a gradual
increase in the glass density. The density of glass samples
given 1n series (1) 1s found to be more than that of series
(11) glass samples. The increase in density indicates that
CeO, has a contracting effect. An accordingly decreasing
pattern of molar volume has also been observed.

UV-Vis Spectroscopy

The Urbach plots between (chv) "“and energy (hv) have
been plotted to determine the optical band gap (as shown
i fig. 1). It 1s clear from Table 1 that the optical band
gap decreases (from 3.49 to 2.95 eV) with an increase of
cerium oxide content. This is due to the presence of Ce’”
or Ce* ions in the glasses. This can be explained by the
reaction Ce*” + HC—Ce*" and Ce* + EC—Ce*", where
HC 1s the hole center captured by the cations and EC is
the electron centre captured by the anions [7]. The slight
shift of band edge of cerium doped glass shows that Ce*”
+EC—Ce’" reaction has taken place predominantly. This
decrease i1s more in series (1) glass samples than that of
series (i1) glass samples. So it is clear from the above
result that the series (i) glasses are showing more
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prominent results than the glasses of series (i1) which are
in agreement with the density and molar volume
calculations.

Fluorescence

The emission spectra of the prepared glass samples are
shown in fig.2. The excitation wavelength used is 380
nm. The fluorescence emission of Ce’* is due to
transition from one or more of 5d levels to the “F ground
state. Each emission band is composed of two peaks due
to doublet ground state of Ce*” (2F5;2 and 2F7,:2) with a
separation of about 2000 cm™ [8]. In our present study,
the emission peaks are present around 455 nm 498 nm
which is due to 5d— *Fs;, and 5d— °F,, transitions of
Ce’" respectively. The emission spectra of series (i) and
(1) reveal both the quantitative and the qualitative
difference in luminescence intensity. In series (1)
luminescence intensity increases with increase in cerium
concentration at the expense of aluminium with a slight
red shift in first peak 1.e. 455 nm. On comparing emission
spectra of series (i1) with series (1) we can observe that
addition of aluminium results in enhancement of
luminescence intensity. From this we may conclude that
aluminium helps in maintaining reduced valence state of
cerium ions (Ce™).

[ahv]‘llz
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FIGURE 1. Optical Band Gap of the Glass Samples
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FIGURE 2. Fluorescence Spectra of the Glass Samples

Nominal composition (mole fraction), density, molar
volume and band gap of the glass samples.

Sample Density(g/ Molar Optical
cm’) Volume(c band
m*/gm) Gap(eV)
(1) LCL(Ce 223 31.57 3.49
=0.5,
Li=9.5) 2.34 30.32 3.20
(i1)
LC2(Ce=1.
0, Li=9.0)
(1) 3.17 23.21 3.06
AC1(Ce=0
5, AIF9.5)
(1v) 3.35 22.11 295
AC2(Cel .0
, Al=9.0)
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Abstract—This work reports the synthesis and electrical
characterization of polyaniline/silver (PA/Ag)
nanocomposite free standing films. The dc conductivity
measurements in the temperature range of 80-300K, Hall
effect studies at room temperature and dielectric
measurements of the synthesized films, inferred
semiconducting behavior of the samples. Significant
improvement in the electrical properties of nanocomposites
has been observed and discussed in this manuscript.
Keywords—Electrical properties, nanocomposites, polyaniline,
silver nanoparticles.
I.  INTRODUCTION

The study of conducting  polymer-metal
nanocomposite materials has received much attention in
the past few years. It is interesting to observe the
improvements in the optical, mechanical and electrical
properties of conducting polymers by the incorporation of
the metal nanoparticles [1]. These organic-inorganic
hybrid materials are found to have numerous applications
m several fields such as sensors, catalysis, memory
devices etc. Among the various metal nanostructures,
silver nanoparticle based composite have been chosen
because of their unique optical, electronic, thermal,
catalytic, and biocompatible properties. So the aim of
proposed investigation 1is not only to characterize the new
materials but also provide complete experimental study of
the chosen materials to pave way for their applications in
the required fields.

II. EXPERIMENTAL

In the present paper, chemical method has been used
to prepare good quality free standing films of pure
polyaniline (PA) as well as nanocomposite [2]. Pure
polyaniline as well as its nano composite with silver
nanoparticles of different concentrations such as 0.30 %,
and 1.0 % by weight has been synthesized in the form of
free standing films. The dc conductivity measurements of
the films were performed by standard four probe method
m the temperature range 80-300K using Keithley 2612A
System source meter and Lake Shore 340 temperature

controller, after making the samples conducting by
dipping them in 1M HCL solution. Hall measurements
were taken using Ecopia Hall effect measurement system
(HMS-3000 VER 3.51.5) at room temperature. Agilent
4285A Precession LCR meter was used for dielectric
measurements of the synthesized films at room
temperature. Silver paste was used on both sides of
samples for making contacts.
III.  RESULTS AND DISCUSSION

A. DC conductivity measurements

It is observed from fig. 1 that with increase in the
concentration of silver nanoparticles within polymer
matrix, the room temperature dc conductivity (o)
significantly increases. It is found from conductivity
behaviour that Mott’s three dimensional (3-D) variable
range hopping (VRH) model gives a better fit to the
experimental results. The total observed conductivity of
PA/Ag films may be correlated with the hopping of
electrons along and between the molecular chains. The
Mott’s parameters, 7, (energy difference between
localized states), R (hopping distance), W (average
hopping energy), N (Ep) (density of states at Fermi energy
level) are evaluated

s

Ina (mho m
d )

TP PR PR TP SR SN S B P

0.2¢ .28 028 0.30 0.32 IR
(Temperature) “(K)""*

Fig.1 d.c. conductivity (In o) plotted as a function of T 4
using o”'=1.1nm (the coefficient of exponential decay of
the electronic wave function of the localized states) and
are in good agreement with the values reported earlier [3].
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The variation of concentration of silver nanoparticles
within polyaniline 1s justifying the enhancement of
conductivity of PA/Ag films. The results are consistent
with the Mott’s requirement (aR >>1 and W >kT) for
conductivity by hopping to distant sites. The improvement
m electrical conductivity observed in composite material
relative to pure PA is due to effective dispersion of Ag
nanoparticles in the given polymer matrix [4]. Properly
dispersed metal nanoparticles leads to enhancement in the
mobility of electrons owing to increased tunnelling
probability [5].

Hall Effect Studies

As a further test of the electrical conductivity of moditied
samples, the Hall resistivity as a function of concentration
was studied. The results are shown in table I. Parameters
N (Ep) (number density of charge carriers), pt (mobility), p
(resistivity) & Ry (Hall coefficient) obtamed from Hall
measurements are of the same order as is calculated by dc
measurements, indicating a very good corroboration of
results.

AC conducting measurements

The ac conductivity (o,) as a function of frequency at
different concentration of silver nanoparticles in
polyaniline at room temperature has been studied (not
shown here). It 1s found that o,, of PA/Ag films increases
with frequency as well as with concentration of
nanoparticles in accordance with the correlated barrier
hopping (CBH) model.

Table I Evaluation of various parameters from DC
conductivity and Hall effect measurements for different
PA/Ag films.

Parameters Pure PA 0.30 Ag 1.0% Ag
Film Film Film
To(K) 1.84x10’ 1.3x107 5.9x10°
Riop (300K) 6.45nm 5.97nm 4.88nm
W (meV) 102 94 77
N(Egp) ecm™eV? | 8.76x10% | 1.2x107 | 2.67x10"
ORop 5.86 543 4.4
N (Ep) 9.17x10"" | 7.3x10" | 2.07x10"”
1 2.55 7.9 5.1
P 2.66 0.11 0.08
Ry 6.8 0.85 0.30
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Fig. 2 Plot of (a) dielectric constant & (b) capacitance versus frequency
of PA/Ag films.
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Fig. 2 shows the dependence of dielectric constant and
capacitance respectively on the frequency of the applied
field, at different concentration of silver nanoparticles.
The dielectric constant remains almost constant for wide
frequency range and increases with increase of metal
concentration in PA. This behaviour may be due to
volume fraction of the charges (electric dipoles) mn the
mterfaces between polymer and metal particles. Charge
carriers under electric field can hop readily out of sites
with low free energy barriers but tend to ‘pileup’ at sites
with high free energy barriers. This leads to a net
polarization of the dipoles and large value of dielectric
permittivity [6]. Thus, the dielectric constant of the
composites 1s higher than the pure polymer. As
capacitance 1s directly proportional to dielectric constant
therefore similar increasing trend of capacitance is
observed with the increase of metal concentration.

V. CONCLUSION
Polyaniline doped with different concentration of Ag

nanoparticles has been prepared by chemical
polymerization process. The dc conductivity measurement
obeys the 3-D variable range hopping among localized
states for non-interacting carriers. The ac conductivity of
PA/Ag films imncreases with frequency as well as with
concentration. The parameters obtained directly from hall
measurement are in good agreement with that of dc
measurements. Thus, the hybrid material has mmproved
electrical conductivity, higher dielectric constant and
capacitance, which may make it quite important from

technology point of view.
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Abstract — Effect of polymer (PMMA) and salt (LiCF;S05)
on the conducting behaviour of polymer gel electrolytes in
non-volatile solvent (PC) has been studied. The maximum
ionic conductivity (c =2.92 mS/cm) of polymer gel electrolyte
has been observed at room temperature. An anomalous
conducting behaviour observed at small content of PMMA
addition in gel electrolyte. Small increase in conductivity
observed with increasing temperature (range 10°-70°C); is in
factor-wise only, which make these gel electrolytes suitable
for many device applications.

Keywords — Tonic conductivity, polymer gel electrolytes,
lithium salt.

L INTRODUCTION
olymer gel electrolytes are materials of current research

Pinterest due to their high ionic conductivity (> 10™* S/cm)
comparable with polymer electrolyte. Generally, polymer
gel electrolytes belong to the salt-solvent-polymer hybrid
system and prepared by immobilizing the salt solution
with a suitable polymer matrix. Salt provide ions in
solvent, whereas solvent helps to solvate the salt; retained
in the electrolyte matrix and polymer provides mechanical
stability to gel electrolyte [1-4]. Initial work on the gel
electrolytes mainly with lithium salts since 1973 due to
their small radii of lithium 1on, high ionic conductivity and
their use in different solid state ionic devices viz. high
density batteries, electrochromic windows,
supercapacitors, sensors etc. [5,6]. The conductivity (o) of
electrolyte is generally expressed in terms of the charge
concentration (n) and the mobility (u) of the ions as ¢ =
nqu, where q 1s the charge on the mobile species.
Polyvinylidenefluoride (PVdF), polymethylmethacrylate
(PMMA), polyethylene oxide (PEO),
polyvinylidenefluoride-hexafluoropropylene (PVdJF-HFP)
etc. are some of the polymers commonly used in
electrolyte for their jellification [7,8].

In the present research work, PMMA has been
used in the synthesis of polymer gel electrolytes
containing LiCF;SO; as a salt and propylene carbonate
(PC) as a solvent. The effect of smaller and higher content
of polymer addition on conductivity behaviour of gel
electrolyte has also been studied. Variation of conductivity
has also been observed with an increase in temperature of
polymer gel electrolyte containing LiCF;SO; in PC.

IL. METHODOLOGY
Polymethylmethacrylate (PMMA) (Aldrich, M, =
1,20,000), lithium trifluoromethane sufonate (LiCF;SO;)
(Aldrich), propylene carbonate (PC) (Aldrich) were used
as the starting materials for the preparation of liquid and
gel electrolytes. At room temperature; LiCF;SO; in
different concentrations (in molarities values)
dissolved in the solvent (PC) to obtain liquid electrolyte
and with the gradual addition of PMMA along with
continuous stirring at 40°C results in the formation of gel
electrolyte. Tonic conductivity of liquid and gel electrolyte
was measured with the help of conductivity meter (WTW
3210), which is based upon four probe method and inbuilt
temperature sensor.

III. RESULTS & DISCUSSION

Variation of ionic conductivity of liquid electrolyte by
dissolving LiCF;SO; salt (in different molar ratios) in PC
has been observed and as shown in figure 1. The
conductivity increases linearly with the smaller addition of
LiCF;SO;, reaches a maximum value and shows a
decrease with further addition of salt. At low salt
concentrations, salt upon dissociation in liquid electrolyte
and provide free ions, results an increase in conductivity
and maximum ionic conductivity obtained is 2.81 mS/cm
for liquid electrolyte at 0.8 molar concentration of salt.

was
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Fig. 1. Variation of conductivity (¢) of liquid electrolytes (PC— xM
LiCF3S0s3) with the concentration of LiCF3SOs in PC.

But at the higher salt concentration, there is small decrease
in conductivity, which may be explained to be due to the
formation of 1on aggregates.

Gel electrolyte was prepared by adding polymer
(PMMA) to liquid electrolyte and results obtained are
shown in figure 2.
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Fig. 2. Change of conductivity of polymer gel electrolyte at different
content of polymer.

It has been observed that the conductivity of gel
electrolyte containing 1M LiCF;SOs increases with the
addition of PMMA, reaches a maximum value of 2.92
mS/cm at 0.5 wt. % of PMMA and then decreases to a
value of 2.04 mS/cm at 10 wt. % of PMMA. An increase
i conductivity of gel electrolyte at small content of
polymer may be explained with that the polymer chain is
assumed to breathe in and out while it opens or folds
occupying different volume in the process, which leads to
localized pressure fluctuations assisting either in
separating the neutral ion-associated pairs or “‘loosen up”’
of the viscosity controlled mobility or both resulting in the
conductivity increment [10] and this fact has also been
observed i our results and as shown in Fig.2. In 1999,
Grillone et al have observed an increase in ionic
conductivity on jellification of gel electrolyte containing
salicylic acid and 1n 2000, Chandra et al. have suggested a
“breathing polymeric chain model” to explain the
mteraction of polymer with the liquid and gel electrolyte
[10,11]. But however the decrease in conductivity is small
and by a factor only. A small decrease in conductivity at
higher polymer content suggests that the polymer act as a
stiffener resulting in an increase in viscosity tend to
mobility decreases and hence conductivity.

The conductivity of gel electrolytes was also measured
as a function of temperature and the results are shown in
figure 3.
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Fig. 3. Variation of conductivity of polymer gel electrolyte as a function
of temperature.

Conductivity of PMMA based gel electrolyte increases
with increase in temperature and this behavior follow good
agreement with theoretical relation ¢ = cexp(-p/T) where
B-adjustable parameter, 6,—constant, T-temperature. Also
the increase in conductivity of gel electrolyte with increase
in temperature is small and factor-wise only, which make
suitable for many device applications [12].
Iv. CONCLUSION
Lithium 1on conducting PMMA based polymer gel
electrolyte having maximum ionic conductivity at room
temperature i1s 2.92 mS/cm. A small increase in
conductivity of gel electrolyte with lower content of
polymer has already been explained with “Breathing
Polymeric Chain Model” and small decrease in
conductivity observed indicates that polymer act as a
stiffener only at higher content of polymer. Small increase
i conductivity of gel electrolyte with increase in
temperature makes them suitable for many device
applications.
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Abstract: The importance of green innovation
management is growing in practice. Environmentally
benign manufacturing has become one of industry’s
greatest challenges from engineering, business and
marketing perspective. Green manufacturing is a method
for manufacturing that minimizes waste and pollution.
The goals of green innovation technology are often
achieved through process and product design.In this study
we will also discuss over the three life cycle approaches to
green product design:Design for reuse: this refers to
designing of products so that they can be used in later
generations.Design for disassembly: it is a method for
developing products so that they can be taken apart easily.
Design for re-manufacture: it is a method for developing
products so that the parts can be used in other
products.The paper stimulates discussion about the
adequacy of research in this subject area (managing green
innovation) and the dearth of comprehensive literature
reviews. 'Green manufacturing' also involves product
recovery activities. The former reflects on various
operations, that can be directly converted into usable
ones.. The various types of such activities like
remanufacturing, recycling, etc. In our country, the
'Green manufacturing' concept is still young. However,
the inherent scarcity of natural resources is creating
motivation to make it a field of active research. The
government has extensive plans to market Indian
manufacturing as Green to make it stand apart from
Chinese and US products that are energy-intensive. Thus,
adoption of Green Manufacturing techniques reduce
energy consumption, and promote development but not at
the cost of environment.

Keywords: Green innovation, Eco innovation, Environmental
innovation, Sustainable innovation.

L INTRODUCTION:

The term “Green Technology” is also used to describe
sustainable energy generation technologies such
as photovoltaic, wind turbines, bioreactors, etc. The
Green technology is also used to describe a class of
electronic devices that can promote sustainable
management of resources. Green, renewable energy is
already a major component of energy production in
India. From the ancient period, the importance of
management of green innovations 1s growing in
practice. The research based on green innovations is
divided into six sections i.e. in the first section we
present different definitions for the following notions

around the concept of green innovations including
ecological innovations, environmental innovations,
green innovation and sustainable innovations. These
definitions are further discussed and compared to create
an understanding of similarities and differences in this
conceptualisation. In the second section, the results
from a quantitative analysis of the available literature
under the above given notions are provided, the third
section describes our research approach to analyse the
data for our literature review, in the fourth section we
present our finding of our quantitative analysis, in the
fifth section a brief overview and discussions of our
findings of our quantitative analysis is done, the
conclusion of the paper including the future research are
concluded it the sixth section. To attain the goal of
sustainable development, green innovation can raise
resource productivity efficiently and decrease pollution
effectively. Green innovation has become one of the
most important strategic tools in manufacturing industry
under the new environmental era.

Introduction

Concept
Clarification

Research
GREEN Approach
INNOVATION

(basic sections)

Findings

Discussion

Conclusion and
Future Research

IL. THE CONCEPT OF GREEN INNOVATION:

The basic notions of the green innovation in technology
are ecological innovation, environmental innovation,
green innovation and sustainable innovation are used in
this research. A clarification of the concept of green
mnovation was required to understand which literature
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must be included in our analysis so this process is
carried out before reviewing the literature part .the
following definitions of the above mentioned notions
are described as follows

1. SUSTINABLE DEVELOPMENT:
Meeting the needs of the present without compromising
with the ability of future generations is termed as
sustainable development. In 1980 the term “sustainable
development” was first used by the International Union
for Conservation of Nature (environment) and Natural
Resources in their World Conservation Strategy report.
This report defines sustainable development as “the
mtegration of conservation and development of natural
resources to ensure the modifications in securing the
survival and well-being of all people.” Open
Sustainability innovation uses open innovation in the
development of sustainable products, services and
initiatives.
Sustainable innovation is an approach to marketing for
companies which may prove to be advantageous. As a
result of the conversational relationship between
companies and consumers ideas about the importance of
sustainability and how people relate to this through
consumption can arise.

[ransforming
Innovation for
Sustainability

11. ECO-INNOVATIONS:

A large variety of definitions exists for “eco —
mnovation”. Fussler and James (1996) define eco-
mnovations as “new products and processes which
provide Customer and business value but significantly
decrease environmental impacts” (cited From Bartlett
and Trifilova (2010: 2)) .eco-innovation is “the
production exploitation of the product with production
process followed by service or management or business
method Which results in throughout its life cycle, in a
Reduction of environmental danger, pollution and other
bad impacts of resources use ( including energy use)
compared to other relevant substitutes. Eco-innovation
is about the fluctuation, consumption and production
styles and market uptake in technologies of products
and services to eliminate our 1impact on the
environment.

But it is not just the environment that stands to gain
from eco-innovation. Every year, there is an increase in
the world market for environmental products & services
with the exploitation of new markets. The Europe
INNOVA panel

concludes that “eco-innovation means the creation of
novel and competitively priced goods, processes,
systems, services, and procedures that can satisty
human needs and bring quality of life to all people with
a life-cycle-wide minimal use of natural resources
(material including energy carriers, and surface area)
per unit output, and a minimal release of toxic
substances” (cited from Reid and Miedzinski (2008: 7)).
In comparison to the eco-innovation definitions, Oltra
and Samt Jean (2009: 567) define environmental
mnovation “as innovations that consist of new or
modified processes, practices, systems and products
which benefit the environment and so contribute to
environmental sustainability.

. GREEN INNOVATION:

‘The creation or implementation of new, or significantly
improved, products (goods and services), processes,
marketing methods, organisational structures and
institutional arrangements which the creation of novel
and competitively priced goods, processes, systems,
services, and procedures that can satisfy human needs
and bring quality of life to all people with a life-cycle-
wide minimal use of natural resources (material
including energy carriers, and surface area) per unit
output, and a minimal release of toxic substances’ (Reid
and Miedzinski, 2008) — with or without intent — lead to
environmental improvements compared to relevant
alternatives’ (OECD, 2009).

We found out the six important factors/aspects in the
different definitions and they are firstly, innovation
object which deals on product, services and methods.
secondly we like to mention about the market
orientation which deals in satisfying needs to be
competitive to withstand the market, thirdly its about
environmental aspects, says it reduces the negative
impact which means zero impact .fourth point says
about the phase which depicts about the full life cycle
(for material flow reduction).in fifth point it depicts
about the intention for reduction in impulse may b
considered economical or ecological. Last part tell
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about the level, setting up a new innovation standard to
the company

1. Literature view:

The term “sustainable development” was first used in
1980 by the International Union for Conservation of
Nature and Natural Resources in therr World
Conservation Strategy report. The report defines
sustainable development as “the integration of
conservation and development to ensure that
modifications to the planet do indeed secure the
survival and well-being of all people. In 1987 the
concept of sustainable development does imply limits -
not absolute limits but limitations imposed by the
present state of technology and social organization on
environmental resources and by the ability of the
biosphere to absorb the effects of human activities
(Brundtland, 1987: 24).

As stated in several publications (e.g. Mebratu (1998),
Dixon and Fallon (1989)), the notion of “sustainable
development” was essentially coined by the Brundtland
report, commissioned by the UN where it is defined as
meeting the needs of the present without compromising
the ability of future generations to meet their own
needs. One of the first, Fussler and James (1996) define
eco-innovations as “new products and processes which
provide customer and business value but significantly
decrease environmental impacts”

In 2002, to define the notion ‘green innovation’
Driessen and Hillebrand (2002: 344) apply “a rather
pragmatic definition” stating that it “does not have to be
developed with the goal of reducing the environmental
burden” .In 2006,Chen, Lai et al. (2006: 534) define
green innovation “as hardware or software innovation
that is related to green products or processes, including
the innovation in technologies that are involved in
energy-saving, pollution-prevention, waste recycling,
green product designs, or corporate environmental
management”. In 2007 in a similar manner Kemp and
Pearson (2007: 3) define eco-innovation as “the
production, assimilation or exploitation of a product,
production process, service or management or business
method that 1s novel to the organization (developing or
adopting it) and which results, throughout its life cycle,
in a reduction of environmental risk, pollution and other
negative impacts of resources use (including energy
use) compared to relevant alternatives”.

In 2008, based on the industrial dynamics perspective
Andersen (2008: 5) defines eco-innovation “‘as
mnovations which are able to attract green rents on the
market. In 2009, building on these two definitions
Arundel and Kemp (2009: 34) conclude that eco-
mnovation is “a new concept of great importance to
business and policy makers. It is about innovations with
lower environmental impact than relevant alternatives.”

IV.  DISCUSSION

This paper shows that the concept of green innovation is
closely related to three other notions that is sustainable
mnovation, innovation and ecological innovation. A
minor conceptual difference was found while
comparing the various definitions for these four notions.
We 1dentified six aspects ( 1.e. innovation object ,
market orientation , environmental aspects, phase,
mmpulse and level).that are incorporated in different
definitions and found one key aspect that differentiates
the conceptualization of sustainable innovations from
the other three notions. In its original meaning,
sustainable innovation includes a social dimensions as
well as ecological dimensions. Across the three other
notions, ecological innovations seem to be the most
precise and well developed concept, where as green
mnovations remain rather shallow .but if we compare
all the four notions, sustainable innovation is desired.

Environmental innovation Sustainable imnovation

The most common usage of | Sustainable
the term "eco-innovation" | development is
is to refer | an organizing

to innovative products and
processes  that  reduce
environmental impacts

principle for human life
on a fimite planet. It
posits a desirable future
state for human societies
n which living
conditions and resource-
use meet human needs
without undermining
the sustainability of
natural systems and the
environment, so that
future generations may
also have their needs
met.

This 1s often used In
conjunction with eco-
efficiency and eco-design.
Leaders in many industries
have been developing
mnovative technologies in
order to work
towards sustainability.
However, these are not
always practical, or
enforced by policy and
legislation.

"Sustainable

development 1S
development that meets
the needs of the present
without  compromising
the ability of future
generations to meet their
own needs."
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V. CONCLUSION:

Through this paper we have found that different notions
provide reduced environmental impact in the
mnovations. The main focus of current research has
shifted from green and environmental innovations to
sustainable innovations. Most of the available
definitions in the field of green innovations are focused
on economical and ecological intended innovations. The
further research is required for the classification of
green innovations. The future research can place
emphasis on two levels: at first level defining and
analyzing the related problems thoroughly on a smaller
scale and at the second level comparing the ecological
mnovations from different firms and sectors to build a
theory on meso or macro level.
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Abstract-The review of the multi-millennia long history of
human civilisation indicates that the significant increase of
the level of living and production is connected more often
with the launching of new material groups with the
properties better and better adjusted to real requirements
of customers getting more sophisticated nearly each day.
The given reasons enable to forecast that the future of the
market and products with the required properties, which
appear on the market, are inseparably connected with the
development of materials science and engineering. The
fundamental aim of materials science and engineering is
materials selection ensuring required functions and
application  properties of products, which are
manufactured out of them. Better understanding of the
development of minerals and composites by the live
organisms, biomimetic materials become the fast
developing area of materials engineering, enabling to copy
the biological processes and materials, both organic and
inorganic ones (e.g., synthetic spider’s thread, DNA chips,
crystal growth within the virus crates) and are
manufactured more and more accurately and efficiently,
due to which their usefulness improves and new
possibilities of their use become apparent (e.g., self-repair
feature, ultra-hard and ultra-light composites for
airplanes)

Keyword:-Biomemetics, hydrophobicity, Anti reflective
Nano materials

1. INTRODUCTION

The field of science and engineering that seeks to
understand nature as a model for copying, adapting and
mspiring concepts and designs is now mostly called
Biomimetic. As a model for inspiration, it is important
to remember that Nature’s solutions are the result of the
survival of the fittest and these solutions are not
necessarily optimal for the required function. Many of
Nature’s materials and processes are far superior to
man-made ones where the sea shells and the spider web
are examples of such materials and structures .Natural
materials like wood and bone have been used in
structural applications throughout the history of the
human race. Biomimetics first appeared in ancient times
when natural materials and structures were replicated
using artificial materials like metals and ceramics. In
more recent times biomimetic materials have found
applications in medicine where artificial materials have
been developed that to some degree replicate the tissues
they replace. Currently, the advent of nanotechnology
and advances in our understanding of biological
systems has enabled the methods of biological synthesis

and assembly to be applied in material fabrication. This
has greatly expanded the range of materials and the
range of applications to which biomimetics 1is
applicable.

Mimicking of
bioasssembly
Mimicking of biomimetics and bio-
biosynthesis ™ enabled materials
Replication 1
of natural 1
materials :
- 1
Use of 1
natural structural medical !
materials materials materials :
1
prehistory dawn of classical medieval 19"C  20"C present future

civilization  civilizations

Historical Timeline

Fig.1:-Historic Development

The use of natural materials for human applications can
be traced back many thousands of years and it includes
the silk, bones, leather, fur, ivory and many others [12].
As a result of the recognition of these materials
advantages there has been an ever-increasing need for
supply and it led to the development of artificial
versions. Besides their immediate use for thermal
protection, food, cleaning, beauty, construction, etc.,
natural materials have other important capabilities many
of which we don’t know how to mimic. It is interesting
to note that natural materials are normally produced in
ambient conditions and their fabrication generates
minimum waste, where the result is biodegradable and
1s recycled by nature. Learning how to systematically
mimic nature’s materials and fabrication processes will
dramatically expand our capabilities and choices as well
as improve our ability to recycle materials and protect
the environment. Also, it can benefit humans in many
other ways including the development of more life-like
prosthetics as well as artificial hips, teeth, structural
support of bones and others. Biological structures are
made either as an integral part of the body, including
the bones, shells, and nails; or made by them to support
the life essentials including bird nests, cocoon shells,
spider web, and underground tunnels. These structures
have numerous advantages such as resilience, multi-
functionality, and great fracture toughness. The spider,
bees and beaver are examples of creatures that produce
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amazing structures and demonstrate great engineering
skill. The spider creates large flat webs; the beavers
construct large habitats on water streams and the bees
produce the honeycomb that is a highly efficient
packing configuration for laying their eggs with
nurturing material (the honey) for their off-springs [13].
The honeycomb structure is also made by humans and it
1s widely used to create aircraft structures benefiting
from the low weight and high strength.

2. HISTORY OF BIOMIMETICS RESEARCH

The term “biomimetics” (in Japan, the term is translated
literally as “Imitation of Living Things”) was proposed
by German-American neurophysiologist Otto Schmitt in
the latter half of the 1950s. In the 1970s, biomimetics
research came along in the fields of chemistry, as
“Biomimetic Chemistry,” aiming at molecular-level
emulation of enzymes and biomembranes. The artificial
photosynthesis research that became active in the 1980s
laid the foundation for dye-sensitive solar cells, and the
actuator research, using gel, brought about such
mventions as synthetic muscles. Entering the 1990s, in
spite of the prevalence of the idea “Learn from Living
Things,” the opportunities for linkage with biology, in
effect, almost disappeared. Even the term “Biomimetic
Chemistry,” which represented an academic field,
became almost extinct in the wake of the shift of focus
toward molecular nano-technology and nano-biology.

100%1Goa METALS
Glossy metals
Al-Li alloys
Iron Dualphancﬂccla . Slow
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Cast iron New super alloys

Wood
75 %= Skins Steels
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=
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CERAMICS

0 1 11 l 1

1 1 1 1
10000 5000 O 1000 1800 1900 1940 1960 1980 1990 2000 2010 2020

DATE
Fig.2 Historic Development of material Science

In contrast, the material research, or

new generation biomimetics, are considered to have
been created through collaborations among natural
history, biology, and material nano-technology, where
electron microscopy and microfabrication technology
provided the common platform. The characteristics of
nano-technology in Europe are symbolized by

the term “Nano meets B1o.”

cm Dawn of Biomimetic Research i .
Mechanical Biomimetics.
e -
Schmitt Trigger Sonar inspired by bats
.l Insect-like robots.
| Hook-and-oop Fastner |

mm

[ Proposal of Biomimetics by Otto Schmatt |
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First Generation Biomimetics

nm (molecular biomimetics)
1638 Artificia Biological
nylon fiber Membrane

i
i
I Biomimetic Engineering
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Figure 3: History of Biomimetics Research

3.APPLICATION OF BIOMIMETICS MATERIAL

Lotus Effect: Superhydrophobicity — Paint, Self-Cleaning

TRy

Schematic Representation of

the Surface of a Lotus Leaf
Hierarchical Structure: convexo-
concave microstructure (several
micrometers) on the array of
bumps (several hundreds of
Lotus Leaves: water-repellent Nanometers)

Fig. 4 Lotus Effect: Self cleaning

/snarkskm Riblet: Fluid Resistance — Swimming sm
A Anti-fouling Coating,

i , Painting of Ship Bottom
¥
»

\_ Expanded Schematic View of Sharkskin /

==

Fig. 5 Sharkskin Riblet :Fluid resistance
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ﬂoloring of Butterflies and Jewel Beetles: Structural Color — Fibers, PainA
Photonics Materials

2-3 microns

Approximately 100 microns Periodic Structure with Roughly
\Scnematic View of Scale Surface (Butterfly)  the Same Length of Light

Fig. 6 Colouring of Buterflies: Structural Colour

/ Gecko's Finger: Adhesive Hair — Adhesive Materials \

Expanded Schematic View of Micro Hair with a Diameter of
Qecko’s Finger Approximately 200nm /

Fig. 7 Gecko’s Finger: Adhesive Hair

Sr. | Concept Concept Detail Application
name
No.
1 Lotus Super Paint, Self-
Effect hydrophobicity | Cleaning
2 Sharkskin | Fluid Resistance | Swimming Suit,
Riblet Ant 1 - foul ing
Coat ing,
Painting of Ship
Bottom
3 Coloring of | Structural Color | Fibers, Paints,
Butterflies Photonics
and Jewel Materials
Beetles
4 Gecko’s Adhesive Hair Adhesive
Finger Materials
5 Moss Eye | Anti-reflective Anti-reflective
Structure Films,
Photonics
Materials

Table 1: Application of Biomimitics Material

4. CONCLUSION:-

Biomimetics is not a new way of adapting ideas from
biology, but it is currently empirical in its approach. If it
1s to build on current successes, and to be able to serve
our technological society, then it needs some sort of
regularizing, best introduced as a set of common
principles. The benefits to be gained

from biomimetics are not yet totally obvious, other than
to deepen the human race’s box of technical tricks.
However if, biological functions and processes are less
reliant on energy, then the implications could be very
significant. That this change in our approach to
technology and engineering could be achieved by
developing nanotechnology. At the beginning of the
21st century, it 1s fair to say that biomimetics is ancient
i its origin, but modern in terms of its potential
applications and use. This area of materials research is
set for rapid expansion in coming years, and this will
result in substantial technological advances.
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Characterization and gas sensing properties of

surface modified Indium Oxide films.
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Abstract-Indium Oxide (In,05) films have been prepared by
thermal oxidation of pre deposited Indium films onto glass
substrate kept at room temperature (35 °C). These films
were dipped into an aqueous solution (0.1 M) of Sulphonated
Copper Phthalocyanine (TsCuPc) followed by being fired at
500 °C. Based on X-ray diffraction and Field emission
scanning electron microscopy results it has been observed
that modification of pure film in results in deterioration of
crystalline character. The gas sensing studies show increase
in gas sensing response towards acetone

Keywords: Dipping; Microstructure; UV-visible spectroscopy;
Gas sensing.

1. INTRODUCTION

While synthesizing TCO materials, it 1s a common
practice to introduce impurities using various techniques
to modify structural, electrical and optical properties. For
example Li, Sn, Fe, As and F have been doped in In,O;
using chemical synthesis, VLS, reaction route, laser
ablation process and magnetron sputtering, respectively

Among various techniques used, the coating of
nanoparticles using dipping technique has been used by
some research groups to enhance the surface, chemical
and physical properties of nanomaterials. Depending on
both the concentrations of additives and crystallization
parameters, a sumultaneous structural modification of the
base oxide can take place which involves change in grain
size, appearance of second phase and change of
electrophysical and surface properties. There are
examples in which dipping technique has been followed
to modify the surface and to enhance the gas sensing
performance of semiconducting films. The effect of
various surface doping elements on the electrical and gas
sensing properties of indium oxide thick film sensors was
investigated by D. Sanders and U. Simon’ Surface
modification of ZnO nanoparticles 1s also done to
mprove the  compatibility = between  inorganic
nanoparticles and organic matrix’ and to enhance gas
sensing responses *°. Gas sensing properties of SnO, and
BSST based thick films has been enhanced by modifying
their surface using PtCl, and AL O; 112 However, there
1s lack of studies about the effect of impurities introduced
by dipping technique in indium oxide. In this manuscript
we focus on the structural, optical and acetone sensing
properties of pure and modified indium oxide films. The
modification of pure films is done by dipping them into

aqueous solution of Sulfonated copper phtalocyanine
(TsCuPc), followed by firing at 500 “C.

2. EXPERIMENTAL

Indium (In) films were deposited on the corning glass
substrate kept at room temperature at pressure of 10~ torr
using thermal evaporation technique. The thickness of the
film was determined by depth profiler (Dektak 3030 XT)
which was found to be 0.3 ym. The films were then
thermally oxidized in air at 500 ‘C to form pure In,Os.
The dipping technique was adopted to incorporate
TsCuPc into thermally oxidized In,O; films. The In,O;
films were dipped into a 0.1 M aqueous solution of
TsCuPc for 2, 5 and 10 minutes. These films were then
fired at 500 “C.

The X-ray diffractograms (XRD) pattern of pure
and modified films were taken using Cu Ko (wavelength-
1.5405 A’) radiation in range 0-60° by XPERT-PRO
diffractometer. Surface topography of films was analyzed
using field emission scanning electron microscopy (JEOL
JSM 6700 FESEM) with beam voltage 25 kV. The optical
gap (Eg) were deduced from absorption spectra using the

relation (ahv)2 = A(hv - EQ) .

The acetone sensing properties of pure and
modified Indium oxide films were measured at room
temperature (35 °C) using laboratory built apparatus
consisting of a sealed chamber having inlet and outlet
ports. During gas-sensing measurements, the outlet port
was closed and acetone was injected mto the chamber
through mlet port. Sensing characteristics of the sensor
were then studied by measuring the variation in electrical
resistance using Keithley electrometer (6517) as a
function of time.

3. RESULTS AND DISCUSSION

3.1 Structural Characterization

The growth, orientation and crystallite size m pure and
modified In,O; films have been evaluated by XRD as
shown m Fig.l. XRD of pure film has five peaks
corresponding to 26 ranging from 20° to 60°. Results
indicate that maximum intensity is exhibited by 222 plane
corresponding to 30.58°. The 211, 400, 332, and 440
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planes at 21.52°, 35.47°, 41.8° and 50.99°, respectively,
of comparatively low intensity are also obtained. These
peaks are characteristic of In,O; crystallites with bee
structure according to the ASTM card no. 6-0416.

10 minutes
=
=
=
=
S
= 5 minutes
E=
8
= W
222)
2 minutes
(440)
(400)
(622)

20 30 40 50 60 7O
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H :
g 500C
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211 400 440
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a b
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Fig.l. X-ray diffraction curve for puuPc modified In,O;
film.

The crystallite size 1s calculated from the (FWHM) of
(222) peak using the Scherrer’s formul

094
Pcosb
2

where f 1s FWHM of most intense peak and A is the
wavelength of CuKa radiation (1.542 A °). The film
dipped for 2 minutes is polycrystalline, and exhibit (222),

(400), (440) and (622) peaks. The relative intensities of
these peaks decrease after dipping the In,Os; film for 5
minutes in aqueous solution of TsCuPc. After dipping for
10 minutes, the films appear to be amorphous. Thus
sulfonated copper phthalocyanine tends to destroy the
crystalline phase of mdium oxide.

Fig. 2 FESEM reveals the spherical
morphology of particles, which are highly agglomerated.
Inspection of other two images revealed the deteriorated
crystallanity of films. Therefore, FESEM results confirm
the same trend seen in XRD analysis.

2 minutes |

3.2 Optical properties
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Figure 3 Plot of (aE)’ versus E for modified films

The absorption coefficient of the films has been
determined over the energy range 1.2-4.5 eV. The
absorption edge of modified In,O; films is examined in
terms of a direct transition using the equation of Bardeen
et al. H stating that

(ahv)? = A(hv — Eg)

Extrapolation of the linear portion to ohv =0 gives the
value of optical band gap under direct allowed transition
for pure and modified films Figure 3 shows the plot of
(aE)* versus E for TsCuPc modified In,O; films. There is
a decrease in optical band gap of pure In,O; films after
modification with TsCuPec.

3.3 Response to Acetone gas
The acetone response of pure and modified In,O; films
has been determined  using  the  relation
R_R
——£ X100
Ra
Here R, and R, are the resistances of sensor in

air and in presence of ammonia, respectively.
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Figure 4. Response of pure and TsCuPc modified In;O;s film to 50 ppm
of acetone.

The gas sensing studies show that modification
of the surface of indium oxide films by TsCuPc also
increased the response for acetone vapors. For pure and
In,0; film surface moditfied by dipping for 2 minutes in
aqueous solution of TsCuPc, the response values are 8.5
and 13% respectively, shown in figure 4. The response
does not show any significant improvement i values in
case of films modified by dipping for 5 and 10 minutes.
This 1s attributed to dense microstructure and deteriorated
crystalline quality of films due to which there could not
be effective diffusion of analytic gas through the film.
These films also do not show any improvement in
response values for other gases like ammonia and ethanol
gases.

Two facts could be responsible for such an
attitude of these films. When a a p type organic
semiconductor like Sulfonated copper phthalocyanine 1s
added m n-type In,Os, it may form some pn junctions in
the sensing material giving rise to a positively charged
depletion layer on surface. This will cause lowering of
activation energy and enthalpy of physisorption for
vapors with good electron donating characteristics. When
the sensor 1s exposed to a volatile organic base like
acetone, its molecules may diffuse into the interface of the
p-n junction, and lead to variations in the sensor
performance’. Since acetone is electron donor. it is also
possible that a schottky barrier is also formed and p-n
hetrojunction 1s destroyed, leading to obvious resistance
changes in resistance of sample. Similar explanation is
given by Y. H. et. al.’® for CuO-ZnO hetrojunctions for
H,S gas. We can also explain the highest sensitivity of
acetone 1n light of dipole interactions. The organic layer
of TsCuPc is polar in nature. A. Kumar et. al.'” also
explained this fact while discussing the chlorine gas
sensing property of sulfonated copper phthalocyanine
films. Ethanol and ammonia has lesser dipole moment
than acetone. As a consequence, the interaction between
the organic layer and acetone molecules could be much
stronger than any other gas, leading to the observed
senstivity to acetone. L. Wang et. al. also gave a similar
type of reason while explaining the selectivity of acetone
towards WO; nanoparticles'®

4. CONCLUSION
XRD analysis revealed that pure and modified In,O; films
are polycrystalline in nature with 222 plane having
maximum intensity. FESEM micrographs shows small
and large crystallites dispersed on pure modified In,O;
film surface which changes into agglomeration as time of
dipping increases. There 1s a decrease in optical band gap
of pure In,O; films after modification with TsCuPc. The
gas sensing studies show that modification of the surface
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of indium oxide films by TsCuPc also increased the
response for acetone vapors.
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Abstract— In this paper we present the time evolution of
the quantum wave packet, constructed by superimposing the
rotational states of H, molecule. We use the probability
density function, auto-correlation function, and the various
time scales to explore the time evolution and the revival
pattern of this wave packet. We show that the wave packet
collapses and revives during the time evolution.

Keywords—Bound wave packets, revivals and collapses,
quantum mechanics.
L INTRODUCTION

A quantum wave packet can be defined as a superposition
of a set of eigenstates in a system. The eigenstates can be,
for instance, electronic states in atoms, vibrational or
rotational states in molecules and photon-number states in
quantum optics. The evolution and dynamics of such wave
packets is the subject of interest in many areas of physics
and chemistry. In physics a short laser pulse produce a
Rydberg wave packet i.e. a superposition of highly excited
states. These Rydberg wave packets provides a bridge
between classical and quantum mechanics. In molecular
physics, ultra short pulses are used to prepare and probe
molecular wave packets. The technique can be used to
control chemical reactions using optimized light pulses.
The phenomenon of collapses and revivals of the wave
packets was first discussed in [1]. After that many authors
have discussed this phenomenon focusing on the infinite
square well potential [2-4], harmonic oscillator potential
[5--6] and the Rydberg Atoms [7—=8]. Certain variants of
the infinite square well have also been discussed as the
mfinte square well with 8 potential at the centre [1],
asymmetric infinite square well [9] and the finite square
well [10]. The united approach of all these authors
relevant to the demonstration of the phenomenon of the
collapses and revivals of the wave packets 1is to localize
the initial Gaussian wave packet inside the well and then
visualize the dynamics of the wave packet with the
passage of time. The autocorrelation function has also
been plotted by some authors to give the evidence of the
collapses and revivals of the wave packet [11].

The study of the time evolution of the bound state wave
packet illuminates many features of the wave mechanics .
This includes both semi-classical features as well as purely
quantum mechanical effects. Initially the wave packet

moves along the classical trajectory showing the classical
behavior, but afterwards spreads out due to dephasing of
the subsidiary waves. Under some conditions the
spreading process is reversed due to rephasing and, after
long enough time, the wave packet comes back to its
imitial state nearly completely. This behavior demonstrates
the quantum behavior of wave packets. The dynamics of
the unbound and bound wave packet have been visualized
by many authors .This approach of visualization of the
dynamics of the wave packet has facilitated the
understanding of many quantum phenomenon like
tunneling, scattering, interference and reflection. As a
consequence such visualizations have become increasingly
relevant as pedagogical tool.

In this work we have constructed a wave packet by
superimposing the rotational states of H, diatomic
molecule. Rotational motion of molecules can be treated
using the rigid rotator model. The key thing that we learn
from a rotational spectrum is the bond length of the
molecule. Moreover each energy level of the quantum
mechanical rigid rotator i1s (21+1) fold degenerate. Thus E;
will be threefold degenerate. This 1is important in
mterpreting the intensities of the infrared spectra of gas
phase molecules.

1L QUANTUM WAVE PACKETS CONSTRUCTION

Here we construct a quantum wave packet by
superimposing the rotational states of a  diatomic
molecule. A rotating diatomic molecule could be modeled
as consisting of two point masses m; and m, at fixed
distance r; and r, from their center of mass (Fig.1).
Because the distance between the two masses is fixed, this
model is referred to as the rigid rotator model.

Center of

==

Fig. (1). Two masses m; and m, shown rotating about their centre of
mass.
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Next we consider a two dimensional rigid rotator where
two masses are attached by a rigid rod, at a fixed distance,
1, and are free to rotate about the Center of Mass in their x-
y plane as in Fig. (2),

Y

m
Fig. (2). Two dimensional rigid rotator

The angle ¢ represents the angle of rotation relative to
the x-axis.
The 2D Schrodinger equation for the relative motion of

two masses 1s given as,
2

—h—sz/+Vl// =Fy,
2u

where

MM,  is the reduced mass,

mym,

2 6_ " 6_ 1s 2D Laplacian operator.
ox”  oy°

In terms of the plane polar coordinates, the Schrodinger
equation becomes,

h2 62
20" 84

The energy Eigen values and the normalized wave

function are given as,

w=Ey-

2 2
_hm”

E

2’
And
1 me

=—¢
v N2

Where

111 TIME EVOLUTION OF THE QUANTUM WAVE

PACKET
The time-dependent wave function for the quantum wave
packet formed as a superposition of rotational states is
given as [1],
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w(p.t)=2 c v, (#)exp( —iE1).

(4) Here the coefficients are the weighting factors in the
superposition, which are given in terms of the initial wave
function as

¢, =¥, (8.0, (4.0))

We model the weighting probabilities as a Gaussian
distribution,

1 —(m—m):fry .
40°

= e
270’

m

This model is preferred as it provides a symmetrical

distribution in m with meanjy .

The assumption that the weighting probabilities are peaked
around a mean value, it is reasonable to suppose that the
states with energy near the mean value, contribute for the
formation of wave packet. This allows expanding the
energy in a Taylor series in v around the central value 177 :

E,=E,; +Eﬁ‘(m —/1_1)+%Eﬁ”(m—m)2 +%Eﬁm(m —m)* +.

®)

where each prime denotes a derivative. The derivative
terms in Eq.(5), define the time scales as given below [5]:

T :27?')‘1‘], _ 2 7th _ 2nah

cl E;? rev %‘Elﬁr sr_%|E”"7|'

The first time scale is the classical time period for the
shortest closed orbit. It controls the initial behavior of the
wave packet. The second time scale 1s called the revival
time. It governs the appearance of the fractional revivals
and the full revivals. The third time scale is the
superrevival time. It is a larger time scale. In terms of
these time scales the Eq. (4) can be expressed as,

T,

cl rev

l//(¢’ f) = Zcm‘//m (¢) eXP|i— 2777( (m; m)f + (m — m) 4 + ..

(6)

The expansion (6) shows that the time evolution of wave
function 1s governed by these three time scales, which in
turn are controlled by quantum number v. For small values
of't, the first term in Eq. (6) dominates. Thus during this
interval motion of wave packet is approximately periodic
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in time with period 7 . As t increases more the second

term in phase modulates this behaviour, causing the wave
packet to spread and collapse. However at time equal to
revival time, the second term in phase equals 271 and once
again the motion is governed by the first term. As a result
the wave packet regains its initial shape. This 1s called a
full revival. Similarly at the superrevival time again the
contribution of the third term is 2m1 , the wave form
reforms into a single wave packet that resembles the initial
one better than does the full revival at time revival time.
This new structure is called a superrevival.

IV.  THE PROBABILITY DENSITY FUNCTION AND THE
AUTO-CORRELATION FUNCTION

The probability density function is used to plot the
shapes of the wave packet at various times. This function is
defined as follows,

v @0 =v@.0"v (.0

Similarly the autocorrelation function is defined as
[11],

AN =y ($.0) (4.1

Its absolute square gives a measure of the overlap
between the wave packet at time t=0 and at later time t.

IV. RESULTS AND DISCUSSIONS

Here we choose a weighting factor with central value of
15 and H, as an example of diatomic molecule. Now for
the molecule H, the reduced mass. bond length, moment of
inertia, the classical time period and the revival time period
are,

1 =830x10"*Kg,
r=0.74x10" m,
l:4.55x10_48Kg.m2,
T, =1.9037 x10"s.
T, =57.111x10"s

The following figures are the plots of the probability
density function at various instants of time. Fig. (3) is the
plot of the probability density function at time t=0. Fig. (4)
1s plot of the probability density function at time t=T Fig.
(5) 1s plot of the probability density function at time t=T,.,.

graph fort=0

probability density

1 . 1 L L 1 1

0 Il 1

On 02 Odn Ofn O8x In 120 Ldn 16x 181 21
®(radians)

Fig. (3): Probability Density plot at time t=0

graph for t=TcI

h=g o o o
f=3 =3 E=3 o
= = = o
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o
o

1 1
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Fig. (4): Probability Density plot at time t=T

graph for t=T

ey

probability density

0
On 021 O0d4n Ofn 08r In 121 ldn 1én 18n 2
®(radians)

Fig. (5): Probability Density plot at time t=T..

From these plots it is clear that the wave packet spreads
more and more after every classical time period.
Ultimately the wave packet will collapse. But at the
revival time period the wave packet revives to its
original state. This fact is made more lucid from the
following plot absolute square of the autocorrelation
function verses reduced revival time (the ratio of the
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revival time period and the revival time for the
primitive path), Fig. (6),

i
Gl

rey rey
Fig. (6): Autocorrelation function vs. reduced revival time

The absolute square of autocorrelation function
numerically varies between 0 and 1. When wave packet
exactly matches initial wave packet the value i1s 1. For a
completely mismatched wave packet the value is 0. From
the Fig (6), it is readily seen that the wave packet shows
exact revival pattern after each revival time (longer peaks).
The smaller peaks show the existence of fractional revivals.

V. CONCLUSION

Quantum wave packet constructed by superimposing the
rotational states of the H, molecule shows the exact
revival pattern along with the fractional revivals.
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Abstract—Titania doped aluminophosphate glass was
prepared using melt-quench technique. The glass was found
to be of purple color. The glass was then characterized for
optical and structural variation with irradiation using
gamma ray dose from 25 kGy to 200 kGy. The UV Visible
spectra of the glass revealed that these glasses can act as
radiation shielding materials but for low dose i.e. upto 100
kGy. Raman spectra showed the variation in intensity of
different bands with irradiation. However no new bands
were formed but only slight shifting of bands was observed.

Keywords—Phosphate glass, UV Visible spectra,
Raman spectra, Irradiation
L INTRODUCTION

Phosphate glasses doped with transition metals have
gained interest in recent years due to their interesting
optical, magnetic and electrical properties. These glasses
find a wide range of technological applications like solid
state laser hosts, optical fibres, TL materials and many
more [1-2]. The addition of alumina and titania to
phosphate glass enhances its chemical durability [3].
Generally, titanium exhibits two valence states in oxide
glasses. They either exist as trivalent Ti'" ions or as
tetravalent Ti*" jons. However in phosphate glasses the
stabilisation of Ti** ions is easier to achieve as compared
to Ti*" ions.TiO, acts as glass modifier when doped in
phosphate glasses. It enhances the chemical durability of
glasses by forming more stable Ti-O-P bonds as compared
to P-O-P bonds. It has been reported by many researchers
that exposure of materials to high energy radiations
produce drastic changes in the electrical, chemical,
magnetic, structural and optical properties. These
radiations cause ilonisation and thus lead to the
displacement of constituent ions in the sample. Ionisation
radiations generate defect centers also called as color
centers in glasses due to electron or hole capture
mechanism [4]. The main objective of present work is to
study the effect of different gamma ray doses on optical
and structural properties of 50 P,0s-5A1,05- 30 CaO -10
Na,0-10 Ti0, glass.

II. EXPERIMENTAL DETAILS

A.  Preparation of Glass sample

The glass with composition 50 P,0s-5AL,0;- 30 CaO -
10 Na,O-10 TiO, was prepared using the conventional
melt quench technique. All the chemicals were weighed
and thoroughly mixed in a ball mill for 24 hours to form a
homogeneous mixture. This batch was then melted in an
electric furnace at 1300°C for 2 hours. The melt was then
poured onto preheated steel plates maintained at
temperature 200°C to obtain the bubble free transparent
glasses. The glass was then annealed at 400°C to remove
internal stress if any. The glass sample was then exposed
to 4 different gamma doses from 25 kGy -200 kGy using
%9Co gamma cell at room temperature.

B. JV Visible Spectroscopy

Ultraviolet and visible optical absorption spectra was
measured for polished glass sample without irradiation and
after irradiation in 200-1100 nm range using double beam
spectrophotometer Shimadzu 1601. The absorption
spectrum was then used to calculate the direct and indirect
bandgap energy for prepared glass before and after
irradiation.

C. Raman Spectra

Raman spectra of polished glass samples were
recorded using Renishaw inVia Raman Microscope with
488 Argon Laser in 400-1500 cm™ range. The laser power
used was 10% and the acquisition time was 30s. All the
measurements were recorded at room temperature.

111 RESULT AND DISCUSSION

A. JV Visible Spectroscopy

Fig. 1 shows the absorption spectra of Ti doped
phosphate glass before and after irradiation. The
absorbance of the glass was found to increase with the
dose but the shape of the spectrum remains the same. On
subjecting these glasses upto dose of 100 kGy they
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showed resistance towards irradiation and the intensities of
bands remain very close to that before irradiation.
However for higher dose of the range of 200 kGy the
absorption increases abruptly and two new bands are
observed at 383 nm and 510 nm resp.
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Figl Absorption spectra of Titania doped aluminophosphate glass before
and after irradiation

The general photochemical reaction that takes place when
phosphate glasses doped with Titania are irradiated is as
shown:

Defect + hv — trapped electron +free hole

T’ +free hole —»Ti*"

The optical band gap energy of the glass system is
calculated from the ultraviolet absorption edge. This study
1s useful for investigating the induced optical transitions
and also it provides information about the band structure.
The absorption coefficient a is related to the band gap
energy by the famous Davis and Mott relation given as

(hv — E)"

a (V) =B T

Where n is an index and can have value 2 or 1/2
corresponding to the indirect and direct transitions, B is a
constant, E, 1s the optical band gap energy and hv is the
incident photon energy. Fig 3 shows the plot of (chv)'?
and hv and we can calculate the optical band gap energy
by extrapolating the linear region of curve to the hv axis
where (ahv)'? =0. The bandgap energy was found to
decrease from 3.36 eV to 2.91 eV with irradiation. This
can be explained on the fact that with irradiation the spin
density and hence the density of free electrons increases
[5]. Also there is the probability of formation of defect

centers which have their electronic states between the
valence band and the conduction band. So photons may
induce transitions between the valence band and the bands
of defect centers.

—-—25kGy
7] - 50k Gy ]
.~ 100kG ;g
+—200kG
6 + pristene

(a.llv)” (e\'/cm)l"2

T T T T T T T T T
26 27 28 29 30 31 32 33 34 35 36

hv (V)

Fig2 Indirect Bandgap energy of Titania doped aluminophosphate glass
before and after irradiation

B. Raman Spectra

Fig. 3 shows the Raman spectra of Ti doped phosphate
glass before and after wradiation. There are mainly six
bands observed in the Raman spectra. The sharp band at
1278 cm™ is attributed to the asymmetrical stretching
vibrations of PO, groups. The sharp peak at 1160 cm™ is
assigned to the presence of symmetrical stretching
vibrations of PO, groups. A broad weak band at 1000 cm™
1s due to symmetric stretching vibrations of PO; groups.
The band at 910 cm™ is assigned to the presence of
asymmetric P-O-P bonds. Sharp band at 706 cm™ is
attributed to symmetric P-O-P bonds [6]. The band at 620
em” is assigned to the presence of TiOg tetrahedral
structure. With irradiation no new bands were observed
but there was a slight variation in the intensity of bands
and the bands were red shifted.
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Fig3.Raman Spectra of Titania doped aluminophosphate glass before
and after irradiation
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IV. CONCLUSIONS

The purple colour of the glass was found to decrease with
the irradiation. This was due to the absorption of holes
which converts the T’ ions to Ti*" ions. The optical
bandgap energy was found to decrease which was due to
the formation of more free charge carriers with irradiation.
The Raman spectra confirmed that no new bonds are made
due to irradiation but only the intensity of bands was
found to increase with irradiation.
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NANOTECHNOLOGY ROLE IN WATER
TREATMENT
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Abstract—  Advances in nanoscale science and
engineering suggest that many of the current problems
involving water quality could be resolved or greatly
ameliorated using nanosorbents, nanocatalysts, bioactive
nanoparticles, nanostructured catalytic membranes and
nanoparticle enhanced filtration among other products and
processes resulting from the development of nanotechnology.
Nanoparticles have a great potential to be used in waste
water treatment. Its unique characteristic of having high
surface area can be used efficiently for removing toxic metal
ions, disease causing microbes, organic and inorganic solutes
from water. Various classes of nanomaterials are also proved
to be efficient for water treatment like metal-containing

nanoparticles, The paper reviews recent advances on
different nanomaterials catalytic membranes,
nanosorbents, membrane water treatment. Additionally,

nanotechnology-derived  products that reduce the
concentrations of toxic compounds to sub-ppb levels can
assist in the attainment of water quality standards and health
advisories.

Keywords— Nanomaterials, bioactive ,
nanoabsorbents

organic solutes,

L INTRODUCTION

Metal oxides such as iron oxide, titaniumdioxide and
alumina are effective, low cost adsorbents for heavy
metals and radio nuclides. The sorption is mainly
controlled by complexation between dissolved metals and
the oxygen in metal oxides It is a two-step process fast
adsorption ofmetal ions on the external surface, followed
by the rate-limiting intraparticle diffusion along the
micropore walls[1-2].

A.  Method using Metals

Their nanoscale counter-parts have higher adsorption
capacity and faster kinetics because of the higher specific
surface area, shorter intraparticle diffusion distance and
larger number of surface reaction sites (i.e., corners, edges,
vacancies). Metal oxide nanocrystals can be compressed
mto porous pellets without significantly compromising
their surface area when moderate pressure is applied.
Thus, they can be applied in forms of both fine powders
and porous pellets, which are the likely forms to be used in
industry.

B Use of Nanofibres

Although nanofiber membranes have been commercially
employed for air filtration applications, their potential in
water treatment is still largely unexploited. Nanofiber
membranes can remove micron-sized particles from
aqueousphase at a high rejection rate without significant
fouling [6]. Thus they have been proposed to be used as
pretreatment prior to ultrafiltration or reverse osmosis
(RO). Functional nanomaterials can be easily doped into
the spinning solutions to fabricate nanoparticle
impregnated nanofibers .

C Role of thin film Membranes

Development of TFN membranes mainly focuses on
incorporating nanomaterials into the active layer of thin
film composite (TFC)membranes via doping in the casting
solutions or surface modification. Nanomaterials that have
been researched for such applications include nano-
zeolites, CNTs. The impact of nanoparticles on membrane
permeability and selectivity depends on the type, size and
amount of nanoparticles added. Nano-zeolites are themost
frequently used dopants in TFN and have shown potential
in enhancing membrane permeability. The addition of
nano-zeolites leads to more perme able, negatively
charged, and thicker polyamide active layer . Bioactive
nanoparticles Water pollution has caused lots of infectious
diseases due to various contaminating pathogens. Many of
the microorganisms acting as pathogens are antibiotic
resistance and so it’s very difficult to remove them from
water. Recently the concept of bioactive nanoparticles has
emerged which has given the alternative of newchlorine —
free biocides and also silver based nano materials do play
a very promising role [7]

D Biological membranes

Many biological membranes are highly selective and
permeable. Aquaporins are protein channels that regulate
water flux across cell membranes. Their high selectivity
and water permeability makes their use in polymeric
membranes an attractive approach to improve membrane
performance.
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E Semiconducting photocatalyst

Ti0, 1s the most widely used semiconductor photocatalyst
in water/wastewater treatment owing to its low toxicity,
chemical stability, low cost, and abundance as raw
material. It generates an electron/hole pair upon absorbing
a UV photon, which later either migrate to the surface and
form reactive oxygen species (ROS) or undergo undesired
recombination. The photoactivity of nano-TiO, can be
mmproved by optimizing particle size and shape, reducing
e/h recombination by noblemetal doping, maximizing
reactive facets, and surface treatment to enhance
contaminant adsorption. The overall efficiency of a
photocatalytic water treatment process strongly depends
on the configuration and operation parameters of the
photo-reactor.

F Contaminated particles detection

In trace organic or inorganic contaminant detection, nano
materials can be used in both concentration and detection.
CNTs have great potential for environmental analysis of
trace metal or organic pollutants as they offer high
adsorption ca pacity and recovery rate as well as fast
kinetics The pre-concentration factors for metal ionswere
found to be between 20 and 300 with fast adsorption
kinetics CNTs have also been extensively

studied for pre concentrating a variety of organic
compounds, many of which were done in real water
samples. Adsorption of charged species to CNTs results in
changes of conductance, providing the basis for the
correlation between analyte concentration and current
fluctuation

II. CONCLUSION

Nanocatalysts, bioactive nanoparticles, nanostructured
catalytic membranes and nanoparticle enhanced filtration
among other products and processes resulting from the
development of nanotechnology. Nanoparticles have a
great potential to be used in waste water treatment. Its
unique characteristic of having high surface area can be
used efficiently for removing toxic metal ions, disease
causing microbes, organic and inorganic solutes from
water. Varlous classes of nanomaterials are also proved to
be efficient for water treatment like metal-containing
nanoparticles,
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ABSTRACT- The different chemical environments to which
boiler tubes are subjected causes different types of
corrosions. Hot corrosions are recognized as serious
problems in coal based power generation plants in India.
The coal used in Indian power stations has large amounts of
ash (about 50%) which contain abrasive mineral species
such as hard quartz (up to 15%) which increase the erosion
propensity of coal. Many studies have correlated Hot
corrosions in boiler tubes with the Chlorine content present
in coal. Maximum permissible limit of Chlorine content is set
at 0.3%. Hot corrosion in boilers are responsible for huge
losses, in power generation. An understanding of these
problems and thus to develop suitable protective system is
essential for maximizing the utilization of such components.
These problems can be prevented by either changing the
material or altering the environment or by using a suitable
coating on the surface.

Keywords — Abrasive, Ash, Boiler, Corrosion
I INTRODUCTION:

Attainment of high temperature is major requirement in
the coal powered power plants. Under such extreme
conditions of environment and temperature, hot corrosions
are likely to occur. Gas turbines in aircraft, fossil fueled
power plants, refineries, and petrochemical industries, and
heating elements for high temperature furnaces are some
examples where corrosion limits their use or reduces their
life, considerably affecting the efficiency [1]. Coal
constitutes the major source of fuel used for electricity
generation worldwide. About 41% of electricity generated
worldwide is generated from coal. As far as India is
concerned about 59% of electricity 1s generated using
coal. In coal based power plants, large amount of heat is
produced by burning of coal. The amount of heat
generated depends on thermal content of coal. Different
varieties of coal have different heat content. The heat so
generated is transferred to water reservoir to produce
steam. This steam rotates the turbine and generator
connected to turbine produces electricity.

Coal 1s a complex and relatively dirty fuel that contains
varying amount of sulfur and a substantial fraction of non
combustible mineral constituents, commonly called ash .
The coal used in Indian power stations has large amounts
of ash (about 50%), which contain abrasive mineral
species such as hard quartz (up to 15%), which increase
the erosion propensity of coal. The wvast technical
literature available 1s evidence that corrosion and deposits
on the fireside of boiler surfaces or in gas turbines

represent important problems. Metals and alloys may
experience accelerated oxidation when their surfaces are
coated by a thin film of fused salt in an oxidizing gas.
This mode of attack is called hot corrosion, and the most
dominant salt involved is Na2SO4 . High temperature
degradation i1s one of the main failure modes of hot-
section components in the gas turbines, so an
understanding of this high temperature oxidation is very
necessary [2].

(a) COAL FIRED POWER PLANTS - The availability of
electrical power and the development of millions of
devices that use it have made electricity the energy of
choice in contemporary industrial societies. It is estimated
that in the United States approximately 70% of the
electricity is produced in fossil power plants, 15% in
nuclear power plants, 12% in hydraulic power plants and
the remainder from other types of sources [3]. In any
event, the fossil fuel power plant is and will continue to be
the mainstay of electric power production. The fossil fuel
employed in a steam turbine plant can be pulverized coal
(PC), oil, or natural gas. Of these, coal is the most
abundant and hence the most commonly used fuel for
steam turbine plants, while gas turbine plants generally
employ oil and natural gas. Figure 1 shows the
arrangement of the various elements of a PC fossil plant.
Here, water 1s first preheated to a relatively low
temperature in feed water heaters and pumped into tubes
contained 1n a boiler. The water 1s heated to steam by the
heat of combustion of pulverized coal in the boiler and
then superheated. Superheated and pressurized steam is
then allowed to expand in a high-pressure (HP) steam
turbine and causes rotation of the turbine shaft. The outlet
steam from the HP turbine may once again be reheated
and made to expand through an intermediate pressure (IP)
turbine and then through a low-pressure (LP) turbine. The
turbine shafts are all connected to one or more generator
shafts which in turn rotate and convert the mechanical
energy of rotation into electrical energy in the generator.
The exit steam from the LP turbine is condensed in the
condenser and is once again fed back to the boiler through
the feed water heater and pumps. A closed loop of the
water and steam is thus maintained. Figure 1: Schematic
diagram of a coal-fired steam power plant [3].
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Indian C oa/ C ontents and its C ombustion- Coal
gasification systems operate at temperature of up to 2000
F (1093°C) and at a pressure of up to 100 atm depending
on the specific process and the product, coal gas generates
the greatest problems. In addition to hydrogen and carbon-
containing gaseous species, there are many undesirable
species including sulphides, sulphites, sulphates,
ammonia, cyanides, volatilised oils, phenols and
aggressive trace elements such as potassium, sodium,
vanadium and lead [4].

The coal used in Indian power stations has large amounts
of ash (about 50%), which contain abrasive mineral
species such as hard quartz (up to 15%), which increase
the erosion propensity of coal [3]. The Indian coal proved
to be exceptional in that they had significant amounts of
alkali feldspars, (K, Na)AlISi308 , and a garnet, minerals
usually thought of as trace components of a coal. The
garnets found in the Indian coals were found to follow the
general formula (Mg, Fe2+)3AI12S13012. 1.J. Wells et al
[4] have studied the Ash content, major minerals and trace
materials in 10 coals and found the maximum ash content
in Indian coal. Table: | indicate the Indian coal with dry
ash content and mineral matter [5]. Further the coal
analysis data collected from Guru Gobind Singh Thermal
Plant, Ropar (Punjab), is presented in Table-2. The ash
and flue gases analysis of Guru Nanak Dev Thermal
Plant, Bathinda (Punjab), is presented in Table 3, which
also indicates the presence of these constituents.

Table 1: The ash content and mineral matter in the suite of
coals [4]

Table 2: Coal Analysis data

Constituent Wt. percentage
Total Moisture (Inherent + 10.43
Surface)

Inherent moisture 7.55
Ash 34.74
Ash on fire basis (actual) 33.64
Volatile metal 21.59
Gross Calorific value(kcal’kg) | 4187
Gross Calorific value (fire 4055
basis)

Unburnt carbon in fly ash 1.35

The corrosive nature of the gaseous environments, which
contain oxygen, sulfur, and carbon, may cause rapid
material degradation and result in the premature failure of
components [5]. Combustion of coal generates very
corrosive media particularly near the superheater tubes of
the boilers. In the boiler tubes suffering severe fireside
corrosion, sulphate salts concentrate at the deposit/scale
terface and become partially fused since these salts
contain alkali metals of sodium and potassium [7]. In the
combustion systems, much of the sodium and potassium
1s volatized from the mineral matters in the flame to form
Na20 and K,O vapours. The sulphur released from the
coal, forms SO2 with a minor amount of SO3 and reacts
with the volatilized alkalis to form Na2SO4 vapours,
which then condense together with fly ash on the pendant
superheater and reheater tubes in the boiler.

The vast technical literature available i1s evidence that
corrosion and deposits on the fireside of boiler surfaces or
in gas turbines represent important problems [4]. When a
comparison is made between the amount of ash collected
in a boiler or a gas turbine, in the form of deposits, and the
total amount of ash released during combustion, the
conclusion is clear that most of the ash passes through the
unit. For particles to collect on boiler surfaces or blade
surfaces, they must first be brought close to the surface
itself and be of the proper size. This can be ascribed to
physical phenomenon involving the reaction of particles
to the forces to which they are subjected within the stream
of gases passing near the surfaces [6]. A particle may hit
and then rebound from the surface. If it hits or rubs the
surface with sufficient force, erosion will result. On the
other hand, if the particle is captured physically or
chemically by the surface, a deposit is mitiated whose
growth appears aerodynamically inevitable. Because of
high temperatures, reactions can then take place between
the various particles deposited, and also with the gases
passing nearby, particularly SO3 and SO2. The resulting
compounds may then react, by diffusion, with the metal
structure on which they are attached and cause accelerated
corrosion [6].

Coal Ash Major Trace
Content minerals minerals
(Wt%)
dab
46.7 Quartz, Barites,
Indian muscovite, feldspar,
coal A illitic.clay ilmenite,
Quartz, Apatite,
Indian feldspar, garnet,
coalB | 303 clay kaolinit ilmenite,
Quartz, Apeatite,
Indian | 45.6 feldspar, ilmenite,
coal C garnet, monazite,
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(b) HOT CORROSION - Oxidation is a type of corrosion
mvolving the reaction between a metal and air or oxygen
at high temperature in the absence of water or an aqueous
phase. It is also called dry-corrosion. The rate of oxidation
of a metal at high temperature depends on the nature of
the oxide layer that forms on the surface of metal [7].
Metals and alloys may experience accelerated oxidation
when their surfaces are coated by a thin film of fused salt
m an oxidizing gas. This mode of attack is called hot
corrosion.

Hot corrosion was first recognized as a serious problem in
the 1940s in connection with the degradation of fireside
boiler tubes in coal-fired steam generating plant. Since
then the problem has been observed in boilers, internal
combustion engines, gas turbines, fluidized bed
combustion and industrial waste incinerators [8].

(c) General Classification of Hot Corrosion - Hot
corrosion 1s often divided into two forms of attack: Type I
or High temperature hot corrosion (HTHC) above about
900°C where pure sodium sulfate is above its melting
temperature, and Type II or Low temperature hot
corrosion (LTHC), between about 700°C-750°C where a
liquid salt phase is only formed because of significant
dissolution of some corrosion products [9].

Mechanism of Hot Corrosion

Several mechanisms have been suggested to explain the
process of hot corrosion [21]. The hot corrosion
degradation process of the superalloys usually consists of
two stages [10]:

1.An initiation stage during which the alloys behave much
as they would have behaved in the absence of the deposits
and

2.A propagation stage where the deposits cause the
protective properties of the oxide scales to become
significantly different then those that they would have
been had no deposit been present. Khana et al. [1] , in
their review of degradation of materials under hot
corrosion conditions , stated that corrosion-resistant alloys
depend on selective oxidation to form the dense, compact
protective scales of Cr203 and AI203 for their resistance.
During hot corrosion a degradation sequence consisting of
the eventual displacement of a more protective reaction
product barrier by a less protective product is usually
followed.

PREVENTIVE MEASURES AGAINST HOT
CORROSION

A case study reported by Prakash et. al. [12] pertaining to
a coal fired boiler of a power plant where out of 89 failure
occurring in one year duration, 50 failures were found to
be due to hot corrosion by ash. Material losses due to
corrosion are the major problems in many industries.
Corrosion and its associated losses cannot be eliminated
completely. However, 25 to 30% of annual corrosion
related costs could be saved with the use of optimum
corrosion preventive and control strategies. The option to

use low grade fuel limits the improvement in hot
corrosion environment. In that case hot corrosion
preventive methods to the existing environment are (a)
change of metal 1.e. use of superalloy (b) use of inhibitors
and (c) use of coatings. Regarding change of metal or use
of super alloy, alloying elements which can improve the
hot corrosion resistance of materials such as Cr, Al, etc.,
often have a negative effect on the mechanical properties
i high temperature environments and are expensive.
Regarding use of inhibitor, addition of an organic
mhibitor (e.g. pyridines, pyrimidines, quinolines) 1is
sufficient to mitigate corrosion of metals in many
corrosive media [15]. However, these inhibitors have
shown only limited success due to solubility and/or
thermal stability problems n high —
temperature, concentrated salt solutions [15]. Increasingly
greater demand imposed on materials makes it more
difficult to combine the different properties required in
one single material. Therefore, a composite system of a
base material providing the necessary mechanical strength
with a protective surface layer different in structure and/or
chemical composition and supplied by a surface treatment
can be an optimum choice in combining material
properties. Single materials are at their upper performance
limits in all fields and coatings offer a way to extend these
limits [16]. One possible way to cope with these problems
1s by using thin wear and oxidation resistant coatings with
good thermal conductivities [10] Following methods may
be followed in order to develop thin films:

(1) Hot Corrosion Resistant Coatings

The coating can be defined as a layer of material, formed
naturally or synthetically or deposited artificially on the
surface of an object made of another material, with the
aim of obtaining required technical or decorative
properties [11].

Recent studies show that 80% of the total cost for the
protection of metals, are related to coating applications
[13]. Organic coatings cover a large part of this
percentage, but also metallic ones have a relatively big
market. In fact, metallic coatings possesses together with
good corrosion resistance, good aesthetics, brightness, and
mteresting mechanical properties such as hardness and
wear resistance. In general, coating systems can be
classified as either diffusion or overlay type, which are
distinguished principally by the method of deposition and
the structure of the resulting coating-substrate bond [4].
From a production point of view [7], three methods are in
current use to deposit coatings, these being chemical
vapour deposition (CVD), physical vapour deposition
(PVD) and Plasma spraying. The CVD process comes
under the category of Diffusion coatings, in which the
coating material forms a chemical bond with the substrate.
Whereas the PVD and Thermal spraying processes comes
under the category of Overlay coatings, in which the
desired material is placed over the substrate material [1].
(11) Thermal Spraying

Thermal spraying is one of the most versatile hard facing
techniques available for the application of coating
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materials used to protect components from abrasive wear,
adhesive wear, erosive wear or surface fatigue and
corrosion (such as that caused by oxidation or seawater) .
Generally, any material which does not decompose,
vaporize, sublimate, or dissociate on heating, can be
thermally sprayed. Consequently a large class of metallic
and nonmetallic materials (metals, alloys, ceramics,
cermets, and polymers) can be deposited by thermal
spraying. Plasma-sprayed ceramic coatings are used to
protect metallic structural components from corrosion,
wear and erosion, and to provide lubrication and thermal
msulation [18]. In particular, coatings made of
AI203 containing 13 wt% Ti02 (AI203-13 wt% Ti02)
are commonly used to improve the wear-corrosion and
erosion resistance of steel. In conventional plasma-
spray processing  of AI203-13 wt%  TiO2 coatings,
powder particles are injected into a plasma jet, causing
them to melt into droplets that are propelled towards the
substrate [18].

(Ti1) Physical Vapor Deposition (PVD) Process

In physical vapor deposition (PVD) process, the coating is
deposited in vacuum by condensation from a flux of
neutral or ionized atoms of metals [19]. Several PVD
techniques are available for deposition of hard coatings.
Among them, cathodic arc vapor (plasma or arc ion
plating) deposition, magnetron sputtering (or sputter ion
plating), and combined magnetron and arc processes are
most widely used techniques used to deposit titanium-
aluminum based coatings.

PVD process is carried out in high vacuum at temperature
between 150 and 500°C. The high purity solid coating
material (metals such as titanium, chromum &
aluminum) 1s either evaporated by heat or by
bombardment with ions (sputtering). At the same time, a
reactive gas (e.g. nitrogen or a gas containing carbon) is
mtroduced; it forms a compound with the metal vapors
and 1s deposited on the tools or components as a thin,
highly adherent coating.

(tv)Chemical Vapor Deposition (CVD)

Chemical Vapor Deposition (CVD) process is a versatile
process that can be used to deposit nearly any metal as
well as non metal such as carbon or silicon [1]. The first
step 1s the production of metal vapours. Several chemical
reactions can be used: thermal decomposition, pyrolysis,
reduction, oxidation, nitridation etc. The main reaction 1s
carried out in a separate reactor. The vapors thus formed
are transferred to the coating chamber where the sample is
mounted and maintained at high temperature. One of the
limitations of the CVD is the high substrate temperature,
which in many cases changes the microstructure of the
substrate, and another is the size of specimens, often
smaller parts are used due to limitation of chamber size.
(v) Nanostructured Coatings

Nanostructured coatings [17] composed of
crystalline/amorphous nanophase mixture have recently
attracted increasing interests in fundamental research and
industrial applications, because of the possibilities of

synthesizing a surface protection layer with unique
physical- chemical properties that are often not attained in
the bulk materials. Nanostructured materials as a new
class of engineering materials with enhanced properties
and structural length scale between 1 and 100 nm.
Nanostructured ceramic coatings produced by Plasma
sprayed processes are being developed for a wide variety
of applications that required resistance to wear corrosion,
cracking and spallation, with improved properties.
environment for applying nanostructured oxide ceramic
materials, as compared to APS. The superior properties of
coatings applied from nanostructured powders seem to be
associated with coatings that have retained a
nanostructure, i.e. a bimodal structure composed of
partially or unmolten particles, combined with fully
molten regions. Jin-hong Kim et al [20] have successfully
developed thermal sprayed nanostructured WC-Co wear
resistant coatings and the resultant coatings showed
significant improvement of wear resistance in comparison
with the conventional counterparts. Micro structural in
homogeneity of the conventional Cr203 based solid-
lubricant coatings was successfully solved by utilizing
nanostructured feedstock powder developed.
Nanostructured and conventional zirconia coatings were
deposited by atmospheric plasma spraying and the thermal
shock resistance of as-sprayed coatings was investigated
by the water quenching method [21]. The results showed
that the nanostructured as-sprayed coatings possessed
better thermal shock resistance then the conventional
coating. This phenomenon is explained in terms of the
difference in microstructure and micro-structural changes
occurring during thermal shock cycling.

CONCLUSIONS
1. Hot corrosion is a serious problem in power generation
equipment, in gas turbines for ships and aircratts and in
other energy conversion and chemical process systems
and should be either totally prevented or detected at an
early stage to avoid catastrophic failure.
2. The coal used in Indian power stations has large
amounts of ash (about 50%), which contain abrasive
mineral species such as hard quartz (up to 15%), which
increase the erosion propensity of coal.
3. Application of a proper combination of preventive
approaches should lead, in practice, to a significant
decrease in the number of failures due to hot corrosion.
4. Hot corrosion preventive methods to the existing
environment are (a) change of metal 1.e. use of super alloy
(b) use of inhibitors and (c) use of coatings.
5. The development of modern coal fired power
generation systems with higher thermal efficiency
requires the use of construction materials of higher
strength and with improved resistance to the aggressive
service atmospheres. These requirements can be fulfilled
by protective coatings.
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and 1ts usage as ammonia gas sensor
Vivek Talwar™’, Ravi Chand Singh®

“Department of Physics, Guru Nanak Dev University, Amritsar, India

bDeparfmenr of RIC, Punjab Technical University, Kapurthala, India

Abstract— The synthesis of polyaniline-Zinc oxide
composites and their usage as ammonia gas sensor was
reported in this paper. We adopted a novel chemical route
for the synthesis of polyaniline composites via chemical
method. These samples were prepared by oxidation of aniline
via rapid mixing method in acidic medium with the addition
of fixed weight percentage of Zinc oxide. The synthesized
samples were characterized using X-ray diffraction (XRD)
and field emission scanning electron microscope (FESEM)
techniques. The thick films of prepared salt were deposited
on alumina substrate for gas sensing application. These
sensors exhibited excellent response and recovery time, when
exposed to different concentration of ammonia gas at room
temperature.

Keywords—  Polyaniline, Zinc oxide, Gas

Conducting polymers, Composites.

SE1SOrs,

L INTRODUCTION

Conducting polymers has attracted a lot of attention due to
its unique electrical properties [1]. The conducting
polymers have relative ease of synthesis, environmental
stability and very rich doping/de-doping chemistry [2].
Polyaniline (PANI) has proved to be a promising material
among the conducting polymers with numerous
applications like gas sensors, modified electrodes, solar
cells, electrochromic materials, microelectronics and in
rechargeable batteries. PANI can easily be synthesized by
oxidation of aniline monomer at room temperature [3].
However its synthesis at low temperatures yields PANI
with molecular weight five to ten times higher than that
synthesized at room temperature [4]. Lately, the research
mterest of scientific fraternity is growing to study the
properties and applications of  organic-inorganic
composites due to their low cost, ease of synthesis and
their novel properties. In this regard polyaniline-metal
oxide composites [5] have been investigated by several
researchers.

In the present study, polyaniline-zinc oxide composites
have been synthesized by oxidation of aniline using rapid
mixing technique with the addition of zinc oxide powder.
The synthesized samples were characterized by using X-
ray diffraction (XRD) and field emission scanning electron
microscope (FESEM) techniques. Further these samples
were used for ammonia gas sensing at room temperature.

IL. EXPERIMENTAL DETAILS

A. Synthesis of polyaniline-ZnO composites

Aniline, zinc oxide (ZnO), ammonium persulphate
(APS), Hydrochloric acid (HCI), Salphuric acid (H,SOy),
N-methyl-2-pyrrolidone (NMP) and m-cresol were
procured from Spectrochem, India. All chemicals used
were of analytical grade and were used without further
purification. To synthesize these samples, aniline was
oxidized with ammonium persulphate (APS) in aqueous
acid solution with the addition of ZnO powder. The
solutions of aniline and APS with monomer to oxidant
molar ratio 1:1.25 were dissolved separately in 1 M H,SO,
solution. ZnO powder (20 wt% of aniline) was added to
aniline solution with ultrasonication of few minutes. Both
the solutions were placed in an ice bath (0-4° C) and then
oxidant was added rapidly to aniline solution and kept in
same 1ice bath for 4 hours. The obtained solution was kept
at room temperature for polymerization for 24 hours. The
polymerized salt was filtered and washed repeatedly with
double distilled water to remove oligomers and excess
acid. The resultant product was dried in air and then in
vacuum at 60°C.

B. Material characterization

The structural and morphological analysis was done
using X-ray diffraction and FESEM techniques. For
crystal structure analysis, the prepared samples were
characterized by powder X-ray diffraction (XRD) using
Cu Ka radiation with Shimadzu 7000 Diffractometer and
field emission scanning electron microscope (FESEM)
with Ziess, model Supra 55.

C.  Sensor fabrication and testing method

To fabricate gas sensors, a small amount of prepared
powder was dissolved in m-cresol and thick films were
deposited on alumina substrate by simple coating with
paint brush and dried at 60°C for 30 minutes in air. The
fabricated sensor was placed in the test chamber at room
temperature and a known quantity of ammonia gas was
mjected into the test chamber. Variation of real time
voltage signal across the resistance was recorded with an
experimental setup consisting of Keithley Data Acquisition
Module KUSB-3100 and a computer [6]. The sensor
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response magnitude was determined as ratio of resistances
of sensor in air-gas mixture and air ambience.

111 RESULT AND DISCUSSION

A.  X-ray diffraction spectra

Figure 1 represents the x-ray diffraction pattern of pure
polyaniline, polyaniline-zinc oxide composites and pure
zinc oxide. The small characteristic peaks of ZnO were
observed in the spectrum of composite, which are marked
by red dots. Also large peaks of polyaniline were found in
the XRD spectrum and marked by black dots. This
indicates that polyaniline material 1s more crystalline in
the composite due to some kind of formation of
polyaniline fibres with the addition of ZnO.

—— (@) PANI
—— (b) PANI-ZnO
—(¢)Zn0

Intensity (a.u.)

Fig 1 X-ray diffraction spectra of (a) pure PANI, (b) PANI-ZnO
composites and (c) pure ZnO powder.

B.  Field emission scanning electron microscopy

Figure 2 represents SEM 1mage of PANI-ZnO
composites prepared in acidic medium. It is observed from
the morphological analysis that fibrous structures of PANI
were formed with the addition of ZnO powder.

EHT = 15,00 kv
WD = 58 mm

Signal A = InLens Date :31 Jul 2013
Mag = 28.33 K X Time :9:50:34

Fig 2 SEM image of PANI-ZnO composites.

300 nm EHT =15.00 kv
WD = 58mm

Date :31 Jul 2013
Time :10:19:45

Signal A = InLens
Mag = 5000 K X

Fig 3 SEM image of PANI-ZnO composites at higher resolution.

Figure 3 represents the SEM image of PANI-ZnO
composites at higher resolution. The length and width of
these fibers is about 1 micrometer and 100 nanometers
respectively. These fibers are made up of polyaniline
material as observed by large peaks of polyaniline in the
XRD spectra of composites. The presence of ZnO during
the polymerization of aniline supports the formation of
PANI fibers.

C. Ammonia gas sensing

Figure 4 represents the sensing response of the PANI-ZnO
composites to different concentration of ammonia gas (50-
500 ppm) at 27°C. It was found that the sensing response
increases linearly with increase in gas concentration. The
response time of this sensor if about 2-3 minutes while the
recovery time 1s about 25-30 minutes.

45

404

254 /
2.0 A

T T T T T
0 100 200 300 400 500
Cocentration of ammonia gas (ppm)

Sensing Response
|

Fig 4 Sensing response for different concentration of ammonia gas.

IV. CONCLUSION

The PANI-ZnO composites were prepared chemically
by rapid mixing method. The X-ray diffraction spectrum
confirmed the formation of highly crystalline PANI-ZnO
composites. These results were confirmed with SEM
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images, which had shown the formation of polyaniline
fibers in the samples. The prepared salt was used for
ammonia gas sensing at room temperature and found good
sensing response.
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Spintronics -A new excitement 1n the scientific
and Electronic world
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Abstract: An emerging technology exploiting both the
intrinsic spin of the electron and its
associated magnetic moment, in addition to its
fundamental electronic charge, in solid-state devices.
Using the spin of an electron to represent binary data
(0 or 1). Spintronics techniques are capable of much
higher speed while requiring less power than the
conventional method of using electron charges to
represent data. This paper reviews about the
“spintronics” which is new branch of
physics and concerned with the
manipulation, storage, and transfer of
information by means of electron spins and
not by the electron charge as in
conventional electronics.

KEYWORDS: Spinelectronics , Fuxtronics, Electronics,
Spin etc.

INTRODUCTION

Semiconductor based devices and
Magnetic materials have been known to
mankind since many years. Semiconductor
devices are electronic components that exploit
the electronic properties of semiconductor
materials, principally silicon, germanium, and
gallium arsenide. Meanwhile, semiconductor
based devices that use the charge of the
individual electrons as the information carrier,
have extensively been used in the last century
in integrated devices like microprocessors,
diodes wused in computers, amplifiers, cell
phones etc.

When we  switch to  magnetic
materials, the most famous example 1s the
compass needle but today magnets are used
everywhere, as permanent magnets In
electrical motors in our cars, in hard drives on
our computers, in loudspeakers
etc. The performance of these devices 1is
generally dependent on development in
manufacturing and fabrication, due to which
the dimension of the components of devices

(e.g. transistors 1n ICs) 1s to be shrinked and
packed more densely in order to make a faster
device!’]. The dimensions are becoming so
tiny that classical physics no longer is
applicable and quantum effects start to
become important. So the industry has found
new clever ways to overcome the problem by
creating such a possibility so as to combine
both functionalities charge and spin of
electron together. So, the ability to manipulate
e”s spin together with controlling their charge
flow has created a new branch of electronics
called SPINTRONICS. So hopefully, the mass,
charge and spin of the electron will form the
foundation of information technology in the
coming future [1:2],

Spintronics (a portmanteau) meaning
"spin transport electronics also known as
spinelectronics or fluxtronic, 1s an emerging
technology exploiting both the
intrinsic spin of the electron and its
associated magnetic moment, in addition to its
fundamental electronic charge, 1in solid-state
devices. Using the spin of an electron to
represent binary data (0 or 1). Spintronics
techniques are capable of much higher speed
while requiring less power than the
conventional method of using electron charges
to represent data.

REVIEW OF LITERATURE

The first use of spintronics was in the late
1980s with the development of giant
magnetoresistance (GMR) read heads for disk
drives. The first major breakthrough 1n
spintronics was the discovery of the giant
magnetoresistance (GMR) effect 1i1n 1988.
Working independently, Albert Fert in France
and Peter Griinberg in Germany found that in a
material consisting of alternating layers of
magnetic and nonmagnetic atoms a very small
change in a magnetic field can produce a large
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change 1n electrical resistance. Employing
advances 1n nanotechnology, they wused
chemical techniques that allowed them to
make layers of different materials that were
only a few atoms thick. The GMR effect was
used 1n the development of data-storage
devices that were physically smaller but
allowed increasingly denser packing of the
information content. The first commercial
devices using the GMR effect, produced in
1997, had a 40-fold increase in data density
when compared with conventional electronics.
The technology is now wused in computer
storage, personal music players, cell phones,
and other devices that benefit from the
increased size of readable memory. In a more
sensitive effect, called tunneling
magnetoresistance (TMR), an insulating
material acts as a sandwich. Electrons can
move through the sandwich by quantum
tunneling

Another spintronic breakthrough product is
magnetoresistive memory (MRAM), which
uses electron spin to store information:; while
requiring less power than coventional
magnetic storage technologies, it combines the
density of DRAM (dynamic random access
memory) with the speed of SRAM (static
random access memory) and the nonvolatility
of flash memory. In recognition of their
contributions, Fert and Griinberg shared the
2007 Nobel Prize in physics. Manipulating an
e-’s magnetic state in a semiconducting device
1s the key to successful realization of
spintronics. There is currently a lot of interest
in the science and potential technological
applications of spin-transport electronics or
spintronics, 1in which the spin of charge
carriers; electrons or holes 1s exploited to
provide new functionality for microelectronic
devices. A number of researchers are trying to
find out the materials for successful
realization of spintronics. .This has paved a
way to new class of materials called DILUTE
MAGNETIC SEMICONDUCTORS”

The term “spintronics” usually refers
to the branch of physics concerned with the
manipulation, storage, and transfer of
information by means of electron spins 1in
addition to or in place of the electron charge
as 1n conventional electronics. Introduced in
1996, spintronics (the word coined by S.
Wolf) was originally the name for a Defense

Advanced Re-search Projects Agency
(DARPA) program managed by Wolf. Spin 1s a
fundamental quantum-mechanical property. It
is the 1intrinsic angular momentum of an
elementary particle, such as the electron. Of
course, any charged object possessing spin
also possesses an intrinsic magnetic moment.
Electrons are spin-1/2 fermions and therefore
constitute a two-state system with spin "up"
and spin "down". Conventional electronic
devices rely on the transport of electrical
charge carriers electrons in a semiconductor
such as silicon. Now, however, physicists are
trying to exploit the 'spin' of the electron
rather than its charge to create a remarkable
new generation of 'spintronic' devices which
will be smaller, more versatile and more
robust than those currently making up silicon
chips and circuit elements.

Spintronics promises the possibility of
integrating memory and logic into a single
device. Schematic overview of spintronics is
schematically shown in Figure 1

Charge (Electronics Spin (Magnetism)

Ex : compass, harddrive

Ex:: FET, diode, RAM

Spintronics

Ex: GMR read head, MRAM,
SpinFET

Figurel. Schematic overview of spintronics which
combines both charge (electronics) and spin
(magnetism) into a novel field of research and
applications.

The research field of Spintronics
emerged from experiments on spin-dependent
electron transport phenomena in solid-state
devices done 1n the 1980s, including the
observation of  spin-polarized electron
injection from a ferromagnetic metal to a
normal metal by Johnson and Silsbeel!] (1985)
and then independently work 1s carried out by
Albert Fert et al and Peter Griinberg et al.[*]
(1988).The use of semiconductors for
spintronics can be traced back at least as far
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as the theoretical proposal of a spin field-
effect-transistor by Datta and Das in 1990.

To make a spintronic device, the primary
requirements are to have a system that can
generate a current of spin polarized electrons
comprising more of one spin species — up or
down — than the other (called a spin injector),
and a separate system that is sensitive to the
spin polarization of the electrons (spin
detector). Spintronic devices act according to
the simple scheme: (1) information is stored
(written) 1nto spins as a particular spin
orientation (up or down), (2) the spins, being
attached to mobile electrons, carry the
information along a wire, and (3) the
information is read at a terminal.

APPLICATIONS
The use of carrier spin, in addition to charge,
appears promising for a new class of devices
such as polarized light emitters, chips that
integrate memory and microprocessor
functions, magnetic devices exhibiting gain
and ultra-low power transistors®). The most
successful application of spintronics to date is
without any doubt the giant magneto
resistance (GMR) read head in harddrives, an
effect that was discovered by P. Grunberg and
A. Fert who received the 2007 Nobel Prize in
Physics. Spintronics phenomenon is expected
to become widely used in sensors and non-
volatile memories.
CONCLUSION

Today everyone already has a
spintronics device on their desktop, as all
modern computers use the spin valve in order
to read and write data on their hard drive. It
was followed immediately by the discovery of
Giant Magnetoresistance (GMR) leading to the
magnetic tunnel junction that has been utilized
for the next generation computer memory
known as Magnetic Random Access Memory
(MRAM), another spintronics device for
computers. Also, Spintronic devices are
attractive for memory storage magnetic
sensors applications.[) |

Enormous application of spintronic
devices such as spin-valve transistor, spin-
light emitting diodes, non-volatile memory,
ultra fast optical switches, inspires extensive
research work to synthesize Diluted Magnetic
Semiconductor (DMS)with III-V and II-VI
semiconductors. Quite substantial amount of
work has been done with transition metal

doped III-V semiconductor particularly Mn
doped GaAs!?l With III-V semiconductors,
however, the magnetic elements are much less
soluble than in II-VI semiconductors making
them much more difficult to inject into a
material like GaAs.
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Abstract-Radon and its daughter products are the major
sources of radiation exposure and recognized as one of the
health hazards for mankind. In the Present work, the
groundwater samples taken from 10 locations of Amritsar
area, Punjab were analysed for radon concentration. Radon
concentrations were measured using RAD 7, an electronic
radon detector. Radon concentration varies from 32.4 pci/l
to 60.3 pci/l. The values are found to be within the safe limits
as recommended by the International Commission of
USEPA and UNSCEAR. The results reveal that these areas” ™
are safe from the health hazard point of view as for as the
radon is concerned.

Keywords- RAD 7, Radon, water

1. INTRODUCTION
Radon is a radioactive inert gas, which is produced during
the decay of radium in the naturally occurring uranium
series. In the recent past environmental scientists all over
the world have been expressing great concern about the
radiation hazards from “*Rn and its short lived daughter
products inside buildings [1.2]. Inhalation of ***Rn and its
daughter products, especially *'*Po and *'*Po attached to
aerosols present in ambient air, constitute a significant
radiological hazard to human lungs. Radon appears
mainly by diffusion processes from the point of origin [3]
following a-decay of “**Ra in underground soil and
building materials used in the construction of floors,
walls, ceilings, etc.
The earth 1s radioactive since its creation. The inhalation
and ingestion of these radio nuclides above the
permissible level becomes a health hazard. Therefore,
concern of the monitoring of these radio nuclides in the
environs 1s increasing at all levels, due to their harmful
effects. If inhaled or ingested, uranium activity poses an
increased risk of lung and bone cancer [4].
The magnitude of indoor radon concentration indoors
depends primarily on a building construction and the
amount of radon in underlying soil. The concentration of
radon and its decay products show

large temporal and local fluctuations in the indoor
atmosphere due to meteorological variables [5. 6]. People
who consume underground water for various purposes
including drinking may be exposed to high levels of
radon, but there is some risk from drinking

water with elevated radon. The aim of the present study is
to investigate the radon concentration in groundwater of
some areas of Amritsar, Punjab for public health risk
measurements

II. EXPERIMENTAL TECHNIQUE

Estimation of Radon Concentration in Water samples

For radon in water measurement, the RAD-H,O closed
loop aeration method has been employed [7-9] as shown
in fig. 1. The RAD7 continually measures radon and
thoron concentration, showing both on a spectrum
printout, and also functions as a sniffer with audible
count signal to locate radon entry points. Radon in water
was measured by unit RAD-7.0 detector supplied by
DURRIGDE Company INC, USA. It has a sample cell
of 0.7 litre hemisphere, coated inside with an electrical
conductor. A solid state Ion implanted planer silicon
alpha detector is at the centre of hemisphere. A voltage
of 2000V to 2500V creates an electric field. Radon 222
nucleus that decays within the cell creates polonium 218
which enters the hemisphere and the signal is amplified
and counted electronically. The unit features the fastest
response and recovery time of any system on the
market, and 1s able to measure radon concentrations at
the 200 Bq/m® action level in less than 1 hour with 10%
standard deviation. The virtual absence of intrinsic
background (0.2 Bg/m®) gives the RAD7 an extremely
low detection threshold, easily measuring below 4
Bg/m’. The instrument is microcomputer controlled,
featuring step-by-step instructions for ease of use. The
mstrument is a complete, portable stand-alone system
with a built-in air pump, supplied in a rugged carrying
case, total weight 5 kg. Additional accessories allow
measurement of radon in soil and water (continuous and
sample measurement); the RAD AQUA continuous
water measurement accessory allows measurement of
water radon to extremely low concentrations, whereby
the air volume and water volume are constant and
independent of the flow rate. The air circulates through
the water and continuously extracts the radon until a
state of equilibrium develops. The RAD-H,0 system
reaches this state of equilibrium within about 5 minutes,
after which no more radon can be extracted from the
water. The extraction efficiency, or percentage of radon
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removed from the water to the air loop, is very high.
The RAD H,O gives results after 30 minutes analysis
with a sensitivity that matches or exceeds that of liquid
scintillation methods.
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Fig.1 Schematic diagram of the RAD 7 H,O

III. RESULTS AND DISCUSSION
The values of radon concentration in water samples of the
study area are given in Table 1. The values in samples
from Amritsar area lies in the range32.4+14.2 pci/l(Lauka)
to 60.3£182pci/l (Patti). The US Environmental
protection agency has proposed that the allowed
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value of radon concentration in groundwater was
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Duggal et al[7] have reported a radon concentration
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Rajasthan area, India. Radon concentration values
obtained in the groundwater samples lies well within the
range. The results reveal that the area is safe as for as the
health hazard effects due to radon are concerned in these
drinking water samples.

Table 1 The average radon concentration of 10 locations
in Amritsar district

S.No. Location Radon
Concentration
(pci/)=SD’
1 Patti 60.3£18.2
2 Kairon 39.1+4.89
3 Lauka 32.4+142
4 Sarhali 43.5+12.3
5 Chohla Sahib 55.3£18.4
6 Bhaggupur 45.7+14.7
7 Sangwan 492+11.3
8 Amarkot 57.4£9.0
9 Bhikhiwind 34.546.1
10 Ghariala 41.7+£8.3

SD- standard deviation

IV. CONCLUSIONS

The values of Radon concentration in the groundwater
samples are within the safe limit recommended by the US
Environmental Protection agency [11] and United Nations
Scientific Committee on the Effects of Atomic Radiation
[12]. The results show no significant radiological risk for
the mhabitant of the study area.
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Abstract—Glasses in selenium rich region of Ag-Ge-Se are
fast ionic conductors. Effect of variation of Ag content on the
properties of [GeyoSegg]i00.xALx (X =2, 4, 6, 8, 10) glass system
has been analyzed. The variation in the properties of the
system such as glass transition temperature and optical gap
has been explained in terms of physical parameters such as
average coordination number, number of constraints, floppy
modes and lone pair electrons. Heat of atomization of the
system has been calculated. Heat of atomization has been
found to be increasing with increasing Ag content. Glass
transition temperature has been evaluated on the basis of
Lankhorst approach and variation has been discussed on the
basis of chemical bond approach.

Keywords—Coordination Number, Glasses, Glass Transition
Temperature, Heat of Atomisation.

L INTRODUCTION

Chalcogenide glasses are compounds of one or more
chalcogen elements with some metallic element. These
glasses have numerous applications in diverse fields such
opto electronic devices, as memory elements, xerography
etc (Ovshinsky, 1968; Khan et al., 2002; Zhang et al.,
2003). The glasses are known for high transparency in IR
region. Addition of an impurity element to host glass
mtroduces structural disorder leading to variation in
peoperties of glass. So the properties of these glasses are
composition dependent and can be changed by
continuously varying the concentration of impurity
element (Davis, 1985; Moharram et al., 2006). Many of
the physical properties of these materials can be related to
the Chemical bonds structure present in the system (Fouad
et al., 1998). One of the most studied chalcogenide system
1s the Ge-Se glass system because of its wide glass
forming ability. Various studies has been performed on the
effect of different impurities such as Pb, Sb, TI, Bi etc in
Ge-Se system. The Ag-Ge-Se system can be classified into
two categories 1.e. selenium rich or germanium rich.
Seleium rich glasses are fast ionic conductors and
germanium rich glasses are semiconducting. In the present
paper we have attempted to study the effect of variation of
Ag concentration on the properties of Ag-Ge-Se glass
system.

II. THEORETICAL METHODOLOGY &
DISCUSSION
Constraints theory for covalent bonded glasses, proposes
that mechanical constraints play an important role
structure formation of a network (Philip, 1979; Thorpe,

1983). If long range order is neglected, then two types of
constraints 1.e. bond bending N and bond stretching N,
need to be counted. For an atom with coordination number
r, bond bending constraints per atom are given by

Np = 2r-3

while the bond stretching constraints per atom are given
by

Ng= /2.

For multicomponent glasses, average coordination number

<r> 1s taken which can be calculated as

wherea,b,c are atomic percentages and r,, rg, I are
coordination numbers, of constituents elements. Total
number of constraints are given by

N = Ng+Ng. The effective coordination <r.s> 1s related to
total number of constraints by the relation

<> = 2(N+3)/5.

Constraints theory further proposes rigidity percolation or
mechanical threshold when total number of constraints
equal the number of degrees of freedom of system, which
1s obtained for <r>=24.

For <r><2 4 the system is said to be under coordinated or
floppy and for <r>>2.4, system is over coordinated or
rigid.

Number of floppy modes in the system is related to degree
of cross linking, which 1s a function of average
coordination number.

The number of floppy modes in the system is calculated
by the relation

f=2-5/6<r>.

Number of lone pair electrons in the system influences the
glass formation ability of the system. Presence of lone pair
electrons in the bonding atoms provide a character of
flexibility to the bond, which allows it to form amorphous
network easily. The number of lone pair electrons in any
system can be calculated by the relation (Heera et al.,
2012).

L =V — <r>, where V 1s average number of valance
electrons and <r> is average coordination number.

The values of average coordination number, constraints,
floppy modes and lone pair electrons calculated for
[GeyoSegolinnxAgy (x =2, 4, 6, 8, 10) are shown in table 1.
Average coordination number, number of constraints and
hence effective coordination number increases with the
increasing concentration of Ag.Number of floppy modes
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and lone pair electrons decreases with increasing
concentration of Ag, indicating that the system is getting
more and more rigid with the addition of Ag. The
Variation of Number of constraints (N) Effective
coordination number (r.g), Number of floppy modes (f)
and Lone pair electrons (L) with Ag concentration is
shown in fig. 1.

Ag Concentration (%)

0 2 4 6 8 10 12
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3. 1255
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Fig.1. Variation of Number of constraints (N) Effective coordination

number (re). Number of floppy modes (f) and Lone pair electrons (L)
with Ag concentration for [GeySeso]100xAgx (X =2. 4, 6, 8. 10).

Heat of atomization is the enthalpy change required to
break all bonds dissociate the material to individual atoms.
It 1s a measure of cohesive energy and average bond
strength of the system, and for ternary and higher order
compounds can be calculated using the formula (Thorpe,
1995).
H, = (aHs*+bHs>+cH )/a+b+c
where He*, He®, HC are heats of atomization for elements
A B, C
using the value of average heat of atomization, a
parameter, Hg/<r>, called average single bond energy can
be calculated, which can be related with the energy gap by
arelation given as
Eg = x(Hs-y), where x and y are characteristic constants of
system.
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Fig.2. Variation of Average single bond energy (Hy/<r>), Cohesive
energy (Cg) and Band Gap (E,) with Ag concentration for [GexSeso]ioo-
Agy (x=2.4,6.8,10).

Glass transition temperature can be related to heat of
atomization by a relation given as (Lankhorst, 2002) T, =
3.44 Hg — 488.

Values of heat of atomization, average single bond energy,
glass transition temperature, calculated using Lankhorst
formula based on heat of atomisation and band gap
calculated for the [GeyoSego]i00xAgy (X =2, 4, 6, 8, 10) are
shown in table 2. Heat of atomization of the system
increases with Sn content while average single bond
energy decreases with increasing Ag content. Glass
transition temperature increases with increasing Ag
concentration while the band gap decreases.

405

Glass Transition Temp.(K)

o 2 4 6 8 10 12

Ag Concentration (%0)

Fig. 3. Variation of Glass transition temperature (T;) with Ag
concentration for [GexSeso]i00xAgs (X = 2. 4, 6, 8, 10).

II1. CONCLUSIONS

Average coordination number, number of constraints and
effective coordination number increases with the
increasing concentration of Ag. Number of floppy modes
and lone pair electrons decreases with increasing
concentration of Ag, indicating that bond deformation
decreases and the system is getting more and more rigid
with the addition of Ag Heat of atomization of the system
increases with Ag content while average single bond
energy decreases with increasing Ag content. Glass
transition temperature increases with increasing Ag
content.
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Table 1.Values of Average Coordination No. (<r>), Constraints Bond bending (Ng), Bond Stretching (N5) and
Total (N), Effective Coordination Number, Floppy Modes ( f) and Lone Pair Electrons (L) for [GeoSego]100.xAgx (X

=2,4,6,8,10).

Composition <r> Ng Ng N | f L
[GeaoSeso] 100 2.400 1.800 1.200 3.000 2.40 0.0 3.200
[GeoSesolos AL 2432 1.864 1.216 3.080 2.43 -0.0266 3.076
[GeySegolosAgy 2.464 1.928 1.232 3.160 2.46 -0.0533 2.952
[GezoSesolosAgs 2.496 1.992 1.248 3.240 2.50 -0.08 2.828
[GexoSego]onAgs 2.528 2.056 1.264 3.320 2.53 -0.1066 2.704
[GeyoSegolaoAgio 2.56 2.120 1.28 3.400 2.56 -0.1333 2.580

Table 2. Values of Heat of Atomisation (Hgs), Average Single Bond Energy (Hgs/<r> ), Glass Transition
Temperature ( Ty, ( Lankhorst)) for [Ge,oSeg]100-Ag: (x= 2, 4, 6, 8, 10).

H, Hg/<r> T Eg

(kcal/g-atom) (K) (eV)

[GezoSeso] 100 61.20 25.50 393.48 2.76
[GeyoSegolosAgy 61.33 25.22 395.35 2.74
[GezoSesolosAgs 61.46 24.94 397.23 2.72
[GezoSesolosAgs 61.59 24.68 399.09 2.71
[GeySegolorAgs 61.72 2441 400.97 2.69
[Ge20Se80]s0Agi0 61.85 24.16 402.84 2.67
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Abstract— Present work reports the structural and
optical properties of pristine and gamma irradiated
muscovite mica. The XRD spectra are used to estimate
structural parameters such as crystallite size and micro
strain of pristine and irradiated samples. Williamson Hall
analysis is employed to calculate crystallite size and micro
strain of pristine and irradiated sheets. UV-VIS analysis
provides the value of optical indirect, direct band gap and
Urbach energy. It was found that the value of optical indirect
and direct band gap increases with the increase of gamma
dose upto 100 kGy and then decreases with further increase
in gamma dose upto 2000 kGy. Thus, the increase of optical
band gap makes natural muscovite fits for efficient
optoelectronic devices.

Keywords— Gamma Radiation, Natural muscovite, XRD,
UV-VIS.

L INTRODUCTION

Muscovite mica [KAl, (AlS1;040) (F, OH),] 1s abundant
mineral on the earth and has a layered structure of
aluminium silicate sheets weekly bonded together by
layers of potassium ions. These potassium ion layers
produce the perfect cleavage [1]. Muscovite is used
chiefly as an insulating material and for fireproofing and
are presently being used as dosimeter for monitoring
absorbed doses in radiation rich environments. It is well
established that the exposure of any material to ionizing
radiations produces changes in the microstructural
properties of the material, which in turn affects the
structural and optical properties [2]. Thus, it is important
to understand the effect of ionizing radiation on the
structural and optical properties of these materials.

A lot of information is available on the optical [3-7]
properties of natural muscovite mica without irradiation.
Moreover, the effect of gamma irradiation on these
properties has not been investigated so far. Therefore, in
the present work, the effect of gamma dose on structural
and optical properties of natural muscovite mica have been
mvestigated to utilize this material for innovative
applications in radiation technology and opto-electronic
devices.

II. EXPERIMENTAL TECHNIQUES

Thin sheets of Natural muscovite mica (procured from
Bhilwara mines in Rajasthan) samples were irradiated with

%Co source to different doses ranging from 1 kGy to 2000
kGy at TUAC, New Delhi. The structural changes were
studied using XRD-7000 SHIMADZU  X-ray
diffractometer. The optical changes were analysed with
UV-1800 Shimadzu UV-Vis spectroscopy in the
wavelength range 200-600 nm.

I1I. RESULTS AND DISCUSSION

A. Structural Analysis

Figure 1 shows the XRD pattern for pristine and gamma
irradiated natural muscovite mica. Five peaks are observed
in pristine muscovite mica at 26 = 8.99°, 17.90°, 26.94°,
36.12°and 45.59° corresponding to crystallographic planes
(003), (006), (009), (0012) and (0015), respectively. No
shift in peak positions is observed after gamma irradiation.
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Fig. 1 X- ray diffraction pattern for pristine and gamma irradiated
muscovite mica.

The average particle size and the microstrain for the
pristine and gamma irradiated samples were determined
using the Williamson Hall (W-H) analysis [8]. Fig. 2
shows the W-H plots for the pristine and the gamma
uradiated muscovite at different absorbed doses. The
values of crystallite size (D) and microstrain ( £) obtained
from the intercept and slope of WH plots are listed in table
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1. The crystallite size increases with the gamma dose upto
100 kGy: microstrain decreases in the dose range 1- 100
kGy. For gamma doses upto 2000 kGy, the crystallite size
decreases however, unlike the microstrain which increase.
This means that in the lower gamma dose range, 1 -100
kGy, the irradiation binds the crystallites in clusters,
increasing their size and decreasing the microstrain. At
higher gamma doses, 1.e. 1000, 2000 kGy, the crystallite
size decreases and the microstrain increase which indicates
that the muscovite moves to a disordered structure.
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Fig. 2 W-H plots for the pristine and gamma irradiated muscovite mica.

Table 1 Variation of structural and optical parameters with gamma dose

Gamma D nm g E;(eV) Eu(eV)
Dose (kGy) (10%) Indirect Direct
Pristine 135.50 147 3.25 3.81 0.45
1 140.65 1.24 3.28 3.83 0.44
10 145.35 1.10 333 3.87 0.39
100 148.81 0.57 3.46 3.91 0.32
1000 100.10 0.79 330 3.85 0.43
2000 97.09 0.87 321 3.76 0.44
B. Optical Analysis

Fig. 3 presents the UV—visible absorption spectra of the
pristine and gamma-irradiated (1-2000 kGy dose) natural
muscovite mica samples. The absorption edge is shifted
towards lower wavelength values by increasing the dose
up to 100 kGy. However by further increasing the dose
upto 2000 kGy. the absorption edge shifts towards higher
wavelength values.
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Fig. 3 UV-Vis spectra of pristine and gamma irradiated muscovite mica.

The optical band gap was determined using the

following equation [9]:
o (hv) =B (hv - Ep)" /hv 1)

where hv is the energy of the incident photons, E, is the
value of the optical energy gap between the valance band
and the conduction band, B is a constant. The value of n as
1/2 and 2 stands for direct allowed and indirect allowed
transitions, respectively. The calculated values of direct
and indirect optical band gap for pristine and irradiated
samples are given in table 1. The values of optical indirect
and direct band gap increase from 1 to 100 kGy and
decrease by further increasing the gamma dose upto 2000
kGy.

The irregularities in the band gap level can be defined in
terms of Urbach energy (E,) and were estimated using
relation [8]:

a (v) = o, exp(hv/Ey) 2)

where o, 1s a constant, E, 1s an Urbach energy and v is
the frequency of radiation. The calculated values of
Urbach energy for pristine and gamma irradiated
muscovite at different doses are listed in table 1. The
decrease of the Urbach energy at increasing y-doses, from
1 kGy to 100 kGy, indicates the decrease in the structural
disorder. By further increasing the dose upto 2000 kGy,
the Urbach energy increase may be attributed to increasing
of the structural disorder.

IV.

Gamma irradiation upto 100 kGy leads to the increase
in crystallite size and reduction in the defects, structural
disorder and microstrain. Thus, irradiation of natural
muscovite mica with gamma rays 1mproves its
crystallinity. The results of UV-VIS spectra show that the
direct and indirect optical band gap can be monitored with
the help of gamma irradiations. The increase of optical
band gap with gamma irradiation makes natural muscovite
fits for efficient optoelectronic devices.

CONCLUSION
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Abstract— An aqueous solution of cupric nitrate
trihydrate (Cu(NO;),.3H,0) modified with sodium dodecyl
sulphate (SDS) surfactant is used to deposit CuO films on
glass substrate by Ultrasonic spray pyrolysis technique. X-
ray diffraction (XRD) studies of the films deposited at
various substrate temperatures indicate the formation of
monoclinic CuO with preferential orientation along (002)
plane for all samples. Surfactant modified films showed an
increase in crystallite size of 35 nm at substrate temperature
of 300 ‘C. The scanning electron micrograph (FESEM)
confirms the uniform distribution of facets like grains on the
entire area of substrate. SDS modified films show a
significant reduction in the particle agglomeration.

Keywords—Surfactant, spray pyrolysis

L INTRODUCTION

Considerable efforts have been devoted to characterize
and describe the physical and chemical properties of metal
oxide due to their important applications in many
technological fields [1-4]. CuO has a monoclinic crystal
structure and 1s an important p-type semiconducting
material has been utilized in different technological areas
[5-10] and deposited films by various techniques [11-17].
Surfactants can play an important role in synthesizing the
material in different interesting morphologies [18-20].
They may be used to control the size, shape and
agglomeration among the particles. Surfactants have the
tendency to absorb on the specific crystal planes hence
causes an anisotropic growth of the crystal structure. The
addition of surfactant reduces the surface tension of the
precursor solution, which facilitates nucleation and allows
its easier spreading. Surfactant with molecules composed
from a hydrophilic head and a hydrophobic tail into
precursor results in the formation of reverse micelles in the
gel. Hydrocarbonic tail length and the formation of reverse
micelles control the growth and the distance between the
particles hence agglomeration [21]. SDS has been
extensively used in synthesizing CuO by different routes
[22-24]. Most of these studies involve the synthesis of
CuO powder. However, limited data 1is available
concerning the effect of surfactant on the aerosol spray
deposited CuO thin films. In this study CuO films have
been deposited by ultrasonic spray pyrolysis technique
with an aim to observe the effect of SDS addition on the
structural and morphological properties of the CuO films.

II. EXPERIMENTAL

The films of CuO were deposited onto glass substrates
by using 0.2M aqueous solution of trihydrated cupric
nitrate (Cu(NOs),.3H,0). To prepare 0.5 M aqueous
solution of SDS, required quantity of salt has been
dissolved and 10 mL of it was added to aqueous cupric
nitrate solution. The resulting solution has been stirred
vigorously for 4 hours to form a homogeneous sol. The
solution so prepared was used to generate an aerosol using
an ultrasonic nebulizer (Omron Make NE-U17) which was
subsequently transferred on the ultrasonically cleaned,
preheated amorphous glass substrate using an air as carrier
gas. The preparative parameters of the ultrasonic spray
setup such as nozzle to substrate distance, solution
concentration, solution spray rate etc. were optimized to
obtain pin hole free and adherent films of CuO. The
substrate temperature was varied from 300 to 400°C £ 5 °C
in a step of 50 °C which is controlled by thermocontroller
(DTC Selec 303). The substrates were heated to required
temperature for film deposition by an electrical heater. The
distance between the nozzle and the substrate was
maintained at 25 cm.

The phase identification of the film was performed by
X-ray diffraction (XRD) on a X'Pert Panlytical
diffractometer using Cu Ko radiation (2 = 1.5405 A,
30mA, 40 kV) in 26 range from 30-80°. To study the
surface topography and composition analysis of copper
oxide films, field emission scanning electron micrographs
(FESEM), EDAX spectrum were taken on a JEOL JSM-
6700F with a beam voltage of 30 kV. The thickness of the
film was monitored using depth profiler (Dektek 3030 XT)
and was found to be 400 + 20 nm.

III. RESULTS AND DISCUSSION

XRD patterns of as deposited CuO films with SDS at
different substrate temperature are shown in the Fig. 1. The
presence of intense peaks in the XRD patterns of the films
shows that the CuO films are polycrystalline in nature.
Two most prominent peaks can be clearly seen at 26 value
35.5% and 38.7° corresponding to atomic planes (002) and
(111) respectively of CuO phase. No peak corresponding
to Cu,O phase of copper oxide has appeared in the XRD
pattern which the formation of pure CuO films. The
surfactant addition in the precursor improves the
crystallinity along enhanced the growth of crystallites
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along certain preferred directions as evident in Fig 1(b, c).
Jiaxiang et al (2010) has deposited the ITO film by sol gel
method in the presence of surfactants and shown that
surfactants acts as important factor in controlling the
preferred growth orientation of ITO films. Thus surfactant
might help to self assemble the grains in the minimum
energy growth direction. The micelle which directed the
growth thermally decompose on the substrate leads to an
oriented growth.

To determine the preferential orientation in CuO films
with and without the addition of surfactant from the XRD
data, the texture coefficient was calculated using the
equation below

gy = 10K [ 13 TChkD) |
P(hkl) = ja(hkl){n;b(hkl)} v
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Fig.1. XRD diffractograms of SDS assisted CuO films deposited
at substrate temperature of (a) 300°C:SF1 (b) 350°C:SF2
and (c) 400°C:SF3
where I, represents the standard intensity, / is the
observed intensity of the (4k7) plane and » is the reflection
number. Calculated P(hkl) values reveals some important
structural information. For the preferential orientation

P(hid) has to be greater than one [18]. P(hkl) value equals
to one for all the reflecting planes shows that films are
randomly oriented. P(hkl) values greater than one indicates
the abundance of the grains in a given (h//) direction. For
the P(hikl) values liying between zero and one indicates the
lack of grain orientation in that direction [19]. The
diffraction parameters for the as deposited CuO films have
been listed in the Table 1. As can be seen from the Table 1,
structural parameters are depending on the synthesis
parameters. Texture coefficient values greater than one for
the peak located at 26 value corresponding to the reflection
from atomic plane (002) of the films reveals the
preferential orientation of the film.

The average grain size and the internal lattice strain of
the film samples have been evaluated by the Hall-
Williamson equation expressed as:

ﬂc0s6:l+gsm6 @)

A D A
where £ 1s the FWHM of the powder, 6 the Bragg angle, 1
the wavelength of X-ray used, D the grain size and & the
mternal strain. The D and ¢ values were calculated from

the least square fit to Scos@/A vs sin@/A plots for the

prominent peaks of the samples as shown in Fig. 2. The
mntercept of the Hall equation plot on the y-axis give rise to
the average grain size and corresponding values are
recorded in the Table 1. It has been observed that the
addition of SDS in the precursor sol results in an increase
in the average grain size. The crystallite size of around 35
nm has been observed
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Fig. 2. Hall-Williamson equation plot of SDS assisted CuO films
(a) SF1 (b) SF2 and (c) SF3

in case of the CuO film with 0.5M SDS deposited at
substrate temperature of 300°C, thus indicating the
formation of nanocrystalline phase.

A positive slope has been observed in the Hall equation
plot for CuO films deposited with SDS which confirms the
presence of tensile strain in the crystal lattice [19]. The
magnitude of the slope in SDS assisted CuO film show a
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decrease which suggests the decrement of the strain. Since
strain 1is the indication of defects in the film and a drastic
decrease in strain from 0.024 to 0.007 with substrate
temperature in the SDS assisted grown films suggests the
formation of high quality films with improvement in
crystallinity and crystallite size.

To find the effect of surfactant and substrate
temperature on the CuO films, the lattice parameters ( a #
b#c, o=1y=90"# f for monoclinic structure ) and the
volume of unit cell were calculated using the relations

2 2 (12 2
11 [h_+k sin ,B+l__2hlcosﬂj

d> sin’ p
3
V =abcsn f3

“

where d 1s the interplanar spacing, 4%,/ are Miller indices
of the crystal planes, a, b, ¢, § are the lattice parameters
and 7 is the volume of the unit cell. The values of the
lattice parameters are in good agreement with those of the
ICDD card 41-254. The change in the lattice parameters
and the unit cell volume with the surfactant assisted grown
films gives the evidences of the strain. Variation in the
lattice constant can also be observed with the addition of
surfactant and substrate temperature Table 1. The origin of
strain in the films is also related to the misfit of the lattice
which in turn strongly depends upon the deposition
conditions. Dislocations are the imperfections in the
crystal lattice associated with the misfit of the lattice in the
crystal in one part from the other part. It is an important
parameter that governs the growth —mechanism.
Dislocations are mostly non uniform in nature and depend
upon the crystallite size.

a’ b* c? ac

Fig. 3. EDAX spectrum of SDS assisted CuO films
(a) SF1 (b) SF2 and (c) SF3

SEM micrographs were taken to investigate to study
the effect of SDS on the surface morphology of the CuO
films and obtained micrographs are shown in Fig. 3. The
SEM micrographs show that the films deposited with
surfactant are smooth, void or crack free and showing self

assembling of the with nano-sized particle agglomerates
mto pyramid like grains. The size of the particles which
form these agglomerates, however, is much smaller than
the grain size and 1s difficult to resolve. The film texture is
smoother for the films with smaller grain size. It was
observed that SDS assisted CuO thin films deposited at
300°C substrate temperature were smooth, dense and
showing a uniform distribution of grains. The contrast of
the images shows that when SDS was added, the particle
size significantly reduces to about 45 nm, while the
particle sphericity was improved. Thus SDS assisted CuO
films showed low agglomeration. This might be due to the
adsorption of surfactant molecules absorbed on the particle
surface which acts as a spacer among the neighbouring
particles and prevent the coalescence and the formation of
hard agglomerates of the individual particles.

. l (€ D]
lJ‘ Lo A s e A LT

T

i

Energy (keV)

Fig. 4. EDAX spectrum of SDS assisted CuO films
(a) SF1 (b) SF2 and (c) SF3

Table 1 Lattice parameters, strain and crystallite size,
elemental composition

Property/sample SF1 SF1 SF1
P(hikl)
a(A) 4.671 4.681 4.695
b (A) 3.428 3.427 3.427
c(A) 5104 5110 5.118
f (degree) 98.772 99.012 99.37
0
cell volume (A?) 80.882 80.987 81.14
5
Non uniform Strain (¢) = +0.024 +0.010 +0.00
7
Average Crystallite 35.8 38.1 455
size, D (nm) XRD
Thickness (um)+0.03  0.48 0.45 0.38
Cu:0 at% 1 27.10:72. 28.42:71.  30.22
90 58 72.9
0

The EDAX spectrums of the film samples are shown in
Fig. 4 and elemental composition of the samples has been
tabulated in Table 1. The analysis shows that the SDS

/83, AMRITSAR COLLEGE
AT /" OF ENGINEERING & TECHNOLOGY

NBA Accredited | NAAC Accredited

Department Of Applied Sciences

216



National Conference on Advances in Material Sciences

April 4-5, 2014

ISBN: 978-81-924867-2-7

assisted grown films are metal deficient. The elemental
composition taken at different location of the film sample
shows that content of oxygen increases with an increase in
substrate temperature.

IV. CONCLUSIONS

A nanocrystalline CuO thin films were deposited on
glass substrate by a surfactant assisted ultrasonic spray
pyrolysis method. The crystallite size in CuO has been
found to be around 61 nm with the addition of 0.5M
CTAB. The results indicate that CuO nanocrystallites are
subjected to considerable strain and decreases with the
addition of CTAB in the sol. The faceted distorted
spherically shaped CuO nanoparticles with minimum
agglomeration are obtained. The activation energy of CuO
appears to enhance with addition of surfactant.
Interestingly, an enhancement of response of CuO film
toward ammonia at room temperature has been recorded
with the addition of SDS. The study reveals that the
properties of synthesized CuO nanoparticles can be
controlled by optimizing the surfactant with substrate
temperature.
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Transport Properties of Metallic Nanowires on
Silicon Substrate
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Department of Physics, Guru Nanak Dev University, Amritsar, India.

Abstract— This paper presents the Electrical properties
of the randomly distributed metallic (Co, Ni and Fe)
nano/micro wires on Silicon. Deposition was carried out
potentiostatically into the pores of the track-etch
polycarbonate membrane spin coated onto the Silicon
substrate. Spin coated films were irradiated with 15S0MeV Ni
(+11) ions at a fluence of 8E7 ions/cm?, followed by UV
irradiation and chemically etching in aqueous NaOH (6N, at
room temperature). Later morphological, and electrical
properties of the so deposited nano-/micro structures were
studied.

Keywords—Nanowires,SEM, Electrical Characterization
L INTRODUCTION

The research on nano-/micro structures has led to the

exploration of novel physics and material properties at

reduced physical dimensions. There is considerable
technological interest in the fabrication of arrays of high
aspect ratio structures synthesized by electrodeposition for
use as sensors and ultra-high-density information storage.
Along with the synthesis of bare nano/micro structures,
fabrication of one-dimensional nanostructures, or
nanowires on the substrate (metallic or semiconducting),
has been under intense investigation due to their lucrative
device applications [1-3].
In the present work, the track-etched membrane is used to
synthesis nano-/micro structures on the substrate itself.
Structures are grown directly over the semiconducting
substrate for their further characterization and obviating
the need for post- synthesis manipulations. These
Semiconductor based nano-/micro structures are expected
to have practical applications 1n electronic circuit
mtegration [4-5]. A thin polymeric layer was spin coated
on the gold-coated semiconducting substrate. This gold
layer acts as electrode at the time of electrodeposition and
polymeric layer acts as template having the etched tracks.

IL. EXPERIMENTAL DETAILS

Preparation of substrate was carried out at Inter
University Accelerator Center (IUAC), New Delhi,
India, and the CSIO, Chandigarh, India. We have used
Si (P-doped) (111) as a semiconducting substrate. To
remove the dirt and oxide layer from the surface of the
substrate Si, wafer was kept in Trichloroethylene
solvent at 70°C for 10 min then immersed in 1% HF
acid for | min. Finally wafer was rinsed using deionised
water for 5 min.

A thin gold layer of thickness about 95.5nm was deposited
using vacuum evaporation method, onto the Au layer,
polycarbonate (Makrofol) was deposited by spin coating
(at room temperature with spinning speed of 4000rmp)

and the thickness of coated polymer was around 10um.
The adhesion of the polycarbonate film on the substrate
was i1mproved by the use of a  primer
(hexamethyledisilisazan), a chemical reagent (CHj);Si-
NH-Si(CHs;); , consisting of ammonia substituted with two
trimethylsilyl functional groups.

The prepared samples were irradiated at room temperature
with 150 MeV Ni ™ ions at a fluence of 8E7 at TUAC, New
Delhi, India. Later, the irradiated samples were UV treated
(365 nm. 150 W/em®) for 20 minutes to increase the
selectivity of the chemical etching thus favoring the
formation of cylindrically shaped pores. Etching was
performed in a home made one-compartment cell with a
NaOH aqueous solution at room temperature for a time up
to 50 min. The supported films were then immersed in an
acetic acid solution and rinsed with milli-Q water at room
temperature for 5 min and were then dried with hot air. It
must be noted that the pore size depends both on the
conditions of the ionic and UV irradiation, and on the
conditions during chemical treatment of the tracks like
nature and concentration of the reactants, temperature
during etching, time duration for etching. UV exposure
leads to photo-oxidation in the polycarbonate and is able
to increase the track etch ratio by an order of magnitude
[6].

Electrodeposition within these pores of the supported
template was performed at room temperature in a
conventional one-compartment cell, with a copper rod
working as anode and the gold layer as working electrode
(cathode). Electrodeposition of copper, iron and nickel
was done by using the electrolytic solutions containing the
following compositions: Cu (CuSO,-5H,0, 125 g/L:
H,SO,, 100 g/L), Fe (FeSO, 7H,0, 120 g/L; H;BO;, 45
g/L) and N1 (N1SO,-6H20, 300 g/L; NiCl,-6H,0, 45g/L;
H;BO;, 45 g/I). The electrodeposition of copper nano-
/microstructure was carried out for 20 minutes at 2 V
(current 0.0410 to 0.0 645 A) at the temperature of 60° C.
Similarly, microstructures of iron and nickel were
fabricated at potential difference of 2 volt for 15 minutes
and current variation was ranged from 0.0280 to 0.360 A
at 60° C. The deposition potential was applied using a
power supply (Electromek INDIA, SAM- Model MR 85,
+ 15 V) and the monitoring of current and potential drop
across the cell was carried out using a digital multimeter
(PHILIPS Digital Multimeter 1225). When the wire
reaches the membrane surface, a cap starts to grow on top.
At this point in time, the electrodeposition process is
stopped, the substrate with nano-/micro wires was
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immediately removed from the electrolyte, rinsed with
double-distilled water and ethanol, finally dried in dry air
at room temperature and subjected to further analysis. The
porous thin polycarbonate membrane was removed by
dissolving it in dichloromethane for 10 minutes and
washed with several times with double-distilled water.

IIL. RESULTS AND DISCUSSION

In the present study we have carried out morphological
and electrical studies of template synthesized nano-/micro
structures. For morphological characterization, the
fabricated nano-/micro structures were viewed under SEM
at SEMCF IIT New Delhi, Fig. 1 shows the SEM 1mages
of Copper, Iron and Nickel nano/micro wires grown on the
semiconducting substrate.

(a) (b) ©
Figure 1: SEM image of (a) copper (b) iron and (c) nickel nano-/micro
wires grown on silicon substrate.

The in- situ 1-V characteristics of nano-/micro structures
was carried out at room temperature by leaving the
structures embedded in the insulating template membrane
itself . A KEITHLEY 2400 source meter was used for the
measurement. The Fig 2 shows the voltage vs current
characteristics for the nano-/micro structures, it’s the
collective behavior of nanowires lying parallel to each
other.

z
Current (mAmp)

0 05 1.0
Voltage (V)

-0.004 —

-0.008

-0.012 4

Figure 2 I-V characteristics of embedded nano-/micro copper, iron and
nickel wires on Silicon substrate.

Plot shows that at the metal- semiconductor contact
system behaves non-ohmic when forward biased but in
reverse biased region, variation is ohmic.

Under the forward biased V at a fixed temperature

I= Lo[exp{(q(v-IR,)/nkT)-1}]

n is the ideality factor and R, is the diode series resistance.
For a pure thermionic emission n=1. Fit of linear region of
the forward biased semilog IV curve (where V>3kgt and

R, is negligible. Extrapolation of straight line portion of
the plot to V=0 gives I, and the slope S=d(Inl)/dV gives n.
Using I, barrier height may also be calculated using the
equation

D=(kT/q)(AA*T/I,)

Where A* is the Richardson constant and A is the
electrical contact area [7]

Table 1: Table showing the slope intercept and spreading

resistance  values for the nanostructures grown on
semiconducting substrates.
Metal | Slope(mA/Volts) | Intercept (Amps)
Cu 2.22 14.38
Fe 1.24 12.78
Ni 2.62 11.50

As the plots show the measured I-V curve is non-linear.
Sze (1981) asserted that if thermionic emission is
dominant, which is the major current flow mechanism for
low impurity concentration, the curve should be linear.

Padovani and Stratton [8] reported that even if thermionic-

field emission is dominant, which occurs at a highly doped

metal semiconductor interface, the I-V curve 1is
approximately linear [9]. While Lepselter and Andrews

[10] explained that if direct tunneling is dominant, the

current is directly proportional to applied bias which

implies that the contact is Ohmic. However, our results
indicate that the contact does not follow any of the three
models.
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Growth of nanostructured tin oxide thin films for
gas sensing applications
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Dept. of Physics, Khalsa College, Amritsar-143005, India.

Abstract—  Tin oxide thin films comprising of
nanostructures with different morphologies have been
obtained on glass substrates using an ultrasonic spray
pyrolysis technique. The effect of post deposition annealing
on the structure and morphology of the films deposited at
400°C is studied using XRD and FESEM. The studies reveal
that the annealing of the films at temperatures of 400 and
S500°C results in the evolution of platelet like and bipyramidal
nanostructures, exhibiting an enhanced response towards low
concentrations of chlorine.

Keywords— Tin oxide, Nanostructures, Thin films, Annealing ,
Structural properties, Gas sensing.

L INTRODUCTION

As gas sensing materials, the metal oxides are particularly
attractive due their low cost, ease in fabrication, simplicity
in their use and their ability to detect a wide range of
gases. Among various metal oxides, tin oxide (SnO,) is
identified as one of the most important member of the
semiconducting metal oxide group that has been widely
mvestigated and used for the detection of large number of
gases such as ammonia, hydrogen sulphide, nitrogen
dioxide, carbon monoxide, ethanol, etc [1-4]. Its sensing
mechanism is based on the conductance changes occurring
due to the reaction between the adsorbed oxygen species
on the oxide surface and the analyte, and is influenced
largely by parameters such as crystallite size, orientation,
shape, agglomeration, surface architecture etc of the
sensing layer [5].Therefore several methods such as
hydrothermal,  solvothermal, thermal evaporation,
templated growth and solid state reaction etc have been
used for the growth of crystalline SnO, nanostructures
with different morphologies for sensing applications [6-
10].

In the present study, conditions for growth of a
porous network comprising of platelet shaped
nanostructures were identified and the prepared
nanostructures were successfully used for sensing low
concentrations of chlorine at low operating temperature of
150°C.

II. EXPERIMENTAL DETAILS

Stannous chloride and ethanol were used as starting
materials. A precursor solution of 0.25 M concentration

was prepared by dissolving 0.0125 moles of stannous
chloride in 50 ml of ethanol. This solution was initially
well stirred and heated at 40°C for 2 hours for attaining
mitial clarity. The prepared solution was then used for
deposition of SnO, films onto glass substrates kept at
temperatures of 400°C, using an ultrasonic spray pyrolysis
technique. The deposited films were then subsequently
annealed at temperatures of 400 and 500°C for 2 hours to
study the changes in the microstructure and gas sensing
behaviour with post deposition annealing.

The aerosol used for the deposition of films was
generated ultrasonically by a simple medical nebulizer
model OMRON NE-U17. The crystal phases in the films
were studied by X-ray diffractometer (X Pert Panalytical)
operated at 40 kV, 30 mA over 20° to 70° with a scan rate
of 0.002°/sec. The surface morphology of the films was
investigated using FESEM (JEOL JSM 6700) with a beam
voltage 25 kV. The thickness of the films was determined
using a depth profiler (Dektek 3030 XT). The gas sensing
response of the films was determined by studying the
resistance variation upon exposure to chlorine gas at
different operating temperatures ranging between (25-
250°C).

The sensing response (R) of the film is calculated by
the equation

R=(F2)x100%

where R, and R, represent resistance in the presence of
gas and air respectively.

Here, response time of the sensor is calculated as
the time required for the resistance to reach 90% of the
equilibrium value after the test gas is introduced and the
recovery time is measured as the time necessary for the
sensor to attain a resistance 10% above the original value
nair .

I1I. RESULTS AND DISCUSSION

XRD patterns of the films deposited at substrate
temperature (Ts) of 400° C are shown in figure 1. The
patterns reveals the formation of polycrystalline films with
peaks corresponding to reflections from (110), (101),
(200), (211), (220), (310) and (301) planes of rutile
structured SnO, phase.
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Fig. 1 XRD pattern of SnO, films deposited at substrate temperatures(Ts)
of 400°C

Figure 2 and 3 shows the XRD patterns of the films
deposited at 400°C and annealed at temperatures of 400
and 500°C respectively. The patterns show (211) as the
most intense and sharp reflection for the annealed films.
The intensity of the dominant reflection is found to
increases with an increase in annealing temperature to
500°C and a remarkably high intensity (211) reflection is
observed in case of film annealed at 500°C. The intensities
of the other reflections are relatively much smaller.
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Fig 2: XRD patterns of SnO; films deposited at Ts =400°C and
annealed at temperature of 400°C
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Fig 3: XRD pattern of SnO, films deposited at Ts =400°C and
annealed at temperatures of 500°C

The FESEM analysis of the film deposited at substrate
temperature 400°C is shown in figure 4. The micrograph
shows that the film is composed of cuboidal shaped
crystallites.

Fig 4: FESEM image of SnO; films deposited at substrate temperatures
of 400°C

The FESEM 1images of the films deposited at 400°C and
annealed at temperatures of 400, 500 °C are shown in
figure 5 and 6 respectively. A highly porous network of
platelet like crystals is evolved in case of film annealed at
400°C. At an annealing temperature of 500°C the crystals
evolve into bipyramid shaped structures with uniform
sizes. A close examination of these crystals reveal that the
surface of the crystals is not smooth and appears to be an
assembly of nanoparticles, which suggests that the
obtained crystals are secondary faceted aggregates formed
from primary SnO, nanocrystallites [11 ]. These variations
induced in the film morphology upon annealing at
different temperatures can be attributed to the occurrence
of multistep stages of recrystallization, reorientation, and
aggregation of SnO, primary crystallites on providing
thermal energy to films through annealing at different
temperatures. The extent of each stage at a given annealing
temperature dictates the final morphology of the film at
that temperature. At low annealing temperature of 400°C
the thermal energy results in the partial recrystallization
Jand reorientation of crystallites with a smaller degree of
aggregation. However at higher temperatures the increased
thermal energy increases the extent of orientation and
aggregation due to increased multiple collisions of
primary crystallites. Further during the course of
aggregation the primary crystallites tend to share common
faces to maximize the packing density and align their
planes with similar interplanar spacing at the interface to
attain coherency. The planes then spontaneously align
themselves to form a low energy interface. As a result,
faceted SnO, crystals with inherent meso-macroporosity
are evolved giving a textured distribution of nanparticles
with a preffered orientation. [12]
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Fig 5: FESEM image of SnO, films deposited at Ts=400°C and
annealed at temperatures of 400°C

Fig 6: FESEM images of SnO; films deposited at Ts =400°C and
annealed at temperatures of 500°C

Gas sensing characteristics

The SnO, films deposited at a substrate temperature of
400°C were then tested for their gas sensing behaviour
towards chlorine in the operating temperature range of 25-
250°C.

Figure 7 depicts the response of film towards 10 ppm of
chlorine. A high response of 173.1 % was recorded at an
operating temperature of 150°C.
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Fig 7 :Sensing response of SnO; films deposited at different substrate
temperatures towards 10 ppm of chlorine

Figure 8 shows the gas sensing response of the films
deposited at 400°C and annealed at temperatures of 400
and500 °C. It 1s observed that the film annealed at 400°C
shows a highly improved response of 264.6% towards 10

ppm chlorine. The response was however lowered in case
of films annealed at 500 °C.
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Fig 8 :Sensing response of SnO; films deposited at Ts=400°C and
annealed at 400 and 500°C. towards 10 ppm of chlorine.

Figure 9 shows the response time curves for the film
annealed at 400°C for different concentrations of chlorine
(5-30 ppm).It 1s observed that the response was almost
linear in the tested range. The maximum sensing response
recorded for 30 ppm chlorine was 650.2 %.The calculated
response time for sensing different concentrations of
chlorine was found to be about 15 sec and the recovery
time was found to lie between 20-25 sec.
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Fig 9: Response time curves for SnO, film annealed at 400°C for
different concentrations of chlorine (5-30 ppm)

V. CONCLUSION

The studies show the possibilities of growing
nanostructured SnO, films by ultrasonic spray pyrolysis,
with different morphologies by varying substrate and post
deposition annealing temperatures. The evolution of
porous platelet like agglomerates due to partial
recrystallization and orientation of the SnO, films at
annealing temperatures of 400°C were found to exhibit an
enhanced response of 650.2 %towards 30 ppm chlorine,
which suggests that post deposition annealing treatment of
crystalline SnO, films prepared by ultrasonic spray
pyrolysis can be used as an effective tool for modifying
the structure and gas sensing behaviour of SnO, films
towards a particular gas.
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Abstract— Phosphate glasses with composition 50P,0s-
30Ca0-(20-x) Na,0-xCeO, with x varying from 0-2.0 mol %
were prepared using the conventional melt quench technique.
The amorphous nature of prepared glasses was confirmed
from the XRD spectra. The density and Molar volume of the
glasses was found using the Archimedes principle. The value
of the density lies in the range 3.58-3.71 g/cm®. The density of
the prepared glasses was found to increase with the
concentration of CeO,. This was explained as the molecular
weight of CeO, is more as compared to molecular weight of
Na,O. The Raman spectra was obtained for the prepared
glass samples and it was found that the no new peaks are
formed with the doping of CeO,, only there is a change in the
intensity of peaks and the peaks are red shifted. The
bandgap energy is found to decrease with CeO, doping due
to formation of more NBOs.

Keywords— Band gap energy, Density, Molar Volume,
Phosphate Glass, Raman Spectra

L INTRODUCTION

In recent years extensive work has been done on rare

earth doped phosphate glasses due to wide range of

applications offered by them such as solid state laser
hosts, glass to metal seals, optical glasses, bioactive
glasses and many more [1-2]. Phosphate glasses are
known to possess low melting temperature (as compared
to silicate glasses), low glass transition temperature and
high thermal expansion coefficient. In addition phosphate
glasses can also exist as ultra, meta, pyro and ortho
structural units which facilitates the tailoring of new
materials for specific technological application [3]. Rare
earth ions are important as they can be used to probe the
local structural variations in the host glass matrix due to
their 4f electronic configuration. Among rare earths
certum oxide i1s known as good UV absorber and it also
possess the radiation damage resistance properties from X
rays and gamma rays. Cerium exists as Cerous (Ce’") and
Ceric (Ce") states in oxide glasses. In the radiation
resistance mechanism Ce*" acts as electron traps and Ce**
acts as hole traps, which avoids the formation of colour
centers when the samples are irradiated [4-5]. The
solubility of rare earth ions in oxide glasses changes
drastically from one glass former to the other. Phosphate
glasses can accommodate large amounts of RE ions as
compared to silicate and borate glasses. RE ions with
concentration > 1 mol% are found to form clusters in the
silicate glasses. It 1s proposed that phosphorus- oxygen
polyhedral serves as the solvation shells around the RE
ions which helps them to accommodate large

concentration of RE i1ons without phase separation [6]. It
has been found that 16 times more cerium oxide can be
doped in phosphate glasses as compared to the silicate
glasses while maintaining the same colour and ability to
absorb ultraviolet radiation. In the present research paper
we have synthesised the glass with composition 50 P,Os-
30 CaO- (20-x)L1,O-x CeO, with x varying from 0 -2.0
mol %. The glasses are then characterised with UV -
Visible and Raman spectroscopy for their optical and
structural properties.

IL. EXPERIMENTAL DETAILS

A. Preparation of glasses

The glasses having composition 50 P,05-30 CaO- (20-
x) Li,0-x CeO, with x varying from 0 -2.0 mol % were
prepared using the conventional melt quench technique.
All the chemicals were weighed and were mixed in a ball
mill to form a homogeneous mixture. This batch was then
melted in an electric furnace at 1100°C for 1 hour. The
melt was then poured onto preheated steel plates to obtain
the bubble free transparent glasses.

B. XRD

XRD studies of the prepared glass samples were carried
out using CuKa radiation with XRD -7000 Shimadzu X
Ray Diffractometer at scanning rate of 5° per minute in the
range of 20° - 80°.

C. Density Measurements

Density of prepared glass samples was calculated using
the Archimedes Principle with Xylene as the immersion
liquid. The density of the samples was calculated using
the formula

W,

=W, —wm

P1

Where W, is the weight of glass in air, W) is the weight
of glass 1n liquid and p; 1s the density of immersion liquid.
The molar volume of the glasses was found as

%4

m

_ Molecular weight of gla.ss/
- Density of glass

D. UV Visible Absorption Spectra

The optical absorption spectra of polished glass samples
having thickness in range of 1-2 mm were recorded using
double beam spectrophotometer Shimadzu 1601 in the
range from 200-1100 nm. These spectra were used to
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calculate the bandgap energy of glasses.

E. Raman Spectra

Raman spectra of polished glass samples were
recorded using 488 He-Ne Laser in 400-1500 cm™ range.

II1. RESULT AND DISCUSSIONS

A. XRD Analysis

Fig. 1 shows the XRD spectra of powdered glass
samples. Absence of any sharp peak in the spectra
confirms the amorphous nature of prepared glasses.

x=2.0
;:‘ x=1.5
'? x=1‘.0
E
x=0.5
x=0.0
%Mmmwm.mumisn.mm..u.m.‘”.m.._4. v
20 30 40 50 60 70 80
20 Fig. 1
XRD Spectra of 50 P,05-30 CaO- (20-x) Li,O-x CeO, glasses
B. Density and Molar Volume

Fig. 2 shows the density and molar volume as
concentration of Cerium oxide. The density of glass
samples is found in the range of 3.58-3.71 g/cm’. The
density of phosphate glasses is largely affected by the
packing fraction of structural units present. The density of
phosphate glasses was found to increase with the CeO,
concentration as the molecular weight of CeO, is more
than that of Na,O. This also shows that with CeO, addition
the cross linkages between NBOs increases which makes
the glass structure more dense. Also with increase in
concentration of CeO, the molar volume is found to
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Fig.2 Density and Molar Volume variation with CeO, concentration

C. Optical Properties

Fig.3 shows the UV-Visible optical absorption spectra
of prepared glasses in 300- 800 nm range. The
characteristic curve for all glasses exhibit the same
behavior except the onset value of absorption edge. The

absorption edge was found to be red shifted with CeO,
doping. This is attributed to the presence of more NBOs
due to CeO,

25
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Fig. 3 Absorbance spectra of prepared glass samples

The absorption coefficient a for oxide glasses 1s related

to Eqpticat by Davis and Mott [7] power law given as
(hv — Eg)"
alv)=B———=

Where B 1s a constant and n is a parameter having value
2 for glasses. Hence a plot of (ahv)' vs hv gives a curve
and 1if the straight line is extrapolated to X axis, it gives the
value of optical bandgap.

Fig. 4 shows the indirect optical bandgap for prepared
glass samples. The optical bandgap energy is found to
decrease with CeO, concentration. This is attributed to the
conversion of bridging oxygen atoms to the nonbridging
oxygen atoms, which further facilitates the excitation of
electrons to higher energy states and thus lowers the
bandgap.

(ahv)"” (eViem)"

28 3.0 3.2 3.4 3.6 3.8 4.0 4.2

hv (eV)

Fig.4 Optical Band gap energy for prepared glasses

The value of optical bandgap, density and molar volume
1s given in Table 1.
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Table 1. Nominal Composition of Prepared glass series with their

Density. Molar Volume and Optical bandgap

P,0s5 | CaO | Li,O | CeO, | Density | Molar Band
(in | (in (in (in (g/ce) Volume | gap
mol | mol | mol | mol (co) energy
%) | %) | %) %) (eV)
50 30 20 0 3.58 25.83 3.40
50 3 195 1 0.5 3.62 25.93 3.15
50 30 19 1.0 3.65 26.11 3.13
50 30 185 | 1.5 3.69 26.21 3.02
50 30 18 2.0 3.71 26.46 3.00

D. Raman Spectra

Fig. 5 shows the Raman spectra of prepared glass
samples. The most sharp and intense band is at 1178 cm™
and 1s attributed to the presence of symmetric PO,
vibrations. The band at 1260 cm™ is assigned to the
presence of asymmetric PO, vibrations. The weak band at
1024 ecm™ is due to the symmetric (PO;)* vibrations. The
band at 697 cm™ is attributed to symmetric stretching
vibrations of P-O-P linkages. The weak band at 920 cm™ is
attributed to asymmetric stretching vibrations of P-O-P
linkages. As the concentration of CeO; is very low thus no
new bands are formed. With CeO, doping only the
mtensity of various bands changes [5].
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Fig. 5 Raman Spectra of prepared glass samples

V. CONCLUSIONS
The density of prepared glass samples was found to
increase with cerium dioxide which makes the glass
structure denser. In Raman spectra only slight variation in
mtensity of bands was observed with the doping of CeO,
upto 2 mol%. The optical bandgap was found to decrease
with CeO, content due to formation of more NBOs.
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Abstract- Composite proton conducting non aqueous
polymer gel electrolytes have been synthesized by dispersing
nano sized fumed silica to the polymer gel electrolytes
containing polymethylmethacrylate (PMMA),
dimethylacetamide (DMA), benzoic acid (BA) and ortho-
hydroxy benzoic acid (0-OHBA). These electrolytes have
been characterized by complex impedance spectroscopy,
viscosity and pH measurements. The effect of acid, polymer
and fumed silica on conductivity, pH and viscosity has been
studied for gel electrolytes. Maximum conductivity of 2.95 x
10 S/cm and viscosity of 1.64 x 10° mPas at 25°C has been
obtained. The conductivity of composite gels does not show
any appreciable change with time and only a small change in
conductivity is observed over the operational range of
temperature, which is desirable for their use in device
applications.

Keywords— Conductivity, Dimethylacetamide, Fumed Silica,
Polymethylmethacrylate, Viscosity.

I INTRODUCTION

Fuel cells are projected as the clean energy sources of
the next generation and depending upon the electrolyte
used, different types of fuel cells are available in the
market [1]. Proton exchange membrane fuel cells
(PEMFCs) which use a solid polymer membrane as the
electrolyte are favoured for stationary, portable and mobile
applications as these can operate at normal temperatures
[2]-[5]. The most important part of PEMFCs is the
membrane which must conduct protons and should have
good mechanical properties. The Nafion membrane
presently used is very costly and is suitable for limited
temperature range applications due to its humidity
dependent conductivity. Hence there is a growing need to
develop an alternate proton conducting membrane which
have high value of ionic conductivity and can be used over
wide temperature range. Polymers containing functional
acidic groups in the hydrated state [6] and in hetrocycles
such as imidazole, pyrazole or benzimidazole [7] have also
been reported. Proton conducting polymer gel electrolytes
containing weak acids—namely aromatic carboxylic acids
and aliphatic dicarboxylic acids have recently been
reported to show high value of conductivity at 25°C and
being non-aqueous in nature could be used over wide
range of temperature [8]-[10]. Another advantage of these
materials is that the addition of different polymers has
been reported to result in an increase in conductivity
alongwith an increase in viscosity. The dimensional

stability of these polymer gel electrolytes can be further
improved by dispersing small size insulating particles in
these electrolytes. The aim of the present work is to
develop nano-dispersed non-aqueous polymer gel
electrolytes with high value of conductivity and good
dimensional stability which could find applications in
PEMEFCs and other devices.

In the present study nano dispersed polymer gel
electrolytes obtained by dispersing nano sized fumed silica
to proton conducting non-aqueous polymer gel electrolytes
containing polymethylmethacrylate (PMMA) in the
solutions  of  ortho-hydroxy  benzoic acid in
dimethylacetamide (DMA) has been investigated. The
effect of the concentration of acid, polymer and fumed
silica as well as temperature on the conductivity and
viscosity of electrolytes has been studied. The effect of the
molecular weight of the polymer on the conductivity and
viscosity behaviour of polymer gel electrolytes has also
been studied. The change in free H™ concentration in the
electrolytes has also been monitored by pH measurements.

IL. EXPERIMENTAL

Polymethylmethacrylate (PMMA) (Aldrich)  with
average molecular weights 15,000; 120,000 and 996,000
dimethylacetamide (DMA) (Merck) (¢ = 37.8, n = 1.937
cP, MP. = -20°C, BP. = 165°C), benzoic acid
(CsHsCOOH) (Lancaster) ortho-hydroxy benzoic acid
(CsH,OH COOH) (Lancaster) and fumed silica (Aldrich)
with surface area 380 m*/g and grain size 7 nm were used
as the starting materials. Liquid electrolytes were prepared
by dissolving benzoic acid and ortho-hydroxy benzoic acid
in different concentrations (expressed in molarity values)
in DMA and polymer gel electrolytes were obtained by
adding PMMA in different amounts (expressed as wt% of
liquid electrolyte) to the liquid electrolytes alongwith
continuous stirring by magnetic stirrer. Nano-dispersed
gels were then prepared by dispersing nano sized fumed
silica in different concentrations (expressed as wt% of
polymer gel electrolytes) to the polymer gel electrolytes
alongwith continuous stirring to ensure homogenization.
Electrolytes containing different concentrations of ortho-
hydroxy benzoic acid, PMMA and fumed silica have been
studied in the present work.

The electrical conductivity of electrolytes was measured
by complex impedance spectroscopy using HP4284A
precision LCR meter in the 20Hz-1MHz frequency range
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with a cell having platinum electrodes. The conductivity
was also measured in the 20-90°C temperature range by
using a temperature controlled furnace in steps of 5°C. pH
of the electrolytes was measured by systronics 335 pH
meter. The viscosity of different electrolytes was
measured by Fungilab rotating viscometer (Visco Basic L)
at different temperatures in water circulator (Julabo F12-
EC) which could control the temperature with an accuracy
of £ 0.1°C.

II1. RESULTS AND DISSCUSSION

The conductivity of liquid electrolytes obtained by
adding benzoic acid and ortho-hydroxy benzoic acid (o-
OHBA) to dimethylacetamide (DMA) was measured at
25°C as a function of acid concentration and the results are
given in Fig.1. The conductivity of solvent (~10° S/cm)
increases by two orders of magnitude with the addition of
acid and reaches a value of 1.55 x 10 S/cm for liquid
electrolytes containing 1M o-OHBA. The acid upon
dissociation provides free H" ions which take part in the
conduction process and as a result conductivity increases.
However the rate of increase of conductivity with acid
concentration in not constant and is less at higher acid
concentrations which is generally explained to be due to
the formation of ion aggregates which do not take part in
the conduction process. Although the solvent used (DMA)
in the present study has high dielectric constant (¢ = 37.8
at 25°C) yet some undissociated acid will also be present
in these liquid electrolytes as the acid used is a weak acid
with dissociation constant (1.40 x 10) less than one in an
aqueous solution. Due to lower dielectric constant of
DMA as compared with water (¢=80) the amount of
undissociated acid will be higher in liquid electrolytes
containing DMA.

For comparison the conductivity variation for
electrolytes containing benzoic acid is also given in Fig.1.
The lower conductivity of electrolytes containing benzoic
acid is due to its low dissociation constant (8 x 107) which
1s less than that for o-hydroxy benzoic acid and as a result
benzoic acid is not fully dissociated in the solvent.
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Fig.1 Variation of log conductivity with acid concentration for liquid
electrolytes containing benzoic acid (e). and o-hydroxy benzoic acid (o)
in DMA.

The increase in free H ion concentration with the
addition of 0-OHBA in liquid electrolytes has been studied
by pH measurements and the variation of pH with acid

concentration is given in Fig2. pH decreases with an
increase in acid concentration. As pH in an aqueous
solution is given by pH = -log [H'(aq.)] so a decrease in
pH corresponds to an increase in acidity or an increase in
free H™ ion concentration. A comparison of Fig.l and
Fig.2 shows that a decrease in pH is accompanied by a
corresponding increase in conductivity. At high acid
concentrations, the rate of decrease of pH with acid
concentration also decreases. Although the electrolytes
used in the present case are non-aqueous in nature yet a
decrease in pH shall correspond to an increase in free H
1on concentration in the electrolyte. The addition of acid to
DMA also results in an increase in viscosity of the
electrolyte and the variation of wviscosity with acid
concentration 1s given in Fig.3. Viscosity increases
linearly with the concentration of acid but due to only a
small increase in viscosity, its effect on conductivity shall
also be negligible.

Although liquid electrolytes possess high value of
conductivity (~10 S/cm) at 25°C yet they cannot be used
in various devices due to their liquid nature. The polymer
gel electrolytes obtained by immobilizing liquid
electrolytes with the addition of a suitable polymer matrix
can partly overcome the above drawbacks of liquid
electrolytes. Polymer gel electrolytes were prepared by
adding PMMA with average molecular weight 15,000 to
liquid electrolytes containing 0.5 and 1M o0-OHBA in
DMA and the variation of conductivity at 25°C as a
function of PMMA concentration is given in Fig.4. The
conductivity of liquid electrolytes containing 0.5 as well as
IM 0-OHBA increases with the addition of PMMA,
reaches a maximum value at around 3—4wt% PMMA and
then shows a small decrease at higher PMMA
concentrations. The addition of polymer generally results
in an increase in viscosity'™® which shall lower ionic
mobility and secondly the addition of polymer also results
in a net decrease in acid concentration as no additional
acid has been added alongwith PMMA and both these
factors — lower mobility and lower acid concentration shall
result in lower conductivity. Despite this the conductivity
of liquid electrolytes increases with the addition of PMMA
and this increase although small but is quite significant
and o(gel) > o(liquid) has been observed at all PMMA
concentrations [12]-[13].
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Fig.2 Dependence of pH on acid concentration for liquid electrolytes
containing o-hydroxy benzoic acid in DMA.
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Fig.3 Change of viscosity with acid concentration for liquid electrolytes
containing o-hydroxy benzoic acid in DMA.
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Fig.4 Variation of conductivity with PMMA concentration for polymer
gel electrolytes containing 0.5M (e), IM (o) o-hydroxy benzoic acid in
DMA.

The presence of a maxima in the conductivity vs PMMA
concentration plot (Fig.4) indicates the simultaneous
presence of two competing processes in these gel
electrolytes which are free ion concentration at low
PMMA concentration and viscosity at high PMMA
concentrations [14]. This was experimentally checked by
pH and viscosity measurements on these polymer gel
electrolytes. The variation of pH of gel electrolytes
containing 0.5M o0-OHBA as a function PMMA
concentration 1s given in Fig.5. pH decreases with an
increase in PMMA concentration and the decrease 1s more
upto about 3wt% and thereafter the decrease in pH is very
small. The low PMMA concentration range in which pH
decreases corresponds to the region in which conductivity
increases with PMMA addition as given in Fig.4. The
decrease in pH corresponds to an increase in free H™ ion
concentration which contributes to an increase In
conductivity. As the acid used in the present study is a
weak acid so some undissociated acid is present in these
gel electrolytes and the increase in free H™ ion
concentration 1s possibly due to the dissociation of
undissociated acid with the addition of PMMA. The small
change in pH at high PMMA concentrations is an expected
behaviour because the amount of undissociated acid
present in liquid electrolytes is fixed and with the addition
of PMMA some of the undissociated acid gets dissociated
resulting in a decrease in the amount of undissociated acid.

This shall lead to a small change in pH at higher PMMA
concentrations.

The viscosity of polymer gel electrolytes containing
0.5M 0-OHBA was also measured as a function of PMMA
concentration and the results are given in Fig.6. The
viscosity increases linearly with PMMA concentration and
the decrease in conductivity observed in Fig.4 at high
PMMA concentration is due to the dominant role played
by viscosity which is large at high PMMA concentrations.
Although viscosity increases with increase in PMMA
concentration yet its low value is due to the use of PMMA
with low molecular weight (15.000). The role of viscosity
in conductivity modification of polymer gel electrolytes
was also investigated in more detail. However it may be
pointed out that the viscosity measured experimentally by
rotating viscometer 1s the macroscopic viscosity whereas it
1s the microscopic viscosity which is related to ionic
mobility and hence conductivity. Literature reports on
different polymer gel electrolytes report that the addition
of polymer increases the viscosity of gel electrolytes
which is accompanied by a small decrease in conductivity
[L1]. The conductivity is related to the viscosity by the
relatio‘l}
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Fig.5 Dependence of pH on PMMA concentration for polymer gel
electrolytes containing 0.5M o-hydroxy benzoic acid in DMA.

which suggests that an increase in viscosity shall lead to a
decrease in conductivity.

PleP

1

Fig.6 (ahange of viscosi‘ty with -PMMA Concentration for‘iaolymer gel
electrolytes containing 0.5M o-hydroxy benzoic acid in DMA.

Further the wviscosity of a particular polymer also
depends upon its average molecular weight and it
increases with an increase in the molecular weight of the
polymer. Thus the viscosity of polymer gel electrolytes
shall also depend upon the molecular weight of the
polymer used. As pointed out in the above section that the
viscosity of electrolytes plays a dominant role in
conductivity modification at high polymer concentrations
so the use of polymer with different molecular weights
shall affect the conductivity by different amounts. This
was studied in the present case by using PMMA with
average molecular weight 15.000; 120,000 and 996,000
[12]. Polymer gel electrolytes were prepared by adding
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PMMA with different molecular weights to the 0.5M
solution of 0-OHBA in DMA and the variation of
conductivity with PMMA concentration is given in Fig.7.
The conductivity of liquid electrolytes increases with the
addition of PMMA having different molecular weights and
the variation is similar to that observed in Fig.4. However
the increase in conductivity observed with PMMA
addition depends upon the molecular weight of PMMA
used and 1s less for PMMA with higher molecular weights.
However the conductivity of all the gel electrolytes
containing PMMA with different molecular weights is
higher than the corresponding liquid electrolyte at all
concentrations of PMMA. Similar type of behaviour
observed in the variation of conductivity with PMMA
concentration for gel electrolytes containing PMMA with
different molecular weights suggests that same type of
mechanism is responsible for conductivity modification in
these electrolytes. At low PMMA concentration the free
H™ ion concentration plays a dominant role whereas at
high PMMA concentration, viscosity plays a dominant
role in conductivity behaviour.

pH of polymer gel electrolytes containing PMMA with
different molecular weights was also measured as a
function of PMMA concentration and the results are given
in Fig 8. In each case the pH decreases at low PMMA
concentrations and shows a near saturation value at high
PMMA concentrations. However the extent of decrease in
pH is also related to the molecular weight of PMMA used
and the decrease in pH is more for gel electrolytes
containing low molecular weight (15,000) PMMA. A
comparison of the results in Fig.7 and Fig.8 shows that an
increase in conductivity with PMMA addition also leads to
a decrease in pH which is due to an increase in free H' ion
concentration which can take place due to the dissociation
of undissociated acid present in these gel electrolytes
containing weak acid. However as free ion concentration
and viscosity are simultaneously affecting the conductivity
behaviour so the use of high molecular weight PMMA
(120,000 and 996.000) results in higher viscosity and as a
result the decrease in pH is small as compared with gel
electrolytes containing PMMA with low molecular weight
(15,000).
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Fig.7 Dependence of conductivity on PMMA (av. mol. wt. 15.000 (o).
120.000 (A) and 996.000 (e)) concentration for polymer gel electrolytes
containing 0.5M o-hydroxy benzoic acid in DMA.
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Fig.8 Variation of pH with PMMA (av. mol. wt. 15.000 (o). 120,000 (A)
and 996.000 (e)) concentration for polymer gel electrolytes containing
0.5M o-hydroxy benzoic acid in DMA.

The dependence of viscosity of polymer gel electrolytes
upon the molecular weight of PMMA used was also
studied by measuring the viscosity of polymer gel
electrolytes containing PMMA with different molecular
weights and the results are given in Fig.9. The viscosity of
gel electrolytes depends upon the molecular weight of
PMMA used and is higher for gels with high molecular
weight PMMA. In each case, at low PMMA
concentrations the viscosity is low whereas at high PMMA
concentrations the viscosity is very large and plays a
dominant role and results in a decrease in conductivity as
observed in Fig.7. Thus the results of the variation of
conductivity, pH and viscosity as given in Figs.7-9 for
polymer gel electrolytes containing PMMA with different
molecular weights are compatible with each other. In each
case the increase in free H' ion concentration at low
PMMA concentration 1s responsible for an increase in
conductivity whereas the large viscosity at high PMMA
concentrations plays a dominant role and results in a
decrease in conductivity.
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Fig.9 Variation of viscosity with PMMA (av. mol. wt. 15.000 (o).
120,000 (A ) and 996,000 (e)) concentration for polymer gel electrolytes
containing 0.5M o-hydroxy benzoic acid in DMA. (inset shows the
variation of log viscosity with PMMA concentration).
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The effect of the dissociation constant of the acid used
on the conductivity behaviour of polymer gel electrolytes
was also studied by synthesizing polymer gel electrolytes
containing benzoic acid. Fig.10 show the variation of
conductivity with PMMA (av. mol. wt. 15,000)
concentration for polymer gel electrolytes containing 1M
benzoic acid in DMA. The conductivity increases with the
addition of PMMA and gel electrolytes with conductivity
higher than the corresponding liquid electrolytes are
obtained for all concentrations of PMMA. However the
increase in conductivity at low concentrations of PMMA
1s very large and is by 1-2 orders of magnitude as
compared with that observed in Fig.4 for gel electrolytes
containing o-hydroxy benzoic acid. Secondly the
conductivity does not show a decrease at high PMMA
concentrations as observed for o-OHBA although the rate
of increase of conductivity decreases at high
concentrations of PMMA. This could be explained as
follows:
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Fig.10 Variation of conductivity with PMMA (av. mol. wt. 15.000)
concentration for polymer gel electrolytes containing 1M benzoic acid in
DMA.

The benzoic acid used has very low value of dissociation
constant (8 x 10”°) which is even less than that of 0o-OHBA
and as a result a large amount of undissociated acid shall
be present in these electrolytes. As the addition of PMMA
results in the dissociation of undissociated acid so the
increase in free ion concentration will be large and shall
play a dominant role at all PMMA concentrations upto
10wt%. The effect of wviscosity at high PMMA
concentrations does not play a dominant role due to the
dominant role of free ion concentration.

The change in free H" ion concentration in polymer gel
electrolytes containing benzoic acid was studied by pH
measurements and Fig.11 gives the variation of pH as a
function of PMMA concentration for polymer gel
electrolytes containing 1M benzoic acid in DMA. pH
shows a linear decrease with an increase in PMMA
concentration which shows that the concentration of H"

1on increases with PMMA addition upto 10wt% and this is
reflected in the increase in conductivity with PMMA
addition as given in Fig.10. Thus in electrolytes containing
benzoic acid, the amount of undissociated acid 1s large and
the addition of PMMA results in the dissociation of
benzoic acid even upto 10wt% PMMA.
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Fig.11 Change of pH with PMMA (av. mol. wt. 15.000) concentration
for polymer gel electrolytes containing 1M benzoic acid in DMA.

On the basis of above studies it has been found that
polymer gel electrolytes obtained by adding PMMA with
molecular weight 15,000; 120,000 and 996,000 to the 0.5
and 1M solutions of 0-OHBA in DMA show high
conductivity as well as higher viscosity at 25°C than the
corresponding liquid electrolytes. Despite this, a further
improvement in the dimensional stability of these polymer
gel electrolytes shall be needed for their use as electrolytes
1n various devices.

In 1973 Liang reported that the addition of an insulating
material (AL,O;) to a poor 1onic conductor (Lil) resulted in
an increase in conductivity and these are known as
composite electrolytes [15]. The increase in conductivity
was later found to depend upon the particle size (the
increase in conductivity was more for smaller particles)
and concentration of insulating matrix [16]-[20]. Later on
in the case of composite polymer electrolytes, the addition
of insulating particles to the polymer electrolytes was also
reported to result in an increase in the mechanical
properties alongwith conductivity enhancement [21]-[26].
A similar approach has been employed in the present case
to improve the mechanical strength of polymer gel
electrolytes. Fumed silica with large surface area of
380m’/g and having grain size 7 nm has been used in the
present study as an insulating matrix.

Nano dispersed polymer gel electrolytes were obtained
by adding fumed silica in different concentrations
(expressed as wt% of polymer gel electrolytes) to the
polymer gel electrolytes containing 10wt% PMMA with
average molecular weight 15,000 in the 0.5 and 1M
solutions of 0-OHBA in DMA. The conductivity was
measured at 25°C as a function of the concentration of
fumed silica and the results are given in Fig.12 for
electrolytes containing 0.5 and 1M o-OHBA respectively.
The results show the presence of two maxima — one at
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very low concentrations (<1 wt%) of fumed silica and the
second at ~8wt% fumed silica. The measurements have
been made upto 10wt% fumed silica only as the composite
gel electrolytes become highly viscous and more silica
could not be added. Two maxima in the conductivity
behaviour has also been reported earlier for composite
polymer electrolytes PEO — NH,I — Al,O; [27], (PEO); —
LiClO, — Si0; and (PEO)s - LIN(CF;S0,), — S10, [28],
RbHSO,4 — Si0; [29], (PEO), — LiCF;S0O; — ALO; [30]
and (PEO),, -LiClO, — S10, [24].
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Fig.12 Conductivity variation with fumed silica concentration for nano-
dispersed polymer gel electrolytes containing 10wt% PMMA in solution

0f 0.5M (e), 1M (o) o-hydroxy benzoic acid in DMA.

While studying the variation of conductivity of polymer
gel electrolytes with PMMA concentration, the results of
Fig 4 shows that conductivity is maximum for polymer gel
electrolytes containing 4wt% PMMA. In order to obtain
optimum value of conductivity, polymer gel electrolytes
containing 4wt% PMMA were also used to prepare nano
dispersed polymer gel electrolytes. The conductivity of
nano dispersed polymer gel electrolytes containing 4wt%
PMMA 1n 0.5 and 1M solutions of 0-OHBA in DMA was
also measured as a function of the concentration of fumed
silica and the results are given in Fig.13. The variation of
conductivity is similar to that for gels containing 10wt%
PMMA and two maxima at approximately the same
concentrations of fumed silica are observed. Thus nano
dispersed polymer gel electrolytes containing different
concentrations (0.5 and 1M) of ortho-hydroxybenzoic acid
and containing different (4 and 10wt%) amounts of
PMMA with average molecular weight 15,000 show
similar conductivity behaviour as a function of fumed
silica concentration. The presence of two maxima in the

variation of conductivity of nano dispersed gels with
fumed silica could be explained as follows:

The presence of the first maxima at very low fumed
silica concentration (<1wt%) is due to an increase in the
dissociation constant of acid with the addition of nano
sized fumed silica. Due to the charged surface of fumed
silica particles, the H of hydroxyl (-OH) group in o-
hydroxy benzoic acid shall be attracted towards the
oxygen of fumed silica. This shall lead to an increase in
the inductive effect which shall result in an increase in the
dissociation constant of the acid [31]. This shall lead to an
enhanced dissociation of the acid. The enhanced
dissociation of the weak o-OHBA acid present in these
electrolytes shall contribute to an increase in free H ion
concentration and as a result an increase in conductivity is
observed. However one could miss this maxima if
measurements at very small concentrations of fumed silica
are not taken. Irrespective of the concentration of o-OHBA
and PMMA, this maxima is observed in each of the four

systems studied in the present case.
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Fig.13 Conductivity variation with fumed silica concentration for nano-
dispersed polymer gel electrolytes containing 4wt% PMMA in solution
of 0.5M (e). 1M (o) o-hydroxy benzoic acid in DMA.

The presence of the first maxima at very low
concentrations of the fumed silica was also checked by
studying polymer gel electrolytes containing benzoic acid
which does not contain any hydroxyl group. Fig.14 shows
the variation of conductivity with the concentration of
fumed silica for nano dispersed gel containing 10wt%
PMMA in the 1M solution of benzoic acid in DMA. It
does not show any maxima at low concentrations of fumed
silica as observed for electrolytes containing o-OHBA. pH
of the electrolytes also does not show any decrease with
the addition of fumed silica in this case. Thus the addition
of fumed silica does not enhance the dissociation of
benzoic acid as observed in the case of electrolytes
containing o-hydroxy benzoic acid.

The presence of second conductivity maxima at ~8wt%
of fumed silica in Fig. 12 and 13 is due to the interlocking
of fumed silica particles within the PMMA chains which
increases viscosity alongwith promoting composite nature
and as a result the second maxima is due to the formation
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of high conducting interfacial layer between the particles
of fumed silica and PMMA gel [32]. As the grain size of
fumed silica 1s quite small (7nm) so maxima is observed at
low concentrations of fumed silica whereas in the case of
micron size Al,O; the maxima is generally observed at
higher concentrations (20-30wt%) of insulating materials
in the composite polymer electrolytes.

The enhanced dissociation of o-OHBA with the addition
of fumed silica at low concentrations was also examined
by pH measurements. The variation of pH with the
concentration of fumed silica for nano dispersed polymer
gel electrolytes containing 4 and 10wt% PMMA 1n 0.5 and
IM 0-OHBA solutions in DMA are given in Fig. 15.
Similar behaviour has been observed in each case. pH has
been found to decrease with the initial addition of fumed
silica and then reaches a saturation value. The decrease in
pH indicates an increase in acidity which is due to an
increase in free H™ ion concentration due to the enhanced
dissociation of undissociated acid as proposed above while
explaining conductivity results. In Fig. 15 the decrease in
pH of polymer gel electrolytes containing 10wt% PMMA
1s less than those containing 4wt% PMMA which could be
due to higher viscosity of polymer gel electrolytes
containing 10wt% PMMA. The nearly constant value of
pH above around 2wt% fumed silica suggests that the
second maxima observed at ~8 wt% fumed silica is not
related to a change in free H" ion concentration.
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Fig.14 Variation of conductivity with fumed silica concentration for
nano-dispersed polymer gel electrolytes containing 10wt% PMMA in
solution of 1M benzoic acid in DMA.

35&z

*
xgﬁxaagan-gg 2 o amp

x
a

292990000 @ ¢ 989

conc of umed silica (w®%)

Fig.15 Change of pH with fumed silica concentration for nano-dispersed
polymer gel electrolytes containing 4 (o) and 10 (e) Wt% PMMA in
solution of 0.5M o-hydroxy benzoic acid and for electrolytes containing
4 (x) and 10 (A) wt% PMMA in solution of 1M o-hydroxy benzoic acid
in DMA.

The addition of fumed silica also results in a large
increase in viscosity and viscosity of nano dispersed
polymer gel electrolytes was also measured as a function
of the concentration of fumed silica and the results are
given in Fig.16 and 17 for electrolytes containing 4 and

10wt% PMMA and 0.5 and 1M o-OHBA. From the results
it has been observed that the viscosity of electrolytes
containing 10wt% PMMA is higher than those containing
4wt% PMMA at all concentrations of fumed silica. The
viscosity of electrolytes containing 1M 0-OHBA i1s higher
than those containing 0.5M o-OHBA at all concentrations
of fumed silica. The viscosity of different nano—dispersed
polymer gel electrolytes at low fumed silica concentrations
1s lower than at high fumed silica concentrations. The
change in slope observed in Fig. 17 indicates higher
viscosity at high fumed silica concentrations which plays a
dominant role in conductivity modification and the
decrease in conductivity above 8wt% fumed silica is due
to this reason.
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Fig.16 Viscosity of nano °3is°p'erse pofyiﬁ‘e/i“] gel electrolytes containing
4wt% PMMA in solution of 0.5M (e). 1M (o) o-hydroxy benzoic acid in
DMA as a function of fumed silica concentration.
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Fig.17 Viscosity of nano dispersed polymer gel electrolytes containing
10wt% PMMA in solution of 0.5M (e). 1M (o) o-hydroxy benzoic acid
in DMA as a function of fumed silica concentration.

The conductivity of polymer gel electrolytes containing
10wt% PMMA in the 0.5M solution of 0-OHBA in DMA
and the corresponding nano dispersed polymer gel
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electrolytes obtained by adding 10wt% fumed silica was
measured as a function of temperature and the variation of
log conductivity vs reciprocal temperature is given in
Fig.18. The conductivity of nano dispersed gels 1s higher
than the corresponding gel electrolytes at all temperatures
and the change in conductivity over the operational range
of temperature 1s very small which is desirable for their
use in various devices. For a good electrolyte the
conductivity should also not change with time and this was
studied by measuring the conductivity of nano dispersed
gel electrolytes as a function of time over a period of three
weeks and the results are given in Fig.19. There is no
appreciable change in the conductivity of nano dispersed
gel electrolytes for this period.

logp (S/cm)

26 31 36

1000/T (K™")
Fig.18 Conductivity as a function of temperature for gel electrolytes (o)
containing 10wt% PMMA in solution of 1M o-hydroxy benzoic acid in

DMA and nano dispersed gel electrolyte (o) containing 10wt% fumed
silica.
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Fig.19 Variation of conductivity of nano dispersed gel electrolytes (DMA
+ 1M o-hydroxy benzoic acid + 10wt% PMMA + 10wt% fumed silica)
as a function of time.

From above studies it has been observed that nano
dispersed gels obtained by adding nano sized fumed silica
to proton conducting polymer gel electrolytes containing a
weak acid (o-hydroxy benzoic acid) show high
conductivity (10 S/cm) at 25°C alongwith high viscosity
(~10° cP). The conductivity remains constant with time
and there is only a small change over the operational range

of temperature. Thus these nano dispersed gel electrolytes
are suitable for use as electrolytes in polymer electrolyte
membrane fuel cells and other devices over a wide
temperature range. However their compatibility with
electrodes etc. have to be checked before their actual use.

IV. CONCLUSIONS

Nano dispersed polymer gel electrolytes with
conductivity of 10 S/cm at 25°C alongwith good
dimensional stability have been obtained. The enhanced
dissociation of o-hydroxy benzoic acid with the addition
of PMMA monitored by pH measurements results in an
increase in conductivity and o(gel) > o(liquid) have been
observed. The increase in conductivity and viscosity with
polymer addition has been found to depend upon the
molecular weight of the polymer used. The addition of
nano sized fumed silica to polymer gel electrolytes also
results in further conductivity enhancement alongwith an
improvement in mechanical strength. The increase in
conductivity at low fumed silica concentration has been
explained to be due to the enhanced dissociation of o-
hydroxy benzoic acid whereas at high fumed silica
concentrations it is due to the formation of a high
conductivity interfacial region between the particles of
fumed silica and polymer gel electrolytes. The change in
conductivity with temperature is very small and no change
in conductivity has been observed with time which is
desirable for the applications of nano dispersed gels in fuel
cells and other devices.
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Plastics and FRP material used in Railways
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Abstract- The emergence of Plastic industry has become a
boon for various engineering application. Plastics are
durable, light weight material, easy to transport. The
major advantage of plastics is recyclable nature.
Recyclable nature helps to conserve landfill space and
natural resources and reduce pollution. Earlier, In
railways, wooden, concrete, steel sleepers are used. Due to
high cost and limited life span, Plastics sleepers are used
all over the world at large scale. An attempt has been
made to study various engineering plastics used in
railways, advantages of plastics over other construction
material. Moreover, a special attention is given to Fiber
reinforced plastics (FRP) i.e. plastics composites. The
study concluded that how plastics composites are more
reliable, more economically viable and longer life span.

Keywords: Plastics, polymer, recycle plastics, railway
sleepers, plastics composites

1.0 INTRODUCTION

A substance that can be easily formed or moulded into
desired shape 1is Plastic. Plastic are formed by
polymerization, condensation and copolymerization
reaction. These reaction give high molecular weight
materials which soften on heating and become rigid on
cooling [1].

In the manufacture of Plastics, raw material are coal,
petroleum, cellulose(prepared from wood and cotton),
salt, sulphur, limestone, air water etc. are used. These
are subjected to several processes of chemical
decomposition and recombination giving intermediate
which are them made into plastics. Plastics when mixed
with tar have wide application in the construction of
road. This not only enhances the strength of road but
also increase the durability of road. Using this
composition, constructed road get not easily spoiled
even during rainy days. These may go at least for 10
years and save the money of nation. In Indian plastic
industry, the production of phenol formaldehyde started
in 1946 .Polystyrene and polyethylene in 1957 Polyvinyl
chloride in 1961 and cellulose acetate in 1963.

2.0 PLASTICS AS ENGINEERING MATERIALS
The important engineering plastics used in railways.
ABS(Acrylonitrile-Butadiene-Styrene)

L.
2. Polyoxymethylene
3. Nylon-6

4. Nylon-66

5. PBT

6. PET

7. Polycarbonate
8. HDPE

Apart from these, LDPE sheet 1s widely used for
roofing and covering of goods in the wagon [2]. Some
important plastics polymers which are used in Indian
railways with their application are given as:

2.1 POLYETHYLENE: Polyethylene is formed by
polymerization of ethane. It is wax like thermoplastics
which can become soften at 80°-100°C.This has
excellent electrical insulation and chemically resistance.
Its density 1s less than water. To increase its efficiency,
carbon black is generally added. Its thin films are
transparent. Its uses are in our daily life are house
wares, bottles, trays, toys, food stuffs carrying
containers.ink pen refilling tubes,wires and cables.

2.2 PTFE (Teflon):-When tetrafluoro ethylene is
subjected to polymerization in the presence of acetyl
peroxide, the product obtained are highly heat resistant,
high thermal stability having melting point around
327°C. Teflon is tough, flexible, excellent resistant to
heat, chemical and electric current. It has very low co-
efficient of friction, good weathering resistance. It is
widely used in variety of seals, Gaskets, packing, valve
and pump parts and lab equipments. It is also used in
transformers, condensers, laminates for PCBs, coating
for reducing the friction.

2.3 NYLON: - Nylon-6 is a polymer of cyclohexane,
get polymerizes in the water. Nylon-66 1s combination
of hexamethylene diamine and adipic acid. It has
properties such as toughness, rigidity, abrasion
resistance, heat resistance make it for special purposes.
It has variety of application in mechanical engineering
parts such as gears, bearings, bushes, valves, seals.
Different types of Nylon like Nylon films, Nylon
filaments are being used. Nylon films have high clarity,
low odour transmission. Nylon filaments are being used
in brush, surgical items, sports, fishing nets. Its flexible
nature used for tubing and pipe for chemicals and
petrol. Its powder form used in chemical resistant
coating.

2.4 POLYCARBONATE:-Polycarbonate 1is special
plastics having melting point is 225-250°C.It is quite
rigid and tough which is stable up to 140°C.This
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plastics 1s transparent and high electrical insulation. Its
properties such as low water absorption, high
dimensional stability, used in application in electrical
and electronics engineering covers for time switches,
relays, batteries. This polymer has widely used in
domestic purposes such as food processors bowl, power
tool, hair drier, electric razor, microwave cookware.

2.5 POLYPROPYLENE(PP):-Polypropylene  is
widely used 1n fibers, films and injection mouldings. It
1s excellent resistance to continued faxing. It is also
used in lunch boxes, car accelerators pedals. In car, it is
used in battery cases, bumpers, radiator grills, chairs,
flower pets. Its monofilaments are used in rope, nets
and packaging.

2.6 UREA-FORMALDEHYDE(UF): Urea-
formaldehyde has physical properties such as hardness,
toughness make it suitable for strong knock resistant
electrical fittings. It is also scratch resistant and good
electrical insulation. These properties make it suitable
for engineering application [3].

2.7 BAKELLITE- It is polymerization of Phenol-
formaldehyde in basic medium. It is widely used in
Adhesive, electrical goods, combs, fountain pen, mica
table tops

2.8ACRYLOPLASTICS(PMMA):
Polymethyl(meth)acrylate (PMMA) 1is hard, rigid,
transparent material with good weather resistance. It has
good electrical; insulation and optical properties.

The chief engineering materials advantages of Plastics
over the construction material.

a) Light weight

b) Low fabrication cast

¢) Resistance to corrosion and solvents.

d) They have decorative effects.

e) Plastics can be used in conjunction with other
metal.

f) Good electrical and thermal resistance

g¢) Low Thermal expansion

h) They are optically clear.

1) Plastics reduce noise and vibration in machine.

1) Low cost and durability

k) Easy fabrication of intricate parts.

1) Good surface polish with option of inbuilt
coloring.

3.0 FIBER REINFIRCED PLASTICS (FRP)

A fiber reinforced resins system is a composite material
consists of a network of reinforcing fibre embedded in a
mixture of thermo setting resins[4].The resins used
consists of a syrupy liquid which when combined with a

suitable catalyst or hardner, lead to formation of cross
linked hard infusible solid.

By impregnating the fibrous material with the catalyzed
resin to form composite material or laminated material.
When glass fiber is used, it form laminated and when
carbon fiber is used, it form composite [5].

Resins used:

1. Unsaturated polyester resins-most widely used.

2. Epoxide resins (Shrinkage-1to 2%)

3. Vinyl ester resins

4.  Furan resins

5. Others-Phenolics,  Silicones,  Polyamides,
melamine

3.1 ADVANTAGES OF FRP: FRP has wide variety of
application in term of technical properties, summarized
as follows [6].

1. Weight—25% to 35% lighter than steel.

2. Manufacturing—easier to assemble, less cost, less
complexibility, and dynamic design process.

3. Damaging Resistance: Dent superior to aluminium
and steel panels

4. Tooling: Less than half cost (40% of steel stamping)

5. Corrosion resistance: Better corrosion resistance than
most of the material

6. Internal damping: Less noise, less vibration, less
harshness.

7. Design: More versatile-molding offer geometric
shapes and shape complexcity.

Some more highlighted properties are described as:
High tensile strength

Ease of fabrication

.Wide range of manufacturing techniques.

Low capital outlay.

Design versatility

One off or few off moulding at reasonable
cost.

Water resistance

Chemical resistance

Weathering and UV resistance

Maintenance and finish

Good electrical and thermal properties

Fire retardant.

4.0 PLASTICS COMPOSITES

There is trend to change railway sleeper from traditional
timber to ultra-modern composites. No doubt, wooden
sleeper still used in many parts of world where lighter
less busy lines providing a resilient track vibration
noise. Wooden sleepers are cheap, easy to carry and
easy to maintain. Wood 1s more susceptible to wear and
tear than any other modern materials. Now, the modern
material used is plastics composites which have all
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natural counterpart, Life span of plastics composites is
more than 50 years. These plastics composites can be
placed alongside older wooden sleepers. One advantage
1s that it is generally made from recycled material [7].
Fig. 1 shows plastics composites in railways sleepers.
Recent study reveals that for one mile of wooden
sleeper require 810 mature oak trees but using plastics
composites uses only two millions plastics bottles, 8.9
millions plastics bags and 10,800 post consumer tyres.

Fig. 1 Plastic composite in Sleepers

So, plastics composites emerge like a new and
advanced technology which 1s environmentally friendly.
As far as economic analysis, the cost of manufacturing
1s very less as compared to concrete and timber market.
The use of plastics composites in railway sleeper has
following ability-

e Increasing life span of railway sleepers.
e  Minimize vibration and noise.
e  Solve the problem of waste plastics.

Plastics composites consists of waste or recycled
polyolefin’s  (Polyethylene), Propylene polymer,
Propylene-ethylene copolymer and combination of
these polymers|[8]

Properties:

1. High thermal coefficient expansion.

2. Environmental friendly.

3. Completely recycle material

4. Superior in performance

5. Minimum maintenance cost

6. Viable replacement of wooden sleepers.

5.0 CONCLUSION

No doubt, Plastics have been great discovery in modern
world. Plastics and polymer become part of our life.
Recycled plastics are alternative promising technology
to save our environmental pollution. There is dire need
to generate awareness among scientific community and
industries to change their mind sets and develop

advanced techniques to prepare such composites having
high durability, low cost and higher life span. The
ultimate goal of research is to convert plastics into
recycled one and prepare composites, which 1is
environmental friendly. There is need of industrial
research to develop innovation for making melt-blended
composites from old waste materials. Need to stress on
improved methods for melt-blended fiber and plastics
on commercial scale.
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Abstract— Present work reports the structural and
optical properties of pristine and gamma irradiated
muscovite mica. The XRD spectra are used to estimate
structural parameters such as crystallite size and micro
strain of pristine and irradiated samples. Williamson Hall
analysis is employed to calculate crystallite size and micro
strain of pristine and irradiated sheets. UV-VIS analysis
provides the value of optical indirect, direct band gap and
Urbach energy. It was found that the value of optical indirect
and direct band gap increases with the increase of gamma
dose upto 100 kGy and then decreases with further increase
in gamma dose upto 2000 kGy. Thus, the increase of optical
band gap makes natural muscovite fits for efficient
optoelectronic devices.

Keywords— Gamma Radiation, Natural muscovite, XRD,
UV-VIS.

L INTRODUCTION

Muscovite mica [KAl, (AlS1;040) (F, OH),] 1s abundant
mineral on the earth and has a layered structure of
aluminium silicate sheets weekly bonded together by
layers of potassium ions. These potassium ion layers
produce the perfect cleavage [1]. Muscovite is used
chiefly as an insulating material and for fireproofing and
are presently being used as dosimeter for monitoring
absorbed doses in radiation rich environments. It is well
established that the exposure of any material to ionizing
radiations produces changes in the microstructural
properties of the material, which in turn affects the
structural and optical properties [2]. Thus, it is important
to understand the effect of ionizing radiation on the
structural and optical properties of these materials.

A lot of information is available on the optical [3-7]
properties of natural muscovite mica without irradiation.
Moreover, the effect of gamma irradiation on these
properties has not been investigated so far. Therefore, in
the present work, the effect of gamma dose on structural
and optical properties of natural muscovite mica have been
mvestigated to utilize this material for innovative
applications in radiation technology and opto-electronic
devices.

II. EXPERIMENTAL TECHNIQUES

Thin sheets of Natural muscovite mica (procured from
Bhilwara mines in Rajasthan) samples were irradiated with

%Co source to different doses ranging from 1 kGy to 2000
kGy at TUAC, New Delhi. The structural changes were
studied using XRD-7000 SHIMADZU  X-ray
diffractometer. The optical changes were analysed with
UV-1800 Shimadzu UV-Vis spectroscopy in the
wavelength range 200-600 nm.

I1I. RESULTS AND DISCUSSION

A. Structural Analysis

Figure 1 shows the XRD pattern for pristine and gamma
irradiated natural muscovite mica. Five peaks are observed
in pristine muscovite mica at 26 = 8.99°, 17.90°, 26.94°,
36.12°and 45.59° corresponding to crystallographic planes
(003), (006), (009), (0012) and (0015), respectively. No
shift in peak positions is observed after gamma irradiation.
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Fig. 1 X- ray diffraction pattern for pristine and gamma irradiated
muscovite mica.

The average particle size and the microstrain for the
pristine and gamma irradiated samples were determined
using the Williamson Hall (W-H) analysis [8]. Fig. 2
shows the W-H plots for the pristine and the gamma
uradiated muscovite at different absorbed doses. The
values of crystallite size (D) and microstrain ( £) obtained
from the intercept and slope of WH plots are listed in table
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1. The crystallite size increases with the gamma dose upto
100 kGy: microstrain decreases in the dose range 1- 100
kGy. For gamma doses upto 2000 kGy, the crystallite size
decreases however, unlike the microstrain which increase.
This means that in the lower gamma dose range, 1 -100
kGy, the irradiation binds the crystallites in clusters,
increasing their size and decreasing the microstrain. At
higher gamma doses, 1.e. 1000, 2000 kGy, the crystallite
size decreases and the microstrain increase which indicates
that the muscovite moves to a disordered structure.
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Fig. 2 W-H plots for the pristine and gamma irradiated muscovite mica.

Table 1 Variation of structural and optical parameters with gamma dose

Gamma D nm & E;(eV) E,
Dose (107 - - (V)
(KGY) Indirect Direct

Pristine 135.50 1.47 3.25 3.81 0.45

1 140.65 1.24 3.28 3.83 0.44
10 145.35 1.10 3.33 3.87 0.39
100 148.81 0.57 346 391 0.32
1000 100.10 0.79 3.30 3.85 0.43
2000 97.09 0.87 321 3.76 0.44
B. Optical Analysis

Fig. 3 presents the UV-visible absorption spectra of the
pristine and gamma-irradiated (1-2000 kGy dose) natural
muscovite mica samples. The absorption edge is shifted
towards lower wavelength values by increasing the dose
up to 100 kGy. However by further increasing the dose
upto 2000 kGy. the absorption edge shifts towards higher
wavelength values.

—— Pristine
1 kGy
10 kGy
100 kGy

1000 kGy
2000 kGy

200 300 310 320 330 340 350 26O 270 380 390
Wavelength (nm)

Fig. 3 UV-Vis spectra of pristine and gamma irradiated muscovite mica.
The optical band gap was determined using the

following equation [9]:
o (hv) =B (hv - E,)" /hv 1)

where hv is the energy of the incident photons, E, is the
value of the optical energy gap between the valance band
and the conduction band, B is a constant. The value of n as
1/2 and 2 stands for direct allowed and indirect allowed
transitions, respectively. The calculated values of direct
and indirect optical band gap for pristine and irradiated
samples are given in table 1. The values of optical indirect
and direct band gap increase from 1 to 100 kGy and
decrease by further increasing the gamma dose upto 2000
kGy.

The irregularities in the band gap level can be defined in
terms of Urbach energy (E,) and were estimated using
relation [8]:

a (v) = a, exp(hv/E,) 2)

where a, 1s a constant, E, is an Urbach energy and v 1s
the frequency of radiation. The calculated values of
Urbach energy for pristine and gamma irradiated
muscovite at different doses are listed in table 1. The
decrease of the Urbach energy at increasing y-doses, from
1 kGy to 100 kGy, indicates the decrease in the structural
disorder. By further increasing the dose upto 2000 kGy,
the Urbach energy increase may be attributed to increasing
of the structural disorder.

IV. CONCLUSION

Gamma irradiation upto 100 kGy leads to the increase
in crystallite size and reduction in the defects, structural
disorder and microstrain. Thus, irradiation of natural
muscovite mica with gamma rays improves its
crystallinity. The results of UV-VIS spectra show that the
direct and indirect optical band gap can be monitored with
the help of gamma irradiations. The increase of optical
band gap with gamma irradiation makes natural muscovite
fits for efticient optoelectronic devices.
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