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ABSTRACT 

Nanoparticle (NPs) becomes a treasure for scientific community.  The size related properties offer ample 

opportunities for amazing discoveries. The unpredictable and exceptional nature of nanoparticles 

contributes their prospective utilization in many technological applications. At the same time, it also creates 

challenges for scientific society. In this review, we have covered applications of nanoparticles research and 

highlight their current development in various fields. The parameter includes the role of nanomaterials in 

catalysis and in food packaging applications. The industrial contributions of nanomaterials in architecture 

and construction, in cosmetics and beauty, in textile and in refinery have been discussed. Association as in 

defense appliances, in agriculture, in biomedical research, and in energy production also explained. The 

chosen parameters are not directly related to each other, but explain broadness of nanotechnology in 

commercial applied science relevance.  
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1. Introduction 

Nanoparticles (NPs) have surprisingly a long record. Their preparation is constrained to man-

made materials. Naturally occurring NPs including organic (proteins, polysaccharides, viruses, 

among others) and inorganic compounds (iron oxyhydroxides, aluminosilicates, metals, among 

others) were produced by weather conditions, volcano eruptions, wildfires or microbial processes[1-

3].The existences of nanoparticles in nature are from ancient times; but now a day’s it were prepared 

in synthetic laboratories.  

The credit of scientific breakthrough in NPs research goes to Michael Faraday. His systematic 

studies on the interaction of light with metal NPs began modern colloid chemistry and be the 

exposure for Nanoscience and Nanotechnology [4]. In 1857 he discovered on ‘Experimental Relations 

of Gold (and other Metals) to Light’ to the Royal Society of London [5]. Faraday prepared a colloidal 

dispersion in a two-phase system consisting aqueous solution of gold salt with solution of 

phosphorus in carbon disulfide. After short reaction time the bright yellow color of the Na [AuCl4] 

https://doi.org/10.37934/jrnn.14.1.127
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solution turned into ruby color; characteristic of gold NPs [6]. NPs are wide class of materials of any 

peculiar substances with one dimension less than 100 nm at least [7]. Scientist found in their studies 

that size may influence with physiochemical properties (viz. optical properties) of a substance. This 

finding highlights the importance of nanomaterials. NPs are not simple molecules itself and 

composed of three layers. The surface layer is functionalized with a variety of small molecules, metal 

ions, surfactants and polymers. The shell layer has chemically different material from the core in all 

aspects, and central portion the core [8]. With such exceptional characteristics, these materials got 

enormous interest among scientist community and explore in multidisciplinary area. The NPs can be 

employed for drug delivery [9], chemical and biological sensing [10], gas sensing [11], CO2 capturing 

and other related applications [12]. In this review, we provide a general overview on the application 

of NPs in different fields with future accepts and recommendations.  

 

2. Nanoparticles and Classification 

Nanotechnology is used in manipulation of matter at a tiny scale (generally > 1 nm and < 100 nm). 

At this size, atoms and molecules work differently and provide a variety of surprising and interesting 

applications, where conventional techniques may reach their limits. Nanoparticles are classified 

based on one, two and three dimensions [13]. 

 

2.1. One Dimension Nanoparticles 

One dimensional system, viz. thin film or manufactured surfaces, has been used for decades in 

electronics, in chemistry and in engineering. These thin films are used in information storage systems, 

chemical and biological sensors and fibre optic systems, magneto optic and optical devices [14]. 

 

2.2. Two Dimension Nanoparticles 

Carbon nanotubes (CNTs): Carbon nanotubes are hexagonal network of carbon atoms with 

appropriate diameter (1 nm) and length (100 nm) and rolled up into cylinder, as a layer of graphite. 

CNTs are generally found in single walled carbon nanotubes (SWCNTs) and multi-walled carbon 

nanotubes (MWCNTs). The small dimensions of CNTs experienced with their remarkable physical, 

mechanical and electrical properties and make them unique materials. The mechanical strength of 

CNTs is sixty times greater than the best steels. It has a great capacity for molecular absorption and 

found chemically stable [15,16]. 

 

2.3. Three Dimension Nanoparticles 

Fullerenes (Carbon 60): Fullerene is spherical cage compound composed of interconnected carbon 

in pentagons and hexagons and resemble like a soccer ball. Fullerene can be subjected to extreme 

pressure and regain their original shape when the pressure is released. These molecules do not 

combine with each other, offering their application as lubricants. Also utilize in the electronic field 

from data storage to production of solar cells as nanoelectronic material. Because of the empty design 

fullerenes can be filled with different biological active molecules and may utilize for their potential 

medical applications [17]. 

Dendrimers: Dendrimers represents a class of controlled-structure polymers with nanometric 

dimensions (diameter usually 10 to 100 nm) with multiple functional groups on their surface and 

used as ideal carriers for targeted drug delivery. Dendrimers have different reactive surface 

groupings (in nano size), compatible with DNA for their making their fruitful use in medical and 
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biomedical research areas. The structure and function of dendrimers has been well studied; it not 

only encapsulates functional molecules as therapeutic agents inside their core but also fabricate 

metallic nanostructure and nanotubes in its cavity [18,19].  

Quantum Dots (QDs): Quantum dots (diameter in between 2 to 10 nm) are small devices that 

contain a tiny droplet of free electrons. QDs can be synthesized from various types of semiconductor 

materials through colloidal synthesis or electrochemistry. The most commonly used QDs are 

Cadmium Selenide (CdSe), Cadmium Telluride (CdTe), Indium Phosphide (InP), and Indium 

Arsenide (InAs). QD nanocrystals are generally composed of atoms from groups II and VI (examples 

CdSe, CdS, and CdTe) or II and V (such as in P) at their core. QDs also provide enough surface area 

to attach therapeutic agents for simultaneous drug delivery, in in-vivo imaging and in tissue 

engineering. QDs widely used for optical and optoelectronic devices, information storage and 

quantum computing.colour coded quantum dots are used for fast DNA Testing [20,21]. 

 

 

3. Preparation of Nanoparticles 

The selection procedure for preparation of nanoparticles depends on physicochemical character 

of the material used; because mode of preparation plays a very significant role in the preparation of 

NPs. Different techniques used in preparation are discussed below: 

  

3.1. Emulsion-Solvent Evaporation Method 

This is one of the most widely used method for the preparation of Nanoparticles. In this method 

volatile solvents were used to prepare solutions. Initially emulsion was formulated with using 

Dichloromethane (DCM) and Chloroform, but now these days Ethyl Acetate (EtOAc) will be the 

preferred choice due to its low toxicological profile in order to obtain particles size > 500 nm. 

Emulsification-solvent evaporation involves two steps. In the first step organic phase will be 

emulsified into aqueous phase and in second step organic solvents were allow to evaporate followed 

by precipitation as nanospheres. The ultracentrifugation technique has been applied to collect these 

nanospheres from NPs suspension, which has been subsequently washed with distilled water in 

order to remove stabilizer residue or any free active ingredient. Stirring rate, amount and type of 

dispersing agent, thickness of organic and aqueous phase and temperature are the main factor to 

controlled the size of the nanoparticles [22,23] (see Figure 1). 
 

 
Fig. 1. Emulsion-solvent evaporation method 
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3.2. Emulsion-Solvent Diffusion Method 

This is the modified procedure of solvent evaporation technique, utilized encapsulating molecule 

dissolved in water-miscible solvent (viz. benzyl alcohol, propylene carbonate) and mixed with small 

amount of water-immiscible organic solvent. The immiscible solvents spontaneously diffused 

(Emulsified) between the two phases organic and aqueous (in the presence of stabilizer) and form 

nanosized particles. Then solvent abolish by evaporation or filtration [24-26], (see Figure 2). 
 

 
Fig. 2. Emulsion-solvent diffusion method 

 

3.3. Salting-out Method 

The salting out method is an improvisation scheme for emulsification-solvent diffusion technique; 

where water-miscible solvent separates from aqueous solution through salting out effect as presented 

in Figure 3. Initially the active material dissolved in acetone and then subsequently emulsified into 

aqueous gel containing the salting-out agent. The MgCl2, CaCl2 and Mg (CH3COO)2 were used as 

electrolytic agent and polyvinylpyrrolidone or hydroxyethylcellulose served as stabilizer. The 

emulsion formed is diluted with water to increase the diffusion rate. This induces nanoparticle 

formation [27-29]. 

 

 
Fig. 3. Salting-out method 

 

3.4. Solvent-Displacement/Precipitation Method 

This is the facile, mild, low energy process and well suited for poorly soluble active material 

involves in NPs synthesis. In this method organic phase (having active ingredient) allow to diffuse 

into aqueous phase in the presence or absence of surfactants, resulting nanosphere formation. 

Polymers, drug or lipophilic surfactant are dissolved in a semipolar water miscible solvent such as 
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acetone or ethanol. The solution is then poured or injected into an aqueous solution containing 

stabilizer under magnetic stirring (as shown in Figure 4). Nanoparticles formed instantaneously by 

the rapid solvent diffusion. The mixing rate of organic phase into aqueous phase affects the particles 

size. With decreasing mixing time of both phases the particle size can be controlled. The 

Nanoprecipitation, without using surfactant of hydrophobic compounds in a non-solvent solution 

leads to scattering of NPs which effect on nanosized particles and such process is termed as “Ouzo” 

effect [30-32]. 

 

 
Fig. 4. Solvent-displacement/precipitation method 

 

4. Characterisation of Nanoparticles 

Several instruments and a variety of reliable methodologies can be used to understand the 

chemical mechanisms connected to the creation of nanoparticles. A wide range of sizes, crystal 

formations, elemental composition, thickness and density are only a few of the physical 

characteristics that distinguish nanostructures. Nanoparticles exhibit properties that are different 

from those of the bulk material. Their reactivity is exponentially different at the atomic and molecular 

level due to this characteristic. Nanoparticles come in small sizes and in small numbers, yet large-

scale manufacture of these materials is necessary for industrial applications. As a result, precise and 

trustworthy characterization utilizing a variety of methodologies is necessary. The selection of a 

technique or set of techniques depends on factors such as accessibility, cost, selectivity, precision, 

stability, ease of use and adherence to target materials. The techniques that rely on microscopy 

include X-ray diffraction (XRD),X-ray absorption spectroscopy (XAS),X-ray photoelectron 

microscopy(XPS),transmission electron microscopy(TEM),high resolution transmission electron 

microscopy(HRTEM),and atomic force microscopy(AFM),nuclear magnetic 

resonance(NMR),thermogravimetric  analysis or thermal gravimetric analysis(TGA), SQUID 

(superconducting quantum interference device magnetometry), MS (Mossbauer spectroscopy), VSM 

(vibrating sample magnetometry), MBS (magnetic susceptibility balance), SPMR (superparamagnetic 

relaxometry), SAED (selected area electron diffraction), and ACEM (-corrected electron microscopy) 

are other methods of magnetometry. These methods reveal details on the nanoparticles' sizes, 

morphological and structure features, thickness, aggregation, magnetic properties, and mass change 

[33-35].  

 
5. Nanomaterials in Catalysis 

Catalyst is a driving force behind the development of any chemical industry [36]. It develops in 

three directions: heterogeneous, homogeneous and enzymatic. With the development of 
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nanosciences, nanocatalysis has a sphere of influence interfaces between homogeneous and 

heterogeneous. A nanocatalyst contributes a lot in reaction but still it has some challenges and 

opportunity.It also adds in use of natural resources more efficiently and generates considerable 

interest in academic and industrial research due to their potential benefits. 

In homogeneous catalysis, nanocatalyst and reactants are in same medium. The nanoparticles 

formed a suspension or solution in a solvent. The important parameter is to consider during 

designing a nanocatalysts is to prevent its aggregation with others in solution; because nanoparticles 

naturally attracted towards one another in these conditions, and will clump together to form larger 

particles if not prevented. It is difficult to recover these particles from a homogenous solution after 

catalytic function; additional steps were required to do so. An environmental risk was also associated 

with accumulation of nanoparticles in ecosystem, if can’t recovered [36]. In heterogeneous catalysis, 

catalyst is usually solid or immobilized on some solid inert support; hence easily recover from 

reaction mixture through filtration. Therefore, it considered to be friendlier to environment, as 

depicted in Figure 5 (a) & (b). Metal nanoparticles catalysts supported on materials like alumina, silica 

and carbon fibres play a very significant role in enabling these advantages [37].  

 

  
(a) (b) 

Fig. 5. (a) Homogenous and Heterogeneous catalysis (b) Benefits of nanocatalyst 

 

6. Nanomaterials in Oil Refinery 

Today, global warming has become a truth and we can’t escape this reality. The pollution in air, 

water and soil were result of the excess carbon dioxide emission. This caused due to the industrial 

emissions, motor vehicle exhaust, oil spills, unorganized solid and liquid waste disposal and rapid 

industrialization. In view of these challenges, the oil industry is on the lookout for advanced 

technology that helps to implement environment friendly strategies [38,39]. The oil and gas industry 

are divided into three areas: Upstream (exploration of oil), midstream (transportation of oil) and 

downstream (refining of oil) (Figure 6(a)). Nanoparticles have managed to be the part of almost all 

aspects. In case of clean fuels, especially carbon neutral fuels, nanotechnology could become a game 

changer in development of novel catalysts for conversion of biomass to bio-chemicals / fuels. With 

emergence of natural gas-based economy in most part of the world, nanotechnology will play critical 

role for efficient and safe energy storage. In view of this, nanotechnology is envisaged to offer path 

breaking solutions to meet clean planet objective in coming years [40-42]. The Figure 6(b) highlights 

that how nanotechnology sharpens and booming the future of oil industry. 
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(a) (b) 

Fig. 6. (a) Aspiring facts of NPs in refinery (b) Role of nanotechnology in oil industry 

 

The exceptional properties of functionalized nanoparticles have created potential applications in 

oil stores. For example, surface-actuated nanoparticles can be utilized in improved oil recuperation 

procedures to settle emulsions and froths towards portability c of the product such as the shelf life of 

the product. Smart packaging’s are often outlined control. Nanotechnology-based functionalized 

particles can be infused straightforwardly into supply developments as sensors to empower 

upgraded goals of subsurface imaging bringing about improved oil store, field portrayal methods 

and liquid property observing. Nanotechnology-Started control of interfacial attributes and atomic 

change can prompt upgraded oil and gas recuperation [43].                                 

Nanotechnology-based materials, for example, nanoparticles, graphene and carbon nanotubes 

have great nanoscale properties that can be tackled for oil and gas investigation and recuperation. 

The small size of nanoparticles can bring about some advantageous highlights, for example, huge 

surface-to-volume proportion, to which different materials can join in manners that make for more 

grounded or increasingly lightweight items. The association of a dissolvable with the outside of the 

molecule can beat the thickness hindrance which as a rule makes materials either buoy or sink in a 

fluid bringing about the development of nanofluid [44-46].  

 

i) Nanotechnology upgraded materials that give quality and continuance to expand execution 

and dependability in boring, forbidden merchandise, and pivoting parts.  

ii) Improved elastomers, basic to profound boring and penetrating in high temperature and 

high weight situations.  

iii) Erosion the executives for seaward and coastal and offices application.  

iv) Natural administration for recognizable proof of ecologically cordial and feasible of 

nanomaterials.  

v) Lighter-weight, unbending and more grounded auxiliary composites for boring 

stages/offices and improve and better-performing penetrating.  

vi) Little/smaller scale drill entire assessment instruments to diminish boring expenses to give 

more noteworthy ecological affectability as a result of drill squander. 

 

7. Nanomaterials in Food Packaging Applications 

The increasing demand for high food quality, quantity, hygiene and non-polluting waste products 

are the common needs that have been encouraging scientists to search the robust and green 
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biodegradable nanocomposites, which gives new challenges and opportunities for the preparation of 

nanocomposites in food industry. These types of nanomaterials show the great advantageous 

properties due to their high surface area, fine particle size, high reactivity, high strength and 

ductibility. Food packaging is one of the most beneficial steps to maintain the hygiene and quality of 

food products for storage, transportation and end-use. Physical and mechanical properties of nano-

food packaging materials have been continuously developed, in order to provide materials with 

improved flame resistance, permeability, tensile strength and many more properties to extend the life 

of the food. These properties of nano-food packaging materials can offer consumers healthier and 

safe packaged foods. Figure 7, highlighting that how nanotechnology serves for better preservation, 

packaging, processing and safety of food life.  

 

 
Fig. 7. How nanotechnology serving for better food life? 

 

Types of packaging are described here. 

 

7.1. Active Packing 

There are several active packaging systems are available in market, out of all packaging systems, 

active packaging is a best packaging trick to modify the environmental or surrounding conditions for 

extending food life, safety, quality and taste. This type of packaging provides inert barrier between 

the food product and outside environmental conditions [47,48].  

 

7.2. Intelligent and Responsive Packaging 

In intelligent packaging technique food packaging is mainly based on carrying out detecting, 

sensing, recording, tracing, communicating. Intelligent packaging provides technical logic to extend 

life, safety, improve quality, provide information, and warn about possible problems. Methylene 

blue, acid, antioxidants, mineral oil and sugar, elements (Na, K, Ca, Si, Al, and Mg) are the mostly 

used components in intelligent packaging [49,50]. Responsive packaging technologies are based on 

three types of 3 important design features: prevention of cross-contamination, selection of the target 

analytes, and choice of the transduction system. The components of responsive packages should be 

based on stimuli-responsive materials, surfaces, hydrogels, particles, and supramolecules [51,52].  
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7.3. Smart Packaging 

Smart packaging is to identify the internal condition as little and cheap labels or 

tags connected onto primary packaging like pouches, trays and bottles, or a lot of usually onto 

secondary packaging such as shipping containers to facilitate communication throughout the supply 

chain. Smart packaging is that the sort of packaging won’t to indicate the interior condition of the 

merchandise like the time period of the merchandise. Nanomaterial based sensors are placed on the 

packaging material of the food product. The sensors sense the conditions and properties of the 

product and express the results in the form of different types of signals. The device expresses the 

condition of the barrier and properties of the materials (permeability of gasses i.e., oxygen). 

It conjointly detects the microbic load within the nutrient and explains concerning the time 

period of the merchandise. Nanosensors are good for the consumer for judging the properties of the 

product and satisfied their needs [53,54]. 

 

7.4. Modified Atmospheric Packaging (MAP) 

MAP is applied to increase  the  period by removing or exchange the 

air encompassing food merchandise, sterilization the amounts of greenhouse emission (CO2) 

and  (N2), eliminating extension of the post-harvest life, thus prolong the primary fresh conditions of 

food products (vegetables, fruits, meat, and fish) [55,56]. 

 

7.5. Antimicrobial Packaging  

The food manufactures have been facing a number of challenges related to the food safety. Food 

safety means food will not cause any harm to human health when it is consumed according to its 

intended use. Many microbial agents (i.e. bacteria) can cause food spoiling when they have perfect 

conditions to reproduce [57]. Nanotechnology has helped in many ways to keep the microbial agents 

in food at acceptable level. In the antimicrobial packaging, the antimicrobial agents are utilized in 

order to manage the food spoiling microbes in food things. Various forms of silver nano-particles are 

used in large amounts and have the capability to control a large range of microbes [58,59]. 

 

7.6. Biodegradable l Packaging  

Biodegradable packaging is incredibly useful technique, because non-biodegradable packaging 

contains a significant issue of disposal. In fact, industries ought to pay great quantity of their 

earnings on the disposal of such non-biodegradable materials. These non-biodegradable materials 

accumulate within the soil and cause environmental pollution, toxicity, and heating. 

Therefore, putrescible kind of packaging materials is introduced [60,61]. Biodegradable packaging is 

synthesized to use the material having degradable properties for instance, carbohydrates, super 

molecule and nano-oxide metal particles. These materials are often used as biodegradable 

packaging along with the nano-clays [62-64]. 

 

8. Nanomaterials in Construction Engineering 

One of the most active research areas nowadays spans a wide range of fields, including 

construction materials and applied science. Products made using nanotechnology in construction 

include those that are advantageous because of their lighter construction, stronger structural 

composites, low maintenance coating, higher building material properties, decreased thermal 
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transfer rate of fireside retardation and insulation, accrued sound absorption of acoustic absorbent 

material, accrued reflectivity of glass, water repellents, nano-clay crammed polymers, self-

disinfecting surfaces, air cleaners, nano-sized sensors and star cell [65].The most common building 

material used nowadays is Portland cement. Applications for nanoparticles in construction 

technology range from the creation of standard mechanical qualities for concrete, corrosion protection 

for steel reinforcement, materials and goods like paints, sealants, and glass, to the creation of thermal 

and pyroresistant materials [66,67]. The following are some significant uses of nanomaterials in the 

building sector:   

 

i) To increase durability, strength and as a pollution-reducing agent, construction materials 

like carbon nanotubes and nanofibres utilize nanomaterials. 

ii) Nanomaterials are able to create self-cleaning steel and corrosion-free materials.  

 

Nanomaterials are employed to improve the mechanical and physical characteristics of cement, 

including its resistance to creep, porosity, and permeability [68,69]. The following nanomaterials 

utilized in the construction and architectural sectors. 

 In order to enhance their physical and chemical properties, a variety of nanomaterials and 

nanoproducts are used as building materials. The following are the principal applications:   

Nanomaterials used in architecture and construction industries 

Numerous nanomaterials and nano products are employed in construction materials in an effort 

to enhance their physical and chemical qualities. These are the primary applications:   

 

i) To increase the concrete's strength and durability. 

ii) Heat insulation and UV defense. 

iii) The corrosion and deterioration of the reinforcing steel can be improved with a little number 

of nanomaterials.  

iv) Construction materials can be treated with nanocomposites to protect them from bacteria, 

dust, fingerprints, and moisture.  

v) Nanomaterials can be used in the production of new types of solar panels and cells.  

vi) The most appropriate materials utilized in building technology include waterproofing 

materials, paints, glues, sealants, telecommunication and illumination electrical parts and 

components. 

vii) To create water purification, treatment and filtering equipment. 

 

Different applications of nanomaterials in construction: 

 

i) Nanocement: Cement with nanoparticle size modifications can be utilized to improve 

mixing with other building materials. It has been found that adding cement with 

nanoparticle size will make concrete stronger than adding carbon fibers or nanocarbon tubes 

[70].  

ii) Nanoglass: TiO2 in nano form can be used to create nanoglass, which has anti-fouling, self-

cleaning, and sterilizing qualities. 

iii) Nano steel: Scientists claimed that by reducing the cementite phase of steel to a nanoscale, 

stronger steel cables might be created. Copper nanoparticles are used to eliminate the 

evenness of the steel's surface. When it comes to fracture-related issues, vanadium and 

molybdenum nanoparticles can be employed as additives to enhance the qualities of high 

strength bolts [71-73]. 
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iv) Nanometer: Thick coatings can be employed as a chemical and abrasion-resistant concrete 

coating material. Nitrides, phosphorus and nano Al2O3 are a few examples of nanoscale 

materials that can exhibit special surface characteristics that allow charged species to adsorb 

on them [74].  

v) Smart nano-based dust-like (aggregate): Sensors can be employed as wireless sensors that 

are implanted in concrete, sprinkled on the structure's surface, or included into the mix as 

nanomaterial-based sensors for concrete structures [75]. The advent strength by offering fire 

resistance. The application of nanomaterials is expanding to all facets of building 

technology. The nanotechnology produced materials also extend the lifetime of the 

constructions over extended times. A paradigm shift has already begun in the building 

industry. As a result, nanotechnology has the potential to completely change the growth of 

the construction materials industry, nanotechnology has significantly decreased the rising 

cost of construction materials. These nanoparticles are highly efficient in producing self-

improving, self-repairing concretes and enhancing material [76-78].  

 

9. Nanomaterials in Medical, Cosmetics and Beauty Industry  

By using designed nano devices, nanostructures, nanodrugs, nanorobots, nanomaterials are 

employed as a nanomedicine that serves as a control, constructed and maintained dose of human and 

animal health at a molecular level. The methods and equipment, which rely on this system, is the key 

to nanomaterials success in the medical field [79-81]. The advantages of nanomedical devices include 

their small size, which allows them to fit inside the body in a way that standard medical equipment 

cannot. Nanomedical devices can be inserted into the human body by blood vessels or the ends of 

catheters into various cavity inside the body, as demonstrated by the use of surgical nanorobots. 

Nanotechnologies, nanomaterials and nano instruments all play a role in the potential applications 

of nanomedicines. Nanotechnology is employed for quick diagnoses, quick healing and genetic 

material restoration, whereas nanomaterials and nanoinstruments are crucial therapy aids and active 

ingredient carriers [82-84].  

The increased use of nanomaterials in the production of cosmetics is a sign of the technology's 

high potential. It shows the variety of nanomaterials used in the beauty industry, including those that 

are already in use, as well as nanoemulsions and nanoparticles of minerals such as oxide (TiO2), 

philosopher's wool (ZnO), alumina, silver, silica, copper and calcium halide. Nanotechnologies have 

the potential to significantly alter business and lifestyle due to the unique characteristics and behavior 

of nanomaterials [85]. The utilization of nanoparticles as encapsulating material vehicles for active 

agent delivery is due to: 

 

i) These delayed releases of sensitising agents, reduces the direct contact of strong sensitive 

agents with skin. 

ii) It reduces the use of additives and agents. 

iii) It increases the amount of time that active chemicals are delivered, increasing the 

acceptability of the product. In contemporary cosmetic and beauty care applications, 

nanocrystals, micro emulsions, nanoemulsions, fullerenes and dendrimers are also being 

investigated (as presented in Figure 8) Materials designed for application to skin include 

nanoemulsions and nanopigments. Nanoemulsions can be used to suspend unstable 

vitamins. The entrapped load is released when a nanoemulsion comes into contact with the 

skin; the industry refers to them as nanocapsules, liposomes, lyphazones etc [86,87]. 
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Fig. 8. Medicinal applications of nanoparticles 

 

Different types nanomaterials used in cosmetics 

 

9.1. Liposomes 

Liposomes are used in cutaneous applications as moisturizing agents and as systems for 

safeguarding active substances. These spherical vesicles have a liquid centre and are made of 

phospholipids. These vesicles can include either lipotropic or hydrophilic active substances. 

However, liposome’s have the capacity to enter the skin and deliver active substances to the desired 

location [88]. In order to cure dry and rough skin, dermal and care nanomaterials with empty or 

moisture-loaded liposome can lessen transdermal and interlayer water loss. They also make lipids 

and water accessible to the corneum [89,90]. 

 

9.2. Nanoemulsions 

Due to the formation of droplets in the submicron range, nanoemulsions are also known as 

"ultrafine emulsions." As a delivery vehicle for lipotropic substances such essential oils, tastes, colours 

and fatty acids. Nanoemulsion is one of the emerging technologies being used in the cosmetic sector. 

Due to their distinctive qualities of small driblet size (in the range of 20-200 nm), high surface space, 

transparent or semitransparent look, high solubilization capability, low consistence and high kinetic 

stability due to sedimentation, action and in some cases and coalescency, these technological 

applications of nanoemulsions have increased the advancements in cosmetic applications. 

As they facilitate the skin penetration of active substances and hence raise their concentration 

within the skin, nanoemulsions are a very effective delivery technology for the transportation of 

lipotropic chemicals, which is crucial in the development of cosmetic products. As a result, the 

properties of Nano emulsion are compatible with the fundamental procedure for creating products 

like body lotions, skin creams and sunscreens, shampoos, deodorants, etc [91-93].  
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9.3. Nanocapsule 

Nanocapsules are microscopic particles made by a polymeric shell around an aqueous or fatty 

centre. Usually these are used in dermatological applications. It has been noted that the usage of 

nanocapsules reduces the damaging UV filter penetration [94,95]. 

 

9.4. Solid Lipid Nanoparticles 

These are lipid droplets that are greasy and stabilized by surfactants at body temperature. They 

have been discovered to improve the penetration of active compounds [96], protect the encapsulated 

chemicals from degradation, and employed for the regulated delivery of cosmetic agents over an 

extended period of time [97]. 

 

9.5. Nanocrystals 

Nanocrystals have a size of less than 1 m. These are found in aggregates with atom counts ranging 

from a few hundred to tens of thousands. These crystals are very useful in the cosmetic, 

pharmaceutical and beauty industries because of their small size, which allows them to be deeply 

absorbed and encapsulated in cosmetic products [98,99]. 

 

9.6. Nanosilver and Nanogold nanomaterial 

The antibacterial capabilities of nanosilver are enhanced by cosmetic nanomaterials. The makers 

of several underarm deodorants using nanoparticles and silver claim that these products provide 24-

hour protection from microorganisms that causes odours and injury. Additionally, it has been found 

that nano-sized gold like nanosilver is very effective at killing germs in the oral cavity [100]. 

 

9.7. Niosomes 

Surfactants are a component of niosomes. These surfactants have a nonionic character in 

particular. Niosomes are used in the cosmetic and aesthetic industries because they can boost the 

stability and potency of medications and other active components that have been absorbed into the 

body [101]. 

 

10. Nanomaterials in Textile Industry 

Textiles are used in many different fields. The main characteristics that make it a valuable material 

for humans are strength, hardness, ductility and flexibility. Textile materials are currently a cutting-

edge alternative for the next generation of textiles due to these reasons and their multifunctional 

qualities. These recent advances in material and nanomaterial research offer fresh and primary 

solutions for a variety of fields, including the healthcare sector, athletic training, the military and 

uniforms. Scientists from a variety of disciplines including engineering, chemistry, textile 

engineering, material science and computer science have worked diligently to develop these novel 

textile processes. In general, smart textile refers to a textile substrate that detects and responds to 

various environmental stimuli (such as thermal, mechanical, chemical, electrical, magnetic, and 

optical) [102-106], (see Figure 9). 
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Fig. 9. Cotton fibre nano material 

 

11. Nanomaterials in Agriculture 

The usage of nanomaterials and applications of instruments for utilizing the physical and chemical 

properties of active ingredients at molecular levels from industries to agriculture can give thanks to 

the development of nanotechnology. Nanomaterials have a lot of potential in agriculture due to their 

small size; they may be precisely used to maintain an improved agricultural inventive solution to a 

variety of issues. Numerous nanomaterials use has the ability to increase food quality and storage, 

absorb numerous nanoscale micronutrients from the soil and lessen the potentially harmful effects of 

agrochemicals. 

The neighbourhood of these tasks such as sustainability, susceptibility, human health and healthy 

life, includes food, agriculture and natural resources. The goal of introducing nanomaterials into 

agriculture is to minimize nutrient losses in fertilization, eliminate harmful chemical dispersion and 

increase output through improved nutrient delivery to plants nutrient and pest management 

systems, as described in Figure 10 [107-109].  

 

 
Fig. 10. Nanomaterials in plant survival applications                     
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For quickly controlling plant diseases nanotechnology offers the nanotools to boost the potential 

of agriculture and food production. The most important applications of nanotechnology in 

agriculture include specific ones like encapsulation to create nanosize agrochemicals loaded with 

active ingredients to trail products and increase the nutrients levels to enhance plant fertility without 

polluting soils, water, and protection against various pathogens. To maintain the healthy growth of 

agricultural plants, nanosensors can be used to identify and monitor the nature, quality and fertility 

of the soil [110-112].  

 

11.1. Nanofabrication 

Nanofabrication is well known for the systematic design and production of tools that can measure 

precise dimensions at the nanoscale. Conventionally, nanofabrication can be carried out using a top-

down strategy, which involves removing one atom at a time until the desired structure is obtained, 

or a bottom-up approach, which involves assembling a structure atom by atom. On the basis of a 

knowledge of the nanodynamics of interacting nanomaterials and interacting nanostructures, 

nanoparticles for use in farming may be created by combining the top-down and bottom-up 

methodologies [113]. 

 

11.2. Nano-bio Farming 

Nanomaterials can boost crop productivity, improve crop nutrition and boost crop value or 

environmental cleanup. One such area is the use of particles in farming, which produces 

nanoparticles for use in agriculture by raising plants in specific soil. After harvest, the nanoparticles 

are frequently mechanically removed from the plant component. This technique generates fresh, 

original suggestions for raising crop yields [114,115].  

 

11.3. Nanosensors 

A highly new and promising tool for use in agricultural and food production is the discovery of 

nanosensors. Nanosensors have a great deal of potential to increase agricultural production, 

efficiency, sustainability, and security. When compared to outdated, conventional chemical and 

physical processes, sensors offer quite sensitive and accurate approaches. Microorganisms, several 

sorts of contaminants, and food freshness can all be detected by nanosensors [116]. Nano biosensors 

are used in food analysis and are created by combining nanosensors with biology, chemistry and 

nanotechnology. Nanosensors can track a wide range of agrochemicals including pesticides, 

herbicides, fertilizers, insecticides, diseases and crop growth, as well as soil parameters (such as 

moisture content and soil pH). Smart gadgets called nanosensors are utilized to provide early notice 

of changing climatic conditions. These artificial sensors are capable to provide real time-based data 

and accurate measurements can allow farmers to grow food materials [117,118]. 

 

11.4. Aptasensors 

Aptasensors are actually quite useful tool in agriculture. Aptamers are made up of naturally 

occurring or artificially produced single-stranded nucleic acid or peptide molecules that are less than 

25 kDa in size. Because of their exact and well-maintained three-dimensional architectures, these 

sensors are highly sensitive particular, selective towards their targeted site like proteins, ions and 

microorganisms. Aptasensor technology is based on the characteristic of the nanoparticle being used. 



 Journal of Research in Nanoscience and Nanotechnology  

Volume 14, Issue 1 (2025) 1-27 

16 
 

Aptasensors have been employed in the agricultural industry for the evaluation of food safety, 

allergic and toxic atrial detection and pollutant detection [119,120].  

 

11.5. Nanobarcode 

Nanoscale tags called nanobarcodes are utilized in agricultural, veterinary and animal husbandry 

products for non-biological purposes like tracking and authentication. These items are mostly 

produced using an electroplating technique, which is extremely scalable and semi-automated. Plant 

resilience to environmental challenges including drought and diseases has improved the 

advancements in nanotechnology and biotechnology. Plant gene trait resources may be quickly and 

cost effectively identified and used using nanotechnology-based gene sequencing [121].  

 

11.6. Nanoagrochemical 

These nanoscale formulations have a number of potential benefits over the use of regular 

insecticides and herbicides. The most effective and advantageous conventional methods to control 

pathogens and pests are nanomaterials in the form of nanopesticides and nanoherbicides. This is 

because these pests and the pesticides used to treat them have an impact on the environment and 

farmers economies, with 90% of applied pesticides failing to reach the targeted site due to runoff and 

airborne application errors. According to scientists, overuse of pesticides can lead to increased disease 

and pest resistance, decreased soil microflora, decreased organic process, increased pesticide 

bioaccumulation, pollinator decline and habitat destruction for animals and birds [122-125].  

 

12. Nanomaterials in Energy 

A major accomplishment in the fields of energy supply, energy security and development, 

particularly in the production of renewable energy, is the use of nanotechnologies to produce 

efficiency that grows with decreasing size while also being environmentally friendly and cost-

effective. Solar energy, wind energy, fusion and fission reactors, clean coal, hydrogen gas production, 

storage, shipping and transportation, fuel cells, numerous battery types are just a few of the areas 

where nanotechnology has proven useful. The cost of solar photovoltaic cells and solar cells is 

reduced via nanotechnology. Together with the photo-catalytic reduction of carbon dioxide to 

methanol, industrial photo conversion of water and light to produce hydrogen, redesigning long 

distance electrical energy transportation, developing nano based quantum conductors, power cables, 

super-conductors to reduce or eliminate current loss and thermal dropouts, improving the storage 

capacity and power efficiency of super-capacitors and batteries, hydrogen vessels and pressure tanks 

[126,127]. 

 

13. Nanomaterials in Defense 

The interesting strength of nanostructure materials, which include mechanical and physical 

properties markedly superior to those of conventional grain materials, has been the main focus of 

recent developments in the research of these materials [128]. These nanoparticles produce the novel 

and improved properties. Numerous applications of engineering science are found in the military 

[129]. Nanoparticles utilized for microbic purposes, new types of pharmaceutical paper, helmet 

designs, light-weight army vehicles, intelligent or sensible coating, or aviation materials [130]. 

Nanoparticles used for soldier protection and hiding movement, which are attention-grabbing, are 

an example of those suitable for food storage, security material and counterfeiting safety [131].  
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Soldiers must wear protective materials such as coats, helmets, chemical or biological protecting 

consumer goods. Nylon, nomex and kevlar are the three major textile fibres that are frequently used 

in protective equipment for military personnel. Their distinct qualities like flame retardancy, great 

strength and antiballistic capabilities make them excellent for use by those in the defense industry 

and other highly technological applications. Since armour protection is one of the most crucial 

elements of survival. Nanomaterials are used in a variety of military applications [132], as described 

in Figure 11. 

 

 
Fig. 11. Applications of nanomaterial in defense 

 

13.1. Armour Vehicle 

Military troops are regularly exposed to risks on land and sea. 

In addition to the ordinary vehicle fleet used as troop and supply transporters, the defense forces are 

given a broad variety of fighting vehicles, including as armoured vehicles, armoured deterring 

deliberate attacks. To guard against collisions with space junk, certain vessels have specialized 

armour. These vehicles are constructed to resist tough terrain while participating in operations. The 

level of armour protection differs for each vehicle depending on its intended use. Thanks to 

nanoparticles and nano fibre reinforced polymers, it is projected that the armoured tank will be forty 

to sixty percent lighter [133]. 

 

13.2. Sensible Uniform 

With the study of nanomaterials, the idea of functional uniforms for soldiers has come back. For 

troops, these nanoparticles serve as fabrics that are mud, stress fire-resistant. These garments shield 

a trooper's body from external threats including bullets, grenade fragments, biological agents and 

chemicals while also providing insulation, ventilation and natural cooling. To create a suit with 

integrated chemical and biological sensors, a network of nanoparticles with fascinating, deactivating 

and decontaminating capabilities is being developed [134].  

 

13.3. Water Filter 
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Nanomaterials are also used to purify potable water of impurities. With this technique, you may 

cheaply remove a great deal of harmful and polluting pollutants from water. For soldiers, it's a 

relatively cheap, simple and quite useful technique [135]. 

 

13.4. Helmet 

One of the most important pieces of a soldier's combat gear is the helmet. In addition to the 

conventional materials of synthetic fibres like Kevlar and Aramid, which give greater protection 

against explosion shock waves and small arm fire, modern helmets frequently have the option to 

include a vision system and camera. Experts are striving to lighten the helmet in order to enhance 

trajectory performance. Due to their high strength, low weight and intelligent absorption properties, 

chemical compound nanoparticles were created as a potential replacement for constructing helmets 

[136]. 

 

13.5. 3D Printing 

The number of uses for nanoparticles and 3D printing in the military is endless. Currently, bio-

printing of tissues, implants, tooth replacement and prosthetic limbs research and development is 

progressing remarkably swiftly [137]. This involves printing electrical circuits for engine ports, 

radars, bridge components, small arms, artillery cannons and communication systems. 

 

13.6. Battlefield Police Investigation 

When deployed on the battlefield or behind enemy lines, nanosensors can be used to detect and 

identify one's own soldiers, aircraft, vehicles, and other assets. The target acquisition and fire guiding 

to the target functions of these battlefield sensor networks will be helpful. On-body sensors will 

convey information about the soldier’s physical condition, whereabouts, and psychological state 

while they are in the operational zone, aiding commanders in decision-making [138].  

 

13.7. Antiglare and Dirt Repellent 

Driving safely is essential, especially at night and in direct sunshine. The light penetrating 

property via the windscreen or windows may be adjusted by coating the window surface with 

nanometer-sized nanostructuring, which generates a refraction index gradient flowing from the 

outside to the inside. The light waves are essentially not reflected as a result. Additionally, it has been 

demonstrated that hollow silica nanoparticles have antiglare, anti-frost, anti-corrosive properties can 

prevent clear screens from fogging up. Additionally, this kind of aterial can be used to coat consoles, 

front and back windscreens and view mirrors [139-141].  

 

14. Conclusion 

One common kind of nanomaterials that has contributed in the development of nanotechnology 

is nanoparticles with various properties. Due to recent advancements in the properties of innovative 

nanomaterial’s and their applications, scientists are interested in such methods to produced their 

nanocomposites. This review article included a definition of nanotechnology and explained how 

nanomaterials are created. Nanomaterial’s have wide applications in different industries. Tiny sizes 

make them very important for all types of practical usage in industry. Industry uses nanoparticles to 

enhance the goods quality for customer’s satisfaction. The use of nanoparticles in the food industry 
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increased food quality and gave it a wonderful aroma and flavor. Nanomaterials are used by the 

agriculture sector as agrochemicals, to make lands fertile and to reduce their toxicity. Nonmaterial’s 

can be used in the textile industry to develop distinctive textiles with a variety of uses. By utilizing 

nanoparticles, the cosmetic industry can reduce the toxic effect of its products. These materials have 

been used in medical and pharmaceutical industries to prepare novel medications and better 

treatment substitute with the target of improving patient care. Many industries, like oil and gas, 

construction, defense, water and environmental based, energy and aerospace sectors, are also using 

nonmaterial’s to enhance their goods and get over any obstacles they may face. Nanoparticles are 

used in the growth of industry because they can assist in minimizing the use of conventional materials 

by promoting the display of developed materials and reducing the use of energy. Nanomaterials 

amazing multifunctional characteristics have the potential to significantly alter the aviation industries 

operations. Nanotechnology has established itself as a crucial enabling innovation for a wide range 

of uses, turning into a major concern for the advancement of science and innovation strategies. It is 

now used in many aspects of the modern world, specifically in the areas of electronics, space, medical 

services, food, cosmetics, composites, and energy. 
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