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Abstract

Nanomaterials have emerged as key enablers in advancing sustainable engineering, offering unique
properties that enhance efficiency and address environmental challenges. This review explores their critical
roles across various domains, including renewable energy, water treatment, construction, and biomedicine.
In renewable energy, nanomaterials like carbon nanotubes and graphene improve the performance of
photovoltaic cells, supercapacitors, and hydrogen storage systems by enhancing energy conversion and
storage capabilities. In water treatment, they facilitate pollutant removal and purification through adsorption,
photocatalysis, and membrane filtration. The integration of nanomaterials in construction materials is
discussed for their contributions to improving mechanical strength, durability, and thermal insulation,
supporting green building initiatives. In biomedicine, nanomaterials enhance drug delivery and biosensing,
enabling targeted and efficient therapeutic interventions. Despite these benefits, the review also addresses
challenges such as large-scale production, environmental impact, and toxicity, emphasizing the need for
rigorous life cycle assessments and regulatory frameworks. In this review by highlighting future research
directions, we aim to explore the study on silicon nanomaterials with wide range of applications in advancing
the sustainable engineering and technology development.
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1. Introduction

Nanomaterials, defined by their nanoscale of present requirements research is exploring their

dimensions (1-100 nm), exhibit unique properties
distinct from their bulk counterparts due to their high
surface area-to-volume ratio and quantum effects.
These materials are pivotal in sustainable
engineering, offering advancements in renewable
energy, water purification [1], and construction [2].
Historically, sustainable engineering aimed to reduce
environmental impact [3] but lacked efficiency and
scalability. Today, nanomaterials revolutionize this
field, and future research is focused on energy
storage, smart sensors, and biodegradable
composites. Nanomaterials’ ability to enhance
performance and sustainability underscores their
critical role in addressing global challenges like
climate change and pollution. To meet the demands

use in energy storage systems, smart environmental
sensors, and biodegradable nanocomposites. These
advancements in nanomaterials help for the tasks
such as climate change, resource scarcity, and
pollution, by providing efficient and sustainable
solutions. In this review based on the challenging
requirements in various fields to improve the
efficiency and to lower the manufacture cost we are
interested to explore the studies and applications of
silicon nanomaterials due to the easy availability of
its raw materials in our country. revealed in their
studies that Nanotechnology, especially
nanoparticles, holds great promise for advancing.

2. Literature Review of nanomaterials in various

applications
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R.K. Mishra et al studied about the controlling
defects in carbon nanotubes and graphene is crucial
for optimizing their mechanical and electrical
properties for various applications. By studying and
manipulating these defects, researchers can tailor
nanomaterials for specific uses while addressing
potential environmental and health impacts [4].

N. Rodoshi Khan and A. Bin Rashid et al revealed
that the use of carbon-based nanomaterials as
efficient, metal-free electrocatalysts is transforming
biofuel production by enhancing yield and stability,
offering a greener alternative to fossil fuels. This
review highlights the potential and challenges of
using these nanomaterials in biofuel synthesis,
emphasizing their broad applicability and impact on
sustainable energy [5]. O. Gohar et al explained that
nanomaterials are crucial for next-generation energy
technologies due to their unique properties, but
challenges remain in scaling and fully understanding
their  mechanisms. Inorganic  multifunctional
nanomaterials, with their high performance and low
cost, are being developed for diverse energy
applications, with Al playing a significant role in
discovering new materials and optimizing their
properties [6]. M. Yang et al.studied about Low-
Carbon, High-Performance Cement-Based
Composites (LCHPCC) combines normal and ultra-
high-performance concrete's strengths, offering
superior mechanical properties and durability at a
lower cost and environmental impact. Utilizing
coarse aggregates and various low-carbon materials,
LCHPCC enhances performance, sustainability, and
versatility, making it a feasible and effective
alternative for diverse structural applications [7]. N.
Li et al studied the fusion of 2D nanomaterials with
3D bioprinting has led to significant advancements in
bone tissue engineering, creating multifunctional and
adaptive structures for bone defect repair. This
convergence offers enhanced structural support and
nano-level control for material-tissue interactions,
promising improved bone regeneration strategies and
patient outcomes [8]. Rozina et al. have explored how
integrating nanotechnology with biotechnology can
advance carbon sequestration and biofuel production,
focusing on biohydrogen and biobutanol. It
highlights the potential of nanoparticles to reduce
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production costs and environmental impact but notes
that commercial viability depends on developing eco-
friendly synthesis methods and addressing existing
challenges [9]. K. de Almeida Barcelos et al studied
about CNT-based nanomaterials are making
significant strides in medical and pharmaceutical
fields, with applications ranging from enhanced
skincare products and Alzheimer's therapies to
vaccine carriers and implant reinforcement. Their
potential in drug delivery, gene therapy, and
preventive medical devices highlights ongoing
advancements in nanomedicine aimed at improving
health outcomes [10]. M. Sundrarajan and S. Gowri
et al have studied about the synthesis of stable
titanium dioxide nanoparticles using Nyctanthes leaf
extract is a cost-effective, eco-friendly method that
produces high-purity, cubic, spherical nanoparticles
with sizes ranging from 100-150 nm, offering
potential for various applications [11]. Sayan
Bhattacharyal and Indranil Saha et al revealed in
their studies that Nanotechnology, especially
nanoparticles, holds great promise for advancing
water treatment technologies, though most studies are
still at the laboratory stage and face economic and
environmental challenges. Despite these hurdles,

nanotechnology could play a crucial role in
groundwater  remediation, warranting  further
research and development [12]. Hamid Reza

Ghorbani* et al have given their studies on
Aluminum nanoparticles are crucial in various
industries, including pyrotechnics and rocket fuels,
but their susceptibility to rapid oxidation requires
surface passivation to improve shelf life and
performance. [13] Mukherjee A and Darlington T
have studied about silica nano particles and revealed
that Silica nanoparticles are strong, abrasive, and
absorptive materials with a wide range of
applications, including polishing silicon wafers,
reducing friction, aiding in papermaking, serving as a
binding agent in manufacturing, and having
significant potential in biomedicine due to their
stability and non-toxicity [14] Jiaying Lu and
Yanging Guo et al studied about silicon nano
particles and explained that synthesized mesoporous
silica micro/nano particles using a CASIJR reactor,
with CFD modeling showing that turbulence-induced
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shear significantly affects particle morphology, size,
and distribution. Increasing the Reynolds number and
ultrasound irradiation power produced smaller,
uniformly spherical particles with narrow size
distribution, demonstrating a strong correlation
between local turbulence-induced shear and the
properties of the SiO2 nanoparticles [15].
Mohammad Azadix, Mohammad Sadegh Aghareb
Parast et al have studied and analyzed high-cycle
fatigue properties of aluminum-silicon alloys for
engine pistons, revealing that stress, wear, corrosion,
and nanoparticles negatively impact fatigue life;
while heat-treating and lubrication have positive
effects. Stress and fretting force were found to be the
most significant factors affecting fatigue lifetime
[16]. F. Ruffino and M.G. Grimaldi et al studied
different nano-shaped particles were obtained on 4H-
SiC surfaces by depositing a nanoscale-thick Au film
and inducing solid-state or liquid-state dewetting
through annealing. Solid-state dewetting at lower
temperatures resulted in two-dimensional islands
with an average aspect ratio of 4.1, while liquid-state
dewetting at higher temperatures produced three-
dimensional spherical particles with an average
aspect ratio of 1. The particles showed sharply
defined facets, inclusions of C and Si due to Au, and
varying wetting properties depending on the
annealing temperature [17].

Conclusion

Silicon, the second most abundant element on Earth
after oxygen, is both readily available and cost-
effective.  Silicon  nanomaterials, such as
nanoparticles, nanowires, quantum dots, and porous
silicon, are distinguished by their unique properties
like quantum confinement effects and high surface
area, making them highly valuable across electronics,
energy storage, medicine, photonics, and sensor
technologies. These materials offer significant
advantages over carbon nanomaterials, including
superior compatibility with existing silicon-based
technologies, the ability to form stable oxide layers,
excellent biocompatibility, and customizable thermal
properties. However, challenges related to
scalability, stability, and system integration need to
be addressed to fully exploit their potential. While
research into nanomaterials covers a broad range of
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applications—such as construction, environmental
management, green fuels, biomedical technologies,
storage devices, and water purification—the high
costs of preparation, raw materials, and large-scale
production remain significant hurdles. Despite
considerable progress, further research into silicon
nanomaterials is essential, as their abundance and
potential benefits could unlock new applications and
enhance performance across various fields.
Acknowledgements
We are grateful to our HOD, Basic Sciences
Department, Chairman, Secretary and the Principal,
G.Narayanamma Institute of Technology and
Science for encouraging and supporting such
research oriented work.
References

[1]. Role of nanotechnology in water treatment

and purification: Potential applications and

implications, International  Journal  of
Chemical Science and Technology 2013;
3(3): 59-64, ISSN 2249-8532,

http://www.urpjournals.com

[2]. Advancing environmental sustainability in
construction through innovative low-carbon,
high-performance cement-based composites:
A review, Materials Today Sustainability 26
(2024100712https://doi.org/10.1016/j.mtsust.
2024.100712

[3]. Exploring the synergy of nanomaterials and
microbial cell factories during biohydrogen
and biobutanol production from different
carbon sources, Sustainable Chemistry for the
Environment, Volume 6, June 2024, 100098,
https://doi.org/10.1016/j.scenv.2024.100098

[4]. Defect engineering in nanomaterials: Impact,
challenges, and applications, Smart Materials
in Manufacturing 2 (2024) 100052, pg 1-26,
https://doi.org/10.1016/j.smmf.2024.100052

[5]. Carbon-Based Nanomaterials: a Paradigm
Shift in Biofuel Synthesis and Processing for
a Sustainable Energy Future, Energy
Conversion and Management: X 22 (2024)
100590pg122,https://doi.org/10.1016/j.ecmx.
2024.100590.

[6]. Nanomaterials for  advanced energy
applications: Recent advancements and future

2722


about:blank

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

{8

I JAE
o

International Research Journal on Advanced Engineering

and Management
https://goldncloudpublications.com

e ISSN: 2584-2854
Volume: 02

Issue: 08 August 2024
Page No: 2720-2723

M

alF https://doi.org/10.47392/IRJAEM.2024.0393

trends, Materials & Design 241 (2024)
112930, pg 1-20,
https://doi.org/10.1016/j.matdes.2024.11293
Advancing environmental sustainability in
construction through innovative low-carbon,
high-performance cement-based composites:
A review, Materials Today Sustainability 26
(2024) 100712, pg 1-20,
https://doi.org/10.1016/j.mtsust.2024.100712
Building a better bone: The synergy of 2D
nanomaterials and 3D printing for bone tissue
engineering, Materials & Design 234 (2023)
112362,pg125,https://doi.org/10.1016/j.matd
es.2023.112362

Exploring the synergy of nanomaterials and
microbial cell factories during biohydrogen
and biobutanol production from different
carbon sources, Sustainable Chemistry for the
Environment 6 (2024) 100098, pg 1-14,
https://doi.org/10.1016/j.scenv.2024.100098
Recent advances in the applications of CNT-
based nanomaterials in pharmaceutical
nanotechnology and biomedical engineering,
Journal of Drug Delivery Science and
Technology 87 (2023) 104834, pg 1-16,
https://doi.org/10.1016/j.jddst.2023.104834
Green synthesis of titanium dioxide
nanoparticles by nyctanthes arbor-tristis
leaves extract, Chalcogenide Letters Vol. 8,
No. 8, August 2011, p. 447-451

Role of nanotechnology in water treatment
and purification: Potential applications and
implications, International Journal  of
Chemical Science and Technology 2013;
3(3):5964https://www.researchgate.net/publi
cation/261994441

A Review of Methods for Synthesis of Al
Nanoparticles, GHORBANI, Orient. J.
Chem., Vol. 30(4), 1941-1949 (2014),
http://dx.doi.org/10.13005/0jc/300456
Development and Screening of a Series of
Antibody-Conjugated and Silica Coated Iron-
Oxide Nanoparticles for Targeting the
Prostate Specific Membrane Antigen Chem.
Med. Chem. 2014 9 (7), 1356-1360.
Turbulence-assisted  shear  controllable

OPEN 8Accsss IRIAEM

[16].

[17].

synthesis of silicon oxide micro/nano
particles using a counter axial-swirling
impinging jet flow reactor. Colloids and
Surfaces  A: Physicochemical and
Engineering Aspects 694 (2024) 134097 pg 1-
20,https://doi.org/10.1016/j.colsurfa.2024.13
4097

Data analysis of high-cycle fatigue testing on
piston aluminum-silicon alloys under various
conditions: Wear, lubrication, corrosion,
nano-particles, heat-treating, and stress, Data
in Brief Volume 41, April 2022, 107984 pg 1-
15,https://doi.org/10.1016/j.dib.2022.107984
Nano-shaping of gold particles on silicon
carbide substrate from solid-state to liquid-
state dewetting, Surfaces and Interfaces 24
(2021)101041pg112,https://doi.org/10.1016/j
.surfin.2021.101041

2723


about:blank

