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Approaches, attributes and applications of matrix

nanocomposites - a review
M. Rajamehala®*, C.K Phiri* and Vijay Pradhap Singh M?

Abstract: Nanocomposites, a high-performance material, showcase uncommon
asset combos and precise layout possibilities. Their versatility is so compelling that
they can be of use in many countries, spanning from packaging to medical pur-
poses. In this comprehensive evaluation, the three varieties of matrix nanocompo-
sites are presented, demonstrating the use of such compounds, their optimization
techniques, and a few latest consequences on structure, parameters, and potential
programs. The parameters of nanoparticles are rapidly changing in accordance with
their grain size equivalents. Furthermore, it modifies the manner in which molecules
are hooked up to grain materials. As a consequence, the materials are often
changed repeatedly with respect to the elements. A few other nanocomposite
products have been shown to be 1,000 times tougher than most of the elements.
This is necessary to understand the existence and usage of nanocomposite sub-
stances and examine components, functions, and innovative attributes in polymer,
ceramic, and metallic nanocomposites. It is deduced by taking a quick glance at
technological and biochemical applications. It can be seen that polymer nano-
composites and eventually the chemicals are used mostly in their processing and
find applications in various industries, including aviation, the defense industry, food,
and electronic components, attributable to their heavier mechanical, electrical, and
thermal properties. This chapter forms the basis for and takes an approach to the
emerging field of nanocomposite technology as it relates to biofuel production and
its implementation.

Subjects: Materials Chemistry; Materials Science; Nanobiotechnology

Keywords: Nanocomposites; nanomaterials; polymer; bulk material; dispersion

1. Introduction

Dimensionality is a very common factor in determining the properties of matter. The nanostructure
of a fabric is the key figure in the advancement of novel properties and in controlling the structure
at the nanolevel. Nanotechnology is consequently a promising field of the twenty-first century
(Bayda et al., 2020; Wennersten et al., 2008). This is completely anticipated to restructure the
innovative applications in the areas of semiconductors, inorganic, as well as natural materials,
vitality capacity and biotechnology. The term “nanotechnology” can be characterized as the
control of materials with at least one measurement less than 100 nm (Babick et al., 2016;
European Commission, 2011). This innovation endeavours to integrate chemistry, material science
and science to make modern fabric properties that can be tainted to create effortless forms for the
generation of electronic gadgets and biomedical items. Recent advances in metal synthesis
include a wide range of physical and chemical strategies that have significantly affected the
field of nanomaterials (Karthiga et al, 2019). The commercialization of nanotechnology is

© 2022 The Author(s). This open access article is distributed under a Creative Commons
Attribution (CC-BY) 4.0 license.
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anticipated to boost wide-ranging mechanical improvements, progress in quality of life, and
societal benefits around the world. Nanocomposites are materials that are composed of two or
more constituents with diverse physical and chemical properties. Such materials stay unique and
definite at the infinitesimal level but collectively contain a single physical fabric with
a measurement of less than 100 nm (Guo et al., 2007). These substances are section structures
that encompass a polymeric matrix and dispersed inorganic particles of nanometre scale. The
maximum inorganic particles belong to the circle of relatives known as 2:1 phyllosilicate (Sinha et
al., 2003). The comfortable and practical magnificence of synthetic/inorganic substances in nano-
composites tends to be a highly integrated line of research. Substantial effort is usually based on
the competence by progressive technological interventions to regain control of nanostructures. In
addition, the parameters of nanocomposite materials rely on their morphological traits and
interfacial characteristics. With novel elements, this promptly expanding field develops many
exciting new products. All of these can generate into any other metal straightaway, by incorporat-
ing characteristics from the parent resources. Recent structures that are often unfamiliar inside
the interpreted additive materials are also feasible. Now, nanocomposites can be defined as
nanomaterials that integrate one or more separate additives so that you can gain the high-
quality properties of every issue. These nanocomposites have- stepped forward residences whilst
as compared to the character issue materials by means of synergetic impact of both the person
additives.

Nanocomposites recommend uncommon properties that rise from their little size, huge surface
zone and the relations of stages at their interfaces. It has been accounted that those deviations in
molecule properties can be seen when the molecule size is less than a specific level, which is called
as “the basic size” (Choa et al., 2003; Wypych et al., 1997).

Almost all of the interactions at stage interfaces are strengthened, when dimensions appear at
the degree of nanometres. In addition, the expose of carbon nanotubes and perhaps their
advanced use made to figure out the composites exhibiting a substantial part of the remarkable
carbon nanotubes involved in dealing with conventional and thermal characteristics that applied
another and instructive estimation to the above region. Nanocomposites are currently offering
a technological breakthrough and picking things up for all fields as well as being environmentally
sound (Aruna et al., 2003; Giannelis, 1996; Sternitzke, 1997).

These nanocomposites are of various kinds chiefly based on the primary element (composition-
ally more quantities) in which the continuous segment is referred to as matrix and the filler factor
(compositionally less quantity) as dispersed segment. They are (a) inorganic in inorganic (metal
nanocomposites consisting of Ag/TiO,, SiO,/CdTe and many others), (b) natural in natural (den-
drimers, graphene/polymer) and (c) natural in inorganic or inorganic in natural composites (poly-
mer nanocomposites) (Koo, 2006; Schadler, 2003). They are indeed the components of the 21st
century in consideration with their specific design and developmental combinations that are not
really found in conventional composites. The desired conception of certain variables has not been
met yet (Schmidt et al,, 2002). Although the first reference to them had been reported in 1992
(Gleiter, 1992).

Nanocomposites offer an exceedingly huge variety of prospective programs from electronics,
optical communications, agriculture, medicinal and organic systems to new materials (Mahmood
et al.,, 2022). Many possible packages had been explored and lots of gadgets and structures have been
considered. More ability programs and new devices are being proposed. It is evidently impossible to
recapitulate all of the devices and applications which have been studied. It is intriguing to take note
that the utilizations of nanocomposites in various fields have obviously various demands, and
besides, these lines face various difficulties, which require various methodologies (Alexandre &
Dubois, 2000; Gangopadhyay & Amitabha, 2000; Peigney et al., 2006). In agriculture pest control, in
tea plantation, nanopesticides enters only into target pests while remaining steady and active in the
environment. This embraces environmentally friendly scenario as the nano novel pesticides
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formulation does not affect non-target and uses cost-effective formulation (Benelli, 2016; Smith
et al., 2008). Furthermore, nanoparticles are considered as ultrafine particles composed of dimen-
sions ranging from 1 to 100 nm in size but having different traits in comparison with the non-
nanoparticles with the same chemical composition (Auffan et al., 2009).

2. Types and processing of matrix nanocomposites
Nanocomposites can be classified into three groups in terms of their matrices (Hafeez, 2022) which
include:

(1) Ceramic Matrix Nanocomposites
(2) Metal Matrix Nanocomposites

(3) Polymer Matrix Nanocomposites

2.1. Ceramic matrix nanocomposites

Ceramic matrix nanocomposites (CMNCs) have Al,03 or SiC device in particular (Xiao et al., 2009).
Most research referred here revealed the substantial reshaping of the Al,O; matrix following the
addition of a low compression of SiC debris of equivalent size and dry squeezing of the ensuing
combination.

The most used methodologies for the preparation of CMNCs are traditional powder technique;
composite substrate direction; solvent carburizing; vapor techniques and molecular techniques
that include sol-gel phase, deposition strategies and prototype formulation. Ceramics are typically
brittle as well as broken because of split dissemination. Ceramics are made feasible for industrial
purposes by adding a highly conductive metallic layer or some other compound in the mixture.
This ends in conventional characteristics, inclusive of compressive strength and dislocation dur-
ability, resulting from the interaction among the distinct levels, matrix and reinforcements, at the
stage constraints (Liu et al., 2004; Thompson et al., 2003).

2.1.1. Ceramic nanocomposite reinforcement structures with discontinuous matrices

The nanocomposite’s efficiency is massively improved as opposed to its micro-equivalent. Due to
the strengthened supramolecular connection between the molecules in nanocomposites, the
fracture power is distinctly improved. Except that Al,03, 5-15% SiC systems exhibited 200 MPa
plastic deformation grooves on the surface. However, SisN, fails at 0.3% strain after 0.4 hours,
while SisN4/10% SiC nanocomposite fails at 1.5% pressure even after 1,000 hours. Morphological
analysi and microstructures of a few acrylic membrane nanocomposites of Al,O; and Fe,03
contains an amazing allocation of cobalt and nickel nanoparticles (Ogawa & Kuroda, 1997; Shah
et al,, 2016).

2.1.2. Ceramic matrix-carbon nanotube structures

Whilst the quantity of carbon nanotubes is lower than 5% in volume, contracting electricity and
crack longevity grow with the extent of carbon nanotubes. The improvement in structural proper-
ties is due to the huge component proportion and magnificent mechanical parameters of carbon
nanotubes, in line with the principle of short-term fibre-reinforced composites (Borsa et al., 1995;
Kojima et al.,, 1993; Stearns et al,, 1992). The less in bending energy at high loading is because of
the difficulty, which is resulting from carbon nanotubes at higher density, as they show an
increased opportunity of aggregation. In addition, in Al,03/nanotube composites, uncommon
behaviours with excessive interaction-damage friction without the need for a significant increase
in durability were mentioned. When the quantity of carbon nanotube is raised above 4% in weight,
the microhardness of certain materials elevates. It might be due to grain length as a result and the
rigid function of carbon nanotubes (Din et al., 2016; Riedel et al., 1989).

Formation of SiC/carbon nanotubes confirmed 10% increase in electricity and rupture longevity
related to homogeneous materials. As a result, several other attempts have been made to improve
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tensile strength by incorporating carbon nanotubes in ceramic matrices. Moreover, the detected
enhancements have been no longer as excessive as predicted. Single-walled carbon nanotubes
used to strengthen ceramic polymers through spur-plasma laser welding resulted in rising of
fracture toughness over natural aluminium oxide. A 24% increase in fracture sturdiness above
the matrix was found in nanograined Al,0; composite containing 10-volume percentage multi-
walled carbon nanotubes, which changed to attribute the oxidation of carbon nanotubes earlier
than diffusion. In such a situation, the substance was transformed under three circumstances, i.e.
combined, warm squeezed (1573 K) and plastic resin close to conceptual mass (Hench et al., 1990;
Vorotilov et al., 1999).

2.2. Metal matrix nanocomposites

Metal matrix nanocomposites (MMNCs) check with a tensile material or alloy matrix where a few
nanosized strengthening components are embedded. Such substances incorporate the qualities of
steel and ceramic. Metallic matrix composites such as aluminium and magnesium are fortified
with continuous carbon. SiC or boron fibres are used in aerospace and various programs due to
their relative mass and incredible natural processes. There have been plenty of opportunities to
create comparable composites, including nanoparticles and CNTs for structural projects, as these
substances always have the capacity to generate more improvements than micron-sized enhance-
ments. Steel matrix nanocomposites have been researched for about 10 years, but it remains at an
early stage. The remaining goal is to extend the advanced materials for use in the military, aviation
and automobile industries; however, as with their numbers of ceramics and polymers, manufac-
turing techniques critically control the residence of a nanocomposite steel matrix (Bogue, 2011).

The invention of recent alloys has been escorted with the aid of predominant developments.
Mixing copper andtin resulted in a metal that was one mile stronger than copper, which led to the
discovery of bronze. Whatever the techniques of synthesis, most nanocrystalline materials are
primarily based on metallic-metallic nanocomposites that show off an incredible resistance to
grain boom. Thermal stability and the mechanisms concerned in nanocrystalline materials are not
handiest associated with the microstructural and compositional parameters; however, additionally
it is associated with porosity, impurity, grain size distribution, texture and microstrain that resulted
during the processing of nanocrystalline materials. The simple blending of exclusive metal nano-
composites will transpire with new attributes. Nanocomposite structures along with carbon nano-
tubes have been drastically studied. There was a non-stop growth in the variety of courses at the
concern, including reviews from time to time. Exclusively in the case of PMNC, the views cope with
processing factors, such as layered silicates, accomplishing and biodegradable polymer-primarily
based systems, fibre bolstered and structure, morphology and belongings aspects along with the
uses and outlooks, such as key scope and disputes the growth of structural and functional fibre
nanocomposites (Kundu et al., 1998; Sen et al., 2004; Viart et al., 2003).

The techniques used for the processing of MMNCs are spray pyrolysis; liquid metal infiltration;
speedy solidification; vapour techniques; electrodeposition and chemical strategies, which consist
of colloidal and sol-gel processes (Rajamehala et al., 2022). Fe-based nanocomposites are orga-
nized by using solidification techniques. Branagan stresses about the “devitrified nanocomposite
steel”. The development of nanophases, with the help of excessive crystallization intensity, was
established in a short period for the emergence of particles that are greater than the impingement.
The use of ultrasound has actually improved the wettability between the matrix and the debris
(Ananthakumar et al., 2004; Baiju et al., 2005).

2.3. Polymer matrix nanocomposites

Polymer matrix nanocomposites (PMNCs) are commonly involved in technology to ease the pro-
cessing, for its lightweight and ductile purposes. The reinforcing substances engaged inside the
fabrication of polymer nanocomposites can be labelled in line with their dimensions. Sources
include round silica, metallic particles and superconducting nanoclusters. Nanotubes or whiskers,
viz. measurements on a nanometre scale, provide the particular type of strengthening which
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results in the development of a prolonged shape (Berger, 2004; Stankovich & Mater, 2006; Zhang
et al.,, 2005). A single dimension in the nanometre range defines the third type of enhancement.
On this organization, the filler carries panels from one to several nanometres of thickness. This
specific family is referred to as polymer-layered nanocomposites. Many artificial and herbal
crystalline hosts, which can be in a position, under precise situations, to intercalate
a component, have been identified. Examples consist of graphite, metallic chalcogenides, clays,
layered silicate and layered double hydroxides (Chung et al., 2004; Ounaies et al., 2003).

3. Key attributes of nanocomposites

The unique natures of nanocomposite filler particles offer mechanical strength and abrasion
resistance comparable to hybrid composites, as well as superior shine and gloss durability com-
pared to microfill composites.

3.1. Polymerization shrinkage

The composite resin polymerization shrinkage is estimated to be 1.4-1.6%. Due to its low epoxy
resin shrinkage and strong intermolecular correlations between tar and nanomaterials, the per-
formance of nanocomposites is low. The volumetric reduction relies on the total content of the
composite organic matrix. Fortin and Vargas (2000) reported that nanohybrid composites showed
less organic matrix and less shrinkage (13.0 wt%). A low-shrinkage, light, treatable dental nano-
composite was set up by utilizing an epoxy sap 3,4-epoxycyclohexylmethyl-(3,5-epoxy) cyclohex-
ane carboxylate network with 55 wt% of 70-100 nm nanosilica fillers through ring opening
polymerization. y-Glycidoxypropyl trimethoxysilane was utilized to modify the surfaces of silica
nanoparticles. The created epoxy tar-based nanocomposite showed low shrinkage and high quality
and is reasonable for dental remedial material applications (M Chen et al., 2006).

3.2. Water sorption

Water used in the polymeric period of composites usually causes two contradicting forms. The
dissolvable will separate unreacted parts, principally monomer, bringing about shrinkage, loss of
weight and decrease in mechanical properties. Alternately, dissolvable take-up prompts a growing
of the composite and increment in weight. The dissolving agent diffuses into the polymer system
and isolates the chains making expansion (Ortengren et al., 2001).

However, since the polymer matrix contains micro-voids made during polymerization and free
volume between chains, a piece of the dissolving agent is obliged without making an adjustment in
volume. In this manner, the dimensional difference in a polymer composite in a solvent is mind
boggling and hard to anticipate and relies upon the substance structure of the polymer lattice.
Overall, nanohybrid composites show less water sorption than nanofill composites. Water used in
the polymeric period of composites causes two contradicting forms. The dissolvable concentrates
unreacted parts, essentially monomer, bringing about shrinkage, loss of weight and decrease in
mechanical properties. The dissolving agent diffuses into the polymer system and isolates the
chains making development (Ortengren et al., 2001). Since the polymer contains microvoids made
during polymerization and free volume between chains, a piece of the dissolvable is suited without
making an adjustment in volume. Along these lines, the dimensional difference in a polymer
composite in a dissolvable is intricate and hard to anticipate and relies upon the concoction
structure of the polymer framework.

Mayworm et al. (2008) found that the wear opposition of nanoparticles containing dental
composites increments after its stockpiling in counterfeit spit. The capacity of fake spit expands
the material’s wear obstruction, meaning that material building post-fix happens and salivation
retention happens just on the outside of the composites. Surface microhardness of the composites
diminishes after the capacity in fake salivation while mass microhardness of the materials builds
(Mayworm et al., 2008). Moreover, it has been accounted for that radiopaque Ta,0s/SiO, filler
nanoparticles scattered in a methacrylic framework bring about glues with radio capacity higher
than dentin and polish and superb cement strength (Schulz et al., 2008).
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3.3. Flexural quality

The flexural quality relies upon the filler content and the filler science. The flexural consistency of
nanocomposites was considered to be measurably similar or stronger than that of crossbreed or
microhybrid composites and fundamentally larger than other composites. Nanofill composites,
which have higher filler stacking, show more noteworthy flexural quality than nanohybrid compo-
sites, which have lesser filler loading (Lohbauer et al., 2006). Tanimoto et al. (2006) watched
dynamic decline in flexural quality as the mean filler-molecule breadth expanded. This examina-
tion was constrained to silica fillers from 3.3 to 15.5 um—significantly over the extreme scope of
nanohybrids or nanofills molecule size (Tanimoto et al., 2006). When all substances tested, they
exhibited comparable flexural strengths, microfills confirmed the poorest physical characters
(Beun et al., 2007).

To improve the mechanical properties of gum-based composites, Xia et al. (2008) utilized TiO,
nanoparticles treated with the organosilaneallytriethoxysilane (ATES). TiO, nanoparticles were
sonically scattered in an ethanol arrangement containing ATES. The altered particles were washed
in unadulterated ethanol and dried before it was utilized as filler. Spatulation of TiO, particles was
physically mixed with a gum monomer comprising the most part of UDMA. The particles were then
physically added to Z100 dental composite and the blend was mixed. Surface change by the
organosilane ATES impacts the scattering and linkage of TiO, nanoparticles was inside a tar
framework and the altered particles were found to improve the microhardness and flexural quality
of dental composites (Xia et al., 2008).

3.4. Wear and gloss retention

The nanosized essential particles in the nanoclusters wear by severing singular essential particles
instead of culling out the bigger auxiliary particles from the gum. Therefore, ensuing wear surfaces
have smaller cracks and greater maintenance of gloss. Hybrid fillers normally are massive dense
debris of a mean size of about 1 um. Micro-hybrids are identical and considerably lighter than
hybrids in the typical molecule width (Palaniappan et al., 2009).

Wear resistance is the most essential physical properties of denture teeth. Porcelain denture
enamel has maximum wear resistance; however, they may be brittle, lack bonding to the denture
base and hard to shine. Acrylic resin denture enamel is less and difficult to raconteur; however it
goes through excessive put on. Nanocomposite denture tooth accommodates of polymethyl-
methacrylate, and uniformly dispersed nano-sized filler particles. Their advantages are as follows:
tremendously polishable, stain- and effect-resistant material, active floor structure, advanced
surface hardness and put-on resistance (Chandki et al., 2012).

4. Applications matrix nanocomposites

The number of uses of nanocomposites has been increasing at a faster rate (Hafeez, 2022). The
global production is anticipated to exceed 600,000 tonnes and is about to cover the subsequent
key regions in the subsequent 5 to 10 years: The nanocomposites market was projected to grow
from USD 4.1 billion in 2019 to USD 8.5 billion, by 2024, at a CAGR of 16.0% (Markets and Markets
Research Private Ltd, 2019). The market is growing due to the high demand for gas boundaries,
oxygen boundaries, nourishment packaging, fuel tanks, films, environmental security and flamm-
ability decrease.

4.1. Fuel cells

Usage of fuel cells includes polymers within the proton exchange membrane, electrode binder and
bipolar plate matrix. The electrode usually has carbon black debris (0.5-1.0 mm) with 2-5 nm
catalyst particles and a polymeric binder (usually Nafion). When platinum nanoparticles are
disbursed with Nafion as a binder on carbon nanotubes, it is observed that they stepped-forward
reliability over traditional black carbon-based membranes (Kuila et al., 2009). Additionally, the
assimilation of nanostructures in and out of the proton alternative molecule has been assessed in
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order to boost technical properties and rearrange the tensile strength of protons. Recently,
nanotubes were discovered in direct methanol fuel cells. (DeLuca et al., 2006).

4.2. Environmental applications

Due to industrialization, arrival of substantial metallic particles and constant characteristic con-
tamination into the water sources has raised as worldwide issues (Bashir et al., 2020). Substantial
steel particles cannot debase into guiltless stop product and reason lethality. With the goal that
one could expel overwhelming steel particles from wastewater, a wide scope of techniques are
investigated. They are particle trade, substance precipitation, adsorption, film filtration and elec-
trochemical cure (Naushad et al., 2016; Sharma et al.,, 2017). However, a number of those
strategies have consequences such as removal of lingering steel ooze or over-the-top expense
(Keng et al., 2014; Mittal et al., 2016). The sullied water from texture, paper and calfskin based
earthenware, beautifying agents, ink and nourishment-handling enterprises is unsafe for human
presence and consumption. To push off natural colours from this contaminated emanating of
businesses, various procedures are accessible. Due to unnecessary effectiveness, low vitality
admission and slight reaction circumstances, the photocatalytic approach turns into the focused
activity of scientific networks (Ayekoe et al., 2016).

Catalysts mainly used in photocatalysis are titanium dioxide, cadmium sulphide, zinc sulphide,
zinc oxide, copper sulphide and iron oxide, which have overpotential in wastewater industry
(Kumar et al., 2017b). However, such nanoparticles have a few disadvantages, for example, non-
reusability, difficult to take care and accumulation due to their small size. As a result of these
inconsistencies, composite catalysts are presented. Composite catalysts might be made with the
guide of presenting carbon nanotubes, progress metals, non-metals doping, coloured sensitizers
and polymers. Expansion of carbon texture into titanium dioxide supplements the photocatalytic
enthusiasm of nanocomposite for wastewater treatment, because of the reality, the carbon drives
about as electron sinker and frustrates value supplier. The improvements of catalytic premium and
structural strength at broad range of materials were also researched. Models that were derived are
mesoporous dirts, agar and polymeric sorbents (Li et al., 2016).

4.2.1. Biofuels

The usage of nanocomposites gains an increase in momentum of biofuel production tactics
because of their upgrade results and the biochemical reactions of those bioprocesses as illustrated
earlier. Numerous nanocrystals like nanofibers, nanotubes (Ramsurn & Gupta, 2013). earnt the
consequences of zero-valent iron (ZVI) metal oxides on biogas generation, utilizing waste actuated
ooze at mesophilic circumstances (37°C) (Su et al.,, 2013). Future energy supply is huge and vast
majority of the energy is generated from fossil resources (Bharathiraja et al,, 2018). A few
researches were performed likewise to break down the outcomes of nanoparticles on microbial
networks over the span of anaerobic assimilation methods. H. Wang et al. (2015) assessed the
effect of multiple nanoparticles that delegate (ZVI, Ag, Fe,0; and MgO) on biogas fabrication
utilizing waste-initiated slime (T. Wang et al., 2016). Biogas generation was hindered by strong
groupings of nanoparticles at 15-120 mg/L for CuO and 120-240 mg/L for ZnO, individually. t Fe;0,
and ZVI nanoparticles found to be reasonable for the assimilation of effluent, resulting in high
biogas output (Abdelsalam et al., 2017). Analysts established that the shape and large execution
of that miscellaneous item is extraordinarily reliant on the methodology of amalgamation. Stoeva
et al. (2005) suggested a creative strategy through blending of plastic-attractive nanoparticles
with the utilization of gold, silica centre and attractive inward layer.

The utilization of nanoparticles in anaerobic processing strategies furthermore gives
a harmonious dating as it licenses microorganisms to drive about reactant vendors, whereby
they could modify the oxidation realm of the nanoparticle factors. This advances the exchange
of electrons and thus allows various responses to happen (Brar et al.,, 2010; Min & Yoo, 2014).
Utilization of nanoparticles has developed as a particular innovation that can be utilized to obtain
extreme outputs in development of biodiesel (Y. Chen et al., 2018). It has been shown that the fuse
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of nanoparticles through the transesterification process increases the efficacy of the reactants.
Y. Chen et al. (2018) assessed the after-effects of Fe;0,/ZnMg (Al) O attractive nanoparticles in
biodiesel production using microalgal oil (Y. Chen et al,, 2018). This impetus showed awesome
attractive sensitivity and a massive top layer-to-volume-proportion, which required the assembling
of biodiesel, and finished in high return of 94%. Various researches investigated the outcomes of
corrosive/base-functionalized nanoparticles on biodiesel production utilizing one of the feedstock.
Wang et al. (2017) effectively utilized corrosive functionalized attractive nanoparticles as an
impetus for biodiesel creation. The corrosive solubilized nanoparticles, which included sulfamic
and sulfonic silica-covered crystalline Fe/Fe30, center/shell appealing nanoparticles (MNPs), were
combined and then used in the transesterification of glyceryl trioleate. Those parts affirmed
exorbitant reactant intrigue; however, sulfamic MNPs created a higher synergist movement over
the top of biodiesel transformation which is more prominent than 95% (Wang et al., 2017).

4.2.2. Medicinal application

Nanoparticles with large atomic nuclei facilitate a perfect contrast agent during X-ray imaging
(Lusic & Grinstaff, 2013). Nanocomposites play a role in the diagnosis of various diseases when
patients undergo X-diagnosis (Figure 1). On the other hand, superparamagnetic nanoparticles, for
example, those made of iron oxide, are utilized as MRI contrast agents (Babes et al., 1999). In
addition, nanocomposite hydrogen is produced as local drug delivery device especially for the
management of periodontal infections, and composites in use include nanoparticles, matrix gel
and a suitable antibacterial drugs (Kapoor et al., 2015). Nanoparticles used in drugs, proteins and
enzymes as entraps prevent denaturation at physiological pH and temperature. As a result, drugs
neither swell nor change in porosity (Orive et al., 2005). In summary, nanocomposite has a broader
application in the scope of biomedical which includes tissue engineering and drug delivery. The
nanocomposites are appropriate substitute to surmount confines such as monolithic and micro-
composites, and they are effective in developing multifunctional materials with superior properties
such as drugs (Kapoor et al., 2015). Some of the unique properties of nanocomposites in medicine
include better healing over fractured bones surfaces, light weight and high strength-to-weight
ratio. Furthermore, metal-based nanocomposite materials are made up of alloy or metals in matrix
phase which are incorporated with nanomaterial in reinforcement phase. This type is considered as
favourable raw material when producing bio-implants which has a unique mechanical property.
Nanomaterials are classified as discontinuous or continuous nanomaterial reinforced based on
their structure. Continuous reinforced nanocomposites consist of tube-, and rod-shaped nanoma-
terial in reinforcement phase. Carbon-nanotube-reinforced metal-based carbon nanocomposites
are considered due to better tensile strength when used for medical implants. Interestingly, bio-
compatibility and mechanical strength of magnesium-based metal and alloys are far much better
than human bones (Xiong et al., 2017).

4.2.3. Application in agriculture

Nanotechnology is one of the vital innovations which has the potential in improving agricultural
productivity through nanofertilizer, efficient herbicides, pesticides, waste management and patho-
gen detection. Nanotechnology has potentially reduced the doses of applied agrochemicals which
enhance biodiversity in the environment (Iavicoli et al., 2017). Furthermore, nanomaterials man-
age to reduce the loss of nutrients in the soil as compared to conversional approach which
negatively affects environment (Figure 2).

In Egypt, a company produces fungicides and growth stimulants through normal methods and has
introduced nanotechnology as one way of enhancing the agriculture scope. Specifically, Saula(®) and
vitro NPK are the two nanomaterials aimed to improve utilisation of nutrients supplied by N, P and
K compounds as well as supplements such as iron, manganese, zinc, organic acids boron and amino
acids (Menossi et al. (2022). Interestingly, nanotechnology has shown to influence germination of
seeds as it influences absorption and utilization of water (Abou-Zeid et al, 2021). Furthermore, it
improves seed germination as it has the ability to penetrate the seed coat which stimulates enzyme
system. Nanopesticide research is the introduction of nanotechnology to protect crops. This uses NPs
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Figure 1. Some applications of
nanocomposite in biomedical
field.

Figure 2. Advantages of biopo-
lymers into agro-
nanotechnology.

Source: (Menossi et al. (2022)
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which have a diverse fashion and chemical make-up which are metals, metal oxides ceramics, silicates,
lipids, polymers, proteins, semiconductor quantum dots (QDs), carbon, dendrimers and emulsions
(Niemeyer & Doz, 2001; Oskam, 2006). NP-based pesticide formulations are unique in such a way
that their solubility in water is enhanced, formulation stability is elevated, and high mobility and
insecticidal activity are attributed to nanosize. On the other hand, formation of nanobio-pesticides,
the biological compounds having pesticidal properties, serves as capping and reducing agents and is
blended with silver salt (Lade et al., 2017). Biologically synthesized NPs differ from chemically synthe-
sized NPs in terms of their activities and effects on insect pests and plants. Even though the nanopes-
ticides are gaining more attention, they are hampered by the following challenges and issues: bio-
efficacy, toxicity to animals, toxicity to plants and toxicity to non-target organisms in agro-ecosystems.

5. Conclusion

Nanocomposites, with its array of properties and unique characteristics, lead to new area of
conducting various research initiatives in agriculture, medicine, automobile and environment.
The enhanced potential and functions of materials in nanoscale dimensions support the broad-
range use of these nanomaterials. The derivation factor from macrosized particles is that it shows
adaptive strategies based on size, structure and other parameters. These unique factors govern
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the potential use of these materials in various applications like electronics, medical, food and
waste management strategies. Nanopesticides in agriculture are gaining more attention as they
deal with target pests compared to normal pesticides with a similar structure. The present era is
looking for quick and eco-friendly methodologies for making the living easier and cautious process
in the waste disposal and management. Thus, these materials with vast applicability natives
provide and determine results in aiding technology advancements as well as good scrubbers of
waste. Hence, the exploration in the field of nanomaterials production and elucidating its applica-
tions will be the major area of research and importance in the coming years.
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