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About the Book 

  The most outstanding feature of this book is the author’s unique and 

engaging application-oriented approach. Taking a fresh, new look at the 

unique and novel fields, Advances inFunctional and Sustainable Materials 

emphasizes the importance of materials to variety of applications and builds 

the basis needed to select, modify, or create materials to meet specific 

criteria.The book covers the topics usually treated as most cited fields, such as 

Solar cells, Energy Storage Devices, Supercapacitors, Photoelectrochemical Cell, 

Conducting polymers, Sensors, crystalline solids and different synthesis 

methods. It also describes the different properties of materials; the unique 

properties of materials; the novel synthesis methods of polymers; optical and 

amorphous materials. More modern subjects, such as Graphene, Carbon 

nanotubes and surface phenomena are also covered, and conclusions are 

included at the end of each chapter.An Advances in Functional and Sustainable 

Materials is addressed to both undergraduate, postgraduate students and 

research scholars, and those who simply want to know more about the topics on 

which the book focuses. 

 

 

 

 

 

 

 



PREFACE 

Materials are a very significant daily life part of human. Every part of our body is a 

material Bones, muscles, fingernails, hairs and skin are some of the examples. Materials 

science has gone through a revolutionary transformation in the past two decades. Novel 

materials are created all the time making original and fascinating things. The properties 

of a material are important because it demonstrate you what it can and cannot beused for. 

There are two types of materials such as naturally found materials and manmade 

materials. 

From the starting, human has used materials to survive. Before going to specifics of 

these materials, we have to look for a rapid history of materials earliest cultures began 

their actuality by making use of the stone, soil, and plants found in the surroundings. For 

nearly 2.3 million years, human lived using only these naturally arising materials in a 

period well-known as the Stone Age. Far ahead human leaned how to transform copper 

and tin ore into metallic bronze and Stone Age became the Bronze Age. A technique of 

constructing metal from mineral-rich ores was growed and then Bronze Age started. The 

procedure uses heat and chemical reactions toyield metal from the more complex mixture 

of minerals found in ore. The discovery of a method for producing iron and steel from ore 

was developed around 1200 BCE and the Iron Age began. Making iron is a more 

complicated process than that for copper and bronze. Agriculture development in the 

progress of human history has been practical since at least1000 BCE. The initial process 

for producing glass from the melting of sand and other quartz based minerals was 

developed around 2500 BCE. Round 500 CE the Central Ages began with the starter of 

paper to Europe, which was first improvement in China around 200 CE. By the 1500s 

human entered in the Modern Age, when trade and technology touched newlevel of 

complexity. The Industrial mutiny began around 1760 and urbanized the steam 

power,factory manufacturing and the use of iron and cement as structural materials.The 

Polymer Age is also called the age of plastics, thousands of polymers exist in environment. 

Theordinary polymer in the nature is cellulose, the main structural material of trees and 

otherplants. The proteins that make up our body are also polymers which include 

deoxyribonucleic acid (DNA). In 1861 the British chemist Thomas Graham had noted that 

when he melted organic compounds in solutions, some of them would dispensation sticky 



 
 

residues when passed through fine filter paper. Many other 19th century scientists 

modified colloids and natural polymers to form new materials.  

Now a day’s people are not only using the materials for their modest living 

persistence but theyare becoming the part and parcel of human body. Advances in the 

materials science made this imaginable and it has notbeen stopped. Instantaneous people 

around the world are involved in making the advances in materials science. A day is not 

far away that we may have all throwaway kitchenware, foldable aeroplane. More recent 

milestones include the development of synthetic plastics in 1907 and the identification of 

the first synthetic nanomaterials, the carbon fullerene in 1985. As these new materials 

have been developed, they have made new products and technologies such as computers, 

space crafts and robotics. In future a lot can happen due to the advances in Materials 

Science. Now man can’tbelived with materials and a day will come in future on which 

materials can manage the man also. 

 In this link its great pleasure to publish our book entitled "Advances in Functional 

& Sustainable Materials". Thisbook is the gathering of esteemed articles of specialists in 

the numerous fields of basic and applied science of materials providing a sufficient depth 

of the topic. We faith that the students, researchers, teachers and policy makers in India 

will find this book much more beneficial. 

 We feel privileged enough for having a strong support from Adv. Ravindra (Bhau) 

Pawar, Member, Managing Council, Rayat Shikshan Sanstha, Satara, Dr. M. M. Rajmane, 

Principal, Prof. S. A. Patil, Vice-Principal, Prof. U. B. More, RUSA Coordinator, Dr. G. B. 

Kalyanshetti, IQAC Coordinator, Sadguru Gadage Maharaj College (Autonomous), Karad, 

Maharashtra, India for their moral support and guidance. We are also thankful to Dr. V. G. 

Kale, Principal, Prof. (Dr.) T. J. Shinde, Smt. K. R. P. Kanya Mahavidyalaya, Islampur both of 

them gave us full liberty to carry out the things smoothly. We are also thankful our 

publisher Bhumi Publishing, Kolhapur for taking stings in bringing out the book. 

  

- Editors 
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THE STUDY OF YTTRIUM SELENIDE BASED STORAGE ELECTRODE IN 

PHOTOELECTROCHEMICAL (PEC) STORAGE CELL 

U. K. Mohite 

Department of Physics,  

M.B.S.K. Kanya Mahavidyalaya, Kadegaon, Dist.- Sangli-415304(M.S.)  

 

Abstract: 

 The study of yttrium selenide as storage electrode was carried out by designing a 

specialthree electrode storage cell system.It consists of three electrodes, namely, storage 

electrode, photoelectrode and counter electrode.Electrodeposited yttrium selenidefilm and CdSe 

film on to a stainless steel substrate has been used as a storage electrode and photoelectrode 

respectively. The graphiterod was used as a counterelectrode. These three electrodes were 

immersed in two rectangular transparent plastic boxes containing suitable electrolytes. Boxes 

were bridged together by agar-agar gel. The cell was illuminated by ahigh intensity lamp. The 

electrical characteristics in the mode of charging and discharging were studied. 

Keywords: Storage cell, storage electrode, photoelectrode, counterelectrode and agar-agar gel. 

Introduction: 

 In this modern world, the social prosperity and economic development depend on the 

sustainable energy conversion and storage, for a sustainable society, energy is unquestionably 

one of the grand challenges [1, 2]..There is urgent need of clean, affordable and reliable energy 

that can substitute fossil fuels and limits the carbon emission issue.Therefore, the interest of 

researchers focused towards the development of technology to make availability of clean and 

renewable energy, especially the intermittent energy, energy conversion and storage [3, 4]. Now 

a day, there is vast demand for electrochemical energy conversion and storage devices, 

especially portable devices, consumer electronics, and electric vehicles [5–7]. Derek P Gregory 

has been reported use of rare earth hydrides for storing hydrogen in both stationary and mobile 

applications [8].  Therefore, it should require rapid development of new materials with high 

performance in energy conversion and storage devices. In our opinion, scientists underestimated 

this field and started working with material having low cast and easy availability. The best 

materials, for examples, so far reported with relatively with high efficiency and stability for long 

time are CdSe, WSe2, CuIn Se2[ 9-12].  
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Photo electrochemical cell can be converted into rechargeable electrochemical storage 

cell, when storage electrode, capable of undergoing a reversible chemical change is used in it [13 

]. A reversible chemical reaction occurs at the storage electrode of the type, 

 

   AX    +   ne
-↔ A   +    X

n-
 

 

 Where A is storage electrode, X is solute present in the electrolyte. Construction of such 

a cell requires stable low resistance separator which minimizes direct chemical reaction of the 

electro active redox species, and the selected redox couples suitable to semiconductor 

photoelectrode. The PEC cells employing third electrode as a storage electrode have been 

reported in the literature [14-19]. 

Materials and Methods: 

Preparation of electrode films and electrolytes: 

Yttrium-senidefilms have been electrodeposited from the non-aqueous formaldehyde 

bath [0.05M Y (NO3)3 - 0.05M SeO2- 0.05M CH3COONa] onto a stainless steel substrate at 

room temperature. The CdSe films are electrodeposited from the aqueous bath [0.1M CdCl2 -

0.05M SeO2] onto stainless steel substrates. The PEC properties of the film were tested with the 

electrolyte 0.1 M (Na2S - S – NaOH) as an electrolyte and graphite as a counterelectrode. In 

order to increase the photo effect, the films were annealed at 200
0
C. 

The electrolytes are prepared by using analytical grade chemicals in doubly distilled 

water. The stable electrolyte for the photoanode (CdSe) is polysulphide [20 ]. It was prepared by 

taking A.R. Grade Sodium hydroxide and sulphur from. B.D.H., India, and A. R. Grade sodium 

sulphide, from the Fluka. Appropriate amount of NaOH and Na2S were dissolved in double 

distilled water at room temperature. In this solution, sulphur powder was added and mixture 

warmed up to 55
0
C with constant stirring. The mixture was maintained at this temperature till all 

sulphur powder dissolves. The solution was cooled to room temperature, filtered and preserved 

in the glass stopper air tight bottle. The colour of the solution was yellowish pink. The yttrium 

sulphide films are stable in the ferri-ferrocyanide electrolyte. This electrolyte was prepared by 

taking appropriate amount of potassium ferricyanide and potassium ferrocyanide of analytical 

grade, dissolved in double distilled water and preserved in the glass stopper air tight bottle. 

Design of the Three Electrodes Storage Cell: 

 The design of three electrode battery was reported by many researchers in various 

journals [21-25].Here, cell consists of three electrodes, namely, CdSe as a photoelectrode, 

graphite as counterelectrode and yttrium selenide as storage electrode. Two rectangular 
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transparent plastic boxes were fixed with M-seal by conducting bridge of 3 cm in length formed 

with Agar-Agar gel. The size of each rectangular box is 4.0 × 1.5 ×7.5𝑐𝑚3. One compartment of 

cell consists of CdSe as aphotoanode (5𝑐𝑚2area) and graphite rod (6.2𝑐𝑚2area) as the 

counterelectrode. The volumes of the electrolytes were 35 cc in each compartment of the cell. 

The electrolyte 0.1 M (Na2S-NaOH) was used in first compartment. The other compartment 

consists of 0.1 M [K3Fe(CN)6] – K4Fe(CN)6] electrolyte with yttrium sulphide storage electrode 

which is kept in dark. 

 
Fig.1: Schematic diagram of the redox storage cell during charging 

 

 
 

Fig.2: Schematic diagram of the redox storage cell during discharging 
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 The cell was illuminated by using 500 Watt tungsten filament lamp. The light intensity 

was 200𝑚𝑊 𝑐𝑚3 . The electrical characteristics in the mode of charging were studied with the 

circuit diagram shown in fig.1 and fig.2 respectively. In fig. 1)-CdSephotoanode, 2)- 

Counterelectrode, 3) Y-Se storage electrode, 4) Agar-Agar gel, 5) 0.1 M (Na2S - S – NaOH) and  

6) K3Fe(CN)6] – K4Fe(CN)6. The current and voltages were recorded using the digital current and 

volt meters respectively. 

Result and Discussion: 

The Configuration of the Cell and Charge Transfer Mechanism: 

The configuration of the cell was as follows: 

 n -CdSe/0.1M (Na2S - S – NaOH) / C / 0.1M -  [K3Fe(CN)6] –  

K4Fe(CN)6] /Y- Se. 

During charging the photoreaction occurring at the two electrodes can be described as follows: 

 n – CdSe + h𝜐 → 𝑒− + ℎ
+

   (h𝜐 > 𝐸𝑔) 

Due to localized electric field at junction, 

 𝑒− + ℎ
+ → 𝑒−

𝑏𝑢𝑙𝑘 + ℎ
+
𝑠𝑢𝑟𝑓  

(i.e. near the interface of the semiconductor electrolyte) 

2ℎ
+

 +  𝑆2− → 𝑆   (at the CdSe) 

i.e. oxidation of electrolyte would occur, which is present near interface. 

 𝑒−
𝑏𝑢𝑙𝑘 →  𝑒−  Storage electrode 

(Transfer to through back of semiconductor to the storage electrode) 

 2 𝑒− + Y-Se→ Y + 𝑆2− 

Where, Y-Se is the storage electrode. 

During discharging, 

 S   +   2 𝑒− → 𝑆2−  (in the first compartment) 

And Y   +  𝑆2− → Y-Se   +2 𝑒− (in the storage compartment) 

 

Charging and Discharging Studies of the CdSe/ 0.1M (Na2S - S – NaOH) / C / 0.1M -  

[K3Fe(CN)6] – K4Fe(CN)6] /Y- Se. 

 During the period of charging, photocurrent raised from 83 to 130𝑚𝐴 𝑐𝑚2 , 

while cell voltage rose from -8.0 to 18.0 mV as shown in fig.3 within the period of 120 minutes. 

 Discharging of the cell using 6 K𝛺 load across the storage electrode and counterelectrode 

results in an initial current of 14.1 𝜇𝐴 𝑐𝑚2 and after the period of two hours current drops to 

12.0 𝜇𝐴 𝑐𝑚2 .The cell voltage also decreased from 467to 290mV as shown in fig.4. It can be 
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seen that the potential and current decreases rapidly within first twenty minutes and slowly 

thereafter. 

 

Fig.3: Charging cycle of the cell 

 

 
Fig. 4: Discharging cycle of the cell 

 

Conclusion: 

 From above studies of charging and discharging characteristics, it is concluded that 

yttrium selenide film may be used as a storage electrode.  
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Abstract:    

 Today, interest in energy continues to grow. Energy frameworks are dynamic and 

momentary due to appropriate energy assets, mechanical developments, demand, costs and 

natural yields. Petroleum products are the source of the conventional energy age, butthey are 

graduallygrowing into today's innovations with a attention on endless resources like the sun and 

wind. This work describes modern electricity storage technologies and standards used for 

electrical energy packages. Most of the technologies are in use today, others are still in the 

process of intensive research and improvement. Among the various technologies, evaluations are 

made taking into account the most important technological characteristics of the respective 

times. The contrast shows that each garage technology is unique in terms of the ideal network 

environment and garage performance. Therefore, in order to achieve the highest quality effect, 

the specific network environment and the specifications of the workshop tool must be studied 

very carefully before deciding on the appropriate storage technology.  

Keywords: Energy storage, Flywheel, Compressed air, Batteries, Supercapacitor. 

Introduction:  

 These days, the interest for energy is dependably on the addition. The clarification for 

this extension can be attributed to an overall advancement in the all out people and a reliable 

extension in mechanical developments which generally need energy to work. The US Energy 

Information Administration (E.I.A) has broadened a 28% development in the world energy 

interest continually 2040;  this would take the total world energy usage to around (2.39 x 1014) 

kWh[1]. While the necessity for more energy is self-evident, the biological implications of 

extending the use of customary energy sources may be counterproductive. This counter-

handiness is exhibited in [2], where the maker inspected the monetary impacts of carbon 

Emanations. In a bid to lessen petroleum product results; international social affairs, refinements, 

and settlements have projected to limit the overall utilization of fossils powers as a wellspring of 

energy. The interest for energy prompts the utilization of typical resources. The world economy 

is changing to elective energy to satisfy the genuine requirement for energy for monetary 
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development and is moving from non-harmless to the ecosystem power sources to harmless to 

the ecosystem power sources [3,4]. 

 In view of the restricted level of oil based commodities convenient, reasonable energy 

property have was an enormous investigation mission. A remarkable arrangement of assessment 

on practical strength hotspots for strength correctness has gone unnoticed. Generally, non-

sustainable power sources are impractical in light of the fact that they‘ll thusly run out; in this 

way we can‘t depend upon them forever. Really be phenomenal will just prompt developing 

charges, and the call for the long haul to stay unnecessary, which turns into a huge difficulty at 

last. Nonetheless, environmentally friendly power is manageable and green; this incorporate 

breeze, sun based, plant biomass power, hydropower, and geothermal power [5, 6]. 

In sync with the global environmentally friendly power organization, 25% of the world power 

utilization in 2017 became given from inexhaustible strength effects. It‘s furthermore extended 

that with the guide of the utilization of the year 2050, around eighty five% of overall strength 

convey will be from inexhaustible sources. The reception of sustainable power innovation to 

meet the field‘s developing energy call for is hence viewed as a treatment in rescuing the 

situation. This has welcomed on a customary expansion in the standing of inexhaustible power 

[7]. 

1.2 Energy Storage System’s: 

 The electrical energy carport (EES) innovation comprise the change of electrical capacity 

to a shape wherein it very well may be saved in different mechanisms and substances and 

changing again into electrical power at the hour of better necessities[8-10]. EES can show 

observably valuable to the matrix structures due to numerous favors and highlights. The 

helpfulness of ESS is apparent through fulfilling high needs, dealing with transportation of 

energy, controlling the inconsistent convey and period of energy, expanding power reliability, 

matching burden necessities of clients, acknowledgment of lattice frameworks, and diminishing 

electrical energy import when requirements are high [11]. 

 Nonetheless, the most to be expected are the administrative work and modes where the 

energy is saved inside the electric local area [11-13]. The instruments and putting away gadgets 

can be Mechanical (Pumped hydroelectric capacity, Compressed air power capacity, and 

Flywheels), Electrochemical (batteries and fuelcells), and electrical (Capacitors, brilliant 

supercapacitors) [11] addressed this classification diagrammatically (Fig. 1). 
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Fig. 1: types of energy storage systems 

 There are standards to categorize the numerous smart EES: feature and shape.  In the time 

period of feature, EES generation in which, excessive strength but low electricity devices fall 

wherein as in term form, excessive strength low electricity structures falls. Although energy isn‘t 

constantly clean to be at once stored cheaply, it is able to be results easily stored in other kinds 

and transformed lower lower back to electricity even as needed. Storage technologies for power 

also can be labeled with the useful resource of shape of storage into following:  

A) Mechanical power garage – in this kinetic energy storage includes flywheel and capacity 

electricity garage structures. 

B) Chemical energy storage – in this chemical energy is saved in batteries, gas cell‘s and 

supercapacitors. 

C) Electric powered electricity garage – in this electrostatic energy storage consists of 

capacitors and magnetic/modern electricity storage consists of Superconducting Magnetic 

energy garage (SMES) 

1.3 Diverse Energy Storage Structures in short: 

1.3.1 Flywheel: 

Flywheel strength garage structures (FESS) keep strength in a rotatory mass. This 

concept has been applied for a while to stabilize the output voltage in 

synchronousgenerators. Latest advances in energy electronics and fabric engineering 

have made this generation appealing for a number of different 

applicationstogetherwithtransportation and energy exceptional improvement [14]. 

Flywheel systems are characterized through being capable of offer very excessive top 

power. In reality the enter/output peak energy is restricted most effective by the power 
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converter. FESS have excessive electricity density and excessive electricity density and 

truly endless quantity of price-discharge cycles.Consequently, they‘re normally hired in 

transportation and electricity high-quality programs that require a massive range of fee-

discharge cycles, [15, 16]. The key thing that determines the technology used to construct 

every element, is the most rotational velocity of the Flywheel.Depending on this speed, 

FESS can be classified as low speed FESS and high speed FESS.The border between the 

2 systems is around 10000rpm. The rotational velocity now not best determines the cloth, 

geometry and length of the flywheel, but the kind of electric device and the form of 

earing [18, 19]. Due to the technological requirements the excessive velocity structures 

are more complicated however, as the entire strength saved within the flywheel depends 

on the square of the rotational velocity, excessive pace flywheels provide better energy 

density. Other layout concerns consist of performance, protection and reliability of the 

machine [20]. 

 

Fig. 2: Main components of flywheel storage system [21] 

1.3.2 Compressed Air Electricity Storage(CAES) – 

In the CAES machine, air is pressurized into an underground reservoir using electric 

powered strength in the course of off-peak. The compressed air is launched during on-

peak which drives the turbine/generator unit to provide power again. CAES is the 

handiest era (further to pumped-hydro) having the capability of industrial adaptability in 

the very-big deliverable gadget to store power (single unit sizes of 100 MW or extra) for 

using customers [22]. The strength density for CAES is set 12 kWh/m
3
[23] with an 

approximate efficiency of 70%. This gadget absorbs 0.7– 0.8 KWh of strength 

throughout off-peak hours. The CAES machine shops strength as intermolecular fuel, 
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which is compressed right into a reservoir (Fig. 8), then releasing once more for rotating 

the turbine and generator to breed power [24]. CAES device can replace (in part or fully) 

PHS structures due to top traits of larger capacity, long life and lesser price in line with 

KW [25]. 

 

Fig. 3: Main components of CAES storage system [26] 

1.3.3 Pumped Hydroelectric Storage (PHS) – 

Pumped-storage hydroelectricity (PSH), or pumped hydroelectric energy storage (PHES), 

is a type of hydroelectric energy storage used by electric power systems for load 

balancing. The process stores energy in the form of gravitational potential energy of 

water being pumped from a tank at a lower elevation to a higher elevation. Low-cost 

surplus off-peak electric power is typically used to run the pumps. During periods of high 

electrical demand, the stored water is released through turbines to produce electric power. 

Although the losses of the pumping process make the plant a net consumer of energy 

overall, the system increases revenue by selling more electricity during peak periods 

when electricity prices are at their highest. If the upper lake collects significant rainfall or 

is fed by a river, the plant can be a clean energy generator like a traditional hydroelectric 

plant. The lake on the mountain is built on a flat surface and requires a dam around it. 

Pumped-storage hydroelectricity allows energy from intermittent sources (such as solar, 

wind) and other renewables, or excess electricity from uninterruptible baseload sources 

(such as coal or nuclear) to be stored during periods of higher demand [27, 28]. 
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Fig. 4: A typical pumped storage plant [29]. 

1.3.4 Batteries:- 

Electrochemical energy storage covers all forms of secondary batteries. Batteries convert 

the chemical strength contained in its energetic materials into electric powered electricity 

by an electrochemical oxidation-discount reverse reaction. At present batteries are 

produced in lots of sizes for huge spectrum of applications. Furnished powers flow from 

W to the loads of kW (compare battery for energy deliver of tempo makers and battery 

for heavy motor automobile or for energy station). 

Not unusual commercially on hand secondary batteries in keeping with used 

electrochemical system may be divided to the following basic agencies: Popular batteries 

(lead acid, Ni-Cd) modern batteries (Ni-MH, Li–ion, Li-pol), special batteries (Ag-Zn, 

Ni-H2), waft batteries (Br2-Zn, vanadium redox) and high temperature batteries (Na-S, 

Na–steel chloride). 

I. Lead Acid Battery (LAB) – It‘s miles low rate and availability of lead, precise 

reliability, excessive voltage of mobile (2 V), high electrochemical effectivity, 

cycle lifestyles is from numerous masses to heaps of cycles. Lead-acid batteries 

are suitable for medium and big electricity storage programs due to the fact they 

provide an amazing combination of power parameters and a low charge. 

II. Nickel Cadmium battery(Ni-Cd)– The nickel cadmium cell has high quality 

electrode from nickel hydroxide and poor electrode from metal cadmium, an 

electrolyte is potassium hydroxide. The nickel cadmium battery is produced in a 

wide variety of commercially crucial battery structures from sealed protection 

unfastened cells (capacities of 10 mAh – 20 Ah) to vented standby strength 



Department of Physics, S. G. M. College, Karad (M.S.) India 

14 
 

devices (capacities of one thousand Ah and greater). Nickel cadmium battery has 

long cycle existence, overcharge capability, excessive rates of discharge and 

price, almost consistent discharge voltage and possibility of operation at low 

temperature. But, the value of cadmium is numerous instances that of lead and the 

price of nickel cadmium cellular construction is more high-priced than that of lead 

acid mobile. And there‘s additionally hassle with the manipulation of poisonous 

cadmium. However also low renovation and good reliability have made it a super 

for a number of packages such (emergency lighting fixtures, engine starting, 

portable TV receivers, hedge trimmers, electric shavers, aircraft and space 

satellite strength structures). 

III. Lithium Ion Battery (LIB)– LIB is quickest developing technology in garage 

devices and systems. It‘s miles rather new generation. Lithium is attractive as a 

battery poor electrode fabric because it‘s miles light weight, excessive discount 

capability and low resistance. Development of high energy density lithium-ion 

battery commenced inside the Nineteen Seventies. The lithium-ion cell carries 

nosteel lithium and is consequently a whole lot safer on recharge than the earlier, 

primary lithium-steel layout of cell. 

IV. Br2 – Zn Battery– The zinc-bromine cell is composed from the bipolar electrodes. 

The bipolar electrode is from a light-weight, carbon-plastic composite cloth. 

Microporous plastic separator among electrodes allows the ions to bypass through 

it. Cells are series-related and the battery has a wonderful and a negative electrode 

loop. The electrolyte in every storage tank is circulated via an appropriate loop. 

V. Sodium Sulfur Battery (NaS)– Sodium, much like lithium, has many advantages 

as a poor-electrode material. Sodium has a excessive discount potential of -2.71V 

and a low atomic weight (23.0). These homes allow to made a battery with a high 

particular electricity (100-2 hundred Wh/kg). Sodium salts are particularly 

discovered in nature, they‘re reasonably-priced and non-poisonous. Sulphur is the 

fantastic electrode cloth which may be utilized in combination with sodium to 

shape a cellular. Sulphur is likewise fairly to be had in nature and very 

reasonably-priced. The hassle of a sodium-sulphur mobile is to find a appropriate 

electrolyte. Aqueous electrolytes can‘t be used and, in contrast to the lithium, no 

suitable polymer changed into discovered. That is why a ceramic material beta-

alumina (β–Al2O3) changed into used as electrolyte. It‘s far an digital insulator, 

however above 300 °C it has a high ionic conductivity for sodium ions. 
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VI. Ni-H2 Battery– It‘s miles a hybrid battery combining battery and gasoline cellular 

era. The battery became developed to update Ni-Cd battery in space applications 

and it has some higher specific energy (50 Wh/kg) together with a totally lengthy 

cycle existence. Standard voltage of the Ni-H2 mobile is 1.32 V [30-38]. 

1.3.5 Superconductive Magnetic energy storage –Superconductive magnetic electricity 

storage (SMES) includes storing energy within the magnetic discipline created by means 

of an instantaneous modern-day flowing thru a superconducting coil. The coil is 

cryogenically cooled to a temperature underneath its superconducting vital temperature. 

The development can be a solenoid or a collection of two or more solenoids if you want 

to cancel the magnetic subject around them. The primary SMES machine was proposed 

in [39]. SMES affords one of the maximum densities of any energy garage method. Its 

main benefit is excessive garage performance, above 90% (now not which include the 

refrigeration device, which calls for about 1.5 kW continuously in line with MWh of 

garage ability) [40]. An extra advantage is the high dynamic response that permits 

reaction time inside the range of milliseconds. 

1.3.6 Supercapacitor (SC): 

Further to growing green energy conversion technologies, there may be a sturdy demand 

for electricity storage devices along with supercapacitors which is also called 

electrochemical capacitors that are environmentally, pleasant and relatively efficient 

flexible and light-weight [41-46]. Those are capacitors that have the capability to keep 

greater fees than the conventional capacitors. They save as a incredible deal as ten to a 

hundred instances more charges than the ordinary capacitors. Supercapacitors are 

commercially available as plenty as 40,000 farads. Supercapacitors have a excessive 

power density, therefore electricity may be saved and launched at very immoderate rates, 

this feature has been employed in surge protector designs[47]. 

 Supercapacitors are commercially to be had as lots as 40,000. Supercapacitors 

have a high strength density, consequently energy can be stored and released at very 

excessive prices, this selection has been employed in surge protector 

designs[47].Supercapacitors has acquired a lot of attention for its electrochemical houses 

in regards to the necessities of power storage systems [48]. Supercapacitors can be 

divided into three categories: electric double layer capacitors (EDLC), pseudocapacitors 

or SC redox capacitors, hybrid capacitors [49-51]. 
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1.3.6.1 Double Layer Capacitors –Electric powered Double Layer Capacitors as 

EDLC works on the principle of electrical double-layer capacitance on the 

interface of electrode/electrolyte. EDLC capacitance arises due to the electric 

charges is amassed on the electrode surfaces and ions of contrary rate are 

organized on the electrolyte facet. Wherein there‘s no switch of fee, it stores rate 

the usage of reversible adsorption of ions at the electrode and electrolyte 

interface.  They may be complementary to batteries as they deliver high electricity 

density and espresso strength density [52]. In addition they have an extended 

cycle existence than batteries and own a higher electricity density as compared to 

standard capacitors [53]. 

1.3.6.2 Pseudocapacitor – Pseudocapacitor in which rate is saved with the aid of 

periodically via the transfer of rate a few of the electrode and electrolyte 

consequently it is able to yield a fantastic deal better specific capacitance and 

better energy density than EDLCs [54]. This manner it involves as performed 

complete electrosorption, oxidation-bargain reactions and 

intercalation/deintercalation techniques, termed as pseudocapacitors. As a result, 

now not like EDLCs the electric rate garage is electrodynamics. It may keep 

electricity over redox or faradaic reactions among the electrolyte and electrode 

material.. 

1.3.6.3 Hybrid Capacitor – The overall performance of a hybrid supercapacitor 

is based on styles of energy garage, i.e. Non-faradic rate as in EDLCs and 

faradaic fee as in pseudocapacitor [55]. The hybrid supercapacitor consisting of 

one electrode cloth based on EDLC type and specific is a herbal pseudocapacitive 

form can be simultaneously generated in a single supercapacitor to form a hybrid 

supercapacitor [56]. The hybrid supercapacitor can be constructed in step with 

two unique methods, symmetric and uneven. The symmetric supercapacitor 

consists of electrodes (wonderful and poor) same in phrases of electrode fabric. In 

uneven supercapacitor, the 2 electrodes materials are exceptional. 

1.4 Comparison for Power Storage Device’s : 

 A assessment of the primary attributes of 3 essential strength storage technology is 

offered in desk 1. Flywheel storage generation is compared to the lead–acid and the nickel–

cadmium battery technology [57-59]. It‘s far clean that conventional flywheel generation (with 

metal rotor) differs substantially from battery era. 
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 Although conventional flywheel generation can offer much better deep-cycle lifestyles 

and consequently extra price discharge cycles in a garage utility, its plenty higher self-discharge 

price continues to be prohibitive for massive scale penetration of flywheel era. In difference to a 

battery, conventional flywheel technology can be usedfor high power density storage 

applications, even as batteries are handiest desirable to high electricity storage packages.  

Table 1: Comparison among three outstanding power storage device's [60] 

 

 

Fig. 5: Assessment of specific electricity and strength storage technology [61]. 

 However, the newly evolving composite rotor flywheel technology guarantees higher 

energy densities comparable to the degrees accomplished with batteries. Eventually in phrases of 

investment fee, flywheel generation incurs higher prices due to the fact that the technology 

continues to be at a rather early degree in its lifecycle in comparison to standard battery 

technologies including lead–acid or nickel–cadmium batteries. The deliverable electricity and 
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power that can be provided by using the majority of the garage technologies discussed up to the 

point 1.3.6. On this determine, a comparison is provided in terms of strength and electricity 

density viable with each technology. 

 The batteries have the bottom power density, and the highest power density (except 

hydrogen garage technology). The evolving steel-oxide supercapacitors are in order to reap the 

very best feasible electricity densities. Compressed air power garage and pumped garage 

technology are not shown, because the scale of power programs suitable for these technologies a 

long way exceeds the scale of the chart. Typical strength packages for these technologies are 

within the order of a hundred of MW. From the above evaluation, it‘s miles clear that a big form 

of garage technologies exists with each one possessing extraordinary attributes and supposed for 

special applications. The choice of the perfect storage generation for use relies upon on various 

of things. Those are, amongst others, the amount of power or power to be stored, the time for 

which this stored energy is needed to be retained or to be launched, spacing and environmental 

constraints, value, and the exact vicinity of the network on which the garage is required. 

Conclusion: 

 It is obtrusive from the above overview that batteries are the dominant era to be used 

whilst continuous power deliver is paramount, whilst technologies including flywheel and 

supercapacitors are extra ideal to energy garage applications and where very short power deliver 

is needed which includes in uninterrupted power supply requirements. Lithium-ion batteries are 

becoming an increasing number of essential and have several advantages over the conventional 

lead–acid batteries. Gasoline cells performance is constantly improving in terms of reliability 

and funding value, even as some sorts (e.g. SOFC) can offer very excessive efficiencies in the 

context of combined heat and energy (CHP) packages [62]. But, the future penetration of 

gasoline cells stays tied to the excessive-price hydrogen manufacturing and garage processes. 

Finally, pumped storage and CAES technology are desirable to very high power, high investment 

price era packages for use within the transmission. 
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Abstract: 

 Supercapacitors, recognized as ultracapacitors, have been supposed to be one of the most 

promising candidates to meet requirements of human‘s sustainable development, because to their 

advantages such as high capacitance and rate capability, long cycle life and low processing cost. 

Electrode materials play a significant role on performance of supercapacitors, thus researches on 

electrode materials are critical to supercapacitors. Because of their unique compensations 

including good conductivity, flexibility, relatively cheap, easy of synthesis and so on, the 

conducting polymer (CP) -based materials exhibit high potential in supercapacitors. This study 

summarizes recent research progress of CPs (including polypyrrole (PPy), polyaniline (PAni), 

polythiophene (PTh) the CP-based binary composite, and the CP-based ternary composite 

electrode for supercapacitors. 

Keywords: Conductive membrane, Ion sensor, Adsorption, Gas sensors, Supercapacitor 

Introduction: 

 Not only energy shortage but also environmental pollution are the most serious issues in 

human‘s expendable development. To solve these problems, making efficient use of energy , 

looking for clean and renewable energy sources are promising ways, thus low-cost and efficient 

energy storage technologies including synthesis of new materials and efficient preparation 

process are extremely important. With the development of science and technology, so many 

kinds of practical and effective energy storage technologies have been investigated such as 

batteries, fuel cells, electrochemical supercapacitors etc. Fig. 1 gives information of the plot of 

power against energy density for the most important energy storage systems.[1] 

 The earliest supercapacitors patent was submitted in 1957 while few people concern 

about it until 1990s, many people begins to realize the application potential of this technology in 

hybrid vehicles field [2]. Supercapacitors, also recognized as ultra-capacitors or electrochemical 

capacitors, can be fully charged/discharged only in a few seconds, resulting in very higher power 

density uptake or delivery [3]. They are capable to perfectly fill power/energy gap between 

conventional dielectric capacitors that possess great power output and batteries owning high 
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energy storage ability [4, 5]. In short, supercapacitors have the large potential in the field of 

energy storage devices [6]. 

 

Fig:1. Ragone plot for various electrical energy storage devices [1] 

Conductive Polymer Background: 

 Polymers are available in natural and synthetic forms, but due to limitations of natural 

resources synthetic polymers have attracted the world as they can be developed as per need and 

can be tailored respectively. Conducting polymers with nano-material can lead to the 

development of smart composite materials having large tunable mechanical and surface 

modification possibilities. The changes of CPs started with the Polypyrrole derivatives having 

low resistivity of 1 X in the year 1963 by Bolto and Weiss [7]. Polyacetylene (CH) 2 established 

by Shirakawa et al. in the year 1970 which laid the foundation of new conductive materials. In 

1971 Shirakawa with his team developed so many conductive polymers [8-11]. 

 Figure 2 shows a summary of CP and their chemical structure. Polyacetylene was one of 

the CP which showed conductive behaviour after those efforts have been done for enhancing the 

conductive properties of the CPs and received high attention in the field of engineering and 

science communities. Lots ofwork was done in 1970–1990 for understanding the basic behaviour 

of conducting polymers which provided a new edge for the researchers with lots of applications 

in the field of conducting polymers. The research concluded by the discovery of electrically 

conductive polymer in 2000 by Alan J. Heeger, his team for which they were awarded the Nobel 

Prize in year 2000 [12–14]. Conducting devices have also been used for the MEMS application 

by S. Takamatsu et al. They developed MEMS-based devices by making use of conducting 

polymer and developed biochemical sensor, touch sensor and electrochromic pixel display [15]. 

With the development of intrinsically conducting polymers which were doped with the 

electrically conductive dopant as well as conjugated double bond at the backbone of the polymer 

chain, the conducting polymers are being explored for their unusual electronic charge response in 
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different applications [16,17]. These conductive membranes are conjugated p electrons on the 

backbone of the polymer chain. The conjugated p electrons are delocalized from the backbone to 

move in the conduction band in result this conduction band showed the same nature of 

conduction as metals. But this system is very unstable to the alteration of the bond and gives rise 

to the formation of an energy gap in the electric charge spectrum [18-28]. To overcome this 

problem of formation of the energy gap, dopants were introduced inside the polymer in the form 

of conductive fillers for raising the conduc tivity which carried the charges as extra electrons and 

stabilized the instability of the backbone by donating and accepting of electrons [29,30]. 

 Because of which, they exhibited some other properties such as the transmission of low 

energy, high electron affinity with low potential of ionization. When the potential was applied 

across the conductive polymer charges, flow from inside to out or out to inside depending on the 

dopant and mobility of the charge which led to disturbance of ions in the polymer backbone. 

Both p-type and n-type dopants can be used as conductive fillers. Some of them are Br − , Cl − , 

NO − etc. [31-37].  

 Conducting composite polymer membranes field is becoming inter-disciplinary in the 

field of polymer membrane research. They are being used for so many applications of electrical 

conduction in small scale for the purpose of sensors and actuators in the field of technology and 

polymer membrane science. EAP‘s has been founded an important factor for membrane 

development due to of their unique property of reversible redox and electroactive behaviour with 

ease of processing. EAPs are used for conducting membranes as they have very good barrier 

properties with the conductive fillers for the flow of charge which can be tuned as per need by 

adjusting the oxidation state of the polymer, versatility in synthesis, thin films, and conductive 

substrates. In EAP, the conductive mass transfer characteristics, chemical tenability, and 

response are present to stimuli with remarkable electrochemical stability [38-41]. 

 The electrical conductivity of different ranges can be obtained in the conductive 

composites simply by selecting favourable dopants like carbon-based nanofillers, metal oxides, 

graphene, etc. This property can be used for the conduction of charge in the insulator interface by 

maintaining the thermal stability and mechanical stability with flexibility. They can be used for 

the applications of Light Emitting Diode (LED) lightning, charge storage capacitor. Conductive 

polymers have an benefit over the metal conductors as they are light in weight, flexible, can be 

designed for sophisticated shapes and have nearly the same mechanical properties which can be 

tuned as per need. Polymers having a large number of ionic compounds having a nonpolar chain 
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backbone are called ionomers. These types of materials are very much helpful for preparing the 

coating and the trans- parent packaging material. They are also very interesting used as the ion 

exchange membranes. Polymers having a many number of ionic groups with water solubility 

property are also known as polyelectrolytes [42- 44]. 

 

Fig.:2: Conducting polymers chemical structure 

 CP are organic materials which contains conjugated p electrons on their backbone. The p 

electrons delocalize from the backbone , move freely to construct an electrical path for charge 

carriers through unsaturated backbone. CP consist of a backbone consisting of double or triple 

bonds in a molecule. These molecules are separated by a single bond, along which some sharing 

of electrons occurs. The p bonds in p orbitals of conductive polymer overlap each other allowing 

the electrons to be delocalized and move freely in the bound atom space [45-46]. 

 To enhance the conductivity of the polymer, distinct fillers generally having a negative 

charge are introduced in the polymer to form a conductive polymer [47]. Polythiophene (PT), 

Polypyrrole (PPy), polyaniline (PANI) and Polyacetylene (PA) are the widely used CP [48–51]. 

 The conductivity of Polypropylene is due to the P-type conduction present in the polymer 

backbone chain with the movement of cations and anions [53-55]. Conducting polymers have the 

affinity to conjugate with the double bonds of different pollutants like chlorophenol [56], 

mercury [57], lead [58], silver [59] phenols and organic solutes [60]. Proportion of the dopants 

used with the base polymer to form the conductive substrate, membrane or film to achieve the 

required conductivity [61], by introducing dopant, charge carriers are varied which create a 

potential difference inside the composite, due to which flow of electrons earns place in the 

backbone of the polymer by delocalizing the electrons and forming of new chains of polarons 

and polarons in the crystal lattice [61, 62]. 

 Minimum amounts of dopant near to threshold point gives good sensitivity, for achieving 

higher conductivity the fillers are added in higher concentration with low sensitivity. Small 

dopants like ions, large dopants like sodium polystyrene sulfonate depending on the molecular 
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size are used for the fabrication of CP. Smaller dopants reenter in the polymer and leave the 

system on regular usage, while the large dopants work for a long time without leaching and are 

more electro stable in comparison to small dopants. [63–65]. 

Applications of Conductive Composites: 

Polymer Materials for Sensor Application: 

 The conductive polymer material can adapt to different environmental conditions which 

makes them very interesting material for the sensor applications. They can be used for the human 

factor monitoring in the form of thermal sensors for measuring the temperature of the body [66–

69]. For thermal measurements, a polymer matrix having compounds of high molecular weight is 

required, and aggregates at lower polarity above their critical solubility temperature are 

supposed. Some homopolymers used for the development of thermal sensor are N-

Polyacrylamide (NNPAM), N-Isopropylacrylamide (NIPAM), N-Tert-Butylacrylamide 

(NTBAM), N-Isopropylmethacrylamide (NIPMAM) [70,71]. 

 Tensile sensors which used for measuring the change in strain caused by the deformation 

and stretching of muscles are used for detection of harmful vapors in dangerous working 

conditions of tunnels, chemical laboratories. These sensors can also be used for detecting the 

acidic and basic behaviour by playing the role of pH meter. In water treatment, they can be used 

for detecting the pollutants in the industrial wastewater by detecting the chemical level of the 

discharged pollutants [72, 73] (Fig. 3). 

 

Fig. 3: Structure of conducting polymer with ion displacement on deformation 

Gas Sensors: 

 Gas sensors indicate the presence of a gas of particular type in the environment. PVC 

having functional groups which are active in the structure have been used by various researchers 

for developing different types of gas sensors [74]. 
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 Gas sensors can also be used to determine the moisture by calculating the relative 

humidity of the environment in medicinal industries, households, factories, etc. During this 

phenomenon, the electrical conductivity of the material is changed by the presence of water 

vapor which can be adsorbed by the surface of the sensor. These sensors contain hydrophilic 

functional groups such as –COOH, –N + (R) 3 Cl and –SO 3 H [75-77]. 

Ion Sensor: 

 Ion sensors are the conductive polymer sensors, in which the ions play the role of 

conductive charge carriers and form a conductive network. When the analyte comes in contact 

with the conductive component, interaction takes place and this phenomenon is measured in the 

form of electrical signals. Ion selective electrode sensors (ISEs) is the example of an ion sensor 

used for measuring the specific ions in the presence of various solutions, despite other dissolved 

ions presents in the solution [78]. 

 The conductive membrane was modified using polyaniline having organic phosphate bis 

[4-(1,1,3,3-tetramethyl butyl)].ON the electrodes of polyaniline- (PAni) the Phenylphosphoric 

acid applied. This conductive membrane was used for calcium ion detection [79]. Different types 

of polymers used for the application of ion sensors are poly (vinyl chloride) (PVC) [80], poly 

(3,4-ethylene dioxythiophene) (PEDOT) [81], and poly (ethylene glycol) (PEG) [82]. These 

materials allow fast generation of signals with stabilization on injecting of the analyte. 

Energy Storage Devices: 

 Storing of Energy become a global concern because of the limited quantity of available 

fossil fuels which are to be exhausted sooner. Therefore, the conducting polymers are looked as 

the substitute for the new compact energy storage device applications and can play a important 

role. CP can be used for other applications for charge storing such as batteries, solar cells, fuel 

cells, nanogenerators, supercapacitors by enhancing the properties [83-85]. 

Solar Cells: 

 Solar cells are the devices which convert solar energy into electrical energy. Solar energy 

is the cheapest environment-friendly renewable resource or so-called green energy [86]. The use 

of solar energy is limited because of the high prices of the photovoltaic modules and lower 

efficiencies of the solar panels. Improving the photovoltaic absorption with the minimum loss 

with minimum cost is a major concern [87]. Polymers are considered as a suitable material for 

developing cost-effective organic polymer photovoltaic devices. These devices are light, low 

cost also have easy fabrication techniques. The photovoltaic cell works on the acceptor and 

donor approach. The PV polymer cell consists of two major constituents, one electron acceptor 

and another electron donor. Polymers like polyfluorene (PF), polyphenylene vinylene (PPV), 
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polythiophene (PT) and some low bandgap materials like thiophene, fluorine, and pyrazine used 

as the donor constituents [88–89]. 

 Poly(3-hexylthiophene) (P 3 HT) is the widely used conjugated polymer for developing 

photovoltaic cell [90]. CP infiltrated with conductive metal particles, carbon fillers such as CNT, 

CNF, CB to form conductive composites show a unique property of hole transportation and light 

absorption leading to photovoltaic efficiencies enhancement [91-95]. Nanotubes of TiO 2 is 

considered as a good candidate for the development of solar cells as they provide high electron 

migration pathways [96]. 

Supercapacitors: 

 The demand for supercapacitors has arisen due to the high demand for hybrid electric 

vehicles, portable electronic devices, and uninterruptible eco-friendly power supplies. 

Supercapacitors are developed as the modified electrode materials and so-called as the 

electrochemical capacitors. They have a long-life cycle, works on the simple principle of 

charging-discharging, high charge prorogation and show pulse power supply [97, 98]. 

 These supercapacitors can store hundred to thousand farads charge and are developed 

from a carbon having a higher surface area. Supercapacitors show higher specific power in 

comparison to lithium-ion batteries. So many types of materials are used for the electrode of 

supercapacitors such as metal oxides, carbon oxides, and conducting polymers. Supercapacitors 

are classified into three types: (i) transition metal oxides (ii) high surface carbons and (iii) 

conducting polymers. CP show high specific capacitance but poor cyclic stability [99, 100] (Fig. 

4). 

 The conducting polymer nanocomposites can improve poor cyclic stability. So many 

types of carbon compounds are used for the electrode material such as CNT, CNF, CB, activated 

carbon graphene and its oxides because of minimum cost, ease of fabrication, controllable 

porosity, ease of functionalization variable forms (powder, sheets, fibers, tubes, and monoliths). 

Carbon-based composites and nanocomposites show high power capabilities but lower specific 

energy due to sorption and desorption of ions at a high-speed rate. PPy/AC has been used as the 

electrode material. PPy/CNF has been studied by Kim et al. by developing the composite with a 

thickness of 5–10 nm [101–105] by electrochemical method and developed symmetric, 

asymmetric PANI-LiPF6 electrodes, carbon electrodes. The supercapacitor with mesoporous 

carbon electrode using active carbon showed higher electrochemical efficiency than the redox 

type electrodes. Active carbon electrode increased the voltage, and the electrode of polymer 

helped in maintaining the redox reaction for the longer duration [106]. 
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Fig. 4 Schematic diagram of supercapacitor developed by porous carbon membrane 

Table 1: The preparation method and electrochemical performance of some typical 

conducting polymer-based electrodes 

Elctrode 

 

 

Preparation 

method 

 

Electrolyte
 

Maximumspecificca

pacitance 

 

Cyclesta

bility 

 

Maximu

menergy 

densityan

dcorresp

ondingpo

werdensit

y 

Ref. 

 

PANi 

 

interfacial 

polymerization 

1MH2SO4 554F/g at1A/g 
10%after 

1000cycles 
 [107] 

PPy 

 

interfacial 

polymerization 
1MNaNO3 

261F/g 

at25mV/s 

75%after 

1000cycles 

 

 [108] 

 Chemical oxidation 1 M KCl
 576F/g 

at0.2A/g 

82% after 

1000cycles 
 

[109] 

 

 

in-situ 

polymerization 

 

2MNaCl
 

325 F/gat 

0.6mA/cm
2
 

 

63%after 

500cycles 

26.7Wh/k

gat 

140.5W/k

g 

[110] 

PTh
 

poly-

condensationreactio

n 

CF3SO-3in 

acetonitrile 

 

40 mAh/gat20mV/s 

 

100%after 

4000cycles 

 

 

 [111]
 

 

electro-

polymerization 

 

H2SO4– 

PVAgel 

 

1357.31 mF/g 

 

97% after 

3000cycles 

 

23.11mW

h/cm
2
at90

.44mW/c

m
2
 

 

[112] 

 

 

dilutepolymerizatio

n 

 

polymerele

ctrolyteme

mbrane 

134F/g 

at5mV/s 

 

94%after 

1000cycles 

8Wh/kg 

at 

396W/k

g 

 

[113] 

 

 

dilutepolymerizatio

n 

 

polymerele

ctrolyteme

mbrane 

156F/g 

at5mV/s 

 

97%after 

1000cycles 

 

 

14Wh/k

gat 

522W/k

g 

[114]
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successiveionic 

layeradsorption 

andreaction 

 

0.1M 

LiClO4 

252F/g 

at5mV/s 

 

85%after 

1000cycles 

 

4.86Wh/k

gat 

363.36W/

kg 

 

[115] 

 

 

chemicalbath 

deposition 

 

0.1M 

LiClO4/PC 

 

300F/g 

at5mV/s 

 

87%after 

1000cycles 

 

11.43Wh/

kgat 

1.14kW/k

g 

 

[116]
 

PANi/GN 

 

in-situ 

polymerization 

 

2MH2SO4 

480F/g 

at0.1A/g 

 

70%after 

1000 cycles 

 

 
[117 

 

 
Oxidative 

Polymerization 
2MH2SO4  

500F/g 

at0.1A/g 
 [118] 

 
electro- 

polymerization 
1MH2SO4 

763F/g 

at1A/g 

 

82% after 

1000cycles 

 

 [119] 

 

Conclusions: 

 The present work confirms that today‘s research has a main focus on conducting 

polymers which have number of applications and uses mainly in supercapacitor. This study 

presents here a number of key findings to guide future research on conducting polymers and CP-

inorganic nanocomposite supercapacitors. A lot of number of advantages such as easy synthesis, 

flexibility, high pseudo-capacitance which are meaningful to solve challenges in the 

development of current supercapacitors.CPs wich mainly including PAni, PPy and PTh. But pure 

form of CP electrodes contains a lot of problems, especially lower energy density and power 

density and poor cycling stabilities. In order to modify conducting polymer-based 

supercapacitors properties, it is important to enhance their crystallinity, control their surface 

morphology through adjusting polymerization method, dopants content, oxidation level, 

surfactant‘s type and content. The electrochemical properties, other important properties should 

also be taken into consideration include thermal stability, processing abilities and mechanical 

properties to meet practical applications. Now days, synthesizing conducting polymer based 

composites with other kinds of active materials such as carbon and metal oxides has become an 

important method to improve electrochemical performance of supercapacitors synergistic effects 

and has made much progress, while binary composite electrodes still cannot satisfy the needs of 

practical applications as the electrochemical properties of these supercapacitors cannot be 

improved at the same time. To modify supercapacitors‘ performance, researchers have tried to 

synthesize ternary composites with three kinds of materials such as: conducting polymers, 

carbon materials and metal oxides or other kinds of pseudo-materials and the prepared 

composites show superior electrochemical performance. 
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Abstract: 

 Due to the avoidance of a covid-19 situation, people are now accustomed to using the 

internet and mobile phones. As you know, India is on its way to digital India. In this paper, we 

want to address the need to streamline the ration distribution system in both rural and urban 

areas. When food grains such as wheat and rice are given, there is a chance that they will not be 

distributed properly. When food grains are available at the ration distribution center. Because the 

majority of the beneficiaries are farmers or workers, they do not receive accurate information 

about this when the distribution will initiate. To overcome such illegal activity and problems, we 

proposed an Aadhar card-based rationing system based here on ESP32. When the Smart Ration 

Distribution system is activated, the Camera module scans the QR code As a substitute to the 

ration card, the Aadhaar card is being used. When the data is correct, the existing data system 

will immediately display the number of food grains allowed to the user on a monitor. In our 

project, we replaced manual work in distribution centers with smart measuring automatic 

electronics devices powered by ESP32, which accurately measure goods and update stock data in 

the main database, which can be accessed by both common localities and government 

mainstream invigilators for distribution centers from their head office. As a result, this project 

ensures a corruption-free ration center operating system, as well as improved consumer-

government communication. 

Keywords: ESP32, Web Camera, Aadhar card 

Introduction:  

 In this paper, we have proposed the Smart Ration Distribution System by using ESP32 

.Public Distribution System (PDS) is an Indian food security system. It is administered by the 

Indian government's Ministry of Social Development, Food and Public Enterprises in 

collaboration with state governments, and it provides subsidised food and non-food products to 

India's underprivileged. Basic food grains including grain, rice, sugar, and kerosene are some of 

the major commodities supplied, which are distributed through a number of community 

distribution channels, also known as shops, that have been established in various states around 
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the country. The Food Enterprise of India, a government-owned enterprise, obtains and manages 

the Government Distribution System.  

 The main reason for using this Smart ration distribution system is to remove the 

drawbacks of the existing system and makes the system faster and accurate, also provide the 

proper information to the Government to reduce corruption and increase transparency.  

 Several schemes have augmented the number of people aided by PDS, but the number 

is still extremely low. In this system our main focus is to remove the drawbacks of the existing 

system and reduce corruption. In our system is ESP32 is a main controlling unit, web camera is 

used to scan Aadhar card QR code is compared the information to database. 

Proposed Work: 

 In this proposed system our main aims to eliminate the flaws in the current system and 

reduce   corruption. Our proposed system is simple and less time-consuming. In our system, 

ESP32 is a main controlling unit, and the Camera module and GSM are interfaced with it. Here 

Camera is used to scan the QR code which is already present on Aadhar card and the information 

which we get scanning Aadhar card QR code is compared with the information already stored in 

the database. GSM is a communication technology that enables users to send and receive data. 

When the system first starts up, it will send out a notification about its availability. All registered 

users are subject to GSM rationing. We went with the ESP32, which is a minicomputer.It will be 

compared to data recorded in the database. After the information is matched with the stored 

information in the database, the computer will automatically display how many grains are 

allocated to that specific person and supply grains such as Wheat or Rise. The weight sensor is 

used to measure this grain. The user's grains are displayed on the screen, and the distributor is 

unable to adjust them. After the grain has been distributed successfully, the data is automatically 

kept in the government server. This will eliminate any paperwork, and the distribution will be 

completely transparent. This will helps the government to better management of the grains stocks 

and Poor people will get the grains as per the government allocated them. 

Block Diagram: 
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Methodology: 

i. User will give his/her Aadhar card and ration card to the ration vendor.  

ii. Database will be created at server end.  

iii. Details of the customer when entered will be stored in database.  

iv. We have used HTML and PHP coding to create a registration form.  

v. Arduino Uno board will be used for implementing the hardware part of the project  

vi. Once the customer gives his Aadhar number to the vendor, an OTP will be sent to the 

registered number.  

vii. Standard quantity of ration commodities is saved in the microcontroller ESP32. 

viii. Once the OTP is entered, and the required amount of ration will be given to the user. 

Advantages: 

i. Reduces the requirement of man power.  

ii. Needs less time for measuring the goods.  

iii. It has high precision and accuracy, as it measures time for distribution.  

iv. Reduces spilling of ration commodities while measuring them.  

v. The vendors cannot give less quantity of goods to the customers.  

vi. It stores the record of the distribution of goods.  

vii. It uses the Aadhar card UID number for determining the quantity of goods allotted for the 

customers.  

viii. As it uses details of Aadhar card, the government can track the record of the distribution of 

goods, provided if a server is maintained.  

ix. The customer can withdraw the goods any time in the allotted time span, as the shopkeeper 

has no part in distribution.   

Future Scope: 

 The developed Aadhar Card-Based Ration Card System using Aadhar Identification and 

GPS technology will significantly improve the current manual process of ration card system and 

will reduce the security issues and malpractices. 

 In addition, a number of other are gained by having an online web-based system. acting 

as a central repository of user ration and personal information. firstly the users can view and 

modify their personal information at any time with ease. Secondly they can view their ration 

details and the details of the shop in which they are intended to buy. The accessing can be done 

from any computer via web browser, as long as they are connected to the Internet. This way, no 

specific software installation is required. The shopping details are also processed and updated 

automatically with less risk of data loss, compared to a manual filing approach. 
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Conclusion: 

 The Ration Distribution System (RDS) is one of India's most contentious issues, 

involving mismanagement, corruption, and illicit activity in both rural and urban areas.  In 

Existing Ration Distribution System (RDS) the food grains like wheat, rice, etc. are given to the 

Ration cardholder manually. And there will be chances that grain not properly get distributed. 

Similarly, any residual grains will be sold to the user illegally, and the current system lacks 

transparency. We attempted to digitise the system, which we refer to as a smart rationing system. 

We can provide excellent products and good grains with this technology, and the procedure will 

be less expensive and time-consuming. The Distribution device supports Aadhar card 

integrationThis requires less hard work as compared to other devices. It could also be optimized 

to reduce the chances of adulteration and fair weight policy. 
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Abstract: 

 Supercapacitors (SCs) are considered a seems likely to be very good candidate for next-

generation power devices. The future application for supercapacitor is in hybrid electric vehicles 

and other power devices and systems. In order for supercapacitors to achieve their promises, it is 

of great significance to maximize their power density and energy. A most crucial technique to 

solve this problem is to progress modern electrode materials and procedures for manufacturing 

these materials. Over the last few ages, there has been a vast assign of research interest in many 

materials and techniques for synthesis for application in supercapacitor electrode science. In an 

ever-changing scientific environment, it is appropriate to look at different view of supercapacitor 

electrode. This article gives an outline of supercapacitor synthesis pattern. Express advanced 

synthesis technique for these devices, counting modern developments in this domain. This paper 

also describes the key technical challenges that will face future development efforts. 

Keywords: Synthesis method, Supercapacitor, Electrode material, Electrodeposition, Chemical 

vapour deposition 

1. Introduction: 

Over the last few centuries, energy demand has increased due to rapid advances in 

various domain such as modernization. Coincident, global community growth is contributing to 

these growing energy demands.  The combination of these factors puts a heavy burden on the 

energy framework and has a significant impact on the time ahead of humankind. In present 

regard, significant attempt has been put into the research and development of more efficient 

energy storage devices than any other devices and systems. A case of like a device is a 

supercapacitor, also known as an electrochemical capacitor or an ultracapacitor. 

Supercapacitors can store large amounts of energy that can be delivered at high-capacity 

ratings than restore batteries [1]. However, the energy thickness of supercapacitors is lower than 

batteries and fuel cells. Therefore, we are interested in increasing the energy thickness of 

supercapacitors to a level near to batteries. This is one of the main purposes for the recent great 

interest in research and development of synthetic methods for supercapacitor technology. This 
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review discusses the synthesis of supercapacitors. We will discuss the challenges and future 

prospects in these regions, and their extensive impact on supercapacitor automation. 

2. Electrode material: 

Supercapacitors made up of a variety of materials, hang on the type of energy storage 

required in the current application and the be in need of capacity range. The electrode materials 

for supercapacitors can be categorize into three modes based on the applications of EDLC, 

pseudocapacitors, and hybrid supercapacitors shown in Figure 1. Currently, there are many 

materials for supercapacitors. The main trade material is carbon, which is widely used and can be 

made into a variety of shapes. 

 

Fig. 1 Classification types and their electrode materials of supercapacitor 

3. Synthesis approach for electrode materials  

Different methods of synthesis of electrode materials doa vital role in run the structures 

and properties of materials. These synthetic techniquesare briefly described here. 

3.1. Electro-polymerization/Electrodeposition  

 

Fig. 2 diagrammatic presentation of primary electrodeposition process setup for the 

deposition of metal film on a surface 

The most primary form of electrochemical deposition is the electrodeposition method, in 

which the action of an electric current produces a layer or film of material on the surface. The 
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material is stick on the substrate by placing a negative charge on the substrate when dip in a salt 

solution of the material to be place. Salt anions have a positive charge and are attracted to a 

negatively charged cathode. When it reaches the substrate, the salt anions acquire electrons from 

the substrate (cathode) and undergo depletion to form the material. Figure 2 shows a simplified 

diagram of a two-electrode basic electrodeposition cell used to deposit metal from an aqueous 

metal salt solution. 

This is aordinary synthesis method that allows exact control of film thickness and 

polymerization rate. With proper selection of sedimentary solutions, this method allows the 

preparation of nanostructured films with different mass loadings and morphologies. This method 

involves easy processing conditions and uses few dangerous chemicals. Commonly used to 

prepare CPs similarly PANI, PEDOT, PPy. 

A more complex variant of the basic two-electrode design is the three-electrode design, 

which allows for the exact potential setting shown in Figure 1. 3. This design can be used for 

depositing supercapacitor data. A silver / silver chloride or saturated calomel electrode can be 

used as a reference electrodethe substrate can be a working electrode, the platinum foil or carbon 

rod can be a counter electrode. [2]. This design allows anodic deposition of manganese oxide 

from acidic or neutral electrolytes. 

Advantages of the electrodeposition technique involve mass production, low capital investment 

costs, and precise control of parameters such as film thickness, uniformity, and deposition rate. 

 

Fig. 3 diagrammaticpresentation of three electrode electrodeposition process setup,  

where WE is the working electrode, CE is the counter electrode and RE is the reference 

electrode. 

3.2. Electroless deposition  

An anotherto electroplating is electroless plating, which is an 

intramolecularmodificationof electrochemical plating, which is carry-out;without the use of an 
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electric field. In the electroless process, the electron originis an outermost power source, but in 

the electrodepositionprocedure, the electrons are providedby the retardation in the solution. 

Autocatalytic procedurehas been used to synthesis ruthenium oxide-carbon fusion for 

supercapacitors [3]. The autocatalytic procedure is fit for certain condition that require 

electrochemical precipitationof the material on non-conductive surfaces. 

3.3. Electrophoretic deposition  

Another type of electrochemical precipitationis a procedure called electrophoretic 

deposition. In this technique, charged particles moving in a liquid medium are moved tothe 

electrodes undergoing an electric field. When it reaches the electrodes, the solidification of the 

particles causes the material to deposit. This method is used in the synthesis and manufacture of 

supercapacitor materials. 

3.4. Chemical bath deposition  

Chemical Bath Deposition (CBD) is a coldness technology that permit the deposition of 

relatively cheap materials on vast-area substrates [4]. The Chemical Bath Deposition method 

includes depositing material directly from a solution way without applying current or voltage. 

Chemical Bath Deposition is generated on a substrate dip in a solution by the reaction of a 

solution containing various chemical compound dissolved in the form of ions or molecules. 

These behave chemically on the substrate, leading to the development of a film by solidification. 

3.5. Sol-gel method  

Sol-gel is the method used to formation solid thin films. In its basic form, the sol-gel 

procedure is performed by immersing the surface in a solution. Subsequently, the polymer or 

particulate inorganic precursor is concentrated on the surface by a complex procedure involving 

simultaneous drying or gravitational drainage with solvent vaporizationand continuous 

condensation reactions, ultimately arising in the generationof a solid film [5]. One ofits 

advantages, the sol-gel process makes it possible to control the appearance, configuration, 

similarity, and structural properties of the arising material [6]. In addition, the equipment demand 

for the sol-gel dip coating procedureare outstandinglylower compared to other methods such as 

CVD, resulting in lower costs. 

3.6. Direct coating  

This technique is used to assembleSuper Capacitor electrodes where paste-like 

dynamicmaterial is applied directly to the substrate. In many cases, additives such as carbon 

black, polyvinylidene fluoride (PVDF), acetylene black, and polytetrafluoroethylene (PTFE) are 

introduced as binders to provide maximum adhesion while maintaining conductivity. The 

working electrode is made of 90 wt% electrode material (NiO) and 10 wt% PVA in Millipore 

water as a solvent and the resulting suspension is glued to a Pt disc. [7], Jane, etc. [8] Nitric acid-

treated carbon cloth was mixed with 10% PVDF and DMF (N, N-dimethylformamide) to prepare 
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a supercapacitor electrode slurry, and the prepare slurry was coated on steel substrate stainless 

steel. Duetal. [9] A supercapacitor electrode was synthesized by coating a slurry developed by 

adding an active substance with acetylene black and PTFE on Ni foam. 

3.7. Chemical vapour deposition 

When porosity is very important, Chemical vapour deposition (CVD) technology is 

commonly used. This process is carried out in the steam phase, where the starting material is 

prepared in the form of steam, cast and exposed to high temperatures (800-1000 ° C). 

The CVD method is performed by exposing the substrate to a suitable precursor (usually 

a gas molecule) in the appearance of energy (heat or plasma) in the reaction chamber shown in 

Figure 4. The precursor undergoes reaction and / or decomposition and adheres to the surface of 

the substrate to formation of the desired thin film or solid powder. Volatile by-products from the 

procedure are removed by passing the gas through the chamber. In the context of sc devices and 

their manufacture, the Chemical Vapour Deposition procedure is primarily used to synthesize 

carbonaceous materials, especially Cathode Nano Tube and nanofibers. 

 

Fig. 4 Diagrammatic presentation of a thermal CVD system 

3.8. Hydrothermal/solvothermal method  

This is an efficient way to operate at high temperatures in a finite volume and generate 

higher pressure. The high self-sustaining pressure generated in the closed reaction vessel 

dominates the settling of volatile products in the control. Therefore, this technique is widely 

applied to the synthesis of nanocomposites in which particles are regularly arranged. This one-

pot technique simultaneously grows highly crystalline nanostructures that do not require post-

synthesis annealing and at the same time converts GO to rGO. Co3O4–rGO was prepared by the 

CTAB-assisted hydrothermal method in a mixture of NH4OH solvent and Co (NO3) 2 

precursors shown in Figure 5 [10]. Similarly, these methods have been enlarging to deposit 

TiO2, Fe3O4, Co3O4, and SnO2 nanostructures on graphene sheets [11, 12]. 
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Fig. 5 Scheme of synthesis of composites by hydrothermal method 

3.9. Chemical precipitation method  

In its basic form, the method of chemical precipitation involves forming a solid material 

from a solution by reaction. Solid substances are formed from solution by one of two 

mechanisms. Changing the composition of the solvent to reduce the solubility of the substance. 

This technique has been used primarily in supercapacitor technology for synthesizing electrode 

materials. For example, based on a nickel oxide-carbon material composite make ready by 

chemically precipitating nickel hydroxide on activated carbon and heating the hydroxide to 300° 

C in air, at 107 F / g. A supercapacitor electrode with maximum capacitance has been developed 

[13]. 

3.10. Solution mixing method  

This is a widely used in-situ method for synthesizing metal oxide-graphene composites. 

Paek et al. [14] The solutions were mixed to synthesize the SnO2–graphene nanosheet (GNS) 

composite. Here, SnCl4 was hydrolysed in the presence of sodium hydroxide to form a 

Tin(iv)oxide sol. After that, ethylene glycol was added to the sol and the graphene dispersal was 

mixed to process the composite material. The dispersed graphene layer was reconstructed into 

the expression of SnO2 nanoparticles to prepare the nanocomposite. 

 

3.11. Self-assembly method  

This is an effective and often preferred technique for grouping micro-objects and nano-

objects on a macroscopic scale. This technique has been used to produce assembled materials 

such as photonic crystals, composites, and ordered DNA structures. Figure 6 illustrates a multi-

step scheme for creating a film-like NiO–Gr sandwich structure [15]. To get an NP-decorated Gr 

sheet or layer, it would be better to decorate the NP with a distribute GO and then reduce it, 

rather than decorating the NP with the surface of the rGO. Kings. [16] reported ternary 

surfactant-supported self-organization. This joining technique is one of the best optionsfor 

building laminated composites. Therefore, metal/metal oxide-Gr alternating layers perhaps also 

be correlated in this way (MnO2, SnO2, NiO, etc.) [16]. 
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Fig. 6 Simplifiedmethod for sandwich form (self-assembly) [16] 

3.12. Microwave method  

Microwave assistive technology shown in the figure. 7 [17] has used to the synthesis of 

graphene-based composites or graphene due to many supremacies like time effectiveness, ease 

and cost efficiency for producing high end products. Microwave irradiation has been shown 

during the synthesis of Co3O4–GNS [18]. 

Recently, a PANI thin film was deposited by microwave-assisted CBD. That is, due to 

the oxidation of aniline in a household microwave oven [19]. Cyclic voltammetry studies have 

obtained a top specific volume of about 75 F/g at a rate of sweep of 5.0 mV/s. 

 

Fig. 7 Microwave irradiation in nanosheet decorated graphene synthesis [17] 
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3.13 SILAR method 

The method of manufacturing thin films with enhanced structures and properties is 

critical to the analysis of devices for a wide range of uses. SILAR isaused for continuous ion 

layer adsorption and reaction, is a union of the evolution of two deposition methods namely 

chemical bath and atomic layer deposition. As its relatively simple and cheap, this method is 

gaining increasing demand in the researcher. 

As per acronym, the SILAR method is founded on the reaction caused by the adsorption 

of a layer of ionic species on the surface later the subsequent continuous adsorption of different 

ionic species. This reaction forms an insoluble, constitutes the thin film coat. Then repeat this to 

increase the thickness of the sedimentary layer. To carefully handle the process, the SILAR setup 

uses a series of actions. [20] 

3.14 Spray Pyrolysis 

Spray pyrolysis technology has manyapplicationslike the high stable coating obtained 

than the coating deposited using vacuum. This technology is very usable for the manufacture of 

electrodes in variety of use such as gas sensors, SCs and solar cells due to its lower time of 

deposition, losses of cost and material. Quick preparation of electrodes; and deposition in more 

area. 

It is anvital processing method for manufacturing single-layer and multi-layer films as 

high-density and powders of many materials. Current spray processing methodsmay be 

categorized based on the energy source forsolution reaction of the thermal decomposition 

process, includes tubular reactors, combustion methods, steam reactors, and flame spray 

pyrolysis. 

3.15 Nanofiber Electrospinning Method 

One of the effective methods of manufacturing nanofibers is electrospinning. This has 

many advantages over other traditional methods, such as being easy, cheap and mass-produced. 

Conductive polymers have been extensively studied and are widely applied to a variety of 

organic devices. Conductive polymers usually need to be nanostructured to improve device 

performance or expand functionality [21]. Electrospinned conductive polymer nanofibers are 

manufactured for use as supercapacitor electrodes [22]. 

By using a highly flexible fiber membrane as a template, it is expected that a conductive 

polymer with a hollow structure can be easily constructed and manufactured, and it may be 

applied to various high-performance electrochemical devices. 

3.16   Reflux Method 

The reflux method has advantages such as easy preparation, environmental friendliness, 

easy control of surface morphology with simple experimental parameters, and low cost. Porous 

surfaces of nanomaterials improve electrochemical performance because these types of surfaces 
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provide an easy path for ions to move from the electrolyte / electrode interface. In addition, 

solid-phase reactions are not possible because the reflux method is based on a solution-based 

chemical method [23]. 

3.17 Spin coating method  

It is also dispersion deposition technique like dip coating and drop casting, the relative 

motion of the dispersion and the substrate is not linear. But a bit amount of mixture of liquid is 

dropped on the substrate centre, keeping rotating at a calculated rate. The shear rate of the 

substrate spreads a liquid control and reduces its thickness. This ends in a constantthickness thin 

film with controlled by speed and time. [24]. 

4. Comparison of synthesis methods  

4.1. A comparison of key features of SILAR and other common coating techniques  

Table 1. Key features of SILAR and other common coating techniques [20] 

 SILAR CBD ALD CVD 

Equipment 
Simple dip 

coating unit 

Simple 

temperature 

controlled 

aqueous bath 

Expensive 

vacuum chamber 

and gas 

distribution setup 

Expensive 

vacuum and high 

temperature 

furnace, with gas 

distribution 

system 

Associated cost  Low Low High High 

Thickness 

control 

Convenient 

control via 

solution 

concentration 

and number of 

cycles up to 

micrometers. 

Reasonable 

control using 

temperature and 

solution 

concentration up 

to micrometers. 

Excellent 

control. High 

thicknesses 

practically 

challenging 

Very good 

control. High 

thicknesses 

practically 

challenging 

Coating 

conditions 

Mostly close to 

room 

temperature and 

pressure 

Mostly close to 

room 

temperature and 

pressure 

Moderate 

temperature and 

vacuum 

conditions 

High-

temperature and 

potentially 

reduced pressure 

Substrate 

selectivity 

Generally 

applicable to a 

wide range of 

substrates 

Generally 

applicable to a 

wide range of 

substrates 

Generally 

applicable to a 

wide range of 

substrates 

Choice of 

substrate limited 

by deposition 

temperature. 

Quality of 

deposited layer 

Highly 

dependent on 

experimental 

parameters 

Highly 

dependent on 

experimental 

parameters 

Excellent Excellent 
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4.2 Summary of the different electrode synthesis methods in terms of materials, advantages 

and disadvantages. 

Table. 2 Different electrode synthesis methods in terms of materials, advantages, and 

disadvantages [25] 

Synthesis 

Methods 
Materials Advantages Disadvantages 

Electro-

chemical 

deposition 

method 

Metal oxides 

Ruthenium oxide-carbon 

composites (electroless 

deposition) 

Conducting polymers 

Precise control on film thickness 

and uniformity 

mass production; 

low costs; 

Process set up; 

voltage or 

current required 

CBD 
Ruthenium oxide 

PANI 

Inexpensive; 

large-area substrates simplicity; 

low temperature; 

low material 

yield, 

limited 

flexibility 

CVD 

Nanofibers, 

Carbon materials 

(CNTs, graphene) 

Better film uniformity, 

high material yield than CBD; 

Relatively high 

costs, 

expensive 

equipment and 

Sol-gel 

Carbon-ruthenium 

xerogels, 

Carbon aerogels, 

SnO2, MnO 

Homogeneity, 

structural properties Low costs, 

controllable film texture, 

composition 

Complicated 

process 

Chemical 

precipitation 

MnO2/nanofibers, 

Nickel oxide/carbon, 

MnO2/CNTs 

Efficient; easily implemented, 

allows synthesis of composite 

electrode materials; 

May generate a 

waste product 

 

5. Conclusion 

Supercapacitors provide a promising solution for future energy storage needs. Various 

synthesis methods and materials are used for the manufacturing of supercapacitors. Here we have 

reviewed some related supercapacitor electrode materials and synthetic methodologies. You can 

choose the right combination of materials and methods for your current application. E.g., CVD, 

CBD methods are employed when thin film-based supercapacitors are required for large 

production. 

Reviews described in this article show that there are challenges with SC technology. It 

seems to be a difference between the advantage of SCs and the application possible with 

available SCs. The main parameters are material and synthetic method. 
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Current interest in the adaptation of new and composite materials, especially 

nanomaterials, is already known. Whensuchkind of researchwill go on, supercapacitors will 

become more feasiblewith more and more practical applications. 

Continued research efforts are required to enable SC materials and new devices to meet 

the growing energy demand. Improving synthetic parameters and material properties is essential 

for a comprehensive study of the capabilities of SC electrode materials. 
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Abstract:  

 In this study, Polycrystalline ZnO thin films were deposited on a glass substrate by a 

spray pyrolysis technique using solution of zincacetate and air as the carrier gas at 450°C 

temperature.Thecrystallographicstructure of these films was analyzed with x-ray diffractometer. 

The films werepolycrystalline in nature with preferred orientation perpendicular to substrate 

surface and the grain size is to be estimated. 

Keywords:-X-Ray Diffraction, Four probe method,Polycrystalline,ZnO, Spray Pyrolysis 

Technique 

Introduction: 

 Zinc oxide is an inorganic compound with the formula ZnO, which is insoluble in water, 

and it is extensivelyused as an additive in numerous materials and products including rubbers, 

plastics, ceramics, glass, cement, lubricants, paints, ointments, adhesives, sealants, 

pigments, foods, batteries, ferrites, fire retardants, and first-aid tapes. It occurs naturally as the 

mineral zincite, but most zinc oxide is produced synthetically.ZnO is a wide-bandgap 

semiconductor of the II-VI semiconductor group. The native doping of the semiconductor due to 

oxygen vacancies or zinc interstitials is n-type. This semiconductor has several favorable 

properties, including good transparency, high electron mobility, wide bandgap, and strong room-

temperature luminescence. Those properties are used in emerging applications for 

transparent electrodes in liquid crystal displays, in energy-saving or heat-protecting windows, 

and in electronics as thin-film transistors and light-emitting diodes. 

2. Methodology: 

 With the help of simple spray pyrolysis method we have deposited ZnO thin films on 

glass substrate. A solution of 0.5 M Zn(CH₂COO)₂ was used as a precursor, prepared by 

dissolving in a mixture of deionized water and methanol. A few drops of acetic acid were added 

to aqueous solutions to prevent the formation of hydroxides. Then, the substrate is kept on the 

plate and heated gradually until the deposition temperature is reached. Air was used as the carrier 

gas, at the pressure of near 5 bar. The solution air flow rate was varied from 7 liter per minute 
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(LPM) to 12 LPM. Other process parameters such as quantity of precursor 50ml, precursor 

concentration 0.5M and substrate temperature 450°C was kept constant. 

            The air-flow dependent variation in structuralproperties of ZnO thin film was studied 

using X-ray diffractometer (XRD). 

 

 

Fig. 1 Formation of thin film using SPT depends upon a various parameters. 

3. Result and Discussion: 

3.1 Thickness Measurement: 

The thickness of ZnO thin films with variation in air flow rate (7 LPM to 12 LPM) is 

measured at constant temperature of 450 
0
C using weight difference method. Weight of ZnO thin 

films deposited by spray pyrolysis method was measured before and after the deposition. From 

Table 1 we observed that thickness of ZnO thin films increases with increase in air-flow rate of 

the spray.Thickness of films increases from 0.418 x 10
-4

 cm to 1.234 x 10
-4

 cm. 

Table 1: Measurement of thickness of ZnO thin film using weight difference method at 

various air-flow rate of spray 

Sr. No. AFR 

(LPM)      

Weight difference 

(gm) 

Thickness T = 
𝐌

𝟐𝐀.⍴
×10

(-4)
  (cm) 

1 7 

       

       

 

0.012 0.418 

2 8 0.022 0.763 

3 9 0.030 1.042 

4 10 0.034 1.182 

     5                      11             0.036                      1.219 

     6                      12             0.039                      1.234 
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3.2X-ray diffraction analysis: 

The air flow rate during depositionof ZnO thin films were varied from 7 LPM to 12LPM 

and the effect of air flow rate on structural property of ZnO thin films were investigated using X-

ray diffraction analysis. The X-ray diffraction pattern of ZnO thin films were recorded for 

10LPM to 12LPM of spray rate by varying 2θ angle from 20°C to 80°C with Cu-Kαradiation 

source (λ=1.5406 Å) and are shown in figure 2. The X-ray tube was operated at45 kV and 40 

mA. 

The XRD pattern of ZnOthin film deposited over glass substrate shows polycrystalline 

phase(for ZnO) with h, k, l indices (100), (002),(101), (110),(200)and(201) diffraction plane of 

ZnO. Crystal structure of ZnOthin film is hexagonal.These diffraction peaks are basically 

attributed to the hexagonal wurtziteZnO structure [JCPDS card no.36-1451]. The change in 

diffraction patterns with variation of precursor air flow rate obtained at constant 450 
°
C 

deposition temperature and 0.5M molarity. As indexed in figure 2 neither metallic Zn or 

Zn(OH2) peak observed in X-ray diffraction pattern indicating pure formation of ZnO. The (002) 

reflection intensity substantially increasing with increase in air- flow rate, confirms formation of 

crystalline c-axis oriented growth of ZnO. Thus the variation in airflow rate of spray solution 

form c-axis oriented crystalline hexagonal wurtziteZnO thin films. 

The crystallite size is determined using the Scherrer formula: 

    D = 
𝑘𝜆

𝛽  𝑐𝑜𝑠𝜃
    

Where, β is the full width at half maximum (FWHM in radians) of the peak corrected for 

instrumental broadening, and θ is the Bragg angle. 

         The micro structural parameters such as strain (ε), dislocation density (δ) and number of 

crystallites (N) were determined by the formulae and are indicated in table 2. 

Table 2: Measurement of crystallite size and lattice stain of deposited ZnO with variation 

in air flow rate 

Sr.

no  

Air flow 

Rate 

(LPM)  

             (002)  Crystallite 

     Size 

   D(nm)  

Strain(ϵ) 

=
𝛽𝑐𝑜𝑠𝜃

4
 

δ=1/D²  N=t/D³ 

   2θ FWHM 

     (β°) 

1 10  34.381  0.24563  34.021  21.9531  8.69X10
(14)

 1.13X10
18

 

2  11  34.421  0.24053  34.653  21.9063  8.41X10
(14)

 1.98X10
18

 

3  12  34.352  0.25611  32.513  21.9728  9.53X10
(14)

 2.56X10
18
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Fig.2 X-ray diffraction spectra of ZnO thin films deposited with variation in Air flow rate 

Conclusions: 

 The Current work focused on the physical properties of nanocrystallineZnO thin films 

deposited by chemical spray pyrolysis with the effect of air flow rate.The detailed study of 

deposition technique: spray pyrolysis method with its process parameters were studied.The air-

flow dependent variation in structuralproperties of ZnO thin film was studied using X-ray 

diffractometer (XRD). With the variation in air flow rate of spray, ZnO thin films were 

deposited.The process parameters during formation of ZnO thin films were optimized, such as 

substrate temperature 450
0
C, quantity of solution 50ml and substrate to nozzle distance 30cm 

and effect of air-flow rate on formation of ZnO thin film studied.The thickness of ZnO thin films 

with variation in air flow rate (7 LPM to 12 LPM) is measured at constant temperature of 450 
0
C 

using weight difference method. Where we observed that thickness of ZnO thin films increases 

with increase in air-flow rate of the spray.The XRD pattern of ZnOthin film deposited over glass 

substrate shows polycrystalline phase. 
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Abstract: 

           The purpose of this literature specify that graphene and its composites are promising 

multifunctional materials with upgraded tensile strength and elastic modulus, mechanical 

strength, optical property, electrical and thermal conductivity. Its unique quality light weight, 

high strength, outstanding electric conductivity makes it differ from any other material. It has 

capacity to replace the silicon and change the scenario of semiconductor devices. It is a base of 

nano technology. Due to its unique properties, it will set the new dimension in the nano techno 

world. 

Keyword: Molybdenum-disulphide (MoS2), chemically reduced graphene oxide (CRGO), 

indium tin oxide (ITO), graphene oxide (GO), thermally reduce graphene oxide (TRGO) 

Introduction: 

   Graphene is a material of pure carbon. It contains hexagonal pattern similar to graphite, 

but its thickness is like one  atom. A millions of graphene consists a graphite crystal. Graphene 

contains sp
2
 bounded carbon atoms. [1] 

In the graphene the distance between carbon-carbon atoms is 0.142 nm. Graphene is define 

the 2-D materials for examples a layer of Molybdenum-disulphide (MoS2) and Boron-Nitride 

(BN), both have been produced after 2004. [2] 

 Graphene has no energy band gap between the valance and conduction band. There is a 

zero-band gap with small overlapping between valance band and conduction band. Due to the 

high ambi polar electric field effect, the charge carrier concentration is 10
13

 cm
-2

 and there 

mobilities are around 10,000 cm
-2

 s
-1

 at the room temperature. [3] 

  In 2010 two physicsest Andre Geim and Konstantin Novoselov was awarded with Nobel 

Prize in Physics at the University of Manchester for two-dimensional material graphene. 

Graphene is going to revolutionize the 21
st
 century. Graphene has many future applications 

such as super capacitors for store the energy, image technologies, graphene touch screen. It will 

be used in communication. Graphene can be instead use of ITO. 
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Figure 1:-. Lattice structure of (a) graphene, (b) rolled graphene sheet [left: single 

walled graphene; right multiwalled graphene](c) monolayer graphene, (d) 

multilayered graphene (patterned graphene) [8] 

          It admits that ―graphene is the thinnest as well as  strongest material ‖.There are two type 

of bond one is ζ other is π but, the ζ bond is stronger than π bond .The sp
2
 hybridized is due to  

carbon bonds, where the in- plane ζ c-c bond is one of the strong bond in materials and out of the 

plane π bond, which contributes to a at least one covalent bond of electrons is responsible for the 

electron transfer of graphene and provides the weak interaction among graphene layers or 

between graphene and substrate. At the room temperature it‘s thermal conductivity is ~5000 W 

mK
-1

 for a single layer sheet. 

Due to absorption of three percentage of visible light, graphene is highly transparent. 

Graphene has great mechanical strength due to ζ c-c bond. The breaking strength of the graphene 

is forty two Nm
-1

 and Young‘s Modulus is ~o.999 TPa. [3] 

Resistivity of graphene sheet is 10
-6

 Ω cm, which is less than the resistivity of the silver, 

the lowest resistivity substance known at room temperature. graphene has zero <0>eV energy 

band gap so graphene is also called semimetal. The energy band gap in graphene is zero at room 

temperature, so it has high conductivity as silver.[4]  

 

Figure 2: - The energy, E, for the excitations in graphene as a function of the wave 

numbers, kx and ky, in the x and y directions, with zero energy band gap [4] 
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Properties of Graphene: 

There are so much properties of graphene such as mechanical, electrical, electronic, 

optical, magnetic and ferroelectric. 

A. Mechanical Properties 

a. Graphene is also strongest material as compared to other materials. It has thin layer 

but it‘s one layer is rougher than steel. 

b. In graphene the ζ bond is available between the two carbon atoms and ζ bond is 

stronger than π bond  that‘s why graphene is stronger than the steel and some other 

materials. 

c. It‘s thickness is very much less that the thickness of one million graphene layers is 

equal to the thickness of the human hair. 

d. The tensile strength of graphene can be modified by using GO/PI, CRGO/PRA, 

ODA-GO/PI. 

e. Graphene is light in weight because of one atom thin layer. 

B. Electrical Prosperities 

As compare to other materials Silver (Ag) has high conductivity, but graphene has 

higher conductivity than silver. 

a. The electron conductivity of graphene is 10
6
 Ω cm

-1
. 

b. Graphene has zero energy band gap so the electrons easily move from valance band to 

conduction band, whereas insulator has 6eV energy band gap, semiconductor has 

~1eV energy band gap. 

c. By using fillers the electrical properties of graphene can be increased. As a fillers CRGO 

and TRGO is used. By the using of CRGO 0.99 vol %, the conductivity of around 0.1 S m
-

1
 that represent the highly conductive of graphene. [5] 

 

Figure 4: -Energy band gap structure in graphene [6] 
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C. Optical Properties 

At the high frequency conductivity for Dirac fermions in graphene has been stated to be a 

constant equal to πe
2
/2h, from the 300 GHz to 790 THz that includes infrared and visible 

spectrum. 

If graphene has an optical transmittance T and reflectance R then for normal incident of 

light T= (1+1/2πα)
-2

 and reflection R= (1/4π
2
α

2
T), where α is a constant whose value is α = 2πe

2
 

/ hc. In the value of α, e is the charge of electron, h is the Planck‘s constant, and c is the velocity 

of light. [7] 

Future applications of Graphene: 

          Graphene has many future applications. In future silicon(Si) will be replaced by the 

graphene. The future applications of graphene is based on it‘s unparalleled properties such as 

mechanical strength, electrical conductivity, tensile properties, thermal conductivity etc. The 

future applications of graphene are as follows:- 

a. Recently ITO used for touch screen but it is expensive, so graphene can be used at the 

place of ITO. 

b. Due to low weight and high strength, graphene can be used in aircraft and satellites. 

Graphene can be used to produce sound by converting electrical energy. 

c. Graphene is also used to make the integrated circuit. 

d. Graphene works as a rust proofing coating as it is also repeal water, so it can be used to 

making as a water proof thing thus prevent from corrosion. 

e. A carbon nano tubes and composite fiber which is made by graphene are stronger as 

compare to Kevlar which is used to make the bulletproof vests. 

f. Graphene will also used as a high sensitive and high flexible photo detector for high vision 

as its thin layer dotted with lead sulphide. 

g. Super capacitors can be make batteries obsolete by using of graphene. 

h. It is used to fabricate the electronic devices like FET‘s. 

 The decrease in rate of heat deception because of decrease the requirement of cooling fan 

in computer due to Graphene. 

Conclusion: 

In this paper the introduction of graphene, it‘s properties and it‘s future applications have 

been reviewed. It has been found that by the using of fillers we can increase the electrical 

conductivity properties, optical properties, mechanical properties, thermal conductivity 
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properties and other properties can be change according to the fever of humanity. Basically 

graphene is the base or root of the nano technology. 
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Abstract:  

 Among the several wet chemical methods for preparing thin uniform coatings of 

nanoparticles, spin coating is an attractive, relatively simple method. The process parameters can 

be optimized to obtain desired quality of the thin films. This article provides a detailed review of 

the spin coating method to achieve thin and uniform coatings. The effect of several processing 

parameters involved in the spinning process, including dispense, volume, final spin speed, final 

film thickness, solution viscosity, solution concentration, and spin time, are discussed. Four 

distinct stages of the spin coating process such as i) a dispense stage, ii) substrate acceleration 

stage, iii) a stage of substrate spinning at a constant rate and fluid viscous forces dominate fluid 

thinning behaviour, and iv) a stage of substrate spinning at a constant rate and solvent 

evaporation dominates the coating thinning behaviour are discussed in detail.  

Keywords: Spin-coating, thin films, nanoparticles, chemical methods,  

1. Introduction 

Thin films exhibits exceptional properties. Various chemical and Physical techniques are 

being utilized to deposit thin films. These techniques include wet chemical methods [1], 

sputtering [2], physical vapor deposition (PVD), pulsed laser deposition [3], metal-organic 

chemical vapor deposition [4], molecular beam epitaxy [4], flux methods [5], spin coating and 

even top-down approaches by etching [6]. Each technique has its own merits and demerits for 

example, physical vapor deposition (PVD) need high temperatures [1]. These high temperature 

requirements limit their utilization for coating flexible organic substrates, which are suitable for 

future foldable and portable electronics and other similar kind of applications. Metal-organic 

chemical vapor deposition (MOCVD), and molecular beam epitaxy(MBE) are sophisticated and 

costly techniques, give high-quality thin films but are usually limited by low product yield, and 
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selection of a substrate. Moreover reproducibility and controllability issues are observed in 

Pulsed laser deposition (PLD), sputtering and top-down approaches. The most suitable method to 

obtain polycrystalline films is electrospunning. Nanoparticle based thin films are required in 

various electronic applications. In this view, the spin coating technique is comparatively 

attractive, low cost and simple technique for thin film deposition. One can easily highlight added 

advantages of this techniques as fast process, cost effective, less harmful and near room 

temperature process suitable and compatible for depositions on flexible organic substrates and 

can be integrated with well developed silicon technologies [7]. Spin coating technique is used to 

prepare the thin film in micro to the nanometre scale range. The instrument is used for the spin 

coating method is called a spinner or spin coater. The morphologies and properties of the final 

products can be tuned effectively, thereby controlling the variability of parameters like fume 

exhaust, acceleration, time of spin, spin speed, etc. The pioneering analysis of spin coating was 

performed in 1958 by Emil et al. They considered the spreading of a thin asymmetric film of 

Newtonian fluid on a planner substrate rotating with constant angular velocity [7]. In many 

cases, material in the polymeric solution form is evaporated to achieve coatings. 

Repeatability and controllability of the coating process is a prominent characteristic of 

the process, which also permits a firm control of the morphologies and properties of the 

produced films. Spin coating applications can vary significantly. Spin coating was first studied 

for coating paint and pitch [8]. The technique can be used to coat small substrates e.g. few mm 

square to flat-panel TVs that might be a meter or more in diameter. It is used for coating 

substrates with everything from photoresists, insulators, organic semiconductors, synthetic 

metals, nanomaterials, metal and metal oxide precursors, transparent conductive oxides, and 

many more materials. This process has been widely used in manufacturing integrated circuits, 

color television screens, optical mirrors, and magnetic disks for data storage, sensors, and 

organic electronic devices [9]. In short, it is pervasive throughout the nanotechnology and 

semiconductor Industrial areas. 

2. Synthesis parameters and their significance 

Numerous processing parameters are involved in the spinning process like solution 

viscosity, solution concentration, spin time, volume, final spin speed, dispense final film 

thickness, etc. Using different parameters film thickness and radius of spreading are calculated. 

The film-forming process is primarily driven by two independent parameters, viscosity and spin 

speed. The film thickness range easily achieved by spin coating is 1–200  μm. A general spin 

process would dispense a coating solution onto a substrate. The spin speed of the substrate would 

then be higher than a pre-established speed for a given period. During this spin time, the coating 
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solution will be spread across the substrate and all excess would be forced off. The sample would 

then be slowed at a given rate to a stationary state. The sample would then be cured by the 

mechanism dictated by the chemistry used. The process parameters that control this coating 

procedure are dispense amount and location, spins speed during dispensing, acceleration rate, 

spin time, deceleration, and multiple or complex spin profiles [10].  

Dispense Amount  

The process said to be cost effective if a minimum quantity of fluid covers the substrate 

fully. This quantity affects the final coating coverage of the substrates. The   Furthermore, the 

amount dispensed can affect the final coating coverage, mainly at low levels of dispensing. The 

amount dispensed must be balanced between having enough of the coating solution for complete 

coverage and minimizing waste and the need for recycling [8]. 

Spin During Dispensing 

The substrate often will be spinning while the coating solution is dispensed. This 

spinning process will aid in complete coverage.  

Acceleration Rate 

Immediately after dispensing, the sample accelerates to a specified spin speed. In addition 

to the centrifugal forces that are used to spread the liquid over the substrate, there is also a force 

due to the acceleration from a low to high spin speed. This acceleration will influence the final 

coating coverage. A higher acceleration will lead to a lower coating coverage.  

Spin Speed 

The centrifugal forces, as stated formerly, spread the liquid over the substrate. As the 

sample spins at a higher rotational acceleration, the force on the liquid increases. 

Correspondingly, the amount of liquid forced from the sample also increases, leaving a lower 

thickness or coating coverage. 

Spin Time 

Most of the coating solution is removed from the sample as the sample spins. Hence, the 

spin time will also impact the final coating coverage. The effect of spin time on coating coverage 

is large for short periods, but as the time increases a point of diminishing returns will occur, and 

the influence is negligible. 

Deceleration Rate 

Just as the acceleration rate will impact the properties of the coating, the deceleration rate 

also has the same potential. At this stage of the spin process, the amount of coating liquid 
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remaining on the sample is small and the impact of this change in spin speed is typically 

minimal. 

3. Operation mechanism and theoretical aspects 

There are four distinct stages to the spin coating process. These include:  

 A dispense stage  

It is the first stage in the spin coating process. In this stage of processing resin fluid is 

dispensed on the substrates as shown in Fig. 1(a). Generally, there are two methods which are 

utilized to dispense solution on the substrates viz. static and dynamic methods. Two common 

methods of dispense are dynamic dispense and static dispense. In static dispensing method a 

small puddle of fluid is dispensed on or near the centre of the substrate. The amount of fluid 

utilized in this process is around 1-10 cc. This amount is decided based on the surface area of the 

substrate to be coated and the viscosity of the fluid and the size of the substrate to be coated. On 

the other hand in dynamic dispensing method substrates initially is rotated. This method is 

suitable for covering large surface area and also if the viscosity of the fluids is large. Dynamic 

dispense is the process of dispensing while the substrate is turning at a low speed. A speed of 

about 500 rpm is commonly used during this step of the process. This helps to spread the fluid 

over the substrate and can result in less waste of resin material since it is usually not necessary to 

deposit as much to wet the entire surface of the substrate [7].  

Substrate acceleration stage  

This is second and aggressive fluid ejection stage in the spin coating process. In this stage 

wafer is rotated with high speed and fluid of specific depth is dispensed on the wafer. Due to 

high speed of the wafer rotation, fluid over it experiences rotational motion and drag. The top 

layer of the fluid experiences different force than the bottom layer of the fluid than that is close 

to the surface of the wafer as shown in fig. 1(b). This gives rise to the twisting of the fluid layers 

and hence special vortices formation in the fluid takes place. Inertia of top layer will be large and 

wafer is rotating faster. This causes fluid to spread over the surface of the wafer forming a thin 

and uniform layer of the fluid.  At typical wafer speeds viscous shear drag exactly balances the 

rotational accelerations. Typical spin speeds for this stage range from 1500-6000 rpm, again 

depending on the properties of the fluid as well as the substrate. This step can take from 10 

seconds to several [11]. 

 A stage of substrate spinning at a constant rate and fluid viscous forces dominate fluid 

thinning behaviour  

This stage is characterized by gradual fluid thinning. Fluid thinning is usually quite 

uniform (as in Fig. 1(c)), though, with solutions containing volatile solvents, it is often possible 
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to see interference colours ―spinning off‖, and doing so progressively more slowly as the coating 

thickness is reduced. Edge effects are often seen because the fluid flows uniformly outward, but 

must form droplets at the edge to be flung off. Thus, depending on the viscosity, surface tension, 

rotation rate, etc., there may be a small bead of coating thickness difference around the rim of the 

final wafer. Mathematical treatments of the flow behaviour show that if the liquid exhibits 

Newtonian viscosity and if the fluid thickness is primarily uniform across the wafer, then the 

fluid thickness profile at any following time will also be uniform leading to a uniform final 

coating [1], [8]. 

 A stage of substrate spinning at a constant rate and solvent evaporation dominates the 

coating thinning behaviour  

As the prior stage advances, the fluid thickness reaches a point where the viscosity effects 

yield only rather minor net fluid flow. At this point, the evaporation of any volatile solvent 

species will become the dominant process (Fig. 1(d)) occurring in the coating. In fact, at this 

point, the coating effectively ―gels‖ because as these solvents are removed the viscosity of the 

remaining solution will likely rise effectively freezing the coating in place. This behaviour was 

used in the seminal work of Meyerhofer where he quantified the coating thickness dependence 

on spin speed and viscosity and its relationship to the evaporation rate [12], [13]. 

After spinning is stopped many applications require that heat treatment or ―firing‖ of the 

coating be performed (as for ―spin-on-glass‖ or sol-gel coatings). moreover, photoresists usually 

undergo other processes, depending on the desired application. Clearly, stages (iii) and (iv) 

describe two processes that must be happening concurrently throughout all times (viscous flow 

and evaporation).  

 

 

 

Fig. 1 Four distinct stages to spin coating [10] 
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4. Merits and demerits 

Spin coating methods merits are the ease and relative simplicity with which a process can 

be set up, coupled with the thin and uniform coating that can be achieved. Due to the ability to 

have high spin speeds the high airflow leads to fast drying times, which in turn results in good 

consistency at both macroscopic and nano length scales [8]. 

Spin coating methods demerits is that it is an inherently batch (single substrate) process 

and so has a relatively low throughput compared to roll-to-roll processes. The quick-drying times 

can also lead to a lower performance for some particular nano-technologies, which necessitate 

time to self-assemble and/or crystallize. Finally, the actual material used in a spin coating 

process is typically very low (at around 10% or less), with the rest being flung off the side and 

wasted. Whilst this is not usually an issue for research environments, it is wasteful for 

manufacturing. Despite these drawbacks, spin coating is generally the starting point and 

benchmark for most academic as well as industrial processes that need a ultrathin and uniform 

coating [14]. 

 5. Conclusion: 

 Spin coating is simple and cost effective technique to achieve required coatings of thin 

films of materials. However, the processing parameters substrate spinning speed and amount of 

solution dispended need to be optimized carefully to achieve the uniform coatings consuming 

minimum amount of the solution.  
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Abstract:  

 This paper reports the Ku band (13-18GHz) response of thick film equilateral triangular 

microstrip patch antenna to moisture laden groundnut seeds (Arachis Hypogaea) using overlay 

technique. The moisture dependent microwave permittivity has been reported by using the 

frequency response. The thick film patch antenna is sensitive even to ~ 4.88% moisture content 

in the overlay material. The actual moisture content and predicted moisture content match 

indicating that this technique can be used for even moisture sensing at low moisture levels. 

Key words: Ag thick film patch antenna, Ku band frequency response, dielectric constant, 

Moisture content. 

Introduction: 

 Measurement of the dielectric properties of moist granular materials such as oilseed is 

essential for understanding their electrical behaviour [1] and the development of indirect 

nondestructive methods for determining their physical characteristics including moisture content 

and bulk density [2-6]. Every natural and synthetic object reflects and emits electromagnetic 

radiation, according to the chemical composition and physical state. Agricultural biomaterials are 

basically materials consisting of organic and inorganic inclusions along with water. In the 

microwave region of the electromagnetic spectrum , dielectric properties of the moist granular 

materials depends on frequency, moisture content, bulk density and temperature [7-8].  

 Oil seeds form a major constituent of the agricultural and food sector. Groundnut seeds 

(Arachis Hypogaea) are an important legume nut known for its multifarious uses such as oil 

production, direct human consumption as a food and also animal consumption in the form of 

hay, silage and cake. The protein, oil, fiber and moisture contents in these seeds affect their 

usefulness and self life. A small change in the seed moisture content has a large effect on the 

storage life of the seeds. The dielectric properties of the granular biomaterials are dependent on 

the moisture content. The presence of water in varying quantities can be detected using 

microwave methods. The microstrip component being in planar form can offer an alternative 

miniaturized device for granular materials of uneven shape and size like oil seeds and cereal 
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grains. Use of microwaves to study moisture content related dielectric properties of granular 

biomaterials have been reported .Use of miniaturized thin film microstrip ring resonator for 

moisture content studies have been reported. The microstrip component being in planar form can 

offer an alternative miniaturized device for granular materials of uneven shape and size like oil 

seeds and cereal grains. Use of microwaves to study moisture content related dielectric properties 

of granular biomaterials have been reported [9-12]. 

 Microstrip thick film patch antennas are very important component for space and remote 

sensing applications. This overlay technique is nondestructive and is useful irrespective of the 

size and shape of the overlaid material and also it provides ease of loading and unloading of the 

sample. For biomaterials like seeds which vary from sample to sample this technique might be 

very cost effective for dielectric characterization and moisture content determination. A single 

seed is sufficient for this purpose. 

The in touch overlay technique on resonant Ag thick film equilateral triangular microstrip patch 

antenna was used for the studies. The effect of changes in the moisture content in the groundnut 

seeds on the various properties of the patch antenna is reported. The changes have been used to 

predict the permittivity and moisture content. 

Methodology: 

 The Ag thick film equilateral triangular microstrip patch antenna with the microstrip 

feedline was fabricated using screen printing technology on 96% alumina substrate. The thick 

film circuit was fired at 700
0
C by conventional thick film firing cycle. The dimensions were 

calculated using the relation as given by Nasimuddin et al [13]. The antenna had a resonance at 

17.7 GHz with a peak intensity of `37% and band width of 130 Mhz. the Q of the antenna was 

134.6.   

 The frequency response of the microstrip patch antenna is given in fig.1. The detailed 

experimental procedure is given elsewhere. The investigations were done for as it is seeds, fully 

soaked for 24 hours and dried naturally upto 144 hrs. The moisture content was measured on wet 

basis using gravimetric method. The fresh groundnut seed had a moisture content of ~8.48% and 

fully soaked ~61.73%. The dried seed after 144 hrs had a moisture content of ~4.88%. The seeds 

were soaked in distilled water for 24 hrs for maximum moisture absorption as confirmed by no 

further weight increase of the seed as measured by microbalance (K-16Micro, accuracy 0.001 

mg).  

Results and Discussion: 

 The effect of groundnut seed overlay of different moisture content is given in fig 2. From 

the figure it is seen that there is a shift in the resonance peak towards lower frequency due to 
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overlay. As moisture content in the seed increases the peak shifts further with decreases in peak 

amplitude. In the figure 0% moisture content indicates antenna without overlay. 

 The shifts in the resonance frequency and reflectance data has been used to calculate [14] 

the moisture dependent permittivity of the groundnut seed.  

  

 

 

 

 

 

 

 

 

  Fig. 1. The frequency response of the microstrip patch antenna 

  Fig.3. shows the variation of the dielectric constant (ε‘) and dielectric loss (ε‖) of c as a 

function of moisture content. The dielectric constant and dielectric loss are in the range expected 

for these oil seeds. By using resonance frequency (fr) of the equilateral triangular microstrip 

patch antenna the moisture content of groundnut seeds can be predicted. From fig.2 it is seen that 

as moisture content increases resonance frequency decreases. 

 

 

 

 

 

 

Fig.2. Effect of moisture content Fig.3. Permittivity of Groundnut seed 

as a function of moisture content 

For moisture content prediction, compensation has to be done for the density effects. A 

calibration equation has to be used to provide single moisture content for a particular frequency. 

The variation of fr, B and Q with moisture content of groundnut seed is plotted in the figure 4. 

From the figure it is seen that as moisture content increases resonance frequency fr and quality 

factor Q decreases while bandwidth B increases. The best linear fitting equation for resonance 

frequency, bandwidth and quality factor is, 

  fr = 17.45 - 0.004M 

  B = 39.19 + 1.319M 

And,   Q = 327.8 + 3.516M 
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 Here fr is in GHz. The slope of linear fit gives the sensitivity of the sensor. From the 

figure 5 it is seen that the experimental points match with the straight line passing through the 

origin indicating that these measurements can be used to predict moisture content in seeds. The 

patch antenna in the presence of a lossy medium like moisture laden biomaterials consumes 

much power due to the ohmic losses in the near zone of antenna. The overlay being kept in-touch 

can be a dominant phenomenon. The dielectric constants obtained by other method indicating 

that the overlay method can be used to characterize biomaterials like oilseeds which have a 

mixture of various dielectric inclusions. 

 The relative permittivity of pure water is ~60 at 15 GHz. In the Ku-band and beyond 

water dominates the dielectric properties of the seeds. 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Variation of Equilateral Triangular patch antenna parameters (fr, B, Q) as a function 

of moisture content in Groundnut seed overlay 

 

 

 

 

 

 

 

 

 

 

Fig.5. Predicted moisture content versus actual moisture content for Groundnut seed overlay 
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Conclusion: 

  Ag thick film equilateral triangular microstrip patch antenna has been used to predict 

permittivity and moisture content of moisture laden groundnut seeds. This can be a cost effective 

miniaturized non destructive sensor for measuring dielectric constant and moisture content in 

individual seed that is easy to use. The permittivity of groundnut seeds increases with increase in 

moisture. The graph of actual and predicted moisture content showing straight line indicates that 

these types of overlay on patch antenna can be used for sensing moisture especially for 

biomaterials, since any size and shape of the overlay can be used, 
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Abstract:  

 The effort of collecting, electricity utility meter reading. Internet of Things (IoT) present 

an efficient and co- effective to transfer the information of energy consumer wirelessly as well as 

it provides to detect the usage of the electricity the main intention of this project is measure 

electricity consumption in home appliances and generate its bill automatically using IoT. The 

energy grid needs to be implemented in a distributed topology that can dynamically absorb 

different energy sources. IoT can be utilized for various applications of the smart grid with 

distributed energy plant meter, energy generation and energy consumption smart energy meter, 

energy demand side management and various area of energy production. On the mobile IoT app, 

the amount of energy consumed and the consumers reported will be displayed continuously. 

Both electricity consumers and the utility company would be able to monitor electricity 

consumption remotely with this method. The system is effective and cross-checked because 

usage can be monitored remotely by the utility company and users, and revenue received can be 

double-checked. 

Keywords: Smart Energy Meter, IoT System, Google Firebase database 

Introduction: 

 This project describes the digitization of load energy usage readings over the internet. 

The proposed system design eliminates the involvement of human error in electricity 

maintenance. The user can monitor energy consumption in watts from a webpage by providing a 

channel id for the load. The Webpage utilizes the Google Firebase analytics to analyze the 

energy usage to give more detailed description and visualization of the energy usage statistics. 

Wi-Fi unit performs IOT operation by sending energy data of the load to the webpage which can 

be accessed through the channel id of the device. In the proposed system, consumer can do 

power management by knowing energy usage time to time. This proposed system utilizes an 

ESP32microcontroller. The unit which is generated can be displayed on the webpage through the 

Wi-Fi module. 
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Objectives: 

1. Measure and monitor power usages from anywhere 

2. Using wroom ESP32 and send the measured motor pulses values to the IoT cloud. 

3. The web page utilizes Google firebase analysis to analyze the energy utilization using 

JavaScript 

Block Diagram: 

 

 

 

 

 

 

 

Working: 

 In the proposed work I have designed an energy meter with an esp32microcontroller with 

getting electric pulses with the help of energy which are interfaced with IoT cloud. In the 

proposed model Firebase cloud is utilized to supply a secured communication between the power 

boards to the meter. It reduces the human interference to collect the monthly reading and it also 

saves time and money. To drive the ESP32 uc and the current sensor a control supply. ESP32 

module is utilized as a central controlling and checking framework for all gadgets. Hand-off will 

come into the picture when the charge isn't paid to cut off the control supply. In the proposed 

model Firebase cloud is utilized to supply a secured communication between the power board to 

the meter and the same is utilized to alert the shopper when the charging time is come to 

moreover to send charge subtle elements. The current sensor is utilized to sense control 

utilization which is interfaces to Hub MCU. The client can get the data approximately the vitality 

utilization, loads associated, corresponding billed sum through the devoted app which can be in 

their keen phones by the conclusion of the month. At that point, one can specifically pay our 

charge through that app. In case the charge was not paid at that point the meter will naturally get 

turn off. To turn off the meter a few limits esteem can be set for that. Consequently, we are able 

to effectively to control data. 

 From this Project we can conclude that by implementing the Intelligent Power Meter 

system we get bill from the electricity board through the display device attached with the system. 

By this the meter can communicate with the electricity board through a wireless module. 

 An additional function attached to this system are when there is a power failure, meter 

complaint or any other faults with the system, it reports to the electricity board through the 

wireless module.  In the same way a server system is working in the electricity board. It includes 
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a receiver and transmitter. It always communicates with the power meters attached to all 

customers. 

Conclusion: 

 In this proposed system we are going to make IoT base android application with java 

script program with interface google firebase. In google fire base we are creating meter reading 

program with the help of ESP32 those program interface with IoT application. Whatever meter 

consuming pulse can calculate and display on android-based phone application. 
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Abstract: 

          The Ni-Zn ferrite with composition Ni0.8Zn0.2Fe2O4, ferroelectric material BaTiO3 and 

their composite having chemical formula   (Ni0.8Zn0.2Fe2O4)x + (BaTiO3)(1-x)  (where x = 0.1, 0.2, 

0.3, 0.4) were synthesized by standard ceramic method. The ferrite, ferroelectric and composite 

materials were sintered at 900ºC for 9 hours, 1100ºC for 11 hours and at 1200ºC for 8 hours 

respectively. All the samples were characterized by X-ray diffraction technique. X- ray 

diffraction study confirms the formation of single phase cubic spinel structure for ferrite, 

tetragonal structure for ferroelectric materials and both individual ferrite as well as ferroelectric 

phase present for composite materials. DC Resistivity study shows semiconducting behavior at 

and above room temperature. It is also observed that resistivity of ferroelectric material is greater 

than ferrite and their composite. Every resistivity curve shows ferrimagnetic region as well as 

paramagnetic region. 

Keywords: Ferrite; Ferroelectric; Composite; XRD DC electrical resistivity. 

1. Introduction 

Composite material is one of the material in which two or more materials combined 

physically to form a new single material. The properties of the new material is depends on the 

properties of the constituent phase as well as the properties interface. The magneto-electric 

composite (ME composite) is the composite material which shows magnetoelectric effect. In the 

magnetoelectric effect, electric field is generated by applying magnetic field and vise a versa. 

ME composites are prepared by combining the ferrite materials which possesses ferromagnetic 

property and ferroelectric material that possesses piezoelectric property [1-4]. 

A ferrite is a type of ceramic compound composed of iron oxide combined chemically 

with one or more additional metallic elements. Ferrite possesses wide range of magnetization and 

shows electrical resistivity varies from 10
-3

 to 10
11

 Ωcm. A ferro-electric material is a dielectric 

material with spontaneous electric polarization that can be reversed by the application of an 
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external electric field. Ferrites are prepared by various methods such as sol-gel, ceramic, co-

precipitation, citrate precursor, hydrothermal, layered precursor, shock wave treatment, thermal 

decomposition etc. [5-6]. Ferroelectric materials have been prepared through different techniques 

like the hydrothermal method, sol-gel, solid-state reaction, processing the oxalate route 

microwave heating, a micro-emulsion process, a polymeric precursor method and solvothermal 

routes[6-7].  

In present work double sintered ceramic method is used to prepare the ferrite 

(Ni0.8Zn0.2Fe2O4), ferroelectric material BaTiO3 and their composites [(Ni0.8Zn0.2Fe2O4)x + 

(BaTiO3)(1-x) (where x = 0.1, 0.2, 0.3, 0.4)]. 

2. Experimental  

The solid state reaction method was used to synthesis ferroelectric BaTiO3 (BTO) and 

nickel-zinc ferrite (NZF) with chemical formula Ni0.8Zn0.2Fe2O4. To prepare Ni-Zn ferrite the 

required molar proportions of AR grade nickel oxide, zinc oxide and ferric oxide were mixed in 

an agate motor and milled with acetone base for 2 hours to achieve homogeneous mixture. The 

mixed powder was then sintered at 900
o
C for 9 hours. 

The barium carbonate and titanium dioxide with required molar proportion was used to 

synthesis of ferroelectric BaTiO3 material. The resulted ferroelectric material was then sintered 

at 1100
o
C for 11 hours. 

 The composites of (Ni0.8Zn0.2Fe2O4)x + (BaTiO3)(1-x)  (where x = 0.1, 0.2, 0.3, 0.4) were 

sintered at 1200
o
C for 8 hours. The sintered composite powders were milled with acetone base as 

a fine powder and for reference labeled as ME1, ME2, ME3 and ME4. The hydraulic press was 

used to form pallets of all materials. 

Philips PW 1710 X-ray diffractometer with Cu-Kα radiation of wave length 1.5418 Å 

was used to study structural parameters of ferrite powder, ferroelectric powder and their 

composites. The standard two probe resistivity measurement method was used to measure 

resistivity of all samples. 

3. Results and discussion: 

3.1. X-ray Diffraction:  

Figure 1 shows X-ray diffraction patterns of Ni-Zn ferrite (NZF), BaTiO3 (BTO) and 

their composites ME1, ME2, ME3 and ME4. The presence of diffraction planes (220), (311), 

(222), (400), (422), (511) and (440) for NZF sample indicates the formation spinel ferrite. The 

lattice parameter of NZF is a = 8.404 Å. The existence of (001). (101), (200), (211), (112), (220), 

(212) and (301) planes in the diffraction pattern of BTO, confirms the formation of tetragonal 
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structure. The lattice parameters of barium titanate are a = 4.007 Å, c = 4.012 Å and c/a= 1.001. 

In the diffraction pattern of composites the ferrite phase is indicated with (hkl)*. The presence of 

most intense diffraction plane (101) at diffraction angle of about 30º and the plane (311) near 

about at diffraction angle 35º confirms the presence of both individual ferroelectric and ferrite 

phase in composites respectively [8,16]. Their respective lattice parameters are a = 4.098 Å, c = 

4.099 Å and c/a= 1.001 and a = 8.410 Å. It is seen that sharpness and intensity of (311) peak  for 

composites increases with increase in concentration of ferrite. It is clear that observed and 

calculated values of interplaner spacing  (dobs & dcal) for all the samples are nearly equal (Table 

1).  

 

 

 

 

Table 1.Observed and calculated values of interplaner spacing for NZF, BTO and 

composite with concentration x = 0.4 

NZF BTO x = 0.4 (ME4) 

(hkl) dobs dcal (hkl) dobs dcal (hkl) dobs dcal 

(220) 2.971 2.966 (001) 4.0127 4.031 (100) 4.079 4.019 

(311) 2.536 2.533 (110) 2.835 2.8383 (110) 2.891 2.842 

(222) 2.409 2.423 (111) 2.317 2.314 (311)* 2.536 2.533 

(400) 1.697 1.715 (200) 1.999 1.998 (111) 2.353 2.342 

(422) 1.697 1.715 (102) 1.7910 1.799 (400)* 2.022 2.009 

(511) 1.6196 1.617 (112) 1.635 1.641 (211) 1.443 1.441 

(400) 1.486 1.485 (202) 1.4195 1.419 (440)* 1.359 1.356 

- - - (212) 1.336 1.337 (531)* 1.281 1.280 

- - - (301) 1.265 1.265 (103) 1.092 1.093 

- - - (311) 1.2084 1.206 - - - 
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Fig. 1 X-ray diffraction patterns of Ni0.8Zn0.2Fe2O4, BaTiO3 and their composites ME1, 

ME2, ME3 and ME4  

3.2. D.C. Electrical Resistivity 

Variation of logarithmic DC electrical resistivity with reciprocal of temperature for 

Ni0.8Zn0.2Fe2O4, BaTiO3 and their composites with compositions (Ni0.8Zn0.2Fe2O4)x + (BaTiO3)(1-

x) (where x = 0.1, 0.2, 0.3 and 0.4) (ME1, ME2, ME3 and ME4 ) is shown in Fig. 2. From this 

figure, it is seen that there are two regions of conductivity for ferroelectric sample. First region is 

at lower temperature which attributed ordered ferroelectric phase and the second region is at 

higher temperature shows disordered paraelectric phase. In case of ferrite and composites (ME3 

and ME4) resistivity decreases with increase in temperature showing semiconducting behavior. 

The decrease in resistivity with increase in temperature is observed due to increase in thermally 

activated drift mobility of charge carriers. It is also observed that there are two regions, one is for 

ferrimagnetic and other is for paramagnetic. Above Curie temperature ferrimagnetic behavior 

becomes paramagnetic one [9-11]. The break at Curie temperature is observed for all composites 



Department of Physics, S. G. M. College, Karad (M.S.) India 

88 
 

shows the ferro to para phase transition.[12-13]. It is also observed that resistivity of ferrite 

sample is less than ferroelectric sample. The resistivity of composite sample lies in between 

resistivity of ferrite and ferroelectric sample [14-16]. 

 

Figure 1: DC electrical resistivity of  Ni0.8Zn0.2Fe2O4, BaTiO3 and their composites having 

compositions (Ni0.8Zn0.2Fe2O4)x + (BaTiO3)(1-x)  (where x = 0.1, 0.2, 0.3, 0.4)  

 

4. Conclusions: 

Successful formation of single phase cubic spinel structure of ferrite, tetragonal structure 

of and both individual ferrite as well as ferroelectric phase present in composite materials are  

confirmed from XRD analysis. The resistivity of ME composites lies in between resistivity of 

ferrite and ferroelectric material. It is also observed that resistivity of ferroelectric material is 

greater than ferrite and their composite. Every resistivity curve shows ferrimagnetic and 

paramagnetic region. 
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Abstract: 

Thin films of Zn1-xNixFe2O4(where x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) have been prepared 

using a spray pyrolysis method. These films were characterized for their structural, 

morphologicaland electrical properties. The Rietveld powder structure refinement analysisof 

NixZn1-xFe2O4 thin films was carried out by X-ray diffraction data. Lattice parameter decreases 

with composition. Based on the occupancy of the atoms cation distribution was proposed to be 

(ZnxFe1-x) [Ni1-xFe2-x]O4.The Scanning electron microscopy (SEM) images show that the films 

are uniform in nature with formation of cube like structure of the grains. The scanning electron 

micrographs (SEM) reveal the smooth surface morphology and the formation of the compact 

grain structure. From the Atomic Forced Micrographs (AFM), it is seen that the films are crack-

free and having densely packed microstructure. 

Keywords:NixZn1-xFe2O4 thin films;XRD and Rietveld Analysis; SEM; AFM. 

1. Introduction 

 Ferrites are an important group of magnetic materials with a wide range of applications 

due to their magnetic properties and low dielectric loss [1].  Ferrite attracted considerable 

attention in the field of technological and electrical industries because of their high frequencies. 

Among the different ferrites, nickel–zinc (Ni-Zn) ferrite is one of the most promising magnetic 

materials and thin films of nickel-zinc ferrites are mainly used in high frequency applications [2]. 

Because of high resistivity, mechanical hardness, high Curie temperature and chemical stability 

the Ni-Zn ferrites they are generally used for power transformers, power inductors, microwave 

devices, read and write heads for high speed digital tape, etc. [3]. The bulk form of Ni-Zn ferrite 

used in discrete devices at microwave frequencies which cannot be compatible with the rapid 

development of electronic applications such as downsizing, lightweight and multifunction. But, 

the thin films of Ni-Zn ferrite were incorporated into magnetic integrated circuits (MAGIC) and 

are expected to replace the surface mounted devices (SMD) in near future [4]. Ferrite 

nanomaterials have been fabricated by a number of techniques such as citrate-route [5], wet 

chemical technique [6], spin-coating technique [7], mechanical alloying technique [8], 

combustion technique etc. [9]. Sun et al. prepared Sn substituted nickel zinc ferrite thin films by 
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sol-gel technique and reported that the saturation magnetization decreases with increasing Sn 

substitution [10]. Zi et al. prepared the nickel zinc ferrite thin films by simple chemical technique 

and studied the morphology and magnetic properties on the influence of annealing temperature 

[11]. Shimada et al. prepared the nickel zinc ferrite thin films by spin spray technique and 

reported that the permeability should be attributed to spin rotation that is dominated by the 

crystalline anisotropy [12].  

 In comparison with other chemical deposition techniques, spray pyrolysis has several 

advantages such as high purity, excellent control of chemical uniformity and stoichiometry in 

multi-component system. The present study aims to prepare NixZn1-xFe2O4 (where x = 0.0, 0.2, 

0.4, 0.6, 0.8, 1.0) ferrite thin films by spray pyrolysis method. The effect of Ni substitution in 

Zn1-xFe2O4 was studied by XRD, SEM, AFM and resistivity.  

2. XRD andRietveld Analysis - 

 The Rietveld fitting output of X-ray powder diffraction patterns of           NixZn1-

xFe2O4 thin films is shown in Fig. 4.3. Reflection positions are marked at the bottom of the plot 

along with residues of the fittings. For NixZn1-xFe2O4 thin films, the (cubic) space group is taken 

as Fd–3m (227) with various atoms in special Wyckoff positions. Typical atomic coordinates (x, 

y, z), isotropic factor (Biso) and occupancies of different atoms for various compositions in 

NixZn1-xFe2O4 thin films are given in Table 4.2. The various R factors and microstructure 

parameters of Reitveld profile fitting are specified in Table 4.3. A low value of 
2
 (goodness of 

fit- GoF) have been observed which supports good agreement between the observed and 

calculated intensities. Lattice parameter decreases with the addition of Ni content possibly due to 

replacement of larger Zn
2+

 (Ionic radius ~ 0.83Å) ions by relatively smaller Ni
2+

 (Ionic radius ~ 

0.74Å) ions [13, 14]. This result is in good agreement with results obtained from XRD. Relative 

peak intensities decreased with composition (x). Observed small misfits of a calculated profile of 

the x = 0.2 and x = 0.4 samples is due to the slight FWHM mismatch [15]. The peak shape is 

assumed to be a pseudo-Voigt function with asymmetry. To account for an instrumental 

broadening correction, a Si standard sample is used.The Marquardt least-squares procedures 

have been adopted for minimizing the difference between the observed and simulated powder 

diffraction patterns and the minimization is carried out by using the reliability index parameters, 

Rwp (weighted residual error), RB (Bragg factor) and Rexp (expected error). Refinement continued 

till convergence was reached with the value of the quality factor, goodness of fit - GoF, 
2
, 

approaching 1.The broadening of the diffraction peaks is due to smaller crystallite/ particle size 

and the presence of root mean square (r.m.s.) strain in the particles. The crystallite size and strain 

broadening is approximated with Cauchy and Gaussian functions respectively [16] along with 

asymmetry in the diffraction profile. The particle size of the thin films decreases with 

composition possibly due to decrease in lattice constant with composition (x). The lattice strain 
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is found to be isotropic with respect to composition for x = 0.2. Relatively higher value of the 

r.m.s. strain for x = 0 thin film sample is due to the lesser crystallite size of this composition. 

 

Fig. 1 Rietveld refined X-ray diffraction patterns of NixZn1-xFe2O4 thin films 
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Table 1 Typical Wyckoff positions, atomic coordinates (x, y, z), B is o and occupancy of 

different atoms for NixZn1-xFe2O4 thin films 

x = 0 

Atom 

Wyckoff 

position x y z Biso Occ 

Fe1 8b 0.625 0.625 0.625 1.841492 1 

Zn 16c 0 0 0 8.190273 1 

O 32e 0.388466 0.388466 0.388466 0.575167 1 

x = 0.2 

Atom 

Wyckoff 

position x y z Biso Occ 

Fe1 16c 0 0 0 5.68475 0.2 

Fe2 8b 0.625 0.625 0.625 7.020499 0.9 

Ni 8b 0.625 0.625 0.625 7.020499 0.1 

Zn 16c 0 0 0 5.68475 0.8 

O 32e 0.367509 0.367509 0.367509 6.629267 1 

x = 0.4 

Atom 

Wyckoff 

position x y z Biso Occ 

Fe1 16c 0 0 0 7.012813 0.4 

Fe2 8b 0.625 0.625 0.625 5.80939 0.8 

Ni 8b 0.625 0.625 0.625 5.80939 0.2 

Zn 16c 0 0 0 7.012813 0.6 

O 32e 0.377492 0.377492 0.377492 7.298003 1 

x = 0.6 

Atom 

Wyckoff 

position x y z Biso Occ 

Fe1 16c 0 0 0 6.983876 0.6 

Fe2 8b 0.625 0.625 0.625 5.565902 0.7 

Ni 8b 0.625 0.625 0.625 5.565902 0.3 

Zn 16c 0 0 0 6.983876 0.4 

O 32e 0.367509 0.367509 0.367509 7.14672 1 
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x = 0.8 

Atom 

Wyckoff 

position x y z Biso Occ 

Fe1 16c 0 0 0 8.037551 0.8 

Fe2 8b 0.625 0.625 0.625 4.872767 0.6 

Ni 8b 0.625 0.625 0.625 4.872767 0.4 

Zn 16c 0 0 0 8.037551 0.2 

O 32e 0.378624 0.378624 0.378624 7.983136 1 

x = 1.0 

Atom 

Wyckoff 

position x y z Biso Occ 

Ni 16c 0 0 0 3.233729 1 

Fe1 8b 0.625 0.625 0.625 3.055715 1 

O 32e 0.243902 0.243902 0.243902 4.652775 1 

 

Table 2  Data on Rietveld agreement factors and lattice constant of NixZn1-xFe2O4 thin films 

Reitveld factors Composition (x) 

x = 0 x = 0.2 x = 0.4 x = 0.6 x = 0.8 x = 1 


2
 0.99 1.59 1.55 1.23 1.17 0.98 

Rwp (%) 7.02 6.12 5.85 5.09 4.59 4.07 

Rb (%) 5.42 5.66 4.89 6.69 5.27 3.01 

Rexp (%) 7.09 3.86 3.78 4.14 3.93 4.17 

Lattice constant 

(Å) 8.4183 8.3837 8.3626 8.3348 8.3068 8.2961 

Cell volume (Å
3
) 596.59 589.26 584.82 579.01 573.19 570.98 

Crystallite size 

(Å) 807 1648 1555 1352 1198 778 

Microstrain, 10
4

 48.19 11.72 9.96 11.99 14.54 7.88 

 

3. Scanning Electron Microscopy (SEM)- 

Fig. 2 shows the SEM images of annealed NixZn1-xFe2O4 (where x = 0.0, 0.2, 0.4, 0.6, 

0.8, 1.0) thin films deposited onto quartz substrate at 400 
0
C. The SEM images show that the 

films are uniform in nature with formation of cube like structure of the grains. The grain size 
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decreases from 0.22 to 0.14 µm with an increase in Ni content. Results obtained from SEM are 

in good agreement with results obtained from XRD. Grain size decreases due to replacement of 

Ni
2+

 in ZnFe2O4. 

 

 

Fig. 2 SEM Micrographsof NixZn1-xFe2O4 thin films(where x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) 

 

4. Atomic force microscopy (AFM)- 

 The Fig. 3 shows the 3D AFM images of annealed NixZn1-xFe2O4 (where x = 0.0, 0.2, 

0.4, 0.6, 0.8, 1.0) thin films deposited onto quartz substrate at 400 
0
C.   
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Fig. 3 AFM Micrographs of ofNixZn1-xFe2O4 thin films(where x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) 

Surface topography of thin films at the nanoscale is analyzed using the AFM. AFM 

images are collected in contact mode using a silicon nitride cantilever. From these AFM images 

it is seen that the films are crack-free and having densely packed microstructure.From AFM 

images, density of the films increases up to x = 0.4 and afterwards agglomeration of grains is 

seen. The lattice parameter and grain size decreases with increase in Ni content as observed from 

XRD and SEM respectively. Thus, results obtained from XRD and SEM is in good agreement 

with AFM, The films exhibit a granular structure, which indicates their crystalline nature. 



Advances in Functional and Sustainable Materials 

    (ISBN: 978-93-91768-77-5) 

 

97 
 

5. Conclusions 

The Zn1-xNixFe2O4 ferrite (where x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) thin films are 

successfully deposited by spray pyrolysis technique. The structural and microstructural 

parameters through properties of Zn1-xNixFe2O4 thin films were studied by Rietveld program 

MAUD 2.45. For this study the Wyckoff positions of various atoms, typical atomic coordinates 

(x, y, z) and isotropic factor was calculated. Scanning electron micrograph (SEM) images shows 

uniform and compact morphology. From AFM it is seen that the value of surface roughness 

decreases at optimized composition x = 0.4 and thereafter increases. In case of magnetic thin 

films, the surface roughness can produce significant demagnetizing fields and thus the surface 

layer can act as a layer of reduced magnetization. 
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Abstract: 

 Silver doped nickel- zinc ferrite nano particles with chemical formula Ni0.7 Zn0.3AgxFe2-

xO4(Where x = 0, 0.01, 0.02 and  0.03) have been synthesized by chemical co-precipitation 

followed by microwave sintering technique instead of conventional sintering process. The 

synthesize ferrites were characterized by X-ray Diffraction (XRD), Fourier Transform Infrared 

Spectroscopy (FTIR), Field Emission Scanning Electron Microscopy (FESEM) and Energy 

Dispersive X-Ray Analysis (EDAX) techniques. XRD analysis confirmed the formation of cubic 

spinel structure of ferrite. The FTIR study shows the formation of well ferrites. morphological 

study shows that, grain size of the Ni-Zn ferrites decreases with increase in silver content. The 

stoichiometric formation of material is confirmed by EDAX. 

Keywords: Ni-Zn nanoparticles; XRD; FTIR; FESEM; EDAX. 

1. Introduction 

 Nanoferrites gained prominence in the recent past owing to their large surface to volume 

ratio and size dependent properties [1], particularly Ni–Znferrite has wide range of applications 

in electronics, electromagnetic machines,microwave devices, phase shifters, circulators, catalysts 

in gas sensing,magnetically control drug delivery system, antennas, transformer core 

andtelecommunication and so forth [2-5] due to their remarkable properties of highresistivity, 

mechanical hardness, low cost and excellent chemical stability.Further, they are easily adjustable 

and controllable to a great extent withreference to preparation methods, sintering temperature 

and time and doping(divalent/ trivalent/ rare earth ions). The substitutions of cations into 

thetetrahedral and octahedral sub-lattices in the parent crystal structure modifythe properties 

such as DC resistivity, mobility of the charge carriers, activation energy and dielectric loss of the 

ferrites which can provide useful informationabout conduction mechanism of ferrites. Impedance 

mailto:shitalc24899@gmail.com


Department of Physics, S. G. M. College, Karad (M.S.) India 

100 
 

spectroscopy is anexcellent technique to study the conduction mechanism of ferrites. The 

ACperformance of the ferrite materials can be investigated through compleximpedance study, 

complex permittivity study and complex electric modulusstudy and all are equally valid. 

It is well known that Ni-Zn ferrite, which is the one of the most important member of the spinel 

ferrite family, has excellent properties such as low dielectriclosses, high resistivity, mechanical 

hardness, low cost and chemical stability [7-8].However, the properties of these ferrites have 

been defined by influence factors such as thepreparation method, chemical composition, 

sintering temperature and substitution cations. 

2. Experimental work: 

Calculated amounts of NiSO4 6H2O, ZnSO47H2O, FeSO47H2O, Ag2SO4 were dissolved 1000 

ml DDW to prepare the solution and stirred well to dissolve chemicals completely. The pH of the 

solution was maintained about 4.5 by adding drop wise H2SO4. The Solution was then heated on 

hot plate to reduce the volume of solution about half the original. After heating solution was 

cooled at room temperature. The saturated ammonium oxalate solution was then added in above 

solution which results in NiZnFe2O4 precipitation. Then the precipitate was kept on sand bath (at 

50⁰C) to settle down. Precipitate was filtered and washed several times until sulphates to be 

removed. Total removal ofsulphate was checked by barium chloride test. Final precipitate was 

then dried by using light source to dry out excess water. This prepared ferrite powder was 

sintered by using microwave sintering process. In microwave sintering process the ferrite powder 

was sintered at power 30 watt for 15 minutes. 

3. Result and Discussion: 

3.1. XRD: 

 

Figure.1. XRD patterns of Ni0.7 Zn0.3 AgxFe(2-x)O4(Where x = 0, 0.01, 0.02 and  0.03) 
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 The Ni0.7Zn0.3AgxFe2-xO4 were characterized by CuKα radiation of wavelength 1.5418 A° 

(Rigacuultima IV x-ray diffrctometer at common facilities cemtersolapur university). The XRD 

pattern of Ni0.7Zn0.3AgxFe2-xO4 system is as shown in fig. 1.  

             The presence of planes (220), (310), (311), (400), (333), (440) in the diffraction planes 

shows formation of crystalline ferrites which are sintered by microwave sintering process. The 

presence of most intense (311) peak indicates the formation of cubic spinel ferrite. It means that 

microwave sintering technique is appreciable to formation of ferrite phase with lowest energy 

consumption and very smaller duration as compared to that prepared by conventional sintering 

techniqueSimilar type of result is also reported by Monica Sorescu et.al [6 ] for NI-Zn ferrite 

prepared by microwave sintering.  

            Lattice constant of all the ferrites were calculated by using formula, a=dhkl(h
2
+k

2
+l

2
)
1/2

 

for most sensitive (311) plane. By knowing the lattice constant and diffraction angle 2θ of every 

peak of the diffraction pattern, indexing the plane by using the formula,  

λ
sin4a

lkh 2

22

222  θ
  

       Where,                     h, k, l = Miller indices 

                                         λ = Wavelength of  X ray 

                                         θ = Angle of diffraction 

                                          a = Lattice constant 

Bond lengths (A-O and B-O) and ionic radii (rA and rB) on tetrahedral ( A- site) and 

octahedral(B- site) sites were calculated by using standley‘s relation  
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Table 1. Lattice constant, Crystallite size, Bond lengths, Hoping lengths of Ni0.7 Zn0.3 

AgxFe(2-x)O4(Where x = 0, 0.01, 0.02 and  0.03) 

Ag 

content  

(X) 

Lattice 

Constant 

a (Å) 

Crystallite 

Size 

D (nm) 

Band length 

( Å) 

Ionic radii 

(Å) 

Hoping 

lengths(Å) 

A-O B-O rA rB LA LB 

0.00 8.3718 255.3 1.9169 2.0326 0.5969 0.7126 7.2499 5,9197 

0.01 8.3559 203.7 1.9131 2.0288 0.5931 0.7088 7.2364 5.9085 

0.02 8.3536 184.7 1.9128 2.0282 0.5928 0.7082 7.2342 5.9068 

0.03 8.3436 160.7 1.9107 2.0226 0.5907 0.706 7.2264 5.9004 
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 From Table 1 it is seen that as silver content increases lattice constantdecreases. This may 

be due to smaller ionic radius of Ag
3+

 as compare to Fe
3+

. Similar type of result have been 

reported by Alshahrani et. al. They reported that as silver content increase in Co-Zn ferrite lattice 

constant decreases[9].  The bond lengths, ionic radii and hopping lengths are also well attributed 

to lattice parameter. The crystallite size of Ni0.7 Zn0.3 AgxFe(2-x)O4(Where x = 0, 0.01, 0.02 and  

0.03) ferrites is decreases as silver content increases. 

3.2. FESEM results 

Figure. 2. Shows micrographs of Ni0.7Zn0.3AgxFe2-xO4 system.The average grain size 

observed from FESEM micrographs are summarized in following Table.2. From table it is seen 

that average grain size is of the order of nanometer which confirms formation of nanoferrite. It is 

also seen that as the concentration of silver doping increases the grain size decreases. From this it 

is clear that doping element plays important role in the formation of grain size. Also microwave 

sintering has important role in the formation of nano materials.  

Table 2. Average grain size of Ni0.7 Zn0.3 AgxFe(2-x)O4(Where x = 0, 0.01, 0.02 and  0.03) 

Sr.No Ag content (x) Grain Size (nm) 

1 0.00 49.99 

2 0.01 46.83 

3 0.02 38.87 

4 0.03 31.64 

 

Figuer.2. FESEM micrographs of Ni0.7 Zn0.3 AgxFe(2-x)O4(Where x = 0, 0.01, 0.02 and  0.03) 
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3.3. EDAX 

 

Figuer.2. EDAX spectrum of Ni0.7 Zn0.3 AgxFe(2-x)O4(Where x = 0, 0.01, 0.02 and  0.03) 

Table 3. Atomic weight % ofNi0.7 Zn0.3 AgxFe(2-x)O4(Where x = 0, 0.01, 0.02 and  0.03) 

system 

X WeightNi % 
Weight 

Zn % 

Weight Ag 

% 

Weight Fe 

% 

Weight 

O% 

0.00 15.96 6.52 - 44.95 32.58 

0.01 14.65 6.82 0.61 43.37 34.35 

0.02 15.24 6.76 0.73 42.16 35.86 

0.03 14.80 7.47 1.03 44.60 32.10 

 



Department of Physics, S. G. M. College, Karad (M.S.) India 

104 
 

The EDAX spectrum of Ni0.7Zn0.3AgxFe2O4 is shown in figure. 3.The spectrum 

confirms formation of desired ferrite in required stoichiometric ratio. All the elements present in 

the sample in appropriate proportion From EDX it is clear that there is no impurity added in 

prepared ferrite.  

The weight percent of all the elements is tabulated in Table 2. From table it is seen that 

all elements are in proper ratio. 

 

4. Conclusion 

Ferrite nano particles with chemical formula Ni0.7Zn0.3AgxFe2-xO4(where x = 0, 0.01, 0.02 

and  0.03) have been successfully synthesized by chemical co-precipitation method.Formation of 

cubic spinel structure ferrite was confirmed from XRD analysis. The presence of two absorption 

bands corresponding to tetrahedral and octahedral sites suggests the well formation of 

spinelferrites.Grain size of the Ni-Zn ferrites decreases with increasing Ag content. The 

formation of required stoichiometric ferrite is confirmed from EDAX. 
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Abstract: 

 Nickel Oxide (NiO) thin films have been successfully deposited by simple 

ElectrodepositionTechniquebyusingNickelChlorideontocopper substrateatroomtemperature.The 

influenceof annelingtemperatures on physicochemical propertiesarestudied.XRD Results reveal 

that films are average grain size is 40nm. XRD results revealthat the films are polycrystalline 

with single phase cubic structure and crystallinity of the filmincreases as the temperature 

increases. Scanning electron microscopy studies indicate that astrong dependence of the surface 

texture and grain size on the various experimentalconditions. SEM shows the particles 

likemicaceousof lakes withdispersed sandwich and cauliflower in shape. Contact angle of 180˚ 

correspond to complete non-wetting.Thisclearlyindicatesthe filmshavinghydrophilicnature. 

Introduction: 

 In recent years, thin film science has grown world-wide into a major research area. The 

importance of coatings and the synthesis of new materials for industry have resulted in a 

tremendous increase of innovative thin film processing technologies, currently; this development 

goes hand-in-hand with the explosion of scientific and technological breakthroughs in 

microelectronics, optics and nanotechnology. Materials in the form of thin films play an 

important role in many technological applications including microelectronic devices, magnetic 

storage media and surface coating. Presently, rapidly changing needs for thin film materials and 

devices are creating new opportunities for the development of new processes, materials and 

technologies and performance of thin films in various applications 

Literature survey of NiO thin films 

Nickel Oxide is one of the most studied transition metal oxide for numerous scientific 

technologies. Nickel Oxide has many industrial applications, such as solar selective absorber, 

catalyst in the hydro cracking process of crude fuels, pigment for glasses and ceramic catalyst for 

oxygen evolution and oxygen reduction reaction and in the industry of colored glasses. These 

commonly known catalytic properties could be due to reduction of activation energies for 
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chemisorption‘s of gas molecules and are very useful to promote high gas sensitivities or lower 

operation temperatures. It is also widely used as an electro chromic material, electro chromic 

anode and supercapacitor.   

             In recent years, efforts are undertaken in order to find new and cheaper materials. There 

are many reports found in literature for the synthesis of Nickel Oxide films from different 

physical as well as chemical methods.  The polycrystalline NiO thin films prepared by sputtering 

pulsed laser deposition and spray pyrolysis often showed the compact structure associated with 

rough appearance or large grains and exhibited low efficiency of electrochromism. Moreover, 

even the NiO thin films prepared by the same technique could exhibit distinct morphologies and 

electro chromic performance. The electro-deposited polycrystalline NiO thin films prepared by 

Wu and Yang had a highly porous structure and exhibited high transmittance variation up to 80% 

at 550 nm, while the electro-deposited polycrystalline NiO thin films obtained by Uplane et al. 

showed a compact structure with spherical grains and had low transmittance modulation. 

Deposition of nickel oxide thin film by electrodeposition method 

                    Distilled water (100ml) taken in a beaker then formed solution put on magnetic 

stirrer then take 6.48gm NiCI2 weighted on electronic weight balance and add in to the distilled 

water. Then add drop by drop ammonia (NH3) in to the solution of NiCI2 for the purpose of 

increasing pH up to the 9.5 when pH of solution becomes 9.5 then stop adding NH3 in the 

solution. This solution ready for to synthesis of nano-particles of NiO. 

Film formation and reaction mechanism 

      NiCl2 · 6H2O                       Ni(OH)2 + 2HCl+5H2O 

Ni(OH)2NiO + H2O 

     We are used anodic electro deposition in that Cu is need as anode  (-ve) charge and 

carbon rod used as cathode having (+ve ) charge and dipped in solution with 1.2 V potential for 

20 minutes in that time NiO
+ 

 ions deposited on Cu substrate. Then take out substrate and dry at 

room temperature. Then dried samples were characterized by XRD, SEM, Contact Angle,cyclic 

Voltammetry. 

 Successful depositions in the low pH electrolyte. When the compositional analysis was 

carried out on the cross-sections, there no copper present in the deposit. Deposits at different 

current densities and duty cycles were grown   and analyzed but similar results with little or no 

copper were obtained. To confirm these findings, an x-ray mapping of the cross-section was 

carried out and are the reaction rate as well as rate of deposition depends on the super saturation 

condition lower the super saturation, slower the formation condition. If the concentration of OHˉ 
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ion in the solution is higher the Ni+ ion concentration decreases the rate of formation decreases. 

At a certain pH, the concentration of Ni+ ion decrease 

Results and discussion 

X-Ray Diffraction Analysis  

 

Table 1:  shows the interplane distance, βand h k l plane of sample 

 

 Shows the x-ray diffraction pattern recorded for the hydrothermally Nio nanostructures. It 

can be seen from the figure of sample I that the peak profile has relatively strong intensity. This 

clearly indicates quite good crystallinity. 

𝑑= 
𝐾𝜆

𝐵𝐶𝑂𝑆𝜃
 

Where d is the average size of the particles, 

K = 0.89, 

λ is the wavelength of X-ray radiation (1.5418Aº), 

Obs 

no.                                                                                                                                                                                                                            

2θ Θ Sin θ β       β      in 

radian(10-

3
) 

t= 0.91×λ/ 

β cosθ 

(nm) 

d=λ/2 

sinθ 

N=(hkl) 

1 43.52 21.76 0.370541 0.19 3.31444 45.0873 0.2782 (1 1 2) 

2 50.58 25.29 0.426998 0.26 4.53555 33.8619 0.1803 (2 2 0) 

3 74.39 37.195 0.604267 0.23 4.01222 43.5606 0.1274 (4 0 0) 
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B is the full width at half 

 Maximum of the diffracted peak and u is the angle of diffraction. Particles shown is 

displays micaceous nan of lakes with dispersed sandwich and cauliflower in shape, 

 May be due to urea used in the synthesis process as hydrolysis controlling agent. 

Scanning electron microscopy 

 

Average grain size t= 40.83nm 

Average interplane distance d= 0.1953nm 

Contact angle measurement 

 The wetting of solid with water, where air is the surrounding medium, is dependent on 

the relation between the interfacial tension (water / air, water/solid) the ratio between these 

tensions determines the contact angle (θ) between a water droplet on a given surface.  Contact 

angle of 180˚ correspond to complete non-wetting.  Both super hydrophilic ad super-

hydrophobic surfaces are important for practical applications.  From the images, it is observed 

that, the water contact angles of as deposited filmsthis clearly indicates the films having 

hydrophilic nature. 
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Conclusions: 

              In conclusion, the anodic electrodeposition method was successfully employed for the 

deposition of nickel oxide thin film onto copper substrates. The XRD analyses evidenced that the 

as-deposited films were crystal.  The porosity of the films increases after annealing which was 

observed from the SEM study. Due to cluster formation, however, the Nano crystalline nature 

with particle size approximately. 
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Abstract:  

Nano-material with composition NixZn1-xCu2O4(where x = 0.3, 0.7 and1) were 

synthesized by co-precipitation method. The samples were characterized by Thermo gravimetric 

Differential Thermal Analysis [TGDTA], X-Ray Diffraction [XRD] and Fourier Transform 

Infrared Spectroscopy [FTIR] techniques. Existence of exothermic and endothermic peaks in 

TGDTA confirms the phase formation of the material at 327
0
C. In X-ray diffraction pattern the 

presence of (311) prominent    peak confirms the formation of cubicspinel structure. With 

increasing nickel content, lattice constant of nano-materials increases. It is due to substitution of 

large ionic radii Ni
2+

(0.69) ions by smaller ionic radii Zn
2+

 (0.65)ions. The most prominent (311) 

peak was used to calculate crystallite size of the nano-materials by Debye Scherrer formula. The 

crystallite of the nonmaterial is in nano size range. The absorption band observed near about 

672cm
-1

  in FTIR spectra confirms the formation of metal oxide metal bond. 

Keywords: Nanomaterial; TGDTA; XRD; FTIR, Super-capacitors 

1. Introduction 

Now days the sustainable and reusable energy storage device like super-capacitors  (SCs) 

have been extensively used in different fields due to their wide application [1-5]. Super-

capacitors have large power density, long life, free maintenance, operational safety and eco 

friendliness as compared to conventional capacitors. The factors such as quality of electrode 

materials, the electrolyte and the interfacial area between electrodes, electronic and ionic 

conductivity decides the performancesof  SCs. Pseudo-capacitor and electric double layer 

capacitor (EDLC) are the two varieties of capacitors usually depend on the energy storage 

mechanism and their electrode materials. Carbon materials with high surface areas have EDLC 

behavior, while transition metal compounds exhibit redox reactions to store energy. The 

compounds include transition metal oxides, sulfides, phosphides etc., possess a higher capability 

than carbon materialsbecause they accumulate charges by electrostatic adsorption.In such a 
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materials, the stored energy is derived from reversible and rapid Faradaic reactions on the 

surface and near the surface of materials. However, the intrinsic low conductivity of metal 

compounds will seriously restrict the stability and rate capability.A transition metal compounds, 

NiCo2O4has been commonly investigated as SC electrodes due to its low toxicity, cost, high 

conductivity and active performances. It is a p− type semiconductor with a narrow band gap, 

about 2.1 eV. Meanwhile, it can offer richer redox reactions than monometallic Ni or Co oxides 

[1]. The ZnCo2O4 with spinel structure is a binary metal oxide, where Zn ions occupy the 

tetrahedral sites in the cubic spinel structure, and the trivalent Co ions occupy the octahedral 

sites. When the size of ZnCo2O4 reaches nanoscale it can generate rich redox reactions of surface 

or near-surface, which can deliver much higher specific capacitance. The high conductivity of 

ZnCo2O4 helps for the electron transfer, while the porous nanostructure ensures the large 

electroactive area and the ions diffusion favored pathway.  

In the present study, we have prepared NixZn1-xCu2O4(where x = 0.3, 0.7 and1) 

nanomaterial by a simple co-precipitation method.   

2. Experimental 

2.1. Materials Synthesis 

The nanomaterial having chemical composition NixZn1-xCu2O4(where x = 0.3 and 

0.7)were prepared by oxalate based chemical co-precipitation method. The AR grade oxalic acid 

(H2C2O42H2O),nickel chloride (NiCl26H2O), zinc chloride (ZnCl22H2O) and copper chloride 

(CuCl22H2O) supplied by LobaChemie Pvt. Ltd. were used for the synthesis. 

Initially an oxalic acid is dissolved into 100mldouble distilled water. The required 

amount of NiCl26H2O, ZnCl2.2H2Oand CuCl22H2Owere dissolved into100ml of the double 

distilled water and stirred well on 250 rpm for 30 min.Thereafter dropwiseaddition of oxalic acid 

solution is addedin above prepared solution until a white precipitate was observed in it.For the 

completion of reaction, the prepared solution was kept on a magnetic stirrer for 30 min.After the 

digestion, precipitate was filtered using whatman filter paper no. 42. The filtered precipitate is 

then washed several times with double distilled waterand dried under IR lamp for 24 hours. The 

final dried powder is sintered at 350⁰C for 2 hours and used for the further characterizations. 

2.2. Materials characterization: 

Thermal analysis of synthesized powder form of sample were analyzed using thermo 

gravimetric and differential temperature analysis (SDT Q600 V20.9 Build 20) tool in the range 

from room temperature to 1000
0
C with 10

0
C/min by ramp method in air atmosphere.The 

structural analysis of synthesized material was characterized by using X-ray diffractometer 
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model Philips PW 3710with Cu-kα (λ = 1.542 A
o
) radiations.  FTIR spectroscopy (FT/IR-4600 

Sr. No.D044761786)wasusedto investigate the IR absorption bands in synthesized material in the 

range 400 cm
-1

 to 1000 cm
-1

.  

3. Result and Discussion 

3.1. Thermo gravimetric and differential temperature analysis  

The phase forming temperature of synthesized material is decided from thermo 

gravimetric and differential temperature analysis.The parameters like heating rate and heating 

atmosphere significantly impacts on the phase formation in material[1].  

 

Fig. 1 Typical TG-DTA plot for NiCu2O4 nanomaterial 

Fig. 1 shows the characteristic TG-DT thermogram for NiCu2O4nanomaterial.This figure 

clearly demonstrated two weight loss steps in TG curve associated with two endothermic and one 

exothermic peaks in DT plot. The first weight loss 8.20% (0.6880 mg) in TG plot from 88 
0
C to 

176 
0
C associated with endothermic peak at 160 

0
C confirms the evaporation of water molecules 

from the synthesized material. The phase formation in material under testing is confirmed from 

second weight loss 26.88 % (2.289 mg) step observed in 251 
0
C to 326 

0
C associated with 

prominent exothermic peak at 327 
0
C. The endothermic and exothermic peaks in DT curve 

significantly supports weight loss steps in TG plot and confirms the decomposition process is 

completedat 327
0
C of material under investigation [1-3]. 

3.2. X-ray diffraction analysis  

The XRD patterns of NixZn1-xCu2O4 (where x = 0.3, 0.7 and 1) system is shown in Fig. 2. 

From this figure it is observed that the peaks at 31.76
0
, 35.55

0
, 36.29

0
, 38.72

0
 and 48.75

0
 are 

observed, which can be indexed as (221), (311), (222), (320) and (420). The obtained planes 
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were used to determine inter-planer spacing and which was approximately matched with 

observed inter-planer spacing‘s.     

 

Fig. 2 XRD pattern for NixZn1-xCu2O4(where x = 0.3, 0.7 and 1) system 

It is observed that, the lattice constant of NixZn1-xCu2O4 (where x = 0.3, 0.7 and 1) 

systemfound to be increases with increasing content of nickel ions. The increasing lattice 

constant of nano-materials is may be attributed to substitution of larger ionic radii Ni
2+

 (0.69) 

ions by smaller ionic radii Zn
2+

 (0.65) ions. The most prominent (311) peak was used to calculate 

crystallite size of the nano-materials by Debye Scherrer formula [4-5]. The average crystallite 

size of synthesized material found to be in the range of98 nm to 141 nm. The variation in 

crystallite size may be attributed to substitution of Ni
2+

 ions lead to create a volume strain on 

crystal due to its higher ionic radii than that of Zn
2+

 ions. The CoZnFe2O4 nanoparticles 

synthesized by chemical co-precipitation method and reported that its crystallite size lies in the 

range of 6.92 nm to 12.02 nm.  

3.3. Fourier transform infrared spectroscopy analysis  

 The Fourier transform infrared spectra for NixZn1-xCu2O4 (where x = 0.3, 0.7 and 1) 

system is shown in Fig. 3. From this spectra, it isobserved thatthe presence of prominent 

absorption bands in 500 cm
-1

 to 1000 cm
-1

 range confirms the formation of well-structured 

material nanoparticles [6-8]. 
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Fig. 3 FTIRspectra for NixZn1-xCu2O4(where x = 0.3, 0.7 and 1) system 

 

4. Conclusion 

 The nanomaterial with composition NixZn1-xCu2O4 is successfully synthesized by oxalate 

precipitation method at lower sintering temperature. The TG-DT analysis confirms the phase 

formation of material and is achieved at 327 
0
C. The details structural analysis of NixZn1-xCu2O4 

(where x = 0.3, 0.7 and 1) system reveals that the lattice parameter increases whereas the 

crystallite size decreases with increase in Ni
2+

content. 
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Abstract: 

 The chemical spray pyrolysis method was used for the synthesis of thin films of the fast 

oxide ion-conducting electrolyte material La2Mo2O9 (LAMOX) for solid oxide fuel cells 

(SOFC). This work revealed the structural, morphological, optical and electrical studies of 

annealed LAMOX thin film at 1000 
o
C for two hours. The XRD analysis reveals cubic crystal 

structure with lattice parameters of a=b= c = 7.23 A
o
 and β=90

o
. The dense but sufficiently 

porous morphology required for electrolyte material was revealed by using SEM. The presence 

of different bond stretching gives evidence of lanthanum and molybdenum, according to FTIR 

study, the maximum absorption occurs in ultraviolet region. The variation of dielectric constant 

and dielectric loss with frequency at 600 OC shows the higher value at low frequency and remain 

unchanged at higher frequency. The LAMOX has potential application in the SOFC as an 

electrolyte. 

Keywords: SOFC, LAMOX, electrolyte, XRD, SEM etc.  

I. Introduction 

 The problem of energy crisis is a major challenge that our planet is currently facing. A 

sustainable energy system that can meet the competing demands for an increased supply of 

energy is required to maintain economic prosperity and quality of life. Hence alternating energy 

source needs to be trapped to meet the growing energy demand. Because of this fuel cells can be 

considered as one of the best alternatives [1]. The fuel cell offers environmentally clean and 

efficient power generation. The fuel cell is a type of energy conversion device that converts 

chemical energy into electrical energy directly. Proton exchange membrane fuel cells (PEMFC), 

alkaline fuel cells (AFC), phosphoric acid fuel cells (PAFC), molten carbonate fuel cells 

(MCFC), and solid oxide fuel cells are the different types of electrolytes used in fuel cells 

(SOFC) [2]. Among them, The SOFC is attracting a lot of attention from researchers all over the 
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world because of its potential market competitiveness, which includes high efficiency, fuel 

flexibility, low cost, and long life expectancy [3]. The operating temperature of SOFC is between 

800
0
C -1000

0
C [4].  

 YSZ, ScSZ, and GDC are some of the most common electrolyte materials. The material 

of the electrolyte has a significant impact on cell performance [5]. If the conductivity of oxygen 

ions in SOFCs can be maintained at a high level even at intermediate temperatures, the material 

options for SOFCs will expand, and many existing problems could be solved [6]. 

 The novel oxide ion conductor La2Mo2O9 (LAMOX) in bulk form has been reported 

recently by Lacorre et al. in 2000 [7]. This can be used as an alternative electrolyte for SOFC. In 

the present research work La2Mo2O9 (LAMOX) thin films were synthesized by chemical spray 

pyrolysis method and were characterized for stability as an electrolyte for SOFC.  

II. Experimental  

Lanthanum chloride (LaCl3.7H2O 99 % (AR grade) Thomas Beaker) and molybdic acid 

(MoO3. H2O 99 % (AR grade) Thomas Beaker) were used as precursor for the synthesis of 

LAMOX thin films. Spray pyrolysis was used to create thin films of LAMOX. LaCl3 and MoO3 

were dissolved separately in 20 mL of double distilled water. Droplets of concentrated HCl were 

added to the solution heated at 50°C and steered throughout the process to ensure complete 

MoO3 dissolution. Both the LaCl3 and MoO3 solutions have been added. The final solution has a 

concentration of 0.2 M. 

 The alumina substrate was cleaned using acetone. The substrate was treated with 

ultrasonic treatment for 10 to 15. Allow all alumina substrates to dry after this process. Then 

place the substrates on hot plate of spray system, which should be set to 300°C. Spraying at a 

rate of 2 ml/min produces an adherent thin film of LAMOX. 

 Characterize the synthesized thin film using XRD Rigaku (miniflex 600) Bragg‘s 

X-ray diffractometer using Cu - Kα ( = 1.540A
o
) radiation was used and SEM use with 

operating bias voltage of 20 kV for morphological studies. FTIR analysis provides molecule 

bond stretching at various wavenumbers. The wavelength absorption of La, Mo, and LAMOX 

was studied using UV-Visible data, and the maximum wavelength absorption for the precursor 

and bare sample is in the ultraviolet range. The electrical properties were investigated using an 

aplab LCR meter 4300R model. 
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III. Result and Discussion 

a) XRD 

The structural study of LAMOX thin film done by using XRD technique. Samples synthesize 

at 300
o
C temperature, and further annealed at 1000 

o
Cfor two hours in air atmosphere shows β-

cubic crystal structure with observed space group is P213. The calculated average crystalline size 

was found in the range of 85 nm. The fig. 1 show the XRD pattern of annealed LAMOX thin 

film. The reflection of peaks (110), (200), (210) and (211) [8] matches with the JCPDS card 

number 01-070-3587. The calculated lattice parameter are a= b= c= 7.23 A
o
 and crystallite size is 

85 nm. 

 

    Fig. 1. XRD of Annealed LAMOX 

For all the above XRD graph, at a higher 2θ value small peak of La2Mo2O9 are 

observed. Literature studies on this compound are reported that it crystallizes in the tetragonal 

symmetry with the space group 𝐼4 2𝑚 . However, some other studies have shown that it is very 

difficult to index the peaks into the earlier space group because of the too low intensity obtained 

from the diffraction pattern. Later it was confirmed that it could be better indexed in I41/ (a, b, c) 

space group no. 142. The neutron diffraction study has revealed, crystal structure of the 

compound [8]. 

 One of the disadvantages of low-temperature LAMOX is the low ionic conductivity, 

which may be attributed to confinement of oxide ions at respective sites. To facilitate oxide ion 

conductivity, disordering of oxide ions or vacancies is required. This theory is well established 

for YSZ [9, 10], and one can also be correlated with LAMOX electrolytes. The mechanism of 

oxide ion conduction is common for both cases. The α-monoclinic LAMOX has ordered 

vacancies ions. Therefore the conductivity was nearly two or three orders less than the β-cubic 

LAMOX phase which exists at 580 
o
C or above which has disordered vacancy arrangements. In 
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β-cubic LAMOX two out of three O atom sites are partially occupied O(2) and O(3) Wyckoff 

position and contribute to the conductivity. The O(1) atom at the 4a site is a fully occupied site 

according to the literature and thus barely contributes to the conductivity [11]. 

b) Scanning Electron Microscopy (SEM) 

The morphological study of 0.2 M LAMOX thin film annealed at 1000 
O
C for two hours 

are shown in fig. 2. The dense but sufficiently porous morphology observed, the pours observed 

due to the partial evaporation of solvent before reaching the preheated substrate [12-14]. The 

present some amount of solvent during deposition are complete evaporate after annealing 

produce minor pours and crack on the surface of LAMOX thin film.    

 

Fig. 2. SEM of LAMOX 

The observed grain size is near about 0.6 micro meter. The above morphology has potential 

application in the solid oxide fuel cell as an electrolyte, provide the path for the conduction oxide 

ion [15].  

c) Fourier Transform Infrared Microscopy (FT-IR)  

The use of infrared radiation is known as IR spectroscopy. The primary application is to 

determine the functional group of a compound. When infrared radiation strikes a sample, 

absorption, transmission, and reflection occur; some radiation is absorbed by the sample, while 

others are transmitted through the sample. The result is a final graph for an FTIR spectrum that 

contains absorption or transmission peaks. 

In FTIR, the resultant graph is the wave number vs the transmission or absorbance; in this 

graph, there are two regions: the first is at wave number 4000 to 1600 cm
-1

, called the functional 

group region, and 1600 to 400 cm
-1

, called the fingerprint region. The observed peaks in the 

functional group region are clear intense and individual, whereas multiple peaks are observed in 

the fingerprint region.  
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The FTIR spectra of annealed LAMOX thin film are shown in below fig.3 

 

Fig. 3 FT-IR of LAMOX 

In the spectrum of the bare sample, the peak 2903 cm
-1

assigned to N-H stretching,  a 

single bridge OH vibration can be seen at 2371 cm
-1 

[16, 17]. Other vibrations are as follows: at 

1712 cm
-1

  stretch , the C=C ring stretch at 1549 cm
-1

, NO2 stretch at 1396 cm
-1

, at 1230 cm
-1

 C-

F stretch which is hidden in the fingerprint region, The peaks at 990 cm
-1

and 902 cm
-1

 

corresponds to metal-oxide ions come from the Mo-O bonds [18, 19]. 

d) UV-Visible  

Figure 4 depicts the UV visible of LAMOX. Absorption in the ultraviolet region, 

transmission of all visible wavelengths through the solution prepared for the synthesis of 

LAMOX thin film, the prepared solution is white in colour. According to the absorption 

interpretation, LAMOX require a lot of energy to excite electrons. The transition observed in 

both precursors is n to π*; this excitation occurs in a material containing double or triple bonds 

of hydrocarbons, as well as aromatic compounds. LAMOX interacts with waves with 

wavelengths ranging from 100 nm to 800 nm. The sample's maximum absorbance wavelength is 

max = 346 nm. The absorption takes place in the ultra violet region, and all visible light that 

passes through the sample is evidence of white colour of LAMOX. 

 

Fig.4 UV-Visible of LAMOX 
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e) Dielectric constant 

For to find the dielectric constant (ϵ‘) of samples, the silver foil was used for good Ohmic 

contact with the sample. Using the LCR meter APLAB model 4300R has frequency range 20Hz 

to 300 kHz measure the cpacitance (Cp) and dissipation factor (D). The ϵ‘ and tangent loss (tan δ) 

were studied at room temperature and frequency in the range from 20Hz to 300 kHz.The ϵ‘ was 

calculated using equation (1) [20]. 

∈′=
𝐶𝑡

𝜀0𝐴
     (1) 

Where C is the capacitance in PF, t- thickness of the sample in cm, A- Area of the cross-section, 

𝜀0- permittivity of free space. 

 The variation of dielectric constant for the annealed LAMOX thin film are shown in 

below fig.5, variation of dielectric constant show high value at lower frequency and decreases 

with increase in frequency [21], after the frequency of 1 kHz dielectric constant become 

constant. Such type of behavior of dielectric constant of LAMOX with frequency shows the 

influence of multi component polarizabilities. The displacement of opposite charges after the 

application of external electric field refers the deformational polarizability [22]. The material 

shows the dielectric dispersion at lower frequency. As shown in fig. 5 the dielectric constant 

increases with increase in temperature of LAMOX. The higher the dielectric constant lower will 

be loss.  

 

Fig.5 Dielectric constant of LAMOX 
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f) Dielectric loss 

The dielectric loss of annealed LAMOX thin film with respect to frequency at various 

temperature are shown in below fig.6. The dielectric loss is higher at lower frequency and 

decreases with increased frequency, above frequency 10 kHz loss become constant [21]. Domain 

wall resonance is thought to be the cause of this loss factor curve. Losses are low at higher 

frequencies if domain wall motion is inhibited and polarization is forced to change by rotation. It 

can also be explained by the collective behavior during sintering, p and n-type charge carriers are 

formed [22]. This P-type charge carriers experience local displacement in the opposite direction 

as n-type charge carriers. Which reduces polarization at low frequencies [46]. The decrease in 

tan loss with increase in frequency shows agreement with Koop‘s phenomenological model 

 

Fig.6 Dielectric loss of LAMOX 

IV. Conclusion 

The thin film of 0.2 M LAMOX were successfully synthesized by using chemical spray 

pyrolysis method at 300
o
C and annealed at 1000 

o
C for two hour showing cubic phase. Result of 

FTIR support the UV-Visible analysis. Spray pyrolysis is the alternative method for preparation 

of thin film of lanthanum molybdenum oxide. The dielectric constant and dielectric loss show 

maximum value at lower frequency and become constant at higher frequency range. The 

dielectric loss shows good agreement with the Koop phenomenological model.  
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Abstract: 

 The porous nature of chemiresistors give higher response due to the high reactive surface 

area for adsorption of the analyte molecules. In spray deposition of ferrite thin films, generally 

compact morphology occurs. Porous morphology can be achieved by adding pore making 

materials called porogen in precursor solution. In this study we reported the method of 

depositing porous zinc ferrite thin films with addition of ammonium chloride in spraying 

precursor solution. The porogen added thin films shows porous morphology and give higher 

chemiresistive response compared to compact films deposited without porogen. 

1. Introduction: 

Many metal oxides are reported as potential chemiresistive gas sensor materials, which 

change their resistance in response to chemical species bound to them[1]. Thin and thick films of 

various semiconducting metal oxides (SMOs)such as ZnO [2][3], Co3O4[4][5], In2O3[6], 

TiO2[7], SnO2[8] are the some examples of chemiresistors reported in literature. Along with the 

composition and crystallinity, the porous nature also has been reported as an important parameter 

for chemiresistors.The pores on the surface of the film enhance the specific surface area, which 

allows more analyte species to adsorb on surface. Hence, the porous surfacescansignificantly 

enhance thechemiresistive response[8]. The change in resistance of material is depend on the 

conductivity of chemiresistors material and chemical nature of analyte. In case of reducing 

analyte in contact with n-type SMO reduce the resistance, while reducing analyte in contact with 

p-type SMO increase the resistance; opposite change is occurs in case of oxidizing 

analyte[9][10][11]. 

The spinel zinc ferrite (ZnFe2O4) is one of the chemiresistors reported mainly for sensing 

of volatile organic gases (VOCs) like acetone, methanol, ethanol etc. [12][13].It is an n-type 

semiconducting material having indirect band gap nearly 1.9 eV[14]. Many researchers reported 

the synthesis of this materials by various methods like combustion[15][16], sol-gel[17], 
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coprecipitation[18], hydrothermal[19], spray pyrolysis[20] etc. Among these synthesis methods, 

spray pyrolysis technique is a simple and low cost method to deposit thin film directly onto 

substrate. 

The present work is focused on in-situ pore formation on the surface of nanocrystalline 

ZnFe2O4 thin films by ammonium chloride porogen. An inorganic salt ammonium chloride has 

been used as the porogen and it was added in the mixture of nitrate precursors. The deposited 

films were checked for their chemiresistive properties to sense various gases. 

2. Experimental 

Zinc nitrate hexahydrate (Zn(NO3)2.6H2O) (99%) and ferric nitrate nonahydrate 

(Fe(NO3)3.9H2O) (99%)were obtained by Thomas Baker Chemicals, Mumbai 

(India).Ammonium chloride (NH4Cl) (99%)andconducting silver paste were obtained from Alfa 

aeser, Mumbai (India). All the chemicals were used without further purification. Double distilled 

water was used to make solutions throughout the procedure.A stoichiometric aqueous mixture of 

metal nitrates was sprayed over preheated glass substrates at 375℃.The deposition parameters 

are given in Table 1. 

Table 1 Deposition parameters for ZnFe2O4 thin films 

Precursors composition  0.1 M Zinc nitrate+0.1M Ironnitrate (in 1:2 

volumetric ratio) aqueous solution 

Porogen 1% w/v Ammonium chloride  

Spray volume 10 mL 

Spraying method Intermittent (spray: 10 s and halt 30 s) 

Spray rate 2.5 mL/min 

Air pressure 0.5 bar 

Nozzle to substrate distance 30 cm 

Substrate temperature 375℃ 

Annealing 500 ℃ for 5 hr 

The porogen added film is labelled as ZP and other film as Z. These films were 

characterized various physicochemical techniques. X-ray diffraction (XRD) patterns were 

recorded on Brucker, D2 Phaser diffractometer. Electron micrographs were captured on Tescan, 
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Mira3 field emission scanning electron microscope (FESEM). Chemiresistive measurements 

were taken on assembled electrical measurement system connected with Keithley 6514E. 

3. Results and discussion 

3.1Pore formation mechanism 

In typical spray pyrolysis processthe sprayed droplets first precipitates, vaporize, and 

finally powdered at substrate to form film[21]. In the present case,the solvent water molecules 

absorb evaporate at substrate surface by depositing precipitated ZnFe2O4 molecules. On each 

spraying cycle uniform and compact film is developed on substrate due to homogeneous mixing 

of precursor precipitate. On the other hand, in case added porogen, the NH4Cl uniformly mix in 

solution due to its high solubility. It decomposes at 338℃temperature[22]. So, the deposition at 

temperatures higher than 338℃ decomposes mixed NH4Cl and create voids in the deposited 

layer. 

3.2Structural and morphologicalproperties 

Figure 1shows XRD patterns of deposited zinc ferrite thin films. The peaks indexed in 

the pattern are matches with JCPDS card no. 01-089-4926, it confirms the formation of material 

with of cubic spinal structure. The crystallite sizes were calculated using well known Scherrer 

formula, D=0.9λ/βcosӨ. The crystallite size of Z film was found 35 nm while of ZP film was 26 

nm. The lesser crystallite size in ZP film might be occurred due to decomposition of porogen 

from crystallite sites. 

 

Fig. 1 XRD patterns of (a) Z and (b) ZP samples 

Figure 2 shows surface morphologies of the films. The film deposited with porogen 

shows porous morphology while the other film shows compact surface. The porogen made voids 

in intergranular space. The image shows randomly oriented grains of different size and shapes. 
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Fig. 2 Electron micrographs of(a) Z (b) ZP 

3.3Chemiresistive gas sensingproperties 

The chemiresistive gas response is defined as  ∆𝑅 𝑅0  × 100%; where ΔR is change in 

resistance of sensing element in chemical environment and R0 its resistance in air. The operating 

temperature is one of the most important parameter in chemiresistors, since it plays vital role in 

adsorption-desorption of analyte gas at surface of sensing element, diffusion of gas, and 

electronic mobility [23]. Figure 3 shows the response of Z and ZP films with respect to 

operating temperatures. Both the films showed maximum response at 150℃ operating 

temperature. The Z film showed response around 7% and ZP film around 25%. The drastic 

change in response of films with same composition may be attributed to the morphologies. The 

porous surface of ZP film give more reaction sites to analyte gas molecules as compared to 

compact surface of Z film. 

 
Fig. 3 Gas response of ZP and Z films towards 100 ppm SO2 gas at different operating 

temperatures 
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4. Conclusion 

The nanocrystalline zinc ferrite thin films were prepared by spray pyrolysis technique. 

The added porogen made voids in intercrystallite sites. The XRD confirmed the formation of 

cubic spinel structure with any residues of porogen. The porous film ZP showed higher response 

than compact film Z. 
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Abstract: 

Nanostructured Bi2 Te3 thin films have been deposited on stainless steel (SS) substrates 

via potetiostatic mode of electrodeposition (ED) technique for photoelectrochemical (PEC) solar 

cell. Morphology and other physico-electrochemical  properties are enhanced by electron beam 

irradiation from 10-50 kGy. The irradiated samples show altered surface morphology and 

enhanced PEC properties. This study explains the surface modification of Bi2Te3 

nanoarchitecture for photoelectrodes that favors the construction of effective photoelectrodes to 

improve the efficiency of the PEC solar cells. 

Keywords: Electron beam irradiation, Electrodeposition, Bismuth telluride, PEC. 

1. Introduction: 

The surface modification is one of the most important factors to enhance the properties of 

the thin films recently research efforts have been directed to evaluate the surface modification. 

The surface modification of thin film are carried out by numerous way like surface modification 

with atmospheric pressure dielectric barrier discharges [1], Electron Irradiation [2], plasma 

technologies [3,4], morphology of the thin films were tuned by change in composition of the 

element [5] also using different surfactant surface morphology of the material were altered [6,7]. 

Researchers are greatly fascinated to the modification of properties of materials into the most 

useable form of materials by irradiation process.  Electron beam irradiation process is suitable to 

enhance the various physical chemical properties of the materials like to create defects, structure, 

atomic displacement, ionization, impurity production and surface morphology etc. [8-11]. The 

introduction of irradiation may be any natural or artificial. The artificial irradiation is purposely 

applied to assist the exact purpose. Most of cases the irradiation process is used in biological 

sterilization, food preservation and medicinal applications, but now from last decade it is also 

used for synthesis of smart materials; since the irradiation plays an vital role in improvement in 

properties of material [10,11]. Several researchers have described the result of electron   beam   

irradiation   (EBI)   on   many   semiconducting   materials   for   improving physicochemical 

properties [12-17]. M. Takashiri et al. synthesized Bi2Te3 thin films by RF-magnetron   

sputtering and studied effect of EBI and heat treatment. They observed the orientation of crystal 
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is along the c-axis and also enhance the surface morphology [18]. Kudo et al. reported the 

homogeneous electron beam irradiation affect the crystal orientation and induced strain within 

films [19]. In literature, EBI effect on the thin films prepared by different chemical and physical 

processes are available [20-24].  

In current studies,   Bi2Te3 thin films were deposited using potentiostatic 

electrodeposition method and irradiated by different doses of electron beam irradiation ranging 

from 10 to 50 kGy dose with a constant energy source of 4.5 MeV. Due to the various dose of 

Electron beam irradiation Bi2Te3 thin films modify the electrical and structural property of 

Bi2Te3 thin film. The main objective of this study is study electron beam irradiation technique to 

improve the solar cell performance. 

2. Experimental: 

2.1 Material and Methods 

Bismuth Nitrate Bi(NO3)3·5H2O and sodium tellurite (Na2 TeO3) were used as precursors 

for synthesis of nanocrystalline Bi2Te3 films which are purchased from Alfa Aesar, Mumbai. All 

Chemicals were used without further purification. Bi2Te3 thin films were prepared by using 

potentiostatic electrodeposition method onto the stainless-steel substrates. 25 ml of 50 mM 

Bi(NO3)3·5H2O solution as a precursor of Bi and 25ml of 50mM Na2TeO3 solution as source of 

Te prepared in separate beaker. The Bi2Te3 thin films were prepared at potential (-170 mV) for 5 

min. The deposition temperatures of bath were kept at 297K and pH of solution (∼2). After 

deposition film were rinsed with DI water and further used for electron beam irradiation. 

2.2 Treatment of high energy electron beam irradiation 

 The optimized Bi2Te3 thin films were used to study the outcome of EBI with different 

doses. The EBI experiments were performed using linear electron accelerators (LINAC) set up at 

Bhabha Atomic Research Center (BARC), Mumbai. The irradiation parameters used for 

experiment are, electron beam source of energy 4.5 MeV, Pulse current (average safe beam 

current) -0.4 mA, electron beam power (1.8 kW), Dose per pass - 2.5 kGy/pass, Pass scan speed 

-3 cm/s, Pulse current - 0.4 mA, Pulse width - 500 µs. The Irradiation doses changes from 10 

kGy, to 50 kGy with equal interval of 10 kGy. The samples were placed normal to the EBI for 

avoiding a rise in temperature of samples. The total irradiation given to each sample were 

controlled by magnitude of total number of doses (2.5 kGy per pass) passed over the samples. 

The Bi2Te3 thin films were placed in front of the exit slit of the LINAC at 12 cm. The size of 

samples was 1 cm x 1 cm x 0.1 cm used for study of pulse radiolysis with various doses from 10 

to 50 kGy at interval of 10 kGy. Effect of EBI on samples depends on the amount of dose 

irradiated over the samples. The measurement of irradiation doses is an important for irradiation 

process, it is known as a radiation dosimetry. The chemical dosimeter was used for determination 
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of different doses absorbed by samples [25]. The irradiation dose is measured in various units as 

Sievert or roentgen or rem or rad or gray (Gy) [26]. 

2.3 Characterization 

The Bi2Te3 thin films treated with high energy electron beam irradiations were characterized by 

various techniques to study their structural, morphological, elemental, wettability and 

electrochemical properties. 

3. Results and Discussion: 

3.1 X-Ray Diffraction study 

The X-ray diffraction (XRD) patterns of as prepared thin film (pristine) and EBI Bi2Te3 

thin films for different doses are as shown in Fig. 1. The diffraction peaks observed at 23.52, 

27.54, 38.03, 40.72, 49.93 and 66.31 correspond to (101), (015), (1010), (110), (205) and (125) 

planes, respectively. The observed ‗d‘ values of diffraction plane of Bi2Te3 thin films are well 

matched to the standard ‗d‘ values of JCPDS card No. 00-008-0027 and it confirms 

rhombohedral crystal structure of Bi2Te3 thin films. The diffraction peaks in XRD pattern (43.56, 

44.43 and 56.92) denoted by asterisk mark (*) correspond to substrate peaks. The peak 

intensities of (015) and (110) planes at 27.54 and 40.72 increase with increasing EBI doses and it 

grow maximum for 40 kGy and again it decreases for higher doses. As we increase the EBI to 

pristine films the crystal orientation of films linearly enhanced along the (015) plane [14]. The 

enhancement in the peak intensity of diffraction peak shows the due to the increase in 

crystallinity by EBI [27]. 

 

Fig. 1 X-ray diffraction patterns of pristine and irradiated Bi2Te3 films 

At high EBI higher dose thermally made lattice modification which reduce the intensities 

of (015) and (110) planes in XRD pattern [28]. EBI result shows that Bi2Te3 thin films are highly 

crystalline after irradiation as compared to pristine film. Average crystallite sizes are calculated 
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by using Scherer‘s formula [29]. The crystallite size of pristine and EBI Bi2Te3 thin films are 

shown in Fig 2.  

 

Fig. 2 Crystallite size, microstrain and dislocation density of pristine and irradiated Bi2Te3 

films 

The maximum values of average crystallite size were found to be 37 nm for 40 kGy dose. 

Micro strain (ε) and dislocation density (δ) residential in the Bi2Te3 films were calculated using 

equations standard [30]. From Fig. 2, it is observed that micro strain and dislocation density 

decreases with increasing electron beam irradiation dose and crystallinity of films increases upto 

40 kGy but at higher dose (50 kGy) the exactly reverse results observed. it occur due to the 

movement of the interstitial Bi and Te atoms to its grain boundary from inside the crystallites 

[31]. To obtain the higher crystalline structure of Bi2Te3 film, we need to irradiate thin film with 

energy electrons having optimum dose. 

3.2 FT Raman Studies: 

The FT-Raman spectra of pristine and high EB irradiated Bi2Te3 thin film with dose 40 

kGy was showed in Fig. 3. The five Raman bands are observed in Raman spectrum. The 

intensity of Raman peak of pristine increases with increase in EB beam irradiation dose. As ion 

beam bombardment dose increases the cryastalinity of the films generate the defects and 

therefore the Raman bands whose intensity depend on crystalinity also gets increased 

correspondingly. After the EB irradiation the position of Raman bands remain same. The Raman 

bands were observed at 65 and 131 cm
-1

 due to vibrational modes of A1g
1 

and A1g
2
 respectively 

[32,33]. These modes are due to the atoms vibrating along the trigonal direction [34]. The Raman 

peak appear 102 cm
-1 

explain the E2g mode is due to the atoms vibrating in the basal plane [35]. 

The peak show at 49 cm
-1

 corresponds to E1g mode [36]. The another peak observed at 77 cm
-1

 

in Raman spectrum is because of vibrational mode of BiTe [37]. The result explanations of 

Raman result are consistent with XRD results. 
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Fig. 3 FT-Raman spectra of pristine and irradiated Bi2Te3 films 

 

3.3 Surface morphology study 

The effect of EB irradiation with different were observed on the surface microstructure of 

Bi2Te3 thin films prepared by electrodeposition. Surface microstructures of the films were altered 

with EB irradiation dose as shown in Fig. 4. The changes in the microstructures of the Bi2Te3 

thin films with different doses of irradiation are shown in Fig.4. The marigold flower like 

microstructure were observed in Pristine Bi2Te3 (BT3) thin films while all EB irradiated thin 

films alter the microstructure to hierarchical fern-like structure; the surface morphology of the 

EB irradiated samples changes with increasing EB irradiation dose ranging from 10 kGy to 50 

kGy as shown in Fig.4. As EB irradiation dose increases from 10 kGy to 50 kGy the surface 

morphology begins to become packed together. Fig.4. demonstrate surface of the films are 

uniformly covered with hierarchical fern-like microstructure. The homogeneously covered 

porous morphology show the way to maximum specific electro active surface area and it helps to 

migration of ions from the electrolyte into the electrode surface which allows the good structural 

base for the higher photo-electrochemical performances. The sample with EB irradiation of 40 

kGy dose shows better surface morphology. Thus, EBI is a one of important technique to 

enhance the surface morphology of the sample. In electron, electrode, and electrolyte 

mechanism, the porous microstructure of the electrode material were more important because 

more porous microstructure gives the large active surface area and which more beneficial for the 

electrolyte ions to access the active materials [37]. 
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Fig. 4 FESEM images of (a) pristine and (b-f) irradiated Bi2Te3 films with 10-50 kGy for 10 

kx magnification and (a’) pristine and (b’-f’) irradiated Bi2Te3 films with 10-50 kGy for 50 

kx magnification 

3.4 Energy dispersive X-ray analysis (EDS) 

 

Fig. 5 The EDS spectrum of irradiated Bi2Te3 thin film with 40 kGy dose 

The elemental chemical compositions of sample were analyzed by EDS. The major X-ray 

emission peaks observed in EDS spectra give the presence of Bi and Te elements in sample. 

Table 1 shows the atomic percentage of pristine and EB irradiated Bi2Te3 thin film with 40 kGy 

dose measured using EDS spectrum. The ratio of atomic percentage of elemental Bi to Te is 

found to be 0.70, which is in good agreement with stoichiometry ratio. There is no other peaks 
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are observed in EDS spectrum except carbon and stainless steel the EDS spectra of Bi2Te3 thin 

film is as shown in Fig. 5. As result revels that the stoichiometry of Bi2Te3 thin film remains 

same before and after EB irradiation.  

Table 1. Atomic percentage of pristine and irradiated Bi2Te3 thin film with 40 kGy dose 

measured using EDS spectrum 

 

Elements 

Atomic % 

Pristine Bi2Te3 Irradiated Bi2Te3 at 40 kGy dose 

Bi M 42.30 41.22 

Te L 57.70 58.78 

Total 100 100 

 

3.5 Wettability study 

The wettability of pristine and EB irradiated Bi2Te3 thin films by different doses from 10 

kGy to 50 kGy is represented by Fig. 6 using contact angle measurements. As we increase the 

electron beam irradiation dose the water contact angle of Bi2Te3 thin films increases with dose 

up to 40 kGy and again it reduced to dose 50Gky. This variation may occur due to the change in 

crystallinity and microstructure of the films by EB irradiation. All films show acute water 

contact angle, it reveals the hydrophilic nature. For the better electron interaction with electrode 

and electrolyte Hydrophilicity of film better, this may be useful to enhance the PEC performance 

of the electrolytic cell [38,39]. 

 

Fig. 6 Water contact angle images of Bi2Te3 films (a) pristine and irradiated with (b) 

10 kGy (c) 20 kGy, (d) 30 kGy (e) 40 kGy and (f) 50 kGy  
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3.6 Electrochemical Impedance spectroscopy (EIS) analysis 

The Nyquist plots of pristine and irradiated Bi2Te3 thin films are shown in Fig. 7. The 

measurement is performed at open circuit potential -250mV/SCE in a photelectrochemical cell 

configuration of SS/Bi2Te3/0.2M (NaOH+Na2S+S)/graphite. Nyquist plots of each sample 

consist of two semicircle small semicircle occurs at high frequency domain greater than 104 Hz 

shown in inset and second bigger semicircle observed at middle frequency domain between 1 to 

104 Hz. The point of intersection of semicircle on real impedance axis gives the solution 

resistance while its diameter gives charge transfer resistance.Fig. 8 shows the Nyquist plots of 

pristine and irradiated Bi2Te3 thin films recorded at open circuit potential -250 mV/SCE in PEC 

cell configuration SS/Bi2Te3/0.2 M(NaOH+Na2S+S)/graphite. It consists of two semicircles for 

each sample, a small semicircle observed at high frequency domain (> 104 Hz); shown in inset, 

and other bigger semicircle observed at middle frequency domain (1 to 104 Hz). 

 

Fig. 7 Nyquist plots for pristine and irradiated Bi2Te3 films 

 

Table 2: EIS parameters for pristine and irradiated Bi2Te3 films 

EIS parameters Pristine 40 kGy 

Rs (Ω) 3.324 3.424 

R1 (Ω) 6.9641 6.26 

C1 (F) 6.16E-05 3.31E-07 

R2 (Ω) 224.9 177.48 

C2 (F) 6.25E-04 1.98E-04 

W (Ω) 0.02072 0.01897 
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The point of intersection of semicircle on real impedance axis gives the solution 

resistance while its diameter gives charge transfer resistance. As we increase the EB irradiation 

dose on films the diameter of semicircles at high frequency region it goes on decreasing with 

increase of irradiation dose as compared to pristine film and it is minimum at dose 40 kGy. The 

interfacial charge transfer process at the electrode explained by presence of semicircle at high 

frequency region. The charge transfer at the electrode interface is represented by the presence of 

and absence of semicircle in a high-frequency region. The slow interfacial charge transfer is 

represented by the presence of a semicircle and the interfacial charge transfer process on the 

electrode fast is represented by the absence of semicircle at a high-frequency region. [40]. 

Table 2 Represent the values of EIS parameters of for pristine and optimizes like solution 

resistance (Rs), charge transfer resistance (R1) and double-layer capacitance (C1) at the 

electrode/electrolyte interface, recombination charge transfer resistance (R2) and chemical 

capacitance (C2) and Warburg impedance (W) irradiated sample, are presented in Table 2. The 

values of R1, R2, C1, and C2 are less for 40 kGy obtained from the equivalent circuit are fine to 

fit with EIS curves. The values of R1, R2, C1, and C2 are less as compared to the EB irradiation 

of 40kGyto pristine values measured at open circuit potential.  

 

Fig. 8 Bode plot for irradiated Bi2Te3 thin film with 40 kGy dose 

The Warburg impedance of EB irradiated film is less as compared to value of pristine 

film. It proves that at higher energy electron beam irradiation route can desorbs oxygen ions and 

make neutral atoms from the surface of Bi2Te3  film which leads to the creation of vacancies or 

defects in surface of Bi2Te3 film without any break. The arrangement of many defects show the 

way to the creation of thin traps within the surface of Bi2Te3 film that reduce the recombination 

of photo generated electron–hole pairs. This may be responsible for increasing the PEC 

performance of films [41]. The e-beam irradiation considerably contributed to the decrease of the 
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charge transfer resistance of the samples, which is in harmony with the change in electrical 

conductivity, is represented by the impedance result [40]. Declining charge transfer resistance is 

associated with variant of crystallinity of Bi2Te3 thin films. 

 The Bode plots are again split into two parts phase angle (θ) versus frequency (f) and 

total impedance (Zmag) versus frequency (f) Fig.8 shows the Bode plots of synthesized pristine 

and irradiated Bi2Te3 thin films. From Fig. 8 it observed that, phase angle curve in high 

frequency region corresponds to smaller semicircle at high frequency region of Nyquist plot. The 

phase angle curve in middle frequency region corresponds to bigger semicircle in middle 

frequency region of Nyquist plot. The phase angle in middle frequency region for irradiated BT3 

sample is 510 which is less than pristine film. The dependences of impedance with frequency can 

be studied using plot of total impedance (Zmag) versus frequency at high frequency region a 

steady decrease of impedance has observed with respect to frequency and it reaches to low value 

at high frequency region. The observed results are consistent with CV of electrodeposited Bi2Te3 

so it confirms that the homogeneous deposition process of bismuth in composition with tellurium 

to prepare the Bi2Te3 compounds [42].  

 

 

Fig. 9 Equivalent circuit model for irradiated Bi2Te3 thin film with 40 kGy dose to analyze 

electrochemical impedance parameters 

 

Fig. 10 Electrochemical active surface area (ECSA) of pristine and irradiated Bi2Te3 thin 

film 

 Fig. 9 shows the comparable circuit model of EB irradiated Bi2Te3 thin film for 40 kGy 

dose to analyze the electrochemical impedance parameter. The ratio of calculated capacitance 
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(C) value and standard capacitance (C0) per square cm area of the electrode is represented by the 

electrochemical active surface area (ECSA). The calculated ECSA values are as shown in 

Fig.10.  

3.7 Photoelectrochemical studies 

Table 3: PEC solar cell parameters estimated from J-V curves for pristine and irradiated 

Bi2Te3 thin film with different doses 

Solar cell parameters Pristine 10kGy 20kGy 30kGy 40kGy 50kGy 

Jsc (mA) -0.523 -0.55 -0.5890 -0.6288 -0.682 -0.6560 

Voc (mV) 185.05 188 191 196 201 198 

Jm (mA) -0.3430 -0.4180 -0.4550 -0.4812 -0.5279 -0.5099 

Vm (mV) 114 126 131 134 138 137 

Rs (Ω) 121 86 78 73 71 66 

Rsh (Ω) 1106 1814 1970 2055 2397 1750 

Rsh/Rs 9.07 21.22 26.11 27.45 33.31 26.72 

FF 0.3978 0.5171 0.5270 0.5291 0.5383 0.5355 

η (%) 0.0988 0.1327 0.1480 0.1621 0.1835 0.1737 

 

Fig. 11 shows the photoelectrochemical (PEC) performance of Bi2Te3 thin films 

irradiated by different electron beam irradiation, while illumination of light with 100-watt 

Tungsten lamp films shows solar cell characteristics (J-V) in the fourth quadrant.  

Fill Factor = Imax X VmaxIsc X VOC                   (1) 

η(%) = IOC X VSCP × 𝐹𝐹 × 100         (2) 

 The fill factor and percentage efficiency were calculated using equation 1 and 2, where 

Imax and Vmax   are the values of maximum current and maximum voltage, respectively and P 

is the illumination power input, Isc is the short circuit current and Voc is the open circuit voltage 

(Voc). The various solar cell parameters viz. short circuit current density (Jsc), open circuit 

voltage (Voc), current (Jmax), voltage (Vmax), series resistances (Rs), shunt resistances (Rsh), 

ratio of Rsh/Rs, fill factor (FF) and efficiency of solar cell (η) of pristine and irradiated samples 

are mentioned in Table 3. 
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Fig. 11 J-V curves of pristine and irradiated Bi2Te3 thin film with different doses 

 

Table 4 Electrochemical active surface area (ECSA) and normalized current of pristine 

and irradiated Bi2Te3 thin films 

Sample Pristine 10 kGy 20 kGy 30 kGy 40 kGy 50 kGy 

ECSA 

(cm
2
) 

3.2476 3.1718 3.2735 3.3249 3.4103 3.2732 

Normalized Jsc 

(mA/cm
2
) 

 

-0.1607 

 

-0.1703 

 

-0.1802 

 

-0.1894 

 

-0.2002 

 

-0.2066 

Normalized Jm 

(mA/cm
2
) 

-0.1057 -0.1318 -0.1391 -0.1450 -0.1548 -0.1559 

  

Fig. 11 shows that as the EB irradiation dose increases the solar cell parameter also Jsc, Voc, Jm, 

and Vm increase up to 40 Gky dose and further decreased for a higher dose. Due to the radiation-

induced defects in the surface of the Bi2Te3 electrode, These changes can occur [43]. The 

similar trend has observed in photo conversion efficiency and fill factor after irradiation. At the 

dose of 40 Gky EB irradiation dose shows maximum efficiency and fill factor, the values is 

0.1838% and 0.5384 respectively. Relatively lower values of photon conversion efficiencies for 

the Bi2Te3 based PEC cells might be due to relatively lower band gap energy of the 

photoelectrode. Other parameter restrictive PEC efficiency could be current densities, IPCE, 

catalytic exchange and series resistance etc. The Electrochemical active surface area (ECSA), 

normalized short circuit current (Jsc), and output current (Jm) are represented in Table 4. From 

Table 4 it clear that maximum ECSA shows for 40 kGy doses as compared to other films. This 

may be due to the improvement of crystallinity and surface morphology of irradiated films. 
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Conclusion: 

 In summary, polycrystalline Bi2Te3 photoelectrode were prepared using ED methods for 

photochemical solar cell. The electrodeposited Bi2Te3 thin-films were used to enhance the 

surface microstructure to achieve stable PEC performance. The hierarchical fern-like structure of 

Bi2Te3 electrode increased the photocurrent density from 0.52 to 0.68 mA/cm2. The surface 

morphology of the Bi2Te3 samples were tune from marigold flowerlike to the hierarchical fern-

like structure with changing the electron beam eradiation from 10 kGy to 50 kGy on the 

electrode. The electrode irradiated by 40 kGy dose showed the same atomic composition before 

and after EBE. As we increase the EBI dose the contact angle were altered. The electrode 

eradiation of 40kGy dose shows 560 contact angles at these contact angle a greater number of 

elections have interacted with the electrode and electrolyte interface. The EIS spectra reveal that 

the charge transfer resistance is small for Bi2Te3 electrode by EDE for 40kGy dose which 

enhances the PEC efficiency up to 0.18 %. 
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Abstract:  

Nano-wires of NiFe2S4 thin films were successfully synthesized by well known SILAR 

method. The thin films deposited on glass substrate was sintered at 300
0
C for 2 hours and further 

analyzed by X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and field 

emission scanning electron microscopy (FESEM) and energy dispersive X-ray analysis (EDAX). 

The cubic spinel structure without any impurity phase with good crystalline nature of 

synthesized material was identified by XRD. The calculated lattice constant form XRD was well 

match with reported value. The calculated inter-planer distances (dcal) are well agreed with 

observed inter-planer distances (dobs). Number of absorption bands present in FTIR spectra 

provides strong support to the XRD results. The microphotographs obtained from FESEM, 

shows formation of well structurednano-wires of NiFe2S4. Presence of all required elements with 

appropriate stoichiometric ratio were clearly observed in EDAX. The DC electrical resistivity of 

NiFe2S4 thin films study shows semiconductor nature.  

Keywords: NiFe2S4nano-wires; SILAR method; XRD; DC electrical resistivity.  

1. Introduction: 

 Ternary nanocomposites exhibit reform energy and power densities ,improved stabilities 

upon charge/discharge cycles [1], and higher electrocatalytic activity in the quantification of 

chemical species compared to the isolated components [2].Thin films of this material can be 

prepared by a variety of techniques such as chemical bath deposition [3], chemical pyrolysis 

deposition (CPD) [4], evaporation [5], sputtering [6], spray [7], pulsed laser deposition [8] and 

electrodeposition[9]. Among this techniques, we prefersuccessive ionic layer adsorption and 

reaction (SILAR) technique for the deposition ofthin film because of it advantages such as low 

cost low material consumption and possible use of flexible substrates . Also, SILAR method 

does not require high quality substrates nor does it require vacuum at any stage as well as the 

deposition rate and the thickness of the film can be easily controlled by changing the deposition 

cycles [10]. 
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The mixed transition metal slphides received great attention of the researchers recently 

because of their excellent performance as well as stability[11].NiFe2S4thin films are extensively 

used as one of the most ideal material for their application to the supercapacitor[12]. However, 

supercapacitors exhibit low energy density as compared to batteries and therefore, there is the 

need of development of electrodes for supercapacitors to address the issues related to cycle life, 

energy density, specific capacitance without compromising its power density [13]. 

In order to explore the applicability of ternary material in electrochemical storage, here in 

first time, we report the preparation of NiFe2S4 thin films by SILAR method. 

2. Experimental: 

The molarities of precursors are 0.025M. of( NiCl2⋅6H2O,AR) and 0.05M of( 

FeCl3⋅6H2O,AR) were dissolved in DDW that gives (Ni
2+

) and (Fe
3+

) anions respectively, while 

0.1M of (Na2S⋅6H2O,AR) was dissolved in DDW gives (S
2-

) cation. The uniform and well 

adherent thin films were obtained on glass substrates using SILAR method by repeating a 

sequential immersion of substrates in the solution of cationic (Ni
2+

,Fe
3+

) and anionic (S
2-

) 

precursors followed by rinsing in deionized water after every immersion. An immersion time of 

10 second was kept constant for each precursor. In initial process step, the substrate was 

immersed in cations (Ni
2+

,Fe
3+

) for 10 seconds, which will adsorbed (Ni2+,Fe3+) ions on the 

substrate. After immersion of these substrates in sulfur(S
2-

) ions for 10 seconds, the reaction 

occurred at the substrate surface to form material of NiFe2S4 on the glass substrate and follwed 

by second rinsing for 10sec and complete one cycle. The rinsing and adsorption time were varied 

in such a manner that uniform NiFe2S4 films get deposited onto the substrates. A thin layer of 

NiFe2S4 film resulted after immersing the substrate sequentially in respective precursors for 225 

cycles. 

X-ray diffraction (XRD) of NiFe2S4 were performed on X-ray diffractometer recorded 

using Cu-Kα radiation.The surface morphological and elemental compositional analysis of 

NiFe2S4 were investigated using scanning electron microscope SEM( FEIXL – 30 Field 

Emission) equipped with energy dispersive X-ray spectroscopy (EDX). FTIR spectra was 

recorded on FT/IR-4600type model - DD44761786).Two probe method was used to study the 

DC electrical resistivity of NiFe2S4 thin film. 

3. Results and discussion: 

3.1 X-ray diffraction (XRD) 

The X-ray diffraction pattern of NiFe2S4thin filmsintered at 200
0
C for 2 hr is shown in 

Fig 1. The presence of planes (111) (220) (311) (222) (422) (440) correspounding to JCPDS card 

no.47-174 indicates the the formation of a cubic spinal structure phase material with good 

crystallinity. Atram et al [ 14 ] prepared NiFe2S4 films by electrospining method. They also 

observed cubic spinal structure for NiFe2S4 films and further used as supercapacitor materials. 
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Fig.1 XRD pattern of NiFe2S4 thin film 

The lattice parameter of NiFe2S4 is calculatedby using formula 

222

hkl
lkhda   

Where,a = lattice parameter 

 d = inter-planer spacing and 

 (hkl) = Miller indices 

The lattice parameter of NiFe2S4is about 9.458Å and it is perfectly matched with the 

value reported in JCPDS card no.47-174 .Thecalculated interplaner distances (dcal) and observed 

inter-planner distances (dobs)for each plane are tabulated in Table 1. From this table, it is 

observed that dobs and dcal values are are approximately same.

 The average crystallite size of NiFe2S4for (311) is obtained by using Debye Schemer formula, 

 

 

 Where, D - 

crystallite size 

λ - wavelength of X-ray 

β - full width at half maxima(FWHM). 

 θ - Bragg‘s angle 

The crystallite size of NiFe2S4thin film is about 26.26 nm. 

  

 

 

 

 

cosθ β

λ 0.9
D 
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Table 1: Calculated and observed interplanner distances of NiFe2S4 thin film 

Obs. 

No 

(hkl) 

Planes 

2θ 

(deg.) 

θ 

(deg.) 

Inter-planner distances 

(A
0
) 

dobs dcal 

1 111 18.94 9.47 4.6800 4.6810 

2 220 27.3 13.65 3.2633 3.2636 

3 331 31.68 15.84 2.8310 2.8216 

4 222 33.82 16.91 2.6423 2.6478 

5 422 48.74 24.37 1.8652 1.8665 

6 440 54.56 27.28 1.6802 1.6803 

 

3.2. Field Emission Scanning Electron Microscopy (SEM) 

Field emission scanning electron microscopy is used for inspecting topographies of 

specimen at very high magnification. more than 30000x.Microphotographsof NiFe2S4 thinfilm is 

showen in Fig.2. This photograph shows the formation of nano-wires. Formation of nanowires of 

novel carbon nanofibers/thionickel ferrite/polyaniline ternary nanocomposite are reported by 

Atram et al [ 14 ].  

 

Fig (3.2): SEM image of NiFe2S4 thin film 

 

3.3. Energy DispersiveX-Rays spectroscopy (EDAX) 

 The EDAX spectroscopy is carried out for determination of chemical composition of 

constituents of sample.The EDAX spectra of NiFe2S4nanowires is presented in Fig 3. 
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Fig 3: EDAX spectra forNiFe2S4 thin film 

  The EDAX spectrum in fig shows the peak for Ni, Fe, S elements, which confirm a purity 

phase of NiFe2S4 thin film with required proportion. The weight and atomic percentage of these 

elements is shown in Table 2. 

Table 2: Weight and atomic percentage of NiFe2S4 thin film. 

Elements Weight % Atomic % 

S 37.60 51.31 

F 57.12 44.71 

Ni 5.27 3.93 

Total 100.00 99.95 

 

3.4 Fouier Transform Infrared Spectroscopy (FTIR) 

2400 2200 2000 1800 1600 1400 1200 1000 800 600

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

T
ra

n
c

m
it

a
n

c
e

 (
a

.u
)

Wave Number (cm
-1

)

4
7

8

5
2

5

1
0

1
9

1
6

3
3

1
4

6
6

8
8

4

 

 

 

Fig 4: FTIR spectra of NiFe2S4 thin film 
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FTIR spectrum of NiFe2S4thin film is presented in Fig 4. From this spectrum it is seen 

that there is starching vibrations occurs in tetrahedral and octahedral sites due to bounding 

between Ni-Fe. These may results the appearance absorption bands near about 400 and 600 cm
-1

. 

The higher frequency of absorption band (ν1=525cm
-1

) is due to starching vibration between 

divalent metal ions and lower frequency absorption band (ν2 =478cm
-1

) is due to trivalent iorn 

ions. The absorption peak near about (532cm
-1

), indicates may be the presence of Ni
3+ 

ionsThe 

identifying the characteristic between 600 and 1100 cm
-1

 attributed to Fe-s and Ni-s vibration. 

3.5D.C Electrical Resistivity 

Plot of logarithmic resistivity (log ρ) Vs (1/T) of Nife2S4 thin film is shown in Fig 5.From 

this figure, it is seen that the logarithmic resistivity decreases with increase in temperature, 

shows semiconducting behavior. The decrease in resistivity with increase in temperature is due 

to the increase in thermally activated drift mobility of charge carriers. 

.  

Fig 4.6: Resitivity of NiFe2S4 thin film 

 

 4. Conclusion: 

Nanowires of NiFe2S4 thin film was suscefully preapred by SILAR method. By 

Formation of cubic spinel structure and nanowires were confirmed from by X-ray diffraction and 

FESEM analysis. Apperence of relevent absorption bands in FTIR spectra suggests the formation 

of nanowires. Existance of required elemental peaks with proper weight percentage in the EDAX 

confirms the well formation of nanowires. DC electrical resistivity study shows semiconducting 

behaviour. Such a material is a promising electrode material for future supercapacitor 

application.  
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Abstract: 

Nd
3+

 doped Mg-Co-Cd ferrite nanoparticles with composition Mg0.4Co0.2Cd0.4 Nd0.02 

Fe1.98O4 were synthesized successfully by sol-gel method. The sintering of synthesized powder 

was carried out microwavely at 60W for 20 min and characterized by XRD, FTIR and FESEM 

techniques. These techniques are utilized to evaluate crystal structure, phase purity and surface 

morphology of ferrite material. X-ray analysis study shows the formation of single-phase cubic 

spinel structure. The FTIR results confirm the presence of two prominent vibrational bands in the 

wave number range 399.73-569 cm
-1

. The irregularly shaped grains with slight agglomeration 

observed in the FESEM photograph. EDAX confirmed the formation of desired ferrite in 

required stoichiometric ratio without any impurity phase. 

Keywords: Mg-Co-Nd-Cd nano-ferrite; Sol-gel method; XRD; FTIR; FESEM; EDAX. 

1. Introduction: 

           Nanoparticles of spinel ferrites proved themselves as a potential candidate in various 

applications that include permanent magnets, chemical sensors, microwave absorbers, magnetic 

storage information devices microwave devices and also in biomedical applications [1-3]. 

Unique properties such as high initial magnetic permeability, electrical resistivity and saturation 

magnetization and low power losses make nanoferrites one of the most diverse magnetic 

materials [4]. Nanoferrites have very versatile structural, magnetic, electrical, and dielectric 

properties that are tailored by method of preparation and adding divalent or trivalent ions of 

suitable valences with appropriate thermal treatments [5]. 

Different synthesis techniques, such as ceramic method [6], sol–gel technique [7], 

microwave [8], hydrothermal method [9], oxalate co-precipitation technique [10], microemulsion 
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[11], and thermolysis [11] have been used to produce nanoferrites. Among these, owing to the 

good stoichiometric control and production of nano size particles at quite low temperature, the 

sol–gel technique is an attractive synthesis technique [12]. Several researchers studied the 

structural, electrical and magnetic properties of ferrites, because with substitution of a small 

proportion of rare-earth elements in ferrites will drastically modify its properties [13]. Effects of 

substitution of different types of rare earth ions on the ferrite structures and electromagnetic 

properties were studied by Rezlescu et al [12]. Nd
3+

 substituted nano-sized magnesium ferrite 

have been reported by seldom et.al [14].Cobalt ferrite prepared by microwave-assisted synthesis 

was studied by Komarneni et al. [15].Effect of sintering temperature on the magnetic and 

morphological characteristics of magnesium ferrite have been investigated by Reddy et al. [16]. 

Dippong et al. prepared cobalt ferrites using sol-gel method and they observed the structural and 

magnetic properties of prepared samples [17].  

In the present paper we report the structural properties of Nd
3+

 doped Mg-Co-Cd ferrite 

nanoparticles prepared by sol-gel method using microwave sintering technique. 

2.  Experimental: 

Neodymium substituted Mg-Co-Cd ferrite with chemical composition Mg0.4Co0.2Cd0.4 

Nd0.02 Fe1.98O4 was prepared by well-known sol–gel method.  Analytical grade magnesium 

nitrate, cobalt nitrate, cadmium nitrate, neodymium nitrate, ferric nitrate and citric acid (C6H8O7) 

were used as starting materials. These materials were weighted in its stoichiometric amounts and 

dissolved in distilled water with stirring. The ratio of entire nitrates to citric acid was taken as to 

be 1:1.  For homogeneity, the solution was constantly heated at 80
0
C for 2 hours. After cooling, 

ammonia was added in the solution in order to maintained pH at 7. The solution was then heated 

until it converted into the form of gel. The process of heating was continued till gel is ignited and 

converted into powder. The pre-sintered powder was milled in agate mortar for an hour using 

acetone as base. The resulting powder was sintered at 60W for 20 minutes using microwave oven 

(ONIDA 23L 800 watts). The structural properties of prepared ferrites were investigated by 

using X- ray diffraction, FTIR, FESEM and E-DAX techniques. The Rigaku miniflex-600 make 

X-ray diffractometer having Cu-Kα radiation (λ = 0.15406 nm) was used to determine the 

crystalline phase of ferrite nanoparticles. The FTIR spectrum ferrite was recorded in range 350 

cm
-1

 to 850 cm
-1

 by using Bruker ALPHA 100508. The morphological study of the ferrite was 

carried out on Zeiss Ultra-55 of FE-SEM. 

 The elemental composition of prepared ferrite was studied by using EDAX model ASTM 

E1508-98 Oxford.  
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3. Result and Discussion:- 

3.1. X-ray Diffraction Analysis (XRD):- 

 

Fig. 1 XRD pattern of Mg0.4Co0.2Cd0.4 Nd0.02 Fe1.98O4  

X-ray diffraction patterns of microwavely sintered Mg0.4Co0.2Cd0.4 Nd0.02 Fe1.98O4 ferrite 

samples are shown in Fig.1. The presence of nominated planes such as (220), (311), (400), 

(431/511), (440) in the diffraction patterns confirms the formation of single phase cubic spinel 

structure without any ambiguity phase. Lattice constant ‗a‘ of the ferrite was calculated for most 

intensive peak (311) plane by using Bragg‘s equation and was found to be 8.4149 A
o
 and 

tabulated in the Table 1. The crystallite size (DA) was determined by using Scherrer formula:  

                                      
βcosθ

λ 0.94
D   

 Where, λ = 1.5425 A
o
 is the wavelength of X-ray radiation, θ is the diffraction angle and 

β is the full-width half maxima.  

Mg-Cd-Nd ferrites have been prepared by oxalate co-precipitation method by Bhongale et.al 

[18]. They reported that, well defined intense peak is observed at 70w microwave sintering, but 

we observed higher intensity peak at 60w microwave sintering. 

Table 1: XRD parameters of Mg0.4Co0.2Cd0.4 Nd0.02 Fe1.98O4    

Crystallite 

size 

D 

(nm) 

Lattice 

consta

nt a 

(Å) 

Ionic radii 

Å 

Bond 

length 

Å 

X-Ray 

density 

(ρ ) 10
-6

     

gm/cm
3
 

Wave 

number 

cm
-1

 

rA rB LA LB 
 

ϑ1 ϑ2 

17.10 8.4149 
0.2

87 

0.9

07 

7.2

88 

5.9

5 
5.4373 569 

399.7

3 
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3.2.Fourier Transform Infrared Spectroscopy (FTIR): 

 

Fig. 2 FTIR spectra of Mg0.4Co0.2Cd0.4 Nd0.02 Fe1.98O4 

FTIR spectra of Mg0.4Co0.2Cd0.4 Nd0.02 Fe1.98O4 system is shown in Fig. 2.To conclude 

ferrite phase formation and detection of chemical bond present in spinel structure the 

measurement were carried out from FTIR spectrometer. Mainly two absorption bands ϑ1 and ϑ2 

corresponding to tetrahedral (A) and octahedral (B) sites appeared in the most of the ferrites and 

which is characteristic of spinel structure ferrite.  In prepared ferrite, the absorption band ϑ1 

corresponding to tetrahedral (A) sites observed at 569 cm
-1

, and this can be related to metal 

cation–oxygen bond stretching vibrations. The absorption band ϑ2 appears at 399.73 cm
-1

 

corresponding to octahedral (B) sites and it relates metal cation oxygen bond stretching 

vibrations in octahedral site. It confirms that typical bands of spinel structure are formed under 

microwave sintering. 

3.3. Field Emission Scanning Electron Microscopy (FESEM): 

 

Fig. 3 FESEM microphotographs of Mg0.4Co0.2Cd0.4 Nd0.02 Fe1.98O4 

  The FESEM microphotograph of Mg0.4Co0.2Cd0.4 Nd0.02 Fe1.98O4 sample is shown in Fig. 

3. The morphology of ferrite shows clustered like grains. It can be normally acquired as a result 



Department of Physics, S. G. M. College, Karad (M.S.) India 

158 
 

of partial agglomeration of nanoparticles. Due to weak Van der Waals bonds or magnetic forces, 

irregular agglomeration of particles take place. 

3.4.Energy Dispersive X-ray Spectroscopy (EDAX): 

 

            The energy dispersive X-ray analysis (EDAX) spectra of Mg0.4Co0.2Cd0.4 Nd0.02 Fe1.98O4 

system is shown in Fig. 6. The spectra confirm the presence of stoichiometric elements Mg, Cd, 

Co, Nd, Fe and O with required proportion without impurity phase.  

Conclusion: 

Nd
3+

 doped Mg-Co-Cd ferrite nanoparticles with composition Mg0.4Co0.2Cd0.4 Nd0.02 

Fe1.98O4 were synthesized successfully by sol-gel method at lower sintering temperature and 

smaller duration. X- ray diffraction analysis confirms the formation of cubic spinel structure. 

Lattice constant ‗a‘ of the ferrite was found to be 8.4149 A
o
. The appearance of two main 

absorption bands in the FTIR spectra shows the formation of ferrite with cubic spinel structure. 

Morphological study shows irregular agglomeration that may be due weak Van der Waals bonds 

or magnetic forces. EDAX spectra indicate the formation of required stoichiometric ferrites.    
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Abstract:  

The nano-material with composition NixZn1-x Co2O4 (where x = 0, 0.7 and 1) was 

synthesized by co-precipitation method.  X-ray diffraction (XRD), Thermogravimetry/ 

Differential Thermal Analysis (TGDTA) and Fourier Transform Infrared Spectroscopy (FTIR) 

techniques are used to characterize the synthesized materials. The phase formation was 

confirmed from TG-DTA.  X ray diffraction Analysis confirms formation of cubic spinal 

structure. It is observed that lattice constant of nano-material increases with increase in nickel 

content. This may be attribute to substitution of larger ionic radii Ni
2+

 (0.69) ions by smaller 

ionic radii Zn
2+

 (0.65) ions. Crystallite size of the nano-material obtained from Debye Scherrer 

formula lies in nano-range (9.24 to 12.35 nm). The existence of absorption band near about 657 

cm
-1

 range in FTIR spectra confirms the formation of metal oxide metal bond.  

Keywords: Nano-material, TGDTA, XRD, FTIR, Supercapacitor  

1.Introduction 

Now a day‘s reusable energy storage devices have been mostly studied for their wide 

application. The supercapacitors are one of the energy source that successively studied because 

of their long life, maximum power density, free maintenance, safe operation, and eco 

friendliness. , The performances of supercapacitor is  depends on the quality of electrode 

materials, the electrolyte and the interfacial area between electrodes, electronic and ionic 

conductivity.  Pseudo-capacitor and electric double layer capacitor (EDLC) categories  classified 

on the basis of   electrode materials. Transition metal oxides, sulfides, and phosphides 

accumulate charges by electrostatic adsorption and  possess a higher capability than carbon 

materials. In such a material‘s, the stored energy is derived from reversible and rapid Faradaic 

reactions on the surface and near the surface of materials [1]. 

 Due to low toxicity, economically cheap, high conductivity, active performances and 

also offer richer redox reactions than monometallic Ni or Co oxide, transition metal compound 

like NiCo2O4 has been extensively used as a  SC electrodes. NiCo2O4 is a p−type semiconductor 

with a narrow band gap, about 2.1 eV. Meanwhile [2-3].  

ZnCo2O4 with spinel structure is a binary metal oxide, where Zn ions occupy the 

tetrahedral sites in the cubic spinel structure, and the trivalent Co ions occupy the octahedral 
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sites. When the size of ZnCo2O4 reaches nano-scale it can generate rich redox reactions of 

surface or near-surface, which can deliver much higher specific capacitance. The high 

conductivity of ZnCo2O4 helps for the electron transfer, while the porous nanostructure ensures 

the large electroactive area and the ions diffusion favored pathway [4]. From literature survey it 

is seen that no work is carried out on Ni substituted ZnCo2O4. Thus in present work it is decided 

to synthesize NixZn1-x Co2O4 (where x = 0, 0.7 and 1) by co-precipitation method. 

2. Exprimental Work: 

2.1 Materials Synthesis 

Oxalate based chemical co-precipitation method was used to prepare the nanomaterial 

having chemical composition NixZn1-xCo2O4(where x=1, 0.7 and 0). The AR grade oxalic acid 

(H2C2O42H2O),nickel chloride (NiCl26H2O), zinc nitrate (ZnCl22H2O) and cupric chloride 

(C2H2O4.2H2O) supplied by LobaChemiePvt. Ltd. were used for the synthesis. 

Initially proper amount of oxalic acid is dissolved into 100mldouble distilled water. Then 

required amount of NiCl2.6H2O and ZnCl2.2H2O was dissolved in 100 ml distilled water 

separately. Thereafter oxalic acid solution is addeddrop wise in above mixture the white 

precipitate was observed. The solution was kept on a magnetic stirrer for 30 min to comple the 

reaction. The precipitate was kept on hot sand bath for digestion then precipitate was filtered 

using Whatman filter paper no. 42. The filtered precipitate is washed several times with double 

distilled water. The filtered precipitate is dried under lamp for 24 hours to remove excess water. 

The small amount of dried powder (for x=1) is subjected to TGDTA for confirmation of 

sintering temperature. Thermo gravimetric (TG) analysis is tested in air from room temperature 

to 1000
0
C under a rate of 10

0
C min

−1
. TGDTA shows pure phase is formed at 340

0
C. So the 

finally all the powder are sintered at 340
0
Cfor 2 hours and used for the further characterization. 

2.2. Materials characterization:  

The structure of materials is determined by X− ray diffraction (Philips PW 3710 X-ray 

diffractometer with Cu- Kα radiations of wavelength 1.542A
o
).  FTIR spectrophotometer (FT/IR-

4600 type, serial number D044761786) was  used to study IR absorption spectra in the range 400 

cm
-1

 to 1000 cm
-1

.  

3. Result and Discussion: 

3.1. Thermo gravimetric and differential temperature analysis 

The phase forming temperature of synthesized material is decided from thermo 

gravimetric and differential temperature analysis.The parameters like heating rate and heating 

atmosphere significantly impacts on the phase formation in material. 
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Fig. 1 TG-DTA of NiCo2O4 nanomaterial 

Fig. 1 shows the characteristic TG-DT thermogram for NiCo2O4 nanomaterial. This 

figure clearly revealed two weight loss steps in TG curve associated with two endothermic and 

one exothermic peaks in DT plot. The first weight loss 9.34% (0.6508 mg) in TG plot from 

134
0
C to 225

0
C associated with endothermic peak that confirms the evaporation of water 

molecules at 183.47
0
Cfrom the synthesized material. The phase formation  in  material under 

testing is confirmed from  second  weight  loss 30.46% (2.122mg) that observed  in  temperature 

range 267
0
C to 340

0
C with prominent exothermic peak at 282.12

0
C. The endothermic and 

exothermic peaks in DT curve significantly supports weight loss steps in TG plot and confirms 

the decomposition process is completedat 340
0
C [1-3]. 

3.2. X-ray diffraction analysis  

The XRD patterns of NixZn1-xCo2O4 (where x = 0.7, 0.3 and 1) system is shown in Fig. 2. 

From this figure it is observed that the peaks at 18.93
0
, 31.18

0
, 36.78

0
, 59.18

0
, 62.84

0
and 65

0
are 

observed, which can be indexed as (111), (310), (311), (422), (511) and (440). The obtained  

planes were used to determine inter-planer spacing and which was approximately matched with 

observed inter-planer spacing. Similar type of planes is reported by Huaung et al. [5]  

It is observed that, the lattice constant of  NixZn1-xCo2O4  (where x = 07, 0.3 and 1) 

system found to be increases with increasing content of nickel  ions. The increasing  lattice 

constant of nano-materials  may be attributed to substitution of larger ionic radii  Ni
2+

 (0.69)  

ions by smaller ionic radii  Zn
2+

 (0.65)  ions. The most prominent (311) peak was used to 

calculate crystallite size of the nano-materials by Debye Scherrer formula [6]. The average 
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crystallite size of synthesized material found  to be in the range of 9.24 nm to 12.35 nm. The 

variation  in crystallite size may be attributed to substitution of Ni
2+

 ions lead to create a volume 

strain on crystal due to its higher  ionic radii than  that of Zn
2+

 ions. The CoZnFe2O4 

nanoparticles synthesized by chemical co-precipitation method and reported that its crystallite 

size lies in the range of 6.92 nm to 12.02 nm [5]. 

 

Fig. 2 XRD pattern for NixZn1-xCo2O4(where x = 0.7, 0.3 and 1) system 

 

3.3.Fourier transform infrared spectroscopy analysis 

 

Fig. 3 FTIRspectra for NixZn1-xCo2O4(where x = 0.7, 0.3 and 1) system 

 

The Fourier transform infrared spectra for NixZn1-xCo2O4 (where x = 0.7, 0.3 and 1) 

system is shown in Fig. 3. From this spectra, it is observed that the presence of prominent 

absorption bands in 500 cm
-1

 to 1000 cm
-1

 range confirms the formation of well-structured 
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material nanoparticles. There is no any additional bonds observed, which confirms the absence 

of impurity [7-9]. 

4. Conclusion 

 The nanomaterial with composition NixZn1-xCo2O4 is successfully synthesized by oxalate 

precipitation method at lower sintering temperature. The TG-DT analysis confirms the phase 

formation of material and is achieved at 340
0
C. The details structural analysis of NixZn1-xCo2O4 

(where x = 0.7, 0.3 and 1) system  reveals  that the lattice parameter increases whereas the 

crystallite size decreases with increase in Ni
2+

content. 
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Abstract: 

The Ni1-xZnxFe2S4 thin films were successfully deposited by successive ionic layer 

adsorption and reaction (SILAR) method. The techniques like X-ray diffraction (XRD), Fourier 

transform infrared spectroscopy (FTIR), Field emission scanning electron microscopy (FESEM) 

and Energy dispersive X-ray spectroscopy (EDS) techniques were used for the structural 

characterization of deposited thin films. The XRD analysis confirms the deposited material 

possesses cubic spinel structure. The lattice constant shows nonlinear trend with Zn substitution. 

The crystallite size of Ni1-xZnxFe2S4 thin films found to be in the range of 14.8 – 27.4 nm. The 

formation of nano-wires is confirmed from FESEM microphotographs. The presence of required 

metal elements in deposited thin films is confirmed from EDAX spectra. The deposited thin 

films have potential application in super capacitor. 

Keywords: NiZnFe2S4 thin films; SILAR; XRD; FTIR; FE-SEM; EDAX. 

Introduction: 

In recent years, thin films technology is used in various fields of science and technology. 

Thin film is layer of material having nanometer range. Thin films can be fabricated via different 

methods such as chemical vapor deposition (CVD), Laser CVD, Photo CVD, Plasma enhanced 

CVD. The liquid phase chemical techniques include SILAR, electrodeposition, chemical bath 

deposition, spray pyrolysis, hydrothermal, etc. compared to other method. SILAR method is 

deposition technique for making uniform, compact and crystalline thin films. They are simple 

convenient and inexpensive methods for large area deposition. It offers extremely easy way to 

deposit film. 

Recently, the impressive research work on the growth and characterization of sulphide 

thin films has been prepared in literature due to their wide range of technological application in 

various field. Sulphide thin films have received considerable attention during recent years 

mailto:vppatil22597@gmail.com
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because of their numerous excellent optical and electrical properties and high chemical stability 

[1-2]. Metal sulphides are used in supercapacitor and memory devices. Metal sulphides such as 

cobalt sulphide (CoS), Nickel sulphide (NiS), Molybdenum sulphide (MoS),copper sulphide 

(CuS) etc, are being considered as a promising class of active electrode materials because of their 

reasonably  high specific capacitance values and exceptional redox reversible reaction activities.  

In present, increase in requirement of electrical vehicles, portable and other electronic 

devices that need excellent electrical energy at elevated power level in quite small pulse have 

encouraged substantial attention electrochemical supercapacitor because of their outstanding 

characterize of extensive cycling life, high power density, rapid recharge capability, higher 

capacitance, light weight, and flexibility [4]. 

Paresh Gaikar et al [ 3] reported that electrochemical supercapacitor continue to attract 

intense research aimed at improving their performance for energy storage applications and have 

an efficient potential to tie the performance gap between die-electric capacitors and batteries 

with better density values of power and energy.[3-5].  

In present research paper, we report, the synthesis of Ni1-XZnXFe2S4 thin films by SILAR 

method at low temperature 

Experimental:  

In the present work Ni1-XZnxFe2S4 thin films were prepared by SILAR method using 

analytical grade NiCl2.6H20 , ZnCl2.6H20  and FeCl3.6H2O chlorides. The molarities of 

precursors are 0.025m of NiCl2.6H20 and  0,025M OF ZnCl2.6H20 and 0.05.M of FeCl3.6H20 

were dissolved in DDW that gives (Ni
2+

) and (Zn
2+ 

) and (Fe
3+

) cations respectively, while 0.1M 

was dissolved gives (S
2-

). The uniform and well adherent thin films were obtained an glass 

substrates using SILAR method by repeating a sequentional immersion of substrates in the 

solution of cationic (Ni
2+

, Zn
2+,

Fe
3+

) and anionic (S
2-

) precursors followed by rising in deionized 

water after every immersion. An immersion time of 10 second was kept constant for each 

precursor. The rising and adsorption time were varied in such a manner that uniform Ni1-

xZnxFe2S4 films get deposited onto the substrates. A thin layer of NiZnFe2S4 film resulted in 

after immersing the substrate sequentially in respective precursors for 225 cycles.  

The prepared thin films were annealed at 400°C for 4 hr and were characterized by X-

Ray diffraction (XRD) tool. Surface morphology of films was carried out on FESEM model 

(Hitachi Models-1460). FTIR spectra of all films were recorded on Perkin- Elmer 

Spectrophotometer (model 783). 

Result and Discussion:  

X- ray diffraction 

  X- ray diffraction is one of the most important charactersition tools applied in material 

science and solid state chemistry to investigate the fingerprint charctersation of the crystalline 
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materials and determination of their structures. The XRD patterns of Ni1-XZnxFe2S4 thin films 

were shows a cubic spinal structure thin film phase with good crystalline nature which are 

prepared in different deposition cycles by SILAR method (Fig.1 ). In XRD pattern the major 

diffraction peaks observed at 2θ = 18.94
0
, 27.3°, 31.68°, 33.82°, 48.74°, 54.56° corresponding to 

the planes (111), (220), (331), (222), and (441) respectively using JCPDS cards no.47-174. The 

sharp peaks emerged at about 2θ = 20° to 35° which are contributed to [220] to [331] planes. A 

peak corresponding to the glass substrate is observed as broad hump with 2θ ranging from 15° to 

35° [9]. The crystalline nature of the film is increase with an increase in deposition cycle. The 

parameter such as crystallite size, lattice constant are calculated from the XRD pattern and 

exhibited in the Table 1. The lattice parameter of Ni1-XZnxFe2S4 is calculated by using formula 

                                       222

hkl
lkhda   

                              Where, a - lattice parameter,  

                                        d - inter-planer spacing and (hkl) - Miller indices. 

 The crystallite size is calculated by using Debye‘s Scherer formula .  

                                                               
βcosθ

0.9λ
D   

                                        Where, β  is a full width at half maxima  

                                 λ- wavelength of X- ray    

                                                             θ- angle of diffraction  

 

Table 1: Interplannar Spacing (dcal), lattice constant (a) and crystallize size (D) for (331) 

plane of Ni1-xZnxFe2S4 

Composition     (x) Inter planner spacing 

dcal (Å) 

Lattice constant 

a (Å) 

Crystallize size 

D (nm) 

0 2.8216 12.29 22.402 

0.3 2.5263 11.01 27.460 

0.6 2.5472 11.10 15.928 

1 3.0826 13.43 14.869 

 

 From above table it is seen that the doping concentration Zn increases X=0.3 to X=0.6 

then crystallite size decreased. The average crystallite size of the Ni1-XZnxFe2S4 thin films is 

around 14to 27 nm 
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Fig. 1 X-ray diffraction pattern of  Ni1-xZnxFe2S4 (x=0.0.3, 0.6 and 1) system 

 

FT-IR Analysis: 

 

 
 

 
 

Fig. 2  FT-IR patterns Ni1-xZnxFe2S4 (x=0.0.3, 0.6, 1) system 
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 An FTIR spectrum was analyzed at room temperature and a wave number are observed in 

the range 600cm
-1

 to 4000cm-1. It is useful tool to study molecular vibrations with respect to 

absorption of partially visible light (400cm
-1

 to 4000cm
-
1) [10]. Expected functional groups are 

present FTIR spectra. Metal sulphides vibration at 649cm
-1

is assigned to the ZnS band. These 

vibrations are also good agreement with previous literature [11]. Fig 2 shows several small 

absorption peaks in the wave number range 600cm
-1

 to 1600cm
-1

 are  due to stretching vibrations 

of NiS band. A broad peaks at 3851 cm-
1
 is due to vibration of Ni-S band [12]. FTIR shows 

maximum IR absorption at 1400cm
-1

 to 1600cm
-1

 and nature of band is sharp.   

3.3 FESEM: 

       The microstructure images of Ni1-xZnxFe2S4 materials are shown in Fig. 3.  This figure 

shows that there is a formation of nanowires for all samples.  It is seen that as Zn concentration 

increases the size of wires increases and there after decreases for x = 1.   

 

 

 

 

Fig. 3.FESEM patterns Ni1-xZnxFe2S4 (x=0.0.3, 0.6, 1) system 
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 3.4 EDAX: 

    From EDAX spectra shown in Fig. 4,  it is confirmed that material prepared under 

investigation consist of  required proportion of elements.  The weight and atomic percentage of 

these elements is shown following Table 2.  From EDAX spectra it is also confirmed that,  there 

is no impurity phase present in samples. 

 

 

Fig. 4.   EDAX patterns of Ni1-xZnxFe2S4 (x=0.0.3, 0.6, 1) system 

 

Table 2: Atomic weight percentage of elements of  Ni1-xZnxFe2S4 (x=0.0.3, 0.6, 1) system 

Composition   

(x) 

Weight 

Ni% 

Weight 

Zn% 

Weight 

Fe% 

Weight 

S% 

Total 

0 5.27 - 57.12 37.60 100 

0.3 35.39 0.15 39.79 24.07 100 

0.6 2.70 10.85 76.03 10.42 100 

1 - 14.17 33.26 52.55 100 
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Conclusion:  

       Thin films of Ni1-xZnxFe2S4 (X=0, 0.3, 0.6, 1) material are successfully prepared by using 

SILAR method. The XRD study confirms the formation of cubic spinal structure of thin films 

annealed 400°c for 4 hours. The crystallite size of the samples decreases with increasing doping 

concentrations of zinc. Expected functional groups are present FTIR spectra. The FESEM 

microphotographs show clear structure of nanowires. The EDAX spectrum confirms that 

required elements with proportion are present and there is no impurity phase observed. 
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