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Abstract 

In this research jatropha leaves powder (JLP) existing in great quantity in south region of Andhra 

Pradesh, were used as natural low-cost adsorbent for the removal of lead ions (Pb) in wastewater by means of 

the process of adsorption. The jatropha leaves powder is characterized by using Fourier transform infrared and 

scanning electron microscope to predict the functional groups and surface morphology. The experiment were 

carried out in a batch adsorption studies and covered the different process parameters such as the effect of 

initial lead ion concentration, contact time,  adsorbent dosage, solution pH and temperature. The maximum 

percentage removal of jatropha leaves powder  was found to remove 90% of lead at the end of 140 mins by using 

jatropha leaves powder in aqueous solution.  

The maximum removal of lead is found to be 87% achieved at the higher adsorbent dosage of 10 

g/100ml. It is observed that the lead removal efficiency from the aqueous solution decreased from 82 to 56% on 

the increment of initial lead concentration from 50 to 500 mg/L. The maximum percentage removal of lead was 

found to be 84%  at the temperature of 52oC. Initially as the temperature increases from 32oC to 62oC, then the 

% removal of lead decreases from 75% to 84%. Furthermore, to design the equilibrium data of adsorption of 

process, two isotherm models such as Langmuir and Freundlich were used. It is found that Freundlich equation 

has the highest value of R2 (0.9911) than Langmuir equation (0.9744). It was found that the equilibrium data was 

fitted very well with Freundlich isotherm model than Langmuir isotherm model.  
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INTRODUCTION 

The heavy metals are among the most harmful of the elemental pollutants and are of particular 

concern as their increasing level in the environment represents a serious threat to human health, living 

resources and ecological systems. Therefore, the discharge of effluents containing metals into the 

environment is a chief concern as they are considered persistent, bioaccumulative and toxic[1]. Lead is 

known as a very ancient environment pollutant and it can be discovered in wastewater generated by 

different industries such as tanneries, oil refining, and mining, acid battery, ceramic and glass 

manufacturing, metal planting and finishing, printing, tanning, and production of lead additives for 

gasoline.  

The lead concentration in the runoff wastewaters are inspired by the toxic effects of lead on the 

water world and the threat of pollution of water resources nominated for human consumption. 

According to USEPA, the drinking water standard for lead is 0.015 mg/l [2]. Severe lead contaminating 

in human systems which causes harsh spoil to the red blood cells, nervous system and kidneys whereas 

contact can influence abortion neonatal death and sterility [3-6]. The separation of such a detrimental 

ingredient from the waste water systems became inescapable. The waste water treatment which 

containing heavy metal is a major challenging problem in the research [7]. The most common various 

techniques such as coagulation–flocculation, chemical precipitation, flotation, ion exchange, membrane 

filtration and Adsorption [8]. Adsorption is now recognized as an effective and economic method for 

heavy metal wastewater treatment [9]. Additionally, it can be found in the environment naturally in a 

abundant or produced as a by-product or a waste from an agriculture [10].  

Many natural low-cost adsorbents using leaf powder of various trees such as bael tree [11], 

cypress, cinchona and pine [12], neem [13], rubber [14], Cinnamomum camphora [15], castor [16], 

Solanum melongena [17], and others were used for removing Pb(II) ions from aqueous solution. To 

make additional use of leaf powder of trees, the current investigation is an attempt to use jatropha leaves 

powder (JLP), as non-conventional low-cost adsorbent for the removal of  heavy metal ions such as 

Pb(II) from aqueous solution [18-22]. In the Present study, Adsorption equilibrium is usually explained 

the equilibrium state between the amount of adsorbed metal ion onto the adsorbent surface (qe) and the 

concentration of metal ions in solution (Ce). The general equations used to describe adsorption isotherm 

are Langmuir and Freundlich. The variable of those equations can describe both the adsorbent affinity 

and surface properties like JLP to the adsorbate such as metal ions. In this work, the linear forms of the 

above mentioned equations were used to describe the equilibrium data hence their applicability was 

evaluated by finding the correlation coefficients. 
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Abstract 
 To examine the utilization of coal ‘fly ash’ as adsorbent, batch studies were conducted to assess the removal of 

arsenic (As) from wastewater. The parameters such as Effect of the Contact time, Concentration, Adsorbent’s 

dosage, pH on Percentage removal was studied. The ‘Langmuir’ isotherm was well fitted to the experimental 

data and Adsorption kinetic studies concludes that ‘pseudo second order’ is best fitted for the data. The coal fly 

ash concentration required to accomplish the most extreme heavy metal removal was observed to be 6 g/L with 

the removal effectiveness of 96% of arsenic (As). The results of the study exhibited that the fly ash could be 

utilized as one of the successful low-cost adsorbent material for removal of Arsenic (As) from the wastewater. 
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I. INTRODUCTION 
Developing nations like India, urban bodies have been helped ill-advised wastewater transfer system; 

because of the reason of substantial industrialization and ill-advised sewer water system. Though, a few 

chemicals based ventures released wastewater having dangerous components or substantial metals like Arsenic 

(As), Cadmium (Cd), Lead (Pb), Chromium (Cr), and so on which makes extreme harm to environment and 

human being [3]. Despite concentration of substantial metals in wastewater has turned into the significant issue 

to the living and non-living things in environment. In these respects, removal of heavy metals assumes the 

crucial part in definite transfer of wastewater into water bodies. Heavy metal particles are non-biodegradable; 

they can gather their entireties along the normal way of life. In this manner, it is basic important to expel or limit 

the heavy metal particles in wastewater efficiently. The treatment strategies for heavy metal removal from 

wastewater are chemical precipitation, chemical coagulation, ion exchange, electro chemical techniques, 

adsorption, zeolite, and membrane process. [4]. Present study is focussed on the adsorption to remove Arsenic 

(As) from the wastewater using coal fly ash as adsorbent.  
 

II. MATERIALS & METHODS 
2.1 Coal Fly ash 

Coal fly ash remains (FA) is one which is produced in coal power stations (CPS) which is extremely 

stubborn to get wiped out from the biological system, causing natural risks, water and soil contamination and 

ruination of environmental cycles [9]. In India, out of 176.74 MT of FA produced by 151 TPSs, 107.77 MT is 

used for different purposes. From 1996-97 to 2015-16, there was an expansion of 6 overlap in the usage 

percentage of FA, i.e., from 10% to 60.97% (‘Central Authority of Electricity’, 2016). In this manner, keeping 

in mind the end goal to reduce hazards and hindrances caused by this harmful issue, a few kinds of research 
have been made to remove something great out of it. Around the world, just 25% of the aggregate FA produced 

is put into use. Reusing CFA rather than transfer is the best arrangement that deters natural worries, as well as 

makes new financial chances. Just less than 25% of the world's CFA is placed in different applications. For 

example: soil enhancement, Portland concrete and ceramic production, zeolites, filaments, fillers in polymers, 

adsorbents for air, and water and wastewater treatment. [10] Fig. 1 indicates distinctive usages of coal ‘fly ash’ 

in India. 
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Abstract: In the present study, kinetic data on reactive extraction of levulinic acid using tri-n-octylamine (TOA) in 1-hexanol 

was investigated at room temperature. From the kinetic studies, the specific rate of extraction is almost constant with an 

increase in the speed of agitation. Therefore, the speed of agitation does not affect the specific rate of extraction. The specific 

rate of extraction is relatively constant over the phase volume ratio indicating that the extraction of levulinic acid is 

occurring very near to the interface. Therefore, the reactive extraction of levulinic acid with TOA in 1-hexanol falls in 

Regime 3. The order of the reaction with respect to TOA concentration is found to be 1 by regression analysis and the rate 

constant is found to be 7.262*10-7 s-1. The order of the reaction with respect to initial levulinic acid is found to be 1 by 

regression analysis and the rate constant is found to be 1.666*10-6 s-1. 

Keywords: Reactive extraction, Levulinic acid, 1-Hexanol, Tri-n-octylamine, Kinetics. 
 

1. INTRODUCTION 
Levulinic acid has received considerable attention due to its potential use as an important basic 
chemical. It has been identified by the US Department of Energy as one of the 12 top value-added 
biochemical’s [1]. With the ever-increased demand for levulinic acid globally. Worldwide 
consumption of levulinic acid was estimated to be 3414 tons in 2019 and is expected to reach 4018 
tons in 2021. Levulinic acid demand in growth rate is predicted to increase by 33.5% annually by 
2021. However, its vital role demands an increase in the production volume in the industry and 
encroached the researchers to explore novel separation techniques to reduce the production cost of 
levulinic acid. 
The production cost of levulinic acid mainly depends on the feedstock cost and the downstream 
processing cost. The downstream processing cost is usually around 40-50% of the production cost  To 
minimize the downstream processing cost of carboxylic acids, recent research has been targeted on 
reactive extraction. It is a promising alternative for recovering carboxylic acids from the fermentation 
broth. 
Reactive extraction is a separation technique used to enhance the extraction of solute from the 
aqueous phase to the organic phase [3]. The extractant molecule in the organic phase reacts with the 
solute molecule in the aqueous phase to form reaction complex, which will stabilize in organic phase 
due to hydrogen bonding and hydrophobic nature of complex [4]–[7]. Reactive extraction is a 
combination of the physical phenomena (diffusion and solubilization of the system components) and 
chemical phenomena (the reaction between the extractant and the solute) [2], [5], [7]–[9]. 
In the kinetic study for levulinic acid the following parameters are consideredi) volume ration of 
organic to aqueous phase, (ii) Speed of stirrer, (iii) aqueous phase composition and (iv) organic phase 
composition. 
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ABSTRACT 
Coal Fly Ash is produced by coal-fired electric and steam generating plants is the finely divided residue that 

results from the combustion of pulverized coal. It mainly comprised of oxides having high adsorption capacity. 

Coal fly ash is used as a low-cost adsorbent to remove heavy metals such as Lead, Chromium, Arsenic, 

Cadmium etc. from industrial wastewater. Wastewater containing Lead has adverse effects on environment like 

changing the microbiological balance of soil, soil fertility disorders, contamination of groundwater etc. 

The main objective of the present work is to remove Lead from wastewater by using coal fly as adsorbent. The 

effect of contact time, pH, concentration and dosage of fly ash was studied. The kinetic studies and isotherms 
were also developed. 

KEYWORDS: Coal fly ash, Lead, XRD analysis, Wastewater, Adsorption technique 
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I. INTRODUCTION 
Wastewater is a mixture of several heavy metal ions. Among this lead is very dangerous metal in water 

which are obtained from industries like pharmaceutical, preparation of batteries, ceramics, amplifiers e.t.c. If 

people continuously exposed it causes a various effect like nervous system, kidneys, and reproductive system 

damages [1]. Lead content in water cannot be reduced easily to minor amount [2]. The maximum permissible 

level of lead in drinking water is about 15ppb. The applications of lead are in building construction materials, 

cable sheathing and ammunition. It is also obtained through agricultural discharges. It stunted the growth of the 

plant, decreases photosynthesis rate, chlorosis, blackening of the root system and it leads to disturbed mineral 

nutrition, water imbalance, and inhibition of enzyme activities [3]. Different methods such as sedimentation, 

coagulation, precipitation, filtration, adsorption, absorption, chlorination, ion exchange, chemical oxidation, 

osmosis, reverse osmosis and electrostatic precipitators are utilized to treat the contaminated water. Among all 

this adsorption technique is used because it is economically low and it is more efficient. Coal fly ash used as 
cheaper adsorbent to treat wastewater which is collected from thermal power plant. It mainly comprises of some 

oxides silicon oxide, ferrous oxide. Silicon oxide has a nature of high adsorption capacity of toxic metals from 

wastewater than other metals. The various parameters have been conducted to control the effectiveness of lead 

in wastewater by batch and kinetic, isotherms studies.  

 

II. MATERIAL AND METHODS: 
 

2.1 Preparation of the Adsorbent: 

Coal fly ash is inexpensive adsorbent which is collected from Rayalaseema thermal power plant. It is 
used to remove the lead from wastewater. Coal fly ash is further classified into two classes they are Class C fly 

ash & Class F fly ash. These classifications are based on percentage of silica content. Class C has more amount 

of silica than Class F fly ash. The coal fly ash used in this project is Class C fly ash it has more silica content.   

 
2.2 Preparation of stock solution: 

Lead nitrate is used to prepare synthetic solution. For this purpose, primary solution of lead was 

prepared about 100mg/l. By diluting the solution different concentration of solutions are prepared (2, 4, 6, 8 and 

10) ppm. The concentration of the solutions is determined by using UV adsorption spectroscopy. 

 

2.3 Characterization of coal fly ash: 

The figure shows, the XRD pattern obtained on fly ash material (collected from Rayalaseema thermal 
power plant, India). It mainly consists of SiO2, Fe2O3, Al2O3, CaO, MgO. XRD studies on our sample and 
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ABSTRACT- The wastewater of industries flows which contain heavy metal ions are manufactured from different 
industries. The heavy metals ions are amongst the mainly dangerous of the elemental pollutants and are of particular 
concern as their increasing level in the environment represents a serious threat to human health, living resources and 
ecological systems. Adsorption is one of the most promising techniques for the removal of cobalt and cadmium from 
water and wastewaters. The sugarcane bagasse pith is developed from locally sugarcane industries to measure the 
suitability remediates cobalt and cadmium contaminated water. Bagasse pith was pre-treated with 0.1 N NaOH 
followed by 0.1 N H2SO4 for the present work before its use. Batch adsorption experiments were carried out to study 
the adsorption of cobalt and cadmium on sugarcane bagasse pith sorbent taking into account the effect of initial 
concentration, contact time, adsorbent dosage, pH and temperature. The experimental maximum adsorption removal 
of bagasse pith was found to be 99.8% and 93% for cobalt and cadmium at the higher adsorbent dosage of 10 
g/100ml.  

The removal of cobalt ions decreased with increasing in pH, thus pH of 2, which gives maximum removal of cobalt, 
was shown as 97.4 %. The maximum removal of cadmium (81.5%) was observed at optimum pH 6 for bagasse pith. 
The adsorbent material which shows a good adsorption capacity for both the metal ions. The processes of adsorption 
on bagasse pith were evaluated by using Langmuir and Freundlich isotherm models. The values of correlation 
coefficient of Langmuir and Freundlich models for cobalt and cadmium were found to be 0.999 and 0.9977 
respectively. The Langmuir adsorption model exhibited excellent indication of adsorption data than the Freundlich 
isotherm model.  

Keywords: Adsorption Isotherms, Bagasse Pith, Cobalt and Cadmium, Langmuir, Freundlich, Wastewater.  

 

I. INTRODUCTION 

The primary thing required in all the living organisms is the contact to clean water. Due to increase of 
population, not only the stress on the reserves raise but contaminations of these natural resources is 
increasing day by day. The different pollutants discharge from different industries is making the scenario 
poorer. A few water that has been unnatural by the use of public is called wastewater. Cobalt is a very 
contaminated element which affects the environment.  It can be react with different particles or adsorb on 
particles of soil or water sediments. Soils which contain very less amounts of cobalt can grow plants that 
contain a deficiency of cobalt. While the regular level of cobalt in soils is 8 ppm, there are soils with as 
little as 0.1 ppm and others with as much as 70 ppm [4]. This metal ion which causes sterility, loss of hair, 
vomiting, bleeding, diarrhoea, coma and even death. Cadmium has been classified as a carcinogen of 
human and teratogen which affects the kidneys, lungs, liver and reproductive systems. 

The heavy metal ions separated from inorganic waste matter can be achieved by using conventional 
treatment methods. Separations of heavy metal ions from industrial wastewaters can be consummate 
through different treatment methods which includes like unit operations as chemical precipitation, 
complexation, coagulation, activated carbon adsorption, ion exchange, solvent extraction, foam flotation, 
electro-deposition, membrane operation and adsorption methods [5].The majority of them engage high 
capital costs with returning operating cost, which are not appropriate for small-scale industries.  

Adsorption process to be the most efficient process for the reason that it is very much efficient, low-
priced, and simple and eco-friendly technique among all physicochemical processes. Adsorption on 
bagasse pith is widely used for elimination of cobalt and cadmium metal ions at trace levels. Bagasse is 
one of the fibrous waste gone after the sugarcane juice has been extracted for crystallize into sugar. The 
analysis which shows that bagasse production is equivalent to 20-30 percentage of full cane volume 
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Abstract: Adsorption is one of the best technologies for the removal of nickel and lead water decontamination because it is an 

efficient, cheap and eco friendly treatment method. It is a good technique strong adequate to recognize water reuse requirement and 

high overflow standards in the industries. In the present work Cinnamomum Camphora seeds powder was studies as adsorbent for the 

removal of nickel and lead ions from aqueous solutions. The batch adsorption studies were carried out to examine the adsorption of 

nickel and lead on Cinnamomum Camphora seeds powder for the effect of initial concentration, contact time, adsorbent dosage, pH, 

temperature and also studied thermodynamic parameters. The maximum adsorption removal of Cinnamomum Camphora seeds powder 

was found to be 90 % and 91% for lead and nickel at the initial concentration of 50 mg/L. For the effect of temperature, the percentage 

removal of lead and nickel was noticed as 92% and 96% at the temperature of 62oC. The removal of nickel ions decreased with 

increasing in pH, thus pH of 10, which gives maximum percentage removal of nickel, is 90% and for lead is 89% at the optimum pH of 

6. The adsorbent dosage of Cinnamomum camphora seeds powder increases with increasing the percentage removal of lead and nickel 

and it is found to be 88 % and 85 %. The correlation coefficient of Langmuir model for lead and nickel were found to be 0.986 and 

0.9936 and the correlation coefficient of Freundlich model for lead and nickel were found to be 0.9905 and 0.9647 respectively. The 

Langmuir adsorption model which exhibited outstanding indication of adsorption data than the Freundlich adsorption model for 

Cinnamomum Camphora seeds powder in the nickel. The plot of log qe/ce versus 1/T was obtained with R-squared value 0.988 and 

0.985 for nickel and lead. The slope & the intercept which gives the value ΔS° of ΔH° and ΔS°, respectively. The decrease in ΔG° with 

the increase in temperature which shows good adsorption at high temperatures. .The positive value for change in enthalpy is due to 

endothermic nature of adsorption of cadmium 

 

Keywords: Thermodynamic Parameters, Cinnamomum Camphora Seeds Powder, Lead and Nickel, Langmuir and Freundlich Isotherm 
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1. Introduction 
 

The most important thing required in all the existing 

organisms is the contact to clean water. Due to increase of 

population, not only the stress on the reserves raise but 

contaminations of these natural resources is increasing day 

by day. Nickel is an element which occurs in the 

environment only at extremely low down levels [1]. The 

nickel metal ion content in soil the can be as small as 0.2 

ppm or as elevated as 450 ppm in few clay and loamy soils. 

This nickel metal ion which causes serious health troubles 

such as damage to lungs, kidneys, gastrointestinal distress, 

e.g., nausea, vomiting, diarrhea, pulmonary fibrosis and skin 

dermatitis [1]. Lead is a growing toxicant which can affects 

the multiple body systems and is mostly injurious to young 

children.  

 

This metal ion also used in several other products such as 

paints, pigments, stained glass, lead crystal glassware, 

ceramic glazes, jewellery, toys and in few cosmetics and 

traditional medicines [2]. At elevated levels of introduction, 

lead will attacks the brain and central nervous system which 

can causes coma, convulsions, death, Lung and liver 

damage; loss of appetite. The permissible level of lead is 

0.15 mg/L. The heavy metal ions separated from inorganic 

waste matter can be achieved by using conventional 

treatment methods [3]. Separations of heavy metal ions from 

industrial wastewaters can be consummate through different 

treatment methods which includes like unit operations as 

chemical precipitation, complexation, coagulation, activated 

carbon adsorption, ion exchange, solvent extraction, foam 

flotation, electro-deposition and membrane operation 

methods [4].  

 

Among these methods, adsorption has been accepted as a 

successful and cost-effective mode to treat the wastewaters 

which containing poisonous metals. It gives flexibility in the 

design and operation, as the process of adsorption can be 

operated in batch operations (5). The adsorption is more 

cost-effectively favourable; when the adsorbent is reused 

and the adsorbate can be recovered, as it makes the process 

of adsorption is more suitable [6]. Cinnamomum Camphora 

seeds powder used as a low cost and eco-friendly adsorbent 

for the removal of lead and nickel from industrial 

wastewater [7]. 

 

2. Materials  
 

Lead Nitrate, Nickel Nitrate Hexahydrate, Dimethyl 

glyoxime, Sodium Hydroxide, Sulphuric acid, distilled water 

and Cinnamomum Camphora seeds powder are purchased 

online from Nursery live in Kerala. All chemicals were used 

of analytical reagent grade only for the conduction of 

experiments 
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Abstract— a modular cascaded H-bridge
multilevelphotovoltaic (PV) inverter with
Modified Controller for three-phase grid-
connected applications is presented in this
paper. This topology helps to enhance the
flexibility and efficiency of PV inverter
systems. Due to the PV mismatches,
unbalanced current is injected into the
grid which leads to many power quality
issues. Modulation compensation scheme
is proposed in the control scheme of
inverter to eliminate the adverse effects of
PV mismatches. A distributed maximum
power point tracking scheme is applied to
inverter topology for better utilization
and to maximize the solar energy
extraction from PV modules. For
efficacious functioning of cascaded
inverter, Modified Controller is utilized in
the control scheme. To verify the
feasibility of the proposed approach, a
three phase seven level cascaded
multilevel inverter is modeled and
simulation results are presented by
utilizing MATLAB/SIMULINK.

Index Terms— Photovoltaic (PV),
Distributedmaximum power point (MPP)
tracking (MPPT), modulation
compensation, Modified Controller
Membership Functions,.

I INTRODUCTION
Renewable energy technologies are clean

sources of energy that have a much lower
environmental impact than conventional

energy technologies. There are many types
of renewable energy sources. Among them,
solar energy plays a key role in the power
generation sector. The demand for the solar
energy has increased by 20%–25% for every
annum over the span of late 20 years [1],
and the development is for the most part in
Grid connected systems. With the rapid
market development in photovoltaic (PV)
systems, there is incrementing scope for grid
connected Photovoltaic applications.

There are five types of inverter topologies
related to different PV system
configurations namely: 1) central inverters;
2) string inverters; 3) multistring inverters;
4) ac-module inverters; and 5) cascaded
inverters [2]–[7]. These PV system
topologies are shown in Fig. 1. Cascaded
inverter comprises of number of converters
connected in series and are commonly used
in medium and large scale grid-connected
PV applications [8]–[10]. Since the
converters are connected in series, high
power and/or high voltage is available
without the necessity of boosting stages.
Cascaded inverter topologies are categorized
into two types.

A cascaded dc/dc converter connection of
PV modules is presented in Fig. 1(e) [11],
[12]. Each dc/dc converter is fed by an
individual dc source, and these dc/dc
converter modules are connected in series to
produce a high dc voltage, which is supplied
to a simplified dc/ac inverter.

This methodology cumulates features of
string inverters and ac-module inverters and

1Gantala nandini, 2 Dr.T Gowri manohar.
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Abstract—This paper presents the 

Fractional order PID based voltage and 

current control schemes for the Voltage 

SourceConverter (VSC)based Distributed 

Generation (DG) units, in order to 

compensate for voltage unbalance in a 

microgrid. The objective of these scheme 

is to control the positive, negative and 

zero sequence components (separately 

and independently) of the voltage at the 

Point of Common Coupling (PCC) and 

the VSC currents to their respective 

reference commands. Dynamically 

varying limits have been proposed for the 

positive and negative sequence references 

for the current control schemes in order 

to protect the VSC from overloading 

(under unbalanced conditions) and 

unsymmetrical faults. The active power 

control, frequency control and the 

reactive power–voltage droop control 

schemes decide the references of the 

positive sequence voltage control scheme 

in order to fulfil the objective of using the 

same control schemes for the grid 

connected and the islanded modes of 

operation of the microgrid, thereby 

eliminating the need for islanding 

detection. The performance of the various 

control schemes employed for controlling 

the VSC based DG unit have been tested 

on two identical VSC based DG units 

feeding power to the IEEE 34 node 

distribution network implemented in 

MATLAB. 
 

I. INTRODUCTION 

MOST of the renewable energy sources (like 

PV, FC, etc) generate DC power, and most 

of the storage systems (like Battery, Super-

capacitor, etc) handle energy in the form of 

DC. These energy sources and storage 

systems need to be interfaced with the AC 

Microgrid through Voltage Source 

Converters (VSC). AC Microgrids are 

usually low voltage distribution networks 

with Distributed Generation (DG) units 

supplying power to the local loads [1] 

(which are inherently unbalanced). Thus the 

VSCs will be supplying unbalanced currents 

for most of the time and therefore a proper 

control scheme needs to be chosen for the 

VSC so that the performance of the VSC 

doesn’t get drastically affected. Another 

challenge involving the control of VSCs is 

in the control schemes for the Grid 

Connected and the Islanded modes of 

operation. When the microgrid is in the Grid 

connected mode of operation, the voltage 

and frequency of the microgrid will be 

imposed by the Main Grid, but when the 

microgrid is in the Standalone or Islanded 

mode of operation, the VSCs need to set the 

voltage and frequency of the microgrid. 

Therefore researchers initially proposed the 

idea of separate control schemes for VSCs 

operating in the Grid connected and the 

islanded modes of operation [2]. The same 

concept was extended in [3] in order to deal 

with unbalanced loads. However, a 

transition from the grid connected mode to 

the islanded mode of operation and vice 
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Abstract: This paper describes the solar 

wind hybrid power system for the generation 

of electricity over renewable vitality means. 

The integrated power generation systems are 

resourceful in generation areas. Power 

quality issues such as disturbances in 

voltage, current or frequency in sensitive 

industrial lots out comes in letdown of end 

handler tackle. This paper signifies the 

techniques for the perfection of sag, swell 

and disruption in a supply schemes with 

power grounded tackle D-STATCOM 

(Distribution Static compensator).As this 

device is most effective and efficient in 

injecting current and mitigating the sag, 

swell and reduction in interruption. The D- 

STATCOM as Voltage source inverter; the 

switches are skilful by pulse-width- 

modulation technique (PWM). The 

DSTATCOM provides the reactive 

compensation for voltage stabilization in 

distribution systems; it also provides the 

protection over voltage sag which is caused 

due to reactive current demand. During the 

transient events the D-STATCOM provides 

the power factor correction, system stability 

and load balancing. The compensation 

characteristics and reliability, control 

schemes of the planned system is designed 

and carried out in MATLAB/SIMULINK. 

Keywords: DSTATCOM, voltage  sag, 

Swell Mitigation, hybrid systems, Fuzzy 

Logic Control (FLC). 

 

I INTRODUCTION 

 

The quality of available supply 

power has a direct economic impact on 

industrial and domestic sectors which affects 

the growth of any nation [1]. This issue is 

more serious in electronic based systems. 

Level of harmonics and reactive power 

demand are popular parameters that specify 

the degree of distortion and reactive power 

demand at a particular bus of the utility [2]. 

The harmonic resonance is one of most 

common problem reported in low and 

medium level distribution system. It is due 

to capacitors which are used for power  

factor correction and source impedance [3]. 

Power converter based custom power 

devices (CPDs) are useful for reduction of 

power quality problems such as power factor 

correction, harmonics compensation, voltage 

sag/swell compensation, resonance due to 

distortion, voltage flicker reduction within 

specified international standards[4-6]. These 

CPDs include Distribution Static 

Compensator (DSTATCOM), Dynamic 

Voltage Restorer (DVR) and Unified Power 

Quality Conditioner (UPQC) in different 

configurations [7-9]. Some new topologies 
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ABSTRACT: The penetration level of 

renewable energy resources has grown in 

such a way that their effects on the power 

system can no longer be neglected. In order 

to cope with these problems, grid operators 

are forced to improve the stability of the grid 

connection point, and the static synchronous 

compensator (STATCOM) with Fuzzy 

Logic Controller (FLC), which has a fast 

dynamic response, is emerging as an 

alternative. Due to the prohibitive cost of 

STATCOM, however, grid operators have 

begun applying a new concept of hybrid 

STATCOM, which is a combination of 

mechanically switched capacitors (MSCs) 

and STATCOM. Thus, this paper 

investigates the use of new coordinated 

control between STATCOM and MSCs, and 

the solution relies on the required reactive 

power estimation method using online grid 

strength level (OGSL) index, which is newly 

proposed in this paper, and the optimal 

MSCs allocation algorithm. Following the 

proposed procedure, an improved 

coordinated control scheme is obtained 

whose objective is to reduce the switching 

times of the MSCs while maximizing the 

reserve reactive power margin of the 

STATCOM in transient state. This proposal 

is analyzed on the IEEE 3 Machine power 

system in India with the developed hybrid 

STATCOM model. 

 
INDEX TERMS: Fuzzy Logic Controller 

(FLC), Hybrid STATCOM, MSCs, online 

grid strength estimation, and coordinated 

control. 

I. INTRODUCTION 

In the grid planning and operation of 

a stressed power system due to a high level 

of renewable energy penetration, the ability 

to maintain a stable voltage has become a 

growing concern. Since power transfer 

limitations have frequently been observed 

due to reactive power unbalances and load 

change, grid operators have tried to apply 

high- voltage, high-current power electronic 

devices like static synchronous compensator 

(STATCOM) [1], static var compensator 

(SVC) [2], thyristor controlled series 

capacitor TCSC) [3] and unied power flow 

controllers (UPFC) [4] into the power 

system. The main advantages of these 

flexible ac transmission systems (FACTS) 

solutions are their rapid dynamic response 

[5], frequent variations in output, and ability 

to maintain grid stability and grid code [6], 

[7]. In the operation of FACTS, it is 

desirable to have a systematic and efficient 

tool to investigate how FACTS can impact 
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Abstract—A novel configuration of a Three Phase 

inverter that can integrate solar photovoltaic (PV) - 

Wind with battery storage in a Stand-Alone system is 

proposed in this paper. The force of the proposed 

topology lies in a novel, elongated unbalance three-

level vector modulation technique that can engender 

the correct ac voltage under unbalanced dc voltage 

conditions. This paper presents the Fractional order 

PID design philosophy of the proposed configuration 

and the theoretical framework of the proposed 

modulation technique. An incipient fraction order 

PID controller for the proposed system is additionally 

presented in order to control the puissance 

distribution between the solar PV -Wind, battery, and 

load, which simultaneously provides maximum 

power point tracking (MPPT) operation for the solar 

PV-Wind. The effectiveness of the proposed 

methodology is investigated by the MATLAB 

simulation of several scenarios, including battery 

charging and discharging with different calibers of 

solar and wind input Changes. The proposed 

methodology and design is tested on 

MATLAB/SIMULINK Environment. 

Index Terms—Fractional Order PID (FOPID), 

Battery storage, solar photovoltaic (PV), Wind-

PMSG, three-phase inverter. 

I Introduction 

At present, due to population outbreak the 

day to day energy demand has been increased which 

affect the resources of conventional energy sources, 

as the major amount of generated electricity has 

come from the fossil fuel [1], [2].Generally after 

generating the electricity fossil fuel is exhausted. By 

increasing the capacity of generation of electricity 

using fossil fuel enhances the depletion fuel 

resources. So to compensate the future energy 

demand the only alternative is the renewable energy 

sources, which does not exhausted after generation of 

electricity [3]-[5].On the other hand, during 

generation of electricity the fossil fuel emits harmful 

gases to the environment and pollutes our 

environment. Hence, to protect our environment and 

support the nation’s sustainable development the 

renewable energy sources got the prime attention to 

generate electricity [6]. Due to the absence of the 

load connectivity the battery maintains the reliability 

of the supplied electricity.The battery stores the 

generated electricity during the availability of the 

renewable energy sources and the stored energy 

supplied to the consumer whenever required [8]-[11]. 

The integration of different renewable energy sources 

reduces the dependency on the battery and increased 

the overall generating capacity without increasing the 

size of the energy storage unit [12]-[15]. The present 

study is addressing a new technology to integrate the 

generated electricity from solar and wind energy 

sources in a standalone distributed generation system 

to ensure optimum reliability to the consumer.This 

paper provides an effectiveness of the Standalone 

Hybrid PV-Wind MPPT method with FOPID 

proposed. It computes the instantaneous and junction 

array conductance. Hence, it is proposed FOPID 

control as an analytical model with fractional 

parameters to estimate them, which helps reducing 

the searching time. The simulation results are 

provided to validate the proposed FOPID – PV-Wind 

based Control capabilities. This paper is organized as 

follows: Section II provides an overview of System 

Configuration. Section III provides an overview of 

Modeling of PV system. Section IV provides an 

overview of Modeling of wind system. Section V  

provides the  Power Flow Management is developed. 

Section VI provides the Operation of charge 

controller for the hybrid solar-wind off-grid power 

supply system. Section VII provides an overview of 

FOPID based Control Design. The simulation results 

based on MATLAB are presented in Section VIII, 

and Section IX gives a conclusion. 
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Mathematical Evaluation of Solar PV
Array with T-C-T Topology Under
Different Shading Patterns

V. BalaRaju and Ch. Chengaiah

Abstract Solar photovoltaic (SPV) array topologies are formed by the electrical
interconnections between module to module in SPV arrays which consists of PV
modules connected in series and parallel. The main conventional SPV array topolo-
gies are series, parallel, Total-Cross-Tied, series-parallel, honey comb, and bridge
linked types. The performance of Total-Cross-Tied (T-C-T) type of topology or
configuration is better as compare to other type of connections. This paper presents
the mathematical evaluation of 6 × 6 size conventional Total-Cross-Tied (T-C-T)
SPV array topology under different shading patterns such as short shading, half
array shading, and long shading patterns. The electrical equivalent circuit of SPV
array TCT topology is analyzed by Kirchhoff’s laws at different nodes and loops
in SPV array topology. In this paper, the performance of SPV array with the TCT
topology in different shading patterns are investigated and theoretical measurements
in output power voltage characteristics of the global maximum power point (GMPP)
locations are examined.

Keywords PV array · Topology · Shaded patterns · Array power

1 Introduction

The increased electrical energy demand in worldwide, environmental problem, and
global warming effect due to fossil fuels has resulted in the growing adoption
of renewable energy for power generation. To meet the energy demand, renew-
able energy is alternative sources of electrical energy. Among all renewable energy
sources, the photovoltaic (PV) system has more advantage than other sources due
to latest development in PV technology and price drop of PV modules, rugged and
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Abstract- Solar photovoltaic (SPV) cell converts 

solar energy directly into electrical energy. The 

output power of single SPV cell is less, to increase 

the required power by connecting solar cells in series 

formed as PV module. The SPV array configuration 

such as series-parallel, total cross tied, bridge linked 

and honey comb types are made by series and parallel 

connection of PV modules. The output power of 

array configuration depends on solar insolation 

falling on the modules. Electrical fault is the 

abnormal condition that occurs in any electrical 

circuits due to open circuit and short circuits. The 

output Power-Voltage characteristics of SPV array 

configuration or topology are affected more under 

faults in the PV system. In this paper, investigate the 

performance of 6x6 size  SP and TCT array 

topologies under different electrical faults mainly 

short circuits, LG, LL, LLL, LLG, open circuits, 

shading faults and simulate the SPV array 

configurations under different fault conditions in 

MATLAB/ Simulink software. 

Keywords- PV module and array power, 

configuration, Faults, Mismatch loss, Irradiances, 

modules in Stings. 

 

I. INTRODUCTION 

Now a day’s power generation from renewable 

energy sources are increased due to depletion of 

fossil fuels, increased cost of oil and environmental 

conditions mainly global warming effect etc. 

Renewable energy sources are mainly solar, wind, 

biomass, geothermal etc., among these solar PV 

power has more advantages. In India, installation 

capacity of renewable energy sources has reached 10 

GW and installed capacity of solar is increasing to 

100 GW by 2022. Due to fast developing technology 

in solar PV system, increases the PV system 

installation around the world. To avoid the damage 

and shutdown of PV system due to faults, it is 

essential to detect and diagnosis the faults in time and 

minimize the damage, maintenance cost of the SPV 

system [1].  

Faults in SPV systems leads to energy loss are often 

it is difficult to avoid. Fault detection in PV system is 

essential for improving the reliability, continuity, 

safety and efficiency of the SPV system. The direct 

current (DC) side faults of a SPV system mainly 

open-circuit (OC) faults, hotspot faults, short circuits 

(SC) faults, total and partial shading faults, 

degradation faults are often it is difficult to avoid it 

results in energy loss occurs, reduction of lifespan of 

PV module, fire hazards occurs due to serious fault 

conditions and finally shutdown occurs in entire SPV 

system. Generally, fault detection and protection 

methods mainly over current protection devices 

(OCPD’s) i.e., fuses are used in series with the PV 

components. Compare to conventional power, the 

solar power is unique because it may have uncleared 

and undetectable fault current by OCPD’s due to 

SPV arrays non-linear output characteristics, MPPT 

of the PV inverters, low irradiance, degradation of 

solar cells. However, due to the current-limiting 

nature, these OCPDs are may not be cleared the 

faults in PV system [2].  

Due to uncleared faults in SPV system, causes power 

losses and it leads to safety issues and fire hazards. 

This paper investigates the performance of SPV 6x6 

Series-Parallel and Total-Cross-Tied (TCT) array 

topologies under different faults mainly Line to 

ground (L-G), line to line (LL), line to line- line 

(LLL), line-line to ground (LL-G) faults, open circuit 

fault i.e., one sting is open in 6x6 array, Short circuit 

faults between modules in an array, inter string and 

intra string faults [3-4].  

This research paper starts with the modeling of 

single diode solar cell, module and PV array are 

presented in section-2. Different faults in SPV array 

configuration and modeling, simulation of 6x6 SPV 

array for SP, TCT topologies are discussed in section-

3 and 4 respectively. Performance analysis of SP, TCT 

and results, conclusions are given in section-5 and 6 

respectively. 

II. SYSTEM DESIGN 

2.1. Modeling of Photovoltaic Array 

The modeling of Single diode solar PV cell by 

defining the mathematical equations shown in fig-1.

 
Figure-1: Single diode Solar PV cell 
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A New TCT configuration based on KenDoKu puzzle to maximize the power output of 

solar PV array 

V Bala Raju and Ch. Chengaiah 

SV University Tirupathi 

 

In shade conditions, the efficiency of the photovoltaic(PV) solar system decreases. Shading is 

caused by surrounding buildings, adjacent tall structures, dust, bird drops, clouds, and so on, 

causing a significant reduction in solar PV system generation capacity. The primary purpose 

of this paper is to enhance the total output power of a shaded PV array by reconfiguring the 

existing Total-Cross-Tied(TCT) arrangement or configuration using the shade dispersion 

(SD) technique. The proposed SD technique was developed on the basis of a handmade math-

doku puzzle called the Ken-Do-Ku (KDK) puzzle sequence. This SD technique is used to 

reconfigure or rearrange the un-shaded and shaded modules in the TCT PV array 

configuration so that mismatches in row-currents are effectively eliminated by expanding the 

shading to modules throughout the array. In TCT configuration, the physical position of the 

modules is reorganized by using the KDK sequence without altering the electric ties among 

the array modules. The performance of a 6x6 arrays in various shading cases is tested in 

MATLAB /Simulink software, and the result shows that the reconfiguration of TCT by 

means of a KenDoKu puzzle increases the PV array's output power under various shading 

conditions. 
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Mathematical modeling and simulation of energy 

management in smart grid 

Devisree Chippada, M. Damodar Reddy 

 

Abstract 

A Smart Grid (SG) or Intelligent Grid is the solution for modernizing the electric power system and infrastructure to 

create a smarter and more reliable electricity grid. The synergies of Electric Vehicles (EVs) and Renewable sources 

of energy in a Smart Grid play an important role in promoting energy savings and reducing emissions. This paper 

portrays a strategy for Energy Management (EM) to maintain energy sustainability in the environment of smart grids. 

The system is modeled by considering solar source, loads, energy storages and utility grid. The different operating 

modes of Energy Management System is presented. The simulation outcomes emphasize the efficacy of the proposed 

management strategy and the possibility of Electric Vehicle storage system in enhancing the renewable exploration.  

 

Keywords: Electric vehicles, energy management, smart grids 

1. Introduction 

Electric Power is considered as one of the significant and most vital technologies in the 20
th

 century 

giving rise to the rapid industrialization and globalization. A Smart Grid (SG) is an electricity 

transmission and distribution network that incorporates digital and other advanced Information and 

Communication Technologies (ICTs) for sensing, monitoring, communicating and managing the energy 

flow. It takes online decisions from all generation sources to meet the varying electricity demands of end 

users.  Smart Grids oversees the generation, transmission and distribution asset’s real time capabilities [1]. 

It enables the power system operators to manage the most efficient way of controlling the balance 

between generation and load demands. The use of storage devices is essential due to the intermittent 

nature of the solar, wind powers and also due to sudden variations in the power produced by intermittent 

sources.  

Electric Vehicles (EVs) are becoming popular due to their potential to reduce fuel consumption, 

emissions and ability to increase Renewable Energy Sources (RESs) penetration into the transportation 

sector [1]. The integration of the electrical mobility in a smart grid should be considered in a complex 

system characterized by several factors, mainly including the generation of electricity from renewable 

resources distributed across the territory, the energy storage systems and the management tools that bind 

together the various elements.  

2. Representation of Smart Grids in Smart Cities 

Smart Grids play an important role for the sustainable use of energy in Smart Cities [2]. Smart grid 

helps the consumers to be energy suppliers known as prosumers. It allows the two-way flow of 

information and electricity between consumers and electric power companies. Smart cities are a logical 

extension of the concept of smart grids and the realization of smart cities is closely linked to the 

modernization process of traditional power system. The features of a Smart Grid include: 
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Abstract: In recent decades, various procedures have been introduced to improve the conditions of the 

cultural ponds' conditions in aquaculture. Numerous biological products, including live bacterial 

inocula, preparation of enzymes, extracts of plant products, and many others, are being promoted to 

induce water and soil quality conditioners in aquaculture ponds. However, several studies have shown 

no significant effect of bacterial inoculums, and also the treatment with enzymatic preparation led to an 

enhancement of microbial mineralization of organic matter, but no effective net production of fish was 

observed. Probiotics have recently been applied to aquaculture. Probiotics are the live cells or a substrate 

that induce its benefits by stimulating growth, digestion, and active immune response. Probiotics can 

also improve water and soil quality. The current study summarizes the role of commercial probiotic 

‘Super-PS’ on water quality and soil quality maintenance during the culture of freshwater fish 

Pangasius hypophthalmus fingerlings. 

Keywords: water quality maintenance; growth performance; Pangasius hypophthalmus; probiotic 

Rhodo bacter and Rhodo coccus species. 

© 2021 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 

Aquaculture, known as the fastest-growing food-producing sector globally, is heading 

towards new directions, intensifying and diversifying [1, 2]. The industry is now facing many 

challenges with the increase in the intensification and commercialization of aquaculture 

production. Pragnya et al., 2020 [3] reported bioaccumulation of heavy metals in different 

organs of fish Pangasius hypophthalmus, from Visakhapatnam, India, because coastal areas 

are prone to heavy metal pollution. The challenges majorly include combating diseases, 

broodstock improvement and domestication, development of appropriate feedstuffs and 

feeding mechanisms, water quality management, etc., [4]. Among these, disease outbreaks are 

one of the important problems that affect aquaculture production [5,6]. Probiotics in 

aquaculture have been widely used as an agent for controlling diseases, enhancing immune 

response, giving nutritional and enzymatic contributions to the host's digestion, and improving 

soil and water quality [6]. Probiotics are also regarded as an eco-friendly method in 

aquaculture. The probiotics may be added to experimental diet feed as live microorganisms to 

create a balanced indigenous microfloral community in the gastrointestinal tract [7,8]. 

Moreover, probiotics are considered therapeutic agents for usage, and some farmers are already 
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1. INTRODUCTION 

 

Consumer movements spread through out the world to protect consumers from exploitation of unscrupulous 

manufacturers, traders and service providers.  Almost all the countries enacted statutes to protect consumers 

and to promote welfare of the society.  In India too, Consumer protection Act, 1986 has been enacted and 

amended from time to time1. 

 

Consumer protection has its deep roots in the rich soil of Indian civilization, which dates back to 3200 BC.  In 

ancient India, human values were cherished and ethical practices were considered of great importance.  In 

ancient India, all sections of society followed ‘Dharma sastras’ which were derived from ‘Vedas’, the primary 

sources of law in India.  The ancient period documented the living conditions of the people ‘smritis’.  Among 

them, the manu Smriti (800 BC to 600 BC); the yajnavalkya Smriti(300 BC to 100 BC).  The Narada 

Smriti(100 AD to 200 AD), the Bruhaspati Smriti(200 AD to 400 Ad) and the Katyayana Smriti(300 AD to 

600 AD) are considered as authoritative texts.  Consumer protection was also a major concern in these 

‘Smritis’. 

 

In the medieval period, consumer protection continued to be of prime concern of the rulers. During Muslim 

rule, a large number of units of weights were used in India. During the Sultanate period, the prices used were 

determined by local conditions. During the rule of Alauddin Khilji, strict controls were established in the 

market place. Alauddin fixed the maximum price of a number of essential goods such as wheat, barley, rice, 

pulses, cloth, sugar, sugarcane, fruit, animal fat, besides slakes, horses and livestock. He ordered the merchants 

not to sell for more prices than the fixed price. He ordered the merchants to enrole their names in a register. 

Storing (hoarding) paddy, cereals was prohibited. Black marketing was also taken as a serious issue. For the 

violation of the orders, harsh punishments were imposed on the defaulters such as imposition of fines, 

imprisonment, expulsion from the capital, cutting flesh from the face etc. to implement and supervise the 

market reforms, the officers like ‘Diwani-Riyasat’, ‘Sahana-i-mandi’ were appointed. The merchants were 

severely punished for defective weights and measures. Sometimes the less weightage was compensated from 

the body of the merchant. The Sultan himself used to get reports from the market number of times on a day. To 

test practically, he used to personally send the slave boys to the market to get eatables. 

 

In the modern period, the British system of administration continued the protection of consumers by enacting a 

number of Acts such as Sale of Goods Act, 1930, the Drugs and Cosmetics Act of 1940, the Indian Penal Code 

of 1860 and many others Acts.  

 

COMMON LAW AND THE CONSUMER (Caveat Emptor) 

 

The English Common Law followed the principle of ‘Caveat emptor’ (Let the buyer beware) of Roman Law, 

which lays down that the vendor of land or goods is answerable in damages to the purchaser if the purchaser is 

evicted from the and or sustains any damage and it is the liability of the vendor to tender a good title and 

warranty for the property sold. The principle of ‘caveat emptor’ lays down that it is the duty of the buyer to 

satisfy himself before purchasing the article, that the article which he buys, is the one which the wants. This 

fuel, later, is enunciated in Section 16 of the Sale of Goods Act, 1930, in England. 
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Abstract: This paper study scholarly OA journals in law,  with the
advent of the Internet and electronic publishing, new models of
scholarly communication have emerged that simultaneously
complement and challenge established systems. Open Access is taken
broadly to mean that accessing, downloading, and reading material
is free to the entire population of Internet users, several options for the
provision of that access have emerged. Library should introduce to
their users to access full text e-books, e-journals, e-database those are
freely accessible from Internet. This paper deals with scholarly and
peer reviewed open access journals accessible from Directory of Open
Access Journals (DOAJ) in law. Study found that the only 332 law
journals are published in English language from 2005 to 2020. The
majority of the journals are published in 2020 and most of them are
Creative Common License publications,  17.77% of the journals
publishing by Indonesia, and Maximum number i.e. 68.67% of the
double blind peer reviewed e-journals.

Keywords: Directory of Open Access journals, DOAJ, Law Journals, E-
Journals, Scholarly e-Journals.

Introduction

Librarianship has shifted from use of printed and manually operated system to
world wide access to information. Libraries these days have consortia, and use
electronic resources and databases so that they can provide better services to
the users. Modern libraries have evolved from paper-based storehouse of books
and journals into distributed network of digitized information and knowledge,
now known as digital libraries. Now access of information is no longer restricted
to what is physically available in a particular library. Information is accessible
from a wide variety of globally distributed commercial repositories such as
electronic publishers and aggregators with access charge. However, it is also
accessible from open access journals, open access archives, few websites and
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CRITICAL BOOK REVIEWS IN
GOODS AND SERVICE TAX (GST)

Dr. G. Adinarayana
Assistant Professor

P.D. Department of Law
S.V.U.College of Arts

S.V.University ,Tirupati

Introduction

Good reviews convey the content of the book, the author’s approach to the
subject, and the author’s conclusions; the best reviews avoid a point-by-point
listing of themes in favor of a more integrated approach. Good reviews place
the work in the context of its field and give a sense of the work’s significance.
Good reviews present a balanced analysis of the book strengths and weaknesses
and illustrate those points with examples. Good reviews are written in a clear
and lively style. Style is not easy to define, but the best reviews illustrate that
elusive quality which makes their piece both interesting and engaging.

Goods and Services Tax (GST) fast growing and extremely active subject. The
last twenty years have seen an overwhelming accumulation of data, and a
panoply of important discoveries. The purpose of Reviews in GST is twofold:
to keep the reader up-to-date on achieved advances in the Law and Taxation
rapidly expanding fields of taxation service and to offer perspectives on where
these developments will lead.

Book Reviews on Goods and Services Tax (GST)

Ajay Srivastava (2017) book is a factual, simply-written ready-reckoner to GST
for business owners and practitioners starting from scratch, to understand the
architecture and intricacies of the new tax system. The author’s no-frills
approach weeds out the legalese from the original Act and presents the changes
in a ready-to-consume format. He also illustrates GST’s more convoluted
provisions such as those on stock transfers, input tax credit, the filing of returns
and the taxation of e-commerce with live examples. The key concerns that
SMEs flag with respect to the GST transition relate to the taxation of stock
transfers, the treatment of job work contracts, the presumptive composition
scheme, the transitional provisions on stock and the reverse charge mechanism.
These get detailed treatment in this book. An entire chapter is devoted to
record-keeping requirements under GST. There’s also a live walk-through of
how an SME can migrate to the new system. Also, several of GST rates and
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Experimental investigation on surface integrity of Inconel 718 
under hot machining and optimisation of its process 
parameters
A. Kiran Kumar and P. Venkataramaiah

Department of Mechanical Engineering, S. V. University, Tirupati, India

ABSTRACT
In the present paper, the Inconel alloy’s heat-based machining has 
been conducted to analyse this influence on surface integrity. The 
pre-heating softens the workpiece, which indeed reduces the yield 
strength to make machining easier. However, the impact of pre- 
heating on residual stress required more focus, which indeed has an 
impact on fatigue life, so the experiments conducted with different 
cutting conditions such as speed, cutting tool, feed rate, and depth 
of cut with reducing of residual stress and surface roughness. The 
experimental results are compared with simulation results per-
formed using ABAQUS/Explicit, which are acceptable. The optimal 
parameters determined using grey relational analysis (GRA) optimi-
sation approach are TiN coated tool, speed 50 m/min, feed 
0.11 mm/rev, depth of cut 0.3 mm, and pre-heating temperature 
600°C. From the obtained optimum parameters, the experiment has 
been carried out to validate the result. From ANOVA, it is identified 
that the pre-heating temperature is the top influential factor among 
all the factors.

ARTICLE HISTORY 
Accepted 3 December 2020 

KEYWORDS 
Hot machining; Inconel 718; 
surface integrity; GRA; 
ANOVA

1. Introduction

In the metal cutting industry, the major challenge in machining is to increase the 
machined parts of quality and productivity. Material like Nickel-based alloy requires 
improvement in machining because it is one of the remarkably hard-to-cut materials. 
Since it has ample scope in aerospace applications, specifically in aircraft engines and gas 
turbines, we need to find a better way to improve its productivity. Heat-assisted machin-
ing for hard-to-cut materials is the most encouraging method, and in this approach, the 
workpiece gets softened during heating, leading to reduced shear strength. Inconel 718 
alloy is having wide applications in aerospace, chemical, automobile, etc. But properties 
like low thermal conductivity, great strength, hardness, etc., make machining difficult. 
Through heat-assisted machining of Inconel 718, machinability can be enhanced. From 
past research, it is observed that various heating methods have been attempted to 
improve hard materials’ machinability. The influence of pre-heating temperature on 
chip formation of Inconel 718 alloy is studied and reported that the chip formation at 
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ABSTRACT---The solar parabolic trough collector technology 

is one of the most reliable technologies in the field of solar 

thermal. This is due to the fact that temperatures as high as 400o 

C can be achieved using this technology. The energy development 

from these systems used for hot water production, process steam 

requirement, power generation and many more. Majorly they 

have wide applications in cooking. They are also used to generate 

steam at higher temperatures which is used to run a subsequent 

engine.  

 In the present Paper, performance analysis of copper 

absorber tube parabolic collector is done for different parameters 

of the system such as Reflector sheet material, heat transfer fluid, 

Period of Sun Incidence at different levels the output responses 

such as Out Temperature of heat transfer fluid, Discharge, and 

Thermal Efficiency are recorded for each run. The optimization 

method S/N ratio analysis is applied for determining the optimal 

parameters level for better responses and the optimum results are 

confirmed experimentally 

 

Keywords- parabolic trough collector, copper absorber tube, 

Taguchi Design of Experiment, S/N ratio analysis 

I. INTRODUCTION 

The worldwide requirement of energy is persistently 

increasing and makes it ineluctable to make the use of 

unconventional resources. The sun is one of the substantial 

energy sources that have the potential to fulfill this rising 

energy need. Sun is inexhaustible and cleaner source of 

energy. Solar thermal technology is inevitable in growth of 

the community as well as the nation. Also, it is important to 

the nation and to the Earth [1]. Sun is an enormous pool of 

clean energy and this clean power reaches earth in the form 

of its rays is known as Solar Energy. Solar energy is an 

abundant source of energy and is available in plenty. 

Conversion of these incoming solar radiations can be done 

directly or indirectly in other useful forms of energy as heat 

and electricity which can be utilized further as per the 

requirement of the mankind [3] .The sun is providing an 

incredible supply of solar energy for over 4 billion years. 

Solar energy was used by the ancient people to warm their 

homes and dry clothes but their uses were mostly primitive. 

Drastic increase in global oil prices, extensive use of fossil 

fuels, threatening rise in pollution and greenhouse effect 

have led a large number of countries around the globe to 

carry out extensive research in this area [7] .  This parametric 

analysis on a parabolic trough collector is performed and is 

optimized by using taguchi S/N Ratio analysis. 
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II. OVERALL SPECIFICATIONS OF THE SYSTEM 

The specifications of solar parabolic trough collector 

system are given below  

Table:I Overall Specifications of the system 

component Specification 

Parabolic Reflector 

Length 2.000 m 

Arc length 2.000 m 

Depth 0.645 m 

Focal length 0.340 m 

Material Aluminium Sheet and Glass 

Mirror 

Absorber 

Tube 

Copper with dia. 19.5mm 

Working 

fluids 

water and Brine solution 

Storage Tank 1(Above the reflector sheet) 

Different Meters 

Digital 

Thermometer 

To measure Temperature 

 

 
Fig.1 Parabolic Trough collector with Copper C101 as 

Absorber Tube 

Experimental Procedure 

Steps that were followed during the experimental 

investigation are as follows: 

Step 1: cleaning of the reflecting surface in order to 

remove the accumulated dust. 

Step 2: Setting and positioning the reflector according to 

the sun’s position. Switching on the mechanism in order to 

supply water and running the system for 30 min prior to 

recording the first reading. 

Step 3: The time gap between each reading is set to one 

hour. Flow rate of the heat transfer fluid at the beginning was 

kept constant to ensure proper reading. The discharge value 

is noted for every hour. 
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a b s t r a c t

The emphasis on utilizing solar energy is increasing now-a-days. Solar collectors are used to absorb solar
radiation and transfer the heat to a working substance. Parabolic trough solar collectors are employed in
several applications including in solar power plants. A significant number of researches are being done
and efforts are being made to enhance the performance of the solar collectors. In this analysis, we tested
the performance of parabolic trough solar collector in different absorber tube conditions: bare copper
tube, copper tube enclosed in a glass tube without any heat transfer fluid and with Nano fluid as heat
transfer fluid. The experiment was performed with three different working fluids (Water, Ethylene glycol,
CuO-water based Nano fluid) in each condition and in each case, instantaneous efficiency, optical effi-
ciency, heat removal factors, inlet and outlet exergies have been calculated. The efficiency was observed
to be greater when using Nano fluid as heat transfer fluid.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International
Conference on Materials, Manufacturing and Mechanical Engineering for Sustainable Developments-
2020.

1. Introduction

Harnessing solar energy efficiently is one of the prime areas of
research. The major component of any solar system is a solar col-
lector or concentrator. Solar collectors, an important component
of any solar devices, absorb/focus the radiation incoming from
the sun and transfer the heat to a transporting material like oil,
water and air as internal energy. Solar collector are classified into
two categories a) non–concentration collectors example Flat plate
collectors, Hybrid PVT collectors, Enhanced hybrid PVT collectors-
Bifacial PVT b) Concentrating collectors Example: Parabolic trough
collector (PTC), Heliostat field collectors, Parabolic dish collectors.
Comprehensive list of these collectors are shown in Table 1 Table 2
Table 3 Table 4 Table 5.

We are mainly focus on the Parabolic trough collector because
of it has a good efficiency as compare to the other concentrating
collector and requires only single axis tracking.

According to his model the comparison between mathematical
modeling and experimental data show some differences. The dif-
ferences are regarding heat loss and assumption of low thermal
absorptivity [1].

Thermal losses and efficiency of parabolic collector using two
different absorber materials that are coupled with three different

receiver configurations i.e. air, vacuum and no glass envelope. Per-
formance of collector decreases with the usage of air in annulus,
higher performance was shown using cermet coating than black
chrome coating [4] Fig. 1.

One dimensional numerical model of parabolic trough collector.
Collector was divided into number of segments and heat balance
equations. The observation was that accurate estimation of ther-
mal efficiency and heat loss under different conditions of flow,
operating conditions and selective coating [5,4].

Developed a numerical model of parabolic collector under
Algerian climate. According to him rate of heat transfer depends
on collector type, heat transfer fluid, ambient conditions and
optical properties. He observed that with the increase in temper-
ature of heat transfer tube and absorber tube there is increment
in heat loss through parabolic collector and also decrement in
heat gain. [2,10] model using heat transfer correlations and stud-
ied on optical and thermal properties of parabolic collector.
Some differences are observed at high temperature due to opti-
cal properties of collector because of incorrect usage of equa-
tions related to heat transfer coefficient. Another error was
accepting un-irradiated receiver experimental data. This model
is uses in accurate determination of heat loss and temperature
[6].

https://doi.org/10.1016/j.matpr.2020.11.465
2214-7853/� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Conference on Materials, Manufacturing and Mechanical Engineering for
Sustainable Developments-2020.
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Abstract 

Footwear industries are mostly set up in developing countries considering labour rate, availability of raw 

materials and environmental restrictions as industry uses lot of chemicals in producing final product. It is one 

of the industries in India that contribute a lot to the economic growth, exports,and imports and provides 

employment to the backward community with 30% share of women employment. The production system 

comprises of different operations such as cutting, skiving, assembly, sewing, lasting, finishing, inspection and 

packing. 

For any manufacturing or service industry, quality and customer satisfaction is the priority. To achieve quality 

product, process parameters or variables that influence the output of each process need to be consistently 

controlled and requires skilled manpower, quality raw material, machines, tools, proper environment conditions 

and proper inspection. Therefore, to attain customer satisfaction, product needs to be economical in cost, 

delivered in time and meet customer expectations. This paper deals with the DERBY shoe industry that 

registered with low process cycle efficiency due to high lead time and rejection at the rate of 26,435 per million 

opportunities, which means the industry is in the range of three sigma level which is not average industry level 

(Four sigma). With the implementation of six sigma DMAIC methodology, the rejection rate is expected to come 

down to 3365 per million opportunities through which the industry can achieve four sigma, which is acceptable. 

Keywords:Six Sigma, DMAIC, Quality, Customer, lead time, Industry standard. 
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I. INTRODUCTION 
Footwear industry is a labour oriented industry where a large number of workers are deployed in the 

production line. Among the resources like capital, materials, machines, energy, land, product information, 

technology etc., man power is very important and should be controlled in most appropriate manner. To attain the 

required quality and maximum productivity, proper operation sequencing and line balancing is indispensable 

because in a properly balanced line, machine and manpower utilisation would be much more and rate of 

production would be more. 

 

1.1 Stages involved in shoe manufacturing 

Manufacturing of footwear involves movement of raw materials to different stages such as Cutting, Fitting and 

Assembly, Sewing in Closing Department, Lasting in Lasting Department, Bottom Department where soles are 

produced and Finishing in Finishing Department. 

Cutting: It is the first step in the making of a pair of shoes. In the cutting stage, different parts of shoe upper 

such as toe, vamp, quarter and counter are chopped off from the raw material (Leather) in the required size and 

shape through either manual tools such as knife or cutting machines using die cutter. 

Skiving: The purpose of the operation is to skive edges of the parts which are to be joined to maintain the 

uniform structure at the joint for good appearance i.e., to avoid overlapping of the parts. It is performed before 

assembly stage. 

Fitting and Assembly:Here, shoe parts are bonded using adhesive for proper stitching of these parts in sewing 

stage. Proper care should be taken such that there should not be misplacement of parts which would result in 

rework or rejection. Proper attention is required in this stage. 

Sewing: It is one of the highly skilled operations performed in stitching department. This operation is done 

because application of glue at the joints during assembly stage may not give guarantee to sustain high strain 

during lasting operation. For safety, long life and to resist those stress and strain, stitching operation is 

performed. Sewing operation can also be performed in the toe lasting, side and seat lasting process etc… 

depending on the type of construction. 
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a b s t r a c t

The objective of this study is to identify the most effective parameter among Speed(V), Feed(f), Thickness
(d) & Diameter of the tool(D), which give a cylindrical shaped bushing without significant radial fracture
or petal formation and also to study the effect of Heat generated during bushing formation in form dril-
ling of Aluminum 8011 work piece coated with Magnesium powder. The contemporary work uses conical
Tungsten carbide (WC) tool for form drilling of Aluminum 8011work piece with the help of CNC JV-55
machining centre. Eighteen experiments have been carried out based on the mixed factorial design
matrix developed under Taguchi. Process parameters considered are Speed(V), Feed(f), Thickness(d),
Diameter of the tool(D) and obtained responses are Torque(T), Heat generation(Q), Tool contact time with
work material(t), Temperature(/), Force applied(F), petal height(h), diametrical error(e). The influential
parameter affecting heat generated in form drilling is investigated by using ANOVA and same is con-
firmed by confirmation test of Taguchi method of analysis. The experimental results show that the pro-
cess variable speed influence is more followed by feed. It is observed that Mg powder, work piece
thickness, tool diameter, speed and feed affects the petal height formation by 2.98, 0.77. 85.85, 1.83
and 1.68 percentage respectively. Among all the process variables tool diameter influence is more, after
the tool diameter the influencing parameter is Mg powder.
� 2021 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of the First International Con-
ference on Advanced Trends in Mechanical and Aerospace Engineering.

1. Introduction

Form drilling uses a conical bit made of very high heat resistant
material like tungsten carbide (WC) tool; its end is pointed but not
sharp object. This tool is pressed against a target material with
both high rotational speed and Pressure. The mechanics of hole for-
mation in form drilling is due to thermal softening followed by
penetration of tool into the work material. Form drilling also
known as friction drilling, no-chip machining, friction stir drilling
and thermal drilling which is a non-traditional hole making
method that utilizes the heat generated from friction between a
rotating conical tool and the work piece to soften, penetrate the
work material and generate a hole in work material. The purpose
of the bushing is to increase the thickness for threading and avail-
able clamp load. Extrusion of materials sideward to form boss can
be acknowledged. The experimental results will explains the
Metallurgical aspects when the work piece is coated with magne-

sium powder, and the tool behavior were analyzed under tested
conditions when work is coated with magnesium powder as well
as without coating the Magnesium powder on work piece see
(Fig. 1).

2. Literature survey

Scott F. Miller [1], observed thrust force and torque decreased
by pre-heating the work piece temperature and bushing shape
improvement with increased work piece temperature. Scott F.
Miller [2], Studied the Tool wear due to friction. Han-Ming chow
[3], studied the machining characteristics of Friction Drilling on
AISI 304 Stainless Steel. France et al., [4-6] investigated the
strength characteristics of friction drilled holes in metal tubes.
Ku et al., [7], investigated the thermal Friction Drilling effects on
surface roughness and bushing length and the machining charac-
teristics of the process were improved. Jamie D. Skovron [7],

https://doi.org/10.1016/j.matpr.2021.05.364
2214-7853/� 2021 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of the First International Conference on Advanced Trends in Mechanical and Aerospace
Engineering.
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Experimental investigation on similar and dissimilar alloys of 
stainless steel joints by laser beam welding
Narayana Reddy Bijivemula , Hema P and G Padmanabhan

Department of Mechanical Engineering, S.V. University, Tirupati, India

ABSTRACT
Alloy and Stainless steel plates have to be welded to meet the present 
generation of smart manufacturing by Laser Beam Welding. Laser 
Beam Welding (LBW) plays an important role in joining of metals or 
welding the parts of similar/dissimilar metals. Due to its high-speed 
weldability with high laser beam power result in high strength and low 
heat affected zones with better appearance and quality. AISI Stainless 
steels which are widely used in various industries due to their resis-
tance to corrosion. There is often a need to study the effect of process 
parameters, while fabricating stainless steel structures and/or when 
weld stainless steel to low-alloy steels. A solemn attempt is made in the 
present research work to join similar and dissimilar AISI 4130 Alloy and 
AISI 309 Stainless Steel joints by CO2 Laser Beam Welding with an 
objective to investigate the effects of process parameters. The weld 
joints are studied based on their Bead Width and Micro Hardness. The 
performance characteristic curves are drawn and analysed the influ-
ence of the process parameters on the weld joints. The Whale Optimi 
sation Algorithm is used to identify the optimal combination of pro-
cess parameters based on the experimental output results of Bead 
Width and Micro Hardness.

ARTICLE HISTORY 
Accepted 10 December 2020 

KEYWORDS 
Laser beam welding; alloy 
steel; stainless steel; bead 
width; micro hardness; 
ANOVA; Whale Optimisation 
Algorithm

1. Introduction

Smart Manufacturing (SM) is regarded as the latest generation-manufacturing revolution 
in industry. Thus the manufacturing technology and manufacturing systems require gre 
at concentration to extract the larger and larger benefits in terms of production econom-
ics, quality and time. Use of advanced technologies such as robotics, mechatronics, smart 
nano materials, production/manufacturing, etc., on one side and Information of Things 
(IOT) on the other side determine the success of nanotechnology in manufacturing. In 
SM, one of such things can be considered as technology that allows the process improve-
ment through optimisation and exploitation of advanced technologies that establish to 
achieve manufacturing model thereby leading to meet the Make-in-India concept by the 
application of Laser in joining of metals or welding the profiles of similar/dissimilar 
metals. LBW having high speed weldability with high laser beam power is used to join 
similar and dissimilar metals resulting in high strength and low heat affected zones with 
better appearance and quality of the parts are products or goods in service. AISI Stainless 

CONTACT Hema P hemasvumech@gmail.com Department of Mechanical Engineering, S.V. University, Tirupati 
517502, India

ADVANCES IN MATERIALS AND PROCESSING TECHNOLOGIES 
https://doi.org/10.1080/2374068X.2020.1865125

© 2021 Informa UK Limited, trading as Taylor & Francis Group

http://orcid.org/0000-0003-1344-1553
http://orcid.org/0000-0003-2968-3709
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/2374068X.2020.1865125&domain=pdf&date_stamp=2021-01-05


DOI: 10.4018/IJMMME.2020100104

International Journal of Manufacturing, Materials, and Mechanical Engineering
Volume 10 • Issue 4 • October-December 2020


Copyright©2020,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



40

Experimental Investigations on Inconel 
625 Alloy Using Plasma Arc Machining
Hema Pothur, Sri Venkateswara University, India

 https://orcid.org/0000-0003-2401-6819

Ramprasad Ganesan, Sri Venkateswara University, India

 https://orcid.org/0000-0003-2401-6819

K. Aruna, Sri Venkateswara University, India

 https://orcid.org/0000-0002-3214-1751

ABSTRACT

Plasmaarcmachining(PAM)isanon-traditionalmachiningprocesswidelyusedtomachineintricate
partprofilesforalloysthataredifficulttomachine.TheBurrheight,Kerfratio,andmaterialremoval
rate(MRR)arepredominantfactorsthatinfluencestheperformanceandqualityofplasmacutsurfaces.
Presentresearchfocussesontheeffectofplasmaarccutting(PAC)parameterssuchasgasesused,
cuttingspeed,current,arcvoltage,andgaspressureonthecutqualitycharacteristicsofInconel625
alloy.Thedesignofexperiments(DOE)techniqueisusedtodevelopaTaguchidesignconsistingof
L18orthogonalarray.TheGreyrelationalanalysistechniqueisusedforoptimizationoftheabove
saidcuttingconditions.Finally,themostsuitablegastomachineisselectedalongwiththeoptimal
PAMparametersforcuttingtheInconel625alloy.Scanningelectronmicroscope(SEM)analysisis
carriedouttoinspectthesurfacemorphologiesatvariouscuttingconditions.

KEywoRdS
DOE, Grey Relational Analysis, Inconel 625 Alloy, Optimization, Plasma Arc Cutting, SEM

1. INTRodUCTIoN

Among themanysuperalloysused inmanufacturing industries, Inconel625alloymaterialsare
extensivelyusedinaerospaceandinmanyotherchemicalprocessapplications.Itisanaustenitic
nickel-basedalloyhavingexcellentresistancetocorrosion,oxidationandfatigue.Butthemachining
of thismaterial isverydifficultbyusing traditionalmachiningprocesses.Soamongthevarious
non-traditionalmachiningprocesses,oneofthemostcommonlyusedprocessesisPAM.PlasmaArc
Machiningisathermalenergybasedprocesscommonlyusedforcuttingalloystoastringentdesign
requirementsandcomplexcuttingprofiles.DuringthePAMprocess,ahighintensityconstrictedjet
ofhightemperatureplasmaarcisproducedbetweenworkpiecematerialandelectrodenozzlewhich
melts/vaporizesthepartprofileandexpelsthemoltenmetalfromthecuttingregion.Inspiteofits
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The present work deals with the investigation of performance parameters of surface roughness and material removal 
rate of the machined parts during milling of Aluminum alloy 6065-T6 using CNC vertical milling machine with High 
speed steel milling, Carbide tool cutter by optimizing the process parameters such as speed, feed, cutting environment, 
depth of cut and cutting tool. The experiments are conducted based on Taguchi design of experiments with an 
orthogonal array (L16) the optimization of process parameters based on performance measures are done by using Fuzzy 
Logic. Also, the most influential process parameters are finding out by using ANOVA technique. Ideal execution 
parameters are found for smaller surface roughness and larger MRR utilizing the MINITAB and MATLAB software's.

ORIGINAL RESEARCH PAPER Engineering

INFLUENCE OF PROCESS PARAMETERS ON              
6065 – T6 ALUMINUM ALLOY USING CNC END 
MILLING – A FUZZY APPROACH

KEY WORDS: CNC Vertical 

Milling Machine, 6065-T6 Aluminum 
Alloy, Fuzzy Logic, ANOVA, Surface 
Roughness And Material Removal 
Rate.

INTRODUCTION
The important goal in the modern industries is to manufacture 
low cost, high-quality products in a short time. Milling is the 
most common method employed for metal removal and 
especially for the finishing of machined parts. It is widely 
employed in a variety of manufacturing units such as 
aerospace and automotive sectors. Surface Roughness is a 
generally used commodity consistency index and is 
important for mechanical parts. It is of considerable 
significance for the pieces to attain the desired surface level. 
Surface roughness is an indicator of a product's consistency 
and a consideration that significantly affects the cost of 
production. It can be generally stated that the lower the 
desired surface roughness the more the manufacturing cost 
and vice versa.

An end mill is a type of milling cutter used in industrial milling 
applications as a cutting tool. In its operation, geometry, and 
development, it is distinct from the drill bit. While a drill bit 
can only be cut in the axial direction, it can be cut in the radial 
direction by other milling bits. Not all mills will cut axially; 
they are known as end mills, those designed to cut axially. In 
milling applications, such as profile milling, tracer milling, 
face milling, and plunging, end mills are used. For the present 
research work, High Speed Steel (HSS) milling, Carbide tool 
cutter is used for machining operations and they are shown in 
Figure 1(a) and 1(b).

Figure 1(a): Carbide Tool Milling Cutter

Figure 1(b): Carbide Tool Milling Cutter

A large number of researchers conducted research on CNC 
Vertical Milling Machine with different types of alloys as well 
as end mill cutters and find out the performance parameters 
related to optimized process parameters. Some of the 
research findings are summarized below:

Dr. Mike S. Lou et al. [1] developed a multi-regression 
model that can forecast the surface roughness on the surface 
of the specimen (Al-6061) on which end milling operation has 
been carried out using a CNC machine. Ghani, et al., [2] A 
research on AISI H13 hardened steel is presented in order to 
optimize cutting parameters in end milling machines with TiN 
coated P10 carbide insert tool under high cutting speed semi-
finishing and finishing conditions using Taguchi optimization 
methodology. Julie Z. Zhang, et al., [3] is presented a study 
on surface roughness optimization of CNC face milling 
operation using Taguchi Design methodology for machining 
on aluminum blocks. Bharat Chandra Routara, et al., [4] 
studied a multi-objective optimization problem by applying 
utility concept coupled with Taguchi method through UNS 
C34000 Medium Leaded Brass CNC End Milling. Seref Ayku 
et al., [5] developed an ANN model to foresee the surface 
roughness of Castamide material after machining process. 
Surasit Rawangwong, et al., [6] In semi-solid AA 7075 face 
milling, the effects of cutting parameters on surface 
roughness are studied. Avinash A. Thakre [7] presented a 
work on 1040 MS material on CNC vertical milling machine 
using carbide inserts to optimize the milling machining 
parameter to minimize surface roughness by using Taguchi 
method. B. Vijaya Krishna Teja et al. [8] An experimental 
research was performed on the performance properties of 
AISI 304 stainless steel during the CNC milling process. J. S. 
Pang, et al., [9] is introduced the application of Taguchi 
methodology for optimization of CNC end milling cutting 
parameters for machining on the hybrid composite material 
halloysite nanotube with aluminum reinforced epoxy matrix 
(HNT/AL/Ep) under dry condition. Lohithaksha M 
Maiyara, et al., [10] The end milling process optimization 
parameter for Inconel 718 super alloy with multi-response 
parameters based on the Taguchi orthogonal array is 
analysed with grey relational analysis.

Based on literature survey, it is observed that most of the 
researchers are focused on single milling tool cutters and 
some lacuna in comparing the various end milling cutters. 
The present work focused with following objectives:
Ÿ To conduct the End Milling operations on Aluminum alloy 

6065-T6 (AISI4130) workpiece by varying the process 
parameters using CNC Milling machine.

Ÿ To measure the roughness of the machine surface by using 
Talysurf instrument.

Ÿ To optimize the performance parameters for improving 
the machining characteristics such as Surface Roughness 
(R ) and Material Removal Rate (MRR) based on Fuzzy a

Logic.
Ÿ To find out significance of each process parameter on 

output responses by using ANOVA.
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ABSTRACT 
The main aim of the current investigation is to optimise the process parameters and the effect of the welding 

characteristics of grade 410 stainless steel welding joints by Tungsten Inert Gas (TIG) welding process.The 

consistency of the welding bead is also dictated by its geometry and configuration, which in turn, is affected by 

different control variables, such as the peak current, the base current and gas pressure of the welding process. 

Experiments are carried out by Gray Relation Analysis (GRA) based on a Taguchi design of experiment and 

optimization. Data from the tests are obtained and performance responses such as Hardness and Impact 

Strength are analyzed.For smaller hardness and greater impact strength by Taguchi using the MINITAB 

programming, ideal execution parameters are found. The effect of TIG process parameters is measured using 

ANOVA and S/N ratios of robust nature, and the optimal welding state is calculated to optimize the mechanical 

properties of the joint. An attempt is made using NDT-Magnetic Particle Tester to examine and measure the 

TIG welded joints. 

KEYWORDS: Tungsten Inert Gas (TIG) welding, Hardness, Impact Strength, Taguchi Design, Gray Relation 

Analysis (GRA), ANOVA, NDT – Magnetic Particle Tester. 
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I. INTRODUCTION 
Welding is a permanent bonding procedure used by applying heat and or pressure to bind various 

materials such as metals, alloys or plastics together on their contact surfaces. The workpieces to be joined are 

melted at the interface during the welding process and a permanent joint can be obtained after solidification.In 

order to form a welding pool of molten material that provides a tight bond between the materials after 

solidification, a filler material is also applied. Material weldability depends on numerous variables, such as the 

metallurgical modifications that arise during welding, changes in weld zone toughness due to rapid 

solidification, the degree of oxidation due to atmospheric oxygen reaction of materials and the propensity to 

develop cracks in the joint location. 

 

1.1 TIG Welding Mechanism 

TIG welding is an arc welding process that uses a non-consumable tungsten electrode to create the 

weld.The welding area is shielded by an inert shielding gas (argon or helium) from the atmosphere and a filler 

metal is usually used.The electricity is supplied from a welding torch from the power source (rectifier), which is 

transmitted to a tungsten electrode that is fitted into the handpiece. An electric arc is then generated between the 

tungsten electrode and the workpiece by a column of strongly ionized gas and metal vapours using a constant-

current welding power supply that produces energy which is carried out through the arc.Tungsten electrodes and 

the welding field are shielded by inert gas from the ambient air. Temperatures of up to 20,000
0
C can be created 

by the electric arc and this heat can be concentrated on melting and joining two distinct material components. It 

can use the weld pool with or without filler material to connect the base metal. Figure 1 displays a graphical 

diagram of the principle of TIG welding. 
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Abstract:  Metal removal mechanism in Electrical Discharge Machining (EDM) is mainly a thermal phenomenon where thermal 

energy is produced in plasma channel, and is dissipated though work piece, tool and dielectric. The process is mostly used in 

situations where machining of very hard materials, intricate parts, complex shapes. The aim of this work is to pursue the influence 

of three design factors current, pulse on time (Ton), and pulse off time (T off) which are the most connected parameters to be 

controlled by the EDM process over HCHCR machining specifications such as material removal rate (MRR) and characteristics of 

surface integrity such as average surface roughness (Ra) quantify them. The experiments were carried out as per L9 orthogonal 

array. Each experiment were performed under different conditions such as Ampere rating, pulse on time and pulse off time. 

Keywords: ANOVA, EDM, material removal rate (MRR), Surface roughness. 
 

Ⅰ. Introduction 

The need to machine newly developed metals and non-metals for unusual complex part geometries that cannot easily be 

accomplished by normal machining methods. It is impossible to find sufficiently strong and hard tools to machine aforesaid 

materials at economic cutting speeds with good surface finish and dimensional tolerance. Hence, there is great demand for new 

machining technologies to cut these ‘difficult-to-machine’ materials with ease and precision. Joseph Priestley, The English 

physicist, first noted the erosion of metals by electric sparks in 1770.  Russian scientists B. R. Lazarenko and N. I. Lazarenko first 

introduced controlled machining by electric discharges in 1943 among modern machining processes, electric discharge machining 

(EDM) has become highly popular in manufacturing industries due to its capability to machine any electrically conductive material 

into desired shape with required dimensional accuracy irrespective of its mechanical strength. The metal removal takes place due 

to erosion caused by rapidly occurring discharge between tool and work. This process may be used for machining any material 

irrespective of hardness. Figure 1 shows a representative diagram of a typical EDM setup. When a suitable voltage is built up across 

tool and the workpiece, an electrostatic field of sufficient strength is established, causing cold emission of electron from the 

cathode .These liberated electrons accelerate towards the anode and after gaining sufficient velocity electrons collide with the 

molecules of dielectric fluid, breaking them into electrons and positive ions. A narrow column of ionized dielectric fluid molecules 

is established connecting the two electrodes and spark generates due to the avalanche of electrons. This results in a compression 

shock wave. Very high temperature (10000 to 12,000 ºC) is developed which induces melting and evaporation of both the electrode 

and work piece. The machining process successively removes minute quantities of work piece material, in the form of molten metal, 

during discharges. The removed material solidifies to form debris. Dielectric fluid drives away the debris and thus preventing them 

from sticking to surface of tool. 

 

Fig. 1 A Typical EDM Setup 
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ABSTRACT 

 

Laser-beam machining is a non-conventional 

machining process.  Laser-beam machining is a 

thermal material-removal process that utilizes a 

high-energy, coherent light beam to melt and 

vaporize particles on the surface of metallic and 

non-metallic workpieces. LBM is newer thermal 

technique also widely accepted in industry 

today. Laser beam machining is based on the 

conversion of electrical energy into light energy 

and then to thermal energy. The main purpose of 

this paper is to analyse the impact of the 

parameters associated with the CO2 laser cutting 

of the micro slot having a width of 0.3 mm and 

a length of 20 mm on a copper plate of 4 mm 

thickness. Micro-slots or micro-channels are one 

such type of feature which has more 

applications in the fabrication of miniature 

devices, micro-fluidic devices or heat 

exchangers. The experiments are planned and 

conducted on the basis of the typical L27 

Taguchi orthogonal array with three laser 

cutting parameters viz. Laser power, gas 

pressure, cutting speed and organised at three 

stages. The result showed that the parameter like 

power has greater influence on MRR and cutting 

Speed has greater influence on Kerf Width and 

gas pressure has less significance compare to 

both. 

 

Keywords: Copper material, Microslot, Design 

of experiments, Grey Relational Analysis, 

ANOVA. 

 

INTRODUCTION 

Due to growing demand for micro 

parts and structures of various industries, 

micro manufacturing techniques have 

become so important. Micro structures, 

including micro holes, micro slots, micro 

shafts, and micro gears are widely used 

micro products required in industries. 

Micro-slots or micro-channels are one such 

type of feature which has immense 

applications in the fabrication of miniature 

devices, micro-fluidic devices, micro-heat-

sinks, or heat exchangers etc. Using CO2 

lasers, much laser cutting is carried out. In 

the industry, CO2 lasers dominate. Mild 

steel and stainless-steel laser cutting has a 

long tradition and has been one of the major 

uses for CO2 lasers. The diameter of the 

laser beam is usually 0.3 mm with a power 

of 3-6 KW. The acronym for Light 

Amplification by Stimulated Radiation 

Emission is Laser. Maiman showed the 

world's first laser by using a ruby crystal 

(Maiman 1960). Laser cutting is a thermal-

based non-contact device capable of cutting 

complicated contours of high precision and 

precision materials. It includes the process 

of heating, melting and evaporating material 

in a small well-defined region capable of 

cutting almost all materials. Lasers have a 

wide variety of uses, ranging from military 

weapons to medical equipment. Laser is 

used in factories as an unconventional 

cutting and welding tool. The biggest 

advantage of laser cutting is that it is a non-

contact operating technique from which it is 

possible to produce a successful accurate cut 

of complex shapes. Lasers may also be used 

to cut different materials such as wood, 
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Abstract 

 

Abrasive Water Jet Machine (AWJM) is a non-conventional machining technique in which, material removal takes 

place from the workpiece by impact erosion high pressure and high velocity water jet mixed with abrasive material 

to provide smooth surface finish.AWJM is widely used in Aerospace, Marine and Automotive industries for 

trimming composites.However,AWJM demonstrates some challenges when cutting Glass-Epoxy Polymer Matrix 

Composites (PMC)materials such as cut accuracy and quality.In the present paper, experiments are conducted to 

study the influence of various process parameters of abrasive water jet machining on Material Removal Rate 

(MRR) of Glass-Epoxy PMC. Three sets of experiments are carried out using L9 Orthogonal array by maintaining 

glass powder wt% as 5, 10 and 15 and also varying control factors such as Nozzle Pressure (p), Feed 

Rate(f),Abrasive Flow Rate (m) and Stand of Distance (d).An attempt has been made to optimize the AWJM process 

parameters of Glass-Epoxy PMC using Grey Relation Analysis (GRA).  

 

Keywords: Abrasive Water Jet Machining, Glass-Epoxy PMC,Abrasive Flow Rate, Feed Rate, Nozzle Pressure, 

Material Removal Rate, Circularity Error, Grey Relation Analysis. 

 

I. INTRODUCTION 

Abrasive Water Jet Machine (AWJM) is a non-conventional machining technique and also used for machining non-

conductive materials in which, material removal takes place from the work piece by impact erosion with high pressure and 

high velocity water jet mixed with abrasive material to provide smooth surface finish. The working process of AWJM is 

shown in Fig. 1. AWJM provides some advantages over conventional machining process for cutting the composite 

materials like no thermal effect, high machining versatility and small cutting forces. Machining of composite materials is of 
great importance because of variety of reinforcement from particulates, flakes and high strength fibers to natural fibers. The 

use of polymer composites for various applications like Automobile, Aerospace, Defense, Marine and other industry is 

becoming highly advantageous owing to their lighter weight, higher strength and durability. 

 

 
 

Fig. 1 Working Process of Abrasive Water Jet Machining 

 

II. LITERATURE REVIEW 

 

Heriyanto et.al [1],suggested a novel composite based on glass from local waste materials. To manufacture polymeric 

marble, such as stone composite, the glass powder filler is analyzed and blended with proprietary resin. Superior 

mechanical efficiency and minimum water absorption are validated by the prototypes.The statistical study for cutting 2 lay-
up configurations of multidirectional CFRP laminates under various AWJM conditions are analyzed by M. El-Hofy et.al 
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Synthesis and spectroscopic investigations on Pr3+-doped 
LiPbB5O9 phosphor: A blue converting red phosphor for 
white LEDs 
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A B S T R A C T   

In this study, various concentrations of Pr3+ doped LiPbB5O9 phosphors were synthesized via 
solid state reaction technique. For the prepared phosphors, X- ray diffraction (XRD), Fourier 
transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), thermogravimetric 
study (TG-DSC), diffuse reflectance spectroscopy (DRS) and photoluminescence (PL) character-
izations were performed. Crystallinity nature of LiPbB5O9:Pr3+ phosphor was studied by XRD 
analysis. Morphology of the prepared phosphors was investigated by SEM studies. Various 
functional groups present in LiPbB5O9:Pr3+ phosphor were identified through FTIR analysis. 
Variation in weight of the prepared phosphor with the temperature (endo- and exothermic 
temperatures) was studied by TG-DSC studies. Optical energy band gaps for different concen-
trations of Pr3+were obtained from DRS studies. Photoluminescence (excitation and emission) 
spectra were investigated at λemi = 609 nm and λexc = 443 nm, respectively. From energy transfer 
studies, it was identified that the energy transfer between Pr3+ ions in LiPbB5O9 phosphor was 
ascribed to dipole-dipole interaction. Lifetime decay curves of 1D2 level were studied at 
λemi = 609 nm and λexc = 443 nm wavelengths. CIE colour coordinates of LiPbB5O9:Pr3+ phos-
phors were calculated from the emission data. From all these studies, it can be mentioned that 
LiPbB5O9:0.05Pr3+ phosphor may be utilized for the blue light converting red phosphor in white 
LED applications.   

1. Introduction 

Now-a-days, much attempts have been carried out to develop the new materials for fabrication of W-LEDs. White LEDs are 
considered as next generation light source. W-LEDs find applications in field-emission displays, display panels and solid state lighting 
(SSL). White light emitting diodes have many superior qualities over fluorescent and incandescent lamps, like small volume, long 
lifetime energy serving, toxic free and eco-friendly [1]. Mainly there are two methods to produce white light from LEDs. 1. Mixing of 
yellow phosphor with blue LED and 2. Mixing of blue LEDs with red and green- emitting phosphor. Y3Al5O12:Ce3+ is the most popular 
commercial yellow phosphor. The drawbacks of this commercial YAG:Ce phosphor is, as the operating temperature is increased its 
conversion efficiency decreases and it suffers from the unwanted colour balance [2]. These drawbacks can be rectified by introducing a 
separate red emitting source. White light can be achieved by the combination of phosphor and near UV-LED chip. So, phosphors play 
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Role of TeO2 coordination with the BaF2 and Bi2O3 on structural and 
emission properties in Nd3+ doped fluoro phosphate glasses for NIR 1.058 
μm laser emission 

M. Kumar *, Y.C. Ratnakaram 
Department of Physics, Sri Venkateswara University, Tirupati, A.P., 517502, India   

A R T I C L E  I N F O   

Keywords: 
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A B S T R A C T   

Fluoro phosphate glasses with different contents of barium and bismuth (8, 11, 14, 17 and 20 mol %) doped with 
Nd3+ were prepared by melt quenching technique. Importance of these modifier ions on structural trans-
formation were carried out using XRD, FTIR, FT-Raman and 31P MAS NMR characterizations. 31P MAS NMR 
spectra revealed that structural modifications due to Bi2O3 are more when compared with BaF2 in this fluoro 
phosphate glass matrix. Three phenomenological Judd-Ofelt (J-O) parameters Ωλ (λ = 2, 4, 6) have been derived 
from the absorption spectra of Nd3+ doped barium and bismuth fluoro phosphate glasses. From the Judd-Ofelt 
parameters, transition probabilities (A), branching ratios (β) of certain transitions and radiative lifetimes of 
certain excited states of Nd3+ are extracted and reported. From the emission spectra, emission cross sections (σe), 
band gains (σexΔλeff) and optical gain parameters (σexτR) were reckoned for the observed emission bands in these 
phosphate glasses. It is observed that barium glass resulted higher laser spectroscopic parameters (σe, σexΔλeff, 
σexτR) which are crucial characteristics for exploring promising laser applications. Impact of Ba2+ and Bi3+ on 
luminescent properties of Nd3+ doped fluoro phosphate glasses has been examined in search of solid sate gain 
medium for laser emitting NIR light around 1.058 μm for photonic applications.   

1. Introduction 

Nd3+ doped glasses have several advantages in medicine and tele-
communications, especially as a laser amplifier around eye-safe regions 
1.06 and 0.97 μm [1–3]. Studies on fluoro phosphate and fluoride 
glasses doped with Nd3+ ions have been interesting area to the many 
researchers for further extensive studies [4–10]. Their intrinsic physical 
properties, like high transparency and low phonon energy in comparison 
with pure oxides are important to get desirable material for several 
photonic applications. Fluoro phosphate glasses doped with Nd3+ can 
yield rather shorter pulses relative to pure phosphate host. In addition 
Nd3+ emission at 1.06 μm can be accomplished with the aid of laser 
diode by pumping effectively and also the optical properties of Nd3+

ions rely on glass host and active ion environment [11]. 
TeO2 is known as conditional glass former i.e. with the coordination 

of alkali earth metals or heavy metal oxides strengthen the glass forming 
ability. Hence these glasses find promising optical properties besides 
mechanical and electrical properties like high densities, high non-linear 
behaviour, low phonon energy, resistance against devitrification, 

stability for long durations enduring moisture, operable as ultra fast 
switches for optical devices moreover wide transparency in the IR range 
[12–17]. These characteristics of tellurium based glasses which find 
reliable hosts for many applications as IR domes, modulators, optical 
fibres, non linear optical fibres and laser windows. Various studies are 
available to enhance the spectroscopic, electrical and mechanical 
properties of tellurite glasses by incorporation of other oxides with 
heavy metal oxides like PbO, Bi2O3, TiO2, or Nb2O5. Incorporation of 
Bi2O3 is expected to enhance the infrared transmission of TeO2 glasses to 
a greater extent, because frequencies of some fundamental modes of 
vibrations associated with Bi2O3 structural group located in the same 
region of vibrations of TeO4 structural groups. Addition of Bi2O3 content 
to phosphate glass matrix exhibit NIR emission centers. Dehydration of 
glasses takes place while they are in synthesis and hence special oper-
ation is required for phosphate glass [18]. Bismuth phosphate glasses 
proven useful laser glass host among the investigated glasses for the 
Nd3+ ion, remarkably for high peak power laser and high energy out-
puts. These glass lasers are advantageous for fusion energy research as 
they perform remarkable energy-storing potential and extraction 

* Corresponding author. 
E-mail address: maddilakumar7@gmail.com (M. Kumar).  

Contents lists available at ScienceDirect 

Optical Materials 

journal homepage: http://www.elsevier.com/locate/optmat 

https://doi.org/10.1016/j.optmat.2020.110738 
Received 17 October 2020; Received in revised form 19 November 2020; Accepted 7 December 2020   

mailto:maddilakumar7@gmail.com
www.sciencedirect.com/science/journal/09253467
https://http://www.elsevier.com/locate/optmat
https://doi.org/10.1016/j.optmat.2020.110738
https://doi.org/10.1016/j.optmat.2020.110738
https://doi.org/10.1016/j.optmat.2020.110738
http://crossmark.crossref.org/dialog/?doi=10.1016/j.optmat.2020.110738&domain=pdf


Journal of Molecular Structure 1243 (2021) 130759 

Contents lists available at ScienceDirect 

Journal of Molecular Structure 

journal homepage: www.elsevier.com/locate/molstr 

Effect of Ho 

3 + ion concentration on structure and spectroscopic 

properties of LiPbB 5 

O 9 

:Ho 

3 + phosphor 

T.R. Raman, R.P. Vijaya lakshmi, Y.C. Ratnakaram 

∗

Department of Physics, S.V. University, Tirupathi 517 502, A.P., India 

a r t i c l e i n f o 

Article history: 

Received 26 February 2021 

Revised 20 May 2021 

Accepted 21 May 2021 

Available online 27 May 2021 

Keywords: 

LiPbB 5 O 9 phosphor 

Ho 3 + ion 

Solid-state reaction 

Energy band gap 

Photoluminescence 

CIE 1931 diagram 

a b s t r a c t 

Lithium lead borate (LiPbB 5 O 9 :Ho 3 + ) phosphors doped with distinct concentrations of Ho 3 + ions were 

prepared by solid state reaction technique. Structural characteristics were studied from X-ray diffrac- 

tion (XRD), Fourier transform infrared spectroscopy (FTIR) and FT-Raman characterizations. Spectroscopic 

properties were studied from UV–Vis–NIR and photoluminescence (PL) spectra. From XRD investigations, 

crystallite sizes were calculated from Debye-Scherrer (D-S) and William-Hall (W-H) methods. Optical en- 

ergy band gaps were calculated by using Tauc’s relation for direct and indirect allowed transitions. The 

emission spectra of LiPbB 5 O 9 :Ho 3 + phosphors were recorded by monitoring the excitation wavelength 

at λexc = 397 nm. Lifetime decay curves of 5 S 2 energy level of Ho 3 + ion were studied for distinct con- 

centrations of Ho 3 + ions. Energy transfer mechanism was investigated for LiPbB 5 O 9 :Ho 3 + phosphor. Con- 

centration quenching was observed at 0.08 mol% of Ho 3 + concentration among various concentrations. 

CIE color coordinates were computed and they showed the greenish-yellow region for various Ho 3 + con- 

centrations. The present, LiPbB 5 O 9 :0.08Ho 3 + phosphor may be useful for the greenish-yellow emitting 

phosphor applications. 

© 2021 Elsevier B.V. All rights reserved. 

1. Introduction 

In the present days, there is much need for high efficient dis- 

plays and lamps with lower power consumption. This requirement 

urged the scientists to develop high performance phosphors with 

desirable qualities. Phosphors are used in various situations like 

solid state lighting (SSL) devices, solar cells, display devices, bio- 

imaging and temperature sensors, etc. So, there is much need for 

production of high performance phosphors by selecting suitable 

host and activator ion [1] . In SSL technology, rare earth (RE 3 + ) 
ions doped oxide phosphors have gained much importance for the 

production of white light emitting diodes (W-LEDs). One of the 

ways of producing the white light emission is blending of blue, red 

and green emitting phosphors in right proportion [2] . Another way 

is excitation of tri-color (blue, green and red) phosphors with a 

blue UV chip. Among the three phosphors, if any one of the phos- 

phor shows the low efficiency then total luminescence will be de- 

creased, which intern leads to lower color rendering index (CRI) 

and high coordinate color temperature (CCT) for white LED [3] . It 

is necessary to choose a proper host to accommodate proper rare 

earth ions. Among various hosts, borates are very much useful and 
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they exhibit interesting characteristics like lower phonon energies 

and high rare earth (RE 3 + ) ion solubility etc. Addition of lead ox- 

ide (PbO) reduces the phonon energy of the phosphor compounds. 

Lower phonon energy can prevent the non-radiative energy loss of 

excited RE 3 + dopants [4] . 

Normally, RE 3 + ions are used as activators in phosphors. For 

RE 3 + ions, 4f-4f transitions are parity forbidden and Laporte se- 

lection rule is not allowed. However, mixed non-centrosymmetric 

electronic states with opposite parity ligands lead to parity allowed 

transitions. Such combination lead to the emission of narrow bands 

from RE 3 + ions due to their shielding of 4f electrons by larger ra- 

dial 5s 2 5p 

6 sub-shells. Among the rare earth activators, holmium 

(Ho 3 + ) ion is an important ion because of its lasing action in vis- 

ible and IR regions. The Ho 3 + ion’s low lying meta-stable states 

are very useful for efficient lasing transitions [5] . Ho 3 + ions doped 

phosphors find applications in field emission displays (FEDs), se- 

curity printing, lighting industry and distinct medical related ap- 

plications [6] . Crystals doped with Ho 3 + ions show a strong emis- 

sion around 540 nm with the excitation of UV-radiation. Also, Ho 3 + 

doped phosphors are not explored much as other RE 3 + ions like, 

Sm 

3 + , Eu 

3 + , Dy 3 + etc. [7] . 

In Ho 3 + ion, the intermediate energy levels like 5 I 7 and 

5 I 6 are 

very much useful to achieve population inversion with longer life- 

times. The transition, 5 I 7 → 

5 H 8 of Ho 3 + ion corresponds to 2 μm 

emission is used in optical fiber communications, gas sensors and 
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Abstract 
 

The development of novel highly efficient semiconductor metal oxide catalysts for 

enhanced photocatalytic dye degradation had of great significance. Herein, we report the 

synthesis of novel and highly efficient CuO/BiOI nanocomposite (0, 10, 20, 30, 40 wt % of 

CuO) semiconductor photocatalysts by a facile hydrothermal method. High crystallinity of 

tetragonal structure had observed from XRD studies. From SEM and TEM studies flower 

like morphology had observed upto 30% of CuO in CuO/BiOI nanocomposite and for 40% 

of CuO nanoflower like morphology slightly diminishes. EDAX and XPS spectra depict the 

presence of Bi, O, I, Cu only no other impurities had observed. Stretching and bending 

vibrational modes had observed from FTIR analysis. Bandgap decreases gradually upto 30% 

of CuO in CuO/BiOI nanocomposite and slightly increases for 40% of CuO in CuO/BiOI 

nanocomposite. Decrease in peak intensity due to charge carriers were observed from 

Photoluminescence studies Photocatalytic activity had estimated by the degradation of 

methyl orange (MO) solution under visible light irradiation. The flower-like morphology of 

30% CuO in CuO/BiOI nanocomposite showed the high absorption ability to facilitate the 

generation of charge carriers as well as active oxygen species. 

Keywords: CuO/BiOI, nanoflower, degradation of methyl orange, visible light, 

photocatalytic activity. 
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CuO) semiconductor photocatalysts by a facile hydrothermal method. High crystallinity of 

tetragonal structure had observed from XRD studies. From SEM and TEM studies flower like 

morphology had observed upto 30% of CuO in CuO/BiOI nanocomposite and for 40% of CuO 

nanoflower like morphology slightly diminishes. EDAX and XPS spectra depict the presence 

of Bi, O, I, Cu only no other impurities had observed. Stretching and bending vibrational 

modes had observed from FTIR analysis. Bandgap decreases gradually upto 30% of CuO in 

CuO/BiOI nanocomposite and slightly increases for 40% of CuO in CuO/BiOI nanocomposite. 

Decrease in peak intensity due to charge carriers were observed from Photoluminescence 

studies Photocatalytic activity had estimated by the degradation of methyl orange (MO) 
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A B S T R A C T   

Transparent glass ceramics comprising of BiPO4 nanocrystals in bismuth phosphate glass ceramics 
(59.5P2O5+15Bi2O3+10BaF2+10AF+05TeO2+0.5Sm2O3 where AF= alkali and alkaline earth fluorides) doped 
with Sm3+ ions were synthesized by typical melt quenching route. On the basis of data obtained from differential 
thermal analysis (DTA), prepared samples were analyzed for their thermal stability. Further powder X-Ray 
diffraction (PXRD) analysis has been done for all the samples to confirm the crystalline phase of BiPO4 and short- 
range order i.e., isotropic. Validations of various structural units were done with the help of FTIR. Spectral in-
tensities were obtained using Judd-Ofelt (JO) theory for various absorption bands of Sm3+ ions using least square 
fit method for all the studied glass and glass ceramics. Various optical parameters of Sm3+ doped lithium 
phosphate glass and various glass ceramics were obtained from emission and absorption spectra studied in the 
present work. Theses optical parameters include JO intensity parameters (Ω2, Ω4 andΩ6), radiative transition 
probabilites (Aed), branching ratios (β), emission cross sections (σe), absorption cross sections (

∑
),gain band-

widths and optical gains (σe × Δλeff and σe × τR respectively). Influence of alkali and alkaline earths metals on 
radiation properties of various excited levels of Sm3+ has been investigated. In relation to the other glass net-
works and ceramics, SrF2 glass ceramics studied in the present work exhibited productive properties and could be 
useful in development of optical devices for visible laser applications.   

1. Introduction 

Rare earth ions as a dopants play pivotal role in glasses and glass 
ceramic systems. Particularly for the past few decades this sphere has 
drawn much attention in view of many advantages for extensive appli-
cations in photonics, optical and optoelectronic telecommunications. 
[1–4]. Of late rare earth doped glass ceramics and glasses not only 
confined to optical applications in infrared regions but also enhancing 
interest as visible lighting devices. Therefore, trivalent ions like Tb3+, 
Eu3+, Sm3+ and Dy3+ ions are becoming increasing interest. Among 
different phosphate hosts, alkali or alkaline earth incorporated vitreous 
matrices have excellent nature of transparency for the Ultra Violet (UV) 
light [5–7]. In recently alkali and alkaline earth based hosts with glass 
formers/mixed glass formers like telluro phosphates, borotellurite, bo-
rosilicates shows increasing interest [8–10]. Telluro phosphates yield 
exceptional luminescence properties because of the local structure or 

vicinity of dopant RE ions and become beneficial sites for cations upon 
addition of second network former. It has been proven that Bi3+ ions are 
adaptable activators and sensitizing ions when co existent with condi-
tional glass former tellurium. Moreover, tellurite glasses propose low 
phonon energy, high rare earth solubility, high refractive index of linear 
and non-linear medium, low melting temperature and better chemical 
stabilization with thermal and mechanical constancy. Alkali/alkaline 
earth metals have been proven to be the improvement for optical and 
physical properties in glass systems favoring feasibility of efficient host 
selection [11,12]. Oxy fluoride glass (OFG) ceramics and glass matrices 
as a host deemed to be appropriate for rare earths by dint of high 
transparency and resists non-radiative relaxation owing to 
multi-phonon relaxation [13,14]. At the same time OFG ceramics offer 
superior properties such as chemical and physical as well as thermal 
among various vitreous materials than mere oxide or fluorides. Com-
bination of alkaline earth modifiers improves the ability of ceramic 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

� CuS NPs were synthesized from CuCl þ
CH4N2S by chemical co-precipitation 
method. 
� Effect of copper precursors and Cu/S 

ratio on properties of CuS NPs was 
studied. 
� Copper precursor type and Cu/S mole 

ratio played decisive roles on phases of 
CuS. 
� CuS NPs showed excitonic absorption 

and localized surface plasmon 
resonance.  
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A B S T R A C T   

The studies focusing on the synthesis of CuS nanoparticles (NPs) by Chemical Co-Precipitation method (CCP) 
along with detailed growth mechanism are limited. In addition, the synthesis of CuS NPs in water solvent is 
highly encouraged as water is served as the best eco-friendly solvent. In the present report, taking the advantage 
of Cuþ1 oxidation in the aqueous medium, CuS NPs were synthesized using CuCl and thiourea (Tu) via CCP in 
presence of naturally abundant water solvent under open atmosphere. In addition, the effect of different copper 
precursors (such as CuCl, CuCl2, and CuSO4 in combination with thiourea) and the mole ratio of Cu/S on the 
properties of CuS NPs were also investigated. XRD analysis showed the single-phase CuS for the combination of 
CuCl þ Tu at Cu/S ¼ 1:2 and CuCl2 (or CuSO4) þ Tu at Cu/S ¼ 1:1. For other growth conditions, copper-rich 
composition with mixed phases was observed. XPS analysis showed both þ1 and þ 2 oxidation states for cop-
per in CuS NPs synthesized from CuCl and Tu at Cu/S ¼ 1:2. The CuS NPs showed broad absorptions in the 
UV–Vis and NIR regions due to excitonic absorption and localized surface plasmon resonance (LSPR). The optical 
band gap energy of CuS NPs was varied in the range of 2.05–2.34 eV, depending on the type of copper precursor 
and Cu/S mole ratio used. The synthesized CuS NPs have potential applications in the visible solar light-driven 
dye degradation.   
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A B S T R A C T   

Crystallinity, optical band gap, resistivity and photoresponse of thermally evaporated In2S3 thin films deposited 
at a temperature of 350 ◦C and further annealed in sulfur vapour at different temperature range of 200–300 ◦C is 
investigated. It is observed that with an increase of annealing temperature, predominantly β-In2S3 phase is 
formed and the optical band gap for indirect allowed transitions increases from 1.6 eV to 2.0 eV and for direct 
allowed transitions from 2.3 eV to 2.7 eV. The electrophysical properties indicate that the activation mechanism 
of conductivity with an activation energy in the range of 0.5–0.73 eV, which is typical for the presence of indium 
vacancies in the β-In2S3 crystal structure and for the replacement of sulfur by oxygen atoms. It is also noted that 
sulfur annealing at temperatures of 250–300 ◦C leads to an increase in the conductivity and photosensitivity of 
films, which is suitable for photovoltaic applications.   

1. Introduction 

Indium sulfide (In2S3) is one of the potential materials used in 
advanced solar cells, as buffer/window layer in Cu(In,Ga)Se2, 
Cu2ZnSnS4 and Sb2S3 based thin film solar cells (Spiering et al., 2016; 
Lee and Yang, 2021; Lugo-Loredo et al., 2014; Shi et al., 2021), as an 
electron transport layer (ETL) in perovskite solar cells (Yang et al., 2019; 
Hou et al., 2017) and as a photosensitizer in sensitized solar cells (Yang 
et al., 2015; Zhang et al., 2014) due to its high stability at room tem-
perature, transparency in a wide wavelength range, less toxicity of its 
constituent elements and also photosensitive nature. The record con-
version efficiency of 18.2% was achieved using thermally evaporated 
In2S3 films as buffer layer in Cu(In,Ga)Se2-based thin film solar cells 
(Spiering et al., 2016), which is close to 22.6% efficiency achieved using 
toxic CdS as buffer layer in these cells (Jackson et al., 2016). Shi et al. 
(Shi et al., 2021) was also able to achieve improved conversion effi-
ciency of Sb2S3-based solar cell by introducing In2S3 as buffer layer 
between TiO2 and Sb2S3 layers that can reduce the charge recombina-
tion and enhanced the electron lifetime. Further, In2S3 is used as a 
photo-anode in photoelectrochemical (PEC) cells for hydrogen produc-
tion (Wang et al., 2020). Moreover, it can be used in Li-ion batteries (Gu 

and Wang, 2014), gas sensor (Souissi et al., 2018; Souissi et al., 2019; 
Souissi et al., 2020; Souissi et al., 2020) and biosensor (Nagesh et al., 
2001; Li et al., 2020) applications. 

Indium sulfide has three different structural forms: α-In2S3 (defective 
cubic), β-In2S3 (defective tetragonal) and γ-In2S3 (layered hexagonal) 
(Lee et al., 2008; Pistor et al., 2016). Crystalline β-In2S3 is an n-type 
semiconductor with direct band gap energy varies from 1.8 eV to 2.4 eV 
depending on its composition and deposition conditions (Sanz et al., 
2013; Bouabid et al., 2004; Ji et al., 2015; Nehra et al., 2015). It is the 
most stable compound at room temperature (Pistor et al., 2016). 

The α-modification of In2S3 is usually stable at temperatures above 
420 ◦C. However, in the case when higher annealing rates or deficiency 
of S atoms prevail during the synthesis process, it is possible to obtain 
samples of α-In2S3 phase that are stable even at room temperature 
(Sandoval-Paz et al., 2005). A high-temperature trigonal γ-In2S3 modi-
fication is stable at temperatures above 754 ◦C. Nevertheless, the re-
searchers showed that the addition of 5 at. % As or Sb or other elements 
of V-group leads to the stabilization of γ-In2S3 phase at room tempera-
ture (Diehl et al., 1976; Choe et al., 2001). 

Defect characteristics of In2S3 structure violate the periodicity of the 
crystal lattice potential that leads to the appearance of allowed local 
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Abstract: The present study examines the Kerala Flood Event (KFE, 15–16 August 2018, in India)
that occurred along the west coast of India and resulted in ~400 mm of rainfall in one day. The KFE
was unique in comparison to previous floods in India, not only due to the rainfall duration and
amount, but also due to the fact that the dams failed to mitigate the flood, which made it the worst in
history. The main goal of this study is to analyze and elucidate the KFE based on meteorological
and hydrological parameters. A propagating low-pressure system (LPS) from the Bay of Bengal
(BoB) caused the streak of plenty of rainfall over Kerala, the west coast, central India, and the BoB.
Additionally, the upper-tropospheric anti-cyclonic system over the Middle East region inhibited a
northward advancement of LPS. On the western coast of India, a non-propagating (with diurnal
fluctuations) offshore trough was observed over the west coast (from Kerala to Gujarat state).
Therefore, a synergic interaction between LPS, an intrusion of dry air in the middle-troposphere, and
the offshore trough was the main reason for KFE. However, after around ten days, rainfall saturated
the dam capacities; thus, the released water, along with the amount of precipitation on the day of the
event, was one of the other possible reasons which worsened the flood over Kerala.

Keywords: Kerala Flood Event; off-shore trough; low-pressure systems

1. Introduction

The quantity and availability of surface precipitation play important roles not only in
hydrometeorology, but also in water resource management. Be it irrigation, agriculture, controlling
floods, coping with droughts, or administering a freshwater supply, the timely assessment of events is
vital to answering critical questions, such as when, where, and how much will it rain. Over the Indian
subcontinent, the northward propagation of the monsoon and surface rainfall amounts are governed by
remote teleconnections and internal dynamics of the monsoon itself [1]. During the summer monsoon,
extreme flood events have significant social, economic, ecological, environmental, hydrological, and
health impacts on regional and local communities. Therefore, the sudden kick-off of a natural disaster
requires a detailed prioritization list of flood forecasts, assessments of the damages, risks, and improved
management of floods. July and August are the rainiest months in India, and bring moderate to plenty
of rainfall and sometimes floods over various parts of India. Recently, the state of Kerala (in India)
witnessed the worst flooding of the century, which occurred from 15 to 16 August in 2018. The flood
destroyed thousands of houses, leading to about 500 deaths, inundated water in cities and villages,
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A B S T R A C T   

The signature of the low-latitude mesosphere response to the February 2017 minor sudden stratosphere warming 
(SSW) was detected using the observations of a meteor radar at Fuke (19.5

�

N, 109.1
�

E) a low-latitude station in 
China and ERA-5 data. Radar detected the zonal wind reversal in the mesosphere three days before the SSW 
event, whereas the ERA-5 does not reproduce the mesospheric wind response at low-latitudes during the 2017 
SSW and large discrepancies are found between the mesospheric zonal winds derived from the Fuke radar and 
ERA-5. The quasi oscillatory pattern was noted in the meridional winds before the SSW event, afterward, the 
northward winds are significant. We observed the existence of 20–28-day planetary waves (PWs) in the Fuke 
meteor radar measured mesospheric zonal winds before the SSW and the 2-12-days period PWs before and after 
the SSW in the meridional winds. The zonal structure and periodicity of the PWs have been verified with the 
other meteor radar at the Indian tropical station Tirupati (13.63

�

N, 79.4
�

E). However, ERA-5 does not capture 
the PW activity in the mesosphere as radar. The similarities and dissimilarities among the different techniques 
have been discussed. Therefore, the present study re-emphasizes the strong response of the low-latitude meso-
sphere to the 2017 minor SSW in a manner similar to the major SSW event.   

1. Introduction 

Sudden stratospheric warming (SSW) is one of the most remarkable 
and radical phenomena in the atmosphere, primarily occur in the boreal 
winter, when the polar vortex distorts and can even break down (Shi 
et al., 2017). Recently updated research on the SSWs has decisively 
shown the strong connection between the SSWs and widespread changes 
all through the Earth’s atmosphere (Pedatella et al., 2018). These SSW 
events can affect the atmospheric chemistry, temperatures, winds, from 
the surface to the thermosphere and even across both the hemispheres. 
The occurrence of the SSW event was first noticed by Scherhag (1952) 

utilizing the radiosonde observations of the stratosphere temperatures 
over Berlin. In successive studies, the comprehensive physical and 
chemical mechanisms that reinforce the SSW were revealed (e.g., Mat-
suno, 1971; Schoeberl and Hartmann, 1991). In brief, SSW occurs as a 
result of the interaction between vertically propagating planetary waves 
(PWs) and the mean flow in the stratosphere. The theoretical study by 
Liu and Roble (2002) described that the development of the PWs with 
wavenumber 1&2 (k ¼ 1, 2) in the lower atmosphere could be the su-
perseding phenomenon for the SSW occurrence. Though it was believed 
that the source of the PWs causing the SSW exists in the troposphere 
(Matsuno, 1971; Alexander and Shepherd, 2010), still the debate is 
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1. Introduction
Quasi-two-day waves (Q2DWs) in the mesosphere have been the subject of numerous observational and 
theoretical investigations (e.g., Pancheva et al., 2018, and references therein) since their first discovery in 
specular meteor radar (SMR) winds (Müller, 1972). Q2DWs are generally thought to be the atmospheric 
manifestation of the gravest westward-propagating Rossby-gravity normal mode with zonal wavenumber 
s = 3 (Salby, 1981; Salby & Roper, 1980), amplified or perhaps even initiated by the mesospheric easterly jet 
instability (Plumb, 1983; Pfister, 1985; Randel, 1994), which admits zonal wavenumbers of s = 2 through 4. 
Q2DWs with s = 2, 3, and 4 are common features of space-based observational studies (e.g., Gu et al., 2013; 
Huang et al., 2013; Lieberman, 1999; Tunbridge et al., 2011).

Being the largest dynamical feature of the summertime middle atmosphere, Q2DWs play a significant 
role in atmosphere-ionosphere coupling. Although earlier works have suggested that Q2DWs could drive 

Abstract Horizontal winds from four low-latitude (±15°) specular meteor radars (SMRs) and the 
Michelson Interferometer for Global High-resolution Thermospheric Imaging (MIGHTI) instrument on 
the ICON satellite, are combined to investigate quasi-2-day waves (Q2DWs) in early 2020. SMRs cover 
80–100 km altitude whereas MIGHTI covers 95–300 km. Q2DWs are the largest dynamical feature of the 
summertime middle atmosphere. At the overlapping altitudes, comparisons between the derived Q2DWs 
exhibit excellent agreement. The SMR sensor array analyses show that the dominant zonal wavenumbers 
are s = +2 and + 3, and help resolve ambiguities in MIGHTI results. We present the first Q2DW depiction 
for s = +2 and s = +3 between 95 and 200 km, and show that their amplitudes are almost invariant 
between 80 and 100 km. Above 106 km, Q2DW amplitudes and phases present structures that might result 
from the superposition of Q2DWs and their aliased secondary waves.

Plain Language Summary In the mesosphere and lower-thermosphere, quasi-2-day waves 
are spectacular planetary-scale oscillations. Almost all relevant observational studies are based on ground-
based single-station or single-satellite methods and therefore cannot determine the zonal wavenumber 
unambiguously. In the current work, we employ a series of multi-station methods on winds measured 
by four longitudinally separated low-latitude ground-based radars. These methods help us to determine 
two dominant zonal wavenumbers at 80–100 km altitude. These results are used to complement satellite 
measurements. The agreement between datasets is extraordinary, allowing us to extend the characteristics 
of the waves to higher altitudes using satellite measurements.
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Key Points:
•  The quasi-2-day waves (Q2DW) 

wind field at 80–200 km altitude is 
delineated from combining ground 
and space data in the low-latitude 
region (+/−15°)

•  Zonal wavenumber components 
s = +2 and s = +3 are the dominant 
ones in our observations, and their 
wave periods evolve differently with 
time

•  The quasi-2-day waves s = +3 
exhibits an excellent quantitative 
agreement between two datasets at 
95–100 km, serving as a validation of 
the ICON-MIGHTI winds
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Sulphur dioxide is a toxic pollutant in the atmosphere emitted from natural sources and human activities.
Normally, SO2 has a life-time of about 2 days in the atmosphere and is not transported to long distances
from its source region. However, under favourable circumstances such as low humidity or high wind
speed, it can travel intercontinental distances from the point of emission. In this article, we have analysed
the surface mixing-ratio of SO2 measured over the time period from January 2010 to April 2012 at a rural
region in south India. It is found that SO2 mixing-ratio is very low over this region with an annual mean
value in the range of 0.21–0.24 ppbv. OMI satellite estimates an annual mean value of 0.5 Dobson Units
(DU) over the same location and period. However, during January to May relatively higher concentra-
tions of SO2 are observed, mainly coming from power plants located in southern and eastern India as
indicated by higher SO2/NO2 ratios of greater than 0.5. In one instance, on June 20th, 2011, it is found
that the OMI SO2 value was a factor of 13 higher than 2011 annual mean at Gadanki. Using the FLEXible
PARTicle dispersion model (FLEXPART) and satellite data, it is found that the observed higher SO2

value on 20th June was due to intercontinental transport of SO2 from Nabro volcanic eruption. Using the
FLEXPART model with ECLIPSE-v5 emission inventory, the observed seasonal variation of SO2 could
be well reproduced; however, the mixing ratios are found to be overestimated. CAMS (Copernicus
Atmosphere Monitoring Service) SO2 reanalysis values available through its implementation in the
ECMWF Integrated Forecasting System are a factor of 7.8 higher than observations, possibly due to
incorrect vertical proBle used in the model.

Keywords. SO2; FLEXPART; NO2; India; CAMS reanalysis.

1. Introduction

SO2 is a toxic pollutant in the atmosphere. An
excess SO2 amount in the atmosphere can cause
respiratory and cardiovascular diseases and dam-
age to buildings (Finlayson-Pitts and Pitts 2000
and references therein). SO2 reacts with OH radical
and forms H2SO4 droplets, high amount of which

causes acid rain. The sulphate aerosols are
scattering type of aerosols and aAect the climate
(Charlson et al. 1990). These aerosols have nega-
tive radiative forcing in the atmosphere and
counter the global warming by greenhouse gases
and black carbon (Charlson et al. 1991; Kiehl and
Briegleb 1993). SO2 has a lifetime of about two
days to two weeks in the troposphere (von Glasow
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1. Introduction
Understanding the structure and dynamics of the Martian thermosphere (100–220 km) is extremely im-
portant as this region, in particular the upper thermosphere, acts as a buffer zone between the reservoir of 
atmospheric species down below and the exosphere above from where the gaseous escape happens (e.g., 
Bougher, Cravens, et al., 2015). From this view point, the exobase acts as a lid on top of the thermosphere 
and the gaseous escape is regulated by the amount of energy, particles, and fields (both electric and magnet-
ic) that reach the upper thermosphere. Thermospheric neutral densities, in general, decrease exponentially 
with an increase in altitude. Superimposed on this, there are perturbations of various scales that are due to 
forcings from above and below. Forcings from below include the planetary waves, thermal tides, and gravity 

Abstract We study the interannual variability of atmospheric gravity waves (GWs) in the Martian 
thermosphere and their relation to the background temperatures using Ar densities measured by Neutral 
Gas and Ion Mass Spectrometer/Mars Atmosphere and Volatile Evolution (MAVEN). The amplitudes and 
wavelengths of the GWs are extracted from the neutral density perturbations in the inbound segment of 
the MAVEN orbit. The GW amplitudes predominantly lie between 5% and 10% and are mostly less than 
30% of the background densities. The horizontal wavelengths are between 50 km and 300 km with peak 
wavelengths of 100–130 km. GW amplitudes show a significant diurnal variation with larger amplitudes 
during nighttime and smaller amplitudes during daytime. In addition, the GW amplitudes negatively 
correlate with the background temperatures indicating the role of convective instability in the saturation 
of the GWs. Most importantly, the GW amplitudes are larger and the wavelengths are smaller when there 
was a planet-encircling dust event in the Mars’ lower atmosphere during 2018. As a result, the typical 
diurnal variation of GW amplitudes is not apparent. During the lower atmospheric dust event, the GW 
amplitudes do not show any significant correlation with the background temperatures. It is proposed 
that the PEDE-2018 led to changes in the circulation of the mesosphere and lower thermosphere, so that 
the modified circulation enhanced the upward propagation/reduced the filtering of GWs leading to their 
enhancement in the upper thermosphere.

Plain Language Summary Small-scale wave-like structures, known as atmospheric gravity 
waves (GWs), are omnipresent in the Martian upper atmosphere. In the present study, these GWs 
are extracted from the neutral densities measured by a mass spectrometer on Mars Atmosphere and 
Volatile EvolutioN spacecraft. These waves constitute up to 30% of the background densities and have 
horizontal scales of 50–300 km. In addition, these waves have a strong diurnal variation with larger 
amplitudes during nighttime than during daytime. Furthermore, the wave amplitudes are weaker when 
the upper atmosphere is warmer and vice versa. The most important finding of the present study is 
that the amplitudes of the GWs are stronger during the lower atmospheric dust event in 2018. Previous 
studies have shown that the dust event resulted in significant heating of the thermosphere. Our finding 
is, therefore, in contradiction to the existing understanding of weaker GWs in a warmer thermosphere. 
The enhancement in GW amplitudes is explained by considering their enhanced propagation in the 
background flow that is modified by the lower atmospheric dust event. The waves subsequently propagate 
to upper altitudes without losing much of their energy and hence are able to maintain larger amplitudes, 
even though the background atmosphere is warmer.

LEELAVATHI ET AL.
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Key Points:
•  Gravity wave (GW) perturbations 

in the Martian thermosphere are 
studied using Ar density profiles 
measured by Neutral Gas and 
Ion Mass Spectrometer/Mars 
Atmosphere and Volatile EvolutioN

•  Daytime GW amplitudes are 
enhanced and horizontal 
wavelengths are reduced during the 
2018 planet-encircling dust event

•  GW amplitudes, in general, 
anti-correlate with the background 
temperatures, except during the 
lower atmospheric dust event
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Abstract Meteor radars are widely used to study gravity wave (GW) variances and their momentum
fluxes at the altitudes where meteor counts are sufficient to yield good statistical fits to the data. These
radars provide hourly zonal and meridional wind observations round the clock in 80‐ to 100‐km height
domain. However, the capability of meteor radars in estimating GWmomentum fluxes should be evaluated
before they can be used for any research applications. In this regard, the present study evaluates the
meteor radar observations of GW momentum fluxes obtained from Thumba (8.5°N, 77°E; 2006–2015),
Kototabang (0.2°S, 100.3°E; 2002–2017), and Tirupati (13.63°N, 79.4°E; 2013–2018) using three‐dimensional
wind field simulations, which include specified tidal, planetary and GW fields. A modified composite day
analysis is adopted to estimate the GW momentum fluxes, which also accounts for the tidal and planetary
wave contributions. The results showed that the retrieved and specified GW momentum fluxes agree very
well over Tirupati followed by Thumba and Kototabang. It is noted that the agreement between the retrieved
and simulated fields depend on the number of meteor detections used in the analysis. After evaluating
the meteor radar retrieved GW momentum fluxes by employing simulations, their interannual variability
and climatologies over the three observational locations are constructed. The significance of the present
study lies in evaluating the capability of three meteor radars located in equatorial and low‐latitudes in
estimating GW momentum fluxes by employing three‐dimensional wind field simulations with specified
mean winds, tidal, planetary, and GW fields.

1. Introduction

Importance of gravity waves (GWs), which can alter the structure, energetics and dynamics of the middle
atmosphere by transferring energy and momentum from troposphere to the mesosphere, has been well
recognized (Fritts, 1984; Fritts & Rastogi, 1985; Holton, 1982; Houghton, 1978; Lindzen, 1981; Matsuno,
1982). Departure of the mesosphere and lower thermosphere from the radiative equilibrium is attributed
to the mean meridional circulation with rising motion in the summer hemisphere and sinking motion in
the winter hemisphere, and this meridional circulation sustains due to the momentum transferred by the
gravity waves (Vincent &Reid, 1983). Investigations onGWactivity in themiddle atmosphere are thus essen-
tial for the explaining the mean meridional circulation in the mesosphere, cold summer mesopause, warm
winter mesopause, equatorial mesospheric/stratospheric semiannual and quasibiennial oscillations, and
wind reversal in the lower thermosphere (Antonita et al., 2008; Baldwin et al., 2001;Garcia & Solomon,
1985; Holton, 1982; Placke et al., 2011; Yiğit & Medvedev, 2015; Vincent & Reid, 1983). GWs can influence
the occurrence of Polar stratospheric clouds which in turn affect the ozone destruction, indirectly (Innis &
Klekociuk, 2006). These waves can influence propagation of tides and planetary waves in the middle atmo-
sphere (Yiğit &Medvedev, 2016, 2017). Thus, determination of gravity wave variances andmomentum fluxes
is important for the understanding of middle atmospheric dynamics and energetics (Placke et al., 2011;
Vincent & Reid, 1983). The myriad role played by GW in the middle atmosphere makes them essential part
of modelling of the middle atmosphere at different altitudes. Owing to their smaller scales, these waves are
parameterized in global models. The importance of parameterization of GW effects including their sources
in global models has been well recognized by the middle atmospheric research community (de Wit et al.,
2015; Espy et al., 2006; Fritts & Alexander, 2003; Geller et al., 2013). Further, using the vertical derivative
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Key Points:
• Evaluation of meteor wind radars

operating at low and equatorial
latitudes in estimating the MLT
region gravity wave momentum
fluxes

• Three‐dimensional wind
simulations with specified mean,
tidal, planetary, and gravity wave
amplitudes

• Climatology of zonal andmeridional
gravity wave momentum fluxes in
the MLT region over low and
equatorial latitudes
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Abstract. The AErosol RObotic NETwork (AERONET) is
the most developed ground-based network for aerosol remote
sensing and has been playing a significant role not only in
monitoring air quality for protecting human health but also
in assessing the radiative budget of our planet Earth. In this
paper, we report the direct-Sun and inversion products, com-
prising of spectral variation of aerosol optical depth (AOD),
associated Ångström exponent (AE), fine- and coarse-mode
aerosol fractions, aerosol size distribution (ASD), refrac-
tive index (RI), asymmetry parameter (AP), single scattering
albedo (SSA), aerosol radiative forcing (ARF) and columnar
concentration of gas constituents such as water vapor (H2O),
obtained from a Cimel Sun–sky radiometer, functioning in
Pune, India, under the AERONET program since October
2004. These long-term measurements carried out from 2005
to 2015 could serve as an urban aerosol optical long-term
average or climatology. The AOD long-term variations at all
wavelengths, considered in the study, exhibited an increasing
trend, implying year-to-year enhancement in aerosol load-
ing. The mean seasonal variations in AOD from cloud-free
days indicated greater values during the monsoon season, re-
vealing dominance of hygroscopic aerosol particles over the
station. Contribution by different aerosol types to AOD has
also been deduced and discussed, and dominance of a mixed
type of aerosols (44.85 %) found, followed by combination
of biomass burning and urban industrial aerosols (22.57 %)

compared to other types of aerosols during the study period.
The long-term datasets, derived aerosol and trace gas prod-
ucts play a significant role in understanding aerosol climate
forcing, trends and evaluation of regional air pollution and
validation of aerosol transport models over the study region.

1 Introduction

Atmospheric aerosol concentration and optical properties are
one of the largest sources of uncertainty in current assess-
ments and predictions of global climatic change (Hansen et
al., 2000; IPCC, 2001). Changes in the aerosol content of
the atmosphere constitute a major forcing mechanism by af-
fecting the radiative balance of the climate system (Crutzen
and Andreae, 1990; Charlson et al., 1992). A thorough under-
standing of regionally dependent chemical and optical prop-
erties of aerosols (e.g., aerosol optical thickness, size distri-
bution) and their spatial (both horizontal and vertical) and
temporal distribution is required for accurate evaluation of
aerosol effects in the climate system (Hsu et al., 2000). Sys-
tematic observational evidence is required to study the highly
variable characteristics of atmospheric aerosols in time and
space (IPCC, 2007). Added, long-term measurements of key
aerosol optical properties are urgently needed to better un-
derstand the climate changes (Wang et al., 2001; Streets et
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The role of initial conditions (ICs) in the simulation of severe winter storm ‘Gong’ formed over North
Atlantic is studied. The life cycle of Gong started at 1800 UTC of 16–0600 UTC of 22 January, 2013, with
CSLP of 972 hPa. The gusty wind (*33 ms�1) and torrential rainfall of *90 mm d�1 recorded over
several major cities of the Iberian peninsula. Five numerical experiments were performed with the WRF
model by initializing at 0600 UTC of 16, 1800 UTC of 16, 0600 UTC of 17, 1800 UTC of 17, and 0600 UTC
of 18 January, 2013. Our results suggest that significant differences are seen among the experiments,
particularly with the ICs of 0600 UTC 17 January, 2013, which represent the quick movement of Gong
with a slight underestimation of intensity. The experiment with IC 0600 UTC on 18 January, 2013
produced the best simulation as compared to the observations. The simulated track, intensity, wind Cow,
and rainfall were well agreeing with the observations. The 12-h average track errors were ranging from
95 to 332 km with 24-, 36-, 48-, 60-, and 72-h lead time. The Q-vectors of Gong with the WRF model
with 24-h lead time produced minimum errors.

Keywords. Extratropical cyclone; cyclogenesis; initial and boundary conditions; WRF model.

1. Introduction

Extratropical cyclones (ETCs) over North Atlantic
(NA) Ocean, which are mostly originated above
30�N during the winter season and their frequent
landfall would have devastating eAects on the
European economy, especially when those storms
pass through the continent. In winter, the ETCs are
the major cause of hazardous weather due to the
gusty winds, rain, and snowfall cause losses of about
€3.5 billion per year across Europe (Barredo 2010).
The frequency of ETCs is expected to increase under

climate change (Leckebusch and Ulbrich 2004;
Ulbrich et al. 2009; Schwierz et al. 2010; Donat et al.
2011). The tracks of ETCs are associated with the
temperature gradients between the warm (cold)
over subtropical (Polar) region (Oort 1971; Tren-
berth and Stepaniak 2003). The primary atmo-
spheric energy transfer from the mid-latitudes
towards Polar regions is due to the ETCs. The socio-
economic devastation because of the rapid deepen-
ing of the ETCs clutches the second position after
the tropical cyclones because of its asymmetric
nature and has translational velocities that can vary
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ABSTRACT 

It is well known that one of the major causes of global climate change is urbanization and industrialization. The necessity of converting vegetation area 

into residential and commercial areas and their allied developments in the way of rapid urbanization, may change the surface albedo that could increase the 

Land Surface Temperature (LST). The main objective of the present study is to evaluate the impact of landscape structure on the diversity of LST over one 

of the fastest growing urban region Hyderabad, located in Rangareddy district of Telangana state in southern India. Study has been carried out during the 

period of 1995 - 2018, using four Landsat Images (two Landsat - 5 Thematic Mapper and two Landsat OLI-TIRS 8). Land Use Land Cover (LULC) 

mapping and LST are derived by using pre-processed landscape data. Interestingly, urban region LST is found less than that observed in the outskirts 

during entire study period. Land cover classification showed that the built-up areas, barren land and vegetation increased by 2.34%, 9.28% and 18.01%, 

respectively, while the forest area and water bodies are decreased by 28.79% and 1.21% respectively, over the period of 24 years between 1995 and 2018. 

Maximum LST for the total area increased by approximately 4°C and the minimum temperature increased by approximately 3.5°C between 1995 and 

2018. The negative correlation has been observed between Normalized Difference Vegetation Index (NDVI) and Normalized Difference Water Index 

(NDWI) with LST with low temperatures, but Normalized Difference Built-up Index (NDBI), has positive correlation with high temperatures. This study 

also provides a quantitative approach in exploring the relationship between several index and temperature. 

Keywords: Land Use Land Cover (LULC), Land Surface Temperature (LST), Normalized Difference Vegetation Index (NDVI), Normalized Difference 

Built-up Index (NDBI), Normalized Difference Water Index (NDWI), Arc GIS. 

INTRODUCTION 

Rapid urbanization has led to continuous decline in greenery 

in most of the cities. Due to population growth and urban 

sprawl, the vegetation landscape is undergoing unwanted 

changes. The major reduction in the forest and agricultural 

lands, and an increase in barren land and impermeable 

surfaces due to huge built-up areas, are the main reasons for 

the observed changes in Land Use Land Cover (LULC) 

(Kumar et al., 2012). Landscape architecture incorporates 

human and natural components and their spatial pattern 

(Dissanayake et al., 2019). In the day time, buildings and non-

vegetative surface, such as bare soil, can trap the incoming 

solar radiation (Staniec and Nowak, 2016; Weng et al., 2004), 

and then re-radiate during the night time, due to the absence 

of solar insolation (Arsiso et al., 2018). At present, urban 

areas suffer from the most critical problem in loss of 

vegetation  areas, thereby increase in surface temperatures 

due to uncontrolled transport, evaporation, and the growth of 

hard ground surfaces (Buyadi et al., 2013; Hussain et al., 

2014; Kant et al., 2009; Kumar et al., 2012). The regional and 

global impact of changes in terrestrial ecosystems, due to 

human activities through change in LULC, can be clearly 

monitored using the thermal infrared (TIR) remote sensing 

energy, which is emitted directly from the land surface (Faqe 

Ibrahim, 2017). 

The Normalized Difference Vegetation Index (NDVI) is the 

most commonly used vegetation index for monitoring 

vegetation and identify different vegetation cover worldwide. 

However, in an area with low plant cover (urban areas), soil 

and climate have a significant impact on NDVI and its 

relationships with vegetation (Huete and Jackson, 1987). It is 

imperative to quickly and accurately describe the water-

coverage area in order to dynamically monitor water 

resources and planning water conservation. The most 

commonly used method for water characteristic extraction, is 

the Normalized Difference Water Index (NDWI) proposed by 

Mcfeeters (1996). The NDWI produces negative values for 

vegetation and soil and positive values for water bodies. The 

Normalized Difference Built-up Index (NDBI) is an effective 

indexing mechanism used to automatically mapping urban 

built-up areas on Thematic Mapper (TM) images. The built-

up area appends all impervious surfaces, including houses, 

industries, roads, etc. This method takes upper hand of the 

spatial spectral responses of built-up areas and other land 

covers. Remote Sensing (RS) and Geographical Information 

System (GIS) techniques are used to detect the land-use 

changes and its impact on the land surface temperature 

(Buyadi et al., 2013).  

In an earlier study, Rao (1972) introduced a thermal infrared 

remote sensing-based LST-estimation method. Later, 

Lombardo, (1985) developed this concept by developing a 

computational model for remote sensing-based LST 

measurements. Since then, various researchers have 

performed several qualitative studies using different satellite 

data sets 

(AVHRR/NOVAA/ASTER/Landsat(TM/ETM+)/MODIS 

TIR data set) and some of them reviewed and suggested a 

satellite view of the LST's assessment and its relationship to 



Abstract  Horizontal wind measurements using meteor radars located at Thumba (8.5°N, 77°E; 
2006–2015) Kototabang (0.2°S, 100.3°E; 2002–2017) and Tirupati (13.63°N, 79.4°E; 2013–2017) in the 
mesosphere-lower thermosphere (MLT) and Specified Dynamics Whole Atmosphere Community 
Climate Model (SD-WACCM) simulations are employed for investigating the diurnal tide variability at 
quasi-biennial scales. The model simulations are evaluated using the meteor radar observations at three 
tropical locations. WACCM simulations could reproduce the seasonal evolution of diurnal tides very 
well over Thumba and Tirupati but there are small discrepancies over Kototabang. In order to investigate 
the modulation of the diurnal tide amplitudes in the MLT region by the stratospheric quasi-biennial 
oscillation (SQBO), deseasonalized perturbations of diurnal tides and stratospheric winds are analyzed. 
A very good correspondence is found between meridional diurnal tide perturbation amplitudes and the 
SQBO with positive tidal perturbations during the eastward phase of SQBO and negative perturbations 
during the westward phase over Thumba and Tirupati. SQBO modulations of diurnal tides at global 
scales exhibits a positive correlation between the meridional diurnal tide perturbation with SQBO 
winds at 20 hPa and a negative correlation with SQBO winds at 70 hPa within ±40° latitude, except over 
the equator. It is also noted that the equatorial electrojet strength, is modulated by the SQBO over the 
Thumba, which is a dip equatorial location. The significance of present study lies in evaluating WACCM 
simulations at tropical locations using meteor radar measurements and in investigating the SQBO 
modulations of diurnal tides at global scales.

Plain Language Summary  Atmospheric tides are global scale oscillations having periods 
that are harmonics of solar day (24-, 12-, 8-h, etc.) and play a significant role in coupling lower and 
middle/upper atmosphere. Tides are generated in the troposphere/stratosphere and propagate upwards. In 
order to conserve the momentum, the amplitude of tides increases with altitude in response to decreasing 
density with altitude. Among many atmospheric waves present in the mesosphere-lower thermosphere 
(MLT), diurnal tides (24-h period) have the largest amplitudes over the low-latitudes and thus play a 
key role in shaping the structure and dynamics of this region. Even though tides are well represented in 
numerical models, time-to-time evaluation of these models against observations from several ground-
based measurements is needed to employ them in day-to-day research applications. In the present study, 
SD-WACCM model simulations of mean winds and diurnal tides in the MLT region are evaluated using 
meteor radar observations over three tropical locations [Thumba (8.5°N, 77°) Kototabang (0.2°S, 100.3°E) 
and Tirupati (13.63°N, 79.4°E)]. There exists a long-period oscillation in the stratosphere known as 
stratospheric quasi-biennial oscillation (SQBO), which is believed to modulate the amplitude of diurnal 
tides at interannual scales. The present study also investigates the relationship between SQBO and the 
tidal variability in the MLT region. The results show significant correlation between the SQBO phase 
and the deseasonalized diurnal tide amplitudes in the MLT region. Diurnal tide amplitudes are relatively 
larger during the eastward phase as compared to the westward phase of the SQBO. It is also noted that 
the strength of the equatorial electrojet is also modulated by the SQBO. The WACCM simulations could 
reproduce this feature very well. The model simulations are further employed to study the response of 
diurnal tide amplitude to the phase of the SQBO at global scales. The results show that the SQBO phase 
influences the diurnal tide amplitude in the latitude belt of 40°N–40°S except at the equator. Thus, the 
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Key Points:
•   Response of diurnal tide in the 

mesosphere-lower thermosphere 
(MLT) to the stratospheric quasi-
biennial oscillation (SQBO) is 
investigated over three locations 
using meteor radar observation and 
Whole Atmosphere Community 
Climate Model (WACCM) 
simulations

•   The monthly mean tidal variability 
in the MLT region is highly 
correlated with stratospheric winds 
at 20–40 hPa pressure level

•   Stratospheric QBO modulation of 
tidal variability in the MLT imposes 
the QBO signature in the equatorial 
electrojet
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Abstract—The present study reports the effects of 650-keV Ar2+ ion irradiation on the structural, optical, and
device characteristics of Ru|Pt|n-GaN Schottky barrier diodes (SBDs). Ion irradiation induces the broaden-
ing of the GaN X-ray diffraction peaks due to induced structural deformities. The photoluminescence spec-
troscopy intensity decreases with the increase in the f luence of ions. The recombination of charge carriers
induced by the geometrical distortions, and the formation of defects states, shifts the peak positions to shorter
wavelengths. The electrical characteristics of these devices exhibit significant changes due to modification at
the interface and charge transport properties after Ar2+ ion irradiation. The charge-transport properties are
affected by these deformities at higher f luences and attributed to the contributions of various current conduc-
tion mechanisms, including defect-assisted tunnelling and generation–recombination (G–R) currents along
with thermionic emission.

Keywords: GaN SBDs, electrical parameters, ion irradiation, current conduction mechanisms
DOI: 10.1134/S1063782620120155

1. INTRODUCTION
Over the last few decades, GaN has become one of

the fascinating compound semiconductor material for
researchers in the field of device-fabrication technol-
ogy due to its unique properties like large and direct
energy bandgap, high melting point, high chemical
resistance, and good thermal conductivity [1–4].
These properties make GaN a potential material of
modern electronic devices for various applications
such as amplifiers, dynamic switches, detectors,
lasers, solar cells, transistors for terahertz plasma
applications, diodes, including the devices that are
reliable in radiation-rich environments [1–3, 5–9].
Low-energy ion irradiation is an effective technique
for customizing materials and devices containing
semiconductors. These ions, however, introduce elec-
trically active defects that modify the properties of
semiconductor material and thus alter the characteris-
tics of the devices fabricated on it [6, 10–14]. Another
advantage of low-energy ion irradiation is to test the
reliability of the semiconductor devices under expo-
sure to radiation at higher altitudes, e.g., for military

and space applications [9, 15–17] and their response
in radiation environments at high energy physics
experiments/accelerator facilities [18–22].

Therefore, studies of the influence of energetic ions
on semiconductors and their device properties are pri-
mary research areas. In this context, we report the
650-keV Ar2+ ion-irradiation effects on the structural,
optical, and electrical properties of Ru|Pt|n-GaN
Schottky barrier diodes (SBDs) for various f luences to
understand the current transport mechanism for its
applications in different fields.

2. EXPERIMENTAL
In the present work, Ru(30 nm)|Pt(20 nm)|n-GaN

SBDs were fabricated using a 2-μm thick n-GaN on
the Al2O3 (C-plane) substrate. The comprehensive
process of fabrication of Ru|Pt|n-GaN SBDs is
described in detail in [23]. The Ru|Pt|n-GaN SBDs
were irradiated by 650-keV Ar2+ ions using the low-
energy ion-beam facility (LEIBF) housed at IUAC,
New Delhi, India [24]. During irradiation, the beam
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A B S T R A C T

The Al/n-type Si Schottky barrier diodes (SBDs) were prepared with Au-Cu phthalocyanine (Au-CuPc) inter-
layers with different Au and CuPc compositional ratios, probed their temperature dependent current-voltage
(I–V) and low frequency noise properties. The Schottky barrier properties like barrier height and the ideality
factor are strongly temperature dependent, implying the existence of Schottky barrier inhomogeneities. The
barrier inhomogeneities was elucidated using thermionic emission theory based on the assumption of Gaussian
distribution of the barrier heights. Further, a divergence in the barrier heights evaluated from the I–V char-
acteristics and Norde's method indicates a deviation of the Al/Au–CuPc/n-type Si SBDs behavior from ther-
mionic emission. The Richardson plot evaluated with the Gaussian distribution of barrier heights method yielded
Richardson constant values close to theoretical Richardson constant of n-type Si. The room temperature current
noise power spectral density (SI) of the Al/Au–CuPc/n-type Si SBDs having various Au and CuPc concentrations
showed a reciprocal of frequency (1/f)γ behavior having γ values near to unity. The decrease in SI and γ with
increasing Au concentration in Au-CuPc interlayers was indicative of lessening barrier inhomogeneity. This was
also correlated with the decrease in the value of standard deviation derived using temperature dependent I–V
characteristics. Further investigations revealed that origins of 1/f noise could be associated with the fluctuations
of barrier height and carrier mobility for Al/Au–CuPc/n-type Si SBDs with lower and higher Au compositions in
Au-CuPc interlayers, respectively.

1. Introduction

The metal-semiconductor junctions termed as the Schottky barrier
diodes (SBDs) forms the basis of the numerous simple and complex
electronic devices. Owing to its importance in the electronics industry,
the SBDs have been studied extensively. For an ideal SBD, the barrier
height relies on the metal Fermi level and on the metal-semiconductor
contact interface properties [1]. Hence, for a particular semiconductor,
the possibility to alter the barrier height is limited. Nevertheless, the
barrier height formed in the metal/semiconductor interface can be
modified by inserting an interlayer and is an added advantage com-
pared to conventional p-n junction [1]. The intention to modify and
control the barrier height can be achieved using an organic semi-
conducting or insulating interlayer and to determine the characteristic
parameters of the metal-interlayer-semiconductor devices. Organic

semiconductors promises mechanical flexibility and large-area proces-
sing at ambient environments at lower cost and possesses outstanding
possibility for commercial applications like logic circuits, sensors, solar
cells and displays [2–4]. The integration of organic materials with in-
organic semiconductor as interlayer between metal and semiconductor
has considered much attention and can be a good substitute towards
creation of high-performance devices utilizing the merits of organic and
inorganic semiconductors [5,6].

Organic polymers have been broadly examined and studied for their
implementations into electronic and optoelectronic devices [7–9].
However, they suffered inferior device performance because of its non-
homogeneity, poor thermal and mechanical stabilities. Recently, sev-
eral ways are employed in the preparation of organic polymer com-
posite films so as to step up the applications of organic-based semi-
conductors and enhance their performance. Composites consisting of
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Abstract
The Au/Nd2O3/n-type GaN metal/interlayer/semiconductor (MIS) junctions were fabricated with high-k rare-earth oxide 
interlayer and explored its electrical properties in the wide temperature range of 150–400 K. An anomalous decrease in bar-
rier height and an increase in the ideality factor with a decrease in the temperature were observed. The anomalous barrier 
height and ideality factor are ascribed to a role of barrier inhomogeneities at the interface of MIS junction assuming a double 
Gaussian distribution of barrier heights in the temperature ranges of 150–225 K and 225–400 K. Double Gaussian distribu-
tion giving mean barrier heights of 0.84 eV and 1.23 eV and standard deviations of 0.0085 V and 0.0187 V for the two 
temperature regions. A modified conventional energy plot gives mean barrier height 

(

Φ
bo

)

 and Richardson constant (A*) 
as 0. eV and 13.44 Acm−2 K−2 (150–225 K) and 1.23 eV and 22.85 Acm−2 K−2 (250–400 K), respectively. The estimated 
A* value in the temperature range of 250–400 K was closely matched with the theoretical value of n-type GaN. Moreover, 
results express that the obtained interface state density of the MIS junction decreases with increasing temperature. Results 
explained that the reverse current conduction governed by Poole–Frenkel emission at the temperature range of 150–225 K 
and Schottky emission at 250–400 K, respectively.

Keywords Rare-earth oxide · Nd2O3 interlayer · n-GaN; inhomogeneities · Electrical properties · Current conduction 
mechanism

1 Introduction

Gallium nitride (GaN) was gorgeous semiconductor mate-
rial for the fabrication of light-emitting diodes, Schottky-
barrier photodetectors, solar-blend Schottky photodiodes, 
metal–semiconductor field effect transistors (MSFETs), 
heterostructure field effect transistors (HFETs) and high 

electron mobility transistors (HEMTs) [1–6] because of its 
outstanding thermal and electrical properties. High qual-
ity ohmic and Schottky contacts play an important role 
in the device fabrication. But, the Schottky-based GaN 
HEMTs are grieved by huge gate leakage current that can 
affect the device recital, reliability, and stability of the 
devices. In order to reduce the leakage current, there was 
a potential way, wherein, the insertion of a thin interlayer 
or insulating layer in between the metal and semiconduc-
tor interface was one of the best approaches. Therefore, 
the detailed investigations were needed to obtain high 
Schottky barrier height and low leakage current of the 
Schottky junction with an interlayer or insulating layer 
on GaN and it is a scientific challenge. Concurrently, it 
is very important to understand the carrier transport of 
metal/semiconductor (M/S) interface. A room-temperature 
measurement solely does not give exact conduction char-
acteristics or the nature of the barrier formation at the 
M/S interface. Hence, the wide temperature ranges of I-V 
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ABSTRACT

This paper demonstrates the electrical and current transport properties of pre-

pared Ti/a-amylase/p-InP metal/polymer/semiconductor (MPS) junction by

current–voltage (I–V) approach. The microstructure of the fabricated MPS

junction is confirmed by transmission electron microcopy (TEM) measurement.

The MPS junction exhibited a good rectification nature over the Ti/p-InP metal/

semiconductor (MS) junction. The derived barrier height (BH) of MPS junction

(0.78 eV) is higher than the MS junction (0.70 eV), that indicates the BH is

influenced by the polymer layer. The BH is extracted by the I–V, Z(V)–Vd plot,

Cheung’s function, a(V)–V plot, Norde method and Ws–V plot and found the

values are comparable with one another, which indicates their steadiness and

validity. The estimated interface state density (NSS) of the MPS junction is less

than the MS junction, suggesting that the a-amylase layer decreased the NSS

value. The forward log (I)–log (V) plot of the MS and MPS junctions reveals the

ohmic nature at lower-bias region and space-charge-limited conduction at

higher-bias region. Results reveal that the reverse leakage current conduction

mechanism of the MS and MPS junctions is governed by Poole–Frenkel emission

in lower-bias region, whereas, at higher bias region, Schottky emission is

dominant current conduction mechanism. These exploration results establish

that the a-amylase polymer layer is potential for use in organic–inorganic

devices.
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Abstract: Zinc cobaltite (ZnCo2O4) is an emerging electrode material for supercapacitors due to its
rich redox reactions involving multiple oxidation states and different ions. In the present work, potato
chip-like 0D interconnected ZnCo2O4 nanoparticles (PIZCON) were prepared using a solvothermal
approach. The prepared material was characterized using various analytical methods, including
X-ray powder diffraction and scanning electron microscopy. The possible formation mechanism
of PIZCON was proposed. The PIZCON electrode material was systematically characterized for
supercapacitor application. The areal capacitance of PIZCON was 14.52 mF cm−2 at 10 µA cm−2 of
current density, and retention of initial capacitance was 95% at 250 µA cm−2 following 3000 continu-
ous charge/discharge cycles. The attained measures of electrochemical performance indicate that
PIZCON is an excellent supercapacitor electrode material.

Keywords: ZnCo2O4; electrode material; areal capacitance; supercapacitors

1. Introduction

Accumulation and energy storage are significant challenges for the further devel-
opment of various modern devices, such as hand-held devices, hybrid electric vehicles,
solar panels, memory backup systems, and defibrillators [1–3]. To overcome this energy
problem, scientists have designed and developed novel energy storage devices (batteries
and supercapacitors) [4]. Currently, supercapacitors are the most popular energy storage
device due to their exceptional electrochemical characteristics, such as high-power density,
fast charge–discharge process, low cost, long life cycle, and low environmental impact [5–7].
Supercapacitors store energy based on two operating mechanisms: electric double-layer
capacitors (EDLCs) and pseudocapacitors [8–10]. In the former, the charge is stored elec-
trostatically at the electrode–electrolyte interface, and in the latter, the redox reaction is
responsible for charge storage [11]. Carbon with various dimensions (0D, 1D, 2D, and 3D)
is used as the electrode material for EDLCs. The lower capacitance of carbon-based materi-
als hinders practical applications [12–14]. Transition metal oxides/sulfides/hydroxides
and conducting polymers are used as electrode materials for pseudocapacitors [15–17]. In
particular, transition metal oxides with spinel structure (TMOSS) (ternary form) exhibit
excellent electrochemical characteristics as an electrode material for supercapacitors [18].
Among the TMOSS, zinc cobaltite (ZnCo2O4) is a potential electrode material for pseudo-
capacitors due to its high theoretical capacitance, multiple oxidation states, and excellent
electrochemical properties [19–22].
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Zn1-XMnXO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles were fabricated through a 

simple combustion method and their structural, morphological, chemical, optical, 

photoluminescence and magnetic properties were systematically analyzed. X-ray 

diffraction (XRD) and Rietveld refinement (RR) analysis studies divulged that, the 

synthesized nanoparticles exhibited the hexagonal structure without any impurity phase. 

Morphology studies revealed that the synthesized nanoparticles were nearly spherical in 

shape with uniform size distribution. A clear Blue shift was recognized in the ZnO 

nanoparticles when doped with Mn ions. The photoluminescence (PL) spectra of all the 

synthesized nanoparticles exhibited the same emissions and PL intensity diminished with 

increase in Mn doping concentration. All the synthesized nanoparticles exhibited room 

temperature ferromagnetism (RTFM) and Zn1-XMnXO(x=0.02) nanoparticles displayed 

better ferromagnetic property than other compositions. The captivate properties of the 

ZnO: Mn nanoparticles may more useful for optoelectronic and spintronic applications.   
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1. Introduction 
 

Currently, researchers have perceived that in several semiconductor crystals substituting of 

transition metal in host affix local magnetic moments to the system. The doped materials are 

entitled as dilute magnetic semiconductors (DMS) [1]. Theoretical explorations imply that the 

semiconductor with direct band gap is the most probable candidate for spintronic devices [2]. ZnO 

is an n-type II-VI semiconductor with characteristic features such as direct energy band gap of 

3.37eV, large binding energy 60meV in addition to wurtzite structure at room temperature [3]. 

Properties of ZnO nanoparticles can be tailored by dopants and doping concentration [4]. The 

foremost challenge for the practical applications of DMS is the achievement of ferromagnetism 

(FM) at room temperature. Transition metal (TM) doped ZnO is one of the best auspicious DMS 

candidates as it is anticipated to be RTFM (Room Temperature Ferromagnetism). The most 

propitious property of DMS is that, the substitution of TM in semiconductors does not influence 

the crystal structure but dramatically switches its dielectric, magnetic and electrical/optical 

properties, i.e. RTFM is observed in TM doped ZnO [5-6].The doped TMs are irregularly assigned 

to substitution lattice sites and ferromagnetic aligned via an indirect magnetic coupling [7].The 

TM doped ZnO would be proper for a number of devices such as magnetic devices with gain, spin 

transistors operated at very low power for mobile applications, optical emitter with encoded 

information [8]. Some of the reports argued that the RTFM of TM doped metal oxides strongly 

depends on the metal oxide host system, size, defects, size, type of dopant and concentration 

[9].Venkatesem et al. [10] observed the high magnetic moment in Co doped ZnO films. Stable FM 

ordering observed from carrier mediated exchange interactions for several TM doped ZnO DMS 

[11].Among them, Mn doped ZnO would show FM above room temperature and may be applied 

to shortwave magneto optical devices [12]. Paramagnetism was observed in ZnO: Mn films 
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Morphology driven enhanced photocatalytic activity of CuO/ 
BiOI nanocomposites 

A. Sudharani, K. Sunil Kumar, Ramanadha Mangiri, Y.C. Ratnakaram, R.P. Vijayalakshmi * 
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H I G H L I G H T S  

• CuO/BiOI composite nanostructures were fabricated by a facile hydrothermal method. 
• CuO/BiOI nanocomposites have photocatalytic activity than BiOI due to elevated morphology. 
• Morphology driven 30% CuO/BiOI nanocomposite exhibited enhanced photocatalytic activity. 
• Rate of separation efficiency of charge carriers has been boosted. 
• The mechanism of enhanced photocatalytic activity was proposed.  

A R T I C L E  I N F O   
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Photocatalytic activity 

A B S T R A C T   

The development of novel highly efficient semiconductor metal oxide catalysts for enhanced photocatalytic dye 
degradation had of great significance. Herein, we report the synthesis of novel and highly efficient CuO/BiOI 
nanocomposite (0, 10, 20, 30, 40 wt % of CuO) semiconductor photocatalysts by a facile hydrothermal method. 
High crystallinity of tetragonal structure had observed from XRD studies. From SEM and TEM studies flower like 
morphology had observed up to 30% of CuO in CuO/BiOI nanocomposite and for 40% of CuO nanoflower like 
morphology slightly diminishes. EDAX and XPS spectra depict the presence of Bi, O, I, Cu only no other im-
purities had observed. Stretching and bending vibrational modes had observed from FTIR analysis. Bandgap 
decreases gradually upto 30% of CuO in CuO/BiOI nanocomposite and slightly increases for 40% of CuO in CuO/ 
BiOI nanocomposite. Decrease in peak intensity due to charge carriers were observed from Photoluminescence 
studies Photocatalytic activity had estimated by the degradation of methyl orange (MO) solution under visible 
light irradiation. The flower-like morphology of 30% CuO in CuO/BiOI nanocomposite showed the high ab-
sorption ability to facilitate the generation of charge carriers as well as active oxygen species.   

1. Introduction 

In recent era, environmental pollution has become a serious issue 
due to the exponential development of industries and the population 
which threatens the humanity. To resolute this, the world was moving 
towards to reduce the contaminants in air and water. Different tech-
niques were developed to reduce pollutants in the environment and 
water such as adsorption [1,2], filtration [3,4], UV irradiation [5], 
biodegradation [6], chemical oxidation [7], active oxidation process [8, 
9], catalytic oxidation [10], solvent extraction [11,12], photocatalytic 
degradation [13,14]. Among all these, photodegradation provides an 
oxidation/reduction process for the removal of dyes through less energy 

consumption. 
Semiconductor photocatalysts have attracted worldwide attention 

for their ability to solve energy and environmental problems. The pho-
tocatalyst developed upto now has a wide bandgap and absorbs light in 
the ultraviolet region that exhibits moderate performance due to the 
high recombination rate of photogenerated electron pairs. Therefore, its 
practical appliance is low. Nevertheless, photocatalyst composed of a 
narrow bandgap can achieve a better response to visible light and 
effective separation of electron pairs [15]. Therefore, in recent years, 
there has been a boom in the fabrication of visible light driven semi-
conductors to improve the photocatalytic performance by energy 
conversion. 
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nanoparticles by sol–gel technique 

K. Sunil Kumar a, A. Sudharani a, M. Ramanadha a, S. Ramu a, G. Murali b, R.P. Vijayalakshmi a,* 

a Dept. of Physics, Sri Venkateswara University, Tirupati 517502, India 
b Department of Polymer Science and Engineering, Department of IT Convergence (BK21 PLUS), Chemical Industry Institute, Korea National University of 
Transportation, Chungju 27469, South Korea   

A R T I C L E  I N F O   

Keywords: 
BFO 
Ca doped BFO: Er nanoparticles 
Magnetization 
Dielectric properties 

A B S T R A C T   

Here in, we synthesized pure BiFeO3 (BFO) and Bi0.8-XCaXEr0.2FeO3 (x = 0.0, 0.05, 0.1, and 0.15 at.%) nano-
particles using sol–gel technique and investigated their optical, magnetic, and electrical properties. X-ray 
diffraction studies reveals structural transformation in BFO from the rhombohedral structure to orthorhombic, 
without forming any defect phases, with the doping of Er or Ca/Er into BFO. EDX analysis confirms the presence 
of doped elements (Er and Ca) along with the Bi, Fe and O elements corresponding to BFO host material. TEM 
images indicate the significant reduction in particle size with increasing the Ca dopant concentration. Further, 
the band gap of pure BFO nanoparticles (2.30 eV) decreases notably to a minimum of 1.81 eV for Ca and Er co- 
doped BFO nanoparticles. All samples exhibited the ferromagnetic behavior, Bi0.8-XCaXEr0.2FeO3 (x = 0.05 at.%) 
nanoparticles yielded 2.9 times higher saturation magnetization compared to BFO nanoparticles. In addition, the 
conductivity increases by 11.8 times for Bi0.8-XCaXEr0.2FeO3 (x = 0.05 at.%) nanoparticles compared to BFO 
nanoparticles.   

1. Introduction 

Multiferroic materials that exhibit simultaneously more than one 
ferroic properties such as ferroelectricity, ferromagnetism, and ferroe-
lasticity in a single compound, gained extensive research interest owing 
to their wide range of intriguing applications like electronic memory 
devices, sensors, photocatalytic activity, and hydrogen production 
[1–6]. The complex oxide perovskites with ABO3 stoichiometry are the 
common multiferroic materials (A = Y, Ho, La, Gd, Nd, Eu, Bi, Ba & Sr 
and B = Fe, Mn, Co, Cr, Ni, Pb & Ti) [7–13]. Among them, BiFeO3 (BFO) 
garnered a special attention because of its ability to exhibit multiferroic 
properties at room temperature. At room temperature, BFO is in 
rhombohedrally distorted perovskite structure with R3c space group. It 
has high ferroelectric Curie temperature, TC = 830 

◦

C, and antiferro-
magnetic Neel temperature, TN = 370 

◦

C. Bulk BFO possesses a G-type 
antiferromagnetic ordering with low ferromagnetism due to the spiral 
spin structure with a wavelength of 62 nm [14–16]. The cross coupling 
of magnetic and ferroic orders induces a magnetoelectric effect in 
multiferroic materials, which is captivating for new fascinating electric 
and magnetic devices [17–18]. Though BFO is a lead free eco-friendly 
multiferroic material, it suffers major setbacks in the form of high 

leakage current and oxygen vacancies arises from the bismuth volatili-
zation [19–21]. To reduce leakage current and to enhance the magnetic 
and dielectric properties of BFO, it is to be doped with various metal 
ions. The doped BFO materials have more efficient results than BFO 
[22–25]. BFO multiferroic properties can be enhanced by doping A- site, 
B- site and AB site with rare earth (RE), alkali earth (AE) and transition 
metal (TM) ions [26–30]. A- site doping is a popularly employed method 
for the enhancement of magnetic and dielectric properties of BFO [31]. 

Several research groups have reported the enriched multiferroic 
properties of BFO through chemical substitution of isovalent RE (Ce, Tb, 
Eu, Gd, Dy, La, Er and Sm) ions with oxidation state of ‘+3′ or aliovalent 
(Ba, Ca, Sr, etc) ions with ‘+2′ oxidation state into the A-site (Bi-site) of 
BFO [32]. RE ions have high magnetic moment and their substitution 
into BFO arouse the coupling between magnetically active 4f electrons 
of RE and Fe3+ ions. On the other hand, the doping of aliovalent ions like 
Ca2+ ions leads to the formation of oxygen vacancies that may influence 
the multiferroic properties. So far, majority of the studies explored the 
influence of individual-type i.e., either isovalent or aliovalent ions 
doping on the structural, electrical and magnetic properties of BFO, 
while a few reports are available on co-doping of isovalent and aliova-
lent ions into BFO. The co-doping of isovalent and aliovalent ions into 
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G R A P H I C A L  A B S T R A C T  

Scheme: Proposed photocatalytic H2 production mechanism using CdS/MoS2-SeS2 nanocomposite. 

A R T I C L E  I N F O   
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A B S T R A C T   

Design and development of inexpensive novel nanostructures is a notable pathway to enhance photocatalytic 
hydrogen evolution to subsidize the future energy demand. For the first time, we are reporting on the MoS2-SeS2 
dual co-catalysts decorated CdS nanorods for efficient photocatalytic water splitting hydrogen production under 
the simulated sunlight irradiation. Comprehensive structural analyses demonstrated that MoS2-SeS2 nano-
structures decorated on CdS possess structure as that of pristine CdS nanorods. Room temperature photo-
luminescence spectra showed the reduction of luminescence intensity in the presence of MoS2-SeS2 dual co- 
catalysts on CdS host matrix. We obtained a better hydrogen evolution rate (168.93 mmol g− 1 h− 1) through 
CdS/MoS2-SeS2 nanocomposites. The present composite also possess long durability and high stability by pro-
ducing a large surface area, more trapping sites, huge number of charge carriers, efficient charge carrier 
transportation, and less recombination of charge carriers. Present composite hydrogen evolution rate is 67 times 
greater than that of hydrogen evolution rate (HER) of pristine CdS nanorods. We intensely trust that, the present 
composite CdS/MoS2-SeS2 nanocomposite is the potential candidate for hydrogen production under the solar 
light harvesting phenomenon.   
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A B S T R A C T   

Hierarchical 1-D CdS nanorods adorned with MoS2-SnS2 nanocomposites were developed by a simple sol-
vothermal method at nano-regime. In the present work, we noticed a tremendous enhancement in H2 evolution 
by loading MoS2-SnS2 nanostructures on 1D-CdS nanorods under the solar light irradiation. Notably, for the CdS/ 
MoS2-SnS2 (6 wt%) nanocomposites, the hydrogen production rate reached to 185.36 mmol. h− 1. g− 1., this is 
much higher than that of pristine CdS (2.5 mmol. h− 1. g− 1) and 6 wt% of MoS2 loaded CdS nanorods (123 mmol. 
h− 1. g− 1). The efficient photocatalytic performance in MoS2-SnS2 loaded CdS nanorods could be due to high light 
harvesting capability, bifurcation of electron-hole pairs, trapping sites, active catalytic zones, migration of charge 
carriers towards the surface of a semiconductor, and suitable energy levels. We strongly believe that the current 
design plan on the synthesis of MoS2-SnS2 loaded CdS nanorods and its efficiency for catalytic performance 
towards hydrogen evolution is an inherent alternative route for sustainable energy production.   

1. Introduction 

Nowadays, non-renewable energy resources are abnormally 
quenching due to the drastic enhancement of population, rapid indus-
trialization, and upheaval of contemporary technologies [1,2]. In this 
perception, green and efficient renewable energy sources are urgently 
needed to provide the alternative fuel intended for sustainable devel-
opment [3–5]. Among the many non-renewable energy resources, solar 
energy is one of the most promising and reliable energy resources, owing 
to its continuous supply/abundant nature [6–10]. Particularly utiliza-
tion of solar energy and produce high energy density fuels (hydrogen) is 
an attractive way to capture and utilize the abundant solar energy 
[11–13]. Among the developed techniques to produce hydrogen pho-
tocatalysis water splitting is one of the ideal and cost-effective tech-
niques [14–16]. To this end several semiconductor photocatalysts such 
as metal oxides, metal nitrides, metal sulphides, metal selenides, poly-
mer based photocatalysts, metal free photocatalysts (C3N4) nano-
structures were developed and verified it for photocatalytic hydrogen 
production [17–19]. Among the developed photocatalysts transition 
metal sulfide-based semiconductors have attracted much attention due 

to their suitable band gap for visible light harvesting capability, suitable 
water reduction potentials and excellent chemical, electrical, and opti-
cal properties [20]. 

Amid the horde of transition metal and sulfide-based semi-
conductors, CdS has been recognized as one of the promising photo-
catalysts for H2 production due to its optimum bandgap (2.4 eV) and 
suitability of absorbing visible light. The intensification of the photo-
catalytic activity and the stability of the CdS for the H2 production are 
obtained by preparing CdS with different morphologies. For further 
enhancing of hydrogen evolution rate, hybridizing with other semi-
conductors like polymers or materials of the large surface area on to host 
matrix is a worthy approach [21,22]. According to previous studies, 
suitable co-catalysts are essential for increasing the hydrogen evolution 
rate of the CdS photocatalysts. Generally, there are two main reasons for 
integrating the co-catalysts onto the host lattice for high H2 production 
in CdS nanostructures. These are electron acceptors; electrons are 
extracted from photoexcited semiconductors and significantly 
contribute to the catalytic reaction. Given this, recently several noble 
metal-free promoters have explored to increase photocatalytic hydrogen 
generation, such as transition metals (Co, Mo, Ni, and W) and their 
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A B S T R A C T   

In this study, various concentrations of Pr3+ doped LiPbB5O9 phosphors were synthesized via 
solid state reaction technique. For the prepared phosphors, X- ray diffraction (XRD), Fourier 
transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), thermogravimetric 
study (TG-DSC), diffuse reflectance spectroscopy (DRS) and photoluminescence (PL) character-
izations were performed. Crystallinity nature of LiPbB5O9:Pr3+ phosphor was studied by XRD 
analysis. Morphology of the prepared phosphors was investigated by SEM studies. Various 
functional groups present in LiPbB5O9:Pr3+ phosphor were identified through FTIR analysis. 
Variation in weight of the prepared phosphor with the temperature (endo- and exothermic 
temperatures) was studied by TG-DSC studies. Optical energy band gaps for different concen-
trations of Pr3+were obtained from DRS studies. Photoluminescence (excitation and emission) 
spectra were investigated at λemi = 609 nm and λexc = 443 nm, respectively. From energy transfer 
studies, it was identified that the energy transfer between Pr3+ ions in LiPbB5O9 phosphor was 
ascribed to dipole-dipole interaction. Lifetime decay curves of 1D2 level were studied at 
λemi = 609 nm and λexc = 443 nm wavelengths. CIE colour coordinates of LiPbB5O9:Pr3+ phos-
phors were calculated from the emission data. From all these studies, it can be mentioned that 
LiPbB5O9:0.05Pr3+ phosphor may be utilized for the blue light converting red phosphor in white 
LED applications.   

1. Introduction 

Now-a-days, much attempts have been carried out to develop the new materials for fabrication of W-LEDs. White LEDs are 
considered as next generation light source. W-LEDs find applications in field-emission displays, display panels and solid state lighting 
(SSL). White light emitting diodes have many superior qualities over fluorescent and incandescent lamps, like small volume, long 
lifetime energy serving, toxic free and eco-friendly [1]. Mainly there are two methods to produce white light from LEDs. 1. Mixing of 
yellow phosphor with blue LED and 2. Mixing of blue LEDs with red and green- emitting phosphor. Y3Al5O12:Ce3+ is the most popular 
commercial yellow phosphor. The drawbacks of this commercial YAG:Ce phosphor is, as the operating temperature is increased its 
conversion efficiency decreases and it suffers from the unwanted colour balance [2]. These drawbacks can be rectified by introducing a 
separate red emitting source. White light can be achieved by the combination of phosphor and near UV-LED chip. So, phosphors play 
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Surfactant assisted morphological
transformation of rod-like ZnCo2O4 into
hexagonal-like structures for
high-performance supercapacitors
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1 Department of Instrumentation, Sri Venkateswara University, Tirupati, 517502, India
2 Department of Physics, Sri Venkateswara University, Tirupati, 517502, India. Tel.: +91-
9440281769

Abstract
Objectives: To develop the microstructures of rod-shaped ZnCo2O4 (ZCO-
Urea) and hexagonal-shaped ZnCo2O4 (ZCO-NH4F) through the change of
surfactants such as urea and NH4F in the reaction and to investigate
the physicochemical and electrochemical properties for high-performance
supercapacitors. Methods: The structural and morphological characteristics
of two prepared samples were analyzed through X-ray diffraction analysis
(XRD), Scanning electronmicroscope (SEM) analysis, and Transmission electron
microscope (TEM) analysis, respectively. The electrochemical performance
was evaluated using Cyclic voltammetry (CV), Galvanostatic charge-discharge
(GCD), and Electrochemical impedance spectroscopy (EIS) analysis. Findings:
The crystalline nature and phase purity of the as prepared samples were
confirmed from XRD, and the structural parameters such as lattice parameter
(a), microstrain (ε), dislocation density (δ ), cell volume (v), and average
crystalline size (D) for both the samples were determined. The SEM and
TEM analysis revealed morphological characteristics of the samples. The
electrochemical analysis of ZCO-Urea and ZCO-NH4F electrodes were tested
for supercapacitor application in 1M of aqueous KOH electrolyte and exhibit
an areal capacitance of 31 mF cm-2, and 41.43 mF cm-2, respectively, obtained
at a current density of 10 µA cm-2. And also showed outstanding cyclic stability
over 1000 charge-discharge cycles. Applications: The simple and inexpensive
method of synthesized surfactant-assisted morphological transformation of
ZCOmicrostructureswill introduce newdirections in this emerging energy field.

Keywords: ZnCo2O4; Urea; NH4F; areal capacitance; supercapacitors

1 Introduction
As the non-renewable energy resources such as fossil fuels become rarer and the
increasing demand for energy to meet current energy requirements leads to an intense
search for alternative energy sources and the use of energy devices. This is further
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A B S T R A C T   

The various concentrations of trivalent samarium ions activated SiO2 +B2O3 + Na2CO3 + NaF + CaF2 (SBNC) 
glasses have been prepared with the conventional melt quenching method. Various physical parameters like 
density, refractive index, thickness, etc were evaluated/calculated for prepared glasses. The synthesized glasses 
were subject to analysis through FTIR, absorption, photoluminescence excitation, emission and fluorescence 
decay measurements. Judd-Oflet parameters (Ω2, Ω4 and Ω6) were estimated for all investigated SBNCSm glasses 
and calculated various radiative parameters. The fluorescence emission spectra consist of four sharp peaks 
centered at 564 nm (4G5/2 →6H5/2), 600 nm (4G5/2 → 6H7/2), 660 nm (4G5/2 →6H9/2), and 710 nm (4G5/2 →6H11/ 

2). The glass doped with 0.5 mol % Sm3+ ions (SBNCSm05) has the highest emission intensity for 4G5/2 →6H7/2 
transition (600 nm (orange)). The characteristic fluorescence emission parameters were calculated. The 
SBNCSm05 glass attains the higher values of stimulated emission cross-section (σemi = 11.23 × 10− 20 cm2), the 
gain bandwidth (σemi x Δλeff = 16.22 × 10− 25 cm3) and optical gain parameter (σemi x τR = 19.85 × 10− 25 cm2s). 
The lifetime of excited of Sm3+ ions (4G5/2) was estimated using the least square fitting method. The CIE 
chromaticity coordinate values of investigated glasses confirmed the emitted radiation fall in the visible reddish- 
orange region of the EM spectrum. Moreover, the shielding capacity of SBNCSm glasses against gamma photons 
and fast neutrons were extensively evaluated using Py-MLBUF online software. The results clearly shows that the 
different concentrations of Sm3+ ions into SBNC glasses improved both shielding and optical properties. The 
obtained values suggested that the SBNCSm05 and SBNCSm20 glasses can be used as a potential candidate in 
photonic device applications and radiation shielding applications.   

1. Introduction 

In recent years, scientist were very fascinated in the field of lumi-
nescence exhibited by the materials activated with rare earths (RE) and 
transitions metal (TM) ions due to their wide applications in up- 
converters, hole burning high-density memories, light-emitting diode 
(LEDs), modern telecommunication (optical fiber amplifiers, waveguide 
lasers, optical luminescence solar energy concentrators [1–8]. The host 
material’s structural changes highly influences the emission transition 
bandwidths and luminescence quantum efficiency of the doped RE ions. 
So, for the design and development of novel optical materials, it is 
necessary to choose a host material with excellent luminescence effi-
ciency properties. The materials with lesser phonon energy are highly 

accessed in the development of commercial lasers and fiber amplifiers 
[9–11]. The low phonon energy host materials will give higher radiative 
emission efficiencies due to decrease in non-radiative losses. The glasses 
activated using RE3+ ions mainly used in various applications like 
solid-state lasers, medicine, military, day-to-day lightening, and modern 
communications systems [12–16]. 

Among the glass host materials, the borosilicate glasses are excellent 
host materials for RE ions doping because of their high transparency in 
optical window, low thermal coefficient, good mechanical strength as 
well as RE ion solubility, higher corrosion resistance, and high softening 
temperature, thermal stability along with higher chemical durability 
and moisture resistance. Moreover, the borosilicate glasses possess 
higher phonon energy (~ 1300 to 1500 cm− 1), promoting higher non- 
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Abstract: LiPbB5O9:Eu
3? phosphors were synthesized via solid-state reaction technique and studied various properties.

For the prepared LiPbB5O9:Eu
3? phosphors, structural and spectroscopic characterizations were performed. Crystallinity

nature of LiPbB5O9:Eu
3? phosphors was investigated from X-ray diffraction (XRD) analysis. Functional group investi-

gations and maximum phonon energies of LiPbB5O9:Eu
3? phosphor were studied via Fourier transform infrared spec-

troscopy (FTIR) analysis. The thermogravimetric (TG-DSC) analysis for LiPbB5O9:0.07Eu
3? phosphor precursor was

carried out in N2 atmosphere up to 800 �C. From the TG-DSC analysis, weight loss of the precursor with temperature and

endothermic temperatures was studied. The optical band gaps of LiPbB5O9:xEu
3? phosphors for distinct Eu3? ions

concentrations were found using diffuse reflectance spectra (DRS) analysis. Excitation spectra of LiPbB5O9:Eu
3? phos-

phors were recorded at monitoring emission kemi = 614 nm wavelength, and emission spectra were recorded by monitoring

excitation wavelength kexc = 393 nm. Energy transfer analysis of LiPbB5O9:Eu
3? phosphor was studied with the Blasse

and Dexter theories. Fluorescence lifetime decay curves of 5D0 level of Eu
3? ions were analyzed at the above-mentioned

excitation and emission wavelengths. From the emission spectral data, the CIE color coordinates and correlated color

temperatures (CCT) were estimated. From the above investigations, it can be mentioned that LiPbB5O9:Eu
3? phosphors

find significant applications in white light emitting diodes as a red emitting phosphor.

Keywords: Phosphor; Phonon sideband; Photoluminescence; Energy transfer; CIE diagram

1. Introduction

At present, energy has become an essential commodity and

the need for energy is increasing in all the sectors of

society. Production of high efficiency light source and

white light emitting diodes (W-LEDs) created research

hotspot. Solid-state lighting (SSL) technology covers the

production of light by LEDs, organic LEDs and light

emitting polymers. At present, SSL technology emerges as

a substitute to the fluorescent, incandescent lamps and

highly intense discharge tubes. Nearly 20% of energy can

be saved using the SSL technology. SSL technology has

many advantages like compactness, high efficiency, envi-

ronmental friendliness and longer lifetime. In SSL tech-

nology, W-LEDs play the vital role [1, 2].

Nowadays white LED is produced by mixing GaN or

InGaN blue LEDs (kem * 450–470 nm) with the

Y3Al5O12:Ce
3? yellow emitting phosphor. In this combi-

nation, a part of blue wavelength is absorbed by YAG:Ce

phosphor and converts it to longer wavelength via down

conversion to emit white light [3]. In this method, main

drawbacks are high coordinate color temperature (CCT[
6000 K) and low color rendering index (CRI\ 80), which

might be avoided by using the other techniques. By mixing

the near-UV–LED chip (380–420 nm) with the tricolor

phosphors, white light could be generated [2]. Blue/green/

red emitting tricolor phosphor layer is coated on the output

surface near-UV InGaN-based LED to get white light.

Today the available commercial phosphors for tricolor

(RBG) emission are, for green emission ZnS:Cu?, Al3?,

for blue emission BaMgAl10O17:Cu
2? and for red emission

Y2O2S:Eu
3?. By comparing the above commercial three

phosphors, red phosphor has lower efficiency and poor

stability. So, to improve overall efficiency of W-LEDs, an

efficient red emitting phosphor is much needed [4]. There

are two basic requirements for an efficient red emitting

phosphor. 1. The host or phosphor activator must show

strong absorption in near-UV region. 2. The phosphor
*Corresponding author, E-mail: raghuramantirumala@gmail.com
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Abstract :  In today’s fast-moving and globalised world it is nearly inconceivable to assume our day-to-day life without 

mobile-phones. It is one of the most effective innovations of the 20th century, which has ended up a helpful implies of 

communication. The development in the utilize of cellular phone has raised the concerns around the conceivable interaction 

between the electromagnetic fields (EMF) radiation and the natural impacts on human tissues, especially the brain and the 

human resistant framework. The impact of normal use of mobile phone has raised worry about the potential health hazards. It is 

reported, that people who talk on the phone for several hours a day are 50% more likely to develop brain cancer and degeneration 

of cells. The cause for this is the radio waves formed by mobile phones. It is measured, that every minute the human mind 

receives about 220 electromagnetic impulses, which are not essentially harmful, but which definitely affect the brain in cases of 

prolonged impact. In this paper we aim to provide review of some studies which investigated the possible effects of cell phone 

radiation on human tissues. This review will provide answers for public concern about the hazard of using cell phone. 
 

Keywords: Mobile phone, Radiowaves, Brain cancer, Electro Magentic radiations, Risk assessment. 

  

I. INTRODUCTION 

New technologies are evolving in day to day life to assist human being. Mobile usage is currently the fastest rising 

communication system in the telecommunication industry. Due to increased number of users using the mobile phone, the anxiety 

is now focused towards electromagnetic radiations emitted by the mobile phones itself. Electromagnetic emission can be classify 

into ionizing and non-ionizing radiation. Ionizing radiation is the emission with high energy which is able to take away tight 

bonds between electrons and atoms resulting in tissue damage while non-ionizing radiation is the radiation that has sufficient 

energy to vibrate the atoms and molecule but do not remove the electrons in the molecule. This radiation mainly occurs at low 

frequency range. Mobile phone is designed with low power transceiver to transmit voice and data to base station is located at few 

kilometres. The radiation of mobile phones can cause problems like headaches, severe pain in ear, blurring of vision, memory 

loss, itching, burning sensations, feeling asleep, hypersensitivity exhaustion have been observed when using mobile phone. The 

quantity of RF generated by cell phone is typically depends on the number of base stations around the area, the cell phone 

network traffic, and on how far the cell phone from base stations[1]. The quantity of the power which sent from a base station 

could vary from cell phone to another one even within the same area, depends on the interfering from obstacles such as buildings 

and trees [2].  The hazard of coverage to electromagnetic field was first highlighted and publicized in the late 1970s by Colorado 

study [3] that linked magnetic filed exposure from power lines to the possible development of child leukaemia. 

 

                               
 

                                    Figure1:Brain affected by EMF exposure 

  

Current studies report two types of brain cancer may occur Glioma and Acoustic neuroma. The figure(1) shows the brain 

affected due to the Electro Magenetic exposure. The mobile phones usage  influence our nervous system. It is the down reality, 

that nowadays a lot of people, especially youth, experience lack of human contact, and they try to compensate it by mobile-phone 

communication, which is not an adequate substitute for personal intercourse. Youth is not an easy period of life, and at that time a 

young person is especially vulnerable. The real world seems to fade in comparison with hours-long chats and hundreds of 

messages. These aspects cause psychological trouble, as people start to feel tight in face-to-face communication. There is definite 

risk for pregnant women and their children, so they are sturdily recommended to reduce usage of cell phones. Some studies give 

information about harmful effects of cell phones on the male reproductive system, so men must not carry phones in the pockets of 

their trousers.  
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 Abstract: 
 

Pure and Cu-doped ZnS nanopowders are synthesized successfully with chemical 

method. XRD displays the synthesized powder have cubic structure and crystallites size is to be 

2-3 nm. These results were confirmed by transmission electron microscopy (TEM), which tune 

with the XRD results. SEM and TEM micro graphs of ZnS nanopowders were in sphere-shaped 

nature. The chemical composition is found in pure and doped ZnS nanopowders using EDAX 

spectra. UV-Vis spectra appearance the absorption peak between 310-320 nm. Photo 

luminescence studies reveal harsh emission crests at 439 nm, 450 nm and 466 nm with declining 

intensity for pure and doped powders. 

Keywords: ZnS nanopowders, XRD, SEM with EDAX, Absorption spectra, PL and HR-TEM. 

1. Introduction: 

              Dilute magnetic semiconductors (DMSs) are important in research field to find their 

innovative properties and control the spin and charge carrier concentration [1], these are used in 

MRI contrast imaging, drug delivery, biomedical imaging and protein separation [2–5]. Zinc 

sulfide exists as II–VI composite semiconductor of band gap 3.67 eV with binding energy 40 

meV. ZnS semiconducting substance used in lasers, sensors and displays [6–8]. Pronounced 

improvement had been attained in gathering magnetic and optical properties by varying different 

doped ions into ZnS nanopowders. Among these nobbled ions, transition metals (TM) doped 

ZnS nanopowders has been observed as a hopeful new-fangled discussion of DMS spreading to 

their greater magnetic and optical assets [9–11]. Cu-doped ZnS nanopowders display green and 
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Abstract  

Rainfall plays a major role in crop yield, for cultivation purpose, generation of power, 

drinking and harvesting purpose, etc. Average Annual rainfall in Indiais 300-650 million 

meters. India is divided into five major divisions; they are 1. Country as Whole, 2. North 

West India, 3. Central India, 4. South Peninsula and 5. East & North East India. We fitted an 

Exponential Smoothing model for 5 major regions by taking constants 0.1 to 0.9 values. The 

best model among them is chosen using Mean Absolute Error. 

  

Keywords: Rainfall, Exponential model, Country as Whole, North West India, Central India, 

South Peninsula , East & North East India. 

1.Introduction 

In India the seasons are divided into four 1. Winter ranges from December to February, 2. 

Summer in the months of March, April and May, 3. Rainy season from June to September 

and as post rainy seasons is from October to December, rainfall plays major role for 

cultivation, drinking water, power generation etc. India gets 70% of its annual rainfall in the 

rainy season. In India on an average 50% of irrigation based on rainfall only. Generally 

climatic condition of Andhra Pradesh is hot and humid. The rainy season for Andhra Pradesh 

starts during June and continuous till September. In this season heavily rains in Andhra 

Pradesh. GenerallyAndhra Pradesh is brought by the North East Monsoons around the month 

of October. In this paper we have divided India into 5 major regions; and for each region we 

have fitted Exponential model with different constant values. 

“Forecasting trends in time series”, was given by Gardner E.S, Jr and McKenzie. E. 

“Prediction intervals for exponential smoothing state space models”, was given by Hyndnan 

R.J., Kuchlor, A.B., Ord, Jr and Snyder, R.D. The book “Forecasting Methods and 

Applications” by Makridaskis, S., Wheel wright, S.C &Hyndmar R.J.“Exponential 

Smoothing  with a Damped Multiplicative Trend” was given by James W.Taylor. In his 

article the method establish the local growth Tt, by smoothing successive differences is  

(St – St-1) of the local level St. The forecast for the growth projection is as follows 

St = αXr + (1 – α)(St-1 – Tt-1) 

Tt = δ(St – St-1)  + (1 – δ)Tt-1 

 )  (  ˆ t tt
S Tm mX    

where Xt = actual observation 

( )ˆ
t

mX   = m step ahead forecast  
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Abstract
Pure and (Fe, Ni)-doped ZnS nanopowders have been successfully synthesized by chemical co-precipitation method using 
Poly Vinyl Pyrrolidone (PVP) as capping agent. Powder X-ray diffraction (XRD) studies reveal that the synthesized powders 
are in cubic blended structure. The average crystalline size of pure and doped ZnS nanopowder conform around 2–3 nm. 
In the investigations, Ni is kept constant at 3 mol% and Fe is increased from 1 to 5 mol%. Transition electron microscopy 
(TEM) is also used to investigate the average size of the nanopowders. TEM results are reasonably in good agreement. SEM 
micrographs of the (Fe, Ni)-doped nanopowders result in agglomeration with spherical in shape. The EDAX spectra show 
the chemical composition of dopants is uniform in ZnS. Optical absorption spectra show the absorption edge at 310 nm. 
Photoluminescence (PL) studies are conducted with excitation wavelength of 306 nm. Pure ZnS exhibits sharp emission peaks 
at 438 nm, 450 nm and 466 nm. (Fe, Ni)-doped ZnS samples also exhibit the sharp emission peaks at 450 nm and 467 nm 
with decreasing intensity. The magnetic measurements reveal that 5 mol% Fe- and 3 mol% Ni-doped ZnS nanopowders 
exhibit a weak ferromagnetic behavior.

1 Introduction

Semiconducting materials doped with magnetic materials 
are known as dilute magnetic semiconductors (DMS) [1]. 
The authors have a lot of interest in transition and rare-earth 
dopants and hence in DMS due to their charge and spin con-
trolling features, DMS materials have created a lot of interest 
in various scientific fields. The semiconducting materials 
like II–VI and III–V group compounds are popular host 
materials for transition metals (TM) and rare-earth metals 
(RE). These materials have found applications in spintron-
ics and other bandgap engineering devices, light emitting 
diodes, field detectors, lasers, magnetic resonance imaging 
(MRI) and solar cells [2–7]. II–VI compounds such as CdS, 
CdSe, ZnS, ZnO and ZnSe are most popular host materi-
als which are doped with transition metals (TM) or rare-
earth metals (RE) [8–13]. ZnS is a wide bandgap material 
(3.72 eV) and a favorable host for transition metals due a 

variety of applications. Many have investigated the optical 
and magnetic properties of ZnS-based DMS nanostructures 
[14–29]. Some important studies are electrical and magnetic 
properties of cold compacted Fe-doped ZnS nanoparticles 
[30, 31]. A gradual increase of magnetization in (Fe, Ni)-
doped samples has been observed at room temperature. Sam-
bavisham et al. [32] have reported induced magnetism in 
Fe-doped ZnS nanoparticles. Pure ZnS nanopowders have 
exhibited diamagnetic behavior and Fe-doped ZnS samples a 
superparamagnetic-like behavior with weak ferromagnetism. 
Eryong et al. [33] have observed the reduction in the inten-
sity of photoluminescent (PL) peaks and superparamagnet-
ism in the Fe-doped ZnS nanopowders. Various studies on 
PL and magnetic studies of TM-doped ZnS nanostructures 
are available in the literature. However, room temperature 
magnetism induced in TM-doped ZnS DMS nanostructures 
still remains as an enigma. Fe-doped nanopowders s are 
expected to have future applications in solar cells, biomark-
ers, bandgap engineering devices, lasers and nanoelectrome-
chanical systems (NEMS) [34–40].

Pure and (Fe, Ni)-doped ZnS nanostructured materials 
have been synthesized by using chemical co-precipitation 
method. XRD results show that all the synthesized samples 
are in cubic blended structure. The average crystalline sizes 
of pure and (Fe, Ni)-doped ZnS nanoparticles are found to 
be around 2–3 nm. These results have been confirmed by the 
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ABSTRACT 

Now a days atmospheric studies plays a vital role in forecasting atmospheric variables like rainfall, temperature, wind 

speed, humidity, sunset and sunrise etc. For forecasts any variable we are using regression models. There are several regression 

models and some of them are simple regression model, multiple linear regression model, polynomial regression model, Poisson 

regression model,  negative binomial regression model, etc. In this paper we use wind speed as dependent variable and 

precipitation, visibility and time as independent variables for 5 years intraday data. For the data we fitted general 

multiple regression model, Negative Binomial regression model and Poisson Regression model for estimation of 

parameters and we used ordinary least squares method and maximum likelihood method. Root mean square error 

(RMSE) criteria is used to choose the best model among three models. 

Key words: wind speed, precipitation, visibility, time, regression model and RMSE. 

1. INTRODUCTION:  

Atmospheric Science forecasting plays major role in human life. There is a vital role in every human life of 

Atmospheric variables like wind speed, precipitation, visibilities according to time. The data may be several types i.e. cross 

sectional data, time series data, numerical data, categorical data, etc. In the present paper we are using different regression 

models to fit wind speed as dependent variable with precipitation, visibility and time as independent variables.  Among the 

various regression models, some of them are Linear Regression model, Polynomial Regression model, Logistic Regression 

model, Multiple Regression model, stepwise Regression model, Ridge Regression, Lasso Regression, etc. [1,2].  

Biswajeet Pradhan studied Remote sensing and GIS-based land slide hazard analysis and cross-validation using 

multivariate logistic regression model on three test areas in Malaysia[3]. In this paper pre cross validation of multivariate 

logistic regression model using remote sensing data and GLS for landslide hazard analysis was provided on the Penong and 

Selangor areas in Malaysia. 

T .O. Olatayo, et.al [4], published an article on  “Modelling and Estimation of Climatic Variable using Time 

Series Trigonometric Analysis”. In this paper, they discussed time series trigonometric analysis and estimation methods 

based on ordinary least square and maximum likelihood. Application and verification of fuzzy algebraic operators to landslide 

susceptibility mapping given by S.Lee [5]. Comparison of the GIS based  land slide susceptibility assessment methods: 

Multivariate versus bivariate are given by M.L. Suzen, et.al[6].  
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Abstract-There are six seasons in India and they are Spring, Summer, Mansoon, Autumn, Pre winter and Winter. In this paper we 

took day wise data of wind speed and temperature for 20 years. By taking wind speed as dependent variable and temperature as 

independent variable, we perform seven Auto Regressive Integrated Moving Average (ARIMA) models. Here the moving average 

length 6, integration of length from 1 to 7 and auto regression of length from 1 to 7. For choosing the best model among these 7, we 

are using stationary R square and Root Mean Square Error (RMSE) criteria. The best model among the 7 models is ARIMA(2,2,7) 

with stationary R square 0.888 and RMSE 1.756. 

Keywords: day wise data, wind speed, temperature, RMSE, ARIMA and stationary R square.   

I. INTRODUCTION 

Atmosphere plays major role in human life. Atmospheric variables are temperature, pressure, rainfall, wind speed, 

precipitation, wind gust, visibility etc. Generally wind speed is an atmospheric quantity caused by air moving from higher 

pressure to lower pressure. It is usually due to changes in temperature. Wind speed generators are used for generation of powers. 

Wind within the upper portion of planet‟s atmosphere allows light, chemical elements such as hydrogen to move upto the 

exogas, then the exogas lower limit is exosphere, the gases reach escape velocities entering outer space without impacting other 

particles of gas. The steam of changed particles is a solar wind. 

  Statistical analysis of the relationship among wind speed, pressure and temperature was given by R.D. Wooten[1]. In 

this paper, he considered to common entities to metrologies of storm are pressure and wind speed. He taken readings from a 

buoy in the Gulf near a reading estimated using Doppler within a hurricane and identifies the relationship between wind speed 

and pressure using regression analysis and non response analysis. The non response analysis is used to detect interaction 

relationship among  pressure, wind speed and temperature.  

T.O. Olatayo
 
et al [2] used the Time Series Trigonometric Analysis (TSTA) and its estimation using Ordinary least 

squares and maximum likelihood for the climatic variables such as rainfall, temperature, humidity and evaporation. It is good 

for model or not, is tested using Co-efficient of determination. Rainfall increases in south western Nigeria was due to periodic 

changes in evaporation, humidity and temperature. Harvey et al [3] assessing and modelling statistical behaviour of rainfall in 

north east Brazil. Auto regression integrated moving average modelling for population prediction was given by Olatayo
 
et al. 

[4].  Method of Trigonometric modelling of seasonal variation demonstrated with multiple sclerosis relapse data was given by 

Spelman et al. [5], and Hopkins et al [6] has written an article on multiple sclerosis and the local weather in 1955. 

II. METHODOLOGY 

There are many regression models in the literature[7,8] for time series atmospheric data and some of them are specified 

as Simple Linear Regression model, polynomial regression model, Quadratic Regression model, Auto Regression models, Auto 

Regressive moving average models with different moving averages (q), and Auto regressions (p), Auto regressive integrated 

moving average models (ARIMA) (p, d, q) with Auto regressive (p), integration (d) and moving average (q), Auto regressive 

conditional heteroscedasticity(ARCH), Generalized Auto regressive conditional heteroscedasticity(GARCH), Vector Auto 

regressive models (VAR), etc. 

 In this paper we are taking different orders of Auto regressive, integration but moving averages is „6‟ i.e., ARIMA (p, 

q, 6). The ARIMA models for wind speed data using the following procedure: 
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 ABSTRACT 

 

India depends on the rainfall for cultivation and drinking purpose. Average annual 

rainfall in India is around 300-650 millimeters. The climate seasons of India are winter in 

January and February, summer season is in the months of March, April and May; June, July, 

August and September is rainy season and Post monsoon is from October to December. In 

this paper we divide total area of India into five regions i.e North west India, North Eastern, 

Central North East India, Penisular India, and West central India. For five regions and All 

India, we fitted 10 Percentile regression models by taking tau (T) are 0.1, 0.2, 0.3, 0.4, 0.5, 

0.6, 0.7, 0.8, 0.9. By choosing the least RMSE value of each division we will tell which 

model is the best for the data. 

Keywords: Rainfall, percentile regression, RMSE. 

 

I. INTRODUCTION:  

 

Percentile Regression model plays a vital role than the linear regression model. 

Generally linear regression model explain the relationship between the independent variables 

related with dependent variable.  Regression analysis is a form of predictive modeling 

technique which investigates the relationship between independent and dependent variables. 

There are many regression lines according to number of independent variables, shape of the 

regression line and type of dependent variables. Some of them are Polynomial Regression, 

Logistic Regression, Ridge Regression, Lasso Regression, Elastic Net Regression, Principle 

Components Regression, Partial Least Squares Regression, Support Vector Regression, 

Ordinal Regression, Poisson Regression, Negative Binomial Regression, Quasi Poisson 

Regression, Cox Regression, Tobit Regression, etc. 
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ABSTRACT

Pure and (Mn, Al) co-doped SnO2 nanoparticles were synthesized using co-

precipitation method. Different concentrations of Mn (1, 3, 5 mol%) were doped

into SnO2 at 5 mol% constant concentration of Al. The X-ray diffraction (XRD)

studies revealed the formation of single tetragonal rutile-type phase in pure and

(Mn, Al) doped SnO2 nanoparticles. The particle sizes were in the range of

20–30 nm, as calculated from the XRD data. Raman studies revealed that the

pure and (Mn, Al) doped SnO2 nanoparticles have active modes at 150 (B1g), 306

(Eu), 476 (Eg), 625 (A1g) and 776 cm-1 (B2g) corresponding to tetragonal rutile-

type phase SnO2. The SEM micrographs show that the surface morphology of

samples was formed by non-uniform spherical in shape particles. The chemical

composition of samples was analyzed by EDAX spectra analysis. The presence

of Sn4?, Al3?, O-2 and Mn2? ions was confirmed in the prepared samples. The

observation of TEM micrographs confirmed the non-uniform spherical shape

surface morphology of nanoparticles and their sizes about 20–30 nm. The UV–

VIS absorption spectra show absorption edge at * 320 nm, whereas the pho-

toluminescence spectra show the emission peaks at 419, 420, 442, 445 and

462 nm under the excitation at 350 nm. The vibrating sample magnetometer

shows diamagnetic nature for pure SnO2 and Ferro magnetism for co-doped

SnO2 samples. The ferromagnetism increased in (Mn, Al) co-doped SnO2 sam-

ples at higher Mn concentrations.

1 Introduction

Diluted Magnetic Semiconductors (DMS) doped with

transition metals (TM) are suitable materials for

spintronics applications. These are examined inten-

sively due to their sole properties and novel

applications at high temperatures (Tc) [1]. The room

temperature ferromagnetism (RTFM) in various TM

doped oxides such as SnO2 [2–4], ZnO [5, 6] and TiO2

[7, 8] was studied. Among these, Tin dioxide (SnO2)

is an n-type semiconductor, it has wide band gap

(3.6 eV) and pronounced potential in spintronics

Address correspondence to E-mail: drsvreddy123@gmail.com

https://doi.org/10.1007/s10854-020-05069-w

J Mater Sci: Mater Electron (2021) 32:8195–8204

http://orcid.org/0000-0001-9493-6069
http://crossmark.crossref.org/dialog/?doi=10.1007/s10854-020-05069-w&amp;domain=pdf
https://doi.org/10.1007/s10854-020-05069-w


IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Exponential piece wise regression for rainfall data
To cite this article: K Anil Kumar et al 2021 IOP Conf. Ser.: Mater. Sci. Eng. 1070 012026

 

View the article online for updates and enhancements.

This content was downloaded from IP address 157.47.69.246 on 22/02/2021 at 13:19

https://doi.org/10.1088/1757-899X/1070/1/012026


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICRIET 2020
IOP Conf. Series: Materials Science and Engineering 1070  (2021) 012026

IOP Publishing
doi:10.1088/1757-899X/1070/1/012026

1

Exponential piece wise regression for rainfall data 

 

K  Anil Kumar1, V N Sendil2, S Venkatramana Reddy3 and B  Sarojamma2* 

 
1Department of Mathematics, School of Science, GITAM University, Hyderabad -502329,TS, 

INDIA 
2
Department of Statistics, S.V.University, Tirupati – 517 502, AP, INDIA 

3
Department of Physics, S.V.University, Tirupati – 517 502, AP, INDIA 

 

* Author for Correspondence e-mail: saroja14397@gmail.com  

 

Abstract. There are several regression models for the rainfall in the literature. Some of them 

are linear regression model, multiple regression model, piece wise regression model, Poisson 

regression model, negative binomial regression model, etc. Various piece wise regression 

models are linear piece wise regression, polynomial piece wise regression, cubic piece wise 

regression, quadratic piece wise regression, etc. This paper proposes three piece wise 

regression models using exponential smoothing models, i.e, simple exponential smoothing 

spline, holt’s exponential spline, and damped exponential spline for annual rainfall data from 

1970 to 2017 with two knots at 1990 and 2005 with three subdivisions. Symmetric mean 

average percentage error is used as an accuracy measure for choosing the best model among 

the proposed three exponential spline models. 

 

Keywords: rainfall data, simple exponential smoothing spline, holt’s exponential spline and 

damped exponential spline, Symmetric mean average percentage error. 

 

1. Introduction: 
In India, the rainy season is generally from June to September, and the annual average rain is 

recorded between 750 and 1500 millimeters around the region. Usually, rainwater is better than 

artificial irrigation methods because it does not have added chlorine chemicals. The advantages are 

that it is good for plants and soil. It reduces runoff pollution, contributes to erosion prevention efforts, 

and eco-friendly options to keep composts moister. On the other side of the coin are essential created 

flooding kills thousands around the world every year. Rain causes excessive load on the drainage 

system. 

 

W.F.Krejewski etal.[1] explains “Radar hydrology: rainfall estimation”, the authors used 

Radar observations of rainfall and discussed their use. Methodological advances are needed in several 
areas of radar-rainfall estimation of particular importance, advancement in rainfall estimatimates using 

polarimetric radar observations, estimates of the error structure of rainfall rate estimates, and 

validation of radar rainfall algorithm. J.H.C.Gash[2] studies “An analytical model of rainfall 
interception by forecasts”,  the two major factors which control the evaporation of intercepted rainfall 

area a) amount of time that the conopy spends saturated during rains and the evaporation rate 
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Abstract
In this present work deals with the structural andmagnetoelectric behaviour of Cobalt substituted
GdFeO3 orthoferrites synthesized by solid state reaction technique. X-ray diffraction and FTIR studies
of GdCoxFe1-xO3 (0� x� 0.3) orthoferrites disclosed the orthorhombic Pbnm structure andCo
induced vibrationalmodes inGdFeO3 orthoferrites respectively. Cationic displacements confirmed
from the crystallite size calculations and deviations in lattice parameters affected themagnetic and
electrical nature of theGdCoxFe1-xO3 (0� x� 0.3) orthoferrites. Co substitution promoted a drastic
improvement in themagnetic nature of Cobalt substitutedGdFeO3 orthoferrites than that of GdFeO3.
Antiferromagnetic GdFeO3 has turned out to be strong ferromagneticmaterial onCo substitution.
Higher coercive values 1620.4Oe and 4035.06Oewere recorded forGdCo0.2Fe0.8O3 ferrites whereas
forGdFeO3 theywere seen to be 527.62Oe and 360.61Oe at 300K and 150K temperatures
respectively. Dielectric studies revealed a decrease in dielectric constant and loss tangent values with
frequency at room temperature. AC conductivity is seen to be increasing at higher frequencies and a
maximumvalue is obtained at Co content of x=0.2. The significance of cobalt inmutating the
structural,magnetic and electrical properties of GdCoxFe1−xO3 (0� x� 0.3) ferrites is clearly seen by
making themuseful for high frequency applications.

Introduction

Rare earth perovskites, ReMO3 (e.g. Re=Gd, Eu,Dy etc andM=transitionmetal ions)were focused for the
past several years because of their intriguingmagnetic and electrical properties.Magnetic and electrical
properties ofmany rare earth perovskites have been observed, based on the type of rare earth cation, oxygen
non-stoichiometry, and aliovalent cationic substitution. It was earlier reported that europiumniobate
(EuNbO3) exhibits ferromagnetic nature and due to the presence of oxygen vacancies it gets transformed into a
superconductor with a critical temperature about 6 K [1–4]. Amongmany rare earth perovskites, rare earth
orthoferrites with distorted perovskite structure attained importance owing to their notable and unconventional
magnetic ground states arised primarily due to challenging interactions among charge, spin and orbital degrees
of freedom [5]. The undistorted symmetric structure of these perovskites gets disturbed due to distortion or
tilting of BO6 octahedra and (iii) differences in cationic site occupancies due to B ionsmovementwithin the
polyhedrawith respect to oxygen octahedra. These distortions cause amisalignment in themagneticmoments
according to appliedmagnetic field direction [6, 7]. GdFeO3, inPnma space group is a rare earth orthoferrite
with orthorhombic structure. InGdFeO3, symmetric structure is distorted by FeO6 octahedral tilting. A typical
feature ofGdFeO3 is it shows antiferromagnetic ordering aswell as ferroelectric behaviour simultaneously above
room temperature due to itsmixed ionic and electronic conductivity This peculiar nature ofGdFeO3 is due to
the interactions betweenGd 4f spin and Fe 3d spin resulting in diversemagnetic transitions at different
temperatures [8–10]. Apart from this electric andmagnetic fields can effectively control the ferroelectric
polarization andmagnetization inGdFeO3. Yusuke Tokunaga et alhad already proposed that the domainwall in
GdFeO3 crystal determines the efficiency of theirmutual controllability inGdFeO3 crystal and has an important
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a b s t r a c t

A novel green light emission from rare earth ion Tb3+ at various concentrations of (0.02, 0.04, 0.06, 0.08
and 0.1 mol) doped in barium lanthanum borate (Ba3La2(BO3)4) phosphors have been synthesized by con-
ventional solid state reaction method. The crystal structure, functional and luminescence properties were
characterized by XRD, FTIR and Photoluminescence (PL) analyses respectively. Surface morphology and
composition of the starting elements of the phosphors were analyzed by FESEM and EDX. From XRD, it
was confirmed that an orthorhombic crystal structure for Tb3+ doped Ba3La2 (BO3)4 phosphors. From
FTIR, the energy absorption bonds between B-O and B-O-B were identified. From PL study, the emission
spectra containing of four emission peaks at 487 nm, 545 nm, 586 nm and 622 nm corresponding to the
electronic transitions of 5D4 ?

7F6, 5D4 ?
7F5, 5D4 ?

7F4 and 5D4 ? 7F3 were recorded at NUV excitation of
271 nm. A prominent green emission with high intensity of wavelength at 545 nm corresponding to
5D4 ?

7F5 transition was also observed. The CIE colour coordinates of the optimum emission of Ba3La2-
x (BO3)4: xTb3+ phosphors were x = 0.2765 and y = 0.6948, which were located in the green region and
hence this phosphor might be a potential application in green light emitting display devices.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 2nd International Con-
ference on Manufacturing Material Science and Engineering.

1. Introduction

For the past two decades, the inorganic phosphor materials
doped with rare-earth (RE) elements have drawn attractive atten-
tion due to their abundant luminescent emission of colors based on
f-f or f-d transitions and potential applications in solid state light-
ing (SSL) and white light emitting devices (W-LEDs) [1–4]. Also,
trivalent rare-earth elements have become the most promising
activators of phosphors due to their luminescence characteristics
in ultraviolet (UV) and visible region [5]. The phosphors based on
rare-earth elements have great research attention due to their
sharp emission luminescence properties at a suitable sensitization
[6]. W-LEDs are of special interest because of their power saving
and eco-friendly nature devices [7]. Moreover, these materials emit
white luminescence that shows great advantage by the replace-
ment of conventional light emitting sources such as incandescent
and fluorescent lamps with high potential, reliability and long life-
time as well as low energy consumption has enabled W-LEDs to

gain much commercial interest [8]. In general, phosphors are play-
ing much more attention due to mainly on various oxygen contain-
ing inorganic compounds such as silicates, aluminates, borates,
oxides and alumina-borates. In this context, special emphasis
was given to inorganic rare-earth doped phosphors incorporated
in the frame work of a suitable host lattice on the account of their
diverse contributions to W-LED applications, field emission display
(FED), fiber optic communications, opto-electronic devices, solid
state lasers, optical fiber amplifiers, etc.

Materials based on borate phosphors are much helpful classes
of host materials for luminescence due to their wide applications
in lighting fields, large electronic band gap, low synthesis temper-
ature, chemical and environmental stability and high UV region
transparency [9]. Since phosphor materials have several applica-
tions, variety of borate materials were used as host materials and
were doped with different rare-earth ions which have been
reported earlier by various researchers [10–12]. We have prepared
a novel kind of borate based green emitting phosphor which is acti-
vated with Tb3+ ions with their possible applications for W-LEDs.
Since Tb3+ doped phosphor materials have a strong excitation band
in the near ultra violet (NUV) region from 200 to 400 nm and emis-
sion around 545 nm due to 5D4?

7F5 transition [13]. The most

https://doi.org/10.1016/j.matpr.2020.07.345
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A B S T R A C T   

A sequence of Dy3+/Eu3+ co-doped LaAlO3 nanophosphors are synthesized by hydrothermal technique and their 
phase purity, particle nature and luminescence characteristics are investigated. All the prepared samples possess 
single-phased perovskite type rhombohedral structure of LaAlO3 and consist of polygonal natured particles with 
the mean size of 30 nm. Under the excitation with 351 nm, LaAlO3: Dy3+ nanophosphors shown characteristic 
emission peaks of Dy3+ ion and are positioned at 485, 576 and 665 nm. LaAlO3: 9 mol% Dy3+, y mol% Eu3+

nanophosphors exhibited emission bands of both Dy3+ and Eu3+ ions and are noticed at 485, 576, 590, 620 and 
696 nm under 351 nm excitation. It can be perceived that the Dy3+ integrated luminescence intensity is reduced 
and the average lifetime of Dy3+ is decreased with the enhancing Eu3+ content, which is owing to energy mi-
grates from Dy3+ ion to Eu3+ ion. Moreover, CIE coordinate values of LaAlO3: 9 mol% Dy3+, y mol% Eu3+

nanophosphors are altered from the bluish-white to white light and ultimately to the orange-white light location 
with increasing the Eu3+ ion content. This nature of color adjustable nanophosphors shows the excellent po-
tential advantages in the fields of white light luminescent materials, optoelectronic devices and color displays.   

1. Introduction 

In current decade, there has been a grow in consideration in the 
synthesis of multicolour emission components because of its wide uti-
lizations in white light emitting diodes (WLEDs), color displays, opto-
electronic devices and medical imaging [1]. Many researchers have been 
analysed the white light luminescence phosphors employed in WLEDs. 
One technique for acquiring white light luminescence phosphor is 
through the energy transmits from the sensitizer to the activator. For 
instance, Martinez et al. [2] described that the Ce3+ and Dy3+ co-doped 
Al2O3 films Commission International de I’Eclairage (CIE) chromaticity 
values were approach to the perfect white light coordinate values 
(0.333, 0.333). Shripathi et al. [3] investigated the luminescent char-
acteristics and energy migration behaviour of Dy3+ and Tb3+ co-doped 
Y2O3 nanophosphors. Another technique to make white light is single 
rare earth ion doped phosphors, which emits white light itself. Gener-
ally, it is fact that single Dy3+ ions activated luminescent materials and 
which exhibits two typical emission transitions 4F9/2→6H15/2 (blue) and 
4F9/2→6H13/2 (yellow) [4]. However, owing to the insufficient of red 
color emitter, the color render index of that luminescent compound is 
extremely low [5]. To alter the red emitted member, a red luminescent 

center is introducing into Dy3+ ions doped photoluminescent materials. 
The Eu3+ ion, which gives the orange and pure red emissions owing to its 
5D0→7FJ (J = 1, 2, 3, 4 and 5) transitions, is an great activator [6]. 
Hence, white light develop in excellent features can be attained by co- 
doping Dy3+ and Eu3+ ions into a host material. 

Lanthanum aluminate (LaAlO3) possesses a perovskite-like structure 
[7]; it is a significant inorganic material and which has been studied to 
be superior luminescent host compound due to those material desirable 
photoluminescence properties, chemical durability and elevated ther-
mal stability [8]. Based on the literature structural and photo-
luminescence characteristics of Dy3+ and Eu3+ co-doped LaAlO3 
nanophosphors were not studied. Usually phosphor materials emission 
characteristics are rely on host materials crystal structure, particles 
morphology and size. Hydrothermal technique is an admirable synthe-
sizing way, which can produce nanopowder with high crystallanity and 
homogeneous morphology [9]. 

In the current work, LaAlO3: Dy3+/Eu3+nanopowder samples were 
prepared via hydrothermal technique successfully, and their structural, 
emission, energy migration and decay lifetime process were character-
ized in detail. 
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Structural and an orange-red emission studies of Sm3+ doped 
Ba3La2 (BO3)4 phosphor for solid state lighting application 
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A B S T R A C T   

A new kind of host phosphor materials Ba3 La2 (BO3)4 doped with Sm3+ ion, were prepared by 
solid state reaction method. The crystal structure of synthesized samples is an orthorhombic 
structure confirmed by XRD study. The FTIR spectra confirmed the band assignments among the 
borate networks. The thermal stability of the sample was examined by TG-DTA study. FESEM and 
EDX provide surface morphology and elemental composition of the materials. From DRS analysis 
we have calculated the energy band gap through Tauc plot method. For PL studies, Ba3 La2 
(BO3)4: Sm3+ samples excitation spectra were monitored at 601 nm and the prominent excitation 
peak was observed at 408 nm. The emission spectra consist of four bands and the highest intense 
emission peak was observed at 601 nm (4 G 5/2 → 6 H 7/2) due to the intra 4f transition of the 
Sm3+ ion. From CIE 1931 Chromaticity, the color coordinates were calculated x = 0.5363; 
y = 0.4519 and these are lying in the orange-red region. Hence this new phosphor sample might 
be a useful material for an orange-red emission, applicable in solid-state lighting and display 
devices.   

1. Introduction 

Researchers extensively investigating on the present and future generations of white light emission diodes (W-LEDs), field emission 
displays (FEDs) and plasma display panels (PDPs) that have been occupied by the inorganic phosphor materials which can have su-
perior characteristics of high luminous efficiency, energy saving, chemical stability and eco-friendly [1,2]. W-LEDs based on phosphor 
materials and have attractive features as solid-state lighting sources since they can have several advantages over fluorescent and 
incandescent lamps including cheap cost, high efficiency, energy conservation, high compactness, high thermal stability, good reli-
ability and longer operating life [3–5]. Many research groups have been paid efforts to synthesize red emitting phosphor suitable for 
LEDs [6]. Among the rare earth elements, trivalent samarium ion (Sm3+) usually emits orange-red light when excited with blue and 
near ultraviolet and commonly has a elevated emission intensity [7,8]. 

The luminescent characteristics are varying based on the host material and hence host material selection is most important. The 
selected host materials that have high crystallanity, thermal stability, chemical stability, low phonon energy and superior transparency 
in an ultra violet [UV] region are best suitable for luminescent materials [9–11]. Borate based oxide materials could show these 
characteristics and hence many pioneering researchers have worked on borate based phosphor materials. The present Ba3La2 (BO3)4 
material belongs to borate group inorganic phosphor material which have orthorhombic crystal structure with space group pcmn (62) 
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OBITUARY 

Pothur Sreenivasulu (1950-2020) 

 

 
                                     

Plant virology lost an outstanding scientist and a teacher with the passing away of Prof. Pothur 

Sreenivasulu (from now referred to as Sreenivasulu) on 19th August 2020 in Bangalore, India. We 

lost a mentor and a most trustworthy friend. Sreenivasulu was known for his pioneering 

contributions to the characterization of viruses infecting groundnut (peanut), sugarcane, sorghum, 

rice, banana, pigeonpea and aroid plants; developing tools for their diagnosis based on molecular 

and serological properties; and establishment of the Virology Department at Sri Venkateswara 

University (SVU), Tirupati, India. The first three co-authors of this contribution were his students. 

 

Sreenivasulu was born on 1st June 1950. He was a brilliant student throughout his college 

education, as evidenced by the highest ranks he obtained. He was awarded Konri Venkatagiri and 

Srimathi Ganjam Venkata Ramanaiah memorial prizes for obtaining the first rank in his M.Sc. 

degree (1971-73). He earned a Ph.D degree in plant virology in 1978 from SVU. 

 

Sreenivasulu had spent his entire career at the SVU. He was appointed as a lecturer in the 

Department of Botany in 1979. Subsequently, sustained efforts by him and Prof. M.V. Nayudu 

resulted in the establishment of the Department of Virology, first of its kind in India, in 1987. 

Sreenivasulu became Head of the Department of Virology in 1990.  He was the founding 

coordinator for M.Sc. courses in Biotechnology (1995-96) and Microbiology (2000-05) at SVU. 

He held such important positions at SVU as Chairman of the Board of Studies of Virology 

Department, Vice-Principal and Principal of the College of Biological and Earth Sciences. 

Sreenivasulu was mainly responsible for bringing international recognition to the Virology 

Department. During his tenure as Principal, he introduced many academic refinements for the 

welfare of students as well as faculty. He was invited by International Crops Research Institute for 

the Semi-Arid Tropics (ICRISAT) to participate in all the international meetings connected with 

virus research. He was one of the main resource persons selected to participate in technology 

transfer courses organized by ICRISAT. The laboratory manuals prepared by him for the short-

term training courses funded by the University Grants Commission (India) and the Department of 
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Biotechnology (India) are well received by the plant virologists from all over India. Sreenivasulu 

spent eighteen months as a Visiting Scientist (1987-88) in Dr. J.W. Demski’s laboratory at the 

University of Georgia (UG) in Griffin, GA, USA. 

 

His notable achievements were identification of peanut bud necrosis virus as a distinct 

tospovirus; assessment of economic importance and distribution of peanut stripe potyvirus; and 

characterization of numerous viruses infecting economically important crops that include rice 

tungro virus complex, peanut green mosaic potyvirus, peanut chlorotic leaf streak caulimovirus, 

sugarcane streak mosaic poacevirus, cucumber mosaic cucumovirus, cowpea mild mottle 

carlavirus, maize stripe tenuivirus, banana bract mosaic potyvirus, pigeonpea sterility mosaic 

emaravirus, and nucleorhabdovirus associated with stripe and mosaic diseases of sorghum. He was 

instrumental in developing cost-effective and reliable techniques for virus detection and 

transferring the technologies to numerous researchers in India. Indeed, his research laid the 

foundation for subsequent characterization of economically important groundnut viruses by 

scientists at ICRISAT. Sreenivasulu’s research findings and the diagnostic tools he developed 

facilitated numerous scientists to conduct surveys for viruses, to understand their epidemiology, 

and opened opportunities to device management strategies for viral diseases. The facilities offered 

at SVU were not adequate. To accomplish his goals Sreenivasulu had established very fruitful 

collaborations with ICRISAT, Indian Institute of Sciences (IISc) in Bangalore, Maharashtra 

Hybrid Seed Company in Jalna, University of Delhi-South Campus, and advanced virus 

laboratories in USA, UK, and Belgium. 

  

Sreenivasulu had supervised numerous post-graduate and Ph.D students. The guidance he 

provided and the opportunities he gave to investigate challenging problems helped his students to 

establish very successful careers in India and abroad. He was held in high esteem by renowned 

scientists that include Drs. J.W. Demski (UG), C.W. Kuhn (UG), M.V. Nayudu (SVU), H. S. 

Savithri (IISc), and G. Padmanabhan (IISc). Sreenivasulu was a modest, kind-hearted, and very 

fair person. His impeccable integrity and commitment to strive for excellence is second to none. 

Sreenivasulu published over 120 research articles in many reputed journals, contributed to book 

chapters, and to a textbook “Plant Viruses” written by Prof. M. V. Nayudu, published by Tata 

McGraw Hill in 2006. In fact, he is a ROLE MODEL and showed clearly how hard work, 
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commitment and integrity can lead to the establishment of a successful career for scientists 

working in developing countries.  

 

Sreenivasulu is survived by his wife Hyma Devi, a daughter Hima Bindu, a son Kodanda 

Pani, and four grandchildren. His entire family ably supported him in his career. As in the case of 

all FOUR of us, all Sreenivasulu’s students, colleagues, and collaborators have fond memories of 

their time spent with him. 
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dsRNA Molecules From the Tobacco
Mosaic Virus p126 Gene Counteract
TMV-Induced Proteome Changes at
an Early Stage of Infection
Naga Charan Konakalla1,2,3, Mukesh Nitin1,4, Athanasios Kaldis1, Hema Masarapu2,
Sebastien Carpentier3,5* and Andreas Voloudakis1*

1 Laboratory of Plant Breeding and Biometry, Agricultural University of Athens, Athens, Greece, 2 Department of Virology, Sri
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Exogenous application of double-stranded RNA (dsRNA) in the tobacco–Tobacco
mosaic virus (TMV) pathosystem was shown previously to induce resistance against
TMV providing an alternative approach to transgenesis. In the present study, we
employed proteomics technology to elucidate the effect of TMV on tobacco as well as
the effect of exogenous application of TMV p126 dsRNA molecules (dsRNAp126) at an
early stage of the tobacco–TMV interaction. The proteome of tobacco leaf at 15 min post
inoculation (mpi) in the presence or absence of dsRNAp126 molecules was studied.
Thirty-six tobacco proteins were differentially accumulated in TMV-infected vs. healthy
tobacco leaf tissue. The identified main differential TMV-responsive proteins were found
to be involved in photosynthesis, energy metabolism, stress, and defense responses.
Most of the virus-induced changes in the tobacco leaf proteome were not observed
in the leaves treated with dsRNAp126 + TMV. The results indicated that the protein
changes induced by TMV infection were counteracted by the exogenous application
of dsRNAp126 molecules. Moreover, using small RNA sequencing, we showed that
the exogenously applied dsRNAp126 was efficiently processed in tobacco as early as
15 min post application (mpa) to produce small interfering RNAs (siRNAs); the dicing
pattern was not affected by the presence of TMV. The presence of dsRNAp126 reduced
TMV p126 RNA abundance suggesting virus titer reduction via a sequence-specific
mechanism, since a non-homologous dsRNA did not protect from TMV infection nor
affect TMV accumulation.

Keywords: double-stranded RNA, plant proteomics, RNA interference, silencing suppressor, Tobacco mosaic
virus, tobacco

INTRODUCTION

RNA interference (RNAi) plays an important role in plant defense against subcellular pathogens
including viruses (Padmanabhan et al., 2009; Wang M. B. et al., 2012). Double-stranded RNA
(dsRNA) and stem-loop RNAs are the crucial players in RNAi initiation (Meister and Tuschl,
2004; Brodersen and Voinnet, 2006). The dsRNA-specific nucleases, known as DICER-like proteins
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Pothur Sreenivasulu (1950–2020): a humble virologist who made
eminent contributions to virology discipline in India
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Plant virology lost an outstanding scientist and an eminent

teacher with the sudden demise of Prof. Pothur Sreeniva-

sulu (hear afterward, Sreenivasulu) on 19th August 2020 in

Bangalore. We lost a mentor and a most trustworthy friend.

He was known for his pioneering contributions to the

characterization of viruses infecting groundnut, sugarcane,

sorghum, rice, banana, pigeonpea, vegetable and aroid crop

plants in India, and development of diagnostic tools for

their detection based on serological and nucleic acid

properties. As a co-founder, he made immense contribu-

tions to the Department of Virology’s growth at Sri Ven-

kateswara University (SVU), Tirupati, Andhra Pradesh,

India. Several of his students have become renowned sci-

entists around the world. The first three co-authors of this

contribution were his students, and the last author was his

mentor for postdoctoral research.

Sreenivasulu was born in Thagguparthy village in

Anantapur District, Andhra Pradesh, on 1st June 1950. He

was awarded Konri Venkatagiri and Srimathi Ganjam

Venkata Ramanaiah memorial prizes for obtaining the first

rank in his M.Sc. degree, indicating his brilliance and

interest in higher education. He earned a Ph.D. degree in

plant virology in 1978 from SVU under the guidance of

Prof. M. V. Nayudu. He was a recipient of the Council of

Scientific and Industrial Research (CSIR), New Delhi

Junior-, Senior and Postdoctoral Research fellowships

(JRF/SRF/PDF).

Sreenivasulu had spent his entire career at the SVU. He

was appointed as a lecturer in the Department of Botany in

1979. Subsequently, sustained efforts by him and Prof.

M. V. Nayudu resulted in the establishment of the Virology

department with University Grants Commission (UGC)

recognition to offer M.Sc. and Ph.D. programs at SVU in

1987, first of its kind in India. Prof. Sreenivasulu made

significant contributions to the design of the virology

course curriculum on par with international standards. It

was the first and only department in SVU to offer an

interdisciplinary post-graduate (PG) program in a semester

system during that time.

Sreenivasulu became a Reader and, in 1994, became a

Professor of Virology. He became Head of the Department

of Virology (1990–1992; 1994–2005); and served as Chair
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Nomenclature
aa Amino acid(s)
AGO Argonaute 1
CITE Cap-independent translation enhancer
Co-Pro Protease-cofactor
CP Coat protein or capsid protein
CRP Cysteine-rich protein
ELISA Enzyme-linked immunosorbent assay
ER Endoplasmic reticulum
HC-Pro Helper component-proteinase
IRES Internal ribosome entry site
kb Kilobase
kDa Kilodalton
LAMP Loop-mediated isothermal amplification
mAbs monoclonal antibodies
MP Movement protein

NCR Noncoding regions
nt Nucleotide(s)
OAS Origin of assembly
ORF Open reading frame
pAbs Polyclonal antibodies
PCR Polymerase chain reaction
RdRp RNA-dependent RNA polymerase
RISC RNA-induced silencing complex
RT-qPCR Reverse transcription quantitative PCR
satRNA satellite RNA
UTR Untranslated region
VIGS Virus-induced gene silencing
VLPs Virus-like particles
VPg Viral protein genome-linked
VRC Virus replication complex
vRNA virion RNA

Glossary
Forma specialis An informal rank in a classification,
allowed by the International Code of Nomenclature for
Algae, Fungi, and Plants, that is applied to a parasite (most
frequently a fungus), which is characterized from a
physiological standpoint (e.g., by the ability to infect a
specific host), but scarcely or not at all from a
morphological standpoint.
Fortuitous hosts of obligate biotrophic
Plasmodiophorida Host on which some primary
infections evolve into resting spores without going through
the zoosporangial stage.
Hetero-encapsidation Partial or full coating of the
genome of one virus with the coat protein of a differing

virus. Also termed trans-capsidation or heterologous
encapsidation.
Leaky scanning Mechanism by which the ribosomes fail
to initiate translation at the first AUG start codon and scan
downstream for the next AUG codon.
Obligate endoparasite A parasitic organism that cannot
complete its life cycle without exploiting a suitable living
host, and that lives within that host.
Post-transcriptional gene silencing Mechanism for
sequence-specific RNA degradation in plants.
Triple gene block A specialized evolutionarily conserved
gene module involved in the cell-to-cell and long-distance
movement of plant viruses.

History

Peanut (groundnut, Arachis hypogaea) clump disease, characterized by severe stunting and clumping, was first described from India in 1927
and subsequently from West Africa in 1931. The causal agent in West Africa as well as in India was identified as a virus, Peanut clump virus
(PCV) and Indian peanut clump virus (IPCV), respectively. Annual losses to the peanut crop due to PCV and IPCV were estimated to exceed
US$38 million in the late 1990s. Pecluviruses also cause diseases on several dicotyledonous and monocotyledonous crops.

Taxonomy and Classification

The genus Pecluvirus has only two species, isolates from West Africa were grouped under the species Peanut clump virus (Peanut clump
virus; PCV) and those from the Indian subcontinent were grouped under the species Indian peanut clump virus (Indian peanut clump
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Plant virology lost an outstanding scientist and a teacher with the passing away of Prof. Pothur 

Sreenivasulu (from now referred to as Sreenivasulu) on 19th August 2020 in Bangalore, India. We 

lost a mentor and a most trustworthy friend. Sreenivasulu was known for his pioneering 

contributions to the characterization of viruses infecting groundnut (peanut), sugarcane, sorghum, 

rice, banana, pigeonpea and aroid plants; developing tools for their diagnosis based on molecular 

and serological properties; and establishment of the Virology Department at Sri Venkateswara 

University (SVU), Tirupati, India. The first three co-authors of this contribution were his students. 

 

Sreenivasulu was born on 1st June 1950. He was a brilliant student throughout his college 

education, as evidenced by the highest ranks he obtained. He was awarded Konri Venkatagiri and 

Srimathi Ganjam Venkata Ramanaiah memorial prizes for obtaining the first rank in his M.Sc. 

degree (1971-73). He earned a Ph.D degree in plant virology in 1978 from SVU. 

 

Sreenivasulu had spent his entire career at the SVU. He was appointed as a lecturer in the 

Department of Botany in 1979. Subsequently, sustained efforts by him and Prof. M.V. Nayudu 

resulted in the establishment of the Department of Virology, first of its kind in India, in 1987. 

Sreenivasulu became Head of the Department of Virology in 1990.  He was the founding 

coordinator for M.Sc. courses in Biotechnology (1995-96) and Microbiology (2000-05) at SVU. 

He held such important positions at SVU as Chairman of the Board of Studies of Virology 

Department, Vice-Principal and Principal of the College of Biological and Earth Sciences. 

Sreenivasulu was mainly responsible for bringing international recognition to the Virology 

Department. During his tenure as Principal, he introduced many academic refinements for the 

welfare of students as well as faculty. He was invited by International Crops Research Institute for 

the Semi-Arid Tropics (ICRISAT) to participate in all the international meetings connected with 

virus research. He was one of the main resource persons selected to participate in technology 

transfer courses organized by ICRISAT. The laboratory manuals prepared by him for the short-

term training courses funded by the University Grants Commission (India) and the Department of 
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Abstract

The immunosuppressive tumor microenvironment enables cancer to resist immunotherapies. We 

have established that intratumoral administration of plant-derived Cowpea mosaic virus (CPMV) 

nanoparticles as an in situ vaccine overcomes the local immunosuppression and stimulates a potent 

anti-tumor response in several mouse cancer models and canine patients. CPMV does not infect 

mammalian cells but acts as a danger signal that leads to the recruitment and activation of innate 

† Electronic supplementary information (ESI) available. See DOI: 10.1039/d0bm01219j
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eminent contributions to virology discipline in India

Hema Masarapu1 • P. Lava Kumar2 • Satyanarayana Tatineni3 • D. V. R. Reddy4,5

Received: 13 September 2020 / Accepted: 28 September 2020

� Indian Virological Society 2020

Plant virology lost an outstanding scientist and an eminent

teacher with the sudden demise of Prof. Pothur Sreeniva-

sulu (hear afterward, Sreenivasulu) on 19th August 2020 in

Bangalore. We lost a mentor and a most trustworthy friend.

He was known for his pioneering contributions to the

characterization of viruses infecting groundnut, sugarcane,

sorghum, rice, banana, pigeonpea, vegetable and aroid crop

plants in India, and development of diagnostic tools for

their detection based on serological and nucleic acid

properties. As a co-founder, he made immense contribu-

tions to the Department of Virology’s growth at Sri Ven-

kateswara University (SVU), Tirupati, Andhra Pradesh,

India. Several of his students have become renowned sci-

entists around the world. The first three co-authors of this

contribution were his students, and the last author was his

mentor for postdoctoral research.

Sreenivasulu was born in Thagguparthy village in

Anantapur District, Andhra Pradesh, on 1st June 1950. He

was awarded Konri Venkatagiri and Srimathi Ganjam

Venkata Ramanaiah memorial prizes for obtaining the first

rank in his M.Sc. degree, indicating his brilliance and

interest in higher education. He earned a Ph.D. degree in

plant virology in 1978 from SVU under the guidance of

Prof. M. V. Nayudu. He was a recipient of the Council of

Scientific and Industrial Research (CSIR), New Delhi

Junior-, Senior and Postdoctoral Research fellowships

(JRF/SRF/PDF).

Sreenivasulu had spent his entire career at the SVU. He

was appointed as a lecturer in the Department of Botany in

1979. Subsequently, sustained efforts by him and Prof.

M. V. Nayudu resulted in the establishment of the Virology

department with University Grants Commission (UGC)

recognition to offer M.Sc. and Ph.D. programs at SVU in

1987, first of its kind in India. Prof. Sreenivasulu made

significant contributions to the design of the virology

course curriculum on par with international standards. It

was the first and only department in SVU to offer an

interdisciplinary post-graduate (PG) program in a semester

system during that time.

Sreenivasulu became a Reader and, in 1994, became a

Professor of Virology. He became Head of the Department

of Virology (1990–1992; 1994–2005); and served as Chair

D. V. R. Reddy: Former Principal Virologist.
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Nomenclature
aa Amino acid(s)
AGO Argonaute 1
CITE Cap-independent translation enhancer
Co-Pro Protease-cofactor
CP Coat protein or capsid protein
CRP Cysteine-rich protein
ELISA Enzyme-linked immunosorbent assay
ER Endoplasmic reticulum
HC-Pro Helper component-proteinase
IRES Internal ribosome entry site
kb Kilobase
kDa Kilodalton
LAMP Loop-mediated isothermal amplification
mAbs monoclonal antibodies
MP Movement protein

NCR Noncoding regions
nt Nucleotide(s)
OAS Origin of assembly
ORF Open reading frame
pAbs Polyclonal antibodies
PCR Polymerase chain reaction
RdRp RNA-dependent RNA polymerase
RISC RNA-induced silencing complex
RT-qPCR Reverse transcription quantitative PCR
satRNA satellite RNA
UTR Untranslated region
VIGS Virus-induced gene silencing
VLPs Virus-like particles
VPg Viral protein genome-linked
VRC Virus replication complex
vRNA virion RNA

Glossary
Forma specialis An informal rank in a classification,
allowed by the International Code of Nomenclature for
Algae, Fungi, and Plants, that is applied to a parasite (most
frequently a fungus), which is characterized from a
physiological standpoint (e.g., by the ability to infect a
specific host), but scarcely or not at all from a
morphological standpoint.
Fortuitous hosts of obligate biotrophic
Plasmodiophorida Host on which some primary
infections evolve into resting spores without going through
the zoosporangial stage.
Hetero-encapsidation Partial or full coating of the
genome of one virus with the coat protein of a differing

virus. Also termed trans-capsidation or heterologous
encapsidation.
Leaky scanning Mechanism by which the ribosomes fail
to initiate translation at the first AUG start codon and scan
downstream for the next AUG codon.
Obligate endoparasite A parasitic organism that cannot
complete its life cycle without exploiting a suitable living
host, and that lives within that host.
Post-transcriptional gene silencing Mechanism for
sequence-specific RNA degradation in plants.
Triple gene block A specialized evolutionarily conserved
gene module involved in the cell-to-cell and long-distance
movement of plant viruses.

History

Peanut (groundnut, Arachis hypogaea) clump disease, characterized by severe stunting and clumping, was first described from India in 1927
and subsequently from West Africa in 1931. The causal agent in West Africa as well as in India was identified as a virus, Peanut clump virus
(PCV) and Indian peanut clump virus (IPCV), respectively. Annual losses to the peanut crop due to PCV and IPCV were estimated to exceed
US$38 million in the late 1990s. Pecluviruses also cause diseases on several dicotyledonous and monocotyledonous crops.

Taxonomy and Classification

The genus Pecluvirus has only two species, isolates from West Africa were grouped under the species Peanut clump virus (Peanut clump
virus; PCV) and those from the Indian subcontinent were grouped under the species Indian peanut clump virus (Indian peanut clump
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Abstract

The immunosuppressive tumor microenvironment enables cancer to resist immunotherapies. We 

have established that intratumoral administration of plant-derived Cowpea mosaic virus (CPMV) 

nanoparticles as an in situ vaccine overcomes the local immunosuppression and stimulates a potent 

anti-tumor response in several mouse cancer models and canine patients. CPMV does not infect 

mammalian cells but acts as a danger signal that leads to the recruitment and activation of innate 

† Electronic supplementary information (ESI) available. See DOI: 10.1039/d0bm01219j
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ABSTRACT

The significant aspect of this work is to develop a nanocomposite biosensor

based on the combination of Fe3O4 nanoparticles (NPs)—multi-walled carbon

nanotubes (MWCNTs) (Fe3O4-MWCNTs), tyrosinase (TYR), and silica sol–gel

(SiSG). The obtained material was drop cast on the glassy carbon electrode

(GCE) to attain a nanocomposite biosensor (SiSG-TYR/Fe3O4-MWCNTs/GCE).

The surface morphology of Fe3O4-MWCNTs was characterized by FE-SEM,

TEM, and EDS techniques. The analytical performance of the electrochemical

biosensor was evaluated by using cyclic voltammetry (CV), differential pulse

voltammetry (DPV), and electrochemical impedance spectroscopy (EIS). The

SiSG-TYR/Fe3O4-MWCNTs/GCE was applied as an efficient biosensor for the

simultaneous determination of catechol (CC) and hydroquinone (HQ). A good

linear relationship was figured out between the peak currents and analyte

concentrations from 1.5 to 30 lM and 1.5–40 lM for CC and HQ with detection

limits down to the concentrations of 0.055 and 0.057 lM, respectively. Several

kinetic parameters such as charge transfer coefficient, the heterogeneous rate

constant, and the number of electrons involved were successfully calculated.

The developed biosensor exhibited satisfactory repeatability, reproducibility,

good stability, and anti-interference performance. The proposed biosensor was

efficiently used for the detection of CC and HQ in spiked local tap water with

satisfactory results.
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Abstract: Over the past few years, the photogenic fabrication of metal oxide nanoparticles has at-
tracted considerable attention, owing to the simple, eco-friendly, and non-toxic procedure. Herein,
we fabricated NiO nanoparticles and altered their optical properties by doping with a rare earth
element (lanthanum) using Sesbania grandiflora broth for antibacterial applications. The doping of
lanthanum with NiO was systematically studied. The optical properties of the prepared nanoma-
terials were investigated through UV-Vis diffuse reflectance spectra (UV-DRS) analysis, and their
structures were studied using X-ray diffraction analysis. The morphological features of the pre-
pared nanomaterials were examined by scanning electron microscopy and transmission electron
microscopy, their elemental structure was analyzed by energy-dispersive X-ray spectral analysis,
and their oxidation states were analyzed by X-ray photoelectron spectroscopy. Furthermore, the an-
tibacterial action of NiO and La-doped NiO nanoparticles was studied by the zone of inhibition
method for Gram-negative and Gram-positive bacterial strains such as Escherichia coli and Bacillus
sublitis. It was evident from the obtained results that the optimized compound NiOLa-04 performed
better than the other prepared compounds. To the best of our knowledge, this is the first report
on the phytosynthetic fabrication of rare-earth ion Lanthanum (La3+)-doped Nickel Oxide (NiO)
nanoparticles and their anti-microbial studies.

Keywords: Sesbania grandiflora leaf extract; green synthesis; NiO nanoparticles; characterization;
antibacterial activity

1. Introduction

Transition metal oxide nanoparticles (NPs), such as Cu2O, MnO2, NiO, TiO2, Co3O4,
SnO2, and Fe2O3, are excellent candidates for use in electrocatalytic activity as they promote
electron-transfer reactions and in medicinal applications. Among these, semiconductor

Crystals 2021, 11, 124. https://doi.org/10.3390/cryst11020124 https://www.mdpi.com/journal/crystals
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INTRODUCTION

Viruses have always been challenging to mankind with 
their dynamicity in structure, virulence, prevalence, trans-
mission, and potentiality to claim lives. One among those 
recently discovered is the Novel Coronavirus 2019. In late 
December 2019, Wuhan City province of China suffered 
through a pneumonia outbreak, which kept spreading at an 
exponential rate to other parts of China and neighbouring 
countries. Even before it became clear about its aetiology 
and mode of transmission, it was reported in more than 25 
other countries and WHO declared it as a Public Health 

Emergency of International Concern on January 30, 2020.1 
Within no time, Covid-19 had spread around 18 countries 
in which four countries reported human-to-human trans-
mission. On February 26, 2020, the first case of this disease 
was recorded in the United States, which was not imported 
from China. As of today, April 10, 2020, COVID-19 has 
affected around 210 countries and territories all over the 
globe including, two international conveyances namely, 
Diamond Princess Cruise harboured at Yokohama, Japan, 
and Holland America’s MS Zaandam Cruise as retrieved 
from WHO coronavirus disease situation dashboard on 
April 11, 2020.2,3
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ABSTRACT
Many viruses have been posing threat to the world from time to time and recently in this category, a novel coronavirus called 
COVID-19 (SARS-CoV2) was detected in December 2019 and is causing havoc all over the world. COVID-19 spreading through 
person-to-person transmission routes including direct transmission, like cough, sneeze, droplet inhalation and contact transmis-
sion, like contact with oral, nasal and eye mucous membranes. The operators in oral health care profession expose to great 
risk of COVID-19 infection due to face-to-face communication and their exposure to fluids from the conjunctiva, oral cavity, nose 
and also other body fluids, and handling with the sharp instruments. Oral health care professionals (dentists and dental hygien-
ists) play a prime role in preventing the spread of COVID-19. Several dental hospitals and clinics have been completely closed 
or have been providing minimal treatment for emergency cases. However, prophylactic and emergency treatments are being 
provided in some countries and a few supporting regular dental treatment. Oral health practitioners are prone to risk as they are 
hardly prepared for such unexpected global outbreak. Lack of universal protocol or guidelines to control the infection and dental 
care provision during such a pandemic condition could be of better help. The present study fills in the missing gap with necessary 
recommendations comprising of preventive steps for disease/infection transmission during dental practice to block the operator-
to-patient and vice-versa transmission routes in dental clinics and hospitals.
Key Words: COVID-19, Coronavirus, Dental, Precautions, Lockdown, Awareness
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Abstract

In the present study, green synthesis of silver nanoparticles (AgNPs) was performed

using �ower extracts of Aerva lanata (Al) from Amaranthaceae family. The size,

shape, and elemental composition of the silver nanoparticles (AgNPs) was studied

using transmission electron microscopy (TEM), scanning electron microscopy (SEM),

energy dispersive X-ray analysis (EDX), and UV-visible spectroscopy. The dynamic
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Abstract
Objectives: To study the eco-friendly green synthesis of neodymium doped
nickel oxide nanoparticles and to study their structural, optical and antibac-
terial activities. Method: Sesbania grandiflora herb has been used to synthe-
size NiO nanoparticles. With the materials present in the plant extract, such
as sugar, flavonoid, protein, enzyme, polymer, and organic acid, acting as the
reducing agent the green approach takes charge in bio induction of metal
ions into nanoparticles. Structural andOptical Properties of nanoparticles were
studied by following XRD, SEM, EDAX, FTIR and UV-Vis-NIR (DRS). The antibac-
terial activity of the resultant neodymium (Nd3+) doped nickel oxide (NiO) was
tested on Gram negative and Gram positive bacteria with suitable standard.
Findings: From the XRD analysis, it is revealed that the size of the particles is
in the order of 9.2 to 23.06 nm. JCPDS data confirmed that Nd3+ ion-doped NiO
nanoparticles exhibit phases of (111), (200), (220), and (311). SEM with EDAX
proved that existence of Nd3+ ion-dopedNiOnanoparticles. Cubical and spheri-
cal shapes of the nanoclusters having a size of 20-40 nmare shownby SEManal-
ysis. Most promising peaks at 420 cm-1 and 657 cm-1 associated to Ni-O vibra-
tion bond and Ni-O-H stretching bond were analyzed from FTIR graph of the
sample before annealing while for the sample at 500oC shows the Ni-O vibra-
tion bond at 411cm-1. The direct band gap of Nd3+ ion-doped NiO nanoparti-
cles calculated as 3.08 eV at the concentration of NiONdO3 mol%. By doping
with Nd3+ ion, energy gap increases with doping concentration proved by UV-
DRS spectroscopy that confirms Quantum confinement. The eco-friendly syn-
thesized nanoparticles exhibited good antibacterial activity against pathogenic
bacterial strain is an indication of antibacterial efficiency of nanoparticles.
Novelty: Eco-friendly synthesis of NiO nanoparticles and characterization and
doped nanoparticles exhibited good antibacterial activity.
Keywords: Green synthesis; NiO particles; Characterization; Cubical; spherical
shapes; Direct band gap semiconductors; NIR laser; Antibacterial activities
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An eco-friendly and sustainable approach was

developed for the synthesis of silver nanoparticles

(AgNPs) of Ziziphus jujuba Mill (ZJM) fruit extract

by a microwave-assisted technique. The developed

method was simple, economically viable,

sustainable, and eco-friendly. Concentrations of

AgNO3 and ZJM fruit extract and reaction time

were optimized for the final properties of

synthesized AgNPs. The prepared AgNPs were

characterized by UV-visible and FTIR

spectrophotometers, powder XRD, TEM, and DLS.

XRD results showed a face-centered cubic structure

for the prepared AgNPs. The obtained size of

AgNPs was 8 ± 1 nm with spherical shape. The

FTIR spectrum indicates that ZJM is a good

capping agent to stabilize AgNPs. A negative zeta

potentials value of  − 21.2 mV indicates the stability

of AgNPs. The AgNPs has good stability over a wide

range of pH and ionic strength. The role and

efficacy of AgNPs in the catalytic degradation of

methylene blue (MB) and Congo red (CR) dye were

studied, and the reduction reaction rate constants

were found to be 0.033 s−1 (180 s) and 0.025 s−1

(200 s) respectively. The synthesized AgNPs

showed rapid and excellent catalytic reduction of

MB and CR dyes. The rapid catalytic reduction

reactions followed pseudo-order kinetics. The ZJM

fruit extract-capped AgNPs showed good

antimicrobial activity against tested bacterial and

fungal cultures.
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ABSTRACT

The objective of this research is to investigate the prevalence and the distribution of hepatitis C virus (HCV) 
genotypes in chronic hemodialysis (HD) patients in Andhra Pradesh, India, through different serological and 
molecular detection methods. We investigated the HCV prevalence in 410 chronic HD patients during 2015–2017 
and evaluated by collecting the different data on their personal status of awareness on HCV infection. The RT-PCR 
results reviled that few samples that were HCV negative in the tri-dot test (serological method) turned out to be 
positive in PCR. The HCV Core gene was amplified, cloned, and sequenced, analyzed that the prevalent genotype 
was found to be 3b. Based on the above studies, it is concluded that HD patients are not effective or sensitive in 
detecting HCV samples as compared to PCR detection. Hence, extensive precautions and creating awareness in the 
HD patients is essential to avoid sever contamination. For several HD patients infected with HCV, the awareness of 
the health care system and bio-safety regulations is not clear.

1. INTRODUCTION

The hepatitis C virus (HCV) is a spherical enveloped, positive-sense, 
and single-stranded RNA virus that belongs to genus Hepaciviridae, a 
member of family Flaviviridae. Based on genetic differences between 
HCV isolates, the HCV species is classified into six genotypes [1,2] of 
which genotype 3 is thought to have its origin in South East Asia [3]. 
Genotypes differ by 30–35% of the nucleotide sites over the complete 
genome [4]. Geographically, HCV genotypes 1, 2, and 3 are more 
prevalent and affect approximately 170–200 million individuals 
around the world with an addition of 3-4 million people being infected 
and causing 350,000 deaths every year [5-7]. HCV is transmitted 
through contaminated blood which makes the intravenous drug users, 
hemodialysis (HD) patients, and recipients of blood products at higher 
risk. Moreover, it has been found that one of the most common modes 
of HCV transmission is nosocomial [8]. No effective HCV vaccine 
is currently available and recent studies indicate that it is possible 
to develop a vaccine to prevent HCV. Depending on the absence or 
presence of cirrhosis, treatment with pan-genotypic direct-acting 
antivirals may cure most patients with HCV infection, and the duration 
of treatment is limited (usually 12–24 weeks) [9].
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Most of the dialysis centres follow Tri-dot and ELISA methods to 
screen HCV which are highly sensitive in normal cases. However, 
reports confirmed that dialysis treatment may show a decrease in 
cellular and humoral immunity, which may lower the sensitivity of the 
HCV test and show false-negative results [2,4]. Comparison studies 
conducted in 2019 in Kolkata, East India, have shown that ELISA 
alone cannot be recommended for diagnosis because of high number of 
false positives. They also found that TRI-dot was cost-efficient, rapid, 
and sensitive with exceptions of early infection detection for which 
PCR was considered a better option [10]. The HCV prevalence rate 
of HD patients in India is reported to be 3–45% [8]. This study aims 
to investigate the HCV prevalence in HD patients of Andhra Pradesh, 
Southern India and to inspect the efficiency of different serological 
and molecular detection methods. A similar study conducted in 2015 
in Punjab, Northern India, where 15% of people are actively infected 
by HCV showed that the awareness in common people was below 50% 
in all of the above-mentioned categories [11,12].

2. METHODOLOGY

2.1. Sample Collection
A total of 1656 patients in various districts of Andhra Pradesh are 
admitted to different government and private dialysis centres. Those 
districts covered are predominantly Chittoor, Kadapa, Kurnool, 
Anantapur, and Nellore. First screened for date of joining and number 
of dialysis per week using oral questionnaire and data collected from 
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