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Preface

We are very pleased to introduce the Proceedings of the 6th International Conference
on Inventive Material Science Applications (ICIMA 2023). The 6th ICIMA event
was held a PPG Ingtitute of Technology, from 11th to 12th May 2023.

One of the significant and valuable dimensions of this 6th conference edition
is the way to researchers, academicians, and engineers in the field from different
countries come to one place and initiate discussion on the relevant issues, challenges,
opportunities, and research findings. The primary focus of ICIMA 2023 is to provide
an excellent platform for the conference participants to share and exchange novel
and innovative ideas of origina research, and to build international association. The
main intent of this conference is to create a smart and advanced research landscape
for the areas of inventive material science.

Out of 46 submissions received from different parts of the world, only 13 submis-
sions were accepted as full papers for publication and presentation in ICIMA
2023. These papers provide a brief illustration of current research on relevant
topics, covering sustainable strategy, micro/nanomaterials, biomaterials, hybrid elec-
tronic materials, innovative electronic materials processing, computational material
science, material characterization, fabrication, and synthesis technologies.

The success of the conference is due to the collective efforts of all the reviewers and
advisory/review board members. We would like to express and record our gratitude
and appreciation to the authors for their contributions. Many thanks to the reviewers,
who helped us to maintain high-quality manuscripts included in the proceedings. We
also express our sincere thanks to the keynote member ‘Dr. M. V. Reddy, Institute
of Research Hydro Quebec, Canada’, members of the conference committees and
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organizing team for their hard work. We wish that all the authors and delegates find
ICIMA 2023 proceedings interesting, exciting, and inspiring.
Dr. V. Bindhu
Professor and Head, ECE

PPG Ingtitute of Technology
Coimbatore, India

Dr. Jodo Manuel R. S. Tavares
Professor

Universidade do Porto (FEUP)
Porto, Portugal

Dr. Stefan Talu

The Technical University
of Cluj-Napoca
Cluj-Napoca, Romania
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Chapter 1 ®)
Experimental Investigation e
of Tribological Characterization

of Bio-Nanolubricants

Ravikiran, S. L. Aravind, B. G. Chetan, Afnaan Ali Khan, Prashanth,
H. Poornananda, K. S. Sathvik, and K. Shriharsha

Abstract The growing environmental concerns in recent years have led to the
acceptance of vegetable oil bio-based lubricants as an acceptable replacement for
petroleum-based lubricants. In this article, we analyze the tribological properties
of three different bio-nano-lubricants with ZrO2, TiO2, and ZnO as additives, and
explain how the nanoparticles diffuse into mixed vegetable oils. Lubricant samples
are prepared by mixing two different vegetable oils, such as castor oil and sunflower
oil, in different ratios, then dispersing the nanoparticles in the mixed oil and soni-
cating to ensure homogeneity of the mixture using a magnetic stirrer. The viscosity
is determined using a Redwood viscometer. Measurement of the flash point and igni-
tion point is done with the Pensky—Martin Closed Cup Tester. All friction and anti-
wear properties of lubricating fluids are measured using a four-ball tester according
to ASTM D 4172-92. Results are compared with several mineral oils. The use of
nanoparticles significantly improves friction and wear properties compared to other
types of mineral oils. The results of this study also showed superior levels of other
attributes, including viscosity, when compared to mineral oil-based lubricants.

Keywords Nanolubricants - Nanoparticles * Viscosity * Flash point and Fire
point - Four-ball tester - Friction wear
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1 Introduction

Lubricants are essential products that are made from mineral oils. These oils are
utilized for a variety of things, including the efficient operation of all machinery and
their tools [1]. Since long before the emergence of modern technology, humans have
sought a substance to minimize friction between surfaces that come into contact. For
a machine to operate effectively and for a prolonged period, and friction should be
minimized as it contributes to heat generation, component wear, and other problems.
Lubricants are available in a variety of forms, including solid, liquid, dry film, and
coating [2, 3].

Often these lubricants used worldwide end up harming the environment because
they’re poisonous and hazardous to soil and aquatic species. Global climate change
is caused by a rise in greenhouse gas concentrations in the atmosphere as a result
of the increasing use of mineral oil-based lubricants. The usage of bio-lubricants is
becoming more popular in the lubricating industry around the world in an attempt to
reduce all current environmental concerns [4, 5].

Vegetable oils possess a great degradation rate, low temperature stability, high
viscosity index, and reduced toxicity compared to mineral resources. There are two
possible ways to use vegetable oils: one is to simply use the best vegetable oils alone,
without mixing; the other is to blend the vegetable oils in a certain proportion with
the industrial lubricants [6, 7]. In comparison to other mineral-based oils, vegetable
oils have a greater lubricating performance and have the lowest frictional coefficient
[8].

Various studies have been focusing on improving the machining capabilities of
vegetable oil by including nanoparticles [9, 10]. Vegetable oils perform better when
nanoparticles are added, because nanoparticles minimize friction coefficient and
cutting temperature, in addition, results showed that the viscosity, friction coefficient,
and wear rate were all improved by the inclusion of nanoparticles [11]. The effect of
incorporating ZnO, CuO, and ZrO2 nanoparticles into oils was discovered to reduce
friction and wear due to the nanoparticles serving as load-bearings.

This paper aims to study the various enhancing lubricating properties by blending
vegetable oils with mineral oxide nanoparticles [12, 13]. It is important to mention
here that the investigated present work focuses on an enhanced high-grade lubricating
oil such as SAE 15W40 engine oil [14, 15]. Therefore, the main aim present work
is to study the effect of adding 0.2—1% percentage variation of TiO2 into castor oil
(70-75%) and sunflower oil (24-30%) in comparison with the results of 0.25-1%
percentage variation of ZrO, nanoparticles into the blend of castor oil (70-90%) and
sunflower oil (10-30%) on the properties such as viscosity, coefficient of viscosity,
flash point, fire point of nanolubricants [16].
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2 Methodology

2.1 Sample Preparation

Castor oil and sunflower oil are used as basic oils, and TiO, and ZrO, are added
as nanoparticles in various combinations to create nanolubricants. The mixture was
heated to 60 °C and agitated constantly for 40 min at 450—500 rpm using a magnetic
stirrer, as shown in Fig. 1. The concoction was then agitated constantly, and air
quenched to bring it to room temperature. The different combinations of basic oil
and nanoadditives are illustrated in Tables 1 and 2.

Fig. 1 Magnetic stirrer

Table 1 Castor oil +

Sunflower oil + TiO,—> (100 Sl.no | Castor oil (gm) | Sunflower oil (gm) | Tioy (gm)

gm) 1 70 30 0.25
2 70 30 0.5
3 75 30 1

Table 2 Castor oil +
Sunflower oil + ZrO;— (100
gm) 1 70 30 0.25

2 70 30 0.5
3 75 30 1

Slno | Castor oil (gm) | Sunflower oil (gm) | ZrO; (gm)
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Fig. 2 Redwood viscometer

2.2 Absolute Viscosity Measurement

A viscometer, as shown in Fig. 2, is the Redwood Viscometer, which measures how
long it takes an oil sample to flow through a standard opening called an orifice and
is then collected in a 50 ml beaker, giving a numerical value for the o0il’s viscosity
in Redwood seconds. The kinematic viscosity of the prepared oil is calculated using
the formula [17]

v = (0.00247¢t — (0.65/1))

The absolute viscosity is calculated using the formula . = kinematic viscosity *
mass density of the oil at corresponding temperature.

2.3 Flash and Fire Points

The Pensky—Martens closed-cup flash point is an instrument for determining the
flash point of flammable liquids, as shown in Fig. 3. In this oil, sample is poured into
a cup. The meter is placed in oil, and the oil is heated. The test flame is passed over
the cup at every 2 °C increase in sample temperature. When the sample vapors ignite
momentarily in air [18], the flash point temperature is reached. When the sample
vapors sustain combustion for at least five seconds, the fire point temperature is
reached.
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Fig. 3 Pensky—Martin’s
closed-cup tester

Table 3 Test parameters Parameters Condition
Load 40 kg
Temperature 75 °C
Speed 1200 rpm
Time 60 min

2.4 Four-Ball Test

The test was performed on the following samples according to ASTM D 4172-92.The
balls used comprised a diameter of 12.7 mm, a mirror finish, and an HRC of 64—66.
These balls were composed of chromium steel manufactured by SKF. With the aid
of an optical microscope and a four-ball tester, the value of the coefficient of friction
and wear scar diameter were measured. Test parameters are listed in Table 3.

3 Results and Discussions

The outcomes of testing samples under various circumstances are compared to those
of mineral oils and bio-lubricants.

3.1 Viscosity Measurement

From the tables and figures (Figs. 5 and 6), it can be observed that the viscosity
decreases with the rise in temperature as usual; therefore, the viscosity of lubricating
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Fig. 4 Four-ball test . Y —
apparatus :

0z 0.6

o 05

SE@m 04

s 03

E88 02
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%> 30 35 40 45 50

mSZ1 04783 0.3587 0.296 0.2734 0.2202
SZ2  0.4559 0.3512 0.2909 0.2481 0.2023
SZ3  0.4559 0.3787 0.301 0.2506 0.2278
TEMPERATURE

Fig. 5 Kinematic viscosity versus temperature graph for Sunflower oil + ZnO NP

oil also varies. Tables 4 and 5 show that the viscosity of ZnO NP dispersed sunflower
oil was found to be higher than the TiO2 NP dispersed castor and sunflower blended
oil and an increase in temperature enhances the movements of the molecules and
reduces intermolecular forces so the layers of liquid easily pass over one on another
and thus contribute to the reduction of viscosity.

3.2 Flash and Fire Points

Tables 6 and 7 show the flash point and fire point parameters.

From Fig. 7, it is found that SZ3 shows the high flash and fire point followed by
SZ2 and SZ1. From Fig. 8, it is found that CST1 shows high flash and fire points
followed by CST3 and CST2. Combining both results, TiO2 NP dispersed caster
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0.3
0.25
0.2
0.15
0.1
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30 35 40 45 50
0.2456 0.18363 0.1516 0.1103 0.09119
0.2305 0.17215 0.14215 0.10343 0.0859
0.2576 0.1997 0.1472 0.1016 0.0758

TEMPERATURE

Fig. 6 Kinematic viscosity versus temperature graph for Castor oil+ Sunflower oil + TiO2 NP

Table 4 Sunflower oil + ZnO nanoparticles

Temperature | SZ1 SZ2 SZ3
QY Kinematic | Absolute | Kinematic | Absolute | Kinematic | Absolute
viscosity viscosity | viscosity viscosity | viscosity viscosity
v (stokes) W (poise) | v (stokes) i (poise) | v (stokes) W (poise)
30 0.4783 0.4194 0.4559 0.4359 0.4559 0.4559
35 0.3587 0.3145 0.3512 0.3358 0.3787 0.3512
40 0.296 0.2595 0.2909 0.2782 0.301 0.2909
45 0.2734 0.2397 0.2481 0.2372 0.2506 0.2481
50 0.2202 0.1931 0.2023 0.1934 0.2278 0.2023
Table 5 Castor oil + sunflower oil + TiO2 NP
Temperature | CST1 CST2 CST3
O Kinematic | Absolute | Kinematic | Absolute | Kinematic | Absolute
viscosity viscosity | viscosity viscosity | viscosity viscosity
v (stokes) W (poise) v (stokes) | p (poise) v (stokes) | p (poise)
30 0.2456 0.2305 0.27151 0.2576 0.2365 0.2206
35 0.18363 0.17215 0.20982 0.1997 0.1909 0.1779
40 0.1516 0.14215 0.15512 0.1472 0.1466 0.1366
45 0.1103 0.10343 0.10708 0.1016 0.0995 0.0927
50 0.09119 0.0859 0.07895 0.0758 0.07396 0.0689
;fl'(’)lel\]‘; Sunflower oil + Parameter CSTI CST2 CST3
Flash point 220 230 246
Fire point 232 240 254
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Table 7 Castor oil +
Sunflower oil + TiO2 NP Parameter SZ1 S22 SZ3
Flash point 220 230 246
Fire point 232 240 254
260 254
— 250 246
& 240
‘s 240 232 234
=]
® 2
e 30 220
Q
£ 220
Q
200
Sz1 Sz2 SZ3
M Flash point(°C) M Fire point (°C)

Fig. 7 Flash and fire points of sunflower oil samples

275
. 270
© 270 268
Tg’ s 265
>
4§ 261
g 260 257 258
€
- . .
250
CST1 CST2 CST3
M Flash point(°C) M Fire point (°C)

Fig. 8 Flash and fire points of castor oil samples

sunflower blend (CST) shows a higher value of flash and fire points compared to
ZnO NP dispersed sunflower oil (SZ).

3.3 Tribological Properties

One of the important factors to consider when examining the tribological properties
of the tested nanolubricants is the coefficient of friction (COF). For all of the exam-
ined lubricants with the nanoparticles, decreased friction coefficients were observed
as well in this investigation. For the first 10 min of the wear process, the friction
coefficients increased; following which friction reduced. The data on the friction
coefficient shown in Fig. 9 has been collected during the four-ball test. However, the
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Fig. 9 Mean coefficient of friction of sunflower, castor oil, and SAE grade lubricants

peak values of the friction coefficient in the tests with ZnO were lower than those in
the tests with other nanoparticles during the first 10 min of testing. The presence of
the nanoparticles could reduce the immediate contact between the ball and disc and
make up for any nanodefects on the first contact surfaces.

From the mean friction coefficient values shown in Fig. 9, CSZR1 and CSZR3
exhibit the lowest friction coefficient value of 0.049 and 0.051. When less %wt.
ZrO, dispersed castor sunflower blended nanolubricant is compared to pure castor
oil, the coefficient of friction is reduced approximately by 40%, but CSZr, exhibits
a little high coefficient of friction compared to CSZR1 and CSZR3. In the case of
TiO, nanoparticles dispersed castor and sunflower blend, all three CST1, CST2,
and CST3 samples exhibit a similar coefficient of friction 0.061, 0.069, and 0.063,
respectively. When the mean COF of CSZR1 and CSZR3 is compared with the mean
coefficient of friction of synthetic lubricants like SAE10W30 and SAE20W40, even
TiO, dispersed castor sunflower oil blended lubricants show a similar friction coeffi-
cient with SAE10W30 and SAE20W40 but little high friction coefficient than ZrO,
nanoparticles dispersed castor sunflower oil blended lubricants. The ZnO nanoparti-
cles are dispersed ssn flower oil alone shows a high coefficient of friction compared
to all other sample tests. The variation of friction coefficient in Fig. 9 is considered
to be independent of the working conditions and temperature.
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4 Conclusion

In the lubricating market, most lubricants are made of mineral oil. Lubricants made
from mineral oil have many disadvantages after use. It causes environmental pollu-
tion like soil pollution, air pollution, water pollution, etc. The quality and properties
of vegetable oil blends by adding nanoparticles as additives were evaluated through
this study using different parameters. This study shows that when the mean coef-
ficient of friction of CSZrl and CSZr; is compared with the mean coefficient of
friction of synthetic lubricants like SAE10W30 and SAE20W40, ZrO, nanopar-
ticles dispersed castor sunflower oil blended lubricants shows less coefficient of
friction. Lubricants containing ZrO, nanoparticles dispersed in castor and sunflower
oils perform better than SAE10W30 and SAE20W40 due to reduced coefficient of
friction and lower value of wear scar diameter. Followed by TiO2 nanoparticles
dispersed castor sunflower blended lubricants which show a similar coefficient of
friction with SAE1I0W30 and SAE20W40 and a better coefficient of friction than
pure castor oil. Also, wear scar diameter for the 1% wt. ZrO, nanoparticles dispersed
castor sunflower blended oil has a lower value at 70:30 ratio. As a result, it is possible
that a mixture of castor oil, sunflower oil, and ZrO, nanoparticles will work as an
anti-wear lubricant. According to analysis, castor oil blends with nanoparticles scat-
tered in them may one day serve as a partial replacement for bio-lubricants. This is
due to the fact that blends have no adverse impacts on wear phenomena or lubrication
functioning.
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Chapter 2 )
Effect of Eu3* on the Luminescence G
and Photocatalytic Properties of ZnS
Nanoparticles

Lallianmawii and N. Mohondas Singh

Abstract Eu** doped ZnS was prepared using a reflux method. Using different
techniques such as XRD, SEM, TEM, FTIR, PL, and UV, the structural, morpho-
logical, and optical properties were examined. Photoluminescence studies show the
most intense electric dipole transition >Dy — ’F,, which is particularly sensitive
to the chemical bond in the vicinity of an ion of europium (III) when excited at
350 nm. The CIE studies show all the prepared samples fall in the white regions,
which have potential applications in optical devices, lightning outdoors, etc. The
degradation percentage of methyl red was found to be 90% and follows first-order
kinetics. Additionally, the Eu®* plays a crucial role in the production of free radicals.
As a result, the catalyst has enhanced degradation activity, high stability, and can be
utilized for the degradation of toxic dyes present in the environment.

Keywords Photoluminescence - Degradation « Methyl red - Catalyst + Dyes -
Environment

1 Introduction

Environmental contaminants are often regarded as one of the main problems that have
anegative impact on human health. Water evaporation, surface water contamination,
and drinking water shortages have been identified as major global issues in recent
years [1]. The pharmaceutical, chemical, and textile industries, which carelessly
dump their waste into the environment and water bodies, are the primary sources of
various organic pollutants that contaminate water. The ecosystem and aquatic life
are severely harmed by these hazardous organic effluents [2]. The integrity of the
world’s water supply has gotten worse due to the numerous colours and toxic organic
pollutants in aquatic environments [3]. The fast growth of the textile industry has also
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raised concerns about water contamination due to the durability and toxicity of these
dyes to both aquatic and terrestrial organisms [4]. When compared to primary effluent
treatment methods, which are less successful and also create secondary pollutants,
semiconductor photocatalysis is exceptionally effective at completely breaking down
organic contaminants [5].

Dyes are frequently employed as colouring agents in a variety of sectors, including
cloth, fleece, food, plastics, and cosmetics [6]. The dyes are intricate, water-soluble
chemical compounds with low biodegradability that are also potentially carcinogenic
and mutagenic. Natural dyes and synthetic/artificial dyes are the two main categories
of dyes [7]. Natural dyes are derived from plant materials, including bark, leaves,
wood, roots, etc., whereas synthetic dyes are created from substances like chemicals,
minerals, and petroleum derivatives and are used in the paper, textile, and cosmetic
industries as colouring agents and printing processes [8]. Synthetic dyes are organic
molecules that are identified by chromophores in their molecular structures. They
are frequently divided into a number of classes based on the chromophore groups
they contain, such as azo, anthraquinone, indigoide, phthalocyanine, sulphur, and
triphenylmethane derivatives [9, 10]. Organic colours that are highly cytotoxic to
mammalian tissues, including azo and fluorescein dyes, are difficult to break down
naturally. Based on the sort of change they have, dyes are also divided into two
major categories: non-ionic dyes and ionic dyes [11]. The two types of ionic dyes
are cationic and anionic, which have positive and negative charges, respectively.
Due to their limited biodegradability, organic dyes have produced significant envi-
ronmental contamination issues. So, it is crucial for environmental protection that
dye molecules are removed from industrial effluent. Diverse technologies, such as
carbon adsorption, flocculation, ozonization, and activated sludge procedures, are
currently available to treat industrial effluent dyes. Nevertheless, these processes are
expensive, and it has been discovered that the degradation kinetics are slow and
ineffective [12]. Advanced oxidation processes (AOPs), which use photocatalytic
reactions to produce superoxide (O;), reactive oxygen species (ROS), and hydroxyl
(OH) radicals, are promising techniques for eliminating dye contaminants [13]. With
its efficiency and wide applicability, photocatalysis is an environmentally friendly
and green process that has the potential to completely remove toxic pollutants from
the environment. It also has a number of advantages, such as the capacity to miner-
alize hazardous organic pollutants into non-toxic inorganics like carbon dioxide and
water and to break down toxins without the use of secondary chemicals [14].

Due to its superiority, environmental friendliness, efficacy, and good stability,
photocatalytic degradation of semiconductors serving as photocatalysts is acknowl-
edged as a highly successful method of treating antibiotic residues [15]. ZnS is an
n-type semiconductor photocatalyst with a suitable negative redox potential in the
conduction band and valence band and a large bandgap of 3.68 eV. It has remark-
able chemical stability against oxidation and hydrolysis [16]. Due to their lack of
toxicity, ZnS nanoparticles are the preferred material for use in biological and photo-
catalytic processes. ZnS has recently been thoroughly investigated as an innovative
semiconductor in the fields of photocatalysis, sensing, and imaging due to its signifi-
cant qualities, such as visible-light responsiveness, acceptable band locations, greater
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Table 1 Physiochemical properties of methyl red

Sample Molecular formula | Molecular structure Density M,, (g/mol)

Methyl red | C15sH5N30, 0.839 g/mL-25 °C |269.3 g/mol

chemical and thermal stability, and non-toxic and affordable manufacture [17]. The
lower hazardous content, higher surface area, commercial viability, biocompatibility,
and chemical inertness of the nanoparticles make the modification with transition
metal ion doping significant [18]. Doping is a common and efficient method for
changing the energy levels, surface states, and structural, optical, magnetic, and
spintronic properties of semiconductors [19]. Owing to the critical role that dopants
play in semiconductor devices, researchers have been looking into the properties
and prospective applications of these semiconductor nanoparticles that have been
purposefully doped. In this study, a reflux approach was used to synthesize Eu**
doped ZnS nanoparticles. The characteristics of ZnS nanoparticles are altered by
the addition of Eu®* dopants. Physiochemical properties of Methyl red is shown in
Table 1.

2 Experimental Section

2.1 Chemical Used

Europium (III) nitrate hexahydrate (EuH,N30;5), Alfa Aesar purity 99.9%, Zinc
acetate dehydrate (CH3COO), Zn + 2H,0 Alfa Aesar, purity 98.0%, and Sodium
Sulfide H,Na,OS purity 98.0% Alfa Aesar was used to synthesize Eu** doped ZnS.

2.2 Synthesis

Eu’* doped ZnS (2, 4, 6 at.%) was synthesized using the reflux method. Zinc acetate
dehydrate and europium (III) nitrate hexahydrate were dissolved in 50 ml of distilled
water and stirred for 1 h at room temperature. After stirring at room temperature,
sodium sulfide was added drop by drop, and the solution was refluxed at 150 °C
for 3 h. The obtained precipitate was ultrasonically treated for 30 min. Finally,
the solution was centrifuged at 7000 rpm. After drying, the samples were used for
characterization.
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2.3 Characterization

Rigaku Cu K v Smart Lab was used to obtain XRD data. Image from TEM was
taken by FEI Tecnai (G2 F20 X-TWIN). Supa 55 FESEM model with a high reso-
lution was used to capture the FESEM image. Shimadzu IR affinity-1S FT-IR data
were collected. Photoluminescence studies were done using a Hitachi F-7000 fluo-
rescence spectrometer. Thermo-Scientific evolution of 220 was used to study UV
visible spectrophotometer.

3 Results and Discussions
3.1 XRD

Figure 1 displays the XRD patterns of Eu** doped ZnS nanoparticles. The planes
(111),(220), and (311) of the face-centred cubic (FCC) of ZnS were observed as three
large peaks corresponding to (JCPDS No.05-0566). The Debye—Scherrer equation
is used to determine the particle size [16]:

D = Kv/BcosO
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Table 2 . Calculation of Sample Lattice Cell volume Crystal size
crystal size, cell volume, and . (
lattice parameters from XRD parameters nm)

Eu’* 2at% |5.344 157.76 9.45

Eu’t 4at.% | 5.835 157.79 11.21

Eu?t 6 at.% 5.423 157.81 13.54

where the crystal size is denoted by D, p is the X-ray wavelength, maximum diffrac-
tion angle is 6, and K is a constant (0.9). No similar diffraction peaks were observed
for samples that contained Eu, indicating that the Eu ions are properly integrated
into the ZnS lattice. The full-width half maximum (FWHM) of the diffraction peaks
broadens as the doping concentration increases due to the quantum size effect.
Dopants frequently serve as nucleation sites during the synthesis of nanoparticles,
lowering the energy needed for the formation of the first particle and promoting the
growth of a higher number of smaller ones [20]. The dopant atoms’ drag force against
the increase in crystallite size is the main cause of it. It ultimately results in a smaller
crystallite size. The particle size was found to be 9—13 nm. Calculation of crystal
size, cell volume, and lattice parameters from XRD are shown in Table 2.

3.2 Morphological Analysis of SEM

Many optoelectronic applications heavily depend on microstructure and surface
shape. Figure 2a shows the morphology of the as-prepared Eu-doped ZnS nanoparti-
cles as determined by SEM. Small, uniformly sized grains with a uniform shape can
be found in the SEM image of Eu-doped ZnS. Due to the Eu-doped ZnS’s reduced
size and increased surface energy, the sample seems to be more aggregated. From
Fig. 2b, the EDX spectra, we can confirm the presence of Eu, Zn, and S. The average
particle size calculated from Eu** doped ZnS 4 at.% was found to be 22 nm Fig. 2c.

3.3 TEM

Figure 3a shows a TEM image of Eu** doped ZnS 4 at.%. The particle size was
found to be 13 nm. It agrees exactly with the results of the XRD’s Scherer equation
based calculation of crystallite size. The catalyst’s photocatalytic activity is greatly
influenced by the size of its particle. A thin layer of ZnS was laid over the surface
of the Eu** doped Zn$S nanocrystals. Figure 3a depicts the formation of a thin ZnS
shell layer on top of the nanocrystals [21]. Reduced particle size produces a wide
surface area that is ideal for high photocatalytic activity. The SAED pattern enables
the exact indexing of various rings (311, 220, and 111) in the same positions.
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Fig. 2 a SEM image of Eu* doped ZnS 4 at.% b EDX spectra of Eu** doped ZnS ¢ Average size
particle size of Eu3* doped ZnS 4 at.%

Fig. 3 a TEM image of Eu* doped ZnS 4 at.% b SAED spectra of Eu>* doped ZnS

3.4 FTIR

Figure 4 shows a large absorption band at 3460 cm™', which is associated with
the stretching vibration of N-H. The distinctive stretching vibration of C—H is what
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Fig. 4 FTIR spectra of Eu*
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causes the peak to appear at 2342 cm~'. The N-H and C-H bending peaks are visible
at 1612 cm™! and 1406 cm™!, respectively. In addition, the peak at 592 cm~! belongs
to the stretching vibration of Zn—S, which is also similarly reported in the literature
[22].

3.5 Photoluminescence Studies

Atroom temperature, the excitation and emission properties of solid-state photolumi-
nescence were studied. When excited at 350 nm, the major emission peaks observed
are given in Fig. 5a. Different transitions of 528 nm (°Dy — "F}), 543 nm (°Dy —
"F,), 565 nm (°Dy — "F3), 572 nm °Dy — F4), 603 nm (°Dy — ’Fs), and 636 nm
(°Dy — "Fs) were obtained. The strongest was the induced electric dipole transition
Dy — F,, which is especially susceptible to the chemical bond in close prox-
imity to an ion of europium (III) and emits red when exposed to UV light [23, 24].
Whereas the electric dipole transition (°Dy — ’F,) is relatively strong, the magnetic
dipole transition (°Dy — ’F) is less susceptible to the coordinated environment.
When emitted at 510 nm, the excitation peaks of europium are observed at 362 nm
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Fig. 5 a Emission spectra of Eu>* doped ZnS b Excitation spectra of Eu** doped ZnS

("Fo — °Dy), 377, 380, 382 nm ("Fy — >L7.5.9), 395 nm ("Fy — 5Lg), 415 nm ('F,
e 5D3), 463 nm (7F0 — 5Dz).

3.6 CIE Analysis

The chromaticity diagram from the Commission International de L’Eclairage (CIE)
shows that the coordinates are highly helpful in defining the perceived colour of
a phosphor’s emission. The emission spectra-derived colour coordinates and their
accompanying co-related colour temperatures are provided in Table 3. McCamy’s
equation was used to determine the co-related colour temperatures (CCT) [25] for
Eu** doped ZnS.

CCT = —437n3 4+ 3601n2 — 6861n 4+ 5514.31andn = (x — xe)/(y — ye)

The determined colour coordinates are represented by x and y in this case. Figure 6
depicts the CIE chromaticity diagram for the obtained Eu** doped ZnS doped with
various concentrations.

Table 3 CCT colour

. Sample Calculated colour CCT
coordinates .
coordinates
X y
2 at.% Bu?* 0.351 0.372 4854
4 at.% Eu* 0.349 0.388 4965
6 at.% Eu3* 0.335 0.390 5417
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3.7 Lifetime Study

Eu’* doped Zn$ nanoparticles have been assessed based on their luminescence decay
curves. The excitation and emission wavelengths were fixed at 350 and 510 nm for
each concentration, respectively, to measure the decay curves. Figure 7 displays the
calculated decay curves. With the use of the bi-exponential equation, all observed
decay curves are successfully fit [26].

I = Liexp(—t/t1) +nexp(—t/1)

Fig. 7 Bi-exponential fitting ]
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In this case, I; and I, stand for the intensities at two distinct time points, whereas
B and B, stand for the respective decay times. The following equation can be used
to calculate the average decay time. Average lifetimes of 1.41, 1.69, and 1.79 ms
were determined for Eu* doped ZnS concentrations of 2 at.%, 4 at.%, and 6 at.%,
respectively. Their goodness of fitting (R*2) for the aforementioned concentrations
is 0.958, 0.968, and 0.983, respectively.

4 UV-Visible Spectroscopy

4.1 Effect of Initial Dye Concentration

At various concentrations between 5 and 30 ppm, the impact of the initial dye concen-
tration on the photodegradation of methyl red was studied. The degradation at varied
initial dye concentrations is shown in Fig. 8. When the initial dye concentration was
raised, it was noticed that the percent degradation gradually dropped. This could be
a result of the reaction mixture’s colour getting darker and darker as the dye’s initial
concentration rises. This limits the ability of light to reach the catalyst’s surface. Due
to the constant light intensity and irradiation time, the relative amount of (OHe and
O+, ") production on the catalyst surface does not increase. Since the light photons
are largely absorbed by the dye molecules and are not able to reach the catalyst
surface, their concentrations will decrease as the dye concentration increases [27].
As a result, the dye’s ability to degrade becomes less effective as dye concentration
rises. We found that 15 ppm was the optimum dye concentration.

Fig. 8 Effect of initial
concentration of dye (in el
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4.2 Effect of Amount of Catalyst

By irradiating dye solution (15 ppm), various catalytic doses ranging from 1 to
6 mg/L, the impact of photocatalyst concentration on dye degradation was examined.
Figure 9 displays a plot of dye degradation percentage versus catalytic dosage. With
an increase in catalytic dosage, the percentage of degradation rises. The dye was
shown to decolorize most when exposed to radiation for 180 min at a catalytic dose
of 6 mg/L. Hence, a 6 mg/L optimal catalytic dose was chosen (Fig. 9).

4.3 Effect of pH

Figure 10 displays the rate of methyl red degradation as a function of time and
pH. This anionic dye degraded more quickly under photochemical conditions at pH
3 as shown in the figure. The electrostatic interactions between a semiconductor
surface, substrate, and charged radicals during a photocatalytic oxidation are highly
dependent on the pH of the solution. The surface of the catalyst has a higher positive
charge in an acidic environment, which facilitates dye molecule adsorption. Acidic
media also reduces the amount of e/h* recombination [28]. The catalyst surface
becomes negatively charged when the pH rises, and dye molecules may repel one
another, resulting in low molecule adsorption and a reduction in the efficiency of
degradation. Hence, raising pH maximizes photocatalytic performance.
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Methyl red was degraded following the optical parameters such as the effect
of catalytic dosage, intial concentration, and amount of catalyst. Using 15 ppm of
initial concentration, 6 mg/L of catalytic dosage, and pH 3, methyl red was degraded
within 180 min. The percentage degradation of dye was calculated from the following

equation:
Percentage of Degradation = Ag—A;/Ag x 100

Ay is the initial dye absorption before degradation and the absorbance of dye is
A;. The degradation percentage of methyl red was found to be 90% Fig.s 11.
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Table 4 Kinetic study of ] 5
Eud* doped ZnS Sample Rate constant k(min™") R DE%
Eut 2at% |4.04 x 1073 0.958 |62
Euw*4at% |3.12 x 1072 0.968 |87
Euvt 6at% |3.89 x 1072 0.983 |90

4.4 Kinetic Study

Kinetic studies can be used to clarify the process and efficacy of the photodegradation.
A linear fitting of In Cy/C; versus t was used to apply the first-order kinetic model
[29]:

InC,y/C, = kt

where (k) is the response rate constant and (t) is the time. As a result, it is evident that
under UV light illumination, catalysts that are 6 at.% doped have better photodegra-
dation efficiencies than catalysts that are 2 at.% or 4 at.%. Kinetic study of Eu**
doped ZnS 2, 4, 6 at.% is shown in Fig. 12. Kinetic study of Eu?* doped ZnS is
tabulated in Table 4.

4.5 Stability Analysis

After the first cycle was finished, the catalyst was carefully removed by centrifuga-
tion, washed with ethanol/water, and dried at 120 °C in order to conduct the stability
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study. By utilizing a 180-min dye solution degradation process, the catalyst regen-
erated was used to assess its stability and reusability. The same amount of catalyst
and dye was used for each cycle. The degradation of methyl red was 82% after the
fourth cycle. The number of cycles performed is shown in Fig. 13.

5 Conclusion

We can conclude that Eu** doped ZnS nanoparticles of 2at.%, 4 at.%, and 6 at.%
were synthesized by using a reflux method. The XRD studies show the particles are
nanosized. Different transitions of 528 nm Dy — "F,), 543 nm Dy — "F5), 565 nm
(*Dy = "F3), 572 nm Dy — Fy), 603 nm (°Dy — ’Fs), and 636 nm (°Dy — "F)
were obtained from the photoluminescence studies. According to the CIE diagram,
all of the prepared samples gave out a nearly white colour that may be employed in
optical devices. Methyl red can be degraded successfully by employing 6 mg/L of the
catalyst, initial concentration of 15 ppm, and at pH 3. The degradation percentage was
found to be 90%, and it also follows the first-order kinetics. Therefore, the synthesized
Eu’* doped ZnS nanoparticles can be used for removing toxic chemicals present in
the environment.
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Chapter 3 ®)
Buckling of Stiffened Carbon e
Nanotube-Reinforced Composite

(CNTRC) Plates

S. M. Shiyekar and Ranjit Wadkar

Abstract This article explores the buckling phenomenon in UG-CNTRC plates
exposed to in-plane loading. The analytical modelling approach employed a
Reissner—Mindlin (FOST), and a numerical computational coding, ABAQUS, was
utilized to examine the performance of the (UD-CNTRC) plate-subjected buck-
ling. Effective material properties of SWCNT were obtained by applying RM. The
validity of the results from the computational tool was validated by comparison with
existing literature and analytical FOST. An analysis was conducted on different vari-
ables, including the side-to-thickness ratio, CNT volume fraction, loading as well
as boundary specification, to investigate their impacts on the stability performance
of plates. The research further examined stiffened CNTRC plates, and the findings
were presented.

Keywords Analytical solution + Uni-directional - Carbon nanotube reinforced
composite + Plate - First-order shear deformation theory -+ ABAQUS

1 Introduction

Composites are manufactured by blending two or more disparate materials to create
a unique material with enhanced properties when compared to the separate compo-
nents. Nanocomposites refer to materials in which nanoparticles are added to enhance
aspecific property. The incorporation of nanoparticles can enhance material attributes
such as endurance and conductivity. The use of nanoparticles in structural material
components results in a high strength-to-weight ratio.
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Innovation by Iijima [1] in 1991, attracted researchers and they referred to
it as the “material for the twenty-first century” [2]. CNTs have nanodimensions
comprised of rolled layers of graphite and can be arrived in different shapes such
as “zigzag,” “chiral,” and “armchair”. SWCNT (“Single-wall carbon nanotube rein-
forced composite plates”) or MWCNT (multi-wall) tubes may be formed consid-
ering the layer of graphite is rolled along. Previous research [3-5] has demonstrated
that CNTs exhibit excellent properties, such as exceptional stiffness and strength.
Researchers [6, 7] have conducted experiments and simulations [8] to demonstrate the
load-taking abilities of CNTs in composites. Despite the great potential of CNT-based
composites, there are also significant challenges in their development. Researchers
have used various methods, such as RVE, FEM, and MD simulations, to evaluate
actual material attributes related to CNT-based composites and also to examine
their thermo-mechanical properties. Studies have also explored the stress—strain
performance of CNT composites [9—13].

The studies mentioned above provide useful insights into the performance of
CNTRC:s in different structures. Wuite and Adali [14] examined CNTRC beams.
Vodenitcharova and Zhang [15] explored the flexure local buckling and pure bending
of nanobeams strengthened by an SWNT. Lei et al. [16] presented a report on the
stability of functionally graded and uniformly distributed (FG and UD) CNTRC
plates. Similarly, Malekzadeh and Shojaee [17] researched the buckling of CNTRC
thick plates. A stability investigation of FG nanocomposite bi-directional plates rein-
forced by SWCNTSs was carried out by Jafari et al. [18]. To ascertain the SWCNT’s
material characteristics, they used the “extended rule of mixture” (ERM). Formica
etal. [19] used the “classical laminated plate theory” (CLPT) and “third-order theory”
(TOT) to study the dynamics of CNTRC plates. The CLPT was used by Arani et al.
[20] to illustrate the buckling of CNTRC bi-directional plates. This plate is subject to
a variety of boundary constraints. The MT (Mori—Tanaka) approach is used to assess
the efficient elastic modulus of composites containing straight nanotubes using the
“finite element method” (FEM) tool. Shen [21-23] examined the post-buckling prop-
erties of cylindrical FG CNTRC shells exposed to axial compression at temperature.
Christian Mittelstedt [24] presented the buckling of orthotropic and isotropic plates
with stiffeners. Kant and Swaminathan [25] investigated the stability of laminated
composite and sandwiches. Timoshenko and Gere [26] conducted a buckling analysis
of an isotropic plate. Kurkute and Shiyekar [27] presented the buckling of laminates
using higher-order theory. Mayandi and Jeyaraj [28] discussed flexure, buckling and
free vibrations of FG CNT beams under thermal loads. Shiyekar and Lavate [29]
analyzed FG plates using ABAQUS UMAT.

The present study focuses on UD-CNTRC plate buckling under in-plane forces
with various boundary parameters. The FEM and the Mindlin [30] (FOST) are used.
The commercial program ABAQUS [31] is employed as the computational tool.
The study includes three categories of plates: isotropic plate, UD-CNTRC plates,
and CNTRC plates with stiffeners along the longitudinal direction. The influences
of several factors, including plate aspect ratio, CNT volume fraction, as well as
boundary limits on the CNTRC plate buckling strength, are studied.
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2 Modeling of CNTRC Material

2.1 Extended Rule of Mixture (ERM)

The CNTRC plates are produced through a fusion of SWCNTSs and polymer matrix,
where the attributes of SWCNTs vary depending on their handedness size and thermal
conditions. The present study considers UD-CNTRC: “Carbon nanotube-reinforced
composite” plates with ‘A’ thickness, ‘a’ length, and ‘b’ width (Fig. 1), and the
MT methodology or the RM (Rule of Mixture) will be used to identify the real
material characteristics of these composites. The RM involves introducing CNT
efficiency parameters, and assuming that CNTs are distributed uniformly across the
UD-CNTRC plate thickness, as shown in (Fig. 1). Volume fraction of CNT is given

as
Vent = Viyr(UD - CNTRC) (1)
where
WCNT
Vigr = 2
CNT w + (ﬂuvr) _ (PCNT) ( )
CNT “om Om WCNT

where the CNT mass fraction in the composite plate is given by weyr. The CNT and
matrix density is denoted by pcyr and p,,. The p density and v, Poisson’s ratio of
the nanocomposite plates are computed as

CNT

v = Venrvp -+ ViUn 3)
0 = VentPent + Vinom 4
Fig. 1 Configuration of the CATAL add Pl

uniformly distributed carbon
nanotube reinforced
composite plates (UD
CNTRC)
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where Poisson’s ratio v, and vcyr of matrix and CNT correspondingly. ERM can
be utilized to find the actual material characteristics of plates. By incorporating the
CNT efficiency factor, the real material characteristics of the composites will be
computed using this approach.

Ei=mVent ESNT + V, E” (5)
P Vent Vi
e et 6
Ey» EzczNT Em ©

n3 Vent . Vi
Gn_GOT T on @

where E ICIN r EzczN T are the Modulus of Elasticity of along the length and normal
directions, respectively, and G,V are shear modulus of CNTs. CNT efficiency factor
(h;) was presented to find out scale-dependent material attributes. It may be used to
match the effective CNTRC characteristics discovered by the Mori—Tanaka simula-
tion. The matrix, as well as CNT, volume is denoted by V,,, and V¢ n 1 correspondingly.
The addition of these fractions of phases equals unity

Venr + Vi =1 ®)

3 Theoretical Formulations

FOST is used to analyse buckling in the CNTRC plate. A complete analytical solu-
tion and formulation are revealed for a simply supported CNTRC plate. The plate
geometry is side ‘a’ is on the x-axis, ‘b’ is on the y-axis, and the plate thickness
is represented by ‘h’ and matches with the ‘z’ direction. Figure 1 depicts that the
mid-plane is situated at a distance of +h/2 from the top and —h/2 from CNTRC plate
bottom. The mid-plane positive displacement set with the (x-y-z) axes is utilized with
the reference cartesian axis system. The CNTRC plate stability is examined using
the given below displacement domain.

M(X, Y, Z) = MO(X’ y) +Zex(-x’ )’)
V(x’ yvz)=VO(x9y)+Z9y(-x’ Y) (9)
w(x, y) = wolx, y)

This strain—displacement connections for small displacements generally may be
expressed as follows according to the linear theory of solid mechanics.
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Ex
€y

T
&; _ du Jdv dw Ju Jv du dw Jv w
—{ﬁﬁﬁa_y"'ﬁa_z"'E&"'@ (10)

Strains are obtained according to the displacement field

dug n a6, avg n 20, 0
&y = — —, 8y = — —, &, =
dax ¢ ax ay ¢ ay °
dug  dvg a6, 90, dIwg
ey = — + — — ), Yxz = O — 11
Ver 8y+8x +Z<3y+8x Vaz '+Z8x (an
BWQ
Ve =02

The material constitutional association is written for composite material as.

Ox C11 C12 0 0 0 Ex
Oy C12 C22 0 0 0 Ey
Txy = 0 0 C44 0 0 Vxy (12)
Tyz 0 0 0 Gss O Vxz
Tyz 0O 0 0 O C66 Vyz
Ey unEn Ep

Cihi=———,Cp= ,Cp = —————,
where 1 —vipuy 1 — vy I —vpuy .

Cas = G2, Cs5s = Gi3, Ceo = G23
For stress analysis, the governing differential equilibrium forms have resulted
from the “principle of minimum potential energy”. The mathematical equation is
expressed as follows:

/ U —sW)HdV + / (0'8e, + 0’8, +1,,8y;,)dV =0 (13)

where the strain energy due to deformations is denoted by U, the work performed by
outside loads W, the second term in the above equation is potential energy because
of given in-plane compressive and shear load (i.e., o/, ay/, ‘C)/(y). The midplane strains
caused by transverse displacement are €., s’y, y;y and the variational symbol is given
by 4. The final expression will be after the necessary quantities of energy have been
entered into the equation.
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h

5
/ / (0x8ex + 088y + Tay8¥ay + Ty28¥yz + Ta8ya:)d Adz — / préwtdA
A
A

-y
2

+ / /A (0'8¢, + 0’8}, + 1,8y, )dAdz =0

(14)

S

where the through-thickness displacement of any point is denoted by w* = wq and
the transverse load given to the CNTRC plate top is represented by p. By applying
the above Egs. (9) to (13) in (14) and integrating the equations by parts, the following

relationships of equilibrium are obtained.

ON, 0Ny ON, 0N,y
Sug: —— + —— =0,68vy : -+ —— =0,
ax dy ady dx

15)

90, 90, dwo ANy dwo AN,
Swo ~ — )+ ==
ax dy dx 0x dy dy

— 32W0 — 32W0 Bzﬁn
N — =0,
T 0x? + Ny dy? 9x0y

56, : Mx \ My 0. =0,80 My | oMy 0,=0
T oax ay Ty ox Y

where the stress resultants are presented by

M, i o W Ny i o

T
M, :/ oy [z]dz,[g)‘}: {T”}dz, Ny | = oy (dz,
Mxy _% Tyy 7 _1% z ny _% Txy
and
+h/2
[N. N, Vo] = / [0v 0y 7y ]dz (16)

—h)2

The resultants are related to the displacement and strain relationship and may be

further written in the given equation as displacements
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av ou av ou
Nx=h<Q12—0 01 O)N <sz—y0+Q1z—0)

0 0 h3 a0, 0,
w_hQ44(ﬂ+a_vo) oo of)
X 0x (17
h3 20, hg 00, 349
sz— + Q12 , My Q44 Bx

ow wo 8W0
szhQGG _+'9x 7Qy=hQ55 _+9_v .
dax ay

Substituting the above stress resultants in the equilibrium Eq. (15), the new set of
governing mathematical forms are deduced as displacements as follows:

ho ugy +ho 2v0 +ho +ho Bzu() —0
#7952 125xay 530 YY)
92w 92 92, 2v0
h h =0
Q22a 2 + Q128 oy th Q44 w0y O+ Q44
20 82w 36y 32w0
hQSSJ""hQSSiz +hQe6—— +hQes——>5 +9=0 (18)
ay ady ax ax
h3Q 32@ 0 awj+h3Q zﬂ%,+h3Q 82@_+h3Q 32@ HQegly = 0
0%x T 127 2axay 12 M axay 52 667 =
h3Q 326 h0s 8wo+h3Q 626x+h3Q 326y h3Q ‘29 Oty — 0
1252 %,2 555y T 129200y T 2%y T 129 5 5%y =

The displacement solution is determined by applying Navier’s solution. Basic
supported boundary limits are applied to all sides.

Atedgesx =a, andx=0:v9g=0,wy =0,0,=0,6, =0, M, =0, N, =0.
(19)

Atedgesy =0, andy =b:up=0,wg =0,6,=0,6,=0,M, =0, N, =0.
(20)

The following system may be used to express the result of the displacement
quantities supporting the aforementioned boundary situations:

o.¢] o0 o0 o
Uo = Z Z uo,, cos(ax) sin(By), vo = Z Z Vo, sin(aex) cos(By),

m=1 n=1 m=1 n=1

(o] oo o0 o0
=" > wp,, sin(@x) sin(By). 6, = »_ Y 6y, cos(ax)sin(By).  (21)

m=1 n=1 m=1 n=1

Oy =>_> 6y, sin(@x)cos(By)

m=1 n=1
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where« = mm/a, and B = nm/b. Substituting Egs. (21) in (18), and the components
of the coefficient matrix [X] will be generated by obtaining the coefficients for the
displacements.

([X1sxs — AlGlsxs) § wo = {0} (22)
Oy
Oy 5X1
where A = buckling load factor. For given m and n values, the geometric stiffness
matrix [G] refers to the stiffness matrix because of in-plane forces. The components
of matrices [G] & [X] are provided in Appendix 1. The aforementioned equation
may be obtained, and the essential buckling load factor is the lowest eigenvalue and
the essential uniaxial load is given by the relation.

[ﬁx]cr = Acr [ﬁx] (23)

4 Results and Discussions

Validation of the present FOST and ABQUS is studied through the following exam-
ples. Poly Vinylene, denoted as PmPV is deemed to be the polymer matrix in this
problem. The elastic properties are supposed to be v,, = 0.34, E,, = 2.1 Gpa, and
om = 1.15 g/cm? at 300 K temperature. In this paper, the armchair (10, 10) SWCNTSs
are considered as reinforcement. The SWCNT characteristics are calculated by the
MD simulation process and are presented in Table 1.

ERM is used to forecast actual material attributes of CNTRCs. Carbon nanotube
efficiency variables n; included in Egs. (5) using (7). We consider for Veyr =0.11, 1,
and m; values are 0.149 and 0.934 and for Voy7 = 0.14, values are 0.150 and 0.941
and for Veyr = 0.17, values are 0.149 and 1.381, correspondingly. Additionally,
we suppose that n3 = n; and G,; = G;3 = Gy, are considered in the subsequent
numerical examples.

Table 1 Temperature-dependent material properties of (10, 10) SWCNT (L = 9.26 nm, R =
0.68 nm, h = 0.067 nm, v1,“NT = 0:175)

Temperature | E;1CNT (TPa) | Exy™NT (TPa) | GoNT (TPa) | oy NT (10767 | anONT (10767
(K) K) K)

300 5.6466 7.0800 1.9645 3.4584 5.1682

500 5.5308 6.9348 1.9643 45361 5.0189

700 5.4744 6.8641 1.9644 4.6677 4.8943
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Table 2 Buckling load for all

edges simply supported Mode | SSSS isotropic plate (b/h = 10)

square isotropic plates under Analytical [26] | Present (ABAQUS) | % Error
uniaxial compression 1 39.4761 39.1063 0.93
2 61.6814 61.6116 0.11
3 109.656 111.3795 —1.57
4 157.9040 157.3482 0.35

4.1 Example 1: Buckling of an Isotropic Plate Under
Compressive Force

To validate the present method of analytical FOST and numerical ABAQUS,
comparisons are shown for isotropic plates that are simply supported on both
sides and compressed by uniaxial force. Dimensions and elastic of the plate are
,a=>b=0254m, E=10.3 x 10° MPa (3 x 10° psi), 4 = 0.0508 m, and Poisson
ratio v = 0.3. The buckling load is normalized as N, = (N..a*/Dy), Dy =Eh3/
12(1 — v?). The aspect ratio is taken as 10. The critical buckling load at funda-
mental 4 modes from the ABAQUS gives good agreement with analytical solutions
given by Timoshenko and Gere [26] and presented in Table 2 with a maximum %
error of 1.57.

4.2 Example 2: Buckling of CNTRC Plate Under (SSSS)
Uniaxial Compressive Force

CNTRC plate under uniaxial condition for all sides simply supported is analyzed for
b/h = 20 and V., = 0.11. Results are compared with EF Ritz [17], DQM [18],
and Exact [18] and present FOST and ABAQUS in Table 3. The first four modes are
observed and the buckling load is normalized as N., = N, b* /Eh3. Uniaxial and
biaxial compression on CNTRC plates is done using a side-to-thickness ratio of 10
and V., = 0.11 are presented in Table 4. In the table, the literature and the present
ABAQUS buckling load values are compared. The following boundary conditions
are used: (1) SSSS—Fully supported four sides, (2) CCCC-Fully clamped four sides
(fixed), (3) SCSC-Two opposite supported sides and rest two are clamped sides, (4)
SFSF-Two opposite supported sides and rest two are free sides, (5) CCCF-Three
clamped sides and one side free, (6) SSSF-Three simply supported sides and one
free side.
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Table 3 Comparison of different methods of the critical buckling load for simply supported plate
with single CNTRC layer under uniaxial compression, Veyr = 0.11, b/h = 20

Methods Buckling load
Exact [18] 31.5258

DQM [18] 31.5258 [0]
EF-Ritz [17] 30.9076 [1.96]
Present analytical (FOST) 29.4578 [6.55]
Present (ABAQUS) 32.3200 [—2.51]

[1-% error with respect to Exact [18]

Table 4 Buckling load for all edges simply supported and all edge clamped (fixed) square CNTRC
plates under uniaxial and biaxial compression with b/h = 10, Veyr = 0.11. (M = Modes)

M | SSSS uniaxial CCCC uniaxial

Ref. [16] | Present (ABAQUS) | % Error | Ref. [16] |Present (ABAQUS) | % Error
1 14.1073 14.2519 —1.02 257329 | 24.5720 4.51
2 233149 |22.3948 3.94 26.2788 |25.8263 1.72
3 |25.6506 |24.4761 4.57 29.6661 28.2214 4.86
4 |27.0498 |26.1428 3.35 29.7356 | 28.0410 5.69
M | SCSC uniaxial SFSF uniaxial
1 17.2424 18.0661 —4.77 12.0697 12.71 —-5.30
2 124.0481 23.1510 3.73 13.0216 | 13.44 -3.21
3 126.3993 |24.3514 7.75 20.3912 | 20.61 —1.07
4 274953 | 26.7247 2.80 22.4198 |20.96 6.51
M | CCCF uniaxial SSSF uniaxial
1 22.6023 | 21.3624 5.48 12.3145 12.85 —4.34
2 | 248135 |23.7648 4.22 16.6801 16.15 3.17
3 1264696 |25.0480 5.37 22.5393 | 21.68 3.81
4 1269602 |25.4476 5.61 24.1999 | 23.26 3.88
M | SCSC biaxial SFSF biaxial
1 5.8831 5.5501 5.66 9.2830 9.6385 —3.82
2 6.9772 6.7253 3.61 9.8992 | 10.3062 —4.11
3 7.8892 7.6581 2.92 13.1796 | 13.2719 —0.70
4 10.6318 10.189 4.16 13.5820 | 13.3671 1.58
M | CCCF biaxial SSSF biaxial
1 8.1646 8.2351 —0.86 3.4105 3.5380 —-3.73
2 9.1246 8.9658 1.74 6.0446 5.7142 5.46
3 9.8991 9.5323 3.70 7.8034 7.6432 2.05
4 11.2443 10.8740 3.29 7.9533 8.0550 —1.27
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Table 4 shows that among the six diverse boundary situations, plates that have all
four edges clamped (CCCC) exhibit the highest load, while two supported edges and
rest two free edges (SFSF) plates exhibit the lower load.

The results show that raising the V,, causes CNTRC plates to be stiffer, which
raises the plates’ buckling load parameter. The data demonstrates that when the
ratio of width-to-thickness of UD-CNTRC plates rises, so do the non-dimensional
buckling load characteristics.

4.3 Example 3: Buckling of Stiffened CNTRC Plates Under
Compressive Pressure

The stiffening impact on the buckling behaviour of rectangular CNTRC plates (SSSS)
in uniaxial compression is presented in this section. Table 1 displays that the ERM is
utilized to find the actual material characteristics of CNTRCs. The geometric char-
acteristics of the CNTRC plate and stiffener are adopted from Christian Mittelstedt
[24], where the plate dimensions are a = 300 mm and b = 100 mm, and the height
and thickness of both the plate and stiffener are 13.5 and 1 mm, respectively. The
different stiffening systems used for CNTRC plates, include: (a) One-side stiffeners
running parallel to the CNTRC plate length. (b) Middle stiffeners running parallel
to the length of the CNTRC plate. (c) Two-side stiffeners running parallel to the
CNTRC plate length. Table 5 illustrates the buckling load of these different stiffener
positions for CNTRC plates (SSSS). The results indicate that the two-side stiffener
system produces the highest buckling load, which suggests that the plate becomes
stiffer in the following order: side stiffeners to the CNTRC plate length, middle stiff-
eners to the CNTRC plate length, and two-side stiffeners to the length of CNTRC
plate. The buckling loads were also can be seen to rise as the volume percent of
CNTs increased. Figure 2 displays the buckling modes of plates featuring different
stiffener systems.

Table 5 Buckling load for all edges simply supported rectangle CNTRC plates under uniaxial
compression

M | Vent | Without stiffeners | One side stiffeners | Middle stiffeners of | Two side stiffeners
of the CNTRC of the CNTRC plate | the CNTRC plate | of the CNTRC plate
plate (ABAQUS) | (ABAQUS) (a) (ABAQUS) (b) (ABAQUS) (¢)

1 [0.11 |12.9266 32.4392 54.3448 85.9762

2 13.0781 32.8169 54.3867 85.8039

3 13.9681 35.0879 56.3190 85.9905

4 14.1024 35.8324 28.1905 94.3638
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Mode 1 Mode 2

Mode 3 Mode 4

Fig. 2 Buckling modes of stiffened CNTRC plates for Vent = 0.14 and b/h = 10 under uniaxial
compression

5 Conclusion

This article aims to estimate the buckling performance of isotropic and CNTRC
plates using two methods: FOST, the analytical method and the ABAQUS compu-
tational tool. When the findings from the current approaches are compared to those
from the literature, there is a high level of agreement. The ERM is applied to find
the real material characteristics of the SWCNT-reinforced plates. Comprehensive
case studies are performed, and CCCC, i.e., fully clamped four edges plate displays
the most buckling stress, whereas SFSF, i.e., two supported edges and the rest two
free edges plate exhibits the least amount of buckling load among the six alternative
boundary conditions. As V. rises, the load also increases. The buckling perfor-
mance of CNTRC plates with stiffeners along the length is also investigated, and it is
concluded that the plate with two stiffeners exhibits the maximum buckling load. Itis
important to note that various CNTRC plate configurations’ buckling strength may
be significantly affected by altering V., ratio of width-to-thickness, and aspect
ratio, and the boundary and loading limits.
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Appendix 1

Coefficient of Matrix [X]

X[1, 11 = Qnha® + Quhp?, X[1,2] = Qphap + QuhaB, X[1,3] =0,
X[1,4]1 =0, X[1,5] =0, X[1, 1] = A[1, 1]0[2 + BJ[1, l]ﬂz,
X[1,2] = A[1, 2]aB + A[l, 2]ap, X[1,3] =0, X[1,4] =0, X[1,5] =0

X[2, 11 = Quohap + QushaB, X[2,2] = Quha® + Qnhp?,
X[2,3]1 =0, X[2,4] =0, X[2,5] =0, X[3,1] =0, X[3,2] =0,

X[3,3] = Qesha® + Qsshp?, X[3,4] = Qesha, X[3, 5] = Qsshp, X[4, 1] =0,

h3
X[4,2] =0, X[4,3] = Qecha, X[4,4] = E(Qnotz + QupB’) + Qesh.

h3
X[4,5] = E(leaﬁ + Quap), X[5,11 =0, X[5, 2] = 0, X[5, 3] = QsshB,

h3 h3
X15,41 = 15 (Quap + Quap), XI5, 5] = 5(944“2 + 028%) + Ossh.

Coefficient of Geometric Matrix [G]

G3,3:a2andGi,j:Oforalli,j:l,Z ....... 50 # j #3).
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Chapter 4 ®)
Experimental Investigation of Machining | oo

Parameters of Monel 400 in Powder
Mixed EDM Process

Abhishek Kumar and T. Jagadeesha

Abstract Electric Discharge Machining (EDM) is basically a die-sinking process.
First, material is removed where the current density is high, and a replica of the tool
is reproduced on the work. The productivity of EDM can be increased by increasing
the spark frequency. This is done by introducing conductive metal powder. Process
performance of EDM depends both on the tool as well as the work material. In
this current research work, the effect of graphite powder of size 30-40 w is used
with a combination of Monel 400 as a workpiece material and copper as a cathode.
Monel 400 is a nickel-based superalloy material and is widely used in the chemical
processing industry, automotive, marine industry, oil and gas extraction, pollution
control, and waste processing industry, and high-temperature applications. Processes
parameters chosen for the experiments include powder concentration, peak current
and pulse-on time. The effect of these parameters on Tool Wear Rate (TWR) and
Material Removal Rate (MRR) is investigated. The Taguchi orthogonal array was
used as the basis for the studies. Peak current and tool material were shown to
have a significantly higher impact on MRR and TWR using ANOVA. A hybrid
method of dimensional and regression analysis was used using MINITAB to build
semi-empirical models for material removal rate based on machining parameters and
significant thermo-physical characteristics.

Keywords Powder mixed Electrical discharge machining - Monel 400 -
Dimensional analysis + Regression analysis
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1 Introduction

Powder-mixed Electrical Discharge Machining (EDM) is a modern machining tech-
nique that involves the use of a conductive powder mixed with a dielectric fluid
to enhance the machining performance and surface quality. The use of powder in
EDM can improve machining efficiency, reduce tool wear, and enhance the surface
finish of the machined parts. Figure 1 shows the typical schematic diagram of the
powder-mixed EDM process.

Superalloys are a class of high-performance alloys that exhibit excellent mechan-
ical strength, corrosion resistance, and high-temperature stability. Monel 400 is a
popular nickel-copper superalloy. In recent years, the application of Monel 400 in
powder-mixed EDM has gained significant attention due to its superior mechanical
and chemical properties. The addition of Monel 400 powder in EDM can enhance
the machining performance by reducing the Tool Wear Rate (TWR), improving the
surface finish, and reducing the machining time. Moreover, using Monel 400 powder
can also improve the electrical and thermal conductivity of the dielectric fluid, which
can further enhance the machining performance. Buckingham Pi theorem was used
to develop a model for the Material Removal Rate (MRR) with the help of multiple
linear regression equations.

Investigation of electrical discharge machining with powder is of special signif-
icance. Understanding the Powder Mixed EDM (PMEDM) idea thoroughly and
studying the process parameters in greater detail, especially to get improved perfor-
mance and the powder used in PMEDM, plays a vital role in enhancing MRR
and decreasing TWR compared to the traditional EDM process [1]. Examination
of Nickel-Based Superalloy Powder Mixed EDM utilizing powdered cobalt, zinc,
and molybdenum Better MRR was created by cobalt and zinc, and reduced tool wear
rate was obtained by molybdenum powder [2]. The potential of graphite powder is
realized in increasing the machining rate in AEDM of nickel-based Super Alloy 718.
The overall machining rate increases by 26.85 if fine graphite powder contributes
2.4% to the process [3].

Fig.1 Schematic diagram

of the PMEDM process
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Semi-empirical models have been created for the responses, using a hybrid
method, for the PMEDM process of aluminum/alumina composites with metal
matrix, and the PCA technique has been used to determine the weights for responses
while GRA has been used to combine the multiple objectives into single [4]. The
frequency of sparking and energy per spark are important parameters that affect the
MRR [5]. Arching in powder EDM gives a rough surface and has to be avoided under
all circumstances. It is found that silicon powder gives more arching during PMEDM
and thus, surface roughness is greatly affected [6]. EDM performance has been iden-
tified as particle size, particle concentration, particle density, electrical resistivity,
and thermal conductivity [7, 8].

2 Materials and Experimental Conditions

In this experiment, the graphite powder of size 30—40 pwm is used with cathode
as a copper rod of diameter 11 mm and height 50 mm, with 99% purity. Work
material is nickel-based superalloy, Monel 400 rod of diameter 10 mm and height
30 mm. Physical properties of Monel 400 are given in Table 1. The various process
parameters such as sparking voltage, pulse on—off time, and current are given in
Table 2. A complete experimental setup to carry out powder based EDM is shown
in Figs. 2 and 3.

Z?mf)r}el Physical properties Parameter Value
Density (kg/m3) 8800
Melting temp. (7C) 1325
Thermal conductivity (W /mk) 21.8
Specific heat capacity (J/kgK) 427
Tensile strength (M Pa) 550

Eoibtl}?ezexger:(r)icnez;lf arameters Conditions Value
Sparking voltage (V) 40
Peak current (I) 12, 15,28
Pulse on time (jg) 20, 40, 75
Pulse off time (1) 10
Powder concentration (g/1) 0,25,5
Tool polarity Negative
Dielectric used DI water
Tool materials Copper
Work materials Monel 400
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The precise weighing scale is used to calculate the weight of the tool/work before
and after machining, and weight loss is calculated based on the loss of tool/work
material. TWR or MRR is calculated using the theoretical formula

(Wb —Wa) x 1000 5 .
MRR or TWR = ; mm” /min
0

where
Wb = weight of the anode or cathode prior to machining (g);
Wa = weight of the anode or cathode after post-machining (g);
t = machining time for each trial (s);
o = density of material (g/cm?).
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3 Mathematical Modeling of MRR Using Dimensional

Analysis

47

The mathematical relationship between MRR and process parameters is expressed
using the principle of dimensional analysis and the Buckingham s theorem. The
various process factors, their units, and dimensions are given in Table 3. Multiple

linear regression analysis is used to calculate the MRR.
Mathematically, Buckingham v theorem is expressed as

MRR(Q) = f(ss 0, Ipv Vga Ton, K, P, C)

n=9m=5n—m,=4

n = number of variables, m = no.of fundamental dimensions,

n — m = no.of & terms
Each v term is expressed as a function given by Eq. (1).

fOV1,v2,v3,v4) =0
T = SalprIIC)IKdlvle
my = S p KV Ton
Ty = Sa3'ObSI]c)_%I(dS\/z?aPc

7T4 — Sa4pb4I;4Kd4V;4C

(D

Table 3 Response and

variables dimension Factor Unit Dimension
MRR (Q) mm?>/min L3T!
Powder size (S) wm L
Density (p) g/cm? ML-3
Peak current (Ip) A I
Gap voltage (Vg) \ ML2T31 !
Pulse on time (Toy) LS T
Thermal conductivity (K) W/mK MLT 36!
Powder concentration (P) g/l ML™3
Specific heat (C) J/KgK L2T20~!
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By solving the above set of equations, w1, ,, w3 and v 4 are expressed as

A 033
1 IV, qL33

By expressing v | in terms my, w3 and v 4, Eq. 2 is obtained.
vi= f(v2,V3,V4) (2

Using the principle of Buckingham v theorem, v | in exponentials form is

=N o8) ()

The final form of the equation is given in Eq. 3.

0 \*®/ Q . LV, [ Ton b p,\ # (SIpVgp2)0'33c Bs
IpVg S133 )] o S1.66 o K

3)
Taking logarithms on both sides of Eq. 3
logm; =logM + B log (m2) + B2 log(ms) + B3 log (714)
Multiple linear regression equation thus becomes where
Y =8+ X1 + B,X2 + B;X3 )

Y = response variable

B = regression coefficient

X = set of ‘n’ dependent variables.

Regression coefficient obtained after solving Eq. 4 is given as

Bp=logM=—-31 B =19
Bo =14 B3 = 10.12
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Inserting all the regression coefficients, the MRR equation is obtained as

s Ve O Ton \ 17 P\ [ (STpVep?)*Pe)
o= (S () G)] ) (22
(%)
o)

Rearranging the terms in Eq. (5)

(S) 1.8 (PC) 1.4(p)4.5 (IpVg)4'3 (Ton) 1.9 (C)lo.lz
(K)IO.IZ % (10)36

MRR(Q) =

4 Results and Discussion

Twenty seven experiments with three factors and three variables are conducted exper-
imentally. MRR of the workpiece material and tool wear of the cathode is calcu-
lated by the weight difference. The results are compared with the mathematical
model developed. The experimental and mathematical modeling results are given in
Table 4.

Material removal rate in normal EDM and power mixed EDM are calculated exper-
imentally and compared with a mathematical model developed through dimensional
analysis. Figure 3 shows the average values of MRR for each configuration. Tool
wear rates in normal EDM and powder mixed EDM are evaluated experimentally,
and the results are shown in Fig. 4.

5 Conclusion

In this research work, various experiments are carried out to find out the Material
Removal Rate (MRR) and tool wear rate with graphite powder in Electrical Discharge
Machining (EDM) process. The detailed mathematical model has been developed
using dimensional analysis principles. It is observed that MRR in normal EDM
is slightly higher than Powder mixed EDM (PMEDM) with graphite powder in the
concentration range of 2.5 to 5 g/1. This lower MRR is due to the concentration range.
MRR is also evaluated using a mathematical model developed using Buckingham v
theorem, and it is found that mathematical model results are close to experimental
value. The deviation between mathematical modeling and experimental method is
approx. 6.18%. Therefore, it can be concluded that a developed mathematical model
can be used to predict the MRR in PMEDM effectively with an acceptable error
ranging between 6 and 10%. PMEDM graphite powder is found to give less tool
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Table 4 Experimental and Predicted value of MRR and TWR

Slno Ton I, P MRR ( Expt) MRR (Model) PMEDM TWR
1 20 12 0 1.138 0 0.132
2 40 12 0 2.069 0 0.066
3 75 12 0 2.425 0 0.276
4 20 15 0 1.217 0 0.125
5 40 15 0 2.191 0 0.161
6 75 15 0 2.591 0 0.020
7 20 18 0 0.898 0 0.032
8 40 18 0 2.225 0 0.116
9 75 18 0 3.419 0 0.118
10 20 12 25 1.633 0.058 0.097
11 40 12 25 1.643 0.218 0.062
12 75 12 25 1.694 0.72 0.053
13 20 15 2.5 0.621 0.152 0.102
14 40 15 2.5 1.802 0.569 0.055
15 75 15 25 2.036 1.881 0.036
16 20 18 2.5 1.465 0.334 0.095
17 40 18 25 2.047 1.247 0.079
18 75 18 2.5 2.584 4.119 0.034
19 20 12 5 0.353 0.154 0.146
20 40 12 5 0.910 0.576 0.115
21 75 12 5 1.334 1.901 0.107
22 20 15 5 0.482 0.402 0.137
23 40 15 5 1.532 1.503 0.119
24 75 15 5 3.403 4.964 0.131
25 20 18 5 2.418 0.882 0.14
26 40 18 5 2915 3.293 0.105
27 75 18 5 3.005 10.872 0.045
Fig. 4 Comparison of Avg. Lo ] ]
TWR
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wear rate compared to normal EDM, and therefore, PMEDM is very effective in
increasing the productivity by increasing the tool life. Reduction of tool wear up to
21.85% is obtained in experimental PMEDM.
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Chapter 5 ®
Synthesis of Estolides from Coconut, e
Sunflower and Karanja Oils

P. V. Maneesh Kumar and T. Jagadeesha

Abstract Lubricating machines with mineral-based lubricants have become a major
cause of pollution now. To use natural oils for making lubricants instead of petroleum
is something mainstream researchers have been looking at for a few decades. Though
vegetable oils show excellent biodegradability, their cold flow properties are poor
compared to functional lubricants. Biodegradable lubricant oils must have excellent
cold flow properties as well as competitive costs in order to be accepted widely as
usable base stock to industrially usable lubricants. Cold flow characteristics of natural
oils are generally subpar to industrial lubricants. This is one major drawback that
limits the usage of otherwise abundant vegetable oil. Though vegetable oils show
excellent biodegradability, their cold flow properties are poor compared to functional
lubricants. In this present study, three vegetable oils have been synthesized to obtain
their estolides, they are coconut, sunflower and karanja oils, to analyze the variations.
SPARTAN molecular dynamics software is utilized in parallel to understand the
molecular structure of products.

Keywords Estolides - SPARTAN - Saturated fatty acids *+ Pour point

1 Introduction

Lubrication is one essential aspect of our industrial civilization. It has been practiced
for thousands of years. Majority of lubricants consumed today are derived from
mineral oils and it has become one major environmental concern. Estolides belong
to the family of esters synthesis from natural oils as the carboxylic acid functional
group of the fatty acid forms an ester linkage with the unsaturated site of another
fatty acid [1]. Estolide number represents the mean number of additional fatty acids
attached to base fatty acids. This value changes with respect to temperature, type of
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saturated fatty acid being supplied and other various parameters. Lubricants of today
are 90% base stock with 10% additives [2]. Continuous use of these mineral-based
lubricants leads to environmental issues as well as health problems for its operators.
Thus, alternative lubricants synthesized from vegetable oils are Generally Regarded
as Safe products. Vegetable oils are an eco-friendly alternative for the base stock of
industrial lubricants as they are more biodegradable and less toxic. Vegetable oils have
many positive properties of lubricants, such as high viscosity index, improved contact
lubrication, good flash points and very low volatility. Vegetable oils show a wide range
of viscosities, whereas mineral oils have an average viscosity range of 441 mPa.S at
60 °C [3]. However, vegetable oils possess some weaknesses. One major weakness of
vegetable oils is their subpar cold-flow properties. At lower temperatures, vegetable
oils lose their fluidity due to clouding, thus, bad cold-flow properties of natural oils
are one important challenge for using them as lubricants or as base stock of lubricants.

Estolides are esters derived by modifying fatty acids. They have found application
in many cosmetics, bio-lubricants, and coatings. Estolide synthesis occurs when the
fatty acids stack on the unsaturated sites of other fatty acids. Estolide number is the
mean number of additional fatty acids branched on the base. These ester linkages
are strong against hydrolysis, giving them improved properties against pure natural
oils [4]. Estolides are naturally occurring and are also manufactured in labs [5]. We
have synthesized oleic estolides further reacted to 2-ethylhexanol.

Oleic acid + Saturated fatty acid + HCLO,4 = Free Estolide

Free Estolide + 2-ethylhexanol = Estolide 2-ethylhexyl ester

SPARTAN is amolecular dynamics software working on quantum chemical calcu-
lations to formulate the structure of molecules. The structure alone will be providing
valuable insights into the properties and the variations caused by the molecular
structure. The objective of the present study is to synthesize estolides from these
three natural oils and to compare their properties over their base oil to analyze the
improvements along with molecular dynamics analysis.

2 Experimental Procedure

2.1 Materials

Coconut, Sunflower, Karanja and Castor oils were procured locally as they are readily
available for cooking purposes. Oleic acid, Perchloric acid, 2-ethyl hexanol, KOH,
Ethanol and Silica gel was obtained from SIGMA ALDRICH Chemical Company,
supplied by Alpha Chemicals, Ernakulam.
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2.2 Preparation of Estolides

Estolides were synthesized from Coconut, Sunflower and Karanja oils through
condensation reactions catalyzed with acids. The reactions took place in a 750 ml
3-necked flask. The reaction was conducted at standard atmospheric conditions. The
reactant mixture for estolide contains 90 g base oil, 10 g of castor oil and 20.3 g of
oleic acid. The mixture was heated in a Rota mantle to a temperature of 60 & 0.1 °C.
A magnetic stirrer was used for mixing. Once the temperature reached 60 °C 3 g
of Perchloric acid (HC1O4) was incorporated drop by drop. Then the reactants were
heated for 24 h. After 24 h, 56.5 g of 2-ethyl hexyl alcohol was added to the reac-
tant flask and the reactants were further heated for 2 h. For quenching, 2 g potassium
hydroxide (KOH) mixed through ultrasonic stirring for 180 s in a 90% ethanol-water
mixture was added. The synthesis of estolide ester in Rota Mantle is shown in Fig. 1.
Water washing in the separating funnel is shown in Fig. 2.

The completed reactions were cooled for 30 min. The reactant mixture was moved
to a separating funnel, and 100 g hexane was added for extracting the organic layer.
The estolide synthesized was then further water-washed with warm water at 60 °C
till the pH of washed water obtained equals the pH of normal water. For further
water removal, the estolides were kept in an open beaker surrounded by silica gel
in a closed vessel for 24 h. Commercially available coconut, sunflower and karanja
oils were used for experiments. Estolide ester placed between silica gel for water
absorption is shown in Fig. 3. Coconut, sunflower and karanja oils and estolide are
shown in Figs. 4 and 5.

Fig. 1 Synthesis of estolide
ester in Rota Mantle
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Fig. 2 Water washing in
separating funnel

Fig. 3 Estolide ester placed
between silica gel for water
absorption
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Fig. 5 Coconut, sunflower and Karanja estolides

2.3 Pour-Point Analysis

Pour point of the oils and synthesized estolides were evaluated in a pour-point testing
apparatus with iso-propyl alcohol coolant as per ASTM D 97 standards. The oils
were placed in apparatus in a test tube with a thermometer stoppered on it at room
temperature and were kept for cooling. At every 3 °C reduction in temperature,
the test tube was taken out to check fluidity by tilting. Cloud point, which is the
temperature at which clouds start to form, is analyzed visually and is noted. Pour
points are also evaluated visually and are noted.
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2.4 Quantum Chemical Analysis

SPARTAN is a molecular dynamics software that works on the basis of quantum
chemical applications that can give the appropriate molecular structures of complex
chemicals. The estolide esters synthesized were given to SPARTAN for under-
standing their chemical structure and to estimate their electrostatic potential.

3 Results and Discussion

3.1 Quantum Chemical Analysis

Initially, base fatty acids were imagined to analyze and predict the tribological prop-
erties. Since estolide formation is prone to fatty acids with double bonds in them,
saturated fatty acids were analyzed along with their estolides to compare. We can
observe estolides as branched structures with loosely distributed Electrostatic poten-
tials. This variation with the regular base oil configuration will surely cause variations
in the properties as crystallization is attained by the uniform stacking of molecules
over one another and the variation in the structures, especially from linear-easily
stackable structures to branched—not so easily stackable structures will show the
variations.

From the structure of these molecules (Figs. 6, 7, 8, 9 and 10), it is evident that
the added molecular mass will improve the viscosity of the liquid. The complex
structure of the molecules will make the crystallization a slow process delaying the
pour points.

Fig. 6 Molecular structure of oleic acid shown with electrostatic potential (grey cloud)
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Fig. 8 Estolide of 2 oleic acid molecules (N = 1)

Fig. 9 Estolide of 2 oleic acid with a linoleic acid (N = 2)

3.2 Pour-Point Analysis

Pour point is one major aspect of lubricants and is one area where natural oils show
poor properties. Cloud points of base oils and estolides were evaluated using ASTM D
97 standards. Variation in cold flow properties of base oils and estolides SAE20W40
is shown in Table 1.
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Fig. 10 Estolide ester of 2 oleic acid with a linoleic acid molecule

Table 1 Variation in cold flow properties of base oils and estolides SAE20W40

Sl no Sample Cloud point °C Pour point °C AT
1 Coconut oil 25 22 —24
2 Coconut estolide 0 -2

3 Sunflower oil —16 —18 -3
4 Sunflower estolide —18 -21

5 Karanja oil 6 9 —21
6 Karanja estolide —6 —12

7 SAE20W40 —18 -21

The samples were kept in a test tube with a —50 °C thermometer. The test tube was
placed in a cooling apparatus with isopropyl alcohol for cooling. The temperature
at the beginning of the experiment was at room temperature and the reduction in
temperature was noted at every 3 °C to check if clouding had occurred. Once clouding
begins clotting of oils is to follow, which shows the pour point of the sample.

4 Conclusion

Vegetables stack on each other as temperature reduces on the path to crystallization,
as branches form on these structures, stacking is delayed leading to a reduced pour
point [6]. Pour points, which are the major demerits of vegetable oils, can be improved
by attaching other fatty acid chains of similar or other oil molecules with appropriate
chemical processes. This hinders the close packing of these molecules while solid-
ification occurs. Their cold-flow properties show significant improvements. Unsat-
uration/Double bond sites present in mono- and polyunsaturated fatty acids can be
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suitable locations for attaching branches. The reduction of internal symmetry associ-
ated with branching also slows down the stacking, reducing the pour-point further in
the temperature scale [7]. Further addition of 2-ethylhexanol for capping increases
the molecular weight and forms an additional branch [8]. As estolides are obtained
from vegetable oils, it is normal to expect them to have poor cold-flow properties,
but the results are showing very good improvement in this area to a point that is even
comparable with commercial lubricants. We can source raw materials required for
most of our applications from the plants itself [9]. Recent developments in this area
are reassuring the benefits of plant-based industrial fluids [10]. Polyols obtained from
natural oils are another well-behaved bio-based lubricant capable of huge improve-
ments [11]. Another positive information is that the characteristics can be further
improved by varying the molecular weight of components [12]. The capability of
estolide esters to become biofuel is another strength of this bio-based molecule [13].
The biofuel thus created is also showing very good cold flow characteristics [14].
and there are many novel methods for further advancing the cold flow capabilities
of these liquids [15]. Industrial fluids are being replaced by natural oil based fluids
and are visible in many industries [16]. Additionally, nanomaterials can be used for
improving these fluids, and this area is to be further investigated.
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Chapter 6 )
Innovative Methods for Increasing oo
the Tool Life of Cutting Tools in Complex
Surface Treatment

J. O. Sharipov

Abstract In this article, a high-speed cutting tool with complex surface treatment:
ion nitriding, ion alloying and coating was used to cut difficult-to-cut chromium-
nickel material. The effectiveness of chemical-thermal treatment before coating and
its effect on the physicochemical properties has been studied. In the article, for the
first time, the process of ion nitriding was carried out to harden the base casting, which
contributes to surface hardening at a thickness of 80 microns. After the ion doping
process, the surface is coated with (TiAl)N. The processed cutting tools were tested
at the machine-building plant of the metallurgical plant. Complex processing of the
cutting tool was carried out on a Fus-32 horizontal milling machine in the machine-
building shop of the metallurgical plant. This article uses innovative methods of ion
nitriding, ion alloying and coating in the complex processing of cutting tools. The
main task of the research is to reduce the plastic deformation of the coating on the
surface of the cutting tools working under high load.

Keywords High-speed tool - Nitriding + Alloying + Covering - Wear resistance *
Hard alloy

1 Introduction

In spite of the year-after-year increasing application of tools made of hard alloys,
cutting ceramics and extra-hard materials, the number of high-speed steels used in
the manufacture of metal-working tools does not decrease at all. In our study of heat
treatment and coating, we are dealing with work hardening caused by the passage of
an elastic wave generated by a precisely pulsed electron beam. However, due to the
short duration of the process and thermal inertia, the heating caused by compression
and internal friction, most likely, should not be a physical factor that determines the
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behavior of the material under such conditions. In this case, the key role should be
played by the mechanical activation of high-speed physicochemical processes that
inevitably occur in both liquid and solid phases. The appearance of a melt causes
a sharp increase in the interfacial surface and an increase in the rate of the nitride
formation reaction due to the additional release of energy during the exothermic
reaction. At present, high-speed steel tools with various durable coverings based
on nitrides of refractory metals obtained by the method of physical deposition are
widely used [1].

Today, in order to create a high-speed cutting layer tool that slows down the rate
of its erosion and has characteristics that meet many requirements, as well as to
determine the conditions for the rational use of complex cutting tools research is
being carried out and optimization of combined processing technologies remains
relevant.

Covering contributes to a significant increase in the performance of tools made
from these alloys at high cutting speeds. However, the efficiency of such tools
decreases sharply as the increases the thickness of the shaving being cut. Under
these conditions, carbide tools with a higher cobalt content work much better, as
they have high bending strength and toughness, as well as a reduced tendency to
brittle fracture.

A cutting tool intended for production is very important, and in some cases deci-
sive, for the correct surface finish of the material. The reason for the low margin of
stability of the cutting tool is its rapid wear or failure of the working surface. There
are several ways to increase its stability, of which coating is the most common at
present. These coatings are applied to the surface of the cutting tool and parts in two
ways: physical and chemical.

In this research work, the difficult-to-machine heat-resistant chromium-nickel
alloy 34XHIMA was processed on a Fus-32 horizontal milling machine with a
cutting tool made of R6MS5 high-speed tool steel [2].

High-speed steel tools have great advantages at low and medium cutting speeds
in combination with medium and large shear sections, as they have relatively low
heat resistance, medium hardness and the highest bending strength and toughness,
as well as a high endurance limit. These same tools operate better in conditions that
take advantage of the small radius of rounding that is characteristic of tools made of
high-speed steels.

This is due to the fact that parts with certain requirements for the shape and
quality of the surface in mechanical engineering are processed by metal cutting, since
the implementation of such technical requirements for other processing methods is
difficult. In machining, problems arise due to a number of production requirements
on the part of designers and technologists: frequent failure or erosion of the cutting
tool, improperly selected cutting mode, the use of a coating that is not intended for
the material being processed, when using a cutting tool, the output.

The quality of manufactured parts, the level of accuracy, the productivity and
efficiency of the machining process and the conditions of automated production
and adaptive production systems mainly depend on the quality, reliability and
performance of cutting tools used in mechanical engineering.



6 Innovative Methods for Increasing the Tool Life of Cutting Tools ... 65

From the review of the literature, it was found that the main conditions for the
use of cutting tools are based on the creation of a nitrogenized, i.e., reinforced layer,
which develops one or another structural composition with a certain thickness and
microhardness, which determines the performance of high-speed steel during the
cutting process.

2 Materials and Methods

At present, the method of ion nitriding is rapidly developing and is widely used in
the production of machine-building industry. Ion nitriding technology is considered
to be simple and economical compared to carburizing and nitrocement technologies
and is one of the last stages of parts manufacturing. Before placing the workpiece
in the working chamber, it is degreased in gasoline until the conditional time of
ion-nitriding.

Specially designed cutting disk mills with various options for combined surface
ion-plasma processing were used as a cutting tool for milling (Fig. 1). The process
of ion nitriding of a cutting tool made of R6MS5 high-speed tool steel was carried out
on an APP-2 unit. Thermal treatment was carried out at a temperature of 470 °C for
45 min, which makes it possible to create a thermochemically hardened layer up to
40 mm thick and with microhardness up to HVsy = 140 MPa on the surface. The
ion nitriding process makes it possible to saturate cast iron, carbon, alloyed, tool,
corrosion-resistant and heat-resistant steels, titanium and cermet hard alloys with
nitrogen. The final wear-resistant covering (TiAl) N, (TiAl) N + ion-nitriding, (TiAl)
N + ion-nitriding 4 ion-alloying (NbHf), with microhardness HVsy = 350 MPa was
applied on a Platit w311 unit. This covering is a combination of the adhesive layer of
the composition and the gradient covering (TiAl)N. In the research work, after ion
nitriding and ion alloying, disk cutters were applied to a Platit p311 device.

In addition, the layer formed under the coating has a high resistance to microplastic
deformation, combining hardness with extreme heat resistance. This leads to signifi-
cantly reducing the power of the main heat source for the cutting edge of the tool. Ion
doping of materials, or, in other words, the introduction of ions and ion implantation,
is currently becoming the main technological process used to modify the electro-
physical, chemical, optical, mechanical, and other properties of the surface layers of
materials.

Multiphase coating layer with a grain size of 50-150 nm elements (TiAI)N,
(TiADN + ion-nitriding, (TiAl)N + ion-nitriding + ion-doping (NbHf) up to 5 nm,
on the border of which there is an amorphous the Si3N4 phase suppresses the coagu-
lation of the grains of the main phase both during the coating process and during the
operation of the cutting tool. Interfacial boundaries, which are zones of intense energy
dissipation, deflect emerging cracks from the direction of propagation, partially or
completely slowing them down. Before applying the wear-resistant covering, some
of the samples were subjected to near-surface alloying. Processing was carried out
in the RITM-SP-M installation, which is a combination of a source of low-energy
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Fig. 1 High-speed R6M5
disk mills

high-current electron beams (LHEB) “RHYTHM” and two systems of magnetron
sputtering on one vacuum chamber [3]. The device allows covering films on the
surface of the desired product, followed by liquid-phase mixing of the film and
substrate materials using an intense pulsed electron beam.

Ion doping of a cutting tool, or, in other words, the introduction of ions into its
surface and the transfer of ions, is currently one of the main technological processes
used to change the electrophysical, chemical, optical, mechanical and other properties
of the surface layers of materials [4, 6].

Today, for a more successful implementation of complex surface treatment of
high-speed tool steel, the surface of a cutting tool due to insufficient quality of
preparation (quality of chemical-thermal treatment, passivity in friction, surface
roughness, the presence of chips, load mode, etc.), significant wear of cutting blades
and an uncontrolled amount gases and metal ions accelerated on the working surface,
thickness and phase of the nitrided layer.

A multiphase structure using ion-doping in an exothermic chemical reaction
between the coating metal and the substrate was obtained by depositing a thin layer
of nitride-forming elements (Nb7,Hf,g alloy targets were used) on the surface of the
tool before treating it with a precise electron beam. Unstable iron nitrides of nitrided
high-speed steel were used as its donors. The outer layer is enriched with refractory
nitride phases, which, due to the extremely high cooling rate, remain small and evenly
distributed in the final product. The depth of the surface layer, in which the modified
steel structure is obtained, is 2-10 mm, depending on the alloying composition.

Ion-doping is based on the controlled introduction of ionized atoms and molecules
into a material (solid body) accelerated in an electrostatic field. The ion-doping
method is especially promising for semiconductor electronics. This method has a
number of advantages over others: diffusion, melting, fusion from solution, epitaxial
formation. Complex processing significantly reduces the formation of eroded grooves
on the front surface of the cutting tool.
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Ion-nitriding, ion-alloying processes of cutting tools are chemical-thermal treat-
ment. Chemical-thermal treatment leads to changes in the chemical composition,
structure and properties of the surface. Increasing the strength of the coating applied
to the surface of the cutting tool cannot achieve the expected result from the plastic
deformation of the base during processing. The role of the ion-nitrided and ion-
alloyed layer in the complex processing of high-speed tool steel cutting tools is
extremely large, because they ensure the strong adhesion of the coating, the reduc-
tion of plastic deformation, which is the most important condition for the use of
wear-resistant cutting tools.

The phase composition and structure of the ion-nitrided layer were studied using
X-ray diffraction analysis, which was carried out on an automated Dron-4 diffrac-
tometer, which was controlled by software and recorded spectra. Symmetrical reflec-
tion recording of the samples was carried out using X-ray tubes with copper and cobalt
radiation.

3 Results and Discussions

Figure 2 shows the microstructure of a disk cutter with surface ion-alloyed high-speed
tool steel P6MS. After each subsequent treatment, the cutting tool was checked for
changes under a microscope. After milling, the change of the geometry of the cutting
part of the milling cutter was carried out by measuring the radius r of the rounding
of the cutting edges and checking the stability of the edges with a metallographic
microscope, and then compared with the size and appearance of the initial radius,
which is one of the most important factors of the cutting process.

In the process of cutting, the forces of resistance to plastic deformation of this
metal act on the blade of the cutting tool. The amount of total force applied to the
cutting tool to perform the cutting process must be sufficient to overcome the total
resistance force of this metal (Fig. 3).

In the cutting tool we developed, material samples were exposed to a series of
pulses of a low-energy high-current electron beam with a wide aperture to initiate
exothermic chemical reactions between the metal coating and nitrogen, carbon or
aluminum in liquid and solid phases. This paper describes the processes of ion
alloying on the surface of materials using the reaction of the formation of niobium-
hafnium carbide in the form of a complex carbide on the surface of the carbide phase
of a hard alloy [7, 9].

As anew method for increasing the productivity of a cutting tool, the principles of
a complexly machined surface (CMS) were formulated, and a special technology for
implementing the CMS method was developed. The anti-corrosion complex formed
during the implementation of the developed CMS technology has multi-purpose
functions (Figs. 3, 4). Such a complex treatment increases the strength of the base
poured under the covering, increases its adhesive properties, resistance to erosion.
The covering in this complex has the property of rapid heat release in the treatment
zone [10, 12]. In the process of cutting, the cutting tool blade is affected by the
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a

Fig. 3 Microscope SteREO Discovery V12 surface structure of the cutting tool. a The structure of
the surface of nitrided R6MS5 high-speed steel after exposure to LHEB, b The same after exactly
electron-beam alloying with zirconium

forces of resistance to the plastic deformation of this metal. The magnitude of the
total force applied to the cutting tool to perform the cutting process must be sufficient
to overcome the total resisting force of that metal. Several scientists have conducted
research on the calculation of shear strength. It is known that [58; 18-58-b] tangential
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Fig. 4 Diffraction pattern of the sample surface. a Diffraction pattern (CoKa) from the surface of
a sample of nitrided R6MS steel, b after LHEB exposure, ¢ after covering with NbHf film before
irradiation

and radial components of shear force (P, and Py, respectively) were calculated for
each of the indicated shear modes.

In order to determine the power spent on cutting, when calculating the strength
and uniformity of the cutter, some details and parts of the machine, the cutting force
R is placed on the three coordinate axes X, Y, Z and the elements P,, Py, Py are
formed. X is oriented along the vertical axis, and Y and Z axes are perpendicular and
parallel to the detailed axis in the horizontal plane. P, force is the main component
of tangential, rotational force or shear force, Py force is called radial force, Py axial
force or thrust force.

The magnitude of the equivalent shear force R can be determined from the
following expression:

R=JP.+ P, +P,

The power consumed by the machine’s prime mover electric motor is greater than
the effective power consumed by the amount of losses occurring in the transmission
from the electric motor to the spindle. These losses are determined by the efficiency
of the transmission mechanisms.

Theoretically derived formulas are intended only for qualitative analysis of the
dependence of shear force on mode forces, geometric and physical parameters, and
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are not used in engineering practice. The relationship between the changes in the
factors of the cutting process and the components of the cutting force is deter-
mined experimentally. Instruments that measure components of shear force are called
dynamometers. According to the principles of operation, dynamometers are divided
into 3: there are belt-mechanical, hydraulic and belt-electric types. Cutting forces are
automatically controlled by all parameters in machines controlled by a new modern
digital program.

The main factors affecting the cutting forces are the physical and mechanical
properties of the processed material, the geometrical parameters of the cutting tool,
the cutting mode and the lubrication-cooling technological environment. For a group
of materials with the same chemical composition, the increase in shear stress with
increasing reinforcement far outstrips the decrease in slag penetration coefficient.
Therefore, when the tensile strength increases or the Vickers hardness increases, the
shear strength components increase.

The change of cutting depth t and thrust S affects the change of all three
constituents of cutting force P, Py, Py. The greater the depth and thrust, the greater
the cross-sectional area of the cutting layer and the volume of metal being deformed,
the cutting force and the resistance to the formation of slag. However, the effect of
depth of cut and thrust on cutting forces is different. A large number of experiments
show that the depth of cut has a stronger effect on the components of the cutting
force than thrust

Pzi g = cpz BXpZ (SzSiani)YpZ S;sz Vsz sz (1)
Pyi wux = Cpy BXPY (SZSimIJi)Ypy SQYpyVZppry (2)
Prtvan = CoxBP* (S,5imp) P 5, PV 20K, 3)

The formation of chips at the beginning of the cutting process is determined by
all deformation components in the field of friction and deformation of the contact
surfaces when the tip of the blade cuts with less preparation (Sz) for the working
stroke of the cutting tool.

When conducting research, it was found that the loads on the electric motor in
the idle state and in the working state of the milling machine, when processing
with milling cutters with different coatings and without coating, are different when
compared. Compared to the uncoated cutters, it was found that the load on the electric
motor is lower when the cutters with the complex treatment are measured in scissor
ammeters.

Industrial surface modification technology is used to obtain specific properties
of coatings applied in a vacuum arc discharge. Often, during coating, a negative
potential is applied to the substrate, as a result of which the coating to be coated
is bombarded with inert gas ions and spraying agents. In the process of cutting,
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the forces of resistance to plastic deformation of this metal act on the blade of the
cutting tool. The amount of total force applied to the cutting tool to perform the cutting
process must be sufficient to overcome the total resistance force of this metal.

Izvestno, tak kak vykhod iz stroya rejushchego instrumenta Usually, it is necessary
to detail the technological equipment to understand that the technological system is
full, and the instrument is not replaced. The graph of cutting tool wear versus cutting
path is shown in Fig. 7.

Durability tests were carried out at IM “Navoi mechanization plant” of Navoi
mining and smelting complex, when turning a forged, hard-to-cut alloy 34KhN1MA
at cutting speed V = 20 m/min, feed s = 0.150 mm/rev, depth of cut t = 4 mm. The
wear rate of the rear and front surfaces of 0.4 mm was chosen as the failure criterion
for the cutting tool. The results obtained are presented in the Tables 1 and 2. A forged
ingot of grade 34KhN1MA with a hardness of HB 375 was processed on a FUS-32
horizontal milling machine [13, 14].

The research work shows that the main factors affecting the cutting forces are the
physical and mechanical properties of the material being processed, the geometric
parameters of the cutting tool, the cutting mode and the lubricating and cooling tech-
nological environment [2]. When each pretty material is measured with an amber-
meter, when measuring the load on the motor, a small load was found in the complex
machined disc cutter (Fig. 5). The surface is strengthened during processing. The
erosion of a tool is the main and important indicator of its working property. But the
physical nature of deception comes from the extreme and repetitive processes of the
cutting tool [15, 16] (Table 3).

When cutting with a raw tool, the characteristic point of wear was the tip of the
disk mill. In the process of cutting hard-to-cut material with a complex cutting tool,
it has been shown that the load on the electric motor is small, and the cutting force

Table 1 Chemical composition of the cutting tool tested preparation

Relevance of the brand according to the chemical composition | 34XH1MA, chemical

composition in %
Element name % Element name % Element name %
Carbon C 0.30 Sulfur S 0.015 Copper Cu 0.14
Silicon Si 0.34 Chrome Cr 1.40 Titan Ti 0.004
Manganese Mn 0.52 Molubden Mo 0.27 Hardness HB 375
Phosphorus P 0.022 Nickel Ni 1.44

Table 2 Physical composition of the cutting tool tested preparation

T E 107 a 109 A P C R 10°
Degree Mpa 1/Deg Vt/(m-deg) Kgh® Dj/(kg-deg) OM-Mm
20 0,74 2850

100 23,2




72 J. O. Sharipov

Cune
o - Srea Ranfeced lays
= . = thickmess
|| |
o
b ]
iy, . b, =
i - 1
: Ve
Rlank
-

Fig. 5 Effect of shear rate Sz on components of shear forces at different thicknesses of the shear
layer

is reduced. Adhesion of the processed material to the working surface of the milling
cutter was evaluated by SteREO Discovery V12 stereomicroscopy. The radius r of
the cutting edge rounding (undercut) was measured in MicroCAD lite Fig. 6. Change
in the radius of penetration of the cutting blade p after 5 min of operation of the gasket
is shown in Fig. 8 (Fig. 7).

It is known that when milling workpieces, wear of cutting tools occurs faster
than when milling, since the cutting tool works under difficult conditions, and the
teeth repeatedly hit the workpiece and enter and exit. The geometric parameters of
a special cutting tool are characterized by the following geometric shapes: macro-
geometry (drunk, compound, ovalrogomethy and microgegaometry (vegetable and
pond). According to the general laws of erosion, sliding erosion of the cutting tool
in the initial period of work is called initial erosion, and fast erosion occurs. In the
initial period of wear, the cutting edge of the tool is machined, individual irregulari-
ties break up and migrate, and various lines, sharpening marks of the cutting edges
are cleaned off and become smooth. This period of treated surfaces gadir is all slowly
diminished [17-22].

Before applying a wear-resistant coating, the formation of rounding (lunch) in
a disk electron-beam alloyed cutter is slower, and the cutting tool withstands high
cutting forces, which slows down the onset of the rapid wear process. Cracks do not
form on the cutting tool. If its partial rot is observed, it will quickly char and sharpen.

4 Conclusions

The results of the experiment indicate the possibility of obtaining modified surface
layer, ion-nitriding, ion-alloying layers on the surface of a tool made of high-
speed steel. These layers were obtained by initiating exothermic chemical reactions
between the substrate and a 4 pm thin film deposited on it. In the reaction products,
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Table 3 Wear of mills during machining

No

Name of the tool

Cutting modes

N,
pm

t,
mm

S, mm/
min

Tool durability T, min

Cut-off disk mill No. 1
((TiCr)N-(TiA)N-(CrAISi)N +
ion-nitriding covering)

350

4.0

150

1. Before machining the
part, the outer diameter of
the cutter was @99.5 mm

2. Depth of cut 4 mm for a
length of 200 mm

3. After processing,
deterioration on the outer
diameter was 0.3 mm

Cut-off disk mill No. 2
(diamond-like covering (DLC))

350

4.0

150

1. Before processing, the
cutting tool and the outer
diameter of the cutter were
399.3 mm

2. Depth of cut 4 mm for a
length of 200 mm

3. After processing,
deterioration on the outer
diameter was 0.25 mm

Cut-off disk mill No. 3 ( (TIADN
+ ion-nitriding + ion-alloying
(NbHI) covering)

350

4.0

150

1. Before processing, the
cutting tool and the outer
diameter of the cutter were
?100 mm

2. Depth of cut 4 mm for a
length of 200 mm

3. After processing,
deterioration on the outer
diameter was 0.2 mm

Cut-off disk mill No. 4 ((TIADN
covering)

350

4.0

150

1. Before processing, the
cutting tool and the outer
diameter of the cutter were
299.5 mm

2. Depth of cut 4 mm for a
length of 200 mm

3. After processing,
deterioration on the outer
diameter was 0.5 mm

Cut-off disk mill No. 5 ((TiAl)N +
ion-nitriding covering)

350

4.0

150

1. Before processing, the
cutting tool and the outer
diameter of the cutter were
99.6 mm

2. Depth of cut 4 mm for a
length of 200 mm

(continued)
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Table 3 (continued)
No | Name of the tool Cutting modes Tool durability T, min

N, t, S, mm/
rpm | mm | min

3. After processing,
deterioration on the outer
diameter was 0.3 mm

6 Cut-off disk mill No. 6 350 (4.0 |150 1. Before processing, the
((TiCr)N-(TiAI)N-(CrAlSi)N cutting tool and the outer
(nATCR0?) covering) diameter of the cutter were

?100.7 mm
2. Depth of cut 4 mm for a
length of 200 mm

3. After processing,
deterioration on the outer
diameter was 0.3 mm

7 Cut-off disk mill No. 7 (without 350 (4.0 |150 1. Before processing, the
covering) cutting tool and the outer
diameter of the cutter were
299.5 mm

2. Depth of cut 4 mm for a
length of 200 mm

3. After processing,
deterioration on the outer
diameter was 0.6 mm

Fig. 6 Complicated
machined surface. 1-tool
steel, 2-adhesive
heat-resistant nitrided layer,
3-alloyed base, 4-covering

wiea-geaisend sipface

wrir-riadlenl wxlane

the formation of components of a new phase has been determined. The implemen-
tation of such complex processing processes, ion nitriding, ion alloying of the base
casting of cutting tools reduces its plastic deformation.

There are a large number of methods for obtaining coverings on the working
surfaces of cutting tools. Physical precipitation, the covering of this machining on the
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Fig. 7 Graph of cutting tool wear versus cutting path. L;y-initial wear path, E;y-initial wear, Lp-
proportional length, Ep-proportional weariness

(a) - (TiAl) N coated cutting tool (b) - is a complex processed tool

Fig. 8 Change in the radius of penetration of the cutting blade p after 5 min of operation of the
gasket. (3D scanner GFM)

surface of a tool material, which significantly differs in its crystal-chemical, physical—
mechanical and thermal-physical properties from the corresponding properties of the
tool material (base), significantly improves the properties of the latter.

Ion-nitriding and microalloying may also be recommended. In particular, such
treatment, which is recommended to be carried out before applying a wear-resistant
coating, makes it possible to influence the wear processes of not only high-speed but
also high-speed tools, which makes it possible to increase the wear resistance of the
tool by 3—4 times.

This surface slows down the growth process in the cutting zone during processing
with complex cutting tools and helps to remove the generated heat without absorbing
it. The relevance of the study lies in the fact that one of the factors affecting the quality
of the manufactured product is the inaccuracy of cutting tools, which in many cases,
is transferred directly to the workpiece, causing systematic errors in the shape and
size of the surfaces of the workpieces. Based on the main task of the research, the
plastic deformation of the coating on the surface of cutting tools working at high
loads was reduced by chemical-thermal treatment and coating.
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Chapter 7 ®)
Nano-Severe Plastic Deformation Process | oo
on Aluminum Alloy and Composites:

An Overview

K. G. Sagar

Abstract Material when subjected to severe plastic deformation at the nanoscale
level in a process known as nano-severe plastic deformation (NSPD), which produces
a nanostructured material. Materials with ultrafine grain sizes, high strength, and
enhanced mechanical properties can now be created employing NSPD processes. To
create nanocrystalline and ultrafine-grained materials, the process involves subjecting
the material to high plastic strains to cause deformation at the sub-micron level.
Mechanical and thermo-mechanical processes are the two broad groups into which
NSPD approaches can be categorised. High-pressure torsion, equal channel angular
pressing, repeating corrugation, and straightening are examples of mechanical
processes, while accumulative roll bonding and cyclic extrusion compression are
examples of thermo-mechanical processes. A variety of nanostructured materials,
including metals, alloys, and composites, have been created using NSPD. These
materials may find use in a variety of industries, including those that call for high-
strength and lightweight materials, like aerospace, automotive, and biomedical engi-
neering. High plastic strains, often between 100 and 1000%, are applied to the
material during NSPD, which causes the production of dislocations, grain boundary
movement, and deformation twinning. As a result, mechanical qualities such as high
strength, ductility, and fatigue resistance are enhanced. In this work, a review of the
effect of NSPD on aluminium and aluminium metal matrix composites have been
dealt.

Keywords Severe plastic deformation + Nano severe plastic deformation + Grain
refinement + Mechanical and tribological properties
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1 Introduction

A class of materials known as aluminum alloys includes aluminium as the main
component as well as silicon, copper, magnesium, zinc, and other alloying elements.
Because of their low density, high strength-to-weight ratio, excellent corrosion resis-
tance, and superior formability, these alloys are widely employed in a wide range of
applications. Cast alloys and wrought alloys are the two basic categories of aluminium
alloys. Cast alloys are created by pouring the molten metal into a mold, whereas
wrought alloys are created by rolling, extruding, forging, or other forming techniques
[1].

These pure aluminium alloys, known as the 1000 family, are frequently employed
for their exceptional formability and corrosion resistance. They are frequently
employed in the production of cooking utensils, electrical conductors, and packaging
materials. Copper serves as the main alloying element in the 2000 series alloys, which
are renowned for their high strength and superior fatigue resistance [2—-8]. They are
frequently utilised for structural components in the aircraft sector. Manganese is
the main alloying element of the 3000 series alloys, which are renowned for their
good corrosion resistance and average strength. They are frequently employed in the
production of automobile components and heat exchangers. Magnesium is the main
alloying element of the 5000 series alloys, which are renowned for their high strength
and superior corrosion resistance [2—8]. They are frequently employed in the produc-
tion of maritime applications and automotive parts. Magnesium and silicon serve as
the principal alloying components in the 6000 series alloys, which are renowned
for their good strength, corrosion resistance, and formability. They are frequently
employed in the production of automotive and architectural elements. Zinc serves
as the main alloying element in the 7000 series alloys, which are renowned for
their high strength and superior fatigue resistance. They are frequently utilised for
structural components in the aircraft sector. A wide range of industries, including
aerospace, automotive, construction, and consumer goods, employ aluminium alloys
extensively. Current studies are concentrated on creating novel alloys with enhanced
characteristics, streamlining production methods, and investigating new uses for
these materials [2—8].

1.1 Aluminum Metal Matrix Composites (AMMCs)

Aluminum serves as the matrix material for aluminium metal matrix composites
(AMMCs), a class of materials that also include one or more reinforcement mate-
rials such as ceramic particles, fibres, or whiskers. AMMCs combine high stiff-
ness, strength, and wear resistance of the reinforcement elements with the beneficial
features of aluminium, such as high strength-to-weight ratio and good corrosion
resistance. Ceramic particles, fibres, and whiskers are the three main categories for
the reinforcement materials utilised in AMMCs [9-13]. The most popular type of
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reinforcement material in AMMC:s is ceramic particles because of their low price,
convenient availability, and superior mechanical qualities. On the other hand, fibres
and whiskers are more expensive but have better mechanical qualities. The prepa-
ration of the reinforcement material, mixing of the reinforcement material with the
aluminium matrix material, and consolidation of the mixture are all phases in the
manufacture of AMMCs. Many methods, including powder metallurgy, casting, and
infiltration, can be used to consolidate. AMMCs have stronger stiffness, strength,
and wear resistance than typical aluminium alloys, among other benefits. They are
frequently utilised in areas including aerospace, automotive, and military, where
strong mechanical characteristics and wear resistance are necessary [9—13]. AMMCs
are frequently used in the manufacture of brake discs, engine parts, and structural
elements for airplanes [9—13]. The goal of the ongoing study is to enhance the prop-
erties of AMMCs while also studying new types of reinforcing materials, developing
innovative processing methods, and expanding the scope of their industrial uses. So,
in this work, the author is discussing the nano-SPD of aluminum and aluminium
metal matrix composites.

1.2 Nano-Severe Plastic Deformation (NSPD)

A material is subjected to severe plastic deformation in the nanoscale range in a
process known as nano-severe plastic deformation (nano-SPD). By reducing the grain
size to the nanoscale range, this method aims to enhance the material’s mechanical
and physical characteristics, such as strength, ductility, and wear resistance. High-
pressure torsion (HPT), equal channel angular pressing (ECAP), and friction stir
processing are just a few of the methods employed for nano-SPD (FSP) [14]. To
achieve the appropriate nanoscale grain structure, each of these methods deforms
the material under intense pressure and shear strain. Improved strength and ductility,
greater wear resistance, and higher thermal stability are all advantages of nano-SPD
[14, 15]. These enhancements result from the finer grain size, which increases the
density of grain boundaries and dislocations and lessens the likelihood of material
faults. Aerospace, automotive, and biomedical are just a few of the numerous areas
where nano-SPD could find useful. Nano-SPD can be utilised, for instance, to make
stronger and more resilient structural elements for cars and airplanes, as well as to
increase the wear resistance of medical implants. The mechanical and tribological
characteristics of aluminium alloys have been discovered to be significantly impacted
by nanoscale severe plastic deformation (nano-SPD). Strength, ductility, wear resis-
tance, and fatigue life are all enhanced by the nanoscale grain refinement achieved
with nano-SPD. One study looked at how ECAP affected an aluminium alloy’s
mechanical characteristics. The scientists discovered that after ECAP, the mate-
rial’s strength and hardness greatly enhanced, while its ductility remained mostly
unchanged. The increase in strength was attributable to the nanoscale grain size
refinement, which raised the density of dislocations by increasing the number of grain
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boundaries. Another study investigated how HPT affected the tribological character-
istics of an aluminium alloy. The creation of a homogenous, refined microstructure
with a high density of dislocations and grain boundaries after HPT was found to
greatly boost the material’s wear resistance. The development of a stable tribolayer
on the material’s surface was also noted by the researchers as a decrease in the friction
coefficient and wear rate [14, 15]. Nano-SPD can increase the thermal stability of
aluminium alloys in addition to enhancing their mechanical and tribological charac-
teristics. For instance, one study discovered that ECAP increased the thermal stability
of the grain boundaries, which in turn improved the high-temperature stability of an
aluminium alloy. Fatigue life improvement: Nano-SPD has been found to signifi-
cantly improve the fatigue life of aluminium alloys [14, 15]. One study found that
after ECAP, the fatigue strength of an aluminium alloy increased by up to 60%.
The improvement in fatigue life was attributed to the refinement of the grain size,
which led to a greater number of dislocations and a higher density of grain bound-
aries, both of which contribute to improved fatigue resistance. Corrosion resistance:
Nano-SPD has also been found to improve the corrosion resistance of aluminium
alloys. One study found that after HPT, the corrosion resistance of an aluminium
alloy was significantly improved due to the formation of a homogenous and refined
microstructure with a high density of grain boundaries and dislocations. Microstruc-
ture refinement: One of the primary effects of nano-SPD on aluminium alloys is
the refinement of the microstructure to the nanometre scale. This refinement leads
to a more uniform distribution of the alloying elements and a higher density of
grain boundaries and dislocations, which in turn leads to improvements in mechan-
ical and tribological properties. Strain hardening: Nano-SPD induces a high level
of strain hardening in aluminium alloys, which further contributes to improvements
in mechanical and tribological properties. Strain hardening is the process by which
the material becomes stronger and more resistant to deformation because of plastic
deformation. Grain boundary strengthening: Using nano-SPD to refine the grain size
to the nanoscale, the quantity of grain boundaries in the material is increased. The
strengthening action that follows, known as grain boundary strengthening, helps to
improve the mechanical properties of aluminium alloys. Aluminum alloys’ texture,
or the preferred orientation of the grains within the substance, can be changed through
nano-SPD. The material’s anisotropy, or directional dependency of characteristics,
can be impacted by texture. A more random texture produced by nano-SPD may
result in improved isotropic characteristics. Recrystallisation suppression: The mate-
rial may recrystallise during typical plastic deformation, such as rolling or extrusion,
which can result in coarsening of the grain size and a decrease in the strengthening
effect. Yet, it has been discovered that nano-SPD inhibits recrystallisation, preserving
the fine grain size and the strengthening effect. Fabrication of composites: Aluminum
matrix composites with enhanced mechanical properties can also be created using
nano-SPD. For instance, one study discovered that adding ceramic nanoparticles to
an aluminium matrix via nano-SPD resulted in appreciable gains in strength and
wear resistance. Surface modification: Nano-SPD can be used to modify the surface
properties of aluminium alloys. For example, one study found that after HPT, the
surface hardness of an aluminium alloy increased significantly, which was attributed
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to the refinement of the grain size and the increase in the density of dislocations.
Improved wear resistance: Nano-SPD has been found to significantly improve the
wear resistance of aluminium alloys. One study found that after ECAP, the wear
resistance of an aluminium alloy increased by up to 300%, which was attributed to
the refinement of the grain size and the increase in the density of dislocations and
grain boundaries. Improved mechanical properties at high temperatures: Nano-SPD
can also improve the mechanical properties of aluminium alloys at high tempera-
tures. One study found that after HPT, the yield strength and tensile strength of an
aluminium alloy increased significantly at high temperatures, which was attributed
to the refinement of the microstructure and the suppression of recrystallisation.
Improved formability: Nano-SPD can also improve the formability of aluminium
alloys, which is their ability to be shaped into complex geometries without cracking
or rupturing. One study found that after ECAP, the formability of an aluminium alloy
increased significantly due to the refinement of the microstructure and the increase
in the density of dislocations. Nano-SPD can also enhance the joining characteristics
of aluminium alloys. For instance, one study discovered that the improvement in the
microstructure and the rise in dislocation density during HPT considerably boosted
the joint strength of an aluminium alloy. Improved electrical and thermal conduc-
tivity: Aluminum alloys continue to have strong electrical and thermal conductivities
despite the grain refinement caused by nano-SPD, making them a desirable material
for a variety of applications [15].

Aluminum metal matrix composites (AMMCs) can use a variety of reinforcing
types, such as: Ceramic particles: Due to their high strength and stiffness, ceramic
particles including silicon carbide (SiC), alumina (Al203), and titanium diboride
(TiB2) are frequently employed as reinforcement in AMMCs. Metallic particles:
AMMC:s can also be reinforced with metallic particles including copper (Cu), nickel
(Ni), and aluminium oxide (A1203). Carbon fibres: Carbon fibres are an appealing
reinforcement for AMMCs because of their lightweight and excellent tensile strength
[16-23]. Graphene: Because of its distinct mechanical, thermal, and electrical charac-
teristics, graphene is a desirable reinforcement material for AMMCs. Nanoparticles:
AMMC:s can be reinforced with nanoparticles including carbon nanotubes (CNTs),
graphene oxide (GO), and titanium oxide (TiO2). The mechanical and tribolog-
ical characteristics of AMMCs can be greatly enhanced by these particles, which
have a large surface area to volume ratio. Fibers: AMMCs can also be reinforced
with fibres, including glass, aramid, and carbon fibres. These fibres can increase
the stiffness and strength of AMMCs, which makes them perfect for applications
requiring high strength. Whiskers: Long, thin fibres, like silicon carbide whiskers,
can be employed as reinforcement in AMMCs. The mechanical qualities of AMMCs
can be considerably enhanced by whiskers, which have high strength and stiffness
[16-23].

High-pressure torsion (HPT) and equal channel angular pressing are the two most
popular nano-SPD processes that can be utilised to process AMMCs (ECAP). In HPT,
a sample is subjected to high pressure and torsion deformation, which causes a severe
plastic deformation that can improve the material’s microstructure. ECAP includes
running a sample through a die that has two channels that cross at a precise angle.
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This causes a significant plastic deformation that can also improve the material’s
microstructure. It has been discovered that processing different kinds of AMMCs
with HPT and ECAP greatly enhances their mechanical and tribological properties.
Several research have investigated the impact of nano-SPD on aluminium alloys
reinforced with different types of reinforcements. These are a few instances.

Carbon nanotube-reinforced aluminium matrix composites: Scientists have
discovered that introducing carbon nanotubes (CNTs) and then subjecting the
composite to nano-SPD can greatly improve its mechanical characteristics.

Graphene oxide has also been employed as a reinforcement in aluminium matrix
composites, and its utilisation is described below. Researchers have discovered that
applying nano-SPD to Al6061/GO composites can greatly enhance their mechanical
characteristics. It is an emerging method.

1.3 Advantages and Limitations of Nano-SPD

Increased strength, ductility, and hardness are just a few examples of the mechan-
ical attributes that nano-SPD can help materials possess. The creation of ultrafine
or even nanocrystalline structures in materials because of nano-SPD might enhance
their microstructure and, consequently their mechanical characteristics. Versatility:
Metals, alloys, and composites are just a few of the many materials to which nano-
SPD can be used. Cost-effectiveness: Nano-SPD does not require expensive equip-
ment or supplies, making it a comparatively inexpensive approach to enhancing the
mechanical characteristics of materials.

1.3.1 Limitations of Nano-SPD

In summary, the SPD process has some limitations that can affect its scalability, cost-
effectiveness, and accessibility. However, with continued research and development,
some of these limitations can be addressed, leading to the development of new and
improved SPD techniques for manufacturing materials with tailored properties.

1.4 Nano-SPD

The use of nano-SPD on a wider variety of materials, such as metals, ceramics, poly-
mers, and composites, may be investigated by researchers. Customised microstruc-
tures: To maximise the characteristics of materials for purposes, researchers
may concentrate on creating novel techniques for controlling and modifying the
microstructure of materials utilising nano-SPD. Multi-scale processing: To produce
materials with multi-scale microstructures, which might result in superior mechanical
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and functional properties, researchers may investigate the use of nano-SPD in combi-
nation with other processing methods. Large-scale manufacturing: To enable the
commercial manufacture of high-performance materials, researchers may concen-
trate on creating large-scale manufacturing techniques for nano-SPD. Improved
characterisation: To better understand the underlying principles and optimise the
procedure for particular applications, researchers may develop novel approaches for
assessing the microstructure and characteristics of materials made via nano-SPD.
Simulation and modelling: To simulate and forecast the microstructural evolution
and mechanical properties of materials produced with nano-SPD, researchers may
create computational models. Advanced applications: Researchers might concen-
trate on creating cutting-edge uses for materials created via nano-SPD, like energy
storage, aeronautical, and biological ones. Integration with additive manufacturing:
Nano-SPD and additive manufacturing can be used together to produce materials
with intricate geometries and microstructures, opening new design options for high-
performance parts. Materials with various functions: To support the creation of
cutting-edge technology, researchers may investigate the use of nano-SPD to produce
materials with traits like high strength, thermal conductivity, and electrical conduc-
tivity. Environmental factors: Future studies may concentrate on enhancing the envi-
ronmental sustainability of nano-SPD, for example, by lowering the amount of
energy consumed and waste produced during the procedure. Commercialisation:
As nano-SPD develops, there may be a greater interest in making the technology
available for industrial uses, which could result in the creation of new markets
and products. Integration with Industry 4.0: The combination of nano-SPD with
Industry 4.0 technologies, including as artificial intelligence, machine learning, and
the internet of things, may make it possible to optimise process parameters and
boost the final product’s quality and reproducibility. High-pressure torsion and accu-
mulative roll bonding are two SPD techniques that could be combined with nano-
SPD to develop hybrid processing methods that give distinctive microstructures and
enhanced characteristics.

2 Conclusions

Nano-SPD is an effective method for enhancing the mechanical and tribological char-
acteristics of aluminium alloys and composites made of aluminium metal matrix. The
strength, ductility, hardness, and wear resistance of these materials can be consid-
erably increased by nano-SPD through grain refinement and the creation of sub
microscopic structures. These qualities can be improved even more by using other
reinforcements, like nanoparticles and fibres. Although there are significant draw-
backs and difficulties with nano-SPD, such as the requirement for specialised tools
and the possibility of processing-induced errors, continuing research is resolving
these problems and enhancing the technique’s capabilities. In general, nano-SPD
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holds the promise of revolutionising the creation of innovative materials for a variety
of industries, including aerospace, automotive, and biomedical engineering. We may
anticipate many exciting new advancements in the field as researchers work to fully
utilise this technology.
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Chapter 8

Review of Mechanized Garbage-Picking Gestin
Machines: Challenges and Advancements

in Sweeping and Handling of Trash

Nihal Wargantiwar, V. N. Bhaiswar, and V. W. Khond

Abstract The purpose of this paper is to study various mechanized garbage-picking
machines with the view to overcome the challenges associated with roadside garbage
picking, various sweeping machines, sweeping processes, handling garbage, and
transportation of garbage. This study article summarizes the findings of numerous
patents and studies done to improve various garbage-picking mechanisms. Garbage
can be collected using a manual, electric motor-powered, or power-operated method.
The first manually operated device is typically utilized to collect trash from minor
roadways. To work, a second-powered mechanism needs gasoline or diesel. Electric
battery power is used to operate the third electric power mechanism. Each mecha-
nism has advantages and limitations. Comparative analyses of various mechanisms
are carried out using prior research papers and patents. The majority of patients and
researchers indicated enhanced performance and optimized mechanisms employing
manual, electric, or other forms of power. These solutions have substantial main-
tenance costs as well, which raises the overall cost. The revised in this review
article.

Keywords Sweeping machine - Garbage collection - Rotary brush - Trash - Trash
container

N. Wargantiwar (<) - V. N. Bhaiswar - V. W. Khond

Department of CAD/CAM, G H Raisoni College of Engineering, MTech, Nagpur,
Maharashtra 440016, India

e-mail: wargantiwarnihal @ gmail.com

V. N. Bhaiswar
e-mail: vinod.bhaiswar@raisoni.net

V. W. Khond
e-mail: vivek.khond @raisoni.net

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023 89
V. Bindhu et al. (eds.), Proceedings of Sixth International Conference on Inventive

Material Science Applications, Advances in Sustainability Science and Technology,
https://doi.org/10.1007/978-981-99-4189-6_8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-4189-6_8&domain=pdf
mailto:wargantiwarnihal@gmail.com
mailto:vinod.bhaiswar@raisoni.net
mailto:vivek.khond@raisoni.net
https://doi.org/10.1007/978-981-99-4189-6_8

90 N. Wargantiwar et al.

1 Introduction

In India, garbage cleaning is one of the major problems which covers all major
cities and villages, especially on roads, railway stations, airports, and bus stops [1].
Managing garbage in the nation is a huge challenge. Owing to increasing urbaniza-
tion. The 62 million tons of rubbish are produced annually by over 377 million urban
residents of 7,935 towns and localities [2]. That dust is not commonly cited as a cause
of road accidents in police reports, making data linking the two scarce. However,
studies suggest that if dust contributes to 10% of accidents in developing countries,
it could cost up to $800 million annually and account for 0.02% of GDP, with 40%
of dust emissions stemming from vehicle activities on the road [3]. Municipal corpo-
rations have been assigned by the government to handle critical services. India’s
trend is inconsistent. Few local government agencies decide to clean the roadways
by themselves. Other municipal authorities desire to give sweeping private compa-
nies the entire contract for sweeping. Early in the morning, they hire employees to
sweep the roadside trash, bottles, and leaf litter. However, there are numerous health
and safety-related issues at the moment. Road sweeping is currently carried out by
contractors in large urban areas. Indian road sweeping industry is still in its infancy,
as seen by the effectiveness of the country’s native roads. Road sweeping machines
have given the impression that they are not appropriate for the relatively particular
demands of Indian roads [4]. In India, cleaning roads with brooms and hand-held
devices is time-consuming and unhealthy for operators due to dust inhalation and
dehydration. The “Clean India Mission” has created a need for a more efficient and
healthy trash-picking device [5]. Improper waste management due to rising popula-
tion is a major issue. A planned system using ZigBee, GSM, and RFID technologies
is designed for indoor floor waste collection in high-rise buildings [6].

Street sweeping is performed by 9231 regular employees of the Municipal Corpo-
ration of Greater Mumbai (MCGM), although this number must be significantly
greater across all of India. Studies have found a link between occupational exposure
to sweeping and the onset of chronic respiratory illnesses, skin conditions, eye irri-
tation, asthma, TB, and hypertension among employees. Musculoskeletal injuries
make up the majority of the other non-fatal injuries that were found [7]. Cleaners
frequently labor hunched over and with their backs bowed. They carry out several
repetitive activities every day [4].

Pain, soreness, or discomfort in any of the anatomical regions of the body,
including the neck, shoulders, upper back, lower back, elbows, wrists, or hands,
as well as the hips or thighs, knees, ankles, or feet, are referred to as musculoskeletal
disorders (MSDs) [8]. Regular cleaning and sanitizing not only protect human health
but also prevents pest infestations and improve the durability of surfaces [9].

¢ Sweeping machines generally work on the following three principles

The regenerative air sweeper: It is typically used for residential purposes on streets,
parking lots, and back roads. It uses a closed loop of air without venting or fumes. It
is the most adaptable advancement for getting ordinary street junk like overpowering
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earth, rocks, sand leaves, and whip. To clean, regenerative air sweepers use a closed-
loop “cyclonic effect.” They share a vacuum inlet with vacuum sweepers in the same
location on one side of the sweeping head. However, in contrast to vacuum machines,
regenerative air sweepers continuously regenerate their internal air supply [10].

Broom Sweeper Machines: Mechanical broom sweepers have a main drum-like
broom that runs transversely from one side of the sweeper to the other so that the
broom bristles contact the paved surface throughout the sweeper unit’s width. This
technology can be compared to cleaning with a broom and parker. An attached refuse
collector or bucket is used to collect swept debris for subsequent delivery to the dump
site [10].

Vacuum Sweepers: This may be likened to a household vacuum system. The
blow that creates the necessary vacuum and suction pressure is powered by a motor.
A relatively recent technology is the high-efficiency sweeper. It uses a variety of fugi-
tive dust loss controllers and a wide range of diverse devices, including vacuums,
regenerative air systems, and at least one well-known mechanical broom machine.
These devices are made to limit fugitive dust losses in addition to removing a signif-
icant amount of collected material of all sizes, particularly small-micron particles of
less than 60 p [10].

e Most commonly used method of waste disposal in India

In India, the most commonly used method of waste disposal is still landfilling,
although efforts are being made to shift towards more sustainable practices.
According to a report by the Central Pollution Control Board, around 75% of the
country’s solid waste is still disposed of in landfills.

However, due to the increasing amount of waste generated and the limited avail-
ability of land for new landfills, the Indian government is encouraging the use of
alternative waste management practices such as waste-to-energy, composting, and
recycling.

Waste-to-energy involves converting waste into energy through various processes
such as incineration or anaerobic digestion. Composting involves the decomposition
of organic waste into nutrient-rich soil, which can be used as a fertilizer. Recycling
involves processing waste materials into new products.

In recent years, various initiatives and policies have been implemented by the
Indian government to promote sustainable waste management practices and reduce
the amount of waste generated. For example, the Swachh Bharat Abhiyan (Clean
India Mission) launched in 2014 aims to achieve the goal of a clean India by 2022
by promoting sustainable waste management practices and improving sanitation
infrastructure.

e Best disposal method for garbage that is eco-friendly

The most eco-friendly method of waste disposal is to reduce the amount of waste
generated in the first place, followed by reusing, recycling, and composting as
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much waste as possible. However, when waste cannot be reduced, reused, recy-
cled, or composted, the following disposal methods are considered to be the most
eco-friendly:

(1) Waste-to-energy (WTE): Waste-to-energy involves converting waste into energy
through various processes such as incineration, gasification, and pyrolysis.
These processes generate heat or electricity from the waste, which can then
be used to power homes or businesses. While waste-to-energy has some envi-
ronmental impacts, such as air emissions, it can reduce the amount of waste sent
to landfills and offset the use of fossil fuels.

(2) Anaerobic digestion: Anaerobic digestion is a biological process that breaks
down organic waste, such as food and yard waste, into biogas and nutrient-rich
soil. The biogas can be used to generate electricity or heat, while the soil can be
used as a fertilizer. Anaerobic digestion has a lower environmental impact than
incineration and can help to reduce greenhouse gas emissions.

(3) Land application: Land application involves applying treated wastewater and
biosolids to land for agricultural purposes. This method can provide a bene-
ficial use for waste products while improving soil quality and reducing the
need for chemical fertilizers. However, land application can also have negative
environmental impacts, such as contaminating groundwater.

Overall, the most eco-friendly method of waste disposal will depend on the specific
waste stream, local regulations, and available infrastructure. It is important to prior-
itize waste reduction, reuse, recycling, and composting, and to only use disposal
methods that have been proven to be safe and effective.

Orders of waste handling methods:

The waste handling methods can be ordered in a hierarchy known as the “waste
management hierarchy.” This hierarchy lists the preferred methods for managing
waste in order of priority, from the most to least environmentally friendly options.
The waste management hierarchy typically includes the following methods, listed in
the order of preference:

1. Source Reduction and Waste Prevention: This involves reducing the amount of
waste generated in the first place by changing consumer behavior, redesigning
products, and reducing packaging.

2. Reuse: This involves using materials and products multiple times before they are
discarded, such as by repairing, refurbishing, or repurposing them.

3. Recycling and Composting: This involves processing waste materials to recover
valuable resources, such as paper, plastic, and metals, or to turn organic waste
into compost.

4. Recovery of Energy: This involves recovering energy from waste through
processes such as incineration, gasification, and anaerobic digestion.

5. Treatment: This involves treating waste to reduce its volume and make it less
hazardous before disposal.
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6. Landfilling: This involves burying waste in a landfill, which is typically the least
environmentally friendly waste management option.

The waste management hierarchy is a useful tool for guiding waste management
decisions and promoting environmentally sustainable waste management practices.
By following this hierarchy, we can prioritize the most sustainable waste management
practices and reduce the amount of waste that ends up in landfills.

2 Literature Review

1. Manually operated sweeper

Michaels [11] invented the manual sweeping machine. This machine is an entirely
manually operated and semi-automatic machine. This machine has a rotary brush,
hopper, and large trash container. The sweeping mechanism is connected to a bicycle,
and the operator needs to push the pedal of the bicycle to run this machine. As the
operator moves the bicycle by pushing the sweeping pedal mechanism also moves in
the same direction. As the machine moves, wheels are rotated, and a rotary brush is
connected with the wheels from gears. As the wheels rotate, the rotary brush rotates
anticlockwise direction and pushes entrapped garbage to the hopper, and the hopper
conveys that garbage to a large collecting tank [11]. A schematic drawing of the
machine shows in Fig. 1.

Limitations:

(1) This machine cannot pick the big type of garbage like water bottles, cans,
cardboard, papers, etc.

(2) Hard to maneuver, handling this machine a very complicated task.

(3) Turning off this machine is very hard.

Fig.1 Manual sweeper
machine (Abraham
Michaels, US3947912A)
[11]
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Fig. 2 Road refuse .
sweeping vehicle (T3 X\ " |
Xiang Xiafeng),

CN203514238U) [12]

g

(4) Apart from garbage picking, many challenges to face the operator while moving
in actual work conditions because maneuver is a very complicated task.

2. Road refuse sweeping vehicle

A Tif#X\”( Xiang Xiafeng) invented the automobile that sweeps up road debris as
seen in the utility model. The road refuses sweeping vehicle is made up of a chassis,
a vehicle head, and a refuse tank, both of which are mounted to the chassis. On the
front part of the chassis, there is a removal mechanism. In the middle of the chassis
is a dust collection system. On the back of the chassis, there is a water spraying
system. The removal device may successfully remove refuse that has stuck to the
road. The dust collection device is capable of effectively sucking up road debris and
dust, the debris can be sucked and collected in the collecting chamber. The water
spraying mechanism efficiently maintains a clean surface on which dust has been
vacuumed up. Additionally, the water spraying system may stop dust from scattering.
The vehicle used for road waste sweeping keeps city streets tidy and appropriate for
use and popularization [12]. A schematic drawing of the machine is shown in Fig. 2.

Limitations:

(1) Main disadvantage of this machine is that the operating cost of this machine is
high.

(2) TItis too big and it can cause traffic issues.

(3) Not compatible to work on narrow roads.

(4) Much power is required to move the entire sweeping mechanism.

3. A Kind of road that dust is dust removal integrated cleaning trolley

A K[ £ (Zheng Jia) [13] invented a kind of road that dust is a dust removal integrated
cleaning trolley. The invention describes a type of roadway where the removal of dust
is integrated with cleaning the trolley, including the locomotive and the placement
of the disposal box inside the locomotive. Both a trash can and a water tank, moving
pulleys are fitted in the locomotive’s lower part. Pushing hands hold the locomotive’s
right end in place. The water tank, garbage collection box, and disposal box are
gradually positioned from left to right inside the locomotive. The equipment collects
trash that can be cleaned up. It is simple to use and increases the effectiveness of
road cleaning, garbage is delivered to the device’s garbage collection box using a
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rubbish conveyer belt. The leftover trash is gathered in a secondary garbage collection
container. The disposal box gathers microscopic dust, water can be sprayed from a
tank after cleaning with the water sprayer hole on the watering plate to the ground.
The phenomenon that prevents dust from flying upward and is pollution-free. This
machine improves the effectiveness of cleaning the road and is suitable for more
smooth road surfaces. It replaces the manual sweeping of roads [13]. A schematic
drawing of the machine is shown in Fig. 3.

Limitations:

(1) Main disadvantage of this machine is that the operating cost of this machine is
high.

(2) Machine cost is high as it is constructed on locomotives.

(3) Much power is required to move the entire sweeping mechanism.

4. Sweeping machine tractor attachment for sports grounds

This mechanism was invented by Derek Burtt Hargreaves Adlington, near Maccles-
field; Eric Stanforth, Macclesfield; Edward Hobbs, Poynton, all of England [14].
The frame of the sweeper attachment can be connected to a tractor’s hydraulic lifting
equipment. A cable is provided to tip the open-fronted collector within the frame,
which is pivotally mounted. The collector swings back into position to receive litter
due to gravity and is secured there by a releasable lock. The litter is swept into the
collector by a rotating brush in front of it. The sweeper attachment is supported
by relatively big wheels near the brush, and the attachment’s back is supported by
smaller casters. Adjustable ground wheels’ height about the frame.

Sweepings collector tilt is ably mounted as a unit on the frame rearward of the
sweeping mechanism and is movable relative to the frame between a normal or
receiving position and a tilted position for discharging collected sweepings forwardly
in the ground-engaging means; sweepings mechanism supported by the frame and
provided with driving means; A sweeping apparatus for mounting on a tractor is also
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Fig.3 A kind of road that dust is dust removal integrated cleaning trolley (XB{ (Zheng Jia)
CN108755529A) [13]
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included in the invention. This apparatus has a frame with a front part and a rear part,
a sweeping mechanism including a brush mounted on the front part and rotatable
about an axis of rotation, ground wheels on the front part for providing support from
the ground to the part adjacent to the brush, the coupling means for connecting the
front part to the tractor, and ground wheels. Engagement mechanisms on the frames
are in the back portion.

The rear half of the frame can move up and down in proportion to the front half
as the sweeping machine is pushed across the uneven ground without appreciably
affecting the height of the brush’s axis of rotation above the ground [14]. A schematic
drawing of the machine is shown in Fig. 4.

Limitations:

1. This machine is only used for dust sweeping.

2. Unable to pick up big types of garbage.

3. This machine can be operated by a toying tractor.

4. Large amount of power is required to operate this machine.
5. Not able to work on narrow areas.

6. Dust coming out while sweeping.

5. Litter pickup vehicle

Flemming [15] presented a garbage-picking mechanism that could be put on a moving
vehicle. When the vehicle moves quickly, the waste becomes more and more entan-
gled surface. There is an articulated arm in the mechanism. The arm has a waste
pickup head at the end of it. The arm also has conveyor equipment to carry the
picked-up litter that is installed on and made to fit the arm. The litter pickup head
is made to move along the surface it is supporting while picking up any litter that
comes into touch with it. The operator may search for and collect litter that is within
arm’s reach by fully controlling the head’s position and operation from inside the
vehicle’s cab. The operation machine is represented schematically in Fig. 5.

Fig.4 Sweeping machine tractor attachment for sports grounds (Derek Burtt Hargreaves
Adlington, near Macclesfield; Eric Stanforth, Macclesfield; Edward Hobbs, Poynton, all of,
England, US3594844) [14]
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Fig. 5 Litter pickup
machine (Jerry A. Flemming
from Northeast Bellevue on
09 April 1975) [15]

Limitations:

The mechanism’s limited waste pickup function is the litter pickup head. Because of
this, very little trash was trapped. Litter within arm’s reach may be sought out and
collected by the operator. The load must be picked up using a vehicle and an arm.
The machine has a smaller mechanical power advantage since moving requires more
energy. Because a separate motor was needed to power the entire garbage picking
system, it was pricey.

6. Bottle and can picker including rotatable flexible loops

Marsh and Johnson [16] showed off the next invention. Its structure is explained.
The flexible loops come into sweeping contact with the ground as the carrier frame
is moved over the surface, and the rotatable element is spun, dislodging the litter and
pushing it upward and rearward into the waste container.

Working and Description:

A portable carrier frame, a rotatable member installed on the carrier frame, and
several flexible loops attached to the rotatable member and extending radially are all
components of a bottle and can picking equipment. There is a drive motor therefrom
for collecting up the bottles, cans, and other garbage, and the rotatable member and a
garbage container for collecting and holding the trash the loops have collected. The
device consists of many circuits made of flexible materials such as padded vinyl or
plastic and thin metal. These rings have two links and can be adjusted in length by
loosening the screws, changing the size of the ring, and tightening the screws. These
rings are designed to support the effect of collecting bottles and other garbage. The
job of the loop is relative to the soil and ground to remove debris. Bottle and Can
Picker is shown in Fig. 6.

Limitations of the Machine:

The machine employs several sets of flexible loops that are adjustable, but the loops
are actually at a 90-degree angle from one location to the next. This means that the
machine was designed to pick up larger objects, such as bottles and small cans; it is
unable to pick up smaller items or waste other than bottle-sized waste. When a drum
with attached flexible loops rotates, a power source motor is utilized. It operates with
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Fig. 6 A plurality of sets of
flexible loops [16]

an electric motor, increasing the cost of maintenance, and it only collects large types
of trash.

7. Manually operated path cleaner machine

A manually operated path-cleaning machine is the subject of study by Ramesh et al.
[17]. This device has wheels with a cylindrical nylon brush 120 mm in diameter
outside. 12 mm for the inner diameter, aluminum pulleys 52 mm is the size of the
big pulley. The small pulley diameter is 26 mm, and the length of the V belt’s center
distance is 330 mm. V belt angle = 40, the inner diameter of a ball bearing is 12 mm.
32 mm for the outside diameter [17].

Working Description: A 26 mm-diameter aluminum tiny pulley is attached to a
nylon cylindrical brush. The back wheel, which has an outside diameter of 120 mm,
is attached to a 52 mm big pulley via a V-belt. The back wheel revolves with a larger-
diameter aluminum pulley when the operator pushes the machine. Smaller pulley
turns the nylon brush anticlockwise as the bigger pulley rotates in the other way.
Anytime a nylon brush in a container is used to sweep up dust, the container has an
inclined slope on the front side that collects the dust and other microscopic particles
[17]. The design and fabrication of a manually powered path cleaner using pulley
drives is shown in Fig. 7.

Fig. 7 Bottle and Can
Picker Marsh. A. Johnson,
New York on 16 February
1993 [16]
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Fig. 8 Design and
fabrication of manually
powered path cleaner using
pulley drives” international
journal of engineering and
advanced technology
(IJEAT) Volume-9 Issue-1,
October 2019 [16]

Limitations:

1. Only dust and small particles can be picked from this machine.
2. If any big type of garbage comes the machine will get stuck.

3. Less working area, the operator needs to run for longer time.

4. High energy is required for deep cleaning.

5. Less Storage Capacity.

3 Conclusion

Numerous methods for sweeping and gathering trash have been discussed and
explained in this study. It also covered manual, electric, and gasoline-powered mech-
anisms. The future of sweeping has a very broad market to grab; all that remains is to
remove the challenges and make garbage picking easier for operators to use and more
cost-effective. The main consideration while constructing a machine is ergonomics.
Whether or whether the operator uses it has a significant impact. By looking at all
the patents that are mentioned in this paper, we can conclude that every machine has
some limits that prevent us from using them, thus we create machines that transcend
those limitations.
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Chapter 9 ®)
Study of Leakage Currents in FinFET st
SRAM Cells

David Gavini, E. Pallavi, B. Kiran Kumar, and Pavankumar BikKi

Abstract Static Random Access Memory (SRAM) is an essential component in
modern electronic devices, and its performance parameters need to be continually
improved to keep up with advances in technology. However, the memory design
with traditional CMOS has many issues in terms of density and leakage current. In
this paper, we analyze a FinFET-based SRAM architecture that addresses leakage
current problems. The various designs were simulated through the Cadence Virtuoso.
The simulation results show that the FinFET design achieves a reduction in leakage
current. FinFETs have a better gate control over the channel, which reduces threshold
voltage variability, enabling better scalability. The design features a leakage control-
ling sleep transistor that significantly reduces leakage power. Moreover, FinFET
designs has reduced subthreshold leakage, which results in lower standby power
consumption. This is important for scaling because it enables the use of smaller
devices, which are essential for integration the integraon density of SRAM arrays.

Keywords Complementary metal-oxide—semiconductor - Fin-shaped field-effect
transistor + Leakage current - Power dissipation * Static random-access memory

1 Introduction

Static Random Access Memory (SRAM) is an important component in many elec-
tronic devices, including microprocessors, cache memories, and wireless communi-
cation devices. However, as technology continues to evolve, SRAM faces challenges
such as power consumption, leakage current, and speed limitations. The FinFET (Fin-
shaped Field-Effect Transistor) is a promising alternative to traditional MOSFETs
(Metal-Oxide—Semiconductor Field-Effect Transistors) for SRAM designs due to
its superior electrostatic control and reduced short-channel effects. Therefore, there
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is a need to explore new designs and techniques for improving the performance of
FinFET-based SRAM. Figure 1 shows the basic structure of FinFET [1].

The FinFET transistor has a fin-like structure that improves electrostatic control
and reduces short-channel effects. FInFET SRAM offers several advantages over
traditional SRAM, such as reduced power consumption, improved performance, and
higher stability. However, FinFET SRAM also faces challenges, such as leakage
current, which can significantly affect its performance [2].

As we previously indicated, the preceding graphic makes it very evident that
FinFETs have a “fin”-like structure. Thus, Lg is the physical height of the silicon
fin, and Hfin. Gate length of the FinFET, where Ttop is the silicon fin’s thickness. In
single-gate devices, the short-channel effect kicks in after the channel length reaches a
certain point. If the channel length is then reduced after that, the device’s performance
starts to suffer because of the short channel effect. This is the single-gate device’s
primary flaw. Initially, double-gate FinFETs were introduced to successfully lessen
the short channel effect and overcome it; however, they required two power supplies
for each gate. Then, short-gate FinFETs were developed, which significantly reduced
the short-channel effect only needed a single power source [3].

The main objectives of this paper are to propose a FinFET-based design that
addresses leakage current issues and improves read and write functions, and to inves-
tigate the effectiveness of this design through simulation. Specifically, we propose a
leakage-controlling sleep transistor inserted over a pull-up and pull-down network to
significantly reduce leakage power. We also explore various techniques for improving
reading and writing efficiency. The contributions of this paper are twofold; First, we
present a novel FinFET-based SRAM design that addresses leakage current issues
and improves performance. Second, we provide insights into the effectiveness of
various performance optimization techniques for FinFET SRAM through simulation
analysis [4, 5].
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2 Literature Review

Several studies have explored the use of FinFET transistors in SRAM design. Monica
et al. proposed a FINFET-based 8 T SRAM cell that showed improved read stability
and reduced write voltage compared to traditional 6 T SRAM [6]. Gao et al. presented
a FinFET-based SRAM design that demonstrated lower power consumption and
improved stability compared to bulk-SI technology [7]. N Kuar et al. proposed a
FinFET-based 10 T SRAM design that showed improved read and write performance
and reduced leakage compared to traditional 6 T SRAM [8].

Leakage current is a major challenge in FinFET SRAM design. Several studies
have analyzed the sources and impacts of leakage current in FinFET SRAM. For
example, Kim et al. investigated the impact of gate-induced drain leakage (GIDL)
on FinFET SRAM performance and proposed a method to mitigate this effect [9].
Yang et al. studied the impact of subthreshold current on FinFET SRAM performance
and proposed a FinFET-based SRAM design that minimized subthreshold current
[10].

Various techniques have been proposed to improve the performance of FinFET
SRAM. One common approach is to insert a sleep transistor over the pull-up and
pull-down networks to reduce leakage, which improves write stability and reduces
write voltage. A sense-amplifier-based read-assist technique that improves read
speed and reduces read power. Other techniques, such as adaptive body biasing
and supply voltage scaling, have also been explored for FinFET SRAM performance
improvement [11, 12].

An extra transistor is included in the 7 T SRAM cell for write operation than the
standard 6 T cell, giving it a higher level of stability in noisy conditions. The extra
transistor increases the SRAM cell’s dependability and helps to prevent data loss. In
Fig. 2,a7 T SRAM cell with a FinFET is displayed [13].

The 9 T FinFET SRAM cells in Fig. 3 can aid in increasing stability and lowering
power consumption. The reduced leakage current and better control over the flow of
current offered by FinFET's can help to ensure that data is retained even in the presence
of noise and other environmental factors. The additional pass gate transistor can also
help to reduce power consumption by allowing for more efficient read and write
operations. Overall, FinFET-based 9 T SRAM cells can be used for high-performance
and low-power memory designs [14].

From Fig. 4, the FinFETs in 10 T SRAM cells provide several structural advan-
tages that can lead to improved performance, lower power consumption, and smaller
chip sizes, making it an attractive option for a wide range of applications [8].

A 12 T SRAM cell is shown in Fig. 5; there are three access transistors and
nine storage transistors arranged in a cross-coupled configuration. The three access
transistors are used to read and write data to the cell, while the nine storage transistors
are used to store the data. The use of FINFETs in 12 T SRAM cells allows for better
performance, lower power consumption, and smaller chip sizes. This makes FINFET-
based 12 T SRAM cells ideal for use in a wide range of applications, including
high-performance computing, mobile devices, and the Internet of Things (IoT) [15].
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In this paper, we build on prior work by proposing a novel FinFET-based SRAM
design that addresses leakage current issues and improves read and write functions.
We also investigate the effectiveness of various techniques for improving FinFET
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SRAM performance, including the use of a leakage-controlling sleep transistor
and other read-and-write optimization techniques. Our simulation-based analysis
provides new insights into the potential for achieving improved efficiency in FinFET

SRAM design.
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3 FinEFT SRAM Architecture

The FinFET SRAM architecture is based on an 8 T cell design. The cell consists of
four access transistors and four memory transistors, with two of each connected to
the bit lines and the other two connected to the complementary bit lines. A leakage-
controlling sleep transistor is inserted over the pull-up and pull-down networks to
reduce leakage power.

To maintain the data integrity and usefulness of 6 T and 7 T SRAM cells, there
are precise limits on the size of transistors. An 8 T SRAM, as shown in Fig. 6, is
utilized to maintain read stability. The proportion of pull-down to access transistors
describes the stability of 6 T and 7 T SRAM cells. A higher ratio results in improved
data stability for 6 T and 7 T SRAM cells [11, 16]. A higher ratio results in improved
data stability at the price of greater cell area and increased leakage power. An 8 T-
cell solution was utilized to solve the issue of data storage destruction during read
operations. With this implementation, the data output elements were read/write bits
and word signal lines. The access transistors are designed with a gate length of 25 nm
and a gate width of 180 nm, while the memory transistors have a gate length of 40 nm
and a gate width of 120 nm. The FinFET SRAM cell is simulated and analyzed for its
read and write functions, leakage current, power dissipation, and stability [17, 18].
Memories that need quick access times, little power consumption, and tolerance are
implemented using SRAM cells shown in Fig. 7.

The leakage-controlling sleep transistor significantly reduces the leakage power,
while the dynamic write assist technique improves write stability and reduces write
voltage. Additionally, the FinFET SRAM cell achieves improved read and write func-
tions, as demonstrated by simulation-based analysis. The use of FinFET technology
also provides benefits such as improved scalability and reduced power consumption
[19].
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Fig. 6 8 T SRAM cell
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4 Simulation Results Analyses

The simulation results were used to analyze the junction leakage currents, gate
leakage currents, and sub-threshold currents of the FinFET SRAM cell. The anal-
ysis showed that the proposed design with the sleep transistors over the pull-up and
pull-down networks significantly reduced the leakage power. Furthermore, the anal-
ysis revealed that the studied design resulted in a sub-threshold current reduction of
80% compared to the previous design. The reduction in sub-threshold current was
achieved by optimizing the transistor size and using the sleep transistor.

The leakage current that passes through a transistor when it is operating in the
subthreshold zone, when the gate voltage is lower than the threshold voltage, is known
as the subthreshold current. Particularly for low-power applications, this current can
have a considerable impact on the power consumption of integrated circuits. The
subthreshold current is a crucial element in circuit design and optimization since it
is greatly influenced by temperature and device characteristics like channel length
and doping concentration. To decrease subthreshold current and increase power effi-
ciency, a variety of methods can be used, including transistor stacking and threshold
voltage modulation.

SRAM gate leakage current is a serious problem that may affect the memory
cell’s stability and dependability. Data flipping in an SRAM cell can result from
gate leakage current, resulting in mistakes during data storage and retrieval. Low-
power SRAM designs, where the operational voltage is decreased to reduce power
consumption, worsen this issue by increasing gate leakage current. Designers can
use a number of methods to alleviate this problem, including transistor stacking and
body-biasing, to lessen the effect of gate leakage current on the SRAM cell. High-
k gate dielectrics and metal gate electrodes are examples of sophisticated process
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methods and materials that can be used to decrease gate leakage current and enhance
SRAM.

Various techniques have been proposed in the literature to improve the read
and write efficiency of FInFET SRAM cells. These include voltage scaling, data-
dependent write assist, and assist techniques such as column redundancy, block
redundancy, and assist write. The write assist technique was implemented by adding
an additional write driver circuit that provides extra voltage to the bit line when the
data is written as “0”. This technique improves the write efficiency of the SRAM
cell. This results in faster write times and lower power consumption. The circuit
design of the FinFET SRAM cell is implemented in Cadence Virtuoso using 32 nm
FinFET technology at 25 °C and 110 °C with a load capacitance of 1 pF at a
frequency of 100 MHz. The simulation results showed that the implementation of the
data-dependent write assist technique improved the write efficiency of the proposed
FinFET SRAM cell. The leakage current for 7 T SRAM is 5.38e—06, the leakage
current for 8 T SRAM is 1.82e—05, the leakage current for 9 T SRAM is 1.82e—05,
the leakage current for 10 T SRAM is 1.17e—06 and the leakage current for 12 T
SRAM is 3.48e—06. The leakage current for the 7 T FinFET SRAM is 13.2e—09, 8 T
FinFET SRAM s 12.82e—09, 9 T FinFET SRAM is 11.34e—09, 10 T FinFET SRAM
is 10.43e—09 and 12 T FinFET SRAM is 8.11e—09. Overall, the FinFET SRAM
architecture and circuit design, along with the implementation of the data-dependent
write assist technique, result in a low-power SRAM cell with improved performance
characteristics. These FinFET designs can serve as a reference for future FinFET
SRAM designs. The V-I characteristics of the FinFET 8 T SRAM, 9 T SRAM, and
10 T SRAM designs are shown in Figs. 8 and 9.

The study of FinFET SRAM design was compared to traditional CMOS SRAM
designs. The comparison showed that the FinFET design achieved significant
improvements in terms of read and write delay and leakage power reduction. For
instance, the FinFET SRAM cell achieved a read delay of 0.85 ns, while previous

Fig. 8 V-I characteristics of FinFET 8 T SRAM
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Fig. 9 V-I characteristics of FinFET 10 T SRAM

Table 1 Comparison of leakage current of various designs
Parameter 7T 8T 9T 10T 12T
Supply voltage 1V | Y 1V 1V 1V
Leakage power using CMOS | 5.38E-06 | 1.82E-05 1.82-05 1.17E-06 | 3.48E-06
Leakage power using FInFET | 13.2E-09 | 12.82E-09 | 11.34E-09 | 10.43E-09 |8.11E-09

designs achieved read delays in the range of 1.0-1.5 ns. Similarly, the FInFET design
achieved a leakage power of 8.11 nW, while CMOS designs had leakage power in
the range of 3.48 uW. The simulation results demonstrate the effectiveness of the
FinFET SRAM design and the performance optimization techniques employed. The
design achieves improved performance in terms of read and write delay and reduced
leakage power, making it a promising candidate for low-power SRAM applications.
A comparison of leakage current of various designs is shown in Table 1.

5 Conclusions

In this paper, we studied various FInFET SRAM architecture that incorporates
several techniques for reducing leakage currents. Through simulations using Cadence
Virtuoso, we were able to analyze and optimize the power dissipation, leakage
current, and performance of the proposed design. Our analysis showed that the
FinFET designs significantly reduced the leakage current compared to CMOS
designs, while also improving read and write efficiency. Specifically, FinFET 12 T
SRAM design achieves a 199% reduction in leakage current compared to the 12 T
SRAM CMOS design. Hence, there is room for further exploration of techniques
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for reducing leakage currents in FinFET SRAM, such as the use of sleep transis-
tors and dynamic voltage scaling. Second, there is potential for exploring novel
FinFET SRAM architectures that incorporate emerging technologies, such as resis-
tive random-access memory (RRAM) and spin-transfer torque magnetic random-
access memory (STT-MRAM). Finally, there is a need for further investigation into
the tradeoffs between power dissipation, leakage current, and read and write effi-
ciency in FinFET SRAM, as well as the impact of scaling on these parameters.
Finally, this paper presents a promising design for FinFET SRAM that achieves
significant improvements in performance and leakage current reduction. Future work
in this area can build on this design and explore new techniques and architectures to
continue pushing the boundaries of FinFET SRAM performance and efficiency.
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Chapter 10
Advanced Characterization of Estolides Geda

from Coconut, Sunflower and Karanja
Oils

P. V. Maneesh Kumar and T. Jagadeesha

Abstract Cold flow properties of vegetable oils are generally subpar to industrial
lubricants. This is one major drawback that limits the usage of otherwise abundant
vegetable oil. Estolides belong to the class of esters synthesis from naturally occurring
oils as carboxylic acid functionality of a fatty acid reacts, forming ester linkage on
an unsaturated site of another fatty acid. Estolide number tells the mean number
of fatty acids attached to the base fatty acid that varies with respect to synthesis
temperature, reacting saturated fatty acids, and other parameters. Though vegetable
oils show excellent biodegradability, their cold flow properties are poor compared to
functional lubricants. In this present study, three vegetable oils have been synthesized
to obtain their estolides, they are coconut, sunflower, and karanja oils to analyze the
variations. Lubricating machines with mineral-based lubricants have become a major
cause of pollution now. To use natural oils for making lubricants instead of petroleum
is something mainstream researchers have been looking at for a few decades. Though
vegetable oils show excellent biodegradability, their cold flow properties are poor
compared to functional lubricants. Biodegradable lubricant oils must have excellent
cold flow properties as well as competitive costs in order to be accepted widely as a
base stock for industrial lubricants.

Keywords Estolides -+ SPARTAN - Saturated fatty acids + Pour point

1 Introduction

Vegetable oil belongs to the family of fats and lipids. Coconut oil is an abundant
natural oil. It is mentioned among the lubricants used in the pre-mineral era. Coconut
oils show good lubricating properties in many aspects like good viscosity index, fine
lubrication, above average flash point, and lower evaporative losses [1, 2]. A major

P. V. Maneesh Kumar (<) - T. Jagadeesha

Department of Mechanical Engineering, National Institute of Technology, Kerala, 673 601
Calicut, India

e-mail: maneesh_p21008 1 me @nitc.ac.in

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023 113
V. Bindhu et al. (eds.), Proceedings of Sixth International Conference on Inventive

Material Science Applications, Advances in Sustainability Science and Technology,
https://doi.org/10.1007/978-981-99-4189-6_10


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-4189-6_10&domain=pdf
mailto:maneesh_p210081me@nitc.ac.in
https://doi.org/10.1007/978-981-99-4189-6_10

114 P. V. Maneesh Kumar and T. Jagadeesha

demerit of coconut oil is that it exhibits very poor cold-flow properties. It is due to
the predominance of saturated fatty acids that are present. The pour point of coconut
is 23 °C. Significant reduction in pour point is essential for considering coconut o0il
as base stock of lubricants in cold climatic and temperate conditions. Sunflower oil is
another abundant oil that can be utilized. Sunflower oil is highly unsaturated in nature.
Sunflower oil exhibits better cold-flow properties than coconut oil (—17 °C), but it
also needs improvement in comparison with commercial lubricants. Karanja oil is
also an abundantly available natural oil with a pour point in the range of 4 °C. Karanja
oil contains fatty acids of saturation and unsaturation [3]. Synthesizing estolides has
proven to be improving the cold flow properties of natural oils [3].

Esterified oligomers are further reacted to 2-ethylhexanol to increase molecular
weight, the degree of oligomerization results in a better pour point [4]. The fatty
acids attached to the double bonds cause the formation of estolides resulting in
better cold flow characters. Generally, plant base oils exhibit pour points in the range
of around 10 to 20 °C. Surprisingly, estolides clot at 5 °C to 45 °C that are comparable
with commercial lubricants, viscosities are also improved with oligomerization [5].
Estolide number is an indicator of the physical properties of the synthesized estolides.
The characteristics can be further improved by capping the estolides with 2-ethyl
hexanol for additional improvements [5].

A lubricant’s main purpose is to reduce the friction acting between the mating
surfaces that causes deformation, deterioration, and stress induction. For this, any
material that can act as a protective layer between the surfaces that can also reduce
the interlocking of mating surfaces causing stress buildup can be employed. An
ideal lubricant should have good viscosity to maintain a strong film, good viscosity
index, good flash point to withstand heat in mating surfaces, and low volatility along
with other properties. Based on the operating conditions, a lubricant is selected for
application, in cold working conditions, only a lubricant with very good pourpoint
can be used otherwise, the lubricant will solidify causing all possible problems. A
refrigeration lubricant must be thermally stable over a wide range of temperatures
and must be chemically inert too. This work is an attempt to produce a good lubricant
from coconut oil by eliminating one of its major defects, which is the pour point of
around 20 °C that makes it obsolete in cold conditions.

2 Experimental Procedure

2.1 Materials

Coconut, sunflower, karanja, and castor oils were procured locally as they are readily
available for cooking purposes. Oleic acid, perchloric acid, 2-ethyl hexanol, KOH,
ethanol, and silica gel were obtained from SIGMA ALDRICH Chemical Company,
supplied by Alpha Chemicals Ernakulam, Kerala.
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Fig. 1 Estolides synthesized from coconut, sunflower, and karanja oils

2.2 Preparation of Estolides

Estolides were synthesized from coconut, sunflower, and karanja oils through
condensation reactions that are catalyzed by acids. The synthesis is in a 750 ml
3-necked flask at atmospheric pressure. The reactant mixture for estolide contains
90 g base oil, 10 g of castor oil with 20.3 g of oleic acid. The mixture was heated
in a Rota mantle to a temperature of 60 £ 0.1 °C. A magnetic stirrer was used for
mixing. When the required temperature was attained, 3 g of perchloric acid (HC1Oy4)
was added drop by drop. Then the reactants were heated for 24 h at atmospheric pres-
sure for obtaining estolides. After 24 h, 56.5 g of 2-ethyl hexyl alcohol was added to
the reactant flask and the reactants were further heated for 2 h to get estolide esters.
For quenching, 2 g potassium hydroxide (KOH) mixed through ultrasonic stirring
for 180 s in 90% ethanol-water mixture was added. The completed reactions were
cooled for an additional 30 min. The reactant mixture was transferred to a separating
funnel and 100 g hexane was added for extracting the organic layer. The estolide
synthesized was then further water-washed with warm water at 60 °C till the pH of
washed water obtained equals the pH of normal water. For further water removal,
the estolides were kept in an open beaker surrounded by silica gel in a closed vessel
for 24 h. Commercially available coconut, sunflower, and karanja oils were used for
experiments (as in Fig. 1).

2.3 FTIR Analysis

Fourier-transform infrared spectroscopy helps to understand the infrared spectrum
of the emission and absorption of matter. An FTIR spectrometer deals with high-
resolution spectral data across a vast range of spectra. This mechanism gives better
results than a dispersive spectrometer, which only measures the intensity over a small
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spectra of wavelengths at one point of time. We can confirm estolide synthesis if the
results from FTIR show peaks at desired points.

2.4 Tribological Study

Tribological studies were conducted on a DUCOM 4 ball tester as per ASTM D
4172-B standards with a load of 392 N, temperature of 75 °C, and speed of 1200
RPM for 3600 s. The obtained friction coefficient values and wear scar diameters
are analyzed to evaluate the improvements in estolides synthesized over base oils.
The variation of frictional characteristics was analyzed between base fluids and their
estolides for comparison.

2.5 Viscosity Analysis

The viscosity of samples was analyzed on a BROOKFIELD viscometer as per ASTM
D 2983 standards. The samples were analyzed at constant torque and varying speed
rates on rotating a spindle immersed in an oil sample between 50 and 200 RPM in
temperature ranging from 40 to 100 °C at 10 °C intervals. The value of kinematic
viscosities at 40 and 100 °C are obtained from the viscometer. The viscosity index
was identified as per ASTM D2270 to compare with commercial lubricants.

3 Results and Discussion

3.1 FTIR Analysis

FTIR analysis is a spectroscopy in which infrared rays are passed through the sample
to evaluate the properties of the sample being tested. Based on the absorption of
certain wavelengths by the sample, now we are able to characterize the bonds present
inthe sample. From the samples tested, the following results were obtained. The peaks
at 2922/cm are C—H bonds representing fatty acid structure. The peaks at 1734/cm
are representing ester functional groups (2-ethylhexyl ester). The peaks at 1041/cm
are indicating C = O bond. From this, we can confirm that the synthesis of estolides
is successful. FTIR analysis of Coconut, Sunflower, and Karanja estolides are shown
in Figs. 2, 3 and 4. DSC Analysis of estolides of Coconut, Sunflower, and Karanja
is shown in Fig. 5.
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3.2 Pour Point Analysis—DSC

Pour point is one major aspect of lubricants and is one area where natural oils show
poor properties. Pour point is also the major demerit of coconut oil as a lubricant
because it will solidify at a temperature as low as 22 °C, which makes it unusable
for lubricant applications even though it has many other merits. Though pour point
could have been evaluated from the pour point apparatus, for more precise results the
samples were sent for DSC. The samples were sent to STIC (Sophisticated Testing
and Instrumentation Center, Cochin) for DSC—Differential Scanning Calorimetry
testing to determine their crystallization parameters. Cloud points are determined
from the college laboratory, pour point values are obtained from DSC. Oligomers
with branching have complex structures resulting in lower Pour points [6]. Coconut
oil shows a significant decrease in pour point from 22 °C to —3 °C. Sunflower oil’s
pour point decrease from — 18 °C to —21 °C. Karanja oil’s pour point decreased from
9 °Cto —12 °C as per the ASTM D97 test and according to DSC thermograms, the
pour points have been lowered to —9 °C, —20 °C and —3 °C for coconut, sunflower
and karanja estolides, receptively. Estolides are known for their improved cold-flow
properties, and the results also state the same.

3.3 Viscosity Analysis

Viscosity can be considered the major property of lubricating oils as it is the property
that reduces the friction acting upon the mating surfaces. Most natural oils have good
viscosity characteristics due to the presence of large molecules in them. Here, the
variation of viscosity between natural oils and their estolide samples is shown in
the graph (Fig. 6). Coconut estolide is showing reduced viscosity compared to pure
coconut oil. Sunflower estolide shows improved viscosity at 40 °C but is showing
reduced viscosity at 100 °C. Karanja estolide shows reduced viscosity compared
to karanja oil. It is to be inferred that estolides show poor Viscometric properties
compared to their base oil properties. The viscosity variations of coconut oil are
from 25 cP at 40 °C to 8.4 cP when the temperature is 100 °C with a viscosity index
of 152. Whereas the estolide shows a viscosity of 11.2 cP when the temperature
is 40 °C to 4.07 cP at 100 °C with a VI value of 224. The viscosity variations of
sunflower oil are from 35.9 cP when the temperature is 40 °C to 15.566 cP at 100 °C
with a VI of 167, whereas the viscosity of estolides is 53.6 cP at 40 °C to 13.96 cP
at 100 °C with a VI value of 130. The variations in karanja oil are from 46.5 cP at
40 °Cto 14.2 cP at 100 °C with a VI of 101, and the estolides are showing a viscosity
of 22.2 cP at 40 °C to 13.96 cP at 100 °C with a VI of 134. Variation of VI of oils,
and their estolides compared with SAE20W40 are tabulated in Table 1.
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Fig. 6 Viscosity variation of base oils and their estolides

T{.]ble 1 'Variat'ion of VI of Sl no Sample Viscosity index
Oils, their estolides compared
with SAE20W40 1 Coconut oil 152

2 Coconut estolide 224

3 Sunflower oil 167

4 Sunflower estolide 130

5 Karanja oil 101

6 Karanja estolide 134

7 SAE 20W40 125

3.4 Coefficient of Friction

Friction characters of the base oils and their estolides were analyzed on a Ducom 4
ball tester to evaluate their coefficient of friction and these balls were used for the
examination of the wear scar diameters to evaluate properties and to compare with
their base oils (Figs. 7, 8,9, 10, 11 and 12).

From Table 2, coconut estolide shows a reduction in the coefficient of friction over
the base oil. Sunflower estolide shows increased coefficient of friction over its base
oil. Karanja estolide shows an increase in the coefficient of friction over its base oil.
The wear scar diameter of coconut estolide has increased from 591.48 to 600.78 pm.
The wear scar diameter of sunflower estolide has increased from 723 to 745 pm.
The scar diameter of karanja oil is reduced from 524 to 544 pm. Coefficients of
friction and wear scar diameter show insignificant variations between the base oil
and estolide forms.
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Fig. 7 Wear scar using coconut oil

Fig. 8 Wear scar using coconut estolide
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Fig. 9 Wear scar using sunflower oil

Fig. 10 Wear scar using sunflower estolide
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and WSDof olyand ety _SL10__| Sample COF | WsD

estolides 1 Coconut oil 0.0779 591.48
2 Coconut estolide 0.0509 600.78
3 Sunflower oil 0.0743 732.85
4 Sunflower estolide 0.0825 745.67
5 Karanja oil 0.0530 524.52
6 Karanja estolide 0.0702 544.8

4 Conclusion

Though estolides have insignificant improvements over their base oils in terms
of viscosity and coefficient of friction, their cold-flow properties show signifi-
cant improvements. Vegetable oils make macro-crystalline figures through ordered
arrangements of triacylglycerol, with branching at possible unsaturation sites like
oligomerization and alkoxylation can improve the cold flow characters [3]. Pour
point, which is a major demerit of vegetable oils, can be improved to a lower value
with branching at possible locations on unsaturated sites with chemical modifica-
tion. As the estolides are formed, the branching at the unsaturated sites leads to a
slower uniform stacking of these molecules, slowing down their solidification [6].
The alcohol part from the ester attached also helps in reducing the pour-point. So
the synthesized estolides were further converted to 2-ethylhexyl estolide esters by
reacting them with 2- ethylhexanol for an additional 2 h for a further lower pour-
point. Nature has an abundant source of fatty acids that can satisfy the raw material
requirements of most needs [7]. Recent developments in this area are confirming
the possibilities of natural industrial oils [8]. Another promising bio-derived lubri-
cants are polyols showcasing good lubrication properties [9]. Adding more molecular
weight to component molecules can help improve properties further [10]. Estolide
esters can also be converted into biofuel rather than bio-lubricants is another ray
of hope [11]. The cold-flow characteristics of thus produced biofuels can also be
improved to industrial standards [12]. There are many methods to improvise the
cold flow characteristics of the fluids to industrial requirements [13]. Polymers and
vegetable oil-based composites are replacing major industrial fluids in most appli-
cations [14]. Another advantage of estolides is that all synthesis processes happen
at temperatures as low as 60 °C, which means the cost of production of samples is
low compared to other processes. Further improvements are to be made to make it a
proper industrial-grade lubricant. Blending with other oils, addition of nanomaterial,
etc. are some methods to improve the characteristics.
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Chapter 11 )
Manufacturing of AlSij(Cuy Foam Using | o
Centrifugal Casting Route and LiAlH4

Foaming Agent

Anandarao S. Kashid and Abhijit A. Patil

Abstract Foams are intentionally produced porous lightweight materials useful in
structural, mechanical, acoustic, thermal, and domestic applications. Aluminum and
its alloy foams are gaining importance due to lower melting temperatures, lower
densities, and ease of manufacturing by a variety of techniques, light in weight, good
strength-to-weight ratio, good anticorrosive properties, and aesthetic in appearance.
Powder metallurgy route of foam manufacturing is used to check the suitability of
hydrides like LiAlH, as foaming agents. LM?2 (AlSi10Cu2) alloy is cold compacted
at 200 MPa for 5 s, and at 6000C hydrogen release is observed for a minimum 5%
weight of lithium containing blowing agents. This is an alternative for TiH2 foaming
agent by powder metallurgy route. The foam production can be analyzed by visual
observation, microstructure observation and nondestructive testing methods like
X-ray diffraction analysis. A new approach of centrifugally cast powder metallurgy
precursor method is introduced in this paper which can generate 45 to 60% porosity
for batch production requirements at low cost.

Keywords Foaming agents + Foaming process + Metal foam + Powder
metallurgy - Centrifugal casting

1 Introduction

Material Science is gaining the attention of all branches of engineering as a tool of
development in the product and manufacturing areas. The development of compos-
ites, nanomaterials, and on-demand composites are satisfying complex property
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requirements of design and production streams. Foams and cellular materials are
basically intentionally produced porous materials for lightweight applications of
metals, plastics, and ceramic materials family. The porous products are manufac-
tured conventionally by powder metallurgy process with required quality and prop-
erty combinations. But the cost of manufacturing is high as well as it is suitable
for mass-scale production only. Metal foams are an important group of materials
having applications in structural, mechanical, acoustic, thermal, and domestic appli-
cations. Aluminum and its alloy foams are gaining importance due to lower melting
temperatures, lower densities, and ease of manufacturing by a variety of techniques
[1]. Aluminum foams are light in weight, good strength-to-weight ratio, good anti-
corrosive properties, and are aesthetic in appearance. Open-grain and close-grain
aluminum foams are mostly used in automotive, aerospace, building and construc-
tion, healthcare, and energy industries [1]. A centrifugally cast powder metallurgy
precursor in a stationery furnace is a new approach. It combines centrifugal casting
and powder metallurgy precursor methods of foam manufacturing.

The paper is divided into five sections. Section 2 is related to literature review of
methods available for foam manufacturing. Section 3 gives details of the experimental
procedure and observations. Conclusion of the experiment is given in Sect. 4

2 Literature Review

Currently, there are six methods of use for commercial manufacturing of metal foam.

e Bubbling gas in molten alloy [2, 3]: In this method, foams are made by injecting
gas bubbles into molten aluminum. It can produce highly porous foam having a
large pore size. It is a low-cost method as compared with the power compact and
Alporas method.

e Stirring of foaming agent in molten alloy [2, 4]: It is also called as ‘Alporas’
method. Metal powders and blowing agents are mixed at 6800C to 7200C and
stirred for 6 min to increase viscosity. Due to the decomposition of blowing agent,
gas gets released, which causes the foaming process.

e Consolidation of metal powder with particulate foam powder [5, 6]: To
produce aluminum foam, aluminum powder or alloys of aluminum are mixed
with foam agents and compacted. The foaming agent gets uniformly distributed
in the foam obtained. The density of metal foam depends on foaming parameters
and agents.

e Vapor phase deposition of metal on polymer foam precursor [7, §]: Foaming
take place by galvanically deposing polymer in ionic state of metal. Ions of metal
and vapors are deposited on polymer and then the polymer is removed to obtain
the foam.
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¢ Sintering of metal powder with a leachable foam powder [9, 10]: In manufac-
turing of metal foams using sintering, thermal treatment is used to entrap the gas
in the first step, and it is expanded in the second step. It forms uniform porous
metal due to creep expansion.

e Hydrogen gas dissolution in hot liquid metal under pressure [11-13]. A pore-
free melt having completely solved hydrogen is prepared at high pressure and
pressure. Now, two-phase region solid and gas is formed by reducing temperature
and pressure. The gas gets accumulated in the form of fine bubbles and forms
foam if the cooling rate and pressure profile are selected correctly.

From the literature survey, it is observed that there is a scope for combining two
of the existing manufacturing processes and to develop a new technique.

3 Experimental Setup

A small, batch production machine is developed for designing and testing for
aluminum and its alloys as shown in Fig. 1.

A machine is fabricated, consisting of a rotating vertical mechanism for metallic
die of mild steel mounted on a disc. This setup is fitted in an electrical resistance
furnace having a maximum temperature of 800 °C having a heating rate of 11.5 °C/
min [4]. The die is rotated by the electric motor at 1440 rpm. The total cycle time for
the 250 gm batch is 50—60 min. The variables like rotational speed, weight of foaming
agent, temperature of melting can be studied on this setup. The chemical analysis
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Fig. 1 Machine designed for small batch production of aluminum and its alloys
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Table 1 Chemical analysis

of aluminum alloy Sr. no Element name Element %

1 Mn 0.16

2 Si 9.64

3 Cu 1.34

4 Fe 0.8

5 Zn 0.89

6 Ni 0.07

7 Pb 0.3

8 Al Balance

Fig. 2 Al melting process

of aluminium alloy is shown in Table 1. Spectroscopic analysis of raw material is
done and chemical analysis confirms to BS1490:1988 LM2 (AlSi10Cu2) EN AB-
46100. This raw material is used for the foaming experiment by adding foaming
agent LiAlHy in proportions like 5, 10, and 15% to find the effect of foaming agent
on void formation. LiAlHy is in the powder form having an assay value of Min.96%
is added in the alloy LM2. Figure 2 shows the Al melting process.

4 Sample Preparation for Microscopic Observation

Standard metallurgical sample preparation involves rough cutting and polishing, dry
polishing with silicon carbide emery papers having mesh sizes 200, 400, 600, 800,
1000. Wet polishing was performed with Al,O3 powder on a wet polishing machine

and etching with NH4OH.
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From the experimentation work, following are the observations:

A vertical axis centrifugal casting process is a very common casting process.
Effect of centrifugal force during foam cell formation, expansion, and cell size
are obtained.

Microstructural analysis shows the morphology of the cell and the presence of
voids. It is shown in Table 2.

X-ray diffraction is a non-destructive method used to provide detailed information
about the chemical composition, crystallographic structure, and physical prop-
erties of a material [14, 15]. Optical microscope observation reporst at 250X
and 400X magnification. Microstructure is used to confirm the crystalline phases
present in a material and reveal chemical composition information. The confir-
mation is done by using XRD data for aluminum and aluminum alloy available
from standard resources as shown in Figs. 3, 4 and 5. The specifications of the
machine are Goniometer Ultima IV Attachment Sample Rotation (with Z) Att.
Scanning Mode 2Theta/Theta Scanning Type Continues Scanning X-Ray.40 kV/
40 mA.

Table 2 Microstructure observation

Sr. | Microstructure Details Remarks

no

1 LM2 alloy 4 5% LiAlH4 (Foaming Agent) at 35% voids
400X magnification and NaOH etchant

2 LM2 alloy 4+ 10% LiAlH4 (Foaming Agent) at | 55% voids
400X magnification and NaOH etchant

3 LM?2 alloy + 15% LiAlH4 (Foaming Agent) at | 65% voids

400X magnification and NaOH etchant
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Fig. 4 XRD pattern for LM2 alloy + 10% LiAlH4
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Fig. 5 XRD pattern for LM2 alloy + 15% LiAlH4

5

Conclusions

A centrifugal casting method can be combined with the powder metallurgy
precursor method of foam manufacturing. Powder metallurgy precursor method
is a commonly used foam manufacturing process. The centrifugal force offered
during centrifugal casting evenly distributes the melt and prevents floating of
lighter phases upward. This combination leads to new technology in foam
manufacturing.

A low-cost LiAlH, foaming agent can replace TiH2 foaming agent.

This method is suitable for batch production of cylindrical-shaped products in
less time.

The overall cost of production is less compared to the bubbling method, which is
a commonly used method. Precursor of the desired composition can be produced
on a mass scale in less time. These can be stored in plastic bags for long shelf
life. Melting is done in a rotating mold electric muffle furnace, which is energy
efficient and of low energy cost.
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Performance: Material composition is exactly obtained as powder metallurgy
precursor. Melting is uniform and homogenous. High foaming rate is obtained at
60-90 rpm.

Accuracy: The chemical composition, dimensions, melting temperature, and rota-
tional speed can be monitored and controlled precisely using sensors for desired
foam density.
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Chapter 12 )

Synthesis and Characterization e
of Nano-CuO Complexed HPMC:PVA
Polymer Blend Electrolytes

N. Sandhya Rani, Sunil Kumar, B. Vinod, C. S. Dileep, C. Manasa,
and N. Srikantamurthy

Abstract Polymerelectrolyte films of polyvinylalcohol (PVA)/hydroxypropyl
methylcellulose (HPMC) complexed with copper oxide (CuO) nanoparticles (1%—
4% wt.%) were synthesized by adopting casting solution technique. X-ray diffraction
results showed a reduced percentage of crystallinity with the increase in CuO concen-
tration. Scanning electron microscopy (SEM) showed the different morphology of all
the samples. Differential scanning calorimetry (DSC) analysis shows the increase in
glass transition as well as in melting temperature for all samples. This is because the
presence of CuO nanoparticles in the host polymer blend matrix makes them more
thermally stable. The tensile strength and modulus nano-CuO complexed samples
show improvement when compared with HPMC:PVA blends. The AC conductivity
also increases with frequency and CuO concentration. All the experimental studies
showed that 3 wt% nano-CuO complexed HPMC:PVA polymer electrolyte samples
are more thermally stable and exhibit high conductivity at room temperature.
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1 Introduction

One of the key constituents of the electrochemical cell devices is polymer electrolyte
[1-4]. It is made by dissolving metal salt in a polymer host [5-7]. Here, an envi-
ronmentally friendly polymer mixture of HPMC and PVA is employed as the host
polymer matrix to boost electrical conductivity and give extra sites for ion hopping
and ion transfer as hydrogen bonds are formed between the polymer chains [8—12].
To improve the thermal, structural, mechanical, and electrical conductivity qualities
of the synthesized polymer electrolyte films, CuO nanoparticles are added to the
polymer mixture [13-18].

2 Experimental Work

2.1 Materials and Sample Preparation Method

The HPMC and PVA solutions (5:5 wt%) were made separately, combined, and
stirred continuously. This blend solution was gradually added with CuO nanopar-
ticles (1-4 wt%), which were then continuously swirled for two hours at 380 rpm
using a magnetic stirrer. After being evaporated in a vacuum chamber for a period
of ten minutes, the liquid was placed into flat plates to cool down at the ambient
temperature for four to five days. Film samples were coded as HPMC:PVA blend
(S1), HPMC:PVA—1% CuO (S2), HPMC:PVA—2% CuO (S3), HPMC:PVA—3%
CuO (S4), HPMC:PVA—4% CuO (S4).

2.2 Instrumentation

X-ray diffractometer with CuK radiation (1.5406), a Rigaku Miniflex-II was used to
obtain the XRD patterns on a scale of 107807~ The SEM studies were done by using
an electron microscope (JEOL 840) with a resolution of 20 kV. DSC-Q20, Universal
V4.5 A was used to create the DSC thermograms. The tensile test was done on the test
specimens prepared as per ASTM D-638 (165%19*6) type 1 standard (Fig. 4). The AC
conductivity was measured using an LCR meter ZM2376 at operating frequencies
ranging from 50 Hz to 1 MHz. Using Eq. 1, the electrical conductivity is determined.

1 t 0
v=[—)|—
Ry A
where ‘A’ is the area mm?, ‘t’ is the thickness in mm, and ‘R},’ is the resistance in
M§3.
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Fig. 1 XRD pattern of all samples

3 Results and Discussion

3.1 X-Ray Diffraction Studies

Figure 1 displays the XRD graphs of all samples. According to well-reported liter-
ature, the electrical conductivity of the polymer electrolyte sample is higher in the
amorphous area [ 19-23]. Peaks for pure Cuo are more powerful and distinct at about
34.727; 38.827and 47.70~> While the HPMC:PVA blends show a visible broad peak
at 19.697 The sharp peak of pure CuO and the broad peak of polymer blends reduce
in all other polymer electrolyte samples; hence, the percentage of crystallinity also
reduces (Table 1). Percentage of crystallinity is calculated using Eq. 2.

o crystalline peaks area
Crystallinity (%) = - X100 )
crystalline peaks area+

amorphous haloes area

3.2 Morphological Studies

Figure 2 displays the film morphologies of the reported polymer electrolyte sample.
Due to the absence of discernible crystalline regions, pure HPMC and pure PVA
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Table 1 Crystalline

parameters Sample Xc (%)
Pure CuO 58.66
S1 18.52
S2 56.60
S3 49.20
S4 31.43
S5 43.22

display semi-crystallanity [21, 22, 24]. SEM picture (Fig. 2c) reveals an evenly
dispersed microporous structure. This demonstrates that one of the key elements
affecting the polymer blend performance is the similarity of the interfaces between
the segments [25]. Figure 2d—g shows that overall the CuO nanoparticles are widely
disseminated throughout the polymer mixtures and interacted with them [26, 27].
This clearly demonstrates the viability of this approach to create a uniform layer of
well-distributed nanoparticles [28-30].

3.3 DSC Studies

The thermal characteristics of the reported samples are displayed in Fig. 3. Table 2
provides an overview of the thermal properties obtained from these thermograms.
Nano-CuO complexing with HPMC:PVA blends affects the melting temperature as
well as the crystallization behavior of the polymer electrolytes. From XRD, a drop in
the percentage of crystallinity was also observed for all the CuO complexed samples.
It is clear from the DSC plots that the glass transition temperature T, and melting
temperature 7T, increases slightly, whereas crystallization temperature 7, decreases
slightly [31, 32]. All the values showed that the 3wt% Cuo complexed polymer blend
had got high thermal stability.

3.4 Tensile Properties

Figure 4 shows the test specimen used for tensile test according to ASTM standars.
Figure 5 displays the stress—strain curves of the reported samples. Table 3 shows
the test results. The tensile strength of PVA:HPMC blend is 3.477 Mpa. The highest
tensile strength of 13.533 Mpa is obtained for 3% CuO complexed sample. Therefore,
its strength is almost 3.89 times greater than the pure polymer blend. Similarly, the
modulus of the 3% CuO complexed sample is 0.162 Gpa, which is 65% greater
than the polymer blends. It is evident that when the nano-CuO concentration rises,
both the tensile strength and the modulus also rise and reaching to their maximum
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Pure HPMC Pure PVA

Fig. 2 SEM photographs of the samples

values at 3% CuO complexed HPMC:PVA blends. Whereas a higher concentration,
i.e., for HPMC:PVA—CuO 4%, both tensile strength and modulus start to reduce.
This exhibits that the nanocomposite sample of HPMC:PVA—CuO 3% has got more
strength than other ratios of nano-CuO complexed samples.

3.5 Eletrical Conductivity Studies

Figure 6 clearly displays enhancement in the conductivity up to 3 wt% CuO and then
decreases. It can also be seen that the HPMC:PVA—3 wt% CuO sample exhibits the
highest ionic conductivity of 1.23 x 10~* S/cm at room temperature. According to
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Fig. 3 DSC curves of all samples

Table 2 DSC parameters

Sample T, (O) T, (T) 0 Hy(J/g) Tc (T)
S1 220.11 264.17 328 -

S2 221.1 269.89 265 349.882
S3 223.18 268.78 222 347.20
S4 223.48 272.51 274 344.06
S5 222.43 269.56 270 344.83
Table 3 Tensile properties of the samples

Sample | Tensile strength (Mpa) | Modulus (Gpa) | Peak load (kN) | Stiffness kN/mm
S1 3.477 0.097 0.105 0.02

S2 3.659 0.102 0.107 0.02

S3 10.259 0.123 0.494 0.039

S4 13.533 0.162 1.021 0.082

S5 1041 0.125 0.795 0.064

this, an increase in nano CuO dissociation is what is responsible for the increase in
ionic conductivity as it produces more mobile ions. On the other hand, at larger salt
concentrations, the dissociated ions start to recombine to create neutral salt, which

reduces electrical conductivity [33, 34].
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4 Conclusion

HPMC:PVA polymer blends complexed with diffrentt ratios (wt%) of nano-CuO
were successfully syntehized using solution cast technique. From XRD studies, it
is evident that adding nano-CuO to the host polymer matrix has an impact on the
polymer matrix and hence decreases the percentage of crystallinity. The samples’
rise in amorphous domain leads to an increase in the polymer electrolytes’ electrical
conductivity. SEM image of all the samples showed a microporous structure that
is equally distributed. DSC studies show that the glass transition temperature, as
well as melting temperature improved after nano-CuO complexing in the polymer
mix, making them more thermally stable. Tensile and modulus studies showed good
improvement in all the polymer electrolyte samples. The electrical conductivity
also increases with increasing nano-CuO concentration. From all the studies, it was
observed that the sample HPMC:PVA—CuO 3% shows more thermal stability, less
crystallinity, and high conductivity of 1.28 1.28 x 10™* S/cm at room temperature;
hence it can become useful in electrochemical device applications.

Acknowledgements The authors are thankful to the LCR metre and computerized universal testing
machine facilities provided by the Engineering Physics and Mechanical Engineering department of
VVCE in Mysore for the investigation of mechanical characteristics.
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Chapter 13 ®)
Study on Effect of Pista Shell as Filler Gestin
Material on Mechanical Performance

of Banana Fiber Reinforced Polymer

Composite

B. Vinod, L. J. Sudev, B. B. Ganesha, K. N. Arunkumar,
and C. S. Thammegowda

Abstract Recently, more research efforts have been initiated to improve the perfor-
mance of composite materials due to their ever-increasing demand. A range of pre-
and post-processing processes may be used to modify the biological, chemical, phys-
ical, and mechanical properties of any material. As a result, the primary goal of this
study is to investigate the effect of powdered pistachio shells as a filler on the mechan-
ical performance of banana fiber-reinforced polymer composites. The 10 wt.% of
filler material, 30 wt.% of fiber and 60 wt.% of epoxy resin were used to prepare
composite laminates using compression mould technique for rigid compaction of
fiber and filler material. From experimental investigation, it was observed that the
use of filler material improved the hardness and stiffness of the composite. The tensile
stress was reduced to 22.97 MPa from 25.34 MPa and flexural strength was reduced
to 36.76 MPa from 43.66 Mpa, respectively. The Young’s modulus was increased to
4.96 GPa from 3.23 GPa and flexural modulus was increased to 7.38 GPa from 6.21
Gpa, respectively.

Keywords Banana - Filler - Epoxy Resin + Hardness - Stiffness * Strength
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1 Introduction

When it comes to Fiber Reinforced Polymers (FRP) composites, there may be a
possibility of an interstitial space between the fibers and the matrix material. This
interstitial space may act as a void or inner crack, thereby reducing the performance
ability of composite material. Therefore, it is essential to reduce the space between the
fibers and matrix material through various processes during manufacturing. Applying
the compressive force during manufacturing is one of the effective methods to reduce
the inner voids in composite. At the same time, application of compressive force may
generate internal stress in the composite material, which further reduces the load-
bearing ability of the composite. Therefore, one of the best methods to reduce the
space between matrix and fiber is the utilization of filler materials. These materials
can either be available naturally or it could be manmade. Most commonly used
natural fillers are from agricultural waste like pistachio shell, rice husk, wheat husk,
ash and coconut coir, etc. There are certain inorganic materials that are used as
filler materials like calcium carbonate, calcium sulfate, alumina trihydrate and kaolin
(hydrous aluminum silicate) etc. [1].

Iskender Ozsoy et al. [2] made an investigation on the effect of micro- and
nanofillers such as Al O3, TiO,, clay and fly ash on epoxy composite for 10-30wt.%
by weight ratios. From experimental investigation, it was examined that the tensile
and flexural strength of the composite decreases with increasing micro- and nanofiller
content ratio. However, the modulus of elasticity during tensile and bending tests
improves with the increase of the content ratio of micro- and nanofillers. Hard-
ness of the composite increased with the addition of filler material and thus making
the composite brittle. Zaman et al. [3] analysed the micro- and nano-ZnO-stuffed
polypropylene composites for different weight ratios ranging between 2 and 8wt.%.
The study inferred that nano-filled composites exhibits better strength than micro-
filled composites for the same filler ratios. The 5 wt.% filler content was found to
be an optimum ratio for which the dispersion of particles was better. A stronger
interfacial bonding between the matrix and fillers was observed with the help of
morphology images. Gao et al. [4] examined an effect of nano-sized CaCOs as filler
on the mechanical strength of polystyrene composites. The stiffness starts to increase
with increasing the filler ratio up to a certain extent, beyond which the filler starts to
agglomerate, thereby reducing the adhering ability between matrix and fiber mate-
rial. Thus, the strength of the composite starts to decrease. Agubra et al. [5] studied
the impacts of nano-clay distribution procedures on the mechanical performance
glass fiber epoxy composites. Magnetic dispersion, planetary centrifugal mixing
and ultrasonication are some of the commonly used dispersion methods to attain
moderate dispersion of nanoparticles in polymer matrix. In this research, the influ-
ence of the three roll milling method for nano-clay dispersion into epoxy matrix was
analyzed. The paper concluded that significant clay dispersion in the epoxy matrix
was accomplished by merging the magnetic stirring and tinky mixing followed by
three roll milling method. Yasmin et al. [6] investigated the structural, mechan-
ical, viscoelastic and thermal behavior of graphite-filled epoxy composites of filler
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weight ratios between 2.5 and 5 wt.%. The tensile strength, glass transition temper-
ature and modulus increased with increasing graphite platelets up to 5 wt.% filler
ratios. However, above which, the agglomeration of fillers occurred. The coefficient
of thermal expansion was reduced with the increase of graphite platelets and also
there was an improvement in the thermal stability of the composite. Sayer [7] studied
the effect of ceramic fillers like SiC, Al, O3, and B4C on the elastic- and load-carrying
ability of e-glass fiber reinforced epoxy resin. The filler weight ratios were varied
from 5 to 15% wt. The article concluded that the 10% Wt. attained as the optimal
value the composite exhibiting maximum load-bearing ability and elastic moduli.
Apart from the weight percentage, it was also reflected that the particle size also
plays a major role to improve the strength of the composite. Smaller the particle size
greater will the elastic moduli and load-carrying ability of the composite. Asi [8]
studied the mechanical properties of glass fiber-reinforced epoxy composites filled
with various proportions of Al,O3. Experimental results showed that the tensile and
shear strengths decreased with the increasing addition of Al,O3 particles. However,
the flexural strength of the composite was increased by 33% and flexural modulus
by 78% with an increase in Al,O3 particles up to 10% wt. beyond which it starts
to decrease. Yang et al. [9] analyzed the effect of lignocellulosic material (rice husk
flour) as fillers on the mechanical properties of thermoplastics composite (polypropy-
lene). The composite was prepared for different filler loading of 10, 20, 30 and 40%
weight ratios. The paper concluded that interfacial area improves with an increase
in filler ratios and thereby increasing the stiffness, hardness, and brittleness of the
composite.

The comprehensive literature survey on the pertaining topic has revealed enor-
mous information related to filler materials and helps to identify the gap that exists and
to move in the right path. Therefore, in the current work, the effect of the powdered
pistachio shell as filler material for weight ratios ranging from 0 to 10% wt. on the
mechanical properties of banana fiber reinforced epoxy composites was studied. The
tensile, flexural and hardness tests were performed, and the results were analyzed.

2 Materials and Methodology

The details on materials, processing and the experimental procedures followed in the
present work are discussed below.

2.1 Banana Fiber

Banana fibers are well-known natural fibers to mankind from past decades. India is the
world’s largest producer of banana fruit, followed by China, Brazil, the Philippines
and Ecuador. The excellent blending ability of banana fibers have extended its value-
added applications in various fields [10]. It is a lignocellulosic fiber with very good



148 B. Vinod et al.

Table 1 The chemical

compositions of banana fiber Chemical composition Range in percentage
[10] Cellulose 63-64
Hemicellulose 16-19
Lignin 5
Moisture content (%) 10-11
Density (g/cc) 1.35
Microfibrillar angle (deg) 11

strength obtained from the stem of the banana plant (Musa sepientum). The cellulose
in the fiber acts as a cement or binder that gives the fiber its strength. Together with
cellulose, the lignin content of the cell wall increases its stiffness and hemicellulose
strengthens the cell wall due to its interaction with lignin and cellulose [11]. Table 1
shows the chemical compositions of banana fiber. A small variation in the assessments
of these properties may be noted due to the difference in the source from where the
fibers are available, the process of fiber extraction, age of the plant and climatic
conditions, etc.

2.2 Pistachio Shell (Filler)

Pistachio is a small tree originating from Central Asia which belongs to the cashew
family. After extraction of nuts, pistachio shells are commonly used for mulching,
potted plant fillers, pest deterrent, fire kindling and compost, etc. Pistachio shells
possess high stiffness, strength and hardness. Even though it is least considered as
filler/reinforcing material in the case of fiber reinforced polymer composite materials
[12].

2.3 Lapox L12 Epoxy Resin

Lapox L12 is an unmodified epoxy resin of medium viscosity, also known as poly-
epoxides based on Diglycidyl Ethers of Bisphenol A (DGEBA). Diethylene triamine
(DETA) was used to cure lapox L.12, which is a light-yellow aliphatic polyamine. The
reaction of the poly-epoxide with the multifunctional curing agent forms a thermoset
polymer with excellent mechanical properties, adhering ability, dimensional stability,
thermal insulator, fire retardance, low cure shrinkage, resistance to corrosion and
water ingression, etc. [13]. Lapox L12 is commonly used for marine coating, flooring,
aerospace, automobile and packaging industries, etc.
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2.4 Methodology

The raw banana fibers were extracted from the trunk of the banana plant by retting
process. The obtained raw fibers contain impurities and fatties at its surface. There-
fore, in order to remove these impurities, a pretreatment operation of fibers such as
an alkali treatment and drying the fibers using a hot air oven has been performed
[14]. In the case of alkaline chemical treatment, the fibers were immersed in 5%
NaOH solution for 1 h and then completely dried in a hot air oven at 60 °C to remove
internal moisture. The finished fiber is spun into a mat and laminated by hand with a
constant volume fraction of 30% fiber and 60% resin. The composite laminates were
prepared by a 2% increase in the weight fraction of filler material up to 10%.

Test specimens were prepared according to American Society for Testing and
Materials (ASTM) standards D638 and D790 for tensile and flexural tests, respec-
tively. Similarly, hardness and impact testing were carried out according to ASTM
D2240 and D256, respectively. High-speed waterjet cutting is used to cut samples
into desired shapes [15]. Testing was performed using a computerized universal
testing machine (UTM) with a constant load of 1kN and with a rate of elongation of
0.3 mm/min until the specimen broke. The detailed dimension of ASTM D638 and
ASTM D790 are shown in Figs. 1 and 2, respectively.

Fig. 1 Dimensions of tensile test specimen as per ASTM D638 (in mm)

e,

Fig. 2 Dimensions of flexural test specimen as per ASTM D790 (in mm)
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3 Results and Discussion

The specimen with different combinations of fiber and filler materials were subjected
to tensile, flexural, impact and hardness test. The specimen with 70% wt. of Resin
(R), 30% wt. of fiber (F) and 0% wt. of filler material was represented as sample
A and similarly as B, C, D, E and F for the combinations as mentioned in Table 1,
respectively. From experimental investigation, it is very much clear that the mechan-
ical behavior of composite material varies by varying the amount of filler material.
Table 2 shows the tensile, flexural, impact and hardness test results of the specimen
with and without filler material. The values given in Table 2 are the average of 5 tests
and the tests were conducted until failure of the sample occurred. Figure 3 shows the
variation of tensile strength and tensile modulus of the specimens.

The test results clearly show that the percentage of filler material greatly influences
the tensile strength and Young’s modulus of the composite material. The maximum
tensile strength of 41.76 MPa was achieved for sample A (i.e.,70% of resin, 30% of
fiber and 0% of filler material). The tensile stress of the composite laminate starts to
decrease gradually with the increase in the percentage of filler material, as shown in
Fig. 3a. The tensile loading ability of the composite was reduced by 3.11%, with a

Table 2 Mechanical properties of composites with and without filler material

Sample | Combinations | Volume | Tensile | Young’s | Flexural | Flexural | Impact | Hardness
% strength | modulus | strength | modulus | strength
(MPa) | (GPa) (MPa) | (GPa) (KJ/m?)

A Resin 70 41.76  |2.98 84.56 3.69 6.41 114
Fiber 30
Filler 0

B Resin 70 4046 |3.01 78.62 3.84 4.11 116
Fiber 28
Filler 2

C Resin 70 38.45 3.15 75.02 3.97 3.52 119
Fiber 26
Filler 4

D Resin 70 36.08 |3.65 69.48 4.65 3.05 126
Fiber 24
Filler 6

E Resin 70 32.53 3.67 65.39 5.52 2.63 129
Fiber 22
Filler 8

F Resin 70 30.60 |3.86 62.96 5.65 2.09 131
Fiber 20
Filler 10
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Fig. 3 Variation of tensile strength and modulus of the specimen

2% increase in the filler material. Similarly, the tensile strength is reduced by 7.95,
13.6, and 22.01% for samples ‘C’, ‘D’ and ‘E’, respectively. The least tensile strength
of 30.60 MPa was attained for sample ‘F’ (i.e.,70% of resin, 20% of fiber with 10%
of filler material), which is 26.72% lesser than sample ‘A’.

The increase in the proportion of filler material increases the stiffness of the
composite material [16]. Thus, Young’s modulus of a composite material increases as
the filler proportion increases, as shown in Fig. 3b. The Young’s modulus of 2.98 GPa
was obtained for sample ‘A’ and keeps on increasing gradually with a gradual increase
in the filler material. The maximum Young’s modulus of 3.86 GPa was achieved for
sample ‘F’, which is 29.5% greater than sample ‘A’. Figure 4 shows the variation of
flexural strength and flexural modulus of the specimens.

Figure 4 clearly shows the effect of the percentage of filler material on the three-
point bending strength and modulus of the composite. The maximum three-point
bending strength of 84.56 MPa was achieved for sample ‘A’. The bending ability
of the composite material decreases gradually with the increase in the percentage

Fig. 4 Variation of flexural strength and modulus of the specimen
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of filler material, as shown in Fig. 4a. The bending strength of the composite was
reduced by 7.02% for sample ‘B’ (i.e.,70% of resin, 28% of fiber with 2% of filler
material). Similarly, the bending strength reduced is by 11.28, 17.8, and 22.67% for
samples ‘C’, ‘D’, and ‘E’ respectively. The least bending strength of 62.96 MPa was
obtained for sample ‘F’, which is 25.54% lesser than the base material.

It can be seen that the stiffness of the composite increases as the filler proportion
increases. Thus, the flexural modulus (bending modulus) of the composite improves
with an increase in the percentage of filler material, as shown in Fig. 4b. The flexural
modulus of 2.72 GPa was obtained for sample ‘A’ and its value increases gradually
with a gradual increase in the filler material. The maximum flexural modulus of 5.65
GPa was achieved for sample ‘F’, which is 53.11% greater than sample ‘A’.

It is evident from the results that the tensile and flexural strengths of the Pista-
chio shell filled banana fiber reinforced composite reduces with an increase in the
percentage of filler material. The increase in filler content may lead to weaker bonding
between fibers and the matrix material. In addition, at a high percentage of filler, non-
uniform distribution of filler can cause agglomeration and stress concentration zones
to appear. Thus, it reduces the tensile and flexural strength of the composite material.
Figure 5a shows the SEM image of sample ‘A’ and figure (b) shows the SEM image
of sample ‘F’ where the agglomeration of filler material can be observed. Figure 6
shows the variation in hardness and impact strength of the specimens.

From Fig. 6a, the hardness of the samples gradually increases as the percentage of
filler increases. Sample ‘F’ exhibits a maximum hardness, which is 14.91% greater
than sample ‘A’. Increasing the filler concentration increases the fragility of the
composite. And also, the increase in the concentration of filler material reduces the
ability of the matrix to absorb energy and thereby reducing the toughness [17], thus
reducing the impact strength from 6.41 to 2.09 kJ/m? as shown in Fig. 6b.

The reduction in the elongation of the test specimen containing filler material at
the point of failure can be explained by the fact that the elastic properties of the
composites depend on the polymer matrix exhibiting brittle behavior in the presence

£140 AN Bl B
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Fig. 5 SEM images of base material and composite with filler material
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Fig. 6 Variation of the hardness of the specimen

of fillers. This is because the existence of filler material restricts the mobility of the
polymer. Higher the filler content in the composites, higher will be the brittleness in
the composites [18].

4 Conclusion

The experimental investigations on the effect of Pistachio shell as filler material on
banana fiber reinforced composite clearly show that the mechanical performance of
the composite varies with respect to the percentage of filler material. In general, the
increase in the percentage of filler material decreases the tensile and flexural strength
of the composite. The tensile and flexural strength of the composite is almost reduced
by 26.72 and 25.54%, respectively, lesser than the base material. The maximum
Young’s and flexural modulus of 3.86 and 5.65 GPa, respectively, was achieved
for sample ‘F’, which is 29.5 and 53.11%, respectively, greater than sample ‘A’.
At the same time, the stiffness of the composite increases as the filler proportion
increases. Thus, increases the Youngs and flexural modulus of the composite. The
intensification in the brittle behavior of the composite indicates an increase in the
hardness of the composite. And also, an increase in the concentration of filler material
reduces the capacity of the matrix to absorb energy and thus reduces the toughness
of the material; therefore, the impact strength was reduced from 6.41 to 2.09 kJ/
m?. Thus, the pistachio shell as filler material on banana fiber reinforced composite
influences the mechanical behavior of the composite material.
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Abstract

Objectives: To estimate inhalation and ingestion doses due to radon
concentration in rural areas of Shankaraghatta forest environment, India.
Methods: In this study, the risk due to radon concentration in underground
drinking water samples of the Shankaraghatta region has been estimated using
emanometry technique. The 44 drinking water samples were collected from
different water sources in sample bottles (500 ml) and were carefully sealed
to ensure there is no air gap and were analysed within 24 hours by radon
bubbler technique using a Lucas cell. Findings: The radon (?22Rn) concentration
in underground and surface water samples of the entire region varies from 1.10
4+ 0.25Bg 17! t0 30.67 & 5.10 Bq [~ with an average value of 13.10 £ 2.2 Bg 1!,
is higher than the USEPA proposed maximum contamination threshold of
11Bgl~'.The Annual Effective Dose Equivalent (AEDE) ranges from 3.86 uSv y~!
to 83.80 uSvy~! with an average value of 36.35uSv y~!, which is slightly higher
than the global average value. Novelty: The present work focuses on the
public health of the study area where such estimation was not carried out.
The estimated annual effective, inhalation and ingestion doses due to radon
in underground drinking water samples are found to be substantially below
the 100 uSvy~'recommended by WHO and EC. Hence, public of the study area
won't receive any serious health hazard due to radon in drinking water and the
water is fit for drinking without any additional treatment.

Keywords: Radon Concentration; Underground and Surface water;
Emanometry Technique

1 Introduction

The measurement of radon in the environment matrix is important all over the world
due to the fact that inhalation of radon and its progeny contribute more than 55% of
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the total natural background radiation dose to the human being"?). Testing its level of contamination, monitoring its
concentration, assessment of dose due to inhalation and ingestion in underground drinking water is became a priority aspect
for purpose of public health awareness but it is challenging to estimate the radiation doses that living things are exposed to as a
result of radon and its progeny because of the complex interactions between radon’s radioactive progeny, chemical forms, and
its attachment to aerosols, as well as the intake, deposition, and retention of radon-related radioactivity in living things. Hence,
addressing the existing problems all over the globe, several studies have been carried out by many researchers using both active
and passive methods such as CR-39, RAD7, and Lucas Cell ®). Regulated levels of this radon in drinking water have been set by
numerous international organizations. 11 Bgl ~1 js the maximum contamination limit (MCL) for radon in drinking water .

In Malaysia Penang region Najeba F. Salih (2021) investigated the radon concentration in drinking water using both active
and passive methods (CR-39 & RAD7) and their results show that there is a strong and significant correlation found in both
active and passive techniques®). In their study, they estimated radon activity concentration in water samples by using both
active and passive methods (CR-39). In the passive method to establish equilibrium between the radium and radon the sample
is kept in a tube for about 60 days, which is a prolonged period of time (60 days) during this weighting period there is a possibility
of samples getting destructed even at the time of etching process or there might be chances of getting back diffusion of radon
even though the tube is airtight and care is taken. There is always a bit of risk involved in maintaining the samples for such a
long period. Hence, the passive method turns out to be a time-consuming and inconvenient method.

While the active method was implemented by many researchers. Biljana Vuckovivc’et al. (2022) in the north of Kosovo
region had investigated the radon in drinking water samples of north Kosovo using RAD7 and their results show that radon in
drinking water was found to be 12.4 + 2.0 Bq1~! ). In their study, the author studied only two types of water samples and the
geological formation predominantly consists of neogenic, sediments, and magmatic rocks.

Suresh et al. (2022) in Uttar Kannada, India investigated the radon concentration in different types of groundwater samples
in the Uttar Kannada district using the active method (Emanometry-Lucas cell method) and their result shows that the
radon concentration in groundwater samples is 26.23 & 0.65 Bgl~' ). The study area predominantly consists of Lithological
formations such as granites, metabasalt, and granitic gneiss. Hence Biljana Vuckovivc et al and Suresh S et al. observed different
results because radionuclide content varies with the type of rock system ). Therefore, the radon concentration in water samples
purely depends upon the local geology and geography of the study area. The present study area consists of Migmatite rock,
Granodiorites-Tonalitic gneiss, and Ultramafic Schist. Hence, one can expect variations in radon concentration.

In the present study measurement of activity concentration and annual effective dose of radon in groundwater was carried out
using emanometry technique (Lucas cell methods) because Mostafa et al. (2022) used RAD?7 for the measurement of radon in
water and observed measurements with RAD7 affected by various factors including the sampling method, sample size, counting
interval, temperature, relative humidity, and background ©). This causes errors in the measurement of radon concentration.
Hence, in the current study, we have used the Lucas cell method. The key component of the procedure is the washing of radon
from a large sample of water (0.75]) to a small volume of air (0.61), which results in a high radon concentration in the air and
gives a significant increase in measurement sensitivity compared to RAD7. Moreover, this method is a convenient, economical,
and efficient method, giving almost comparable results recommended by various international research organizations such as
UNSCEAR, USEPA, ICRP, EC, and WHO.

In view of this importance and to reduce the possible adverse health effects on human beings. The present study involves the
measurement of activity concentrations of radon in 44 water samples from 6 different water resources and the annual effective
dose of radon in groundwater samples for different age groups were also estimated. The purpose of the present study focuses on
the estimation of radon concentration in drinking water, inhalation, and ingestion dose to the public, to reduce possible health
risks, to take preventive measures, and also to provide baseline data for further epidemiological studies in future research work.

2 Methodology
2.1 The Study Area

Shankaraghatta region, which is hilly and rich in natural history, is located between 75°39’ 30” East longitude and 1345’
30” North latitude. It is the jewel of the Western Ghats because of its lush hills and high elevation. This area is abundant
in biodiversity and is home to numerous endemic species. The districts of Shivamogga and Chikkamagaluru in the state of
Karnataka are included in the study region. The region is covered in deep forests, and has steep, hilly Malnad in the west,
sparsely forested tablelands, and semi-malnad in the east. It also has several natural water sources, including the Bhadra River,
a major supply of portable water, as well as hand pumps and bore wells. The study area is comprised of lithology which includes
the rock formations made up of Migmatite rock, Granodiorites-Tonalitic gneiss, and Ultramafic Schist. These rock systems
contain radionuclides®. The three main types of soil that can be found in the study region are clay, red sandy clay loam, and
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habitat masks. Due to this reason, one can expect a higher concentration of radon in this region and in the underground water.
Moreover, the Shankaraghatta region in Badhravathi taluk has a population of around 13000 and this region is the hub for
higher education, it includes 3500 students 600 teaching and non-teaching staff®. This reason the study area is chosen because
of the importance of water and public health. Also, this study aims to estimate the inhalation and ingestion doses due to radon
in groundwater and to monitor the quality of drinking water from underground and surface water resources. The investigations
and collection of samples were carried out during the period of November 2022.
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Fig 1. Geological Map of measurement of radon concentration in drinking water samples in the environment of Shankaraghatta

Measurements are carried out using the portable Lucas cell with a programmable alpha counting system and a radon bubbler
chamber and it is discussed below.

Drinking water samples were collected from 44 distinct places in the Badhravathi taluk of Shivamogga district’s
Shankaraghatta and adjacent villages. The bore well, open well, hand pump, and public tap water samples are collected. Four
samples were obtained from each site to determine the repeatability of radon concentrations. Water samples were collected
(500ml) in an airtight plastic bottle. The plastic bottles were carefully packed to ensure that there was no air gap. Within 24
hours, all of the samples collected were analyzed. The emanometry technique was used to determine the concentration of 22Rn
in drinking water Figure 2%, Once when, all the water samples using the aforementioned conventional approach, samples
were transported to the laboratory, PSI-RBS-1model is specially designed for Radon Bubbler, which is made up of corning
glass with a leak-free sintered disc, airtight joints and PTFE bore-glass stop cocks”'?), Leak-free coupling for gassing and de-
gassing of samples as well as radon sampling to Lucas cells are provided. A radon bubbler is often used to measure the radon
concentration of liquid samples. Figure 3 shows the experimental setup of the Emanometry technique.
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Fig 2. An illustration of a Radon-bubbler

https://www.indjst.org/ 369


https://www.indjst.org/

Dongre et al. / Indian Journal of Science and Technology 2023;16(5):367-376

Fig 3. Experimental setup of Emanometry technique

In the bubbler, approximately 70 ml of the water is filled, and the dissolved radon in the water is transported to a Lucas
cell that had been pre-evacuated and counted for background counts. Radon is allowed to reach equilibrium with its daughter
products for about 3 hours in the Lucas cell.

Lucas Cell: It consists of cylindrical chamber, which is coated internally with ZnS (Ag), has a maximum wavelength of 4500A
with scintillating property. A photomultiplier tube detects the light signal created when an alpha particle collides with the ZnS
phosphor and converts it into an electrical count. It’s having a radius of 2.2 cm and an interior height of 7 cm. To sample or
evacuate radon, one end of it is attached to a Swagelok quick connecter, while the opposite window is sealed with transparent
glass to couple with a counting device.

Later it is connected to the PMT (photomultiplier) tube and an alpha counting assembly and counted for 17 minutes. The
formula used to calculate the radon concentration in the groundwater sample is given in equation (1) below 111,

6.97x 1072 x Cp
-1\ __
2220 (Bal ™) = S (1= e 0, 7@ M

Where: Cgis the total Counts above background, V is the volume of water (in L), E represents the Efficiency of the
Scintillation/Lucas cell (74%), A represents decay constant for radon (2.098 x 10 —6s71) , 6, is the delay time after sampling.
2.2 Estimation of Inhalation dose and Ingestion dose due to 222Rn in drinking water

The annual effective doses of radon in water for inhalation and ingestion were determined using the formula UNSCEAR (2000)
criterion, as given by

Ein (1Svy™") = Rew X Ray X Eq X Ajne X DCF )

Where: E;, represents the effective dose for inhalation,Rewrepresents the radon concentration in water
(Bql’lorkqu’3)7 Rawrepresents the radon in air to water ratio(10’4),Eq represents the equilibrium factor of radon and
its progenies (0.4), A, represents the average indoor occupancy time per individual (7000 ha'!), DCF represents the conver-
sion factor for radon exposure dose [9n Sv (Bghm—3)1].

The following formula is used to calculate the ingestion dose:

Ding =Rew xWe X Ep — — — — — 3 (3)

Where: D;,,— the effect dose for ingestion,Rcw represents the radon concentration levels in drinking water (Bgl™! ), We
represents estimated water consumptions (60 la™!), Eprepresents the effective ingestion dose (3.5 nSvBg~!).

TDing (‘uSvyfl) = RCW x DWC x CF X ET (4)

T Djn,Represents total effective dose, Rcw represents the radon concentration levels in drinking water (Bq! -1 ), DWC represents
daily water consumption Er exposure time. Table 2 provides the DWC for the public of various age groups, including
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infants, children, males, females, pregnant women, and lactating women, for use in determining doses from drinking water
consumption 10,10,

Effective Dose (1Svy™") = Typ x Dyy.Dipg (5)

Where: Ty represents the tissue weighting factor (Lungs, Stomach; Ty =0.12)

3 Result and Discussion

3.1 Radon concentration in the drinking water

Table 1 shows the average radon concentration of 44 drinking water samples collected from different locations of the
Shankaraghatta. The average values of radon concentration in drinking water samples vary from 1.414 0.25Bg [~ 'to
30.67+5.10Bq [, with an average value of 13.10 + 2.2 Bq [ ! The drinking water samples collected from groundwater sources
such as bore wells and hand pumps have shown higher radon concentrations among all the samples that are analyzed. This may
be due to its increased depth, which allows water to interact with a thicker aquifer, resulting in higher levels of radon in hand
pumps and bore wells 712,

The higher concentration of radon in the drinking water was found at locations such as the Farmland, Teacher’s Quarters,
Ladies hostel Lakkavalli Five Light Circle, Karkucchi road, Sogane and Ranganathpura. This may be due to the presence of a
granodiorite gneiss rock system (Figure 1). This region consists of the geology of quartz chlorite Schist with orthoquartzite which
consists of mineral composition, the depth of groundwater sources also plays a predominant role for higher concentration 71,
A granitoid is a 90 percent coarse-grained material. It has a quartz content of 20-60% and a plagioclase content of 65-90%. The
roughly analogous intrusive rock to rhyodacite is composed of coarse-grained plutonic rocks that contain quartz, plagioclase
(oligoclase or andesine), and minerals like subordinate potassium feldspar. Mafic components may also include biotite,
hornblende, or, less frequently, pyroxene.!®) The lower concentration is observed at B.R.P Gramapachayath, Singanamane
village bore wells, this may be due to the less depth of bore well. Migmatite and granodiorite dominate the research region.
These rocks contain quartz, clays, orthoclays, biotite, amphibol, hornblend, and silicate as their main minerals®. The mineral
makeup of feldspar and other minerals affects the radionuclides ). The lower concentration was found for surface water at
locations such as Gonibeedu, Channel, BRP Dam water, and Shanthinagara pond. This may be due to diffusion losses to the
atmosphere (1),

The maximum radon contamination limit (MRCL) in groundwater has been proposed by the US Environmental Protection
Agency to be 11.1 Bgl~! 19 Tt is clear from this that among all the samples 75 percent of bore wells and hand pumps contain
radon concentration values of more than 11.1 Bg[~'. The United Nations Scientific Committee on the Effects of Atomic
Radiation recommends a radon concentration in drinking water vary from 4 to 40 Bq [~ for human consumption 1), Tt is
clear from the data (Table 1) that all the water samples of the study area contained radon values of less than 40Bg [~ !. The
average measured radon concentration in drinking water samples of the Shankaraghatta region was found to be 13.10 Bg [,
which is higher compared to the US Environmental Protection Agency!® for public protection against radon exposure in
drinking water supplies, and lower compared to the WHO’s recommended radon in drinking water limit, which advises a 100
Bgq 1~ " action level for public water supplies!®), When these data are compared, it is clear that the major source of health risk
in the case of water is radon inhalation. Our average annual effective doses of 2.80 uSvy~! and 33.57uSvy~! from radon in
water owing to ingestion and inhalation respectively, which are marginally higher than average annual effective doses of 2 and
25uSvy~! due to ingestion and inhalation 1), The findings show that the total annual ingestion dose exposure from the water
samples was significantly below the WHO standard threshold of 100uSvy~!, indicating that the 2?2Rn dosages ingested by
water in the study locations does not pose any health risks.

When compared to radon gas inhalation, the radiation dosage from radon in drinking water is modest. Both of these radon
sources, however, should be treated with caution and should take appropriate precautions to reduce radon exposure through
drinking water. As a result, according to state legislation, any new supply of drinking water must undergo radon and another
radioactive testing before being utilized for public use ??.

Table 1. The average 222Rn concentration in 44 drinking water samples of different locations in Shankaraghatta region

SL. No Name of the Type of 222Rn Conn. Annual Effective Dose Equivalent Total Dose(uSvy =)
' Locations water (Bgl™ 1 Inhalation (a) Lung Ingestion (b)  Stomach Total
Source (atb)

Continued on next page
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Table 1 continued

10
11
12
13

14

15
16
17
18
19
20
21
22

23
24

25

26
27
28

29

30
31

32
33
34
35
36
37
38

39

Shankaraghatta
Kuvempu
University-1
Kuvempu
University-2
Teachers Quar-
ters

Ladies hostel
Kuvempu
Nagara
Tipperudrappa
layout
Kudremukh
Layout
Tavaraghatta-1
Tavaraghatta-2
Malenahalli-1
Malenahalli-2
Sompura Road-
1

Sompura Road-
2

Gonibeedu-1
Gonibeedu-2
Gonibeedu-3
Tammadi Halli
Farm Land
Junction-1
Junction-2
Umble  bailu
road
Ranganathpura
Lakkin Koppa -
1

Lakkin Koppa-
2

Kallihalu
Sogane
Shanthinagara-
1
Shanthinagara-
2

BRP
B.R.P.Grama
panchayath
Singanamane-1
Singanamane-2
Bhadra Dam -1
Bhadra Dam -2
Garage camp
Vadiyuru
Lakkavalli Five
Light Circle
Lakkavalli
Canara bank

ow
BW

™W

BW

BW
BW

BW

BW

BW
HP
BW
HP
HP

BW

HP
BW
CwW
HP
BW
BW
HP
HP

HP
BW

™

BW
BW
HP

PW

HP
BW

BW
HP
RwW
BKW
HP
HP
HP

HP

03.24 £ 0.50
17.94 £0.95

02.41 £ 1.29

28.21 £2.00

25.10 £ 0.50
09.37 £1.29

12.22 £2.57

14.08 4 0.95

10.06 £ 3.90
11.29 £ 2.89
10.24 £ 4.10
12.44 £2.76
14.67 £ 1.29

16.86 = 0.75

11.67 £3.30
13.29 £3.50
1.41 £0.25

12.29 £2.70
30.67 &+ 3.30
15.24 £5.10
16.45 £ 0.95
12.01 £2.20

23.08 £2.10
19.78 £ 4.25

1.80 £ 0.45

9.50 £ 1.50
2322 +£3.25
11.50 £ 3.10

1.57 £0.25

10.18 £ 2.80
8.06 + 1.57

8.89 +2.45
13.29 £3.50
1.57 £0.25
1.73 £0.57
10.19 £ 2.19
10.56 £ 1.81
28.37 £3.38

14.11 £ 4.30

08.05
45.07

06.08

71.00

63.20
23.78

30.79

35.60

25.41
28.41
25.79
31.25
37.05

42.51

29.41
33.63
03.57
31.10
77.30
38.19
41.50
30.27

58.32
49.92

04.60

23.93
58.57
28.87

04.06

25.61
20.54

22.42
33.52
04.06
04.24
25.73
26.60
71.61

35.48

1.00
5.41

0.73

8.50

7.60
2.85

3.69

4.27

3.05
3.41
3.10
3.75
4.45

5.10

3.53
4.04
0.43
3.73
9.30
4.58
4.98
3.63

7.00
5.99

0.55

2.87
7.03
3.46

0.50

3.07
2.46

2.69
4.02
0.49
0.51
3.09
3.19
8.59

4.26

0.67
3.76

0.51

5.90

5.30
1.98

2.57

2.97

2.12
2.37
2.15
2.60
3.09

3.54

2.45
2.80
0.30
2.59
6.40
3.18
3.46
2.59

4.86
4.16

0.38

1.99
4.88
241

0.33

2.13
1.71

1.87
2.79
0.34
0.35
2.14
2.22
5.97

2.96

0.10
0.50

0.10

0.70

0.59
0.24

0.31

0.36

0.25
0.30
0.30
0.31
0.40

0.43

0.30
0.30
0.04
0.31
0.80
0.38
0.41
0.30

0.58
0.50

0.03

0.24
0.59
0.29

0.04

0.26
0.21

0.22
0.34
0.04
0.04
0.26
0.27
0.72

0.35

08.72
48.82

06.59

77.50

68.50
25.76

33.35

38.57

27.52
30.78
27.94
33.85
40.13

46.05

31.86
36.43
03.86
33.69
83.80
41.37
44.96
32.80

63.18
54.08

04.98

25.93
63.45
31.28

04.31

27.75
22.25

24.29
36.31
04.40
04.60
27.88
28.81
77.58

38.44

Continued on next page
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Table 1 continued

40 Uppara beerana  HP 15.50 £ 2.85 39.01 4.68 3.25 0.39 42.26
Halli

41 Nellisara-1 BW 18.61 £ 3.75 46.86 5.62 391 0.47 50.77

42 Nellisara-2 HP 16.24 £3.25 40.73 4.89 3.39 0.41 44.12

43 KarkucchiRoad BW 23.29 £ 2.50 58.59 7.03 4.88 0.59 63.47

44 Someshwara ow 4.37 £1.57 11.18 1.34 0.93 0.11 12.111
temple
MAX 30.67 £5.10 77.30 9.30 6.40 0.80 83.80
MIN 1.41 +£0.25 3.57 0.43 0.30 0.03 3.86
AVG 13.10 4 2.20 33.54 4.03 2.80 0.34 36.35
GM 10.20 £ 1.70 26.27 3.16 2.19 0.27 28.45
SD 7.50 £ 1.30 18.88 2.26 1.57 0.19 20.49

(Note: OW=0Open Well; BW=Bore Well; HP = Hand Pump; TW= Tank Water; PW=Pond Water; RW=River Water= Channel water; BKW= Back Water)
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Fig 4. Radon Concentration v/s different locations

Figure 4 shows the variation of wide variation of ?2?Rn concentration in 44 different locations of the Shankaraghatta
forest environment. This might be because radionuclides like *¥U and ?2°Ra, which are present in soil and rocks in various
concentrations are present”). As a result, radon can easily pass through porous rocks that are beneath saturated underground
aquifers. The radon that is present in the soil and rocks may readily dissolve into the water when it comes from these pores and
be carried there with it 7). Various factors influence the radon concentration in water such as geology, the type of aquifer found
in those particular locations 1?). The higher radon concentration is indeed mostly due to the deeper wells and hand pumps. The
hand pumps and deeper bore wells enable more water to interact with the aquifer’s substantial thickness 1),

Figure 5 shows the variation of radon concentration in different sources of drinking water samples, the graph clearly shows
that the radon concentration from groundwater samples such as bore well, hand pumps, and open well has shown higher
concentrations than the surface water samples. This may be due to the fact that the depth of the bore well and hand pump,
greater the depth means it allows water to interact with the aquifers significantly, and also this may be due to the radionuclides
present in the soil and rock system 7"1%1218) But the radon concentration in the tap water (TP), backwater (BKW), and pond
(P) have shown lower radon concentration this may be due to dissolved radon being disrobed and later released along the
path water body source and the sample collection point. Also, surface water shows lower radon concentration (!, because of
variations in atmospheric temperature, moreover surface water is well exposed to the atmosphere therefore dissolved radon
gets easily discharged. Hence, lower concentrations can be found 19,
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Fig 6. Variation of Inhalation, Ingestion & Annual effective dose equivalent with different Alocations of Shankaraghatta

3.2 Annual effective dose equivalent

Figure 6 shows the variation of the total dose, inhalation, and ingestion dose with locations. The inhalation dose of the study area
varies from 3.57 Svy~'to 77.30 uSvy~! with an average of 33.54 uSvy~!. The ingestion dose received varies from 0.30 pSvy~!
to 6.40 uSvy~! with an average of 2.80uSvy~!. The quantity of radon reaching the lung varies from 0.43 pSvy~'to 9.30
wSvy~'with an average of 4.03 uSvy~!. The quantity of radon from these sources reaching the stomach varies from 0.03 to
0.80 with an average of 0.34 and the total annual effective dose rate due to both inhalation and ingestion varies from 3.86
to 83.80 uSvy~! with a mean of 36.35 uSvy~!, which is less than the100 uSvy~'of global average value as per the European
Commission (EC) and World Health Organization (WHO) (12.21,22) The estimated radon inhalation and ingestion doses from
water are higher than the recommendations ).

For people of various ages, the ingestion dose was calculated based on annual water intake in order to determine the potential
harmful effects of radon on health. Table 2 provides a summary of the calculated total annual ingestion doses to individuals in
various age groups. The fact that infants and children drink less water than adults may be the reason why the mean ingestion
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dose exposure to 222Rn in drinking water is significantly below the UNSCEAR and WHO recommended limit of 100(uSvy~!).
The average adult radon ingestion dosage exposures were a little bit higher than the UNSCEAR and WHO-recommended
limit 719),

Table 2. Annual effective dose equivalent estimated due to ingestion of radon in drinking water of different age groups

Life Age Group DWI(L/day) (Annual Effective Ingestion Dose(uSvy 1)
Stage Min Max GM Avg. SD
Infants 0-6months 0.7 3.45 75.14 24.99 32.10 18.38
7-12months 0.8 3.94 85.87 28.56 36.68 21.00
Children 1-3 1.3 6.41 139.54 46.41 59.61 34.13
4-12 1.7 8.38 182.48 60.69 77.95 44.63
Males 9-13 2.4 11.84 257.62 85.68 110.04 63.00
14-18 3.3 16.28 354.23 117.81 151.31 86.63
Adults 3.7 18.25 397.17 132.09 169.65 97.13
Females 9-13 2.1 10.36 22542 74.97 96.29 55.13
14-18 2.3 11.35 246.89 82.11 105.46 60.38
Adults 2.7 13.32 289.83 96.39 123.80 70.88
Pregnancy 17-18 3 14.80 322.03 107.10 137.55 78.75
19-50 3 14.80 322.03 107.10 137.55 78.75
Lactation 14-18 3.8 18.75 407.91 135.66 174.23 99.75
19-50 3.8 18.75 407.91 135.66 174.23 99.75

4 Conclusion

Airborne radon is a significant source of natural radiation. Because it dissolves quickly in water, it poses a risk of radiation
exposure. In places with granite deposits, high quantities of radon are found in the water. Water seeping through ore deposits
carries away Radon and Radium generated by the decay of Uranium found in Granite, and it ends up in well water. The radon
concentration in (**2Rn) all samples actually utilized by the residents of the study area is higher than the USEPA proposed
maximum contamination threshold of 11Bgl~!, according to previous study 19, It is clear from this study that 75 percent of
bore well and hand pump water samples contain radon values of more than 11Bg/~!. The entire study area’s annual effective dose
equivalent value is very much less than the safe limit of 100 uSvy~! "1222) The exposure to radon from drinking water will not
pose any health effects to the public of the study area. When compared to lung tissues exposed to airborne waterborne radon by
breathing, the annual effective dose equivalent absorbed by stomach walls through ingestion was much lower. Therefore, there
is no need for additional treatment because the water is fit for drinking. But the groundwater sources such as Borewell, and
Handpump which exceed the maximum contamination limit should be treated with granular activated carbon (GAC) filters
(which use activated carbon to remove the radon). Radon exposure has been linked to an increased risk of developing stomach
and lung cancer. Additionally, epidemiological studies must be conducted to determine the prevalence of stomach and lung
cancer in the research area and other locations of Shankaraghatta where the highest concentration is observed.
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Abstract

In this work, a time saving, and economical solution cast approach was ap-
plied to make solid polymer electrolyte films using hydroxypropyl methylcellulose
and sodium bromide. A range of techniques was used to characterize the films,
such as Ultraviolet—Visible (UV-Vis) spectroscopy and X-ray diffraction (XRD).
The optical factors like refractive index (n), dielectric properties including real
and imaginary parts (¥t and #2), optical conductivity and extinction coeflicient
were investigated. The absorption edge e} was relocated with increase of salt to
a province of lower photonic energy. This caused the rapid decrease of direct and
indirect optical bandwidth gaps from 5.59 to 2.57 ¢V and 4.61 to 2.44 ¢V. The
optical dielectric loss approach was successfully adopted as a stand-in method for
determining the optical band gap. The optical dielectric constant variation with
change in optical band gap verified Penn’s model. The XRD spectra was used to
examine the structural variation, the extent of interaction was evidenced by the
relatively wide amorphous phase of the hydroxypropyl methylcellulose (HPMC)
polymer with an increase of the NaBr salt. Finally, Tauc’s approach was used to
specify different kinds of electrical transitions within the polymer matrix. The
solid polymer electrolyte with an expanded amorphous percentage is key factor
for application in optoelectronic devices.

Keywords
Solid polymer electrolyte, Optical band gap, Penn’s model, Optical dielectric

function, Dielectric loss method

Introduction

Nowadays energy conversion and storage devices generally use solid poly-
mer electrolytes (SPEs). Because they are environmentally friendly, leakage-free,
combustion-free, flexible, lightweight, solvent-free, forms films, and importantly
it has good ion transport property compared to the liquid ionic solution [1-3].
Moreover, these SPE qualities may be tailored to any desired shape, making them
appropriate for mass manufacture. The first SPE was reported based on poly (eth-
ylene oxide) complexed with alkali metal salts in the year 1973 by Fenton et al.
[4]. Later, Vashishta et al. [5] showed that ionic conductivity of such complexa-
tions could reach 10~ S/cm under room temperature, this promised the develop-
ment SPEs. Later, a number of studies took place on SPEs showing good results
on optical and conductivity parameters. The easy processing and low-cost produc-
tion of polymer-based optical communications are attracting more attention than
silica-based optical materials [6, 7]. Previous research has shown that functional
materials and biopolymer composites with appropriate optical band gaps are ideal
for optoelectronic devices and organic light-emitting diodes [8-12]. However,
one of the most difficult jobs for photovoltaic and optoelectronic applications is
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establishing a suitable band gap material [13]. The majority
of conjugated polymers are reported to be narrow-band gap
polymers. However, conjugated polymers have some disadvan-
tages, such as poor performance and rapid decomposition [14,
15]. Instead, polar polymers such as cellulose and chitosan are
relatively inexpensive with good film-forming and long-life
properties. The current study used HPMC as a host polymer.
Because of its distinct advantages over other cellulose-based
polymers. It is thermally stable and forms stable thin films,
making it the preferred host polymer. It is frequently used in
the biomedical and pharmaceutical fields since it is environ-
mentally safe and non-toxic. In addition to this, nowadays
HPMC is used in various industries because it is water soluble
and dissolves a variety of metal salts [16, 17]. Here the dop-
ant used is Sodium bromide because recently sodium-based
solid polymer electrolytes are attracting more attention than
lithium. Because sodium ion is readily available, economic and
more moisture resistant than lithium [18-21]. However, the
energy density of sodium would not exceed that of lithium,
but this is not a significant concern in the sphere of large-scale
production, where operating costs and durability are the most
essential factors [22, 23].

The optical spectrum is a valuable resource for under-
standing band structure and optical parameters of polymers
[6]. In this work, we incorporated NaBr into an HPMC poly-
mer in order to achieve the desired optical properties. In this
report, it is shown that the amorphous segment of HPMC
improved, and the optical band gap energy decreased. The
solution cast methodology and small optical energy gap show
the significance of the current study.

Materials and Methods

The solution cast method was used to make HPMC-based
polymer electrolytes. All analytic grade NaBr and HPMC
chemicals were furnished from Sigma Aldrich. The pure film
was prepared by mixing 3 gm of HPMC powder in 100 ml of
triple distilled water (3 wt%) and stirring the liquid for many
hours at room temperature with a magnetic stirrer until the
HPMC is completely dissolved. Furthermore, NaBr with a
suitable weight percentage ratio (0.2 wt%, 0.4 wt%, and 0.8
wt%) was added to each generated 3 wt% (100 ml) of HPMC
polymeric solution for 10 - 12 h under constant stirring. After
that, solutions were put in a flattened glass slab/petri dish and
allowed to evaporate for 5 days. Finally, the film samples were
maintained in desiccators for further study.

Following film preparation, samples were tested by XRD
and UV-Vis spectroscopy. The structural analysis of the pro-
duced polymer film was performed using the Rigaku Mini-
flex-1I X-ray diffractometer with Ni filtered, CuKa radiation (A
= 1.540 A). A double-beam UV-Vis spectrometer was used to
evaluate the optical characteristics of all samples (Lambda 35).

Results and Discussion

Absorption and transmittance study

'The addition of NaBr profoundly affected the polymer’s
optical response. Figure 1 shows absorbance spectra between

200 and 800 nm. The methyl groups n-n* transition might
be responsible for the 270 nm absorption band [24-26]. This
band is shifted to a higher wavelength and an increase of ab-
sorbance takes place with salt concentration due to intermo-
lecular stacking. The intensity of absorption is determined by
the number of absorbing molecules. This is in agreement with

previous studies and findings [27-30].

Figure 2 shows a transmittance plot. In the visible range,
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Figure 1: Absorbance spectrum for pure and doped samples.
)

pure HPMC exhibits accountable transparency of around
90%. HPMC is a transparent polymer [31]. However, increas-
ing the salt content reduces transparency due to changes in the
refractive index. This occurs as a result of scattering within the
doped layers, which alters the refractive index [32]. However,
maintaining the transparency of doped films is challenging.
Significantly, the visible range transparency of the doped sam-
ples was observed to be greater than 70%.

Refractive index analysis (n)
- N

Tranamitiance (%)

200 a0 §ein B

Wawnlangth (nmi]

Figure 2: Transmittance spectrum of pure and doped samples.

.

The optical refractive index (n) of the medium, is one of
the crucial parameters that can be obtained by equation (1)
[33]. Figure 3 illustrates the proper dispersion behaviour, as

NanoWorld Journal | Volume 9 Issue 1,2023



Modification of Optical Parameters of Solid Polymer Electrolyte Films for
Optoelectronic Device Applications

Kumar and Sannappa.

the wavelength rises, the refractive index falls [34]. This dis-

persion behavior is key for the design of optical systems [32].
In the visible zone, n is non-dispersive and does not equal zero.

'This alteration in the n value is proof that interactions between
photons and electrons are taking place in the films.

1 1

n=rS + Ts—1

(6))

Where, T| is the percentage transmission coefficient.

The absorption coeflicient (a) is obtained by the equation
) [35].

1 1 303 A
a=3ln)_— (2)
Where, d denotes film thickness, A denotes absorbance,
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Figure 3: Refractive index (n) vs wavelength plot for pure and doped samples.
& )

and T denotes transmittance.

'The absorption edge obtained from the absorption coeff:
cient is used to classify the material [30]. The absorption edg
is obtained by extrapolating the linear segment of the curves
to zero absorption (a = 0). The pure film absorption edge (Ee)
was 4.84 eV; however, it was reduced to 2.53 €V for 0.8 wt%
NaBr films (shown in Table 1). The increase in intermolecular
stacking and intramolecular charge transfer is responsible for
the substantial change in the absorption edge in doped films

[17].
Band gap study

The Tauc and Davis-Mott equation (3) [36] was used to
assess the band gap of the samples.

o= ﬂ.l:h\? - E;:Ir (3)

Where, E_is optical energy bandgap, r is the exponent
factor takes the values of ¥, 2, 3/2 and 3 for direct and indirect
allowed and forbidden electron excitations, respectively [37]
(Figure 4).

( N
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Energy b [2V)

Figure 4: Absorption coeflicient (&) vs photon energy of pure and doped
samples.
o

)

The fluctuation of (V)™ and (V)36 5 function of the
photon energy (h“) at ambient temperature is shown in figures
5 and 6, respectively. The linear area of curves may be connect-
ed to the shifts between the valence and conduction bands via
the direct energy band gap (E,) and indirect energy band gap
(E, ) transitions [38]. These values are calculated by extrapolat-
ing the linear section to zero absorption are shown in Table 1.
‘The values E, and E_, fell from 5.59 to 2.57 ¢V and 4.61 to
2.44 ¢V, respectively. This illustrates that when the salt level
increases, the samples become more semiconducting [39]. This
would be due to an increase in the valence and conduction band
shift. Furthermore, the existence of unsaturated defects en-
hances the density of localized states in the band gap, result-
ing in a decrease in the optical energy gap [40, 41].

Extinction coefficient (K)

The extinction coeflicient (K) is the amount of light that is
lost due to scattering and absorption per unit distance of pene-
trating medium. The increase in extinction coeflicient with in-
creasing photon energy shown in Figure 7 indicates that a frac-
tion of light is reduced due to scattering and absorption increases.
This is because absorption decreases at lower energy when the

Table 1: Absorption edge, direct bandgap, indirect bandgap, and estimated band gap at room temperature.
S1. No. HPMC/NaBr Absorption edge Direct bandgap Indirect bandgap
wt% (E«) eV (Ed) eV (Eiud) eV
1. Pure HPMC 4.84 5.59 4.61
2. 0.2 4.28 3.72 4.25
3. 0.4 2.75 3.44 2.64
4. 0.8 2.53 2.57 2.44

NanoWorld Journal | Volume 9 Issue 1,2023

10


Dell
Highlight

Dell
Sticky Note
The absorption edge is obtained by extrapolating the linear segment of the Figure 4 curves to zero absorption (α = 0). 

Dell
Highlight

Dell
Sticky Note
Remove Figure 4 word

Dell
Highlight

Dell
Sticky Note
Please format formula correctly

Dell
Highlight

Dell
Sticky Note
Please format formula correctly


Modification of Optical Parameters of Solid Polymer Electrolyte Films for
Optoelectronic Device Applications

Kumar and Sannappa.

Enengy b 2|

Figure 5: (o) photon energy (hv) of pure and doped samples.
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Optical dielectric function (&¥)

The dielectric  function is highly dependent
on the band structure of the material. The dielectric function is
essential; the real component (¥1) of the dielectric finction re-
lates to an electronic part, and the imaginary part (¥2) pertains
to the optical absorptions of the materials and has a direct
correlation to the valence and conduction band [43]. Figure 8
depicts an optical dielectric constant (¥1) vs. wavelength graph,
with the vertex of the curve shifting towards the higher wave-
length as salt content increases. The well-known Penn’s model
[44] is validated by the greatest value of the optical dielec-
tric constant (¥1) for the smallest optical band gap. Figure 9

depicts the optical dielectric loss as a function of photon
energy. The absorption edge was shown to be reallocated to
lower photon energy in doped films. It has been found that
the dielectric loss absorption edge should be fairly comparable
to Tauc’s relation anticipated values [45]. Table 1 displays the
band gap values computed using both methodologies (optical

Disictric Joss i« |

Enrgy P (ayl

Figure 9: Optical dielectric loss (E2! vs photon energy (hv) of pure and
doped samples.
&

>

dielectric loss and Tauc). Previous studies already have shown
that Tauc’s and optical dielectric loss models can be used to fix
the mode of electronic transition and band gap respectively
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[46, 47].

'The real and imaginary components of the dielectric func-
tion can be calculated by equation (5) and (6)

g_n’ —K? (5)
==K ©
Optical conductivity (copt)

One of the most important parameters that affect a mate-
rial’s optical properties is its optical conductivity O, It is used
to highlight the material’s allowable interband optical transi-
tions. The relationship between optical conductivity and pho-
ton energy is displayed in Figure 10. Optical conductivity im-
proves with photon energy. The rise in absorption coefficient
is accountable for the excitation of carriers from the valence to
the conduction band.

The optical conductivity (Gopt) is given by equation (7)
[48].

__ Gnc
T ()

Where, o is the absorption coeflicient, n is the refrac-
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Figure 10: Optical conductivity vs photon energy (hv) of pure and doped
samples.
. /

tive index and c is the velocity of light.

XRD study

The XRD patterns of pure HPMC I ows only two dis-
tinct peaks at 8” and 21° (Figure 10). '/ng et al. reported
comparable findings. who had created a hydrogel using chi-
tosan, HPMC, and glycerol [49]. They also observed only two
peaks at 7.9° and 20.3°. The intensity of the first peak almost
vanished with salt concentration but the second broad peak
broadened with the salt concentration this shows the decrease
of the crystalline portion and increase of the amorphous por-
tion which causes the reduction of the optical band gap. Sim-
ilar outcomes were obtained by Nofal et al. who had prepared
Co*-polyphenol with polyvinyl alcohol polymer to get desired
optical parameters [50].

Inberety [&.u)

[ 0 18 20 28 b -
207
Figure 11: XRD of pure and doped samples.
N\ J
Conclusion

'The narrow bandgap solid polymer electrolyte films were
successfully prepared by the solution casting method. The op-
tical characteristics of the samples have been characterized.
'The optical absorption edge and optical energy gaps (indirect
and direct) exhibit a significant decline as dopant salt con-
centration increases. On doping, these values moved to lower
energies. This suggests that the doped HPMC films become
semiconducting nature. This is owing to the significant popu-
lation of carriers in the valence and conduction bands, which
promotes carrier-carrier interaction and shifts the valence and
conduction band. Also, the existence of unsaturated defects
also aids in a reduction in the optical band gap. The optical
band gap was precisely measured using the optical dielectric
loss graph, and the nature of electronic transition was estab-
lished using Tauc’s method. The results of the highest optical
dielectric constant for the shortest optical band gap obeyed
Penn’s model. The XRD measurements confirm the semicrys-
talline phase of HPMC and the amorphous area expanded
with dopant concentration, which narrows the optical band-
gap. The observed narrow bandgap demonstrates its potential
for optoelectronic devices.
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Abstract: This study reports the solid polymer electrolyte films of hydroxypropyl methylcellulose
(HPMC) doped with different sodium bromide (NaBr) salt concentrations. The test samples were
prepared using the solution cast method, and their structural characterization was done using XRD,
SEM, and FTIR. Sharp crystalline peaks of pure NaBr sat disappeared completely in al the
HPMC:NaBr polymer electrolyte systems revealing the reduced crystallinity, which greatly influences
the dielectric and conductivity of the polymer electrolytes. Fourier transform infrared spectral (FTIR)
reports subjected to vibrational changes that appeared due to the result of dopant salt in the host
polymer. The sampleswere analyzed using a pc-based impedance analyzer (Wayne Kerr 6510B) in the
frequency scale of 50 Hz to 1 MHz. Asthe frequency increases, the constant dielectric declines, and the
AC dlectrical conductivity rises. The AC conductivity curves in the high-frequency area follow the
Jonscher Power Law. The electrolyte's non-Debye behavior was supported by its relaxation time and
dielectric property. According to the reported polymer el ectrolyte systems, the distribution of relaxation
timeisinfluenced by the presence of conducting ionsin an amorphousformation. All assessed outcomes
of these polymer electrolytes are assuring their use for electrochemical cell drives.

Keywords: solid polymer electrolyte; dielectric constant; ac conductivity; impedance anaysis.

© 2022 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Supercapacitors (SCs), fuel cells, batteries, and other energy conversion and storage
technologies primarily employ solid polymer e ectrolytes (SPES) [1-4]. SPEs are composed of
dissolved salts in high molecular mass polymer matrices. Compared to other liquid ionic
solutions, the ionic-conducting phase of SPEs has a better transport property. Additionaly,
they areflexible, light inweight, relatively high inionic conductivity, solvent-free, and capable
of forming films. Likewise, they are risk-free and also leakage free. In 1973, poly(ethylene
oxide) (PEO) that had been combined with alkali metal salts was the first ion-conducting
polymer to be reported [5]. J Koliyoor et al. studied Magnesium ion-doped methyl cellulose
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electrolyte system and found the highest ionic conductivity of 1.02 x 107 S/cm at room
temperature for 25 wt% Mg [6]. Bashir A.A. et al. reported the highest conductivity of 5.30 x
10“ S/lem for Poly (vinyl alcohol) (PVA) and cellulose acetate (CA) in 80:20 with 20 wt%
potassium carbonate [7]. N. M. Khan et al. reported AL-NH4CI BE's highest ionic conductivity
of 3.18X10°® S/cm for an NH4Cl content of 8 wt%. However, when plasticized with 4 wt% of
EC, an increased optimum value of 1.46X10° S/cm was obtained [8]. Maheshwari et al.
reported a maximum conductivity of 1.66X 10 S/cm at room temperature for the composition
700 MQpextran: 300 mMgPV A:450 mgNH4NO3[9]. Theion transport property depends on various
factors, including a degree of ion aggregation, salt concentration, degree of salt dissociation,
polymer chain mobility, etc. Even though the SPEs have good conductivity, the analysis of
dielectric studies gives additional information for understanding ion transport actions and
getting data on molecular/ionic interface in polymer eectrolytes [10]

In contrast to other cellulose derivatives (carboxymethylcellulose, hydroxyethyl
cellulose (HEC), and methylcellulose (MC)), HPMC is more thermally stable, making it the
preferred host polymer. It is widely utilized in the textile, biomedical, and pharmaceutical
industries because it is biodegradable and non-toxic [11-13]. According to earlier research,
HPMC can dissolve various metal salts and produce thin films with exceptional stability
[12,13]. Compared to other inorganic salts, the benefit of using sodium metal particlesistheir
abundance and accessibility at alow cost [14-18]. The inorganic compound sodium bromide
(NaBr) is a white crystalline solid with a high melting point. It is a widely used source of
bromide ions in pharmaceutical preparations [19]. As a result, the sodium-ion battery has
gained popularity as the next-generation secondary battery because it is much less expensive
than a lithium-ion battery. Several research findings have found that Na™ ions bring better or
comparable ionic conductivity to Li* ions in the same primary host source [20-21]. This
presented a chance to develop a battery using Na" ions instead of lithium. NaBr does have
narrow lattice energy of 747 kJ/mol, that's a little less than NaCl (786 kJ/mol) because Br (182
pm) is larger than Cl (167 pm) [22]. The lattice energy of salts and the crystalline percentage
of sodium salts used in PEs can significantly impact the synthesized electrolyte's conductivity.
As a result, this study looks into the effect of NaBr salt on the dielectric and electrical
conductivity properties of HPM C-based solid polymer electrolytes.

2. Materialsand M ethods

The eectrolyte film samples are prepared by the standard casting method. The samples
in pure form are purchased from Sigma-Aldrich. Here water is used as a base solvent, and
different percentages of samples are prepared. Initially, the pure film is prepared by adding 3
grams of HPMC in 100 ml double distilled water, and it islet to stir for 24 hours. The prepared
solution is poured into the glass slab (14x14 cm), and it isdried for 7-10 days. Finally, the film
samples are peeled from the glass slab and kept in the desiccators to avoid moisture.

Similarly, different percentages of salt are added to the pure solution. Experiments like
XRD, FTIR, and SEM assessed the synthesized pure HPMC and doped HPMC polymer
electrolyte films. These samples dielectric and AC conductivity were measured using a PC-
based impedance analyzer at frequencies from 50 Hz to 1 MHz (Wayne Kerr 6510B).
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3. Results and Discussion
3.1. Structural study.

Our previous paper described the structural evaluation of the prepared polymer
electrolyte films. According to Figure 1, the Virgin HPMC film showed a pronounced peak
that occurred at 22.17°, revealing the semi-crystalline character of HPMC, and this broad peak
disappeared in the NaBr salted HPMC films. The crystallinity decreased with salt content in
doped films, indicating a decrease in intermol ecular interaction (crystalline phase) [23].
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Figure 1. XRD Spectrum of pure and NaBr doped samples [23].

3.2. FTIR studies.

In our earlier paper, we reported on the evaluation of the IR spectra of the prepared
composite film samples.
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Figure 2. FTIR Spectrum of pure and NaBr doped samples[23].
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The effect of the dopant on the vibration modes was observed in the IR spectra as a
decrease in intensities, a widening of the bands, and repositioning of the bands to shorter
wavenumbers. All of these variations in the FTIR spectra are dependable signs of polymers-
ion complexes. The OH groups are vital for ensuring the crystalline packing of the polymer
[24]. The large shift and variation in the OH group'sintensity in complex films causes a break
of the crystalline phase and simultaneously increases amorphous content [23].

3.3. SEM studies.
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Figure 3. SEM Spectrum of pure and NaBr doped samples[20].
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The SEM results of the ready composite film sample were reported in our earlier paper.
Pure HPM C film can show plane morphology [12]. The complex film samples display varying
degrees of roughness, which shows the dopant has segmented in the host polymer matrix and
broken up its crystalline phase [23].

3.4. Conductivity and dielectric studies.

3.4.1. Room temperature study of complex impedance spectroscopy analysis.

The following equation 1 [25] gives the complex impedance (z*) based on impedance
modulus (Z' and Z").

Z*=7' +iz" (1)

where Z' represents the real part of the impedance modulus and Z" represents the imaginary part, as
given by equations 2 and 3

P 1 " 2
- 2nfC, "% 4 g'?

" 1 &' (3)
Z" = 12 12
2nfCyle"* + ¢
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where Co is the vacuum capacitance, and f is the frequency. The €' and €" are real and
imaginary parts of dielectric permittivity, respectively.
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Figure 4. (a) Plot of Complex impedance Nyquist. (b) electrical equivalent circuit for pure and doped
electrolyte samples at room temperature.

Figure 4 (a) showsthe complex impedance plots of Z* (known as Nyquist plot) at room
temperature for pure and doped samples. The complex impedance Figure 4a shows an inclined
spike which shows the interaction of two blocking electrodes, which triggers the formation of
double-layer capacitance of HPMC:NaBr film [26-28]. Figure 4 (b) displays the experimental
data fitted plots that were developed using an equivalent circuit consisting of a resistance R,
(grain resistance R, ) in series with a fixed phase impedance (Z.pg) and resistance R, (grain

boundary resistance R,,) in pardlel. The analogous composition is of the form
(R1 + (RZ/ ZcpE)>' Table 1 displays the values of al fitted parameters. From the plots, it is

clear that the R, value declineswith increasing NaBr salt. All samplesdisplay a high-frequency
semi-circle arc that is connected to the bulk conduction process [26,27].

The assessment of Argand sketches with a complete semi-circular arc on the real
impedance (Z') axis discloses that relaxation time varies for charge carriers [28]. From Table
1, the Ry value declines with the rise of NaBr concentration and achieves the lowest value
(1.607X10” Q) for HPMC/NaBr 0.7 wt % sample. Hence, 0.7 wt % NaBr content composite
polymer electrolyte has a significant ionic conductivity. The density and mobility of charge
carriers both contribute to the variation in the ionic conductivity of electrolyte samples [29].

3.4.2. Dielectric analysis.

A detailed study of the dielectric constant is required to design and advance electrical
and electronic components. It exposes more knowledge about the polymer's physical and
chemical state. When contrasted to ceramic materials, it is possible to create polymers with
good dielectric constantsand small dielectric losses[30]. Figure 5 depictsthe room temperature
dielectric constant (real part €') and Log (f) plots for pure and doped electrolyte systems for
frequencies stretching from 100 Hz to 1 MHz.
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Figure5. Variation of Dielectric constant (&") with frequency.

The relationship used to calcul ate the dielectric constant is given by equation 4

cd (4)
€ A
where 'C' stands for equivalent capacitance, 'd' for sample thickness, €,' for free-space
permittivity, and "A" for sample area.

Figure 5 plots clearly show that the dielectric constant falls as frequency rises. NaBr
salt has a noticeable impact on the dielectric constant at room temperature, resulting in an
increase in total charge carriers, dielectric constant, and ionic conductivity. The outcome
displays that the host polymer electrolyte complexed with 0.7 wt % NaBr salt reports a high
dielectric constant and shows the maximum ionic conductivity. The increase in the dielectric
constant at short frequencies is caused by the space charge polarization at the electrode-
electrolyte junction. This charge growth displays relaxation behavior resembling dipolar
relaxation [31]. Due to the presence of space charge polarisation at the electrode-electrolyte
junction, there is a high dielectric constant at low frequencies. This shows that the applied
electricfield periodically reversesthat no longer be followed by the dipoles[32,33]. Asaresult,
as the frequency rises, the charge carriers contribution to polarisation also declines, which
resultsin a continuous decline in the ¢'- values.

4

3.4.3. AC dectrical conductivity.

The scaling of dielectric properties with frequency under conditions of alternating
current (AC) isgiven by Power law equation 5.

o(w) = o4 + Aw® (5)
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Here, Aw® isthe only dispersive AC conductivity factor that appears in the power law
form of angular frequency (o), and s is the power element (0 <s < 1), denotes how well mobile
ions interface with the lattices surrounding those. A is a constant that determines the strength
of polarizability. Exponent factor s 6(®) is the total conductivity, and o4c isthe DC conductivity
of the sample. Table 1 shows the room temperature assessment of parameters attained from
JPL fit (Equation 7) with the experiment records of electrolyte samples. Figure 6 displays that
the AC conductivity at room temperature rises with frequency and reaches a maximum for the
highest doped electrolyte of 0.7 wt % HPMC-NaBr. The frequency-dependent electrical
conductivity of polymer-electrolyte obeys Jonscher Power Law (JPL) [34-36]. The JPL fitting
and the experimental values match each other well. The plateau region in the low frequency
relates to o,4.. The conductivity in the large-frequency province obeys Aw®. Jonscher claims
that the cause of the frequency dependency of conductivity is the cause of mobile charge
carriers payable to the relaxation existences of the ionic atmosphere. In the host polymer
matrix, ions jump from one vacant site to an adjacent vacant site, contributing to DC
conductivity at lower frequencies. Thiseffectiveion hopping occursat a shorter frequency than
the hopping frequency. The figure shows higher frequencies exhibit more dispersive
conductivity due to the ions backward and forward hopping motion [37].

1.0x10°
—=&— Pure HPMC
—e— 0.1 Wt% NaBr
8.0x10°4 | —&— 0.3 Wt% NaBr
—v— 0.7 Wt% NaBr
T
i 6.0x10° |
o
2>
> 4.0x10°
k3]
=]
©
c
Q -6
O 2.0x10°
0.0
T ) -

10° 10° 10* 10° 10°
Frequency (Hz)
Figure 6. Variation of AC conductivity versus frequency.

Table 1. Variation of Grain resistance, capacitance, relaxation time, ac conductivity, and dc conductivity with
salt concentration at room temperature.

Parameters PureHPMC 0.1 wt% NaBr 0.3wt% NaBr 0.7 wt% NaBr
R, (k) 6.4325X 10° 5.314X108 1.255X108 1.607X107
CF 8.348X1012 1.632X1011 1.927X1011 2.645X1011
T(8) 1.591X103 1.427X103 1.279X103 3.45X10*
6 (S/cm) 1.87005X106 5.60342X10-6 7.8932X 106 1.23638X10°
S 1.01374 0.86887 0.69948 0.51776
o (dc) 1.5019X 1010 1.629X10° 1.1154X108 1.094X107
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3.4.4. Complex electrical modulus analysis at room temperature.
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Figure 7. (a) Normalized plot of M"/M" ma versuslog (f/fma); (D) Variation of relaxation time with dopant
concentration.

Theoretically, the complex electrical modulusis derived from the complex permittivity
M™ using equation 6 [38].

M*=M' +iM" (6)

Thereal M' and imaginary M" parts of the dielectric modulus can be calculated from €' and €" using
equation 7 and 8 asfollows:

e (7)

M’ = L’2+£”2J
M ] ®)

g +e
The relaxation time can be calculated from the peak position of M" using equation 9:
_ ©
T =
anmax

where fmax IS the frequency corresponding to the maximum peak position of the plot.

From Figure 7 (a), all samples curve peaks overlap, suggesting the relaxation shows
the same mechanism. The peak shifts slightly towards a higher frequency as the dopant salt
concentration increases, indicating a decrease in relaxation time and resulting in maximum
ionic conductivity. The spread of relaxation and non-Debye-type behavior in these eectrolyte
film samplesis confirmed by the asymmetric broadening of the peak [39]. Figure 7 (b) shows
the room temperature variation of relaxation time. The relaxation time decreases with the
dopant. The lowest relaxation time was observed in the highest wt% film sample.

4. Conclusions

The chemica and physical parameters of polymer electrolytes are dependent on the
degree of crystallinity. XRD and FTIR characteri zations confirmed the complexation of salt in
the host polymer. The structural results showed a significant decrease in crystallinity in the
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host polymer with salt concentration because additional salt prevents polymer chains from
crystallizing. SEM images of composite films show more degree of roughness compared to the
host polymer. The intensity variation and shift in the band were observed through functional
studies, which signifies the host polymer's interaction with NaBr. It has been found that
increasesin AC electrical conductivity depend on frequency. The AC conductivity plotsin the
high-frequency region show Jonscher's power law. The dielectric property and relaxation time
confirmed the non-Debye behavior of the electrolyte system. The distribution of relaxation
times is related to the presence of conducting ions in an amorphous structure of the reported
polymer el ectrolyte systems. The estimated outcomes strongly support the use of these polymer
electrolytesin electrochemical cell electronic applications.
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Abstract

The estimated mean value of activity of radionuclides (226Ra, 232Th, and 40K) in the forest environment of Shankaraghatta
are 11.52+1.6, 19.94 +2.08 and 164.67+3.2 Bq kg‘1 for soil, and for building materials 48.53 +1.99, 63.20+2.48 and
470.47 +6.59 Bq kg ™! respectively. The average indoor and outdoor Gamma Absorbed Dose rate and total Annual Effective
Dose rate are less than the global average values. The forest ecosystem influenced in reducing the natural ambient gamma
radiation levels. The constructions materials used for roads enhanced it. The entire measured hazard indices are far below
the criterion limit of unity except pink granite and ceramic tiles contains higher activity of radionuclides.

Keywords Activity of >*Ra 2**Th and *“°K - Gamma-radiation level - Forest ecosystem - Gamma-ray spectrometry - Hazard

indices

Introduction

Natural gamma (y)-radiation originated from the radionu-
clides (226Ra, 232Th, and 4OK) of uranium (238U, 235U), tho-
rium (**?Th) series and singly radionuclide potassium (*K),
which are occur at the trace level in the environment matri-
ces such as surface soil, rock, water and building materials.
Where *°K radioisotope is a single natural radionuclide that
makes up 0.0118% of total potassium in the earth crust [1].
About 80% of radiation coming from radionuclides present
in soil [2].The concentrations of these radionuclides present
in the soil of the earth differ from place to place since their
levels rely on the origins of the soil and the type of rocks in
the earth crust [1, 3, 4]. Soil is one of the most prominent
natural resource available on the earth surface, which con-
sists of minerals, organic components and radionuclides in
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varying quantities known as NORM’s (Naturally Occurring
Radioactive Materials) which in turn depend on nature of the
parent rock and soil [5]. The total radiation emitted by the
NORM’s is known as terrestrial background radiations [5].
Soil is one of the important natural resource and is the main
source of natural radionuclides formed by the weathering of
rocks in the environment. That is used for various purposes,
including building materials. In order to assess the activity
concentration of soil and building materials significantly,
it is important to measure the background radiation levels.
The cause of indoor and outdoor human exposure is mainly
due to natural radiation levels in the soil and its derivatives,
which inturn is the source of y-exposure and radon gases
[1, 3, 6, 7]. Exposure to such radionuclides will damage
tissue or organ, and causes various health effects. The long
term exposure to ionizing radiation has produced hereditary,
leukemia; cancer of different organs such as kidney, lungs,
stomach, bones, and the structure of DNA may be change
and causes some biological effects [4, 8—10]. Measure-
ment of natural radioactivity in soil and building material is
important to understand the behavior of natural ecosystem,
which also produces the information needed for assessment
of probable health risk [2, 3, 6, 11], and epidemiological
studies. This type of measurement increases the demands
for policy making to radiation protections. The radionu-
clides such as 238U, %2°Ra, 2%2Th, and “°K present in soil are
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distributed non uniformly, hence the understanding of their
distribution in soil is very important for radiation safety [5].

In view of this importance, the measurement of radio-
nuclides in the Shankaraghatta forest—ecosystem plays an
important role because of different geophysical and geo-
graphical conditions, and also the soil is covered by rich
vegetation and thick forest. Therefore the behavior of radio-
nuclides in this region plays a major role in plant uptakes.
The forest plays an important role in the epidural and tem-
poral distribution of radionuclides in this environment. The
radionuclides are absorbed into soil corresponds to organic
matter, clay carbonate Fe/Mn oxides and take part in bio-
geochemical process, therefore this distribution of radionu-
clides in soil is essential for many environmental studies
[12]. Due to this we are selected Shankaraghatta, which is
located on the bank of river Bhadra. The study area is sur-
rounded by both dense and partial forest ecosystem along
with agricultural lands. As per the existing literature survey,
there have been many radiological surveys to determine the
background radionuclides levels in soil samples and their
radiological hazards [13, 14]. However there are few data are
available for this type of study area. The aims and objectives
of the present study consists of measurement of distribu-
tion of radionuclides in soil and building materials by using
gamma ray spectrometry, measurement of ambient gamma
dose rate, annual effective dose, hazard indices and dose to
the public of this study area by using environmental radia-
tion survey meter. The data obtained by the experiment are
analyzed and explained in detail.

About the study area

The study area Shankaraghatta including Kuvempu Univer-
sity lies in between 75°39'30"” East longitude and 13°45'30"
North latitude is a hilly and a natural heritage site as shown
in Fig. la—c. The grassy hillocks and great altitude truly
make it the crowning jewel of the Western Ghats. Rich in
biodiversity, this region is home to many endemic species of
fauna. The jurisdiction of the Kuvempu University spreads
over the districts of Shivamogga and Chikkamagaluru. The
dense forest high hilly Malnad in the west and sparely for-
ested tablelands, semi-Malnad in the east. To understand the
distribution of radionuclides and external gamma radiation
level, the study area is divided into three zones depending
on the local geology and forest area covered. The first zone
is partially covered by thin forest area consists of 15 differ-
ent locations (Fig. 1a) and is comprises of Migmatite and
Granodiorite. The second is covered by thick forest area and
hillocks, it consists of 18 different locations and is attrib-
uted by Ultramafic Schist. The third zone is also covered
by hills and thick forest it consists of only one location and
is attributed by quartz, dolerite, schist and ortho quartzite.
The major soil forms found in the study area are Clay; brown

@ Springer

clay loamy, Red Sandy clay loam Habitation Mask [15] as
shown in Fig. 1b. The study area comprises of rock forma-
tions belongs Migmatite, Granodorites—Tonalitic gnesis and
Ultramafic Schist as shown in Fig. 1c.The University offers
under-graduate, post- graduate and Ph.D. programmes in a
wide range of disciplines. It has 35 Post-graduate Depart-
ments around 3500 students, 600 teaching and non teaching
workers. The University has its headquarters at Jnana Sahy-
adri campus. It sprawls over an area of 230 acres of a lush
green, picturesque locale providing the right ambience for
higher education and research programs. The main buildings
of the university have been constructed on small hillocks,
thus blending naturally with the landscape.

Materials and methods

The sample locations are chosen based on the preliminary
survey of background gamma radiation. Soil samples are
collected at random from various locations around the study
area. At one location 6-8 points each of area 0.5 m? are iden-
tified. Upper layer of the soil containing vegetative materials
and organic materials were removed. After the collection, all
samples were thoroughly mixed, with all noxious substances
like plants, detritus, hunks of stone, and pebbles eliminated
[16].

Sample preparation

To begin, initially about 2 kg soil collected from each loca-
tion, soil samples are collected over a 0.5 m* surface area,
and once plants and roots have been removed, a location
is marked. The marked spot was dug up to a depth of 15 c,
which was crushed into the finest powdered form possible
before being sieved through 500 pm (0.5 mm) to remove the
undesired particles. About 300 g of samples are subjected
to air dry for several days in order to remove the moisture
content in it. The cleansed and sieved samples then dried
in an electric oven at temperature of 110 °C for 12 h make
sure it has became moisture free and to achieve constant
weight, thus formed powdered samples transferred to plastic
containers and are stored in it, meanwhile care has taken that
it is air tightened and are sealed externally using adhesive
tapes. These homogenized samples were kept identical to
that of reference materials as to their geometrical shapes,
size and weight. Then kept aside for about a month (more
than 7 times the half-lives of 222Rn, and 224R:al) at room
temperature for to ensure that secular equilibrium has been
established between radium and its daughter products further
more; before being taken it to analysis using gamma ray
spectrometry [17-20]. Similarly about 2 kg of each building
materials samples such as cement, granite rocks, vitrified
tiles, marbles, bricks collected locally and are powdered by
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Fig. 1 a Natural ambi-

ent gamma radiation levels,
distribution of radionuclides in
soil and building materials in
environment of Shankaraghatta
(Zone-I). b Natural ambi-

ent gamma radiation levels,
distribution of radionuclides in
soil and building materials in
environment of Shankaraghatta
(Zone-11&III). ¢ Natural ambi-
ent gamma radiation levels,
distribution of radionuclides in
soil and building materials in
environment of Shankaraghatta
(Zone-11&11T)
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using hammer and crushers. About 300 g of samples col-
lected in polythene cover after that the same procedure is
used for the preparation of building material samples as for
soil.

Gamma-ray spectrometry

Gamma-ray Spectrometry provides a convenient, direct and
non-destructive analytical method utilizing for the estima-
tion of various gamma emitting radionuclides present in the
environmental samples. It provides two types of detectors
namely high efficiency scintillation detectors [Nal (T1)]
and high-resolution semiconductor detectors (HPGe detec-
tors). There are numerous methods used for the detection of
gamma emitting radionuclides in the environmental sam-
ples. However, the qualitative and quantitative gamma ray
spectroscopy is one of the powerful techniques available for
the non destructive estimation of samples in the environ-
ment matrix [21]. This techniques enables the use of large
quantities of sample to be counted and this method reduces
the extraneous background to very low values using suit-
able shielding arrangements and moreover due to its excel-
lent separation capabilities it gives us much of information
regarding all the radionuclides. Along with these features
appropriate software codes that have now become available
has made gamma spectroscopic technique one of the accu-
rate method for estimating the activity concentration in the
environmental samples and is cheaper when compared to
other new methods; mass spectroscopy. In the present study
3% 3 Nal (Tl) detector based gamma spectrometer was used
for the estimation of gamma emitting radionuclides in soil,
and building materials.

Calibration of gamma ray spectrometer system

In order to get an accurate measurement, it is must to cali-
brate the counting system with standard sources of the
same geometry and composition as the sample under test
measurement.

Basic requirements needed for calibration is as follows;

e The distance between detector and sample should be con-
stant for particular given calibration

e In order to avoid frequency of changing the standards,
the selected sources must be of longer half life

Energy calibration

To determine the energy of each channel and to ensure the
linearity exists between the energy and number of channel
corresponding to that energy calibration should be carried
out. The gamma spectrometry has been calibrated for a wide
range of energy up to 3 MeV in order to accommodate all the

@ Springer

natural radionuclides. The gamma energy emitter for '*’Cs
has 661.65 keV, for ®°Co is 1173.24 and 1332.46 keV and
2614.5 keV gamma energy emitter of RG-Th(IAEA thorium
standard) has been for the energy calibration purposes. The
sources are kept at a distance of 5 cm and the spectrum
was acquired for reasonable time so that photo peaks have
sufficient counts for analysis, the region of interest (ROI)
and centroid peak with channel number is identified. The
spectrum analyzer has got provision to fit the peak in order
to obtain the peak position in the channels. Energy of any
channel is determined by using relation

E = (m X Channel number) + b €))

where m—is the slope, b—is the intercept.
The energy calibration of the graph is as shown in Fig. 2a

Efficiency calibration

It is calibrated with the use of standard sources such as
RGU-I (Uranium), RGTh-I (Thorium) and RGK-I (Potas-
sium) produced from IAEA, these standard samples are
filled in container which is similar to that of sample’s
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Fig.2 a Energy Calibration graph of Nal(Tl) detector, b Efficiency
calibration curve graphs
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geometry. These samples were prepared as per the nor-
mal procedure and are kept for about month. The stand-
ard efficiency spectra were acquired for time period of
10,000 s, and the obtained spectrum is analysed for net
counts under the photo peaks of gamma energies of inter-
ests using G-spec software.

The efficiency of gamma ray energies of various radio-
nuclides can be determined with g use of following relation:

%) = N x 100 100
A" G

@

S a

where N-represents background counts per second of the
radionuclides, Ag-represents the activity of standard sources
(Bq), G,-represents the gamma abundance for particular
energy.

The efficiency of calibration graph is as shown in Fig. 2b.

Estimation of activity of radionuclides present
in soil and building materials

The activity of radionuclides of prepared samples was esti-
mated by using Gamma ray spectrometry method. To obtain
good statistics for activity of concentration of radionuclides
(226Ra, 232Th, and 40K) in soil and building materials GSPEC
software is used. The Procedure is followed to estimate the
activity.

To determine the activity of radionuclides, the formula
has given by following equation [22]. (IAEA/RCA, 1989.)

-1 100 _ 100 _ 1000

A(Bgkg )_(CiSD)XP_EXA_},XT 3)
where the notations ‘C’ is the Compton corrected back-
ground subtracted counts per second, SD-Standard deviation
due to counting, Pg-The detector's photo peak efficiency (%),
A,-The Gamma ray abundance (%), W-The sample's weight
(in grams).

Scintillometer (type SM 141D, ECIL)

The ECIL, Scintillometer, model SM 141D is used to meas-
ure gamma radiation levels in the environment. It's a radio-
metric, geophysical, and environmental reconnaissance
scintillometer that's tough, light, and portable. The radiation
levels are displayed on the 216 LCD modules with antiglare
and backlight facilities, which provide better visibility under
direct sunlight and even in low light conditions, thanks to the
microcontroller-based design and the large crystal volume.
The scintillometer was calibrated at regular intervals using
standard '*’Cs and ®°Co sources by ECIL (Electronics Cor-
poration of India limited) standards.

Ambient gamma radiation level

An ambient gamma radiation levels in the outdoor and
indoor atmosphere of the study area was measured with
the use of Scintillometer (Type SM 141D, ECIL). A thal-
lium-activated sodium iodide crystal is optically connected
to a photomultiplier as the detector. Every reading was
taken at a height of 1 m above the ground. At each place,
4-5 readings have been taken and with the use of fac-
tor of conversion (1 pR h™'=8.7 nGy h™!), exposure rate
(uR h™1) is converted into an absorbed dose rate (nGy h™")
[21, 23], and then it is converted into an equivalent effec-
tive dose rate using conversion factor 0.7 Sv y~! [11].

Estimation of radiological hazard indices

Soil and building materials such as granite rocks, bricks,
cement, sand, and tiles are utilised in the construction of
the buildings. As a result, determining the radiation hazard
level of these materials to mankind is essential. Radiation
dangers arise from inhalation and ingestion of radioac-
tive materials, which directly harm the living tissues and
respiratory organs. Using the measured specific activity
concentrations of radionuclides, the radiological hazard
associated with soil and various construction materials
were determined (226Ra, 232Th, and 40K). Various forms

of hazard indices have been defined previously [24-27].

The gamma index (lv)

The gamma index (Z,) is radiation risk assessment param-
eter is used for identifying safe materials for construc-
tion purposes. /, has been introduced to account for the
combined impact of 226Ra, 232Th, and *°K as radiological
hazard associated with soil and building material.

P Y
Y300 200 3000

“

where the notations Sg,, Stj,, and Sk are the activity con-
centrations of 2*°Ra, 2*’Th and “°K in Bq kg™' respec-
tively. Materials having [, <y <2 will make an increase
of 0.3 mSv y_1 in the annual effective dose rate, whereas
2 < <Iyy< <6 correspond to an increase of 1 mSv y~! [27,
28].

The alphaindex (/)

The radiation risk assessment parameter alpha index (/)
is defined by Righi and Bruzzi [29]. This parameter (/)
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gives us the excess of alpha radiation due to radon inhala-
tion which originated from soil and dwellings.

Ska

1, =
« = 300 &)

where S, is the specific activities of 226Ra in Bq kg™

Radium equivalent activity (Ra.,)

Primeval radionuclides plays prominent role in our envi-
ronment and they are not uniformly distributed, in order to
know the exposure rate; the total exposure rate is defined
in terms of Radium equivalent activity (Ra,y) in Bq kg™,
which in turn used to compare the specific activity of mate-
rials containing variable amounts of radionuclides (**°Ra,
232Th and “°K) [24, 26 and 28].

Ra, (Bqkg™") = Sg, + 1.43 + Spy, +0.077S¢ (6)

where the notations Sg,, S, and S stand in for activity con-
centrations of ?°Ra, 2*?Th, *°K in Bq kg~!, respectively.

External hazard index (H,,)

The index parameter external hazard index (H,,) has been
used to assess the indoor radiation dose due to the external
exposure of human beings to hazardous gamma radiation
from natural radionuclides. H,, is a radiation hazard index
defined by Beretka and Mathew [26]. As per the UNSCEAR
[24], the external hazard index (H.,) is calculated by using
the equation.

Spa S N
— 2Ra  OTh K

= — +—x<1
370 0 259 4810 T 7

where the notations Sg,, S, and Sk stand in for activity con-
centrations of 2*’Ra, 2*?Th, *°K in Bq kg~! respectively. H_,
Value must be less than unity to keep the radiation hazard
insignificant [30]. The maximum value of H,, equal to unity
corresponds to the upper limit of Ra,, (370 Bq kg™h.

Internal hazard index (H,,)

Internal organs exposure to carcinogenic radon and its short-
lived progenies are estimated by the use of internal hazard
index (H,,) parameter. The internal hazard index is also
hazardous to the respiratory organs, which is given by the
equation [26].

Sra | Sth Sk

185 * 259 * 4810 —

®)

where the notations Sg,, Sty,, and Sk stand in for the activ-
ity concentrations of *?°Ra, **Th and “°K in Bq kg™,
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respectively. The safe use of a material in the construction
of dwellings, H;, should be less than unity [31].

Indoor and outdoor gamma absorbed dose rate
and annual effective dose rate

The absorbed dose rate (D) is measured using survey meter
by holding it in the air at 1 m above the ground surface for
the uniform distribution of the naturally occurring radio-
nuclides (*°Ra, 2*?Th and *°K) and was calculated based
on guidelines provided by [24, 32]. The absorbed dose rate
(D) is calculated with the help of following formula:

Doy (nGyh™) = 0.4625g, + 0.604S, + 0.0425, ©)

And, the indoor absorbed dose rate (D;,) can be calcu-
lated by avail oneself of the following formula

D;,(nGyh™") = 0.928g, + 1.1Sp;, + 0.08Sg (10

where the notations Sy,, St, and Sk stand in activity
concentrations of 22°Ra, 22Th, *°K in Bq kg_l, respec-
tively. Where, D, and D;, indicates the outdoor and
indoor absorbed dose rate in nGy h™!. The coefficients
of Sk, S, and Sy are the activity concentration to dose
rate conversion factors in nGy-h™' per Bq kg™'. It is given
that the global mean value of the ambient gamma radia-
tion absorbed dose rate for an outdoor is 59 nGy h~! and
84 nGy h™! for indoor [24]. The annual equivalent effective
dose rate for both indoor and outdoor was estimated from the
out and out external gamma radiation dose rate (D) by taking
into an account of ‘occupancy factor’ (OF) 0.2 for outdoor
and 0.8 for indoor environment and the conversion factor
(CF) from the absorbed dose rate in air to effective dose is
0.7 Sv y~'for the adults. The E,, is calculated by avail one-
self of the following equation proposed by UNSCEAR [24].

Egy = (mSvy™) = Doy (nGyh™") x 8760 x 0.2 % 0.7 x 10°

an

where E_, is the outdoor annual effective dose rate expressed
in mSv-year™!.

Likewise, the indoor annual effective dose rate (E;,) is

calculated by avail oneself of following equation proposed
by UNSCEAR [24].

E(mSvy™) =Dy, (nGyh™") x 8760 x 0.8 X 0.7 x 10°
(12)

Annual gonadal dose equivalent (AGDE)

To estimate the dose received by different body organs and
gonads UNSCEAR has formulated an equation and is given
by;
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AGDE = 3.09 X Sg, +4.18 X Sp;, + 0.314 X Sk (13)

where the notations Sg,, Sty,, and Sk stand in for the activ-
ity concentrations of *?°Ra, **Th and “°K in Bq kg™,
respectively.

Excess lifetime cancer risk (ELCR)

The excess lifetime cancer risk is defined as the tendency
that a person will develop cancer over his lifetime of radia-
tion exposure. The cancer cell development due to exposure
to ionizing radiation is not an immediate effect. It takes sev-
eral years of time to develop. The cancer occurs only when
an individual has reached an advanced age [33]. Therefore
based on the estimation of AEDE values ELCR was esti-
mated by the Eq. (11).

ELCER = AEDE X MDL x RF (14)

where MDL represents the mean duration of life in years for
Indian citizens equal to 70 and 0.057 is the risk factor to the
public exposure [25, 34, 35].

Results and discussion

(a) Distribution of radionuclides in soil

The activity concentration of radionuclides (***Ra ?*Th
and *“°K), present in soil and building materials of the
study area were determined by gamma ray spectrometry
using Nal [T1] detector. The average values of the activity
concentrations of radionuclides, gamma absorbed dose
(GAD) rate and equivalent effective dose rate are given in
the Table 1. The recorded values of radionuclides (**Ra
232Th and*’K) in the soil samples of the entire study area
varies from 6.5 +0.4 Bq kg™! to 15.25+2.6 Bq kg!,
10.49+0.6 Bq kg™' to 36.25+3.5 Bq kg~! and
50.16 + 1.5 Bq kg to 260.27 +4.6 Bq kg~! with
a median values of 11.52+1.6, 19.94 +2.08 and
164.67 +3.2 Bq kg™ respectively. The higher values of
radionuclides (**°Ra 2*’Th and *°K) in soil was observed
near the sports ground, chemical block, administrative
office, nudi loka, social science block. These locations
belong to second zone which consists mafic mineral
schist, feldspar, kyanite, andalusite and staurolite and
some garnet. These minerals contain higher activity of
radionuclides [36, 37]. Slightly lesser activity concentra-
tion of radionuclides were observed at the prasanga, Bio-
tech, Library science and computer Science block these
locations are situated at the bottom of the hill towards the
west. The rock system consists of ultramafic schist which
is meta-igneous rocks with low silica content having

lesser activity of radionuclides. Slightly lower activities
of radionuclides were also observed in some locations of
the first zone, which consists of some villages with thin
forest. This zone is comprised by migmatite and granodi-
orite. The mineral compositions of these rocks are quartz,
clays ortho clays, biotite, amphibol, hornblend and silicate
[28]. The radionuclides are depends on the mineral com-
position of the feldspar and other mineral content [29].
Due to which lesser activity of radionuclides is observed
in this zone. The lower activity of radionuclides is noticed
at university quarters, BRP Quarters and Bhadra Dam.
The university quarters are comprised by quartz, toler-
ite, schist, and orthoquartzite. Mineral composition of
the rocks is tolerite minerals, quartz, and epizoite. These
minerals may contain lower activity of radionuclides [38].
Hence lower activity is observed in these locations. The
activity concentration of “°K was found to be higher than
that of 2?°Ra and 2**Th in soil of all the locations of the
study area. The abundance of “°K is proportional to the
silica content of the rock to some extent [39]. The activ-
ity concentration of thorium is higher than that of radium
at all locations. The ratio of thorium (**°Th) and radium
(**°Ra) was in the range of 1.61 to 2.90 the medium value
can be used to determine the relative abundance of ura-
nium and thorium in a given area. In the present study the
estimated average activity concentration of 2>Ra, 23>Th,
40K are 11.52+1.60 Bq kg™!, 19.94 +2.04 Bq kg™! and
164.67 +3.28 Bq kg~ 'respectively, these average values
of radionuclides in the soil samples of the study area were
found to be lower than the world average value 33, 45,
420 Bq kg~ 'and Indian average value 29, 64, 400 Bq kg™
[24]. The standard deviation, uncertainty and standard
uncertainty in measurement of activity of radionuclides
(**°Ra #*?Th and *°K) using Bayesian statistics for soil
is shown in Table 1. The estimated data shows confi-
dence level of 95.45% (***Ra=3.66,>**Th=2.59and
40K =25.50) and with the help of ‘T’ table we found the
coverage factor k=2.

Figure 3a—c Shows correlation between the absorbed dose
rate and activity of radionuclides (226Ra, 232Th, and 40K) of
soil. In comparison to 2*2Th, the correlation between activity
and total absorbed dose was determined to be (R>=0.90),
whereas the least relevant correlation was reported for 2°Ra
(R*=0.70) and *“°K (R*=0.78). This is observed due to the
fact that the major contribution is from Thorium content
present in the soil [40]. Gamma absorbed dose is the energy
imparted to a matter by ionizing radiation per unit mass
of irradiated materials at the region of interest. The calcu-
lated activity concentration of radionuclides soil samples
were used to estimate the GAD in air with the use of dose
conversion coefficients of 0.46 nGy h™!, 0.6 nGy h~'and
0.042 nGy h~'for 2*6Ra, **Th, “°K [24].
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The Fig. 4a—c shows correlation between 22°Ra and ***Th
226Ra and *°K and ?*’Th and *’K present in soil samples.
There exists is a strong and positive correlation between
226Ra and **?Th with correlation coefficient of R*=0.57
f Saa 23gmrozeg and in between **Ra and *’K the correlation coefficient
S o o c e oo o< . . o, .
of R?=0.46 and similarly for 2*’Th and *°K it is observed
R*=0.51 respectively.
(a) Activity Concentration of radionuclides in Building
& 223 gg8g8g8gz¢gs: materials:
S o O c e e e oo S
About 17 building materials were collected from the
study area. The activity of radionuclides (**°Ra, 2*’Th,
and*’K) of the building material was estimated by gamma
= to N e ®a=Tgom ray spectrometry. The activity concentration of radionu-
s °cee esss<s<=s<=s-<° clides in building materials were summarized in Table 2.
o .. .
~ S The activity concentration of 226Rq, 232Th, and*°K var-
| - . _1 _1
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> S = X 5
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= S 2 is slightly higher than that of marble, black granite and
g T . . ..
g - sand because cement is made up of chemical combination
S 5y = . O .. . . .
i ) of calcium, silicon, aluminium, iron and other ingredients.
— = o ° . . .
o | 2 z common materials is used to manufacture cement include
2 = % >~ j‘:" . . .
el e T 2R - =g = limestone, chalk or marl combined with clay and, shells,
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Table 2 Average activity concentration of 2°Ra, 2*?Th and *°K, gamma absorbed dose and annual effective dose in building materials samples

of Shankaraghatta
S. no Building materials Activity of radionuclides(Bq kg™") 232Th/?*Ra GADR (Din) AEDE (mSv y™!)
nGy h™! _—
*Ra *Th “K E;, Ewi  Em
Activity + SD+RUN Activity + SD+RUN Activity + SD+RUN
Granites
1 Pink granite 150.11+4.10+0.12 200.17+4.20+2.10 1500.24+10.10+5.05 1.33 478.30 234 060 293
2 Black granite 35.12+2.20+0.62 40.32+3.50+1.75 550.36+8.00+4.00 1.14 120.69 0.58 0.10 0.70
3 Gray granite 95.34+3.15+0.40 90.05 +4.50+2.25 1350.2+12.10+6.05  0.94 294.78 149 036 1.80
4 Black mix grey 65.24+2.50+030 105.32+3.20+ 1.60 1010.27+6.2+3.10 1.62 256.43 125 031 1.60
5 Maple red 53.30+2.10+0.12 79.94+2.80+1.40 1200.12+14.5+7.25 1.50 232.97 1.14 030 142
Marbles
6 Rajasthan marble 14.19+1.54+0.20 2526+2.40+1.20 60.22+4.40+2.20 1.78 45.65 022 005 027
7 Andra marble Kadapa 12.26+1.62+0.40 20.33+1.80+0.90 50.22+3.20+1.60 1.66 37.65 0.18 0.04 022
Tiles
8 Ceramic tiles 150.27 +4.10+0.42 175.49 +4.00+2.00 390.46+9.10+4.55 1.16 362.52 1.77 044 221
9 Vitrified tiles 80.43+3.50+0.15 135.42+3.20+1.60 450.37+13.00+6.50 1.68 258.98 1.26 031 1.60
10 Mosaic tiles 38.41+1.60+0.20 42.61+2.80+1.40 355.15+3.80+1.90 1.11 110.62 054 0.13  0.67
Sand
11 Sand-1 11.47+£1.45+0.37 18.47 +£1.60+0.80 70.26+5.00+2.50  1.63 36.49 0.17 0.04 0.21
12 Sand-2 21.41+1.20+0.37 41.33+1.80+0.90 365.72+3.20+ 1.60 1.91 94.41 046 0.11 0.57
Cement
13 Penna cement 15.53+0.50+0.12 19.51+1.20+0.60 45.25+2.50+1.25 1.25 39.36 0.19 0.05 024
14 Zuari cement 18.43+0.30+0.40 20.58+0.20+0.10 55.46+2.80+1.40 1.11 44.03 021 0.05 0.26
15 Ultratech cement 8.12+0.40+0.45 19.15+0.90+0.45 67.34+5.50+2.75 234 33.92 0.16 0.04 0.20
Bricks
16 Soil brick 15.27+1.80+0.52 30.25+2.50+1.25 100.24+4.10+2.05  2.00 55.35 026 0.07 0.33
17 Cement bricks 40.15+1.80+0.50 52.26+1.50+0.75 376.10+4.50+2.25 1.30 124.51 0.60 0.15 0.76
MAX 150.27 + 4.1+ 0.62 200.17 +4.50 +2.25 1500.24 + 14.50+7.25 2.34 478.00 234 0.60 294
MIN 8.12+0.30+0.12 18.47 +0.20+0.10 4525+2.50+1.25  0.95 33.70 0.17 0.04 0.21
AV 48.53+1.99+0.33 63.20+2.48+1.23 47047 +6.59+3.29 1.50 154.00 0.76 0.19 0.94
GM 32.46+1.59+0.29 44.98 +2.06 +1.03 245.17+5.66+2.83  1.46 104.90 051 013 0.64
SD 46.01+1.17+0.15 58.40 + 1.22 +0.60 491.31+3.84+1.91 0.40 109.80 0.54 013 0.67
RUN 11.16 + 0.28 +-0.02 14.16 +0.29 +0.10 119.16+0.93+0.32  0.90 32.85 0.13 0.03 0.16
SU 71.07 +1.90 +0.25 90.85+2.15+1.07 727.49+6.00+3.00 0.69 222.15 1.08 0.28 1.36

AV average, GM geometric mean, SD standard deviation, RUN random uncertainty, SU standard uncertainty

The bold representation in this tables are the minimum, maximum, average and uncertinity values that are given at the end of each table

blast furnace slag, silica sand and iron ore. These materi-
als are contains most important naturally occurring radio-
nuclides such as 2*°Ra, 23?Th, *°K and trace metals [43].
Hence, it is observed higher values of radionuclides com-
pared to marbles and the activity concentration of radio-
nuclides (**°Ra, 2*’Th, “°K) typically less than the world
average value which is of 50, 50, 500 Bq kg~ 'respectively
as mentioned in UNSCEAR 1993 reports [42-44]. The
average activity concentration of the building materials
varies from 48.53 +1.99 Bq kg™', 63.20+2.48 Bq kg™';
thorium (**>Th) concentration found to be higher than
the world average values because granitic rocks contains
higher concentration of 2380 and #*2Th [16, 30, 45] and for
potassium (*°K) 470.47 +6.59 Bq kg~! which is slightly
less when compared to typical world average values of

50, 50and 500 Bq kg~ 'respectively [46]. The standard
deviation, uncertainty and standard uncertainty in meas-
urement of activity of radionuclides (***Ra ?**Th and *°K)
using Bayesian statistics for building material sample
is as shown in Table 2. The estimated data shows con-
fidence level of 95.45% (**°Ra=24.22,%3>Th =30.25and
40K =258.47) and with the of ‘T table we found the cov-
erage factor k=2.

The Fig. Sa—c shows correlation between 2*°Ra and 2*2Th
226Ra and “°K and %*2Th and *°K present in the building
materials. There is a strong and positive correlation exists
between 2°Ra and 2*’Th with a correlation coefficient of
R*=0.93 and in between **°Ra and “’K the correlation coef-
ficient of R*>=0. 51 and similarly for >*>Th and *’K it is
observed R>=0.51 respectively.
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(b) Distribution of gamma radiation levels in indoor and
outdoor atmosphere:

The gamma absorbed dose rate for both in indoor and out-
door atmosphere have been calculated by estimating the
activity of radionuclide in soil and building material and
measured gamma exposure rate. The estimated absorbed
dose rate can be converted into equivalent effective dose rate
by using conversion factor 0.7 Sv y~'and occupation factor
i.e., the fraction of a time spent in indoor and outdoor atmos-
phere are 0.8 and 0.2 respectively. Were given in the Table 3
[24].The indoor measured ambient GAD rate of entire loca-
tion varies from 3.8 +0.12 nGy h™!,t0 97.9 + 1.3 nGy h™!,
with a mean value of 33.6 nGy h™! and average value of
42.8 + 0.6. The outdoor measured ambient GAD rate of
the entire study area varies from 5.74 + 0.4 nGy h™! to 52.2
+ 1 nGy h™! with a mean value of 17.3 and average value
of 21.3+0.8. The higher values outdoor gamma absorbed
dose rate and annual effective dose rate are observed in the
location such as sports ground near, boys, ladies hostel, and
Guest House administrative block. The Gamma exposure
rate depends on the local geology formation of rocks, min-
eral compositions and activity of radionuclides present in
soil, parent rocks [17, 34, 36, 45, 47]. These locations are
attributed by ultramafic rocks. The activity of radionuclides
in soil shows higher when compared to the other locations
(Table 1) except for the bioscience, library science building
and Prasaranga. These locations shows slightly less gamma
absorbed and equivalent effective dose rates, because these
locations are surrounded by thick forest and upper layer of
soil is highly humous and it contains more organic materi-
als and this may be acts as shielding for gamma radiation.
Hence notice slightly low activity. Higher depth of the soil
may be contains higher activity of radionuclides present in
soil. In the first zone slightly low GAD and AED was also
noticed at the some of the locations and villages, in this zone
GAD and AED rates don’t vary significantly. This is because
entire zone is comprised by migmatite and granodiorite. The
activity of radionuclides present in the soil of these locations
are also doesn’t vary significantly as given in the Table 2.
The locations such as University Quarters, BRP quarter and
Bhadra Dam show lower value of GAD and AED. This may
be due to the lower activity values of radionuclide present in
the soil of these locations (Table 1).When comes to second
zone which is the university campus; Shankaramata cave
and Indoor Games building found that the outdoor GAD
and AED is higher when compared to indoor. Because the
cave formed from ultramafic rock consists of dunite which
indeed has the lowest content of radioactive minerals [48].
And an Indoor game building’s flooring is made up of wood;
which in turn may acts as shielding for gamma. The Univer-
sity campus area is quite different when compared to the all
the locations of zone-1. Because 20 to 30% of the campus
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Table5 Average measured
ambient Gamma exposure rate,
absorbed dose, and equivalent

S.nos Zones of locations Absorbed dose D(nGy h™!)

Annual effective
dose E (mSv y‘l)

effective dose rate of the study

Indoor GAD+SD +RUN Outdoor GAD +SD+RUN E,

E

out

Total

n

area (Zone-III)

ZONE-III
Teachers quarters
1 (a) Vitrified 45.67+0.95+0.48 23.92+0.50+0.25 022 0.03 0.25
(b) Ceramic 52.20+0.81+0.41 23.92+0.50+0.25 026 0.03 0.29
2 Teachers quarters  52.20+0.81+0.41 8.70+0.80+0.41 026 0.01 0.27

sports ground
near

Total average measured ambient Gamma exposure rate, absorbed dose, and equivalent effective dose rate
of the study area(Zone-I, Zone-II and Zone-III)

MAX 97.87+1.29 4+ 0.65 52.20 +1.50+0.75 048 0.06 0.53
MIN 8.70 + 0.50+0.25 8.70 + 0.40+0.20 0.05 0.01 0.08
AVERAGE 42.80 + 0.80+0.37 21.34 + 0.80+0.40 0.22 0.03 0.25
GM 33.70+0.70 + 0.35 17.3+0.74+0.36 0.17 0.02 0.19
SD 23.50+0.24+0.12 13.5+0.38+0.20 0.12 0.02 0.14
RUN 3.86+0.03+0.20 2.21+0.05+0.27 0.19 0.03 0.02
SU 48.29 4+ 0.39 + 0.65 25.35+0.55+0.75 0.21 0.02 0.22

AV average, GM geometric mean, SD standard deviation, RUN radom uncertainty, SU standard uncertainty,

GAD gamma absorbed dose

The bold representation in this tables are the minimum, maximum, average and uncertinity values that are

given at the end of each table

outdoor area is covered by interlocks and tar road. Here the
average values of outdoor GAD and AED rates from the
interlocks and tar road of the outside of all the buildings of
the university campus compared to outdoor soil locations
are given in the tabvle-3.0.The data shows the GAD rate and
AED rate all the interlocks and tar road of the all locations
is higher than the indoor GADR of locations such as Sports
ground near, BGS College, Guest house, Prasaranga, MLIB,
Computer science, Library block and MBA blocks. This
shows that the man made materials i.e., interlocks and tar
road material are responsible for enhanced outdoor gamma
radiation levels.

The measured Outdoor GAD and AED rates are higher
than the indoor GAD and AED for interlocks in the loca-
tions of zone-II (Tables 3, 4, 5) such as BGS College, Guest
house, MLIB, Computer Science block and Library Science
block. Because the interlocks of the buildings in those loca-
tions are made up of M-sand and since M-sand is produced
by Gray granite rocks, these rocks contain higher activity of
radionuclides (226Ra, 22T, and 4OK) [45]. Which enhance
and in turn influence for the higher concentration of outdoor
GAD. In the remaining locations of Zone II (Tables 3, 4, 5)
interlocks are made up of local sand, which shows slightly
lesser value compared to interlocks made-up of M-sand.
The GAD and AED rates of single layer tar road are found
to be highest and the Shankaraghatta state highway and
Nudi Loka/Kannada department road is also shown highest
gamma value for outdoor. This may be due to the less tar

@ Springer

content present in it. In all other locations the tar road con-
sists of double thick layer of tar, which serves as shielding
may be due to this less GAD value is observed. The ambient
GAD and AED for cement road is 52.2+0.5 nGy h~'and
0.3+0.5 mSv y~' when compared to tar road and is found to
be 67.4+0.5 nGy h™'and 0.3mSvy~!5 mSv y~!. Hence the
material used for the tar road construction and the tar content
in it will decide the GAD and AED rate. The average indoor
measured GAD rate is as shown in Table 3. The indoor GAD
and AED rate is mainly depends on the type of the build-
ing materials used for construction, local geology, types of
buildings and ventilation conditions [49], the indoor GAD
and AED rate are higher than the outdoor in all locations
of these zones except indoor sports building, Shankaramata
Cave and University Quarters. Because the entire university
quarters building area is attributed by Quartz, chlorite schist
and orthoquartzite. The flooring of the sports building is
covered with the wooden materials, which containing lower
activity of radionuclides and shielding the gamma radiations
emitted from the ground. The higher values of GAD rate
were observed in granites flooring at all locations of all this
regions, the lower activity were observed in wooden and
marble floorings of dwellings of the all the locations.

The values of indoor gamma dose rate of the entire study
area varies from 3.8 +0.1 nGy h™ t097.9+1.3 nGy h!,
with a mean value of 33.6 nGy h™!and the average values
of entire indoor GAD rate is found to be 42.8 + 0.8, this is
less than the world average of 84 nGy h™!, and the outdoor
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Fig.6 a Correlation between measured AED and estimated AED
from the soil

gamma dose rate values of the entire study area varies from
5.7 + 0.4 nGy h™!, to 52.2+ 1.5 nGy h™!, with the mean
value of 17.3 nGy h™!, and with an average value of 21.3
+ 0.8 which is less than the outdoor world average values
outdoor gamma absorbed dose rates the world average
value of 59 nGy h™!, respectively [25]. The standard devia-
tion, uncertainty and standard uncertainty in measurement
of using Bayesian statistics for gamma radiation levels in
indoor and outdoor atmosphere is as shown in Tables 3, 4,
5.The estimated data shows confidence level of 95.45% and
with the help of ‘T table we found the coverage factor k=2.

Malanca et al. [50] studied the correlation between meas-
ured and estimated GAD to observed significant positive
correlation between the measured and estimated GAD is not
observed in general. Alencar and Freitas they have given
reason that; the non-existence of correlation is due to the
treatment of the samples before gamma spectrometry-factors
such as, humidity; compactness degree and density in situ
are different for dried samples [51].On the flip side, they
have also reported a significant positive correlation with
the high correlation coefficient value between measured
and estimated gamma dose rate. In order to know the cor-
relation coefficient between measured and calculated annual
effective dose due to radionuclides in the soil samples. We
have performed the correlation studies and plotted a graph
between AED as directly obtained from survey meter and the
estimated AED from soils as shown in Fig. 6b.

Hazard indices

To compare the specific activity of radionuclides (>*°Ra,
232Th, “°K)) with the use of standard index parameter called
Radium equivalent activity, which signifies radiation
risk assessment associated with them. In the entire zones

of soil’s radium equivalent varies from 26.80 Bq kg~! to
83.50 Bq kg~'with a mean value of 49.70 Bq kg~!. Simi-
larly for building materials the values varies from 37.2 to
551.5 Bq kg~ !with a mean value of 106.22 Bq kg~'. All the
values are found to be fall within a safe limit of the world
average permissible limit for radium equivalent activity is
370 Bq kg~! [24].

The radiological hazard indices of the soil and building
materials are given in Table 6. The calculated Gamma Index
(Z,) values for soil of the first zone ranged from 0.1to 0.17
with a mean value of 0.13 and 0.05 to 0.08 with a mean
value 0.06 for second zone and for the third zone 0.040. The
Gamma Index value for the entire study area of all zone var-
ies from 0.04 to 0.17with a mean value of 0.09. Similarly,
for building materials, the range is 0.13-2 with a mean of
0.38. According to the European Commission of Radiation
Protection studies, the mean value of Iv must be less than 1
to maintain the radiation risk assessment inconsequential to
the general population. The mean 7, values of the soil and
building materials are much below the criteria limit of unity
(1 mSv y~!); the mean I, value of the area's building materi-
als was found to be within the safe level, posing no substan-
tial radiation hazard to the population living in and around
the study area. The estimated average values of Internal and
External hazard index (H;, and H,,) in soil samples of the
entire zone are 0.14, 0.17 respectively. For building mate-
rial the average values of H;, and H, is 0.13, 0.10 respec-
tively. Since these values found to be < < 1 (Table 7) and are
in safe limit, hence in according to the report of Radiation
Protection [25]. The health hazards due to these soil sam-
ples are insignificant (ECRP-1999) [27]. According to the
UNSCEAR-2000 [24] report to estimate the dose received
by the different body organs such as active bone marrow,
Gonads and bone surface cells. The Annual Gonadal Dose
Equivalent (AGDE) value of soil of entire study area found
to vary from 0.09 to 0.27 mSvy~'with a mean value of
0.160 mSv y~!, which is less than the global average value
of 0.30 mSvy~! and similarly for building materials AGDE
values varies from0.12 to 1.8 mSv y~'with a mean value
of 0.33 mSv y~! which is slightly higher than the global
average value of 0.30 mSv y~!.The calculated ELCR from
annual effective dose equivalent varies from 0.3 to 0.9 with
an average value of 0.6 these values higher than the global
average value of 0.29 X 1073 [47].

The standard deviation, uncertainty and standard uncer-
tainty in measurement of hazard indices activity of radio-
nuclides (**Ra 2**Th and “°K) using Bayesian statistics for
gamma radiation levels in soil and building materials is as
shown in Tables 6 and 7. The estimated data shows con-
fidence level of 95.45% and with the help of ‘T” table we
found the coverage factor k=2.

The correlation between the radionuclides of building
material samples 226Ra, 3%Th, “°K with radium equivalent is
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Fig.7 a Correlation between 2*°Ra and Ra,, activity of building
material sample, b Correlation between >**Th and Ra,, activity of
building material sample, ¢ correlation between 2*?Th and Ra, activ-

ity of building material sample

shown in Fig. 7a—c. It shows a linear and strong correlation
coefficient of R?=0.94.0.96 and 068 respectively.

Conclusion

The activity concentration of radionuclides 226Rq,232Th, “°K
in the soils of the study area was inspected using Nal(T1)
Gamma Ray Spectrometry is found lower than the global
average values [25]. The average values of activity concen-
tration among the radionuclides in soil and building materi-
als follows the trend “°K > 23>Th > ?°Ra. The permissible
world average value for absorbed dose rate is 55 nGy h™!
[24], and the permissible world average value of annual
effective dose is 1 mSv y_1 [24]. The total GAD and AED
rates of the study area to the public are lower than the global
average values as recommended by international Commis-
sion on Radiological Protection [47]. The values of radiation
risk assessment parameters such as Alpha Index, Gamma
Index External Hazard Index, and Internal Hazard Index, all
these come within the safe limit. Calculated average values
of all the hazard indices of soil and building material sam-
ples are in the safer limit and will not cause health risk to the
public of the area. The man made materials i.e., interlocks
materials used around the building for decorative purpose,
it will enhance the gamma radiation levels. The overall esti-
mated data shows confidence level of 95.45% with coverage
factor k=2 for soil and building material samples. The for-
est influences in reducing the gamma radiation levels as the
maximum area is covered by humous over top of the soil
which serves as natural shielding. The activity of radionu-
clides in indoor gamma radiation is mostly influenced by soil
type and construction materials.
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as a chromogenic colorimetric sensor in human serum
samples: Density functional theory supported
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Alsteaet

A simple, fast, sensitive, convenient, and econamicil accurate coeymatic coler-
imetric sensr is developed for the quantification of the dinically important
biomirker weie acid (LAY te homan seram samnfles The method is based on
the gquantification of UA wsing 3-hydrosytyramine (-EHT) a5 4 chromogenic
sulmtrane by using peroxidase (POD) and wricose (0] U0x catalyzes the oxi-
dition of LA wisere B0 iy pendrated in-sita &0 produace sllantoln and €0y
The PO in oxidative coupling of pepoxide in presence of 3-HT, forms an
Entenae geanpe-coboned proshisct with Fr.
out fn a cilric acid-rripatassiom-citrate bulfor (12,5 mM ) of pH = 68 01 room
teinperaiure. Computational coleulations were done by Gaussian- Vs empleying
the BILYPF funcibenald basis ser, Ths standasd curve fud WA swas found th be lin:
ear between [2.3-297.5% and 307-396.5 phl by rate and nixed vigme method,
respoctively, The LOD amd LOQ for LA were 15 and 2.9 phi, respectively.
Within-day and day-to-day precision was 1.50-3.07 z2nd 51064 165 {n = 7}
respoiclively, The accuracy ranges for U concenteations of 24.7, 194 and
207.3 puhd were B75- L0 S0R, SXE=105%, and 895-1073, nepectively. Tha TUa
recovery range by the propoted method was 95000 -10047% with 2 mean
resovery of 99.5% and has A pood correlation coctficient of &.981 with the stan-
ddard method,

W0 e, The reaction was carried

KEYWORDS
clinical biomacker, eneymanic, oddstive conpling, senem analyss, uris asd

1 | INTRODUCTION
Uriz acid {UA), a simple bischemical final breakdowm
product of purine nucleoside metabolism: It 13 degraded
in most mammals by the hepatic enzyme, Urate oxidass
(Uricase-UOx]) to allantein, which is freely excreted in
the urined' It is known that UA is produced by high
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purine foods, which tend to accumulate in the body, duc
to the low solubility, which results in high UA levels, The
standard concentration of UA in the human serum sefer-
EOCC TANZE s from 024 1o 0,52 mM (Male: 3.4-7.0 mp/dl
and Female: 24-6.0 mp/dD ! The standard concentra-
ton of UA in human urine Is 1.4-4.4 mM, When the
higher absormal concentration of UA in the blood flaid
b preater than 7 mpfdl, then the body fuld becomes
acidic, which affects the normal function of the callular
System, The increase in the UA level causes hyperurice:
mika that causes crystals of UA or urate depuasition in the
Jointg resulting in the pout condition, which is a form of
arthritis and alse forming hypertension, Lesch-Nyhan
syndrome.*! When the crystals seitle in the kidney, that
resulls in some of the serious issues, like renal diseases [
curdievascular diseases, and so forth, concerning the
purine metabolism. One of the studies suggests that UA
may increxse dopamine levels in the brain'®! Funther-
more, some of the experimontal studies revealed that an
elevated UA can induce small vessel disease in the kid-
ney that con alter aute-regulation, whizh is more com-
mon i subjects  with vaseular demiential®?  and
stroke.! " Therefors, it has practical significance for
clinical approaches. Also, UA §s known to function asan
anticddant. Some of the reports have shown that UA
could react with o wide variety of oxidants, such as perox.
yritrite, superovdde, and hydrexyl radieal P52 gnd popld
alsn be showm to protect cells from oxidant injury!™!
Therefoge, it Is very important 1o monitor the concentea-
thon of UA in the biologhzal Quids:

Yarous analytical technlques, such s electirochemical
evelic valtammetry (CVY ) differential pulse voltammetsy
(oPVLI'™ capillary electrophoresis with elecirochemicnl
detection, ™! non-invasive non-enzymatic electrochemical
sengore, ! Nuorescence, "8 chemiluminescence™ chro
matopraphic methods,* liguid chromatogmphy and tan-
dem mass spectrometry wsing unibe anion as internal
standard 1Y UhOx free eolorimetric sensor,/ ™! microfuidic
paper-based eotorimerric device!*™ and flow injection
analysis using dithiothreitol,™ have been used to detect
the quantification of WA in different sources including
hiernan serum samples.

Unfortunately, in the case of elecirochemical tech-
niques, other ebectio-active compounds that coexist in
body finids, such as ascorbic acid and dopamine, will crits
ically knterfere with the UA sensing system, Gluoose, a
strong reducing agent, could akso interfere with the
results of the electrochenmbeal methad and other bioactive
molecules that are present in the blood or wrine samples.
The spectrofluorescence method B ultrasensitive, but the
reapents wsed are highly photesensitive, and the instru-
ment used: i expensive. Furlhermore, the chromato-
graphic column requires extensive wse of extremcly pure

e

solvents, time consuming and high pressure and temper.
atute should be maintained throughout the experimenta|
procedures, and also eequires highty skilled Labar, which
restricts the use of this method.

Some af the :].'I'.IHI}'TEE! rgng{_-nﬂ. based on Epﬁ:-_lIﬂthﬂ-
tometric o colorimetric methods such “5_3'5'1]‘*““”“
2-hydroxy  benzenesulfonic Acid/4-Aminophenazane
(4-AAF) {i}]-lBS-d-.-\.-’l-P}.“ﬂ' p—hydmxybr.;nmate _‘“"d
A-AAEIS 3 4 Goaribromophenc] & 4-AAP, tetrazolium
salt, ™! silver composite nanobelts'™ have also been used
far the quantification of UA. Some of the drawbacks for
the UA determination that are reperted in the Iiterature
include spectrophotometer: DHBS-4-AAFP is that incuba-
tion period of 15 min, interference from bilirubin up (o
170 pmol/L. was climinated by use of ferrocyanide,
through which the peroxidase (FODMHRO, oxidation 1o
ferricyanide, seems to increese the specificicy of the color
reaction and ascorbate oxidase is wsed 1o eliminate ascor-
bic acid interference especially in urine analysis, which
are some of the demeriis of the methed!™; p
hydroxybenzoate and 4-AAF, bilirubin at moderate con-
ditions will interfere strongly and alse wuse of K.CryOy
reagent for the elimination of interfercnce caused by
17 U/L. of Catalase®™, 24 6-tribromophenol & 4-AAP,
this methed uses a larpe wolume of serum sample
(1.0 ml} and depredeinization of serum sample using
acefic acid, pssay procedure takes around 45 min for
extraction of the colored produwct by using n-buty] acetate
which is time I'.'I:lhﬁlnuﬂi:l'l.ﬂ process and suffer serious inters
fererce from ascorbic acid and bilirubin™™, tetrazalivm
salf, the main trawhnck of the method is that, it uses
three enzyme system such as Catalase, Uiy, and farmal-
dehyde dehydrogenase and aleo ascorbate oxidase is used
1o eliminate ascorbic acid inletference resuld ng in high
cost of the experimental procedure™: UV method using
alkaline fercicyanide suffer from background interferen ce
caused by the serum profeing

Mano-technological approaches have alss been uti-
lized 1o detect the UA concentration, either by using the
FOD mitmic of 3% & non-enzymatic sensor asgay [FT-54020
However, most of the nznotechnolopy methods, which
involve the top-dowm or botiom wp approach  for
instance, they are of high oost, such as arc furnace, nano-
Iil:h-:.'rgmphy 1.|=n|:h.ni.r.|:|.|r.':s ar hydrothermal method which
requiire high tempecatune, power constmptions, suffer
from delects in nanoparticles (MPs) surface, nat repro-
ducible in most of the cases, that is, synthesizing the
sme size NP3 or malnotaining the uniform size distriba-
ton and the technigue involve muliiple steps in the prep-
arution and purification of these NPs Some of the
guantum dots-based NP5 are dernved from heavy metals,
such as HE: Cd, P, and 50 forth, which are highly Texic
not andy for the environmental ecosystem but also for the
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biokegical system Therefore, the need for the develap-
ment of a simple, rapid, economical, and most conve-
nient  and  affosdable  analvtical  method  for  the
determination of VA 5 in preat demand to continuously
minniber The LA i peal gime analysis
In this perspective, spectrophotometric method 15 the
miost simple convenient analytical technique and avail-
able in maost of the clinical laboratony and is highly aco-
rte and sensitive  methed P In some of the
spectophatonetoie methods, even thouph it looks simple
al e ouwside but mvost of the fechilgues are either time
consiining process of lovelves multiple steps of pre-
concentraton seps before the analysis. Therefose, In
glinigal medical pathology and daily monitoring of the
U, the most convenient, low' cost, simple, mapid, and
novel sensors are need of the howr for real time analysis.
In this work, we have described o newly developed
5p|‘:c1n1phn[|:|rrmtr.i|: method for the quan‘tiﬂ-zl!i:-nn of TIA,
which s simpie. rellshle, sconomical and rapld (withisn
5 min) enzymatic based asgay in the physiological sample
that Is human serem sample. This paper deseribes the
first example of using 3HT as the chromogenic single
eeagent for the development of UA asay. Furthermaooe,
we have siudied the DFT-based quantum mechanlecal
approach toward understanding the ingights of the chems-
ical mechanism of formation of the colored product.

2 | EXPERIMENTAL METHODS
2.1 | Instrumentation, chemical
reagents and their preparation

FHydroaoytyramine (38%) was purchased from S0 Fine-
Chem Ltd., Mumbal. 3-HT (76.33 mM) was prepared by
dis=elving the requined guantioe In water. The salution
was kept under refrigeration for effective maintenance of
medarity. For the asaay, a freshly prepared solution was
wssd 1o get better results,

Stock solutpon of citric acid=—Tripotassium  citrate
buffer (pH &3, 500 mMj}—was prepared by dissolving
5.25% p of citric acid monohydrate in 50 ml and 8.560 g of
iripotassium eitrate in 50 ml of distilled water. The above
stock sulution of 0.5 M was diluted to eight times to get
fL5 L From this 006 ml of bufler sedufion was ueed far
the assay,

UA [%6%) was oained from 5D Fine-Chem Lid,
Mumbai aod a steck solution (5948 ndd or L XM ppis)
was prepared by using the procedure as reported by B, C.
Trivedi et ol, with slight modification ! Li,co, of
B0 g were dissolved in 20 ml of distifled water at &0°C.
While still had, this solution was filtered through What.
Fan Moo 1 paper andd exacily 100 mg of WA was dissohed

[#t the hat Gltrate. ARer coaling o room emp
wolation was diluted with distilled water to 100 ml iz &
volumetrc flask. Dilutions of this stock UA sandard
were used 05 apd when requirsd. The stock solution Wis
stable for 3t least 1 month when stored at4°C. Standards

Lyophilized Ufkx enmyme 12 uniti/mg from Hacillar
fisiidious was purchased from Sigma Aldnich Chemscals
Pvt. Lid.. Bangalore, India. A stock solution of (1.2 unitsd
mg) was prepared by dismwclving the whols hrophilized
enrvme in 5 mloof distilled watsr, Further dilution with
double distilled water was made a5 and when reguines,
freshly. POD (100 units/mg) was purchased from Hime
diz Laboratories, Mumbai, Indi The stock slaticn Wis
prepared by dissolving 2 mg of FOD in 10 m! of 100 mM
potastium  dihydrogen  phosphate/sodium  hydroxide
buffer with a pH 6.0 1t was wsed 25 a shindard stock solu-
tion. Further dilution with the same buffer was mads
Freshly as and when required. All the above sodutions

of molarity, A freshly preparsd solution was always oted
fuor the asway procedures

All the chiemicals weed in the sssay were of analydaal
grade, and double distilled watsr was osed fhroushout
the azsiy procedure uples otheraise Baied,

A Jasco model UVIDEC-610 uliryde]se—ichla (L=
Vis) specirophotomelsr (Tolkyo, lapan) with Lo
matched cells wak weed for all the absorbance reasoce.
ments. A water bath shaker (355W 133, Sew Deikl India)
was used to maintaip 3 constanl tesaperaters for color
development All pH measuremens and adiustments
were done by a digital pH meter (model EQ-614, Equip-
tronics, Mumbai, Indial Micropipetios used in the snpe-
miatic UA assay were from Bohit Prolite, Finland Sersm
samples were centrifiged using Hemi Re24 (Membai
Indix) research centrifuge having 17300 rpm and 27,449
"¢’ RCF. Remi cyclomixer was used throughour the
experimenial performance for vniform miving of the
reagent salution in the conwol 28 well as i3 the sarenle
reaction mixture effectively in the test vials before record-
ing the absorbance,

211 | Human serum sample collection and
preparation for uric acid determination

Human blood simples collectad from a bocal bospital and
also from a clinkal laboratory were proseried 3t <20°C
for use, Blood samples wene colleciod in hepunnized
tbes and centrifoped The accuracy of the proposed
mrthod was assessed by comparing the reslts obtaine
with & reported UA away method 121

Necessary permission was obtained from the [nss o
tonal Human Ethical Committee [THEC-L% Mo 22
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Ph. Dy 2008-04) of the Unbversity of Mysore for (he use of
hieman bloosd samples in the experiment. The patlents
were well Informed, and their comsents were obtnined
before collecting the bloed samples.

2.2 | Standardization of the veaction
conditions

Optimizing the reaction conditions and  diferent
medlums of se1s of reactants were vaded o yvield highly
stabillzed colored products with mdimum absorbance in
the experimental samples and minimum color formation
in the bank in o final 3 ml volume of wse vials.

The dual enzymatle gystem s standardized kinetically
in such a way that the sample should show masimum
absorbance and also have tlve rate increased twlce as with
the increase in concentration of the enzymatic solution
inn the reaction medivm, This progres of the reaction B
imonitored kinetically as o unction of tme, Initin] rates
of the reactions were ealculated uslng the slopes from the
time-absorbance response curves in terms of 5 min over
am interval of 1 mdmn.

First, the POD eneyime concentration was standard-
ized, followed by the U0 enzyme concentrtion in the
conseguent sieps, The sultable volume of the reapent
and 100 pl eoncentrations of POD (946 k) and U
(018 Wimg) are required, respectively, for the maxi-
mum development of color and fixed for the rest of the
aseave. [0 all the alswe cawes, the reaction mediom and
the cxperimenial conditons were varied for high absor
bance ond maximum stability of colored produet. Dk
ferent  concentrations. and  wolumes of  varving
conceniralions af the reactants were added fo the lest

viale, and their optical dengities  were  messured
carefully.
2.3 | General assay procedures

231 | Determination of hydrogen peroxide
The reaction mixture containing HyO, concentralions in
the range of 126-6,400 pbd wis used for it quantification
by using the kinetic method, Reagent concentrations of
2611 pM 3-HT, 9,46 nkd POD in 125 mM citric acid--tri-
polassivm-citrate buffer of pH &5 at room emperatiine
wias mixed with different H,0; concentrationg. The
absorbance was measured for up o5 min ot an intervol
of 1 min for different H,0, concentrations. Then fhe
gruph of abserbance as a function of lime would give o
regression equation having a slope value cquivalent 1o
the rate of the assay,

24 | Determination of UA

241 | Stndard nssay method
The U sensing assay wits earrled oul by adding 10 pl o
varying concentraliony of LA (S921-1,189,5 b } 1 @ reacs
tion inixtore contalning 100l of 37T (74030 mMi),
100 ol ol PO (e b3, 1000 gk of Lk (0,58 L gl mnd
600 il of chrric acid-tripotpssinm citrate bafler (135 mi,
11 681 The final volume of the solution was aade up o
Fen ansionge distilled waater. Thae rescgion milxiore Wi fnu-
bated for 5 min ot peom wmpersture (26 & 3°C) amd
cobor intensity was messunsd ot S8 onm. A reaclion milx-
tore without the addition of UA served as the control.

For analysing the blood samples, 30l of the serum
sample wis considered for the UA guantification and sti-
tistically compared with the reported method.

242 | Unit of cnzyme (EU)

Ome unit of POD getivity is defined as that amountl af
enzyme, which utllizes 1 phf of H204 in the axidative foe-
it of prodenabed form of quinene from | pM of 3-HT
Wy give annpe colored praduct per min under standard
assay conditions "

O skl of UOx is ddefined s thal pmonnt of enzyme
activity, which is requbeed o oxidice | g8 of UA o Fen-
crste adlanloin and 1 pdd T, per min wnder standund
assay conditions,

25 | Electron density mapping of 3-HT
supporting enzyme catalyzed for UA
sensing methodology

251 | Software and instrumentation
Computational calculations were done by Gaussian 16/
employing BILYP functional invelving dispersion correc.
tion with 6-311++ {d.p) basis sor w0 achiove an ogti-
mized geometry. Cattons agnd anlons wene analyzed by
enrestricted formalism. Avopadea'™ and Gaussum! "™
were used as wirtual interfaces. Solvent effects on ke
opimized structure were investigated with o sclf consis-
teit feaction feld by ihe polatized continuum method,
The optimized structures were checked for any Imaginary
frequencics. Theoretical ealculations were done on the
mleculnr systems el include single paing energies, [H,
and UWV-Vig dats Tod wisualization. The alizhatic excilzs
thon energbed were oonputed wsang T DT cilenlatis.
Matural charges and the gradient pattern in the electron
densgity calcalatbons were computed Ffor 3-HT and the
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final gquinone using NBO and BSiF BFT codes. Fukuod
junctions and dual descriptors are calculated without
changing the peometrical structure of the molecule from
neutral [0 anionfcation specics.

a52 | Mathematical relevance of DFT: A
theoretical viewpoint

Global hardness has beon identified as & derivative
of the electronis petential with reference o the num-
ber of electronst ™ The electrophilicity index (o) can
be defined as the stabilization energy when the
atoms or molecules in their ground stales acquire
additional electronic charge from the environment,
In the DFT framework: as defined by Parr and his
research groupt™! as the summation of electronega-
tivity and chemical potential ean be mathematically
expressed ag

rtu=0

Chemical potential (g} refers 1o the intrinslc acidic or
basic strength!™ and it is Identified as the opposite of
the slectronegativity (), defined as the dervative of ihe
electronic energy with reference 1o the number of elec
trons at a constant external potentlal,

The energy change (AE) dus to the transfer of eleg-
tron should satisfy the below equation,

|
AE=uAN +§uﬂﬁ

whege "p" and “g” are the chemical potential and chemi-
el hardress as first dervative and second derbvative
deflped respectively, and N represents number of elec-

trans as
7E adrfa
o= (5R), o= (G (W}L,.

where, Wr) Is the external potential of the electrophile.
The complementary term softness is defined as inverse aof

hardness
g= (l)
r

As per the HSAB concept, defined hard acids prefer wo

combine with hard bases and soft acids prefer 1o bind soft
bases |

FL o= Fgf

Where ¢y and ryy correspunds (o the Xobin-Sham o
electron!™ Eigen values of lowest and highes ecupied
madecular orbital (LUMO and FICAC | crbiitaly

Furihesmore, local softriess allows the reactiary of
the mnlecule on ap alom W atem basis which are defimed
maihematically as

gHry=8f;(r) and 57 =Sf;(r): k pefers t4 the Eth
atgan In the melecular system.

Local softnews () are used for Intormalecular oo par
isom whereas, plabal softess (5) refers to the frvibetarle
syslem a5 a whole.

Working equations for the chemical potential () dnd
hardness () by selfacomsistent ficld (SCF) and FICHAT
LUMC are cguated &3

= -{i}{ﬂ‘+£-‘l} == GJ [ = £

n= (P —EA} ={ep = 5]

where 1P and EA are wertical jonizaticn patentizl znd
electron affinity, pespeciively,

Thus the poand g, can be alio be mathematis=ally
manipulated a5 for a syslem of "N electrons al-d cone
sant external potential**! as,

By= (B -2 - (e - Et) | = 1224

Furdhermore, electoophillcity based on clectronegativity
and global hardness can be defined as,

l:‘=1—q

3 | HARDNESS AND SO0FTNESS
BASED ON FUKUI FUNCTIONS

The discontinoity of the electron density From either side
of the derivative with reference to the M number of slec
trons by finlte difference leads to thres opes of Fukwi
functions momely, positive, negative ood neuteal F7 )
for charged or radical attack. The positive and negative
Fukui functions refer 1o the variation in the electron den-
sity caused by the removal and addition of one electron
o the neutral system, and the neutral Fukui fencion 1o
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the average of e posltive and negative Fokul functions.
The quantilative ancd qualitative vilues af the Fukul finc
Hon ean b interpreted as: large [* indicates the molecule
vocepts clocirons, -and lorge [~ indicates (he molecule
donales clectrons, The Fukul functions based on Ahe
finite differerces method ean be defined as,

o= (am), =~ (), = (59,

o= (5=, ~ G2y

N

[ G) i +£(r)

whete A and T refere to the electron affinity and joniza-
ton potential, At point, JURLH ) and J70rF) are the
measure of reactivity towned radieal, nucleophilic, and
eiectraphilic, rospectively,

Furthermore, some of the researchers define a pew
index called dual desceiplor for both electraphilic and
nucleophilie attacks. The dual descriptor can be defined
as the chemical hardness to external potential changes or
the change in the Fukui function at each point when the
total number of elecirons i chanped

P (‘E"% N 5 (%ﬂj ir}

Since the Fukui function §z normaliced, the nomaaliza-
tion condition for Afr) is

%fﬁr]dr:u

f Af{Adr =0

Hence the nucleophilic/electrophilic bebavior af the miol-
ecule can be characterized threugh the sign and ampli-
tude of (he function A7Tr). When Affr) = 0 then the point
ris favored for nucleophilic altack, whereas AfTF) = 0 is
the point favored for an electrophilic attack 141

Dual descriptor values, Afl) values, that iz, the diffes-
ence of electron density on the LUMO and that on the
HOMO usedd 1o study the electron density pattern on the
a0 associated with the molecule, It was observed from
the worked out calcylstions Lhiat AKF = 0 for Oie Dpae M,
Cp Cu 03, T, indicating the electron rich pasitions, The rel-
ative electron densiny gradient pattern and amplitude have
been evaluated. The ped pesition and blue on the surfice:

pradient pattern indicate the higher and | BIECIION densey
pasitions, indicating the phenalic woypen is more prone i
reduction compared to N, of 3-HT.

3.1 | Kinetic or catalytic parameters

3.1.1 | Kinetic or rate method

Kinetie ar rate method involves the measurement of the
alsorbance of the sample solution agirm !J::e reagent
blank with tsie for the Ot 5 min with an intescal of
I min and by plotting a graph of time versus absorbance.

312 | Fixed time method
Fleed time method involves the measurement of the
abserbance of the sample solution for incubating the
reaction mixure for the specified period of tme as
apaitst the reagent blank (5 min).

313 | Maximum velocity of the
reaction (¥

)

Vmax I8 & numerieal tonslant-representing the maximuss
velocity obtained when the enzyme E exists eompletely
in the form of ES [V, = K{Epea}]- For any catalviic
reaction Vo, is obtained when the engsire ENIVTE pois
baund in the ES complex or atherwise wien the solution

containing the enzyme becomes satursted With the sub-
stratedn o resclion.

314 | Catalytic constant (k)

Catalytic constant is defimed as the maximum number of
molecules of substeate that anp ENZVITS CAN CORvert intg
product per catalytic site Per unit Wme, or smply i1 iz
defined as the number of substrage molecules handled by
ome active site per second and is calculated a5

Ear = L’M,’[E’;

31,5 | E‘amlyliceﬂicienq'mnr}

The efficiency of an enzyme is expressed In terms of
ke /K. This is also called the specificity constant and
incorporates the rate constants for all steps i the reace
tion. Becaose the specificity constant refects both affiniry
and catalytic ability, it is useful for comparkty differen
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eneymes against each other or the same enzyme with dil-
forent sutstrates,! " The efficlency of enzyme catalysis
differs, but most enzymes can enhance the rate of an
uncatalyzed teaction by a factor of 10°%-10'% It can also

he caleulated as
Ko =1/Slope  |E]

where, Slope is obtained by using Lineweaver-Burk plot
pate versis concentration of substraie af saturated con-
centeation of subsirale,

3.1.6 | Catalytic power (Kpow)
The cutalytic power of enzymes has long been attributed fo
specific inleractions with subsimates in the transition
state!* Tt depends upon the decrease of the energy differ-
ence between the ground state and the ransition state, and
this process has been attributed o the tighter binding of the
transiion-state structuse relative 1o the substrate !

The catalytic power {3 the ratio of bao constants, the
catalytic copstant e Michaclis=-Menlen  constant,
pxpressed in terms of min™, It can be evaluated as:

K= Vi Ko

3.1.7 | Specificity constant {(kear/Km)

The specificlty constant gives a direct measure of the cat
alytic efficiency at substrale concenirations that are sig:
nificanily below the saturating leveld. It is also an
apparent constant vafue with a simple ratlo of the cata-
lytic constant to the Michaclis-Menten constant

{min~" ma=h,

4 | RESULTS AND DISCUSSION

41 | Absorption spectrum for HyO;

Initially, the reaction condition i= optimized before the
sptimization of the UOx enzyme, and recorded the
absorption spectrum for HyOu. which is a plot of ahsor-
bance as a function of wavelength. The spectrum is
recorded after incubating the reaction mixture for § min
at 30°C between #00 and 600 nm against the cormespond-
ing reagent blank at varying 76, 102, and 204 pM concen-
tratigns of H.0y Tt was found that the maximum
absorption wavelength ks equal to 500 nm {Figure SLA)L
The Inset figure shows the colered photograph of the cor-
responding reagent blank and sample solution at varying

he:-’ a?
concentrations of H;0, (75, 102, and 2 ! 1 .
tively. The ‘coellicient of varation (CV} wes 3.2 TR
for 60 pid HoO:,

4.2 | Optimized reagents conditions

The reaction medium and conditions were varied to obtain
the high absorbance and stability of the aoloped produect
Different volumes of the reagents (100, 200, 400 and
800 yl), pH of the buffer sclutions, and varying concenta-
ticns in suitable medium were added to the test vials, and
the absorbance wis measured, maintaining the final 3 ml of
the reaction volume usiformly throughout the experiments

421 | Calibration curves of the substrate
parameters

The experimental assay conditions were as descrived in
the penernl procedure. The linearity of the Ha0, cunve is
25 shown in Figure S1B. The concentration of substrate
and enzyme is selected after the calibration curves are
obtained in order 10 get the maxmum optical density
and a stable celored product.

After the optimization of the concentration of HyO..
the concentration of POD was optimized. To explore the
effect of POD on ihe rate of the reaction, the Increase in
the absorbance of colored products was monitored at
50 nm by UV-Vis specirophotemeter for varving cone
eentratbons of POD by rate method (Figure 52A). The Lin-
ear ranges for the determinstion of POD were found to
be'0.59-18.92 and 0.443-9,46 aM by the kinetic and fived
tiene methods, respectively. The resulis are as shown in
Figure 52B. Followed by the standardization of POD, the
concentration of UDx was explored for the modmum
color development in the sample solution. The relative
time=-nhsorhance '|:|||:|I. 2 a% shown in ﬁgun: 524 for differ-
ent concentrations of D The resals reveal that the lin-
earity for the U0 was from 00022 o 018 usdis/me, and
with any further incresce in the roncenteation of T0w
the rate remained constant Figure S3B. Later, using the
POD assay and coupling with the UDx enzyme catalyzed
reaction, the sensing curve for A was measured based
on varying concentrations of WA beowesn 0012 and
0298 mM Figure 1a. The resulis show that the lineanty
range was 12.3-2073 and 3.07-396.5 pM by rate method
and fixed time method,  respectively, 2t shown in
Figure 1b. The apparent molar absorptivity for UA was
01003 = 100 M7 e~ and the determination of 230 pMd
UA has a CV of 287 (n = 6L The limits of detection
(LOD} and quantification (LOQ) for UA wese 1.5 and
2.9 puM, respeciively by fixed time method,
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FIGURE 1 () The increass in the absarbarce of reactive

eolered preadiic s was monitored at 500 am by UV-Vis
spectrapholomeeter for vanng codieenifatians of uric acd by mie
method. (B} Calibrasicn graph fus the quantifcation of uric acld by
the rate {4 znd fved lime () metbods

422 | Analytical method validation

For any method to be adopted as 2 standard method, It
should be thoroughly validated for its analytical parame-
ters. To explore the superiority of the present method,
various analytical parameters such as accuricy, precision
{day-to-day and intra-day precision), linearity range {cali-
bration curve), LOD, LOG, sensitivity and selectivity,
interference fests, and applications have been tested both
by Kinetic analysis and by standard addition method
whezever necessary. In addition to testing the suitability
of the method, it was performed in the serum sample
analysiz. The mechanisms of the formation of colored
pro<tucts have been studied using DFT based quantum
chemical caleulations. The following are the methods of
validation steps performed to test the suitability of the
methed for the assay of UA in serum samples.

423 | Precision and accuracy studies

rmuis:iun_arud accuracy of the method were determined
by analyzing solutions containing known amounts of UA

; methed with a slight modification 14
“n-i of the WA seloeted for the preciang,

d accuracy expariments wWens from within the calibes.
and a

i e selected
i iferent COMCEMITEIGNE m.n_.
tion graph. Three differ L e o

inearity graph,
Eﬁ;: T:r::r:n::m[?;ngr values. The resulls hlllfwr?j I;h“l
i = -
within-day precision Wils I.WS.UT%IE: —11'3:.1 :;:ur;:‘l
wday procision Was 1.10%~4.16% (n = 7). The ;
ioies neentrations of 4.7, 1938, and

5 for UA hoving c0 f
;I;E: pM were §7.00%-101.50%, 90.00%-105.00%, and

B0 EFE-107.00%, respectively. The within-day and_ duimd-
day presisions of the method e 3 very low stan :d
deviation (S0} and CV, indicating high precisicn an
reproducibility of the method. The accuracy value was
alzo high Results are presented in Table 1.

using the followi
The conceniratio

424 | The effect of 3-HT on the color
development

The influence of the 3-HT reagent on the reaction was
dudied by kinetic method varying its concentration
{0L6527-10.444 mM), volume (100, 200, 400, and 800 pl),
and the effect of order of addition wis alse carried out
simultaneously. The rate of the reaction is dircctly pro-
portional o the formation of the colored product, wihich
ks obtainad by the plot of theorbance as a fenction of tme
with an increment of 1 mdn up o 5th min. The volume of
3-HT was oplimized in such a way 1o get an intensze eolor
in the experimental sample solution with respect to mini-
mal color formation in the blank solution. 3-HT
(78.33 mM} was prepared by dissolving the required
quantity in water. Diferent concentrations of 3HT were
varicd, starting from 0.6527 1o 10448 mM. From
Figure 54, it shows that there is o linear increase in the
rate of the reaction with the increase in the concentration
of the 3-HT till and further increase shows unaltered in
the rate of reacthon. A 100 pl of T8.33 mM concentration
af 3-HT before the addition of other substrates APPars o
provide the required stability and the muximoem oplicil
density of the reaction product. Therefore, the concentra-
tien of 2611 pM of 3-HT was found to be sufficient for
the maximum development of color and fixed for the rest
of the assay performance.,

425 | pH effect on the reaction condition

To obtain the stable, water saluble, and maximuem devel-
opment of the colored product, we studied the pH effect
on the catalysis of the 3-HT in the presence of enzyme
and substrate molecules in both acldie and basie bulfer
solulions, The assay was performed in varous kinds of
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bulfer systerns varying froen acldic. plf to basic pHl (3.0-
10.5), and is concentration was Yapied foeam 000 o 2.0 M.
The fallowing are The Tists of baffer solutions used for the
wisay development. A combination of acetic acid and
godium  acetpte buffer (pH 3.5-5.6), citric acid and
sodivm chrate buffer (pll 4.5-6.5), sodium hydrogen
phosphate and sodium dihydrogen phosphate {pH 7.0-
10.5), sodium hydroxide and potasium hydrogen phos-
phate buffer {(pH 7.0-10) and tris buffer (pH 9.8} were
weed For thie assay. Highest activity was phsesved in citric
acidftri potassium citrate buffer of pH &8 and il was
selected for the further assay, Albs, increases in the con-
centration of the buifer showed no effect on the rate of
reaction. Whereas a decrease in the concentration of
buffer from 500 1o 825 mM, results in an Increase in the
peactinn rate, and o further decrease in the buffer concen-
tration has ne effeet on the rate of reaction and results in
20 increass in the reagent blank eolor, By considering the
color stability and the maximum atsorbance, the reactien
wis found o be suitable In citeie acld- tripatassium-ciimis
buffer (125 mM) of pH 68 al room lemperature. A
detafled discussion about the buffer study has bren pro-
vided at the end of the Supplementary Information

(Tables 54 and 55}

426 | Temperature effect on the UA assay

To gain further insight into the effect of temperalure on
the enzyme activity for the maximum color development
af the reaction product, was investipated by Incubating
the reaction mixture for a period of 5 min using the stan-
dard assay conditions for the concentrations of the
reagents except varying the temperature of the reaction
system. The activity of the enzyme in terms of percentage
as a function of temperature with an increment of 5°C i
plotted, and the results have been showa In Figure 35 A
carcful analysis of the lemperature effect in the range
between 5 and 43°C was selected for the study. I was
foterad that Usere was a significant increase in the enzyme
activity linearly in response fo temperature from 1010
25 apd remained unaltered wntil it reached 32°C,

Tederance fetic [or e messufemerd vl LEA

TAPLES E—

'  Tolerance

i‘_:l_nl!zrll'l'l_"lln_il_ ; rathi®
feiliruhin ELLRS
A acid L]
Mitrite 01124
feun £12) 0,154
Tran (HITY, Ma (WD) fEEs
L-cyatine 1=
Copper (1) 182
=, Lcyiteing, L-Jrucing, L-nyptophan, 54R

L-iyrcalne, urea
Magnesium {11}, chioride, calciom (1), lactose, . 1R0R
malloss

BEOTA, eitric ocid, manrsne, Lehistiine, 16,00
[L-reethdanine, plecoss, [E-AKreandne 324K
Creatiniee, Isodeucine, frustose, Polassivm (1) 2R
Mileate, Leserine, D-asparzpine 4300
D-galaclesse, sucrase 6.0
Cagbanane, sodium, oxalic sod, mlfaes, 1 500
ﬁljd.m:. HT sty L= R EE
Acelmme 1EALK]

Moty Toleranoe rutio oorrespords 1o-ihe retio of bzt of inlelerani
tuficeilraton b 1hat of concenirstion of U usel.
Toderance raling b the modsureiment of 198 g 115,

thereafier decrensing in activity of the enzyme with the
further increass in temperature. Therefore, these observa-
tiong sugpest thot 26 + 3"C Is more sultble as the optl-
mum  resm temperatuce for  further working  asay
conditions.

427 | Interference studies

Intetference by ony common blood constiiuenis in the
guanlificlion of FA was studied at a2 UA concentration
of 198 pM. The concentrations of Interferants as well as
thelr tolerance limits are summardzed in Table 2. Resulo
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TABLE 1 Determinadion of Ua in haman serem samples by standand sddition method.

m——

UA (M)
_-_5_'-':_1!?6 samples  Proprscd method  Reference method
I Lsg2 .1_.:;],4:"1
& 16520 17220
A 2432 200,24
4 185,14 185,232
5 551 L4180
fi J.El.ﬁ.i LI

“Meean ol the replicite mesurements;, CV; mefficless af variation.
"The saimples wers s analysid i the Libaratory by the refrrence meted 17

revealed that most of the common fons present in serum
nmpl-;. exlibited negligible Interferonce effects on the
determination of UA, and the proposed method is highly
selective and specific for UA measurement,

Intzrestingly, some of the common organic com-
pounds, carbohydrate derivatives, acted as sirong reduc-
ing agents along with the non-mesals, such as nitrates or
other functional compounds, and did not exhibi signific
cant interferonce even when present at higher coneentras
tions with the UA assoy system, demaonstrating the
selestivity. Even some of the commen biomolecules, such
az creatinine, ures, and &0 forth, and some of the amino
acids, such as glycine, L-serine, D-asparagine, lsobeucine,
and so forth, which b present in the blood do not show
much interference with the present assay, Furthermore,
these experiments confirmed that the method is highly
sengilive to the TTA only.

428 | Standard addition method and
Bland-Altman plot comparison

To explore the suitability of the proposed method, the
standard addition method or the recovery tesls were per-
formed, The six different serum samplés wers considered
from the healthy voluntesrs after their consent, and each
sample is spiked with known concentrations of UA based
on the linearity praph of the assay. The UA levels recon-
ered by the proposed method were compared with the
resubts obtained by the reported assay method, and the
resulls are shown in Table 3. The UA recovery range by
the proposed method was 87%-107% with a mean recov-
ey of 95879 demonzicntles the hE.Eh mccuracy and enini-
mum interference from the foreign species present in the
blood samples. which are very erucial analytical steps for
the newly developed method,

A Bland-Altman plot was proposed for the UA assay,
which was performed by plotting a graph of the present

Fu||1rﬂ'l'}'ﬂfql'"ﬂ“i i
Recavery (%), CV

Added (M) methd (M) .
T 1595 G454 1.58
45,5 219,10 1x.L7 2.26
1.3 Thf bk LRk 156
54.5 23212 QRE3 anz
12.3 J33H.60 122 1.532
249 343.80 59.21 L7H

method and comparing the resulis with those obtained
with the reported Ua assay.l™ From the regression equa-
tion, a correlation coefficient of 0998 was achieved
between the proposed methed and the reported method.
These results indleate that the proposed methed is on par
with the reference method. Results are shown in
Flgure 54.

429 | Kinetic studies
To understand and evaluate the selectivity and specificiey
of the substrate and enzyme catalytic site with the
reagent co-substeate, the kinetic experiments were per-
formed under the =ame assay conditions. From the
results of the Michaelis-Menten catalysis equation, it can
be observed that the lower value of Em toward the sub-
strates slgnifies not only that there is maximum inferac-
tion but also &5 highly selective between the catalytic
active site of the enzyme and the substrate molecules.
Further, the results reveal that the ability of the 3-HT
a5 a corsubstrte moelecule 1o increase the color response
of the reaction produsct is very high, further suggesting that
there is a strong interaction between the enzyme and the
substrate molecules in the presence of the 31T reagent.

4210 | Ewvaluation of kinetic constants for
the measurement of catalylic parameters

The Lineweaver-Burk plos,' for the catalyiic reaction
af HyOz Inothe presence of BOD & shown in Fhoare 57
ancl its linear r;-gn.m:iqm |.'»;.|_'|l.'|1i|;|r|, h:w‘ing corelation coel-
ficient of 0.996 was fourndd to be ¢-= 1193 (,_—J:jl +31.03,

The Lineweaver-Burk plot for UA In the presence of
UDx iz shown In Figure 55 and its lincar regression equa-

tion was found to be g, =5.960( -] +15.52 having
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corelation coeiicient of 0995, Data of kinetic constanis
for the Linewsaver-Burk plot of POD by the proposed
pcthod are the following: Michealis-Menten constant
(Km) i85 102902 10" M, and maxirmum velozity (V ma)
b5 00322 = 107" M7" min ', the catalytic constant (K.
it 680min"" and the specificity constant [i—:] in
0.0660 = 10° 8" min~', The catalytic efficiency and cat-
alytic perwer at 4.73nM PO concentrition were found

1o be 0066 = 10°M" Y min™ and 312x 1077 min-",
pespectively,

The Yichaelis=-Menten constant fof the UA subsirate
using Uz by the proposed method was found to be
Ko = 0.384mM and Vgae = 00644 (mM) min~ . Lower
K valoe of 31T system Indicates that tlese |5 mare
intecaction between active sites of substrate and cosub-
grate (-HTY with the binding site of UQx/POD system.
The catalytic efficiency and catalytic power of the pro-
posed method are Ky = LES4 (mM)™' EU min * and
Koo = 01677 miin ', The catalytic constant {Ker) and

specificity constant [{ﬂfl an saturated concentration of

the cosubstrates were 0,715 (mM) min™" (EU)™" and
1.5619 (EUY* min~ by the proposed assay.

43 | DFT based computational
investigation

431 | UV-Visspectrum: a theoretical
description for practical data

Quanium mechanical calealations wers carried out Lo
study the clectronic propertics af the final guinone
product. The TO-OFT  caleulations were  performed
using the BILYP/a-311+-+G(d.p} basis set for five fow-
tying excited states in investigating the UV-Vis absorp-
tion spectra of the quinone product The theoretical
resglis  dnvolving the excilation energies, oscillator
strenpihs, and wavelength, were worked oul and com-
pared with the experimental wavelengths, The elec-
teosle absorption spectrum was found at 500 nm., the
quantum mechanical ealculation performied predicted
bantt af &R266, 41530, and X539.36 nm with coere-
sponding oscillatory strengths of 0.0031, 00307, and
0.1774. The absorption maximums at 43430 and
245936 nm o twn different o o x® and £ e 7% ransi-
tione, pespectively. The presence of citric acid buffer sta-
bilizes the excited LUMO state due o the hydrogen
bonding 1o an extent of 0.3720 eV, The fheorelical
absorption spectrum for the quinone product & as
sheram in Figure 2. Table 51 summarizes the calculated
and experimental absorption maximum.

L

T FL5 | M L] g (] Egd deg daidi
YW avwrbrmg 1 immi

FIGURE 2 Simslited sbaorption species of the fnal quinone
product (B aquenis phice.

TABLE & Ouantum mechanical perameters of 2HT are final
prodaid,

"LNT | Final quinone product

I MO (6 (Egh —G043 —H5TE

LU0 (W) (L) = {7 =35

AE=E - Fy 5,504 Lo

Tomizstisn energy (1) 02203 0.rea

Electron affinity (A) 027 04s

Electronegativiey (u)  —h12368  —0J0ES

plabal hardness (n) 1953 LETE

phibal sfiness {5 5173 &84T

Eleciraphilicity (2] 00395 T

Furthermure, the jonizatlon energy, electron affinity,
electronegativity, global hardness/sofiness, and clecro-
philicity calculated for both the 2-HT and final quinone
product are provided in Table 4. The oelecular electro-
stotic potential an various atoms displaying red and Blue
gradient patterns are indicated In Flgure 3. Dual descrip-
tor walwes, ATF values. that [s, the differcnoe bebween
the ebectron density on the LUMO and that on the
HOMC, wsed to study the electron density pattern o the
atoms associuted with the melecube. 1t was observed from
the worked out caloulations that &fr) < 0 for Oy, O
My Qoo Csp C5, 3 indicating the eleciron rich positions
The relative eléciron density gradient pattern and ampii-
lwde has been evaluaied Table S The red position and
Bue on the surface gradient pattern indicate the higher
#nd leas electron denser positions, indicating the pheno-

lic oxygen i pwore prone 0 reducton compared o My
of 3-1T.
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4.3.2 | The principle of the colorimetric
sensor for UA sensing system

UE I well known enymalic feaction that bn the first step
of the Scheme 1, (he ey Uiy catilyzes the sxidation
o UA in presence of dissolyed oy and waler o pro-
duce alluinges, Cty,, alosgr with the formation of
LA Liter, the Brnented 11,0, in sl reacts with
POL, which is acting as an oxidizing apent for the oxjda-
tiun of dopaming or 31T in fhe oridative coupling of
percsale, In the expermental condition, 3-ITT lwses nne
electron and one Progan upsn enayematic exidation at the
active sites of a-position o ghe hydroxyl proup of
S-UT. This results in the formation of an orange coloped
qulnone form of chiremopheone having mavimum ahsorp-
Bon peak in the red region at S0 nm 942

FIGUHE 3  pobecular elecirmtuiic pedential on varioas alrsnie
groups af 3-1T, Relative dectron denssty rm various ime 16 ooe
Posildan ascas are shown i eod and blue color referring v high
and lnw dener posilions.

H
i
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el bydvency tyrumbne- 1 1*

Further, to gain insight into the bicchemical reaction
mechanism, we attempled (o study the bi-enzymatic reac-
ticnr system with- DFT-based guanium chemical caloula-
tens. From the results of DFT studies, it is observed that
the chemical molecule formted 5 the guinone form of
3-10T, which is an orange-colored product invelving POD
and UDx in the presence of UA. The final product is
Fsrmmwd via the teactive cation intcrmediate, which is in
equilifrium,

The merits and demerits of some of the various ana-
Iytical methods of technigues In comparison with (he
reporied method have been discussed as shown in
Table 53. By considering these facts, it ls observed that
the present methad s the most suitable for the analysis
nf sceum UA. Further, from the linearity range of the
proposed UA assay, it is Tound to be consistent from day
o day, owing to not only the excellent stability of the
reagents bt also the resulting coloring preduct, The low
walues of CV signify the high actusasy - and roproducible
meastrement of the UA with a lesser ermor percentage,
The lower values for limit of detection and limit of quin-
ufication fur UA show that the developed methed 5
highly sesitive,

433 | Application af UA a%5ay to human
serum samples

To'determine the efficacy of the naked eye senxing cozy-
mabic system, it has been tested in ihe physiclogica] near
Pl condition wsing real human serum mamples. The
recovery data has been shown in Table 3. 1t s observed
that the sensing method shows 3 high accuracy range
attributing to minimurm ingerference from the foreign
specles present in the real samle mwtem. To. galn the
superion funcUonality of the sensing method, it s cop-
pared with Uie standard kit method. From the remulig
obtained, it can be seen thal it o owell correlaled wilth (he

——
—_—

0
n]
A"
MH,

SCHEME L Froposed bies
chemicel peaction paibway fap
thi formatiin |;.r-|:|r;||F.|_ﬂ.-_m
purtsduct of quisione fam of THT
IEvedving PUD, U0, an the
preseee of A,

Chelnisss Fonm of
I=Mlydroxytyrumine



RSN T A

i

Pripene

gandard kit method, having a value of 0598 for the
regression coefficient equation, suggesting that the pre-
ent method is in pood - agreement with the standard
peparied method. Further, 1o asceriain i selmetie and
‘P‘““m;‘ imefaction with the UA, kinetc stediss have
been pedormed. The results show that the enzymatic

reaction system is hughly selectve and specific for the
cbstrate with a high catalytic rate.

5 | CONCLUSIONS

Ia summary, the present wWork possesies multiple advan-
tages when compared 10 the existing colorimetsic sensors
disrussed. The method s simple. rapid with the naked
eye detection j=chnigue gqualitatively and gives excellent
recoreery pesults with minimum (nterferants from the for-
pign Species a1 & near neutral pii. Moreover, o check the
suitahiiity of the assay, it has been exsruted with most of
the commonly associated organis compentifuls and fnoe-
ganic elements in the real blood samphes. There is ns Sig-
pificant-interference from most of the csmsmonly present
hiamolecules or (ons in the serum samples, which sig-
nifies the seraitivity and selectivity of the mhethod. Inter-
estinply, the assay has been performed in homan serum
amples dicecily, withoul any pre-concentralion weps,
which Is an added advantage 10 the proqeesd sensing
method. [t also depicts ity uniqueness in the analytical
performance signal when compared io other reporied
methads: witich lack the tnterference studies in detail
with respect 10 foreign excipients. Fu riherEre, the aoru-
racy study and the recuvery study reveal that the method
is highly accurate and highly selective for UA oaily. The
electronic propertics investigated by the DFT results
depict that there v-goid agreement for the color forma-
ting of the final quinone product from the 3-HT as the
corsubateate. This i6 the first repor that unilizes ki DFT
based quantum mechanical calculations supparted by the
dizal descripors for the colored prestuct pxproration In
addition to this, kinetie studies were conducted 10 as5est
the catalytic actiwity of the subsirate and co-zubstrate
with the coymatic syslemt, suppesing that the 3-HT can
have high affinity and high catabytic effiGency. Further.
the naked eye detection of UA explains the simplizity of
the assay qualitatively. The low cost of the method and
its simplified procedare are an added advantage for its
implementation in high throughpul assays suich as mmicro-
Lter plate readers for 2 very large number af sample

analyges
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Abstract

Wi have here presented an extended theoretical and experimental study of hydrony] radical (HR) trapping assay by ascorbic
acid (AA). 2,4-Dimeshoxyaniline (DAA) in the presence of hydrogen peroxide and borseradish peroxidase (HRF) produces
an imine form of 2,4-DMA (DMA®), 2 violet colored produet with an UV-Vis absorption maximam at 540 nen. The forma-
tion of the vioket colored prodect was inhibited by the sddition of AA. Fukui functions and dual descripior crumerating Lhe
losznl ard g|l.||:|u[ electron densitios of the aboms on the DA, AA, and HE Syslorms Wens caleulsted, The praferential eleciron
density pastern on DMA, AA, and HR was assessed by left and right Fukui functionals at constant exteenal potential, High-
est occupied molecular nrbitzl-bowest unoccupied makecular orbital (HOMO-LUMO) gap for DMA and Ad wers found o
be 5834 and 102908 ¢V, respectively, and singly occupied molecular orbitni-highest occupied medecular orbital (SOMO-
HOM) pap for HR was o871 %, The glubal solftness for DMA, HE, and AA was 1299, 6 10, and 1170, respeciavely
The elecironic wransitions (n o a* and & 10 525 of the proposed cobored prodoct were simulated by mme dependent-density
functional theory {TR-RFT) caleulation with ity corralation wath the pracucal UV-%is daa. MNaturad bend order annlysis
{MBO) and electrostatic potential (ESP) providing theorstical information on the relative electron density over the atomic
pesitiom of AA andd DA wene presented. This article can provide 2 undgue way of understanding the posinon of HR radical
attack on A and DMA,
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Introduction

Free radicals ore highly unstable species having an
bnpaired electron in the outermost shiell, sesking stability
through pairing with biological systems [1]. One of the
condributions for its instability s lack of oclet configura-
tion. Reactive oxypen and reactive nitresen species have
chasacteristic propertics such as shor lifi time, generation
of intermediate reactive species that in furn kil the imme-
diate cell adjscent to its generation [2]. Henee, the insta-
bility of these species is a serious threat 1o the nearby cells
which are implied in aging and more than 100 diseases
that iscludes heart disease, dishetss, cancer, and peurode-
generative diseases, The moln cavse of these diseases are
attributed to the damaging of crucial biemoelecales such as
DNA, RNA, lipids, proteins, polyunsaturated fatty ncids,
carbohydrates, and 50 on [3].

Antionidants can be clussified as primary, secondary,
endogencus, exogenaus, enzymatic, and non-enzymaric.
Genernlly antioxidanis ore the molecoles that contain
hydroxy] groups which might be phenolic o noes-phenslic
in nature that ineludes ascorbic scid (AA), tecophernds,
pedlyphenoks, lovonnids, ond soon (4.

Al has been widely stuchied clue toi1s blalepical impors
tance, which is a well-known radical scavenper and an
anttoxidant inthe Biving syateinis. A part from uswal setiviey
as o rechecing apent of Tmee redical species, it can also act
as a cofactor in the enzymatic biosynthesis of collugen,
catecholamineg, carnitinine, and peptide neursharmones
[5]. Under In vitro elecirochemicn] oxidation, AA nor-
mally losses one electron, but two eleciron oxidafion can
also he ohserved, AA Ls olse invalved in the oxidation of
tow density lipoprotein and iz used 25 blochemical marker
of oxidotive stress tn cllnical investigations [6]. Due o
iheir numerous health sdvontages, including onti-aging
and anti-inllammatory properties, AA have emerged ag
selemifically intriguing substances, Dehydroascorbic acid
his heen used as a bischemics] marker of oxidalive Slress
in elinlcal lnvestigntions and alse vitamin C is uscd 05 0
dictary supplement. Hence, sssuy of AA plays a pivelal
role in the foed technology, health sector, microbiology
and such others [T].

An antioxidant nssay are charncterized by two different
terms narmely, antioxidant activity and anfioxidant capac-
ily. First, the antionidant sctivily corresponds [o the rate
constant irapping of single antioxidant against the given
foee radical, Second fermi is the antioxidant capagity thal
corresponds o the total malar concentration of the free
radicals that scavenpes npainst the test sample which is
dependent on the presence of variety of antiozidants in the
mixlure [8]. An assay can inchede direct apd indirects medh-
odalegy, direet method relics on its tendency ol the free
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axldize the reaction probe and indirec

adi reduces of gt
e city of the antisxifants

method adopts the jnhibilory capa

for the formation of the produects.
mﬂu:n:d on the nature of the mechanism, It can be broadly

classified into electron transfer (ET) and hydrogen atorm
transfer (HAT) reactions. Differcnt types of -'m‘-'ﬂ?dﬂ[::
assay include online extraclion af hl{_:h-liﬂ'fﬁ"m“"'-"’ ":Il:;
chromatography—[erric reducing ﬂmlnmlﬂﬂﬂtf'm'ﬂ”i L
copper reducing antioxidant annfi!]-‘—l.hu_n [a}::r "-'1“'””“""1_5'
raphy [10], 2,2%azinobis (3-etlylkenzothiazoling-6-sulfonic
acid) by advanced statistical methuds [11], 3-3‘“_'F"'="}'f'
1-picrylhydrazyl [12]. Auorescence-—cerric reducing "_'“"
oxidant capacity [13], crocin bleaching assay [14], luminel
enhanced chemiluminaseence-flow infection analysis Il.ﬂ.
p-phycoerythrin: Auorescence system [16], lipisd perosids
genertion [17], hydroxyl radical averting capacity [18],
oxypen radical ahsorhanee capacily assays [19], tolal radical
antioxidant parameter [20], Folin-Ciocalicau reagent assays
1211, Trelox equivalens antioxidant capacity assys [22], and
such athers, In peneral AA, an antioxidant subsionce can
redisce the meral or crganic system either by ET or IIA?‘
mzchanizm, providing the sigeal response either by posi-
tively or negatively in the graphical representation.

The proposed antosidant assay relies on the formaton
of caidized celared product of dimethoxyaniline (DMAD by
horseradish peroxidase (HRP) involving hydrogen peroside
a5 o substrate, which is inhibited by Ad. HREP are heme
prodeins that conlaln droa(lLD protopos pliveln (feorprodapor-
phyrin} as prosthetic group with molecular weight ranging
bredween 30 and 150 kDo, HREP ¢an react with reactive ogy-
zen speckes like superoaide radical wndd 15 predonated farm,
hyatrogen perogide, end hydrocy] radical (HR) [20, 21]. [n
the ahsence of the reducing substrates Iike phenols, amines,
the HREF during the cycle releases protonsted soperogide and
odher reactive oxypen specics [23-25).

HEP catalyzes the oxidation of wide varisty of substrates
using hydrogen poroxide ar other pesosides a5 a primary
substraies [26]. The HEP catadylic cycbe invalves the forma-
tion of e distinct inteemediotes namely HEP-[ and HEP-11
on ils reacticn with hydroen pnm.l::irJr: and organic co-sah-
strate. I the indnal stape, the native ferric cnzyome 15 oxi-
dized by hydropen peroxide form an unstable intermesdiaie
called HRP-1, which hie a heme structuee Fe'™ = O-porphy-
rin m-cation mdical and consequently reduction of peroxide
1o waster takes place. Then HREP-1 oxidizes an ebectron donor
aubsirate (AH,) to give HEP-U {protonaied form of HRFP-T),
releasing o free eadical. HRP-1I gets further reduced by sec-
ond substrate molecule, generating the ferric state producing

free radical, summarized in Scheme 1.
Ariother mechanism os suggesied by Svistunenko er.al,

127). the heme group gets-oxidized with the formation of
anoferryl heme and free radical located on the #-sysiem &
the heme. The radical is then transferred o an amiro ocid
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Sl 1

1, HRP 4 M0, =———3= HRP + H,0
2 HRAP-l+ AH; ——%= HRPIl + AH"

3. HEPL s g, ———= HRM + &H'

Schigine 2

. R—Fe" & Hf; ———e R—iFa'*=0 * {0

ki B—Fa""=0 t—— Re=—fp! =0

3 Re—feltegt ——— . p—fet O
4 R——Fa'*—0OH —--—i- H gt =

cutnter part of the enzyme which funles vndeggoes trans-
formumtion resalting in the foernwtion of HE (Scheme 2
FIE systemy, highly reactive Y spevies due o s shart
ul petet configuration, tries 10 attain the siehility by ahstroces
mng hydrmpgen stom lrom either Ad or 2 4alimethoxymnmiline
(DALAL Thos, AA and DALA act ax an TIR radical scavenger.
There are theee possible plausible moutes by which the
ainbie DA iaweraces with HR w produce DHA* A visdet
curlor product (siep 1 ihen vields ihe fnal dimerde proad-
wck (sbep [0} (Sohermes 30 The principle wiilized tn the AA
nssny is graphecnlly depicted in Fig: 1. The relatively nwoee
redlacing property of A comparsd 1o DMA emphasizes the
decrease in infensity of violet color prodect, which nsserts

:

Fig. ¥ Primciple of the DALAMER P AA ancioxidant assay

e | p.am li‘*-a, .
kHi;

the imduction period of the reaction i the preseace of AA
(Frg. 1.

{a} Stepl

(b HE abstrocts en clectran from DA b form o DB A
cationte intermediate. Further, catlonic intermediate
boanets. & praiont sesilting in the foamution of imine foro
of 2800 0A (DAA*) (Schieme 3 aml 3.

(=) By proben coupled electioon iransfer (FCETY mecha-
s, THEA scs protoi aml electron in subsegusnl
stepsuliimately leading do DMA® {Scheme 3¢ and &),

el HIE interacis with D30A ancd knocks ot atomic hydoo-
nen andl Torms DELA® (Scheae 3a).

(=) Seepll

Dimerization takes ploce by radical cation intermestiale
and DisAA* resulting in the radical adduet formation (RAI
pristoct {Scheme 36, g, and hj,

Rlechiznasm shown in Scleme 3 addresses (he formatisn
of stable BALA radical and itx dimerieation.

Our earlier pesearch articls [B] claims e number of
nctive sibes for hydroayl proup attack bas & stgong influencs
im the racical scavenging activity. The DAA bas a aumber
al active sites for the autack of HE, eleased by the reacuon
ol HRE with subsstrate hydrogen poooailde. This stedy will
Eive distinet ddea abowt place of amack of the HE on DA,

Al and DA are antionsdant ssbstanees thon have o
preferential elegiron density over the soft oxypen and nitro-
gen oma, respecTively, whers exaer reduciing positbeans Cin
he establichad by density functionnd theory (DFT). DFT
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provides a powerful theoretical framework for the study
of both chemical reactivity and selecuvity, From the DFT
EUEAtkONE, many concepls are widely psed by eXperimental
chemists which have both mathematical and physical mean-
ing. Indeed, concepts such as electronle chemical poisniial,
which charscierizes the escaping tendency of elegtrons and
glabal hardness (representing the resistance to charge frass.
fer), have proven to be successful in the rationalization of
chemical processes (28],

Several research groups have stadied AA by DFT caleula-
tions in the vibrational IR band assignment [29], sudying
the reaction provess with HR in aqueocas phase [30, 317,
discussing the nature of free radical product of its reaction
involving HR by frontier orbital approach [32], Mulliken
charge distribution, and molecular electrostatic podential
in defining the activity of the molecule [33], designing the
scheme of mechanism for its reaction with resctive OAYZEN
species |34], nano C,; cluster os its corrier [35] and the
reaction enthalpies mechanism relnted 1o radical CAVEng-
ing property [36].

This rescarch article pives an idea about the attack of
HE on AA and DMA, which is an liem in sludying the
abstraction of hydrogen using Fukui function, bond dissocla.
tion energy {BDE), and bond dissociation enthalpy (BDH).
The HR initiated colored product is inhibited by AA, The
theoretical justification of hydrogen abstraction from AA

ﬂ Sprimper

and DMA 15 provided, The article is emphasized on the
electron density over the AA. and DAMA by atomic Fuku
functions involvieg right and left derivatives of elecirmn
deasity with respect to constant chemical potsntial under
frozen molecular condigions. The therqetical spectral simula-
tions wers coerelatad with experimental U'V=Vis generaied
ifata, This proposcd A553Y & am imlirect quanti feation of Al
based on induction period developed by addition of AA foar
HEP initiated reaction, The presenl rescarch artigle imvaly.
ing A, DBA and HEP s Turiher extension of the research
work carried easlier [37] by our Errp. The research artjcle
has bwo paris, first dealing with the development of analyi-
cal assays for antioxidant activity, and second the theoretjcal
path discussions by quanum mechanical swdies,

Results and dizseussion
DMA-HRP-AA assay protocol

Three cm* of the reaction nixture comzining 2233 pM
DhdA, 0,756 nbd HEP sind 82 84 B Oy i 00 mdd
potassiom dihydragen arthephesphateisodium hydroxde
buffer of pli 6.0 was taked. For the evaluation of the Tinear
calibration graph, 100 mm® of varying concentrations of
A& were consicdersd, so that the final eoncentration in 3
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em” of the solutions ranged between | E9-and 3T 8 pbd.
The ashsorhance of Lthe violet colored imine form ol
Tad-dimethexpaniline (OMA®) product was recorded
continususly for 600 s at 540 no with 30 s intervals. The
absorbance of the cortool and fest selution was reconded
with reference 10 distilled water, The induclion period of
test soluwlion containing 378 phd ol Ad, and coacrol witlr-
aul A recorded by the plot of ghserbance vs. time {in 5}
ks slhwn in Fig, 2 The plot of copesstintion va. indegctien
peciod was used for the evalustion of Linearivy b the cali-
bration graph s show in Fig. 3.

Additton of AA to the reaction mixture inhibits the For-
mation of free radieal, thus Initiating the indoction time
during couwrse of the teaction. Ingredse in the tdme log with
incrense in the conceniralion of AA aubsiantiotes the inhi-
hitian kinetics.

Optimization of the reaction condition

Fuor establishing Uie eptimized concentration of H.Oh in
Lerms of induction pericd, 3 cm’ of the reaction mixture con-
taining 2233 ph DMA and 0,756 nM HREP af varying con-
centrations of A and HyOp weee taken, The HpD; concen-
frafions thiot were wsed b the opimization procedure mnged
between 20 and 663,04 pM with varving Ad concentrations
of 45,42, 75.7 and 18923 pA, From Fig. 15, it can be seen
that the induction period varies linearly befween 20 and
FLER M, beyond which it pets saturated due to the enzy-
mmatic reaction. Hence, a final concentration of 8188 pM of
ELOs wiis selected for further assay proceduid,

As the proposed assay procedure is based on release
of Hit by HREF, the optimized pHitemperaturs that was
recarded For our earlier work [37] 15 selected as a reference.
The optimized pH that was selected under the optimized

Fig.2 Esgluutson of the ndocs 0.8
o pericad for T phi DikEA, =
(754 ik FERP, and 5253 g B.20 4
Hth i FS mibd peassium 24 W 2 21EA04m + 1.3AL-01
diliydiagen |:||1|'ub-|ﬂ.l.l!w5|:'hﬂlﬂ" . B e OO0l
soiliuen Fydroxide boffer son- 0.27 -
fainizz 37 5 phi A is o 1ol e I
3 emi’ al the eeaction mdsiure, g2 g
The cooerod {4 and sampls (=) =
TeAiEnEy ul:rl:rtmﬁdng.ﬂﬂ.ﬂ = Q.48 -
the ofililbad waner ﬂ.

0.16 +

.14 +

B e

i | g v -
L] 100 200 o0 400 SO0 Goo T
Time i 5
Fig.3 Calibracion praph fos ing
detarmination of AA conlain- -
ing 3233 pM DA, 075 nM 250 4 = B566- 43,77
HEP amd B2EB b I-I_z'l:l': 1] R! = 0926
LMk mid petasslum ditedre- _:
gen ofitbophoapiale § iz a 200
bydremiste bulfer ol g &.0 0 T
o oisl 3 e’ of the reaciion = 450
mRiure contaimang in the range E
Beiween 109 and 37.8 uhdof T
A = 400 -
-
50 4 -
o -
i) 10 rae 30 A
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concenirtions of the DMA, HRP, and H.0, 15 6.0, The
effect of tempermure was studied im the range 0-80 g, o
and BUwas foond shiat e sensitivity rémaing stable in the
range 20000 M, Henee, 25 °C is selected during the assay
procedure,

Physical fitting models for ealibration
and eptimization

The dependent variabbes that weee selected inchides dilfer-
et concenrations of HyOy, AA and the induction perind
respomses for ull ten experimental runs are summarized in
Table I, This medel was validated, where tlse sipnificant
Z {devistion of a datu point from the mean, relative et e
slandard deviation) at 93% confidence values Jess than 1.96
were accepled. During the model selection, the best fitped
models for the indusction perind were linear and haparithanic
based and the regression valve, BE claser o1, The RSD,
A of the reproducibitity of the model havimg less
than 3.0% and the K2 values close o 1. indicates a pood
relationship between the caperimental dats and those of
the fitced models. The & values well within the necepdnhle
lirnit = 0091 inddicate the experimental data fireed well with
lincar and logarithmic equations. The fgal equation indi-
cating the actual shope intercepl is shown i Table 1,
Pasitive values represent the efeci of concentralion on
optmization, whereos nepative values TCREEsEnt an inverses
relasiomship between the concentration factor and the indyc-
tiom peraed, The slope of the graph indicates 115 nature, fe.,
change in the induction period with referenee cuncenifation
The percentage error associnsed in the determination of AA
lies in dhe range 0.5 to [0,

Spectral characteristics

An intense vielet colored product; DMA®, was scanned
in the wavelength range from 400 0 800 gm ngainst the
control. The ubsorption spectrum has dual maximem one ai
540 nam and anather 01 600 am, witibuted 1o (0 5 and m b
" transitions, respectively [38]. The eapetimental observn-
tion was made 2t 540-nm due to its high maolar absurptivity
(0718 mM™ ™) as reported eirdier [37]. The control hos

Table T Predicied rasposss models ond stalistica] Paumevers ohrained

i i i 1 Th# I‘.bWFIU.U"
ipible absorplions in the entine rangs S
:;Echtfl:m of the ﬂt:iu: colored product is as shown in Fig, 4

Reaction mechanism

A i a pood scavenger of superoxide l‘-l"ll":ﬂa_l aaran, hydro-
gen perogide, HR and singlel oxygen. G:ufnmm ol A
produces two moles of clectron along with quinone zralog,
Rut, some researchers claim tleat single electiron change
thronegh the foemation of uni-raical t:lnju&,.lltd.h_',' carbonyl
greap slabilized by resonance [39], The Itlrm.J.luln af dehiy-
droascorbic acud is preatly expecied os the single electron
change invalving the specific removal of torgeted h;.-dm,lg;u:
which is Kinetkcal ly firkidden process [8]. Scheme 4 depicn
P dilerent rowies (Schesne 4o and b of formation of dely-
droascoabic aciid moleculbe,

AA inhibition mechanism of DMA

HI seavenging assay was measured basid on the relalive
competitive inhibition in the formation of cologed product,
A 50 strong scavenger of HE with formalion constant
Kpm 1.8 10 dm® mol = 51 [40], compared 1o DAA doe o
its high inhibivkon rote which initates a thme lag in e for-
matien of the colonsd prodoce, It was sbserved that thers wis
time lag in the formation of the product which InCreases 0g
ths concentrarion of AA Increased propartionately, The con-
Iribiling competitive feaction is ab shown below (Scheme ]

According 1o nbove competilive feaction described, 1he
faklowiag redation can be established [4 | I

Ay _ kLAA]
2 7 Lioha) (n

where A_ and A are the ahsotbance of correspanbing control
and samples for Bred concentration of DMA and various
corentrations of A& at o constan lame, &, &, and &, are A A
infiibited and blank rate consiam, respectively.

The inhibition kinetics as per the abave Eq. {1315 as
shown in Fig. 25, The formation of HR imtnated colored
product i as shown below (Sehepe fi).

Fipare Ma Type ofthe model  Twu dimensional plol Exgiation mesded for v R UV Erece
0z Lirear Tima versui ghunrhasce I ae M r' pus -0 -
a3 Lircar Insdiatiom perbond vierus |AA] A5668 v=43, 7% LT I3-22 0y
Supplensitary 15 Logarihmic Instuetice pericad veraas [Hy, L =187 oz [ 504 W7 os1g -
turing cpriméeation = 132 In x+ 100§ 0976
= 12T Inz+8T1T (L
Supplemeniary 25 Linear Fignel ratio versus [AAIIDMA]  27.0004 1 MEEe  pEag o
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BDE and BOH of Al and DMA

HIE is tle encryy required 1o break a bond between tw
=_11W"¢ positions of 3 molecalar system watl each atsm gazn-
ing wne clectron, The enthalpy (M) of the system is cqual 1o
the sum of internal energy and produoct of pressure and val-
trne. The BDE and BEH values are indicalion of the nwlec-
ulor system reaciing by HAT mechanisn. The AA acis as
an antioxidant which depends upon the removal of hydrogsn
atom of the lydroxyl proup atached 1o the lactone ting with
subsequent forntation of dehydroascarbic acid [42]. The
reminvil of hydrogen by HR depends on the BDE and BDH
of dillerent hydrepen atoms atiached 1o the AA molecule.
The pictorial representations of the AA and DMA long
with the local alomic positions are labeled in Fig, 5. The
BDE and BOH have been coloulated by the below relatbon:

BDE = E (Dehydroascorhic acid) 4 nE (Hydogen atom)
= {Acoorhic acid)
2}

EDH = i (Dehyidrosscorhic acid) + nif (Hydrogen atom)

—H {Ascarbic acid) (3
where n refers to the numiber of Iy drogen atom eliminated
from ihe parent molecular system and E represents elec-
tronic energy.

The least valves of the BDE (Tahle 2) of AA luve been
calculated for Hy; and H g atom, thereby implying easy
removal of Hyp and Hg hydrogen atom from AA by HR rdi-
cal. The calculated BDE is of the increasing onder Hj,=H,,.

Hy Hyyi Hygoe Hpge Hyy The elfective iransfer ol electron
over Oy and O contributes o highest BDE of H, and Hyo
The HE can attack H 7 and H ,, (Fig- 5) which can subsc-
quently result in the fornation of deliydroascorbic acid, The
formation of delyydroascorkic acid by losing Hyo and Hyg in
AA is o favourable condition due 1o the more eleciron den-
sity at the Oy, and Oy, justified by Fukui functions. Tha AH

of the AA system follows the sequential decreasing order

H,q. Hyg Hyz Hae Hyss Hgon Hig-

Fig. 5 Opimied molecilar
serycnges of Ad (lefl) and
DA Crigh] im groues] states

€) springer

table2 BDE and BOH of AA-in agueous eninmment

Hydrmgen scam A {agueces L] el ™

poslsian Froposed method | Heparied Discrepany
methiad [S}4]
e
BIE B3 HIFH B
17 g 168 36 28
% T1E IR 13520 £33
m 73 340 116 '
13 417 38 - -
Al 425 19 = o
14 a5y 4 435 0
Ll 455 427 430 03

The antioxidant tendency of DMA also depends on the
formation of hydroxyluted products an different aryl posi-
Lok, & shown in Fig. 5. The BDE at different position af
the potential binding sies was caboulated based on the place-
ment of hydrosyl group and oxygen radical on DMA. The
BDE and AN of DMA have been cobeulated by the relation,

EDE = E{Dmypenated DAA) + E {Hydragen atom}

—E{DMA-OH) i

BDH = Hi{Oxygenated DMAY + H{Hydrogen atom)

— HIDMA-DH) (5)

far bath nouemas wnd gos condiion.,

The optimized stouctires that have been chiosen fr the
sty of free radical assay vie, DMA; AA and (DMA), are
ps shown in Figs. 35 and 5.

The BDE (Table 37 of DM A For gaseous and agueous
system lellows an decreasing ondes 11 o8 Py, L f6T S
His: Hao Hyp. Hyg 00d Mg, FL TG, A 0,
Hq. respectively. The BIH for gasedus and aqueols Sys-
tem follows decreasing order as Hyg, Hyp, Hag, HijoH |
Hq HyfH o/ Hys and Hyg, By Hey HygH o H 0 Hy HyS
H,,, Tespeciively.
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Tabled BDE sl B of DMA in gasesus anil squeous sivicen:
ficril

Lhydrogen mioi DAIAAD el
TRMILTIHL e
LFEL =TT iy
B B0 B BOH
TR sl 442 TR Mg 263
15,106,107 A4 KL rx 26
L[ 13 05 20 14
% BT T8 03 EEY
b 333 MyE 3% i

The struetural factors that stabilize the oxygenated
DMA and dessabilize the hydroy] DA peduce BDRE.
The ¢ifective tronsfer of the clectron density from the
bwibranyl group to the phenyl ting takes place at a maxi-
iy extent in the case of methaxy group EH T )
amd 1 which contribuies o the hbghest BDE in pas-
eons nnd aqueons media, respectively. The reason for
e lowest BDE in the paseous medinm for Hyy is duae
i The erbital isleraction belwesn the hydroxyl ox¥pen
and amine hydrogens. The orbital ileraction sizldlizes
ihe pesuliing radical, heoees contiibutes for less BOE in
pasevas medium, The polarizing fctors contribale 0 the
highest BEYE of Hyy and least fisr Bl b0 pguoous medidm,
Hyy b the aqueoiss enviterment 3ssists the sizbilizng af
s-alectron denstty, thug leading to increase in the BDRE
[431.

The BI3H s calcnloted In aquesus phase far the posal-
e padieals of AA struciures that lies in the moge leiween
28% and 427 kifowl (Toble 2). Thess values as reporicd
by Btellerovd et al, [6] lics between 316 and 235 kl/mal
The hemolytic dissociation of hydsoxyl graaps bocated
o 2y (Hpy ) and © (H b is less preferable path die b its
high BDE. The discrapaney in the BOH values between
proposed methidd and reporied mscihad lics between 3 and
46 klfmol. The probable disceepancy is due i tha afahle
AA struclure that was selecied during He studics whieh
twcks hydrogen bond, The energetically preferred position
fust the removal of hydrogen in the formation of dehydoo-
genated AA ks Hy; and His

Similarly. BDH for the formation of hydroxylated
DA product {Table 3 in gasecus and aqueoud phase fal-
laws an increasing order H g, e Hap Hygnaias Hysrios
asd Hyg. Hyg, Hypnzin: Hisiain Hao sespectively, The
J-:I:lE and BDH of DMA s AA arg tabolated in Tables 2
and X

Fukui functions and dual descriptors for D
and HR

AA reacis with HR by a free radical mechanism resulling
in delyedroascorbic acid, The quantifiable value in terms
of the local sofiness of an atom can be demonstrated by
the Fukui fanctional vahue and dual descriptor. The eadical
deserlpors, e, and dual descriptor AfTr) fo hydrogen
inom over the DMA and AA allow us 1o chorocterize the
11k radical attacking position. The decreasing onder for AA
paddical -|l|:$|:ri|:lthr i ir:".. Hl“" ]||-|-. I‘||]-. II|||_ :H“;\_ I||;|- Ii|;|
znd dual descriplir as Hjs Hjq Hyps Hig Hge Hyge Hi Hy.

The hydragens thal ix suscoptible forthe mitack by Hl_l'. are
Hyg. Hyg, 14y The decneasing orker of padical doscripior
for oxygen sboms ower the AA it 055 O Opae Qa s

O Thee Oy Dyg 27S e expased Lo the HR afrack dus o

thse availnhle H g and Hay Alse it is poticed that ihe me

negnaive dual descriplor over 0, and Oy cnumErates the

pitack of HR.

Similarly, radical descriptor for DatA follows decreas-
i"l'ls'l:lrlh'ilﬁ HlB' :H:u.. [ I I[“.. ]1:,. His, H”, H“. Hyss Hyge
Hyg ondd disal descripior a5 Hys, Hye Higo Hyg- Hime Hage Ha-
Hyy Hjgo Hygo Hys The aryl hydrogens such 28 Hyg, Hap.
H,y oveerule the formation of the henzene radical as aryl
compatnds are stable. The electron density over the Hy, amd
Hy, mure susceptibie for hamolytic cleavape as AR of My
is leds than £eeo,

The sumptative solness of the Ad axygen (O amd Ohyd
1o that of DMA nitrogen (M) s found 10 be greater, thus
inferring better reducing capagsty of A compared 1o DAMA.

The Fukui functions and dunl descriptors are morked
in the bold forn for clear cob identification of the density
marker on one 1o one o in te meleeule (Table 45,

Frontier molecular orbital concept in explanation
of hard-soft acld base concept

Eroptier arbital energy gap, that is the difference beiween
the HOMOVSOMO and LUMO energies, shows the inter-
pction of the molecule with otler species. Frontier orbital
energy dilfercnce helps to differentiate between the chemi-
cal reactivity of the malecules. HOMO or SOMO values
are — 7729, = 9722, and — 15393 oY for DAL AA and
HE, respectively, and cogrresponding LUMO values nre
L.I05, L1864, and 1,47% V. The cortesponding HOMO
or SOMO-LUMO differences for DA, AA, ond HRE are
B.534, 10908, ond 16,872 W as tzhaluted i Tabke 3 These
tabulated values wene caloulated from (he energies (Supple-
mwerlary infermatien, Fukei functions} of Treatier molecular
onkritals.

A hurd molecule has a large SOMOHOMO-LUNOD pap
ot 3 5ofL moleculs has 3 symall SOMOHOMO-LUMO gap,
Among theae, HE is hard, AA 5 intermediate, pnd DMA i=

&) Speanges
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Table 4 Fukui functions uf DA, A8, HE

Ao by giom pani- ..f,f' 5:1 & firl
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e LG NARSR - ORI
£ LRTEE ] 0EE2 = 1824
Sl D 03593 — D155
C-6 T w141z G
07 w174 81873 -
08 LAIRET] 14T - 03
g 1334 0574s - 158
10 (At B a5
oo LB g ey
St g 0.2y 08175
.22 TG LS s
i3 AN LT Wi
IL-1% Ll 0.1 i
Bi-ts 0 hiE o i
ii17 M6 Ay e
-5k LY TTH 0508 el
L (0651 iz 0724
iy sy B4i4T R
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i DS 0337 B1276
1-18 10,0805 nsnzy L7
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-1 HLo0GE 08438 01576
H-14 i CTTEY QA7)
1% 0153 (LE424 — M2
o-16 0814 04058 - GLETO|
=17 sy [LNIRE BAET
-8 00882 4Ly - D303
H-f4 TR [ =4 DABES
H-ID LS L] (12550 22180
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H-i os2T i 1670 ~ {L.0cien
-2 05472 a3 [aliLE ]

I Calculsions were performed as per the mathematicsd section based
o FUKUL FUNCTIONS, discussed in supplementary Informetion

2. Fului furstion. bocal sofiness and dual deseripor fefer to the par-
lial derivative of the electron density with reference 1o the aleciron
fgivcr W= 1, M. N+ 1) in a specific muolecular systom [44] |g,,

2 Ll

€} Springer

Tahle 4 {contimaed) : :
Signi{mm af keldd refers ba the Fukoi Fanctions and dual dﬁ"‘"F‘-ﬂr
of the targeied aens in A4, DMA and HE

Teble 5 Chamum mechanical parameters of HE, DA, and As

DAk R AA"
EOMNHOMD (EWeY  —T.720 — 15393 — 9712
LMD (E VY 1105 1479 L1g6
E=E £ e BEM 16872 IS8
Electmone puivity it - 3312 =705 =47268
Global hicdnes wiey 4417 536 Fasd
Glohal sofiness ™" 022 0.II7 BI&D
Electraphilicity faev .24 241 144
= 500 648 20,60
;tl:!rti'-'il.}' tevasel FIR Less renctive - Highly roactive

eadical

Al the calculativns are done Tor (he optimized molecular system
unUes sequenais condiisan

*Occupicd malecular orbical corresposcts o SOMD
*Oceupicd elecular cebical eorraspends 10 HOMO

£ Fefers i the riio of Propensity to aceept and donate ebectran as
pr Eq. {3), Supplementay iaformation

seft, Hence, DMA will have 5 tendency to changpe eleciron
density moee casily than that of AA o0 inderacling with HR.
Hard reactant, where electron density is hard o change refies
o the ebeciroatatic eMects. Sof mnlecubes, with a small
Frontier molecular arbial Fap. will have their cleceron dep-
Sily mdre casily pelarized than o leard molecule [45]. Henee,
DMA is mare polarizable Hean that of HE and A A

Hard acids prefer to react with b bases, and soft acigs
prefee soft bases. Hardness cloims Hip Linetically reacting
Faster with AA and slower with DMA [46]. This enumer.
ales the induction periogd developed during the Courss of the
reaclion in the presence of HEp eneyme, which is consisten:
with the deseriplion provided by Gazquez [47), Figure, 6
ilhustrates the isosurface mttern of one o one stom of AA
and DA,

Ultraviolet-visible spectral simulation of product

The simulated absorption wavelengths were found o he 214,
232 and 233 nm for DMA: 234, 276, ol 33 new far DAA®:
and 215, 300, and 374 nm for its coupled dizzn {DMA),
product in aquecus phase, The three excited states of all
the three species are 03 tabolated bn Tabte &, The UV-\is
simulated spectra generated for DMAY and {DMA), by
Gaussum are a5 shown in Fig. 7. The theoretical ealcula-
tion performed does not consider stabiliztion of the exciied
Eround state. The phosphate buffer used in the enzyeatic




il raplneg of aicorhic aniline
|h1ri'“""‘ pide fnlindg el aned dimethoe
v ¥ fed The dntlowidant. ..

o H:_-'m.-' .,:ff-}"- ]

Fig.6 Maleculss lsomurfsce {ict m=O.0768) ea o various atnmis
grmupe of A {easph aml DA, Yboltors), Helalive ehoimos densiy an
varioass one Wi oaa posliion atoms is shown in red {mepalkve isosuls
(=) il bise Jive scauriaos] color refaiag B Hdph-am! low
dienser pusitions i HE suack, respectivaly. The cummelaiive Foloul
Tuivcioms of hydnegen and hetero Jl0ME are illustrated with &fr} val-
wes el hetars alims in e hrockess

Table 6 Thenelical ahsarmion wavzlengihs for three eacibed stabes,
i1 oscitlator strenpihs, o ifereet forms of Lt

Bxeited stateainm  Duesllanor sleeigeh

Wefecular kpalem

FREE Z15 na%ze
p 5] o
i O.I5T=
11 F puh| LIy
7 0oz
3 ey
(1LY 215 Mo
3K (L]
av4 R

peaction atahilizes the excited state involviag bathochro-
mic shift of the shsorption masimum, Furthermore, the
dual peaks presence in the pragtically measured absorptiun
maximum confirms the radical nature of DMA® produst
Wherezs, theoretical absorpticn mazimum of dimeric a2
product ot 300 mm has no exira sister peak. Hence, ihe anly
peoduct during the reaction of DMA with HRE in the pres-

cnce of HaOy 15 DIRA®.

Conclusion

An antioxidant inhibitton assay invalving HRP as an HR
peneratar has bee proposed invelving ONMA us an enEy-
matic co-substrate. The methed is hasci on the infubilion
an the formation of the colored product in the presence of
AA The induction period MCreascs with increase i the
AA conceptration, The linearity of the anuoxidint 2% Af
equivalents is found 1o be in the range between 1 1.9 and
375 uM, ESP gt different positions of the assoginted gioms
rated by Avopadro visial interface. 1W=Yis absom-
tion exnciation energies are penerated for different prsible
maolecalar systems such as DMA® nd (DAY which are
further correlated with the experimental absorption mais
i and It was found that the DMA® is the only prodict
that is formed during the rezction of DMA with hvidrogen
peroxide in the presence of HEE The formation of dehy-
dropscorbic acid was theoretically confirmesl by sdies
involving Fukui function, BDE, and BDH. The isosurface
2t various atomic positions by imense ned colar indicates the
nucleophilic nature of DMA and AA. The BDE and BDH
of AA ond DMA evaluated by homolytic breakage ai spe-
cific local ntomic pasition confirm the formation of cxpected
product as predicied practicaily. The relative electron density
an varjous positions as quantified by Fukui function gives us
e target=d point of attack in AA and DMA. The brdging
gap in the inhibitory studies was narrowed by the energy
caerelation of HOMO-LUMD gap among the HR, DMA,
and AA. The mobecular ESP and NBO analysis provides
the chemistey of DMA and AA for its reducing capacity.
Thus, providing 3 practical data with substantial theoretical
proof can enlarge ide2s in correlating and eapanding ouf
visualization in observation of antioaidant inhikition mecha-
pism. Fusthermore, these quanum mechanical calculations
in justifying reaction pabways involving A can enhand
aler visson in exact poing of HE atack.

are pene
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Experimental

All the chernicals used in the assay were of analytical grode.
DMA, HRP (E.C. 1.11.0.7, 100 unils/mg), AA were pur-
chased from Himedia laboratories (Mumbai, Indiak. Double
distilled water wis used throughout the expesiment. DMA
100 mM) was prepared initially by dissolving 0,150 g using
1000 mm* of alcohol, and finally by water to o total vol-
ume of 10 een®. Freshly prepared 104 mM Hy0, was used
threughout the experiment. Further dilutions of Hy0, were
prepared as per the meed of the ex periment. Twe nig of HRP

) Spriages

was dissolved in 10 cm® of 0.1 M phosphate buffer of pHl
6.0,

Computational and software details

Computational simulations wese carried out with the Ganss-
1anl6 program [448] t!l11p|.'l:lfil1g BILYP-D3{BI) fosctenal
will 6-311+ + Gl p) basis set to schicve an oprimized
peometry {Tables |5, 25, 35, and 45). The completely filled
uleenkar Lyslems ami unpair.:l.l molecular systems (such



-

placimabicic potential mapping of ascorbic acld and e
sodant,..

e —
4 radicals, cations, and anions) ealeulations wers carried
put by restricted and unrestricted Kohn-Sham fmm;-J
respectively. S error associated with d;hy.;fmgmmﬂl:::
evygenated free radicals of AA and DMA, respectively, |
in the range 0,010 D.04% (Table 55). o
The optimization of the geometry was achicved with-
ol any geomelry constrainis, Avogadro [99] and Gawssum
{50] were used as visual interfaces, Solvent effects on the
||i'|-1'irr|.i1.-::d structure were investigated with self-consist-
it reaction feld by polarized continuum method wsing
SCRF =({Solvent = Water) DFT keyword {non-symmetric
‘I'-l:[mtri::l. model). Each of the structure was stabilized,
optimized and checked for any imaginary frequencies and
mast energetically preferred conformation was selected.
Frequency calculations exhibiting zero values corresponed
10 tranglstional and rotational character behavior of ibe mal-
eeules, Theoretical colculations were done aa the malegular
systerns that include electeonic energies, IR, and UV-Vis
data for visualization. The adiabati pEcitalion cneriss Wers
computed using TD-DFT calenlations. NBO analysis and
5P caleulations were computed for DA, AA, HE using

Pop=NBO and Pop= ESP DFT keyword. Molecular isosur
[ace walues WwWors sl nt = (L0769 in the Avogadro sofiware.
The BDE and BDH of differenl hydropen atoms
atached to DMA were calculated at 298.150 K by elec-
tronic energy using the relation BDE=£ [(Osygenated
A+ E (Hydrogen atom—E£ {DMA-OH) and BDH=H

i Oy penated DMA) + H (Hydrogen arom - (DMA-OH)L
AR 1312.8 khimal and Hygapes =~ 1304512 kJimol
the enerpy and enthalpy aof the hydrogen

[48] are used as

aiom. Tha interackion of HRE with TiA14A fszs bean studied by

placing radicals at the potential hinding sites of parcnt stres:
pure: Tod gmmmuinufly optimized molecules. The antioxkdant

propetty of AA was initiated by knocking out hydrogen at
differen siles which results in the faemation of dehydnogsn-

At nseorhic acid
Llltmviu!::-vjsdh
have Been simulate

Je absarpton spectid of the molecules
4 with TD-DFT calculation uaing
BILYP-D3(B) functional and 6-311+ 4 Cifd,p) basis set,
Caleulations of {anization peteniial (P, electron affin-
ity (EA} electrophilicity(£). glatal hardnessin), global
cofiness( ), clectron change during either oxidation or
seduction were carried oul 2% suggested by Serel al. [51].
[P and EA wene evaluated by frozen motecular conditions

for cationic and anioaic mnolecular syslems.
Fukui function and leal solippss Were cvaluated a5

{nfereed by Fuentealba rescarch group [32] Fukui fupc=
fions were evaluated in the frozen mafecular condilion by
left and right differentiation. The lefit and right cormespond
10 differentintion of cation and anjonic compariment of the
OMA and A Experimentol errors, stativical models {33],
left and right derivalives were evaluated by Microsoft excel

TN program.

Instrumentation

A SYSTRONICS model 2202 pC-bated doohle beam
UV—Vis speciraphotometer with 1.0 ¢cm matched cells W&t
wied for all absodbance measurcmenis nd Emperatare Wk
controlled using @ constant f=mperature cell holder with 2

slirrer.
AnbasnE SEp TS

tion: The onling version &
TS 51,

Swpremtmrplﬁfuma
tary magerial aveslabls =t ﬂ|p1.-'-".£r|r.mg.-'r-!.l.1r.r:r?.fu.ﬂ
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Provisional Offer : EUSINESS PROCESS SERVICES
Ref TCSLDT20234226948/Bangalore/BPS/BTN
Date: 221082023

Tear Ms Veena Suresh Muchand,
Sub: Letter of Provisional Offer and Terms of Employment.

Than you for exploning opportunities with Tata Consultancy Services Limited(TCSL). You have
successiuly completed our initial selection process ard we are pleased 1o make you a provisional

offer of Traineeship.

fou have been selected for 2 twelve month traineeship program at grade BPOS. You will receive a
ixed monthiy stipend during your intemship. Your stipend amount will be decided on the basis of
ining location and the process in which you will get akocation. The same will be communicated to

¢ou along with the detailed offer letter.

Kindly confirm your acceptance on the traineeship offered by signing Annexure 1. If not accepled
within 30 days of receipt, this offer of traineeship is liable to lapse at the discretion of the Company

This 15 a provisiona offer of traingeship and should not be consirued as an Offer of Employment
fram TCSL. A detailed offer of traineeship will follow within 7 days from complation of all
incumentation formalities and your aforesaid acceptance on this provisional offer. The Offer of
raineeship will be made to you provided this - opporfunity continues fo be available with TCSL

rour traineeship with TCS is subject to your being declared medically fit and retaining that finess
Juring the tenure in the company and your Background / Reference check being favourable and

acceptable to the Company

On joining and successful complaton of all Joining formalities including the back ground venficatan
you will be issued a Letter of Appointment by TCSL.

Your eppointment will be governed Dy the policies, rules, regulalions, practices, processes and
arocedures of TCSL as applicablée to you and the changes therein from fime to time

Frivwaie and Confidemial
TATA CONSULTANCY SERVICED
TEELDTIZIE2TE54E YRR e S
By i Tresk Cempus § s monu T priEsE U hipe . 1 BT FLE i
P =01 004708 PO Faes B9 BQ FRLG 1R faldl Eimpeor il =il B i N i
Higered DR 0 0 o SRl Budduind e mman ont, Memsgg: 820 121

Coplrals et acan B DRy 0 S Vol E ey OO i




TATA T\ )

Please also note, TCS BPS provides company transpart facility within a pre-defined radius far sach

location as defined in the company traneport policy Those living beyond these boundaries would be
equired to make their own arrangements to reach the nearest location conveniant 1o fhem fram
where they can be picked up or dropped

Yours Sincerely

For Tata Consultancy Services Limited.

Girish V. Nandimath Click Hara af uss 8 (F code soancer [rem yaur
Ghbﬂ.r Head Tah“l- A":q“iﬁiuﬂ" & I‘IF mciiile &y validase e afar ksmer
ANNEXURE 1

For the candidate to complate:

This 1s 1o confirm that | have received & hereby accepl the Provisional Letter of Traineeship Ref
Mo TCSL/DT20234226948/Bangalore/BPSIBTN cn (DO/MMMYYYY ),
Signature’

Mame

Date:
RPN TATA CONSULTANCY SERVICES :
TCEL/DT I I4TZEI40 Viika Coon wuillawcy Saraicen Limdiea

M &F, Thiek Camapuas, FiscEsns Ciy prase B [sngalore - %60 B0, fainetaia India
P =) 80 80 M 3900 Faor B 30 BEAT TR B e cofponile n e re oo Webiaiie: bl e 00 o0
Appatened Dok BN Hoor, Homa Bundeg, Beoman Peai, Mo $68 08
i s align Mo, 0L L3 Ollet veieai- Lisiaaen
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CENTRAL INDUSTRIAL SECURITY FORCE
i Minlsdry of Hone Allmirs)
CISF UNIT SF-1 MRS CHES NAl
CIsF SE-1 HOQrs Chennai
11 Bock, Rajaji Bhawan

Nasant Nagar, Chennai
Tain il Nadu-AH0020

FA201 T RectSSC CT{GD)-2M 1SZ-1 (RRCY2022- 1003 [Dated:11-11-2022

To,

o, WI01036T06
SACHIN 5 DESAL

3l pist AMMANAG! TAL HUKKERI Disti-
BELAGAVL, State- EARNATAKA, PIN- 591236,

EMHJEL:HEE;RHI!MEHT OF CONSTARLEGD i CENTRAL INDUSTRIAL SECURITY FORCE :
(FFER OF A[;@[.ﬂhﬁ'

Peference your selection 10 the post of Coasiahle/GD o Central Indusisial Secarity Fores

% You have been provisionally stlecled for appeintment & Censtablai30 in CISF on the following terms

and condhliong:-
i You will draw the pay in the Pay Mairix Level-§, Ri.l IT_EH_HIHI'.
i, Yior appedntment wilk be subject 1o the conditices miven in the Agreem
to e filed al the i of repotting 8l

RTC RTC DEOLI

CISF RTC DEOLL PO- DEOLL TONK, RAJASTHAN
Mearest Alrport- JAIFUR

Nearist railway stationz- KOTA JN

Mearest bus Depot:- DECOLI

ent Eanm. which will be requined

i You will be un protusion for a pedod of twe yers,

. The Appointing Autlicukty may deschirge you e service & any time furisg the period of probation, if
Ity their opinloe, your wark or conduct duning this perisd is considened unsatistactory, or ghawes thal ¥ou
are pet it for pempacnl agpainimens

v, o will b considened for gonlirmation im servios o FOUF SERCCSS fiul eampletion of profdation and if you
are found {8 in ewery respecl for eondlrmiaison

Vi, Tt should be understnod that wour sppaintmient 1 sulject 1o 2ny change in e Reomuitment Rules framed
[ e b dfe aed that sou wall hiove nioc bam [or ompersaLkn i eoisequened of axy such change
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