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Abstract

The use of carbon nanotubes (CNTs) as one-dimensional nanomaterials has been widely recognized owing
to their superior electronic, mechanical and optical properties. The current research performed
comprehensive theoretical and analytical analysis of the structure-property relationships in case of single-
walled and multi-walled carbon nanotubes with particular focus on chirality, diameter, number of walls,
defects, and functionalization. All theoretical modeling and data used in the analysis were based on
scientific literature. It was found that CNTs had either metallic or semiconductor behavior with typical band
gaps of 0-2.0 eV while their mechanical properties had Young's modulus of 1.0-1.2 TPa and tensile strength
of 50-100+ GPa. The special near infrared optical characteristics of CNTs were significantly influenced by
chirality and diameter. Such optical features of carbon nanotubes could be employed for their applications
in photonics, optical sensing and optoelectronics. At the same time, the analysis showed that chirality was
mostly responsible for electronic and optical properties of CNTs while their mechanical behavior depended
greatly on the presence of defects, alignment, wall structure and interphase interactions. The potential of
CNTs in nanoelectronics, sensors, structural nanocomposites, thermal management, flexible electronics,
and photonics is quite promising. Nevertheless, problems with chirality control, defect management,

dispersion, functionalization, and scalable production need to be addressed.

Keywords: Carbon Nanotubes, Electronic Properties, Mechanical Properties, Optical Properties,

Nanoscale Applications

1.INTRODUCTION

Nanotechnology has become a significant area of modern materials science owing to the peculiar physical

and chemical properties of materials at the nanoscale level. Among all kinds of nanostructures, 1D materials
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like nanotubes have gained much attention due to their peculiar geometry, high aspect ratio, high surface-
to-volume ratio, and properties dependent on size. These factors help nanotubes to show excellent
combination of electrical, mechanical, thermal, and optical properties which are difficult to obtain using
traditional materials. Particularly, carbon nanotubes (CNTs) have become significant nanomaterials in
modern technologies due to the control of their properties by structural parameters such as diameter,

chirality, number of walls, defects, and functionalization.
1.1 Background and Significance of Nanotubes

Nanotubes are cylindrical nanostructures having nanometer dimensions along with large length-to-diameter
ratios. Carbon nanotubes may be broadly categorized into three types: single walled carbon nanotubes
(SWCNTs), double walled carbon nanotubes (DWCNTs), and multiwalled carbon nanotubes (MWCNTS).
Single walled carbon nanotubes are composed of single graphene layer formed into a cylindrical shape
while multiwalled carbon nanotubes have multiple concentric layers of graphite. Uniqueness of their

properties is attributed to strong carbon-carbon bonds, nanoscopic dimensions, and tubular morphology.

Importance of nanotubes stems from the capability to possess high strength, good conductivity, stability at
high temperatures, and tunability in optical properties. This makes them attractive material for use in
nanoelectronics, sensing devices, energy devices, structural materials, photonics, and biotechnology.
Moreover, properties of nanotubes may be tuned by changing the diameter, chirality, doping, chemical

modification, and introduction of defects in the structure.
1.2 Electronic, Mechanical, and Optical Properties

The electrical conductivity properties of nanotubes are highly dependent on their crystal structure and
chirality. The chirality of the tube affects its electronic conductivity since the chiral indices indicate how a
graphene sheet is folded. As a result, quantum confinement around the tube circumference leads to
subbands, which give rise to unusual transport characteristics. The unique properties of nanotubes have
inspired researchers to incorporate these materials in field-effect transistors, interconnects, sensors, flexible

electronics, and optoelectronic devices.

The mechanical properties of nanotubes result mainly from strong covalent carbon-carbon bonds in their
graphitic structure. CNTs offer very high stiffness and tensile strength while remaining lightweight.

Therefore, they make an excellent reinforcing agent in polymeric, ceramic, and metallic composite
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materials. Nonetheless, the mechanical behavior of nanotubes varies with the tube's diameter, chirality, wall
number, defects, orientation, loading, and interaction with neighboring materials. Defects in nanotubes may

decrease their strength and stiffness.

The optical properties of nanotubes are determined largely by their one-dimensional electronic structure.
The optical properties of SWCNTs include quantized electronic state absorptions and photoluminescence
properties. Such transitions depend on nanotube diameter and chirality but can further be affected by strain,
defects, functionalization, and the dielectric medium in which they reside. Unique optical behavior of such
tubes, especially in the near-infrared regime, has offered opportunities in optical sensing, photonics,

imaging, and nanoelectronics.
1.3 Research Context, Objectives, and Scope

The ever-growing need for miniaturized, lightweight, speedy and multifunctional technologies has led to
the development of highly advanced materials that combine several desirable features. As far as nanotubes
are concerned, due to the special characteristics of their structure, one may get the desired combination of
their electrical, mechanical and optical properties. Hence, the use of nanotubes is expanding towards
nanoelectronics, sensors, energy storage, flexible/wearable devices, nanocomposites, photonics and hybrid

nanomaterials.

However, although nanotubes have great potential, there are still some limitations hindering their practical
application on a wide scale. These include controlled synthesis, chirality-specific production, defects
control, dispersion uniformity, alignment of nanotubes, functionalization of nanotubes' surfaces, scaling
and integration with standard devices. Overcoming these difficulties requires knowledge about the

connection between the structure of nanotubes and their properties.

In view of the above, the current study attempts to investigate the integrated approach to the analysis of
electronic, mechanical and optical properties of nanotubes for various emerging nanotechnologies. The

objectives of this research will be to:

1 Consider the structural factors governing the electronic properties of nanotubes.

2 Study their mechanical properties and the impact of structural features and defects.
3. Explore the origin and meaning of optical properties of nanotubes.
4

Come up with structure-property relations concerning multifunctionality of nanotubes.
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5. [llustrate the new directions for the application of nanotubes and further research in this area.

Therefore, the current study will provide an integrated view on nanotubes since the study will consider the
ways in which nanotubes' unique nanoscale structure affects their electronic, mechanical and optical

properties.
2. REVIEW OF LITERATURE

Rathore et al. (2021) reviewed various kinds of photovoltaic (PV) cells and their applications. The authors
analyzed the development, categorization, operation mechanisms, and application spheres of the respective
technologies. Conventional crystalline silicon cells, as well as thin-film and advanced photovoltaics were
covered in the paper. This literature overview demonstrated the necessity of improving the efficiency,
reducing the cost of production and choosing the optimal PV technology depending on the particularities
of the application. The study proved that advances in the field of photovoltaic materials and technologies

have greatly contributed to the popularity of solar energy systems.

Rekioua (2019) analyzed the modeling and fuzzy-logic-based control of the stand-alone photovoltaic
system coupled with battery storage. The author proposed a mathematical model of the system that
describes the behavior of the photovoltaic generator, battery storage and load. In this case, the fuzzy logic
control method was used to manage the power flow under various conditions of operation. The research
showed that the proposed control method enhanced the regulation and stability of the system while allowing
the efficient use of the solar energy. It can be noted that intelligent methods of control are essential for
reliable operation of photovoltaic systems, especially when they operate in isolated networks and energy

storage is important.

Thota and Sinha (2022) proposed an enhanced Arithmetic Optimization Algorithm (AOA) that allowed for
improving global maximum power point tracking (GMPPT) in photovoltaic systems exposed to dynamic
irradiance. The authors focused on partial shading and fast changes of irradiance that caused conventional
MPPT algorithms to get stuck in local maximum power points. The enhanced algorithm helped to track the
global maximum power point better under variable environmental conditions. Comparison with the

conventional MPPT algorithms revealed the improved performance of the GMPPT based on the optimized
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algorithm. This literature showed the effectiveness of optimization-based MPPT algorithms under dynamic

irradiance conditions.

Todoric (2020) studied the application of parody as an apparatus used to form identity in Sani Altaracs’
“Partisan Haggadah”. The study analyzed parody from the viewpoint of cultural interdisciplinary studies
and discussed how parody was used in forming and representing identity. The relationship between parody,
cultural memory, historiography, and the processes of identity formation was the subject of discussion in
this research paper. The research implied the use of parody not only as a literary or artistic means but also
as an instrument for negotiating and representing cultural identities and historical meaning. Even though
the study had nothing to do with photovoltaic technology, it helped contribute to interdisciplinary cultural

representation literature.

Manikandan and Selvaperumal (2022) researched the use of EANFIS-based maximum power point tracking
for a standalone photovoltaic system. The research suggested a combination of adaptive neuro-fuzzy
inference system and MPPT control method for enhancing the efficiency of extracting maximum possible
power by PV modules at different working conditions. The EANFIS-based controller was tested depending
on changes in solar radiation and operation modes. It turned out that the EANFIS-based controller allowed
for efficient tracking of maximum power point. The research revealed the possibilities of using intelligent
hybrid methods for solving the problems connected with nonlinear and changing properties of photovoltaic

energy systems.
3. MATERIALS AND METHODS
3.1 Research Design

The current research used a theoretical and analytical framework in order to explore the properties of
nanotubes in terms of their electronic, mechanical, and optical properties in the context of their applicability
in nanotechnology. The current research was conducted on the basis of secondary scientific literature as
well as theoretical frameworks concerning the properties of carbon nanotubes (CNTs), more specifically,
single-walled carbon nanotubes (SWCNTSs) and multi-walled carbon nanotubes (MWCNTs). The current

analysis aimed at identifying the connection between the structure of nanotubes and their properties.

3.2 Materials and Structural Parameters
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Carbon nanotubes have been taken as the main material system due to the well-known properties of
electronics, mechanics, and optics. The structure of the nanotube was represented in terms of chiral indices

(n@), m) that define the direction of the rolling of graphene sheet into a nanotube. Chiral vector is given
by:

Cp, = nay + ma,

where nand mrepresented the chiral indices and a;and a,represented the primitive lattice vectors of

graphene.

The nanotube diameter was estimated using:

a
d = —/n? + nm + m?
T

where dis nanotube diameter and ais the graphene lattice parameter. The classification of structure based
on armchair, zigzag, and chiral nanotubes was taken into account since different electronic and optical

properties were observed for those structures.
3.3 Analysis of Electronic Properties

The electronic behavior was studied with regard to chirality, diameter, band structure, density of states, and
quantum confinement. Much emphasis was put on the distinction between metallic and semiconducting

nanotubes. The behavior was explained by means of the well-known concept of band structure of graphene.

In the case of semiconducting nanotubes, the behavior of band gap was studied as a function of the diameter
of the nanotubes. It is based on the inverse proportion between diameter and transition energy; however,

the effects of curvature, defect and environment may affect such ideal behavior.
The following parameters were considered:
e metallic or semiconducting character;

e clectronic band gap;
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o density of states;

e carrier transport;

o influence of chirality;

o influence of diameter; and

o effects of defects and functionalization.
3.4 Analysis of Mechanical Properties

The mechanical properties of nanotubes were assessed based on tensile, flexural, deformability, and

buckling properties. Elastic behavior was explained using the simplest form of stress-strain relationship:

o=EFEs

where orepresented applied stress, Erepresented Young’s modulus, and erepresented strain.

Mechanical properties of the nanotube were studied in relation to its diameter, chirality, wall thickness, the
concentration of defects, and loading conditions. Special attention was paid to the defects due to the fact
that vacancies, bond re-arrangement, and impurities can lead to local stress concentration and result in

strength reduction of the nanotube.
For composite applications, the interaction of nanotube with the matrix material was also taken into account.
3.5 Analysis of Optical Properties

Optical properties of nanotubes were studied through absorption, electronic transitions, photoluminescence,
and wavelength dependence. This study was carried out predominantly on SWCNTs since their one-

dimensional electronic structure resulted in optical transitions of unique character.

The optical property was correlated with the complex dielectric function by the relation:

a(w) = %Im [e(w)]
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where a (o)denoted the absorption coefficient, wdenoted the angular frequency, nwas the refractive index,

cwasa the speed of light, and € (w)was the dielectric function.

The effects of nanotube diameter, chirality, defects, strain, chemical functionalization, doping, and the

dielectric environment were taken into account while analyzing the optical properties.
3.6 Integrated Structure—Property Analysis

Finally, all three properties were analyzed together to form a relationship between structure-property-
application. This comparison was made between the different structural parameters and their respective

functional properties and applications.

Table 1: Parameters Considered for the Analysis of Electronic Properties of Nanotubes

Structural Major property | Expected influence Application

parameter affected relevance

Chirality (n»m) Electronic  and | Controls metallic/semiconducting | Transistors, sensors,
optical behavior and optical transitions photonics

Diameter Electronic and | Influences band gap and transition | Optoelectronics,
optical energy sensing

Number of walls Mechanical and | Affects  stiffness, stability, and | Nanocomposites,

electrical conductivity interconnects
Defects Electronic and | Can modify transport and reduce | Sensors,  structural
mechanical mechanical strength materials
Functionalization | Electronic and | Changes surface interaction and | Chemical and
optical electronic response biosensors
Alignment Mechanical and | Influences  load  transfer  and | Composite materials
electrical conductivity
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The combined approach thus helped in understanding the way in which the structure of nanotubes governed
their functionality and how they could be applied in new nanoscale technologies. The whole methodology
thus provided a theoretical basis for linking the nanotube structure with their electronic, mechanical, and

optical properties without resorting to any fabricated experimental results.
4. RESULTS AND DISCUSSION

In the current study, the electronic, mechanical, and optical characteristics of carbon nanotubes (CNTs)
have been evaluated using the parameters that are both theoretically predicted and experimentally observed.
Special emphasis was laid on the effect of the diameter, chirality, number of walls, defects, and
functionalization of the carbon nanotubes. It was found out that the CNTs had unique electronic,
mechanical, and optical properties. The numerical values given below are characteristic ranges that have

been taken from scientific literature. These data should not be considered as new experimental values.
4.1 Electronic Properties of Carbon Nanotubes

It was discovered that the electrical characteristics of CNTs were highly dependent on their chirality and
diameter. The chiral indices (n@, m) determined the alignment of carbon atoms in the CNTs, thus dictating
the type of behavior the nanotubes would display, i.e., whether they would behave as metals or
semiconductors. The metals had very small band gaps while the semiconductors displayed a size-dependent

band gap ranging from 0.4 to 2.0 eV.

Table 2: Representative Electronic Properties of Carbon Nanotubes

Electronic parameter Representative Main controlling | Application
value/range factor significance

Metallic CNT band gap | ~0 eV Chirality Interconnects and

electrodes

Semiconducting CNT | ~0.4-2.0eV Chirality and diameter | FETs and logic devices

band gap

Electrical resistivity ~10°Q'm Chirality, defects, | Conductive pathways

contacts
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Current density ~10-10° A-cm™ CNT  quality and | Nanoelectronics
structure
Thermal conductivity ~1,750-5,800 Diameter and phonon | Thermal management
W-m*-K™! transport

As can be seen from the results, chirality control was especially crucial for the electronic devices to function
properly. The semiconducting CNTs had the ability to switch in the field effect transistors, whereas metallic
CNTs could act as the nanoscale conducting channels. At the same time, structural defects were likely to
cause carrier scattering and localized electronic states. Even though defects did not facilitate ideal transport

properties, they could increase chemical sensitivity and thus be helpful in sensors.

The high capacity of the CNTs to carry electric current further proved their applicability as the nanoscale
interconnects. Still, for a proper functioning of CNTs in the device, it was crucial not only to have chirality
control, but also to deal with the contact resistance, alignment, defects, and interaction between neighboring

nanotubes.
4.2 Mechanical Properties of Carbon Nanotubes

It is important to note that the results from the mechanical analysis indicated that CNTs were highly stiff
and possessed high tensile strength. The strong carbon-carbon covalent bonds present in the graphite
structure were mainly attributed to the aforementioned characteristics. Some studies indicate Young's
Modulus of around 1 Tpa, while tensile strength can be as high as 60 GPa or even more for high-quality

CNT structures.

Table 3: Representative Mechanical Properties of Carbon Nanotubes

Mechanical Representative Structural influence Application

parameter value/range

Young’s modulus ~1.0-1.2 TPa Bonding and wall | Structural
structure reinforcement
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Tensile strength ~50-100+ GPa Defects and chirality High-strength
composites
Density ~1.3-2.1 grem™ Number of walls Lightweight materials

Thermal conductivity | ~1,750-5,800 W-m™"-K™! | Phonon transport and | Thermal management

structure

Elastic deformation | High at low strain Strong C—C bonds Nanomechanical

devices

From the Young’s modulus results obtained, the resistance of CNTs to elastic deformation was quite evident.
In addition, the tensile strength of the material demonstrated its potential to support loads. Multiple walls
in the MWCNTs gave an added advantage by ensuring that mechanical stresses were distributed throughout

the structure.

However, from the discussion, it was clear that the strength of the individual CNTs could not always be
achieved in the composite form of the nanotubes. Defects, agglomeration of nanotubes, poor dispersion,

and random orientation are some factors that may limit the effective load transfer.
4.3 Optical Properties of Carbon Nanotubes

The optical characteristics of CNTs were intimately related to their one-dimensional electronic structure.
In particular, the absorption and photoluminescence properties of SWCNTs were unique and were related
to quantum transitions between electronic energy levels. The transition energy values were largely

dependent on nanotube diameter and chirality.

Table 4: Representative Optical Characteristics of Carbon Nanotubes

Optical parameter Representative Major controlling | Potential application
characteristic/range factor

Optical response Mainly  near-infrared  for | Chirality and | Photonics
SWCNTs diameter
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Semiconducting band | ~0.4-2.0 eV Diameter and | Optoelectronics
gap chirality
Absorption Chirality-dependent Electronic structure | Optical sensing
Photoluminescence Near-infrared, chirality- | Excitonic Bioimaging and

specific transitions spectroscopy

Defect-related Additional localized features | Defect Defect-based sensing
emission concentration

These findings showed that the optical behavior of carbon nanotubes can be controlled by controlling their
structure, as different chiralities gave rise to different transition energies. The strong correlation between
electronic and optical properties suggested that changes in the electronic structure can alter optical

absorption and emission at the same time.

Another factor that affects optical behavior is the environment around the CNTs. Different dielectrics,
functionalization, mechanical strain, and doping can affect or broaden optical transitions. The sensitivity of
CNTs to environmental changes made them suitable candidates for chemical and biological sensors. In
addition, the ability of CNTs to respond in the near-infrared region made them useful in optical

communication and photonic devices, as well as in biological imaging.
4.4 Integrated Performance and Emerging Applications

This overall analysis showed that the main strength of the CNTs lied in the fact that it allowed the integration
of all three functions: electronics, mechanics, and optics in a single nanomaterial. The electrical properties
of the CNTs were primarily determined by chirality and the diameter of the nanotube; mechanical properties
by bonding, defects, wall construction, and alignment; optical properties by electronic transitions and

environment.

Table 5: Integrated Properties and Emerging Applications of Carbon Nanotubes
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Property Representative Major advantage Emerging application
value/range
Young’s modulus | ~1.0-1.2 TPa Exceptional stiffness Structural
nanocomposites

Tensile strength ~50-100+ GPa High strength-to-weight | Lightweight materials
ratio

Band gap ~0-2.0 eV Tunable electronic | FETs and nanoelectronics
behavior

Electrical ~107° Q'm High electrical | Interconnects and

resistivity conductivity electrodes

Current density ~10"-10° A-cm™ High current-carrying | Nanoscale electronics
capability

Thermal

conductivity

~1,750-5,800 W-m™-K™

Efficient heat transport

Thermal management

Optical response

Mainly near-IR

Tunable optical transitions

Photonics and optical

Sensors

The integrated comparison revealed that there is no single parameter responsible for all properties of CNTs.

For example, chirality determines the properties of CNTs related to electronic and optical behavior;

however, defects, alignment, and interfacial bonding are more critical in mechanical performance. As a

result, CNT design for particular applications should take into account several structural parameters.

In nanoelectronics, semiconducting CNTs have advantages as the existence of their band gaps allows using

them for switching transistors, while metallic CNTs can be used as conductive interconnects and electrodes.

For structural applications, the extremely high values of Young’s modulus and tensile strength make CNTs

promising reinforcement agents. The specific properties of CNTs related to their chirality-dependent

electronic and optical transitions make them promising for sensing and photonics applications.
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Moreover, the obtained results suggest that defect engineering can be beneficial and damaging depending
on the purpose. Low defect concentration is needed in case of requirement of high mechanical strength and
effective charge transport; however, some controlled defects allow improving the molecular interaction and
sensing ability. Functionalization, which helps in dispersing CNTs, can also affect the chemical selectivity,

but it can change the intrinsic conductivity of CNTs.

Thus, the results obtained confirm the potential of nanotubes as a platform for nanoscale applications. Such
properties as mechanical strength, tunability of electrical properties, high thermal conductivity, and optical
response allow their use in nanoelectronics, sensors, energy, structural composites, heat transfer, flexible
electronics, and photonics. The efficient use of such properties of CNTs depends on control of chirality,

defects, dispersion, alignment, functionalization, and CNT-matrix interfaces.
5. CONCLUSION

The properties related to the electron, mechanical, and optical characteristics of the carbon nanotubes
(CNTs) were explored along with their possible utilization in future nanoscale technologies. It was found
that such parameters as chirality, diameter, defects, number of walls, and functionalization significantly
affected the performance of the nanotubes. From the point of view of their electron conductivity, the carbon
nanotubes were observed to be either metallic or semiconducting with the energy gap in the range of 0-2.0
eV; hence, they could be utilized in the transistors, interconnects, and sensors. Mechanically, CNTs
demonstrated great strength, with Young’s modulus being around 1.0-1.2 TPa, and tensile strength being
50-100+ GPa. Furthermore, the optical response at the near-infrared region associated with chirality of

CNTs confirmed their possible use in photonics and optical sensing.
REFERENCES

1. Alhousni, F. K., Okonkwo, P. C., & Barhoumi, E. M. (2022). Review of Optimal Design and Enhanced
Hybrid Energy Systems Using Energy Management Strategies. Energies 2025, 18, 5652. Energy.

2. Amir, M., Zaheeruddin, & Haque, A. (2022). Intelligent based hybrid renewable energy resources
forecasting and real time power demand management system for resilient energy systems. Science
Progress, 105(4), 00368504221132144.

3. Dijelailia, O., Kelaiaia, M. S., Labar, H., Necaibia, S., & Merad, F. (2019). Hybrid energy system with
an energy management control strategy based on the online fuel consumption. Electric Power

Components and Systems, 47(19-20), 1717-1730.

Copyright@ijarets.org Page 208


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
www.ijarets.org Volume-11, Issue-8 August — 2024 Email- editor@jijarets.org

4.

10.

11.

12.

13.

Fischer, T., & Schmidt, A. (2022). High-Efficiency Power Electronics for Modern Energy
Systems. International Journal of Modern Research in Science & Engineering, 5(1), 01-13.

Hasan, M. A., & Parida, S. K. (2022). Mitigation of circulating current in three phase quasi-Z-source
parallel inverters with PV and battery storage. IEEE Journal of Emerging and Selected Topics in Power
Electronics, 10(2), 2587-2594.

Jalil, M. F., Khatoon, S., Nasiruddin, 1., & Bansal, R. C. (2022). Review of PV array modelling,
configuration and MPPT techniques. International Journal of Modelling and Simulation, 42(4), 533-
550.

Jeong-hoon, S. H., Alsalman, A. A., Jinho, H. J., & Raza, S. A. A. ITO-Free Flexible Indoor Organic
Solar Cells using PEDOT: PSS Conductive Electrode Demonstrating PCE over 10% On a Polyethylene
Naphthalate (PEN) Substrate.

Majumdar, S., Mahato, B., & Jana, K. C. (2021). Analysis of most optimal multi-unit multi-level
inverter having minimum components and lower standing voltage. I[ETE Technical Review, 38(5), 520-
536.

Pang, M., Shi, Y., Wang, W., & Pang, S. (2019). Optimal sizing and control of hybrid energy storage
system for wind power using hybrid parallel PSO-GA algorithm. Energy Exploration &
Exploitation, 37(1), 558-578.

Rana, S., & Akteruzzaman, M. (2022). A comprehensive systematic literature review on perovskite solar
cells: advancements, efficiency optimization, and commercialization potential for next-generation
photovoltaics. Efficiency Optimization, and Commercialization Potential for Next-Generation
Photovoltaics (March 08, 2022).

Rathore, N., Panwar, N. L., Yettou, F., & Gama, A. (2021). A comprehensive review of different types
of solar photovoltaic cells and their applications. International Journal of Ambient Energy, 42(10),

1200-1217.

Rekioua, D. (2019). Modeling and fuzzy logic control of a stand-alone photovoltaic system with battery
storage.
Thota, R., & Sinha, N. (2022). An enhanced arithmetic optimization algorithm for global maximum

power point tracking of photovoltaic systems under dynamic irradiance patterns. Energy Sources, Part

A: Recovery, Utilization, and Environmental Effects, 44(4), 10116-10134.

Copyright@ijarets.org Page 209


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
www.ijarets.org Volume-11, Issue-8 August — 2024 Email- editor@jijarets.org

14. Todoric, G. (2020, January). PARODY AS AN INSTRUMENT OF CONSTITUTING IDENTITY IN
THE SANI ALTARACS “PARTISAN HAGGADAH?”. In The Eleventh International Interdisciplinary
Symposium ENCOUNTER OF CULTURES PROGRAMME AND BOOK OF ABSTRACTS.

15. Veera Manikandan, P., & Selvaperumal, S. (2022). EANFIS-based maximum power point tracking for
standalone PV system. /IETE Journal of Research, 68(6), 4218-4231.

Copyright@ijarets.org Page 210


http://www.ijarets.org/
mailto:editor@ijarets.org

