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Abstract

Harvesting of energy has drawn a lot of interest recently as a means of generating an electrical
equipment. We must develop efficient, renewable and clean energy sources to fulfill the
expanding needs and energy consumption worldwide. In this field, researchers are attempting
to replace sources of energy and piezoelectricity has been proposed as a potential source. Now,
the piezoelectric materials become very common to produce electricity. This article aims to
develop a novel source of energy using piezoelectric materials. The main focus of this article
is on piezoelectric devices as a source of energy that looks into connections between multiple
devices and aims to produce the most possible power. This research explores the synthesis and
characterization of a flexible piezoelectric composite film comprised of potassium sodium
niobate-lithium (KNN-Li), zinc oxide (ZnO), and polyvinylidene fluoride (PVDF) for efficient
energy harvesting applications. The composite film was fabricated through a multi-step
process involving ball milling and drop casting methods, aiming to optimize the material
properties and enhance energy conversion efficiency. The ball milling technique was employed
to achieve homogeneity and fine particle size distribution of KNN-Li ceramic powder was
synthesized by solid state reaction method. The fabricated composite film was fabricated by
drop cast method and subjected to a comprehensive characterization using various techniques.
X-ray diffraction (XRD) analysis was employed to investigate the crystal structure and phase
purity, ensuring the successful formation of the desired composite. Scanning electron
microscopy (SEM) was utilized to scrutinized the surface morphology and the distribution of
piezoelectric phases. Fourier transform infrared spectroscopy (FTIR) was employed to analyse
chemical bonding and B phase. Finally, voltage measurements were conducted to assess the
piezoelectric performance of the film under mechanical stress, showcasing its potential for

energy harvesting applications.
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CHAPTER 1 AIM & INTRODUCTION

1.1 AIM: - Fabricate PEG composed of KNN-Li doped with ZnO Ceramics
and Polymer PVDF.

1.2 Introduction

Our project’s main objective is to yield energy using the mechanical stress or tension given to
the piezoelectric sensor. Plenty of issues with the dependence on constantly replenishing energy
sources could be eliminated as a result of energy harvesting. The energy produced as a result

might offer relieve from

e Rising interest in using renewable energy.

e Reduce the amount of time you spend using batteries.

In current times, the extraction of electricity from natural illumination, thermal, magnetic or
mechanical power is an important field of study. In this project we used mechanical stress for
the generation of power. Nonetheless, it would be laborious to change the modest power source
and batteries in sensor systems. Therefore, using ambient energy to power a small number of

sensor systems is quite interesting.

The need for environmental energy to augment some of the electric energy used for daily living
has also resulted from the shortage of accessible energy sources. For this reason, another
fascinating application is using mechanical energy from trains or roadways to create power.
This approach provides a modest to medium amount of electricity for running electric motors
or even lightning if there are enough moving cars or trains. Using piezoelectric materials, which
use the piezoelectric effect to transform mechanical vibration or strain energy into electric
energy, is one of the most efficient ways to create power harvesting devices. In the last ten
years, a lot of study has focused on the direct piezoelectric effect in the area of energy
harvesting from the background vibrations. Because of their superior electromechanical
coupling effects, piezoelectric materials are great options for mechanical energy conversion.
Additionally, piezoelectric energy collection devices are far less complicated than, say,
electrostatic or electromagnetic ones. Piezoelectric energy collecting systems have become

extremely popular due to these features.
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1.3 Piezoelectric Effect

Certain materials have the tendency to grow due to the generation of electric potential or
voltage when exposed to mechanical stress. This phenomenon is known as the piezoelectric

effect. In the year 1880, Pierre and Jacques made this discovery.

Direct effect

Piezoelectric ceramics .
Lighter =

— Piezoelectric Element

Gas—

Voltmeter

Figure 1: - This is how the piezoelectric effect operates

The basis for the operation of piezoelectric transducers is the piezoelectric effect. Certain
materials produce an electric voltage when pressure or physical strain exerted along specific
dimensions. Because of the piezoelectric phenomenon, the resultant voltage of these materials

is inversely proportional to the force or stress imparted.

1.4 Implementing Viable Options

e Growing consumer demand for renewable energy

e Offers a number of economical and effective suggestions
¢ Reduce dependency on the use of traditional batteries

e Intricacy of wiring

e Raise the cost of wiring

e Reduce costs for inbuilt intelligence

e Wireless networks’ increasing acceptability

13



e Complications with the batteries

1.5 Piezoelectric Materials

1.5.1 Naturally occurring crystals: - Berlinite, Rochelle salt, Sugar Cane,

Topaz, Minerals, Bone etc...
1.5.2 Ceramics created by humans: -

e LI2COs, known as Lithium Carbonate.

e Nb20s, stands for Niobium Oxide.

e KNN, abbreviated as sodium potassium niobate.
e K2COs3, known as potassium carbonate.

e Na2COs, referred as sodium carbonate.

e ZNO, abbreviated for Zinc Oxide.

1.5.3 Polymer used: -
PVDF, also called Polyvinylidene Fluoride

1.6 Review of Literature

1.6.1 Pyroelectric Effect

An electric potential appears between the terminals as a result of a temperature change

in the material, a process known as the pyroelectric effect.
1.6.2 Piezoelectric Films

In order to align the molecular dipoles of polar polymers, like PVDF, in a single
orientation, the polarization process involves exposing films to a strong electric field.
Polarized electrets attain thermodynamic stability up to roughly 90 °C. PVDF great
purity and homogeneous molecular structure make it an excellent choice for producing
polarized films, and its crystallization into a polarizable form further enhances this

ability.

14



1.6.3 PVDF Piezoelectric Film Characteristics

Superior mechanical durability and stable dimensionality maintained high piezoelectric

coefficients up to around 90°C.
Significant chemical inertness of PVDF.

Constant polarization for long lengths coiled around drums. Thickness or depth varying

from Imm to 9 microns.

15



CHAPTER 2 - WORK PERFORMED

2.1 Synthesis of KNN-Li ceramic powder

The KNN-Li ceramic powder was synthesized through a traditional solid-state reaction
technique. The primary materials, namely K>CO3, NaxCOs, Li2O3, and NboOs, were
obtained. To remove any moisture, these components were dried at 60 °C for 24 hours and
then weighed according to their stoichiometric proportion. To achieve a uniform mixture,
the components were ball-milled with zirconia balls in ethanol for 10 hours. The resulting
mixture was placed in an alumina crucible and calcined at 950 °C for 4 hours. Calcination
is the process of heating solids to a high temperature in order to extract volatiles, oxidize
part of the mass, or make the material friable. For this reason, calcination is occasionally
thought of as a purifying procedure. The resulting calcined powder was then reground to

be used in films.

2.2 Steps taken to synthesize the KNN-Li ceramic powder

Weighing of raw materials in stoichiometric proportion
(K,CO; , Na,CO; , Nb,Os , Li,CO;)

I

Ball milling for 24h
(Using distilled water and Zirconium balls)

| Calcination at 950°C |

Characterization

Raw materials Mixing&Weighing Bail siifling

i — i i Drying in oven
. Calcined Calcination KNN-Li ceramic
Characterization S Bodes
in crucible

Figure 2: - Schematic presentation of synthesis of KNN-Li ceramic powder
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2.3 Characterization of KNNN-Li ceramic
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Figure 3: - XRD Plot for KNN-Li ceramic powder

XRD - Analysis

The crystal structure of the KNN-Li powders was investigated through X-ray
diffraction (XRD) analysis.

The corresponding plot is displayed in Fig.3.

The X-ray diffraction (XRD) pattern displays a pure perovskite structure exclusively,
with no signs of impurities, suggesting the successful formation of KNN-Li powder
using the solid-state reaction method.

With reference to the standard JCPDS card no. 98-024-7572, the XRD pattern can be
matched to the orthorhombic structure of perovskite KNN-Li ceramic with the Amm2
space group.

Furthermore, the splitting of the peaks at the [022] and [200] planes, and particularly
the higher intensity of the [022] peak confirms the formation of the orthorhombic

phase, which is known for its favorable piezoelectric properties.
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2.4 Fabrication of KNN -Li /ZnO/PVDF Films by Drop Casting Method

2.4.1 Drop Casting Method

A popular approach for creating thin films in a variety of scientific domains, such as
technology and material science, is the Drop Casting Method. In order to create a solid
film, a solution or dispersion must first be deposited onto a substrate, and then the
solvent must evaporate. Producing films with varying compositions and properties is

made easy, affordable, and versatile with this technique.

The drop casting technique is used to produce composite films with improved
ferroelectric and piezoelectric properties in the framework of KNN-Li/ZnO/PVDF.
With its high dielectric constant and electromechanical coupling coefficient, KNN-Li
is a lead-free piezoelectric material that is well- suited for a range of applications,
including energy harvesting devices, sensors, and actuators. ZnO is doped within KNN-
Li to enhance its piezoelectric properties. A good matrix material for KNN-Li
composite films is PVDF, a polymer with outstanding piezoelectric responsiveness,

flexibility, and durability.

Researchers can precisely regulate the film thickness and composition using the drop
casting approach, allowing them to customize the final film quality. It is feasible to
maximize the electrical and mechanical properties of the finished film by adjusting the
concentrations of KNN-Li/ZnO nanoparticles, powders, and PVDF polymer. In order
to create a homogenous layer, the deposition method entails dispersing KNN-Li/ZnO
particles in a PVDF solution, casting the mixture onto an appropriate substrate, and then

letting the solvent evaporate.

When the distinct qualities of KNN-Li/ZnO/PVDF are combined, the resultant film
show synergistic benefits. Piezoelectric performance of the composite film is improved
when KNN-Li/ZnO nanoparticles are added to the PVDF matrix. Additionally, the drop
casting technique makes it simple to scale, making the production of huge area films

for useful applications possible.

In conclusion, the drop casting technique offers a flexible and efficient means of
creating KNN-Li/ZnO/PVDF composite films with improved piezoelectric qualities.
Researchers can modify the features of the films to satisfy certain application needs by

carefully adjusting the deposition conditions and composition of the film.

18



2.4.2 Fabrication of Pure PVDF& KNN-Li/ZnO/PVDF Film

These are the procedures had been taken in order to prepare a film utilizing the drop

casting process:
2.4.2.1 Resources and Apparatus used:

e KNN-Li/ZnO powder (Lithium based Potassium Sodium Niobate doped with
Zinc Oxide)

e PVDF polymer

e DMF as a solvent

e Container or Petri dish

e Magnetic Stirring

e Ultrasonicator

e Substrate

e Oven

e Spatula

e Copper wire
2.4.2.2 Preparation of KNN-Li/ZnO solution:

The required amount of KNN-Li (prepared), ZnO (purchased) and DMF as a solvent
were taken and mixed together. We used ZnO because it is a conducting material. To
create a uniform solution, we dissolved the KNN-L1/ZnO powder in the DMF solvent.
Complete dissolving was ensured by stirring the mixture for a long enough period of
time. To further improve homogeneity, we chose to sonicate the mixture for a few

minutes in an ultrasonic bath.
2.4.2.3 Preparation of PVDF Solution:

Desired amount of PVDF polymer was taken and mixed with DMF. Solution was then
put for stirring on a magnetic stirrer with speed equal to 40 rpm and temperature around
45°C. Here DMF (Dimethylformamide) is used because it's an industrial solvent. The
characteristics of PVDF, such as its high piezoelectric coefticient, appealing flexibility

and outstanding stability, have advanced its usage.
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2.4.2.4. Creating Film:

After ensuring that the silicon substrate or glass is clean and clear of any
impurities or dust (If required, you may use masking tape to firmly attach the
substrate to a level surface), the whole surface of the substrate was poured with
the PVDF solution

To get the appropriate film thickness, the volume of the solution was modified.
Using a dropper or pipette, the KNN-Li/ZnO solution was gradually applied to
the PVDF film surface.

The solution disseminated and self- assembled after a few minutes on the

substrate surface.

2.4.2.5 Dehydration and Creation of Film:

The substrate with the deposited solution was placed in an oven to evaporate
the solvent, slowly the substrate was heated to the appropriate temperature of
75°C. (The solvent utilized may affect the precise temperature and duration).
The substrate was continuously heated for a longer duration until the solvent
gets entirely evaporated to improve film formation and adhesion.

Prior to transferring the film, the substrate was allowed to cool down to the
ambient temperature.

The film from the surface of the substrate was carefully lifted to prevent
damage.

20
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PVDF powder Magnetic stirring
(PVDF+DMF) for 1hr

| Mixing both the ~ Magnetic stirring Pouring mixture via BiER tembarature Composite Rl
solution the mixtures pipette on the glass hegat treafment formgtion afte
\ ! ‘ (1.5hrs) slide diig

KNN-Li doped ZnO Ultrasonic
calcined powder treatment

Figure 4: - Substances and resources utilized in synthesis
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CHAPTER 3. CHARACTERIZATION OF FILM

The film's characteristics were assessed through the application of essential characterization
techniques including X-ray Diffraction (XRD), Fourier Transform Infrared Spectroscopy

(FTIR), and voltage measurements.

3.1 XRD Pattern of Synthesized films

+-a PVDF
® BPVDF
*-K7Z.0 Particles

K7Z0-20%

KZ0-15%

Intensity(a.u.)

-
g T

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
20(degree)

H

1
1
1
1
1
| K70-10%
l .
1 1
! 1
1 1
1 1
1 1
\ 1

PVDF

Figure 5: - XRD Pattern of synthesized films.
Analysis of the above structural data

e X-ray diffraction (XRD) analysis was carried out on a pure Polyvinylidene
fluoride (PVDF) film and flexible composite films of KNN-Li/ZnO/PVDF to
compile crystallographic data.

e The corresponding plots can be seen in Fig.5.

e The presence of a wide and small diffraction peak around 18.3° in all film

productions is typically associated with the nonpolar a-phase of PVDF.
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Meanwhile, the polar B-crystalline phase is characterized by a peak appearing
at approximately 20.06°.

e Additionally, the B-phase's higher intensity in the diffraction peak when
compared to the a-phase indicates that the f-phase dominates in all the films
produced (see Fig. 5).

e The XRD patterns also show that as the concentration of KNN-Li/ZnO (KZO)
particles increases in the PVDF matrix, the intensity of the diffraction peaks
associated with the KZO particles increases, while the intensity of the PVDF-

related peaks decreases.

3.2 SEM Analysis of pure PYDF and composite films

Figure 6: - SEM Analysis of pure PVDF and composite films.

e Fig.6 displays the SEM images that examine the surface characteristics of the
KNN-Li/ZnO/PVDF flexible films.

e To study the morphology and surface properties of the composite film, SEM
(Scanning Electron Microscopy) analysis was conducted.

e Important information on the distribution and microstructure of the integrated
materials in the composite films was revealed by the SEM pictures.

e It is evident from Fig.6 that all KNN-Li/ZnO/PVDF composite films consist of
homogeneous distribution of KNN-Li/ZnO ceramic particles within the PVDF

matrix.
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3.3 FTIR Spectra of pure PVDF and composite films.
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Figure 7: - FTIR Spectra of pure PVDF and composite films.

Analysis of the FTIR Spectra: -

e The FTIR spectroscopy of a KNN-Li/ZnO/PVDF composite film can reveal
important details on its molecular interactions, bonding properties and
chemical makeup.

e These are some important insights that can be drawn from the analysis of FTIR
(Fourier Transform Infrared) spectra:

e Fourier Transform Infrared Spectroscopy (FTIR) is an analytical method that
employs infrared radiation to examine the chemical properties of test materials.
A part of the infrared (IR) light gets absorbed by the sample as it passes through
it. The radiation that goes into the sample and comes out is quantified. The
spectra can be employed to recognize and distinguish between molecules
because different molecules exhibit unique spectra based on their respective

structures.
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The crystal structure of PVDF was analyzed using FTIR to comprehend the
impact of KZO ceramics on purified and prepared composite films.

The examination of FTIR spectra revealed the presence of both a and § phases
in each of the films. The peaks corresponding to these phases were illustrated
in Fig.7.

The FTIR data corresponds with the XRD data, confirming the existence of the
B phase of PVDF in both the pure form and the KNN-Li/ZnO/PVDF composite
films.

The distinctive absorption peaks of the a phase were identified at 668, 762,
796, and 1402 cm—1, whereas the characteristic absorption peaks of the  phase
were observed at 838, 873, 1068, and 1172 cm ™!,

The B phase is crucial for the piezoelectric performance of the generator.
Generally, FTIR spectra indicated as transmission are transformed into FTIR
represented by absorbance on the y-axis to distinguish between the beta and
gamma phases upon detecting absorption peaks in both.

In Fig.7 the absorbance peak at 838 cm™ corresponding to the B phase of PVDF
increases as there is an increase in the concentration of KNN-Li/ZnO ceramic
in the PVDF polymer up to 10% concentration, before decreasing. PVDF
polymer consists of repeating units of CH>-CF. monomers. Different
configurations of hydrogen and fluorine atoms can lead to varied phases of the
PVDF polymer.

The positive charges on the surface of ZnO interact with CF dipoles, while the
negative charges on the surface of ZnO interact with CH2 dipoles in the
presence of ZnO in the composites.

The interaction between polymer chains and ZnO may potentially result in the
formation of various conformations of all Trans, such as TTTT chains that
correspond to the beta phase. This suggests that the development of the beta
phase could be influenced by the relationship between polymer chains and
ZnO.

The development of the  phase of PVDF in composite films containing KNN-
Li/ZnO ceramic has a significant impact on the energy harvesting performance

of the resulting films.
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CHAPTER -4

4.1 Construction and Mechanism of Piezoelectric Generator (PEG)

with output voltage readings:

The PEG was created by prepared flexible KNN-Li/ZnO/PVDF composite films. The
bottom and top electrodes of the films were then formed by attaching aluminium tape
to the sides. The copper wires were subsequently attached to the aluminium tape,
allowing the detection of output signals when pressure is applied upon connecting the
external circuit. The constructed KNN-Li/ZnO/PVDF piezoelectric generator uses the
piezoelectric effect to convert mechanical power into electric power. Using the special
qualities of both KNN-Li/ZnO and PVDF materials, this technique produces an
adaptable and compact generator that may be applied to a variety of uses, including

sensor systems and portable energy collecting devices.

Copper wire

(1)
«— — ———————Top electrode
Aluminium electrode

VL Composite film
A i
Bottom electrode

C 'Ollp\l““l' wire

Figure 8(i-i1): - Construction of PEG

The operational mechanism of the piezoelectric generating device is such that when a
perpendicular force is applied to the device, the electric dipoles align in a single direction,
resulting in a potential difference across the electrodes. This leads to the flow of current through
an external circuit in a top-down manner. Upon the release of the applied force, the electric
dipoles reverse, causing the current to flow from the bottom electrode to the top electrode. The
output signals of the PEG device were determined by performing a light finger tapping on its
surface using the measurement setup depicted in Fig. 9(a-b). The PEG was connected to an

oscilloscope to generate the open-circuit voltage. When pressure is applied to the device's
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surface, it results in generation of potential difference across the generator, which can be

observed by utilizing a digital storage oscilloscope.

(b
KZ0 PVDF Finglﬁmpping
composite film : . el
-
1 ™Y Digital oscilloscope
(]} op electrode O
- Aluminium electrode y o ic i ’ Copper wire
3 t
NCEN \ Bottom electrode ¢
-

Figure 9(a-b): - Tapping the PEG device’s surface in order to measure the output signal via
digital oscilloscope is shown.
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4.2 Piezoelectric Generator Output Voltage
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Figure 9: - Open circuit voltage generated using PEG device
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Table: - Voltage generated with different wt. %

S.NO KZO Content (wt. %) | Peak to Peak Voltage (volt)
1 0 (Pure PVDF) 7.2

2 10 178

3 15 138.4

4 20 95.6

4.3. Observations and Results:

Fig.9 (a-e) illustrates the open-circuit voltage charts of the piezoelectric generators made
with different concentrations of KNN-Li/ZnO i.e. (KZO) ceramic powder in the PVDF
matrix.

Fig.9 (e) demonstrates how the concentration of KZO ceramic particles affects the
variation in open-circuit voltage.

The plot reveals that when the KZO content in the PVDF matrix is increased to 10wt%,
the open-circuit voltage initially increases and then decreases as the KZO concentration
reaches 20 wt. % in the PVDF matrix.

Among the different samples, the one with 10wt% KZO particles exhibits the highest
open-circuit voltage, measuring 178V.

The open-circuit voltages for pure PVDF, 10% KZO, 15% KZO, and 20% KZO based
piezoelectric generators are 7.2V, 178V, 138.4V, and 95.6V, respectively.

The observed decrease in the output voltage could be attributed to the presence of over 10
wt. % of KNN-Li/ZnO additives in the PVDF matrix, which hinders the nucleation of the
PVDF phase and enhances the likelihood of defects emerging in the polymer matrix.

The KNN-Li/ZnO/PVDF piezoelectric generator’s adaptability makes it possible to
include it into a variety of compatible and portable gadgets permitting the extraction of
energy from the movement of the body thrills from the environment.

In summary, the created piezoelectric generator presents a viable approach to power

generation and energy collecting in modular and portable devices. Because of its
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adaptability, film offers opportunities for autonomous vehicles, self- powered gadgets, and

other applications needing effective energy conversion.
CHAPTER -5

5.1 Evaluation of electric charge output for the purpose of piezoelectric

power generation

One way to generate power is by harnessing piezoelectric materials, which provide actuators
capable of converting physical stress into current. Ambient motion can be converted into

electric charge that can be preserved and utilized to power other devices.

Conventional power sources that are impractical in the scenarios of portable systems can be

produced by using the power harvesting devices.

5.2 Applications based on Piezoelectric Generator

Piezoelectric generators utilize the piezoelectric effect to generate electric charge due to the
mechanical stress. In today’s world, this technology has a wide range of application ranging

from energy harvesting to sensors and actuators that are discussed below: -

1. Energy Harvesting:
Piezoelectric generator transforms the mechanical energy from the environment to
electrical energy. The application include:

e Wearable electronics: Piezoelectric materials can be used in shoes or clothing to
harvest energy from human body movements to power electronic devices such as
smartwatches, medical sensors etc...

e Automobiles Systems: Piezoelectric materials that are embedded in the roads can
produce energy via road vibration which can easily power the sensors, streetlights,
traffic signals etc...on the roadways.

2. Medical Applications:

Ultrasound Imaging: The ultrasound waves are generated and received via

piezoelectric crystals which is crucial for imaging tissues inside the body.

3. Electronics:
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e Piezoelectric materials are used as touch sensors such as in touch screens and
buttons through which signals are generated when pressed or touched which
provides the sensory feedback and haptic feedback for improving interaction
between user and device.

e Piezoelectric materials are used in speakers and microphones to convert sound
waves into electric signals and vice versa.

4. Industrial Applications:

Piezoelectric materials can be employed as actuators in manufacturing semiconductor
devices, precision machining, as dampers in machinery and buildings and as sensors to

monitor vibrations as well as to improvise the stability and performance.

5. Defense:

e Aerospace: Piezoelectric sensors are used to monitor the quality of structures of
aircrafts by detecting cracks and other deformations if present.

e Sonar navigation: Transducers made up of piezoelectric material are utilized in
sonar system for navigation, detection and communication in the underwater
region.

e Armed Forces: For troops’ boots, the military contemplated using piezoelectric

materials to power radios and other transportable electronic gadgets
5.3 Advantages

e Elevated frequency response: Piezoelectric devices/materials offer a fairly high
frequency action, which enables the sensing of rapidly fluctuating parameters.
e Elevated transient response: Piezoelectric transducers may produce linear output and

can detect events that happen in microseconds.
5.4 Drawbacks

A few of the disadvantages of piezoelectric sensors are as follows:

¢ Minimal output: Due to the limited output of the piezoelectric sensors, an additional

electronic circuit needs to be connected.

e Raised impedance: Measurement error may occur because piezoelectric crystals have

a high impedance and must be linked to both the amplifier and the additional circuit.
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To avoid these issues, lengthy cables and high input impedance amplifiers should be
used.

e Establishing: Giving the crystals the correct shape and strength is really difficult.
5.5 Conclusion

An electric field is produced when pressure is applied to the device’s face because the charge
carriers within the crystals distort. Furthermore, we may charge the battery of our mobile
phones or other devices using this electric potential. It is amazing to think that piezoelectric

technology may convert human movement into electrical power.

In the next ten years, energy harvesting is predicted to rule the technological world. As the
number of electronic devices in use grows exponentially, there is an increasing focus on
harvesting green energy from the surrounding environment. The piezoelectric effect allows for
the generation of electricity from such biological energy, enabling smaller devices. With
advancements in electronics, improved synthesis of piezoelectric crystals, and more thoughtful
installation design, more electricity might be produced and could be viewed as the next viable

method of power generation.

32



REFERENCES

1. H.Du, Z. Li, F. Tang, S. Qu, Z. Pei, W. Zhou, Preparation and piezoelectric properties
of (K0.5Na0.5) NbO3 lead-free piezoelectric ceramics with pressure-less sintering,
Mater. Sci. Eng. B 131 (2006) 83-87.

2. C. Jiten, R. Gaur, R. Laishram, K.C. Singh, Effect of sintering temperature on the
microstructural, dielectric, ferroelectric and piezoelectric properties of (Na0.5K0.5)
NbO3 ceramics prepared from nanoscale powders, Ceram. Int. 42 (2016) 14135
14140.

3. S. Garain, T. Kumar Sinha, P. Adhikary, K. Henkel, S. Sen, S. Ram, C. Sinha, D.
Schmeifer, D. Mandal, Self-poled transparent and flexible UV light-emitting cerium
complex-PVDF composite: a high-performance nanogenerator, ACS Appl. Mater.
Interfaces 7 (2015) 1298-1307, https://doi.org/10.1021/am507522r

4. P. Adhikary, S. Garain, D. Mandal, The co-operative performance of a hydrated salt

assisted sponge like P(VDF-HFP) piezoelectric generator: an effective piezoelectric
based energy harvester, PCCP 17 (2015) 7275-7281, https://doi.org/10.1039/
c4cp05513f.

5. Y. Yang, H. Zhang, G. Zhu, S. Lee, Z.H. Lin, Z.L. Wang, Flexible hybrid energy cell
for simultaneously harvesting thermal, mechanical, and solar energies, ACS Nano 7
(2013) 785790, https://doi.org/10.1021/nn305247X.

6. Y. Mao, P. Zhao, G. McConohy, H. Yang, Y. Tong, X. Wang, Sponge-like
piezoelectric polymer films for scalable and integratable nanogenerators and

selfpowered electronic systems, Adv. Energy Mater. 4 (2014) 1-7, https://doi.org/10.
1002/aenm.201301624.

7. D. Mandal, K. Henkel, D. SchmeiRer, Improved performance of a polymer
nanogenerator based on silver nanoparticles doped electrospun P(VDF-HFP)
nanofibers, PCCP 16 (2014) 10403-10407, https://doi.org/10.1039/c3cp55238a.

8. S. Garain, S. Jana, T.K. Sinha, D. Mandal, Design of in situ poled Ce 3+ -doped

electrospun PVDF/graphene composite nano fibers for fabrication of nanopressure

33


https://doi.org/10.1021/am507522r
https://doi.org/10.1021/nn305247x
https://doi.org/10.1039/c3cp55238a

10.

11.

12.

13.

14.

15.

16.

17.

18.

sensor and ultrasensitive acoustic nanogenerator, ACS Appl. Mater. Interfaces 8
(2016) 4532-4540, https://doi.org/10.1021/acsami.5b11356.

S.R. Anton, H.A. Sodano, A review of power harvesting using piezoelectric materials,
Smart Mater. Struct. 16 (2007) R1-R21, https://doi.org/10.1088/0964-1726/ 16/3/R01.
S. Bairagi, S.W. Ali, A unique piezoelectric nanogenerator composed of melt-spun
PVDF/KNN nanorod-based nanocomposite fibre, Eur. Polym. J. 116 (2019)554-561.
Chen, L., Wang, H., Zhao, P., Zhu, C., Cai, Z., Cen, Z,, Li, L., & Wang, X. (2019).
Multifunctional BaTiO 3 -(Bi 0.5 Na 0.5 )TiO 3 -based MLCC with high-energy
storage properties and temperature stability. Journal of the American Ceramic Society,
102(7), 4178-4187. https://doi.org/10.1111/JACE.16292

Chen, X., Li, X., Shao, J., An, N., Tian, H., Wang, C., Han, T., Wang, L., & Lu, B.
(2017). High-Performance Piezoelectric Nanogenerators with Imprinted P(VDF-

TrFE)/BaTiO3 Nanocomposite Micropillars for Self-Powered Flexible Sensors. Small,
13(23). https://doi.org/10.1002/SMLL.201604245

Dong, H., Jian, J., Li, H., Jin, D., Chen, J., & Cheng, J. (2017). Improved dielectric
tunability of PZT/BST multilayer thin films on Ti substrates. Journal of Alloys and
Compounds, 725, 54-59. https://doi.org/10.1016/j.jallcom.2017.07.139

Du, H., Li, Z, Tang, F., Qu, S., Pei, Z.,, & Zhou, W. (2006). Preparation and
piezoelectric properties of (K0.5Na0.5)NbO3 lead-free piezoelectric ceramics with

pressure-less sintering. Materials Science and Engineering B: Solid-State Materials
for Advanced Technology, 131(1-3), 83-87.
https://doi.org/10.1016/j.mseb.2006.03.039

T. Takenaka, H. Nagata, Current status and prospects of lead-free piezoelectric
ceramics, J. Eur. Ceram. Soc. 25 (2005) 2693-2700, https://doi.org/10.1016/j.
jeurceramsoc.2005.03.125.

K.K. Sappati, S. Bhadra, Piezoelectric polymer and paper substrates: a review, Sensors
(Switzerland). 18 (2018) 3605, https://doi.org/10.3390/s18113605.

Y.C. Zhen, Z2.Y. Cen, L.L. Chen, P.Y. Zhao, X.H. Wang, L.T. Li, The effect of

microstructure on piezoelectric properties and temperature stability for MnO doped

KNN-based ceramics sintered in different atmospheres, J. Alloys Compd. 752 (2018)
206-212.

Y. Saito, H. Takao, T. Tani, T. Nonoyama, K. Takatori, T. Homma, T. Nagaya, M.
Nakamura, Lead-free piezoceramics, Nature 432 (2004) 84-87.

34


https://doi.org/10.1021/acsami.5b11356
https://doi.org/10.1111/JACE.16292
https://doi.org/10.1002/SMLL.201604245
https://doi.org/10.1016/j.jallcom.2017.07.139
https://doi.org/10.1016/j.mseb.2006.03.039
https://doi.org/10.3390/s18113605

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

L.X. Xie, J. Xing, Z. Tan, L.M. Jiang, Q. Chen, J.G. Wu, W. Zhang, D.Q. Xiao, J. G.
Zhu, Comprehensive investigation of structural and electrical properties of (Bi,
Na)CoZrO3-doped KNN ceramics, J. Alloys Compd. 758 (2018) 14-24.

M.H. Zhang, K. Wang, Y .J. Du, G. Dai, W. Sun, G. Li, D. Hu, H.C. Thong, C.L. Zhao,
X.Q. Xi, Z.X. Yue, J.F. Li, High and temperature-insensitive piezoelectric strain in
alkali niobate lead-free Perovskite, J. Am. Ceram. Soc. 139 (2017) 3889-3895.

L.E. Cross, Electric double hysteresis in (KxNal-x)NbO3 single crystals, Nature 181
(1958) 178-179.

G. Shirane, R. Newnham, R. Pepinsky, Dielectric properties and phase transitions of
NaNbO3 and (Na,K)NbO3, Phys Rev 96 (1954) 581-588.

D.W. Baker, P.A. Thomas, N. Zhang, A.M. Glazer, A comprehensive study of the
phase diagram of KxNal-xNbO3, Appl. Phys. Lett. 95 (2009), 091903.

Y. Zhang, L. Li, B. Shen, J. Zhai, Effect of orthorhombic—tetragonal phase transition
on structure and piezoelectric properties of KNN-based lead-free ceramics, Dalton
Trans. 44 (2015) 7797-7802.

Piezoelectric properties of Li- and Ta-modified (K0.5Na0.5)NbO3 ceramics Evelyn
Hollenstein;Matthew Davis;Dragan Damjanovic;Nava Setter Appl. Phys. Lett. 87,
182905 (2005)https://doi.org/10.1063/1.2123387

Y. Chang, Z. Yang, Y. Hou, Z. Liu, and Z. Wang, “Effects of Li Content on the Phase

Structure
andElectricalPropertiesofLeadFree(Ko.46-x2Nao.s4—x2Lix) (Nbo.76 Tao.20Sbo.04) O3 Cerami
cs,” Appl. Phys. Lett., 90, 232905, 3pp (2007).

K. WangandJ. Li, “Domain Engineering of Lead-Free Li-Modified (K,
Na)NbO3z Polycrystals with  Highly Enhanced Piezoelectricity,” Adv. Funct.
Mater., 20, 1924-9 (2010).

Enhanced Piezoelectric Properties and Thermal Stability in the (KosNags)NbO3:ZnO
Lead-Free Piezoelectric Composites Zhao Pan, Jun Chen

Salimi A, Yousefi AA. Conformational changes and phase transformation mechanisms
in PVDF solution-cast films. J Polym Sci, Part B: Polym Phys 2004; 42:3487e95.
https://doi.org/10.1002/polb.20223.

Chang YM, Lee JS, Kim KJ. Heartbeat monitoring technique based on coronapoled
PVDF film sensor for smart apparel application. Solid State Phenom 2007
124e126:299e302. https://doi.org/10.4028/www.scientific.net/ SSP.124-126.299.

35


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1063/1.2123387
https://ceramics.onlinelibrary.wiley.com/authored-by/Pan/Zhao
https://ceramics.onlinelibrary.wiley.com/authored-by/Chen/Jun

31.

32.

33.

34.

35.

36.

A flexible piezoelectric generator based on KNN/PVDF composite films: Role of
KNN concentration on the piezoelectric performance of generator Komal Verma,
Richa Sharma. https://doi.org/10.1016/].cjph.2022.12.007

AK. Zak, W.C. Gan, W.H. Abd. Majid, M. Darroudi, T.S. Velayutham, Experimental
and theoretical dielectric studies of PVDF/PZT nanocomposite thin films,Ceram. Int.
37 (2011) 1653-1660.

S. Bairagi, S.W. Ali, Poly (vinylidene fluoride) (PVDF)/Potassium Sodium Niobate

(KNN) nanorods based flexible nanocomposite film: Influence of KNN concentration
in the performance of nanogenerator, Org. Electron. 78 (2020) 105547.

Z. Li, X.Yi,J. Yang, L. Bian, Z. Yu, S. Dong, Designing artificial vibration modes of
piezoelectric devices using programmable, 3D ordered structure with piezoceramics
strain units, Adv. Mater. 34 (2021) 2107236,
https://doi.org/10.1002/adma.202107236.

N.A. Hoque, P. Thakur, P. Biswas, Md.M. Saikh, S. Roy, B. Bagchi, S. Das, P.P. Ray,
Biowaste crab shell- extracted chitin nanofiber-based superior piezoelectric
nanogenerator, J. Mater. Chem. A (2018), https://doi.org/10.1039/cBta04074e.
D.Y.Hyeon, G.J. Lee, S.H. Lee, J.J. Park, S. Kim, M. Lee, K.I. Park, High-temperature
workable flexible piezoelectric energy harvester comprising thermallystable (K, Na)
NbO3-based ceramic and polyimide composites, Compos. Part B 234 (2022) 109671.

36


https://doi.org/10.1016/j.cjph.2022.12.007
https://doi.org/10.1002/adma.202107236

37



Similarity Report

PAPER NAME AUTHOR

Kr. lakhan_thesis.pdf Kumar Lakhan

WORD COUNT CHARACTER COUNT

3745 Words 20788 Characters

PAGE COUNT FILE SIZE

22 Pages 3.2MB

SUBMISSION DATE REPORT DATE

Jun 4, 2024 10:04 PM GMT+5:30 Jun 4, 2024 10:04 PM GMT+5:30

@ 8% Overall Similarity

The combined total of all matches, including overlapping sources, for each database.
+ 1% Internet database + 5% Publications database
+ Crossref database + Crossref Posted Content database
+ 2% Submitted Works database

@ Excluded from Similarity Report

- Bibliographic material + Small Matches (Less then 8 words)

Summary

38



® 8% Overall Similarity
Top sources found in the following databases:

+ 1% Internet database + 5% Publications database

Similarity Report

« Crossref database + Crossref Posted Content database

+ 2% Submitted Works database

TOP SOURCES

The sources with the highest number of matches within the submission. Overlapping sources will not be

displayed.

o Komal Verma, Richa Sharma. "A flexible piezoelectric generator based ...

Crossref

Crossref

University of Central Florida on 2016-03-14

Submitted works

mdpi.com

Internet

Crossref

Tikrit University on 2024-05-19

Submitted works

University of Malaya on 2018-06-13

Submitted works

University of Western Ontario on 2024-04-07

Submitted works

© © 6 6 0 0 ©

Chirantan Shee, Swagata Banerjee, Satyaranjan Bairagi, Aiswarya Babu...

Chirantan Shee, Swagata Banerjee, Satyaranjan Bairagi, Aiswarya Babu...

4%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

Sources overview

39



© &6 06 6 6 ©

Similarity Report

science.gov

<1%
Internet
Fan Wang, Hang Luo, Di Zhai, Zhida Xiao, Li Zeng, Xueying Wang, Zhita... <1%
Crossref
Manchester Metropolitan University on 2017-07-13 <1%
Submitted works
Ramam, K.. "Barium modified lead lanthanum strontium zirconium nio... <1%
Crossref

Idwidesci X

worldwidescience.org <1%
Internet
i t.net
jwent.ne: <1%

Internet

Sources overview

40



