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ABSTRACT: Nanocomposite is a multiphase solid material where one of the phases has one, two or three dimensions 

of less than 100 nanometers (nm) or structures having nano-scale repeat distances between the different phases that 

make up the material.
[1][2]

 

The idea behind Nanocomposites is to use building blocks with dimensions in nanometre range to design and create 

new materials with unprecedented flexibility and improvement in their physical properties. 

In the broadest sense this definition can include porous media, colloids, gels and copolymers, but is more usually taken 

to mean the solid combination of a bulk matrix and nano-dimensional phase(s) differing in properties due to 

dissimilarities in structure and chemistry. The mechanical, electrical, thermal, optical, electrochemical, catalytic 

properties of the nanocomposite will differ markedly from that of the component materials. Size limits for these effects 

have been proposed:
[3]
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I. INTRODUCTION 

1. <5 nm for catalytic activity 

2. <20 nm for making a hard magnetic material soft 

3. <50 nm for refractive index changes 

4. <100 nm for achieving superparamagnetism, mechanical strengthening or restricting 

matrix dislocation movement 

Nanocomposites are found in nature, for example in the structure of the abalone shell and bone. The use of 

nanoparticle-rich materials long predates the understanding of the physical and chemical nature of these materials. 

Jose-Yacaman et al.
[4]

 investigated the origin of the depth of colour and the resistance to acids and bio-corrosion 

of Maya blue paint, attributing it to a nanoparticle mechanism. From the mid-1950s nanoscale organo-clays have been 

used to control flow of polymer solutions (e.g. as paint viscosifiers) or the constitution of gels (e.g. as a thickening 

substance in cosmetics, keeping the preparations in homogeneous form). By the 1970s polymer/clay composites were 

the topic of textbooks,
[5][6]

 although the term "nanocomposites" was not in common use. 

In mechanical terms, nanocomposites differ from conventional composite materials due to the exceptionally high 

surface to volume ratio of the reinforcing phase and/or its exceptionally high aspect ratio. The reinforcing material can 

be made up of particles (e.g. minerals), sheets (e.g. exfoliated clay stacks) or fibres (e.g. carbon nanotubes or 

electrospun fibres).
[7]

 The area of the interface between the matrix and reinforcement phase(s) is typically an order of 

magnitude greater than for conventional composite materials. The matrix material properties are significantly affected 

in the vicinity of the reinforcement. Ajayan et al.
[8]

 note that with polymer nanocomposites, properties related to local 

chemistry, degree of thermoset cure, polymer chain mobility, polymer chain conformation, degree of polymer chain 

ordering or crystallinity can all vary significantly and continuously from the interface with the reinforcement into the 

bulk of the matrix. 

This large amount of reinforcement surface area means that a relatively small amount of nanoscale reinforcement can 

have an observable effect on the macroscale properties of the composite. For example, adding carbon 

nanotubes improves the electrical and thermal conductivity. Other kinds of nanoparticulates may result in 

enhanced optical properties, dielectric properties, heat resistance or mechanical properties such 

as stiffness, strength and resistance to wear and damage. In general, the nano reinforcement is dispersed into the matrix 

during processing. The percentage by weight (called mass fraction) of the nanoparticulates introduced can remain very 

low (on the order of 0.5% to 5%) due to the low filler percolation threshold, especially for the most commonly used 

non-spherical, high aspect ratio fillers (e.g. nanometer-thin platelets, such as clays, or nanometer-diameter cylinders, 
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such as carbon nanotubes). The orientation and arrangement of asymmetric nanoparticles, thermal property mismatch at 

the interface, interface density per unit volume of nanocomposite, and polydispersity of nanoparticles significantly 

affect the effective thermal conductivity of nanocomposites.
[9]

 

Ceramic-matrix nanocomposites 

Ceramic matrix composites (CMCs) consist of ceramic fibers embedded in a ceramic matrix. The matrix and fibers can 

consist of any ceramic material, including carbon and carbon fibers. The ceramic occupying most of the volume is 

often from the group of oxides, such as nitrides, borides, silicides, whereas the second component is often a metal. 

Ideally both components are finely dispersed in each other in order to elicit particular optical, electrical and magnetic 

properties
[10]

 as well as tribological, corrosion-resistance and other protective properties.
[11]

 

The binary phase diagram of the mixture should be considered in designing ceramic-metal nanocomposites and 

measures have to be taken to avoid a chemical reaction between both components. The last point mainly is of 

importance for the metallic component that may easily react with the ceramic and thereby lose its metallic character. 

This is not an easily obeyed constraint because the preparation of the ceramic component generally requires high 

process temperatures. The safest measure thus is to carefully choose immiscible metal and ceramic phases. A good 

example of such a combination is represented by the ceramic-metal composite of TiO2 and Cu, the mixtures of which 

were found immiscible over large areas in the Gibbs’ triangle of ' Cu-O-Ti.
[12]

 

The concept of ceramic-matrix nanocomposites was also applied to thin films that are solid layers of a few nm to some 

tens of µm thickness deposited upon an underlying substrate and that play an important role in the functionalization of 

technical surfaces. Gas flow sputtering by the hollow cathode technique turned out as a rather effective technique for 

the preparation of nanocomposite layers. The process operates as a vacuum-based deposition technique and is 

associated with high deposition rates up to some µm/s and the growth of nanoparticles in the gas phase. Nanocomposite 

layers in the ceramics range of composition were prepared from TiO2 and Cu by the hollow cathode technique
[13]

 that 

showed a high mechanical hardness, small coefficients of friction and a high resistance to corrosion. 

Metal-matrix nanocomposites 

Metal matrix nanocomposites can also be defined as reinforced metal matrix composites. This type of composites can 

be classified as continuous and non-continuous reinforced materials. One of the more important nanocomposites 

is Carbon nanotube metal matrix composites, which is an emerging new material that is being developed to take 

advantage of the high tensile strength and electrical conductivity of carbon nanotube materials.
[14]

 Critical to the 

realization of CNT-MMC possessing optimal properties in these areas are the development of synthetic techniques that 

are (a) economically producible, (b) provide for a homogeneous dispersion of nanotubes in the metallic matrix, and (c) 

lead to strong interfacial adhesion between the metallic matrix and the carbon nanotubes. In addition to carbon 

nanotube metal matrix composites, boron nitride reinforced metal matrix composites and carbon nitride metal matrix 

composites are the new research areas on metal matrix nanocomposites.
[15]

 

A recent study, comparing the mechanical properties (Young's modulus, compressive yield strength, flexural modulus 

and flexural yield strength) of single- and multi-walled reinforced polymeric (polypropylene fumarate—PPF) 

nanocomposites to tungsten disulfide nanotubes reinforced PPF nanocomposites suggest that tungsten disulfide 

nanotubes reinforced PPF nanocomposites possess significantly higher mechanical properties and tungsten disulfide 

nanotubes are better reinforcing agents than carbon nanotubes.
[16]

 Increases in the mechanical properties can be 

attributed to a uniform dispersion of inorganic nanotubes in the polymer matrix (compared to carbon nanotubes that 

exist as micron sized aggregates) and increased crosslinking density of the polymer in the presence of tungsten 

disulfide nanotubes (increase in crosslinking density leads to an increase in the mechanical properties). These results 

suggest that inorganic nanomaterials, in general, may be better reinforcing agents compared to carbon nanotubes. 

Another kind of nanocomposite is the energetic nanocomposite, generally as a hybrid sol–gel with a silica base, which, 

when combined with metal oxides and nano-scale aluminum powder, can form superthermite materials.
[17][18][19][20]

 

Polymer-matrix nanocomposites 

In the simplest case, appropriately adding nanoparticulates to a polymer matrix can enhance its performance, often 

dramatically, by simply capitalizing on the nature and properties of the nanoscale filler
[21]

 (these materials are better 

described by the term nanofilled polymer composites
[21]

). This strategy is particularly effective in yielding high 

performance composites, when uniform dispersion of the filler is achieved and the properties of the nanoscale filler are 
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substantially different or better than those of the matrix. The uniformity of the dispersion is in all nanocomposites is 

counteracted by thermodynamically driven phase separation. Clustering of nanoscale fillers produces aggregates that 

serve as structural defects and result in failure. Layer-by-layer (LbL) assembly when nanometer scale layers 

of nanoparticulates and a polymers are added one by one. LbL composites display performance parameters 10-1000 

times better that the traditional nanocomposites made by extrusion or batch-mixing. 

Nanoparticles such as graphene,
[22]

 carbon nanotubes,
[23]

 molybdenum disulfide and tungsten disulfide are being used 

as reinforcing agents to fabricate mechanically strong biodegradable polymeric nanocomposites for bone tissue 

engineering applications. The addition of these nanoparticles in the polymer matrix at low concentrations (~0.2 

weight %) cause significant improvements in the compressive and flexural mechanical properties of polymeric 

nanocomposites.
[24][25][26]

 Potentially, these nanocomposites may be used as a novel, mechanically strong, light weight 

composite as bone implants. The results suggest that mechanical reinforcement is dependent on the nanostructure 

morphology, defects, dispersion of nanomaterials in the polymer matrix, and the cross-linking density of the polymer. 

In general, two-dimensional nanostructures can reinforce the polymer better than one-dimensional nanostructures, and 

inorganic nanomaterials are better reinforcing agents than carbon based nanomaterials. In addition to mechanical 

properties, polymer nanocomposites based on carbon nanotubes or graphene have been used to enhance a wide range of 

properties, giving rise to functional materials for a wide range of high added value applications in fields such as energy 

conversion and storage, sensing and biomedical tissue engineering.
[27]

 For example, multi-walled carbon nanotubes 

based polymer nanocomposites have been used for the enhancement of the electrical conductivity.
[28]

 

Nanoscale dispersion of filler or controlled nanostructures in the composite can introduce new physical properties and 

novel behaviors that are absent in the unfilled matrices. This effectively changes the nature of the original 

matrix
[21]

 (such composite materials can be better described by the term genuine nanocomposites or hybrids
[21]

). Some 

examples of such new properties are fire resistance or flame retardancy,
[29]

 and accelerated biodegradability. 

A range of polymeric nanocomposites are used for biomedical applications such as tissue engineering, drug delivery, 

cellular therapies.
[30][31]

 Due to unique interactions between polymer and nanoparticles, a range of property 

combinations can be engineered to mimic native tissue structure and properties. A range of natural and synthetic 

polymers are used to design polymeric nanocomposites for biomedical applications including starch, cellulose, alginate, 

chitosan, collagen, gelatin, and fibrin, poly(vinyl alcohol) (PVA), poly(ethylene glycol) (PEG), poly(caprolactone) 

(PCL), poly(lactic-co-glycolic acid) (PLGA), and poly(glycerol sebacate) (PGS). A range of nanoparticles including 

ceramic, polymeric, metal oxide and carbon-based nanomaterials are incorporated within polymeric network to obtain 

desired property combinations.
[32]

 

II. DISCUSSION 

Magnetic nanocomposites 

Nanocomposites that can respond to an external stimulus are of increased interest due to the fact that, because of the 

large amount of interaction between the phase interfaces, the stimulus response can have a larger effect on the 

composite as a whole. The external stimulus can take many forms, such as a magnetic, electrical, or mechanical field. 

Specifically, magnetic nanocomposites are useful for use in these applications due to the nature of magnetic material's 

ability to respond both to electrical and magnetic stimuli. The penetration depth of a magnetic field is also high, leading 

to an increased area that the nanocomposite is affected by and therefore an increased response. In order to respond to a 

magnetic field, a matrix can be easily loaded with nanoparticles or nanorods The different morphologies for magnetic 

nanocomposite materials are vast, including matrix dispersed nanoparticles, core-shell nanoparticles, colloidal crystals, 

macroscale spheres, or Janus-type nanostructures.
[33][34]

 

Magnetic nanocomposites can be utilized in a vast number of applications, including catalytic, medical, and technical. 

For example, palladium is a common transition metal used in catalysis reactions. Magnetic nanoparticle-supported 

palladium complexes can be used in catalysis to increase the efficiency of the palladium in the reaction.
[35]

 

Magnetic nanocomposites can also be utilized in the medical field, with magnetic nanorods embedded in a polymer 

matrix can aid in more precise drug delivery and release. Finally, magnetic nanocomposites can be used in high 

frequency/high-temperature applications. For example, multi-layer structures can be fabricated for use in electronic 

applications. An electrodeposited Fe/Fe oxide multi-layered sample can be an example of this application of magnetic 

nanocomposites.
[36]

 

In applications such as power micro-inductors where high magnetic permeability is desired at high operating 

frequencies.
[37]

 The traditional micro-fabricated magnetic core materials see both decrease in permeability and high 
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losses at high operating frequency.
[38]

 In this case, magnetic nano composites have great potential for improving the 

efficiency of power electronic devices by providing relatively high permeability and low losses. For example, As Iron 

oxide nano particles embedded in Ni matrix enables us to mitigate those losses at high frequency.
[39]

 The high resistive 

iron oxide nanoparticles helps to reduce the eddy current losses where as the Ni metal helps in attaining high 

permeability. DC magnetic properties such as Saturation magnetization lies between each of its constituent parts 

indicating that the physical properties of the materials can be altered by creating these nanocomposites. 

Heat resistant nanocomposites 

In the recent years nanocomposites have been designed to withstand high temperatures by the addition of Carbon Dots 

(CDs) in the polymer matrix. Such nanocomposites can be utilized in environments wherein high temperature 

resistance is a prime criterion. 
[40]

 

III. RESULTS 

Polymer nanocomposites (PNC) consist of a polymer or copolymer having nanoparticles or nanofillers dispersed in the 

polymer matrix. These may be of different shape (e.g., platelets, fibers, spheroids), but at least one dimension must be 

in the range of 1–50 nm.
[1]

 These PNC's belong to the category of multi-phase systems (MPS, viz. blends, composites, 

and foams) that consume nearly 95% of plastics production. These systems require controlled mixing/compounding, 

stabilization of the achieved dispersion, orientation of the dispersed phase, and the compounding strategies for all MPS, 

including PNC, are similar. Alternatively, polymer can be infiltrated into 1D, 2D, 3D preform creating high content 

polymer nanocomposites.
[2]

 

Polymer nanoscience is the study and application of nanoscience to polymer-nanoparticle matrices, where nanoparticles 

are those with at least one dimension of less than 100 nm. 

The transition from micro- to nano-particles lead to change in its physical as well as chemical properties. Two of the 

major factors in this are the increase in the ratio of the surface area to volume, and the size of the particle. The increase 

in surface area-to-volume ratio, which increases as the particles get smaller, leads to an increasing dominance of the 

behavior of atoms on the surface area of particle over that of those interior of the particle. This affects the properties of 

the particles when they are reacting with other particles. Because of the higher surface area of the nano-particles, the 

interaction with the other particles within the mixture is more and this increases the strength, heat resistance, etc. and 

many factors do change for the mixture. 

An example of a nanopolymer is silicon nanospheres which show quite different characteristics; their size is 40–100 nm 

and they are much harder than silicon, their hardness being between that of sapphire and diamond. 

Bio-hybrid polymer nanofibers 

Many technical applications of biological objects like proteins, viruses or bacteria such as chromatography, optical 

information technology, sensorics, catalysis and drug delivery require their immobilization. Carbon nanotubes, gold 

particles and synthetic polymers are used for this purpose. This immobilization has been achieved predominantly by 

adsorption or by chemical binding and to a lesser extent by incorporating these objects as guests in host matrices. In the 

guest host systems, an ideal method for the immobilization of biological objects and their integration into hierarchical 

architectures should be structured on a nanoscale to facilitate the interactions of biological nano-objects with their 

environment. Due to the large number of natural or synthetic polymers available and the advanced techniques 

developed to process such systems to nanofibres, rods, tubes etc. make polymers a good platform for the 

immobilization of biological objects.
[3]

 

Bio-hybrid nanofibres by electrospinning 

Polymer fibers are, in general, produced on a technical scale by extrusion, i.e., a polymer melt or a polymer solution is 

pumped through cylindrical dies and spun/drawn by a take-up device. The resulting fibers have diameters typically on 

the 10-µm scale or above. To come down in diameter into the range of several hundreds of nanometers or even down to 

a few nanometers, Electrospinning is today still the leading polymer processing technique available. A strong electric 

field of the order of 103 V/cm is applied to the polymer solution droplets emerging from a cylindrical die. The electric 

charges, which are accumulated on the surface of the droplet, cause droplet deformation along the field direction, even 

though the surface tension counteracts droplet evolution. In supercritical electric fields, the field strength overbears the 

surface tension and a fluid jet emanates from the droplet tip. The jet is accelerated towards the counter electrode. 

During this transport phase, the jet is subjected to strong electrically driven circular bending motions that cause a strong 
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elongation and thinning of the jet, a solvent evaporation until, finally, the solid nanofibre is deposited on the counter 

electrode. 

Bio-hybrid polymer nanotubes by wetting 

Electro spinning, co-electrospinning, and the template methods based on nanofibres yield nano-objects which are, in 

principle, infinitively long. For a broad range of applications including catalysis, tissue engineering, and surface 

modification of implants this infinite length is an advantage. But in some applications like inhalation therapy or 

systemic drug delivery, a well-defined length is required. The template method to be described in the following has the 

advantage such that it allows the preparation of nanotubes and nanorods with very high precision. The method is based 

on the use of well defined porous templates, such as porous aluminum or silicon. 

The basic concept of this method is to exploit wetting processes. A polymer melt or solution is brought into contact 

with the pores located in materials characterized by high energy surfaces such as aluminum or silicon. Wetting sets in 

and covers the walls of the pores with a thin film with a thickness of the order of a few tens of nanometers. 

Gravity does not play a role, as it is obvious from the fact that wetting takes place independent of the orientation of the 

pores relative to the direction of gravity. The exact process is still not understood theoretically in detail but its known 

from experiments that low molar mass systems tend to fill the pores completely, whereas polymers of sufficient chain 

length just cover the walls. This process happens typically within a minute for temperatures about 50 K above the 

melting temperature or glass transition temperature, even for highly viscous polymers, such as, for 

instance, polytetrafluoroethylene, and this holds even for pores with an aspect ratio as large as 10,000. The complete 

filling, on the other hand, takes days. To obtain nanotubes, the polymer/template system is cooled down to room 

temperature or the solvent is evaporated, yielding pores covered with solid layers. The resulting tubes can be removed 

by mechanical forces for tubes up to 10 µm in length, i.e., by just drawing them out from the pores or by selectively 

dissolving the template. The diameter of the nanotubes, the distribution of the diameter, the homogeneity along the 

tubes, and the lengths can be controlled. 

Applications 

The nanofibres, nanocomposites, hollow nanofibres, core–shell nanofibres, and nanorods or nanotubes produced have a 

great potential for a broad range of applications including homogeneous and heterogeneous catalysis, dental restorative 

materials,
[4][5]

 sensorics, filter applications, and optoelectronics. Here we will just consider a limited set of applications 

related to life science. 

Tissue engineering 

This is mainly concerned with the replacement of tissues which have been destroyed by sickness or accidents or other 

artificial means. The examples are skin, bone, cartilage, blood vessels and may be even organs. This technique involves 

providing a scaffold on which cells are added and the scaffold should provide favorable conditions for the growth of the 

same. Nanofibres have been found to provide very good conditions for the growth of such cells, one of the reasons 

being that fibrillar structures can be found on many tissues which allow the cells to attach strongly to the fibers and 

grow along them as shown. 

Nanoparticles such as graphene,
[6]

 carbon nanotubes, molybdenum disulfide and tungsten disulfide are being used as 

reinforcing agents to fabricate mechanically strong biodegradable polymeric nanocomposites for bone tissue 

engineering applications. The addition of these nanoparticles in the polymer matrix at low concentrations (~0.2 

weight %) leads to significant improvements in the compressive and flexural mechanical properties of polymeric 

nanocomposites.
[7][8]

 Potentially, these nanocomposites may be used to create novel, mechanically strong, light weight 

composite bone implants. The results suggest that mechanical reinforcement is dependent on the nanostructure 

morphology, defects, dispersion of nanomaterials in the polymer matrix, and the cross-linking density of the polymer. 

In general, two-dimensional nanostructures can reinforce the polymer better than one-dimensional nanostructures, and 

inorganic nanomaterials are better reinforcing agents than carbon based nanomaterials. 

Delivery from compartmented nanotubes 

Nano tubes are also used for carrying drugs in general therapy and in tumor therapy in particular. The role of them is to 

protect the drugs from destruction in blood stream, to control the delivery with a well-defined release kinetics, and in 

ideal cases, to provide vector-targeting properties or release mechanism by external or internal stimuli. 

Rod or tube-like, rather than nearly spherical, nanocarriers may offer additional advantages in terms of drug delivery 

systems. Such drug carrier particles possess additional choice of the axial ratio, the curvature, and the “all-sweeping” 
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hydrodynamic-related rotation, and they can be modified chemically at the inner surface, the outer surface, and at the 

end planes in a very selective way. Nanotubes prepared with a responsive polymer attached to the tube opening allow 

the control of access to and release from the tube. Furthermore, nanotubes can also be prepared showing a gradient in 

its chemical composition along the length of the tube. 

Compartmented drug release systems were prepared based on nanotubes or nanofibres. Nanotubes and nanofibres, for 

instance, which contained fluorescent albumin with dog-fluorescein isothiocyanate were prepared as a model drug, as 

well as super paramagnetic nanoparticles composed of iron oxide or nickel ferrite. The presence of the magnetic 

nanoparticles allowed, first of all, the guiding of the nanotubes to specific locations in the body by external magnetic 

fields. Super paramagnetic particles are known to display strong interactions with external magnetic fields leading to 

large saturation magnetizations. In addition, by using periodically varying magnetic fields, the nanoparticles were 

heated up to provide, thus, a trigger for drug release. The presence of the model drug was established by fluorescence 

spectroscopy and the same holds for the analysis of the model drug released from the nanotubes. 

Immobilization of proteins 

Core shell fibers of nano particles with fluid cores and solid shells can be used to entrap biological objects such as 

proteins, viruses or bacteria in conditions which do not affect their functions. This effect can be used among others for 

biosensor applications. For example, Green Fluorescent Protein is immobilized in nanostructured fibres providing large 

surface areas and short distances for the analyte to approach the sensor protein. 

With respect to using such fibers for sensor applications fluorescence of the core shell fibers was found to decay rapidly 

as the fibers were immersed into a solution containing urea: urea permeates through the wall into the core where it 

causes denaturation of the GFP. This simple experiment reveals that core–shell fibers are promising objects for 

preparing biosensors based on biological objects. 

Polymer nanostructured fibers, core–shell fibers, hollow fibers, and nanorods and nanotubes provide a platform for a 

broad range of applications both in material science as well as in life science. Biological objects of different complexity 

and synthetic objects carrying specific functions can be incorporated into such nanostructured polymer systems while 

keeping their specific functions vital. Biosensors, tissue engineering, drug delivery, or enzymatic catalysis is just a few 

of the possible examples. The incorporation of viruses and bacteria all the way up to microorganism should not really 

pose a problem and the applications coming from such biohybrid systems should be tremendous.
[9]

 

Engineering applications 

Polymer nanocomposites for automotive tire industry 

Polymer nanocomposites are important for the automotive tire industry due to the possibility of achieving a higher fuel 

efficiency by designing polymer nanocomposites with suitable properties.
[10]

 

The most common type of filler particles utilized by the tire industry had traditionally been Carbon black (Cb), 

produced from the incomplete combustion of coal tar and ethylene.
[11]

 The main reason is that the addition of Cb to 

rubbers enables the manufacturing of tires of a smaller rolling resistance which accounts for about 4% of the worldwide 

CO2 emissions from fossil fuels.
[12]

 A decrease in the rolling resistance of the car tires produced worldwide is 

anticipated to decrease the overall fuel consumption of cars due to the fact that a vehicle with tires of a smaller rolling 

resistance requires less energy to thrust forward. However, a smaller rolling resistance also leads to a lower wet grip 

performance, which poses concerns of the passenger's safety. 

The problem can be partially solved by replacing Cb with silica, because it enables the production of "green" tires that 

display both improved wet grip properties as well as a smaller rolling resistance.
[13]

 

The main difference in the relevant properties of Cb and silica is that Cb is hydrophobic (as are the polymers used in 

the manufacturing of car ties) whereas silica is hydrophilic. So in order to increase the compatibility among the silica 

fillers and the polymer matrix, the silica is usuallyfunctionalized with coupling agents, which gives the possibility of 

tuning the filler-polymer interactions and thus producing nanocomposites of specific properties.
[14]

 

Overall, the main unresolved issue on the mechanical properties of filled rubbers is the elucidation of the exact 

mechanism of their mechanical reinforcement and of the so-called Payne effect; and owing to a lack of suitable 

theoretical and experimental approaches, both of them are still poorly understood. 
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Polymer nanocomposites for high temperature applications 

Polymer nanocomposites aided with carbon quantum dots have been found to show remarkable heat 

resistance. 
[15]

 These nanocomposites can be used in environments where heat resistance is a requirement. 

Size and pressure effects on nanopolymers 

The size- and pressure- dependent glass transition temperatures of free-standing films or supported films having weak 

interactions with substrates decreases with decreasing of pressure and size. However, the glass transition temperature of 

supported films having strong interaction with substrates increases of pressure and the decrease of size. Different 

models like two layer model, three layer model, Tg (D, 0) ∝ 1/D and some more models relating specific heat, density 

and thermal expansion are used to obtain the experimental results on nanopolymers and even some observations like 

freezing of films due to memory effects in the visco-elastic eigenmodels of the films, and finite effects of the small 

molecule glass are observed. To describe Tg (D, 0) function of polymers more generally, a simple and unified model 

recently is provided based on the size-dependent melting temperature of crystals and Lindemann's criterion 

Tg (D, 0) / Tg (∞, 0) ∝ σg
2
 (∞, 0) / σg

2
 (D, 0) 

where σg is the root of mean squared displacement of surface and interior molecules of glasses at Tg (D, 0), α = σs
2
 (D, 

0) / σv
2
 (D, 0) with subscripts s and v denoting surface and volume, respectively. For a nanoparticle, D has a usual 

meaning of diameter, for a nanowire, D is taken as its diameter, and for a thin film, D denotes its thickness. D0 denotes 

a critical diameter at which all molecules of a low-dimensional glass are located on its surface.
[16]

 

Devices that use the properties of low-dimensional objects, such as nanoparticles, are promising due to the possibility 

of tailoring a number of mechanical, electrophysical, optical and magnetic properties granting some degree of control 

over the size of nanoparticles during synthesis. In the case of polymer nanocomposites we can use the properties of 

disordered systems. 

Here recent developments in the field of polymer nano-composites and some of their applications have been reviewed. 

Though there is much use in this field, there are many limitations also. For example, in the release of drugs using 

nanofibres, cannot be controlled independently and a burst release is usually the case, whereas a more linear release is 

required. Let us now consider future aspects in this field. 

There is a possibility of building ordered arrays of nanoparticles in the polymer matrix. A number of possibilities also 

exist to manufacture the nanocomposite circuit boards. An even more attractive method exists to use polymer 

nanocomposites for neural networks applications. Another promising area of development is optoelectronics 

and optical computing. The single domain nature and super paramagnetic behavior of nanoparticles containing 

ferromagnetic metals could be possibly used for magneto-optical storage media manufacturing. 

IV. CONCLUSION 

Nanocomposite hydrogels (NC gels) are nanomaterial-filled, hydrated, polymeric networks that exhibit higher elasticity 

and strength relative to traditionally made hydrogels. A range of natural and synthetic polymers are used to design 

nanocomposite network. By controlling the interactions between nanoparticles and polymer chains, a range of physical, 

chemical, and biological properties can be engineered.
[1]

 The combination of organic (polymer) and inorganic (clay) 

structure gives these hydrogels improved physical, chemical, electrical, biological, and swelling/de-swelling properties 

that cannot be achieved by either material alone.
[2]

 Inspired by flexible biological tissues, researchers incorporate 

carbon-based, polymeric, ceramic and/or metallic nanomaterials to give these hydrogels superior characteristics like 

optical properties and stimulus-sensitivity which can potentially be very helpful to medical (especially drug delivery 

and stem cell engineering) and mechanical fields.
[2]

 

Nanocomposite hydrogels are not to be confused with nanogel, a nanoparticle composed of a hydrogel. 

Synthesis 

The synthesis of nanocomposite hydrogels is a process that requires specific material and method. These polymers need 

to be made up of equally spaced out, 30 nm in diameter, clay platelets that can swell and exfoliate in the presence of 

water. The platelets act as cross-links to modify molecular functions to enable the hydrogels to have superior elasticity 

and toughness that resembles closely that of biological tissue.
[3]

 Using clay platelets that do not swell or exfoliate in 

water, using an organic cross-linker such as N,N-methylenebisacrylamide(BIS), mixing of clay and BIS, or preparing 

nanocomposite hydrogels in a method other than cross-link, will be unsuccessful.
[4]
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Despite all the specifications, the process of synthesizing nanocomposite hydrogels is simple and because of the 

flexible nature of the material, these hydrogels can be easily made to come in different shapes such as huge blocks, 

sheets, thin films, rods, hollow tubes, spheres, bellows and uneven sheets.
[5]

 

Properties 

Mechanical 

Nanocomposite hydrogels are tough, and can withstand stretching, bending, knotting, crushing, and other 

modifications. 

Tensile 

Tensile testings were performed on nanocomposite hydrogels to measure the stress and strain it experiences when 

elongated under room temperature. The results show that this material can be stretched up to 1000% of its original 

length.
[6]

 

Compression 

Hysteresis is used to measure the compression properties of nanocomposite hydrogels, which shows that this material 

can withstand around 90% compression. This data shows that nanocomposite hydrogels exhibit superior strength 

relative to conventionally-made hydrogels, which would have broken down under less compression. 

Swelling and stimulus sensitivity 

Swelling, de-swelling 

The porous network of clay particles enable nanocomposite hydrogels to swell in the presence of water. Swelling (and 

de-swelling) distinguishes NC gels from conventionally-made hydrogels (OR gels) as it is a property that OR gels lack. 

The swelling property of NC gels allows them to collect the surrounding aqueous solution instead of being dissolved by 

it, which helps make them good candidates for drug delivery carriers.
[7]

 

Stimulus sensitivity 

Nanocomposite hydrogels are observed to be temperature sensitive and will change temperature when their surrounding 

is altered.
[8]

 Inorganic salts, when absorbed, will result in changing the hydrogels to a lower temperature whereas cat-

ionic surfactant will shift the temperature the other way. The temperature of these hydrogels are around 40 degrees 

Celsius, making it a possible candidate for use as biomaterial.
[9]

 The stimulus-sensitivity of hydrogels allow for a 

responsive release system where the hydrogels can be designed to deliver the drug in response to changes in condition 

of the body. 

Types 

Via carbon-based nanomaterials 

Nanocomposite hydrogels that are enforced with carbon-based nanomaterials are mechanically tough and electrically 

conducive, which make them suitable for use in biomedicine, tissue engineering, drug delivery, biosensing, etc. The 

electrical conducting property of these hydrogels allow them to mimic the characteristic of nerve, muscle, and cardiac 

tissues. However, even though these nanocomposite hydrogels demonstrate some functions of human tissue in lab 

environments, more research is needed to ensure their utility as tissue replacement.
[10]

 

Via polymeric nanoparticles 

Nanocomposite hydrogels incorporated with polymeric nanoparticles are tailored for drug delivery and tissue 

engineering. The addition of polymeric nanoparticles gives these hydrogels a reinforced polymeric network that is more 

stiff and has the ability to enclose hydrophilic and hydrophobic drugs along with genes and proteins. The high stress-

absorbing property makes them a potential candidate for cartilage tissue engineering.
[10]

 

Via inorganic nanoparticles 

Most inorganic nanoparticles used for nanocomposite hydrogels are already present in and necessary for the body, and 

thus present no negative impacts on the body. Some of them, like calcium and silicon, help with preventing bone loss 

and skeletal development. Others, like nanoclays, improve the structural formation and characteristics of hydrogels 

where they acquire self-healing properties, flame retardant structures, elasticity, super gas-barrier membrane, oil-
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repellence, etc. The unique properties obtained by incorporating nanocomposite hydrogels with inorganic nanoparticles 

will let researchers work on improving bone-related tissue engineering.
[10]

 

Via metal and metal-oxide nanoparticles 

The electrical and thermal conductivity and magnetic property of metals enhance the electrical conductivity and 

antibacterial property of nanocomposite hydrogels when incorporated. The electrical conducting property is necessary 

for the hydrogels to start forming functional tissues and be used as imaging agents, drug delivery systems, conductive 

scaffolds, switchable electronics, actuators, and sensors. 

Applications 

Researchers have been looking for a material that can mimic tissue properties to make the tissue engineering process 

more effective and less invasive to the human body. The porous, interconnecting network of nanocomposite hydrogels, 

created through cross-link, enable wastes and nutrients to easily enter and exit the structure, and their elastomeric 

properties let them acquire the desired anatomical shape without needing prior molding. The porous structure of this 

material would also make the process of drug delivery easier where the pharmaceutical compounds present in the 

hydrogel can easily escape and be absorbed by the body. Aside from that, researchers are also looking into 

incorporating nanocomposite hydrogels with silver nanoparticles for antibacterial applications and microorganism 

elimination in medical and food packing and water treatment. Hydrogels infused with nanoparticles have a number of 

biological applications, including: tissue engineering, chemical and biological sensing and drug and gene delivery. 

Tissue engineering 

As tissue replacements, nanocomposite hydrogels need to interact with cells and form functional tissues. With the 

incorporated nanoparticles and nanomaterials, these hydrogels can mimic the physical, chemical, electrical, and 

biological properties of most native tissue. Each type of nanocomposite hydrogels has its own unique properties that let 

it mimic certain types of animal tissue. 

Drug delivery 

The emergence of nanocomposite hydrogels allow for more site-specific and time-controlled delivery of drugs of 

different sizes at improved safety and specificity. Depending on the method of inserting drugs into the material, for 

example, dissolved, encased, or attached, the drug carrier will be named differently: nanoparticles, nanospheres (where 

the drug is evenly dispersed throughout the polymeric network), or nanocapsules (where the drug is surrounded by a 

polymer shell structure).
[7]

 The elastomeric nature of this material allows the hydrogels to obtain the shape of the 

targeted site and thus the hydrogels can be manufactured identically and used on all patients.
[11]

 

Hydrogels are controlled drug delivery agents that can be engineered to have desired properties.
[12]

 Specifically, 

hydrogels can be designed to release drugs or other agents in response to physical characteristics of the environment 

like temperature and pH.
[12]

 The responsiveness of hydrogels is a result of their molecular structure and polymer 

networks.
[12]

 

Hydrogel nanoparticles have a promising future in the drug delivery field. Ideally, drug delivery systems should, 

“…maximize the efficacy and the safety of the therapeutic agent, delivering an appropriate amount at a suitable rate 
and to the most appropriate site in the body”.

[13]
 Nanotechnology incorporated within hydrogels has the potential to 

meet all the requirements of an ideal drug delivery system. Hydrogels have been studied with a variety of 

nanocomposites including: clay, gold, silver, iron oxide, carbon nanotubes, hydroxyapatite, and tricalcium 

phosphate.
[13]

 

Nanoparticles, largely due to their size related physical properties, are highly useful as drug delivery agents. They can 

overcome physiological barriers and reach specific targets.
[14]

 Nanoparticles’ size, surface charge and properties enable 

them to penetrate biological barriers that most other drug carriers cannot.
[14]

 To become even more specified, 

nanoparticles can be coated with targeting ligands.
[14]

 The ability of nanoparticles to deliver drugs to specific targets 

suggests the potential to limit systemic side-effects and immune responses.
[15]

 

The ability of nanoparticles to carry and release drugs is also largely dependent on characteristics which result from the 

small size and unique surface area to volume ratio of nanoparticles. Nanoparticles can generally carry drugs in two 

ways: drugs can either be bound to the outside of the nanoparticles or packed within the polymeric matrix of the 

nanoparticles.
[14]

 Smaller nanoparticles have higher surface area ratios and can thus bind a high quantity of drug, while 

larger nanoparticles can encapsulate more of the drug within its core.
[15]

 The best method of drug loading is dependent 
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on the structures of the drug to be bound. Also, drug loading can occur as the nanoparticles are produced, or the drugs 

can be added to pre-existing nanoparticles.
[14]

 The release of drugs, depends largely on the size of the nanoparticle 

carrying it. Because nanoparticles can be bound to the surface of nanoparticles, which is large relative to the volume of 

the particles, drugs can be released quickly. In contrast, drugs that are loaded within nanoparticles are released more 

slowly.
[14]

 

Antibacterial applications 

Silver nanoparticles are inserted into the 3D polymeric networks of nanocomposite hydrogels for applications in 

antibacterial activity and improvement in electrical conductance. The presence of silver ions either stop the respiratory 

enzyme from transferring electrons to oxygen molecules during respiration or prevent proteins from reacting with thiol 

groups (-SH) on bacteria membrane, both result in the death of bacteria and microorganism without damaging mammal 

cells.
[16]

 The size of these silver nanoparticles need to be small enough to pass through the cell membrane and thus 

further research is required to manufacture them into appropriate sizes. 

Concerns 

Some concerns relating to hydrogels infused with nanoparticles are the chances of either bursting, or of incomplete 

release of drugs.
[13]

 Although hydrogels infused with nanoparticles are speculated to be quite promising methods of 

drug, protein, peptide, oligosaccharide, vaccine, and nucleic acid delivery, more studies regarding nanotoxicology and 

safety are required before clinical applications can be pursued.
[14]

 Further, to avoid accumulation, biodegradable gels 

and nanoparticles are highly desirable.
[14]

 

REFERENCES 

1.  Saberi A, Bakhsheshi-Rad HR, Karamian E, Kasiri-Asgarani M, Ghomi H, Omidi M, Abazari S, Ismail AF, 

Sharif S, Berto F. Synthesis and characterization of hot extruded magnesium-zinc nano-composites containing 

low content of graphene oxide for implant applications. Физическая 
мезомеханика.https://cyberleninka.ru/article/n/synthesis-and-characterization-of-hot-extruded-magnesium-zinc-

nano-composites-containing-low-content-of-graphene-oxide-for-implant 

2. ^ Zhao, J.; Haowei, M.; Saberi, A.; Heydari, Z.; Baltatu, M.S. Carbon Nanotube (CNT) Encapsulated Magnesium-

Based Nanocomposites to Improve Mechanical, Degradation and Antibacterial Performances for Biomedical 

Device Applications. Coatings 2022, 12, 1589. https://doi.org/10.3390/coatings12101589 

3. ^ Kamigaito, O (1991). "What can be improved by nanometer composites?". J. Jpn. Soc. Powder Powder 

Metall. 38 (3): 315–21. doi:10.2497/jjspm.38.315. in Kelly, A, Concise encyclopedia of composites materials, 

Elsevier Science Ltd, 1994 

4. ^ Jose-Yacaman, M.; Rendon, L.; Arenas, J.; Serra Puche, M. C. (1996). "Maya Blue Paint: An Ancient 

Nanostructured Material". Science. 273 (5272): 223–
5. Bibcode:1996Sci...273..223J. doi:10.1126/science.273.5272.223. PMID 8662502. S2CID 34424830 

5. ^ B.K.G. Theng "Formation and Properties of Clay Polymer Complexes", Elsevier, NY 1979; ISBN 978-0-444-

41706-0 

6. ^ Functional Polymer Composites with Nanoclays, Editors: Yuri Lvov, Baochun Guo, Rawil F Fakhrullin, Royal 

Society of Chemistry, Cambridge 2017, https://pubs.rsc.org/en/content/ebook/978-1-78262-672-5 

7. ^ "What are Polymer Nanocomposites?". Coventive Composites. 2020-09-09. 

8. ^ P.M. Ajayan; L.S. Schadler; P.V. Braun (2003). Nanocomposite science and technology. Wiley. ISBN 978-3-

527-30359-5. 

9. ^ Tian, Zhiting; Hu, Han; Sun, Ying (2013). "A molecular dynamics study of effective thermal conductivity in 

nanocomposites". Int. J. Heat Mass Transfer. 61: 577–582. doi:10.1016/j.ijheatmasstransfer.2013.02.023. 

10. ^ F. E. Kruis, H. Fissan and A. Peled (1998). "Synthesis of nanoparticles in the gas phase for electronic, optical 

and magnetic applications – a review". J. Aerosol Sci. 29 (5–6): 511–535. doi:10.1016/S0021-8502(97)10032-5. 

11. ^ S. Zhang; D. Sun; Y. Fu; H. Du (2003). "Recent advances of superhard nanocomposite coatings: a 

review". Surf. Coat. Technol. 167 (2–3): 113–119. doi:10.1016/S0257-8972(02)00903-9. 

12. ^ G. Effenberg, F. Aldinger & P. Rogl (2001). Ternary Alloys. A Comprehensive Compendium of Evaluated 

Constitutional Data and Phase Diagrams. Materials Science-International Services. 

13. ^ M. Birkholz; U. Albers & T. Jung (2004). "Nanocomposite layers of ceramic oxides and metals prepared by 

reactive gas-flow sputtering" (PDF). Surf. Coat. Technol. 179 (2–3): 279–285. doi:10.1016/S0257-

8972(03)00865-X. 

http://www.ijirset.com/
https://en.wikipedia.org/wiki/Nanocomposite_hydrogels#cite_note-:3-14
https://en.wikipedia.org/wiki/Nanocomposite_hydrogels#cite_note-:3-14
https://en.wikipedia.org/wiki/Nanocomposite_hydrogels#cite_note-16
https://en.wikipedia.org/wiki/Nanocomposite_hydrogels#cite_note-:2-13
https://en.wikipedia.org/wiki/Nanocomposite_hydrogels#cite_note-:3-14
https://en.wikipedia.org/wiki/Nanocomposite_hydrogels#cite_note-:3-14
https://cyberleninka.ru/article/n/synthesis-and-characterization-of-hot-extruded-magnesium-zinc-nano-composites-containing-low-content-of-graphene-oxide-for-implant
https://cyberleninka.ru/article/n/synthesis-and-characterization-of-hot-extruded-magnesium-zinc-nano-composites-containing-low-content-of-graphene-oxide-for-implant
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-2
https://doi.org/10.3390/coatings12101589
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-kamigaito1991_3-0
https://doi.org/10.2497%2Fjjspm.38.315
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.2497%2Fjjspm.38.315
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-mayan_4-0
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/1996Sci...273..223J
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1126%2Fscience.273.5272.223
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/8662502
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:34424830
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-theng_5-0
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-444-41706-0
https://en.wikipedia.org/wiki/Special:BookSources/978-0-444-41706-0
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-6
https://pubs.rsc.org/en/content/ebook/978-1-78262-672-5
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-7
https://coventivecomposites.com/explainers/what-are-polymer-nanocomposites/
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-ajayan_8-0
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-3-527-30359-5
https://en.wikipedia.org/wiki/Special:BookSources/978-3-527-30359-5
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-9
https://en.wikipedia.org/wiki/Zhiting_Tian
https://en.wikipedia.org/wiki/Ying_Sun_(mechanical_engineer)
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.ijheatmasstransfer.2013.02.023
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-EiKr1998_10-0
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2FS0021-8502%2897%2910032-5
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-Zhan2003_11-0
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2FS0257-8972%2802%2900903-9
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-Effe2001_12-0
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-Birk2004_13-0
http://www.mariobirkholz.de/SCT2004.pdf
http://www.mariobirkholz.de/SCT2004.pdf
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2FS0257-8972%2803%2900865-X
https://doi.org/10.1016%2FS0257-8972%2803%2900865-X


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

                                          |e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal | 

|| Volume 12, Issue 8, August 2023 || 

| DOI:10.15680/IJIRSET.2023.1208088 |   

IJIRSET©2023                                                            |     An ISO 9001:2008 Certified Journal   |                                            11176 

 

14. ^ Janas, Dawid; Liszka, Barbara (2017). "Copper matrix nanocomposites based on carbon nanotubes or 

graphene". Mater. Chem. Front. 2: 22–35. doi:10.1039/C7QM00316A. 

15. ^ S. R. Bakshi, D. Lahiri, and A. Argawal, Carbon nanotube reinforced metal matrix composites - A Review, 

International Materials Reviews, vol. 55, (2010), http://web.eng.fiu.edu/agarwala/PDF/2010/12.pdf 

16. ^ Lalwani, G; Henslee, AM; Farshid, B; Parmar, P; Lin, L; Qin, YX; Kasper, FK; Mikos, AG; Sitharaman, B 

(September 2013). "Tungsten disulfide nanotubes reinforced biodegradable polymers for bone tissue 

engineering". Acta Biomaterialia. 9 (9): 8365–
73. doi:10.1016/j.actbio.2013.05.018. PMC 3732565. PMID 23727293. 

17. ^ Gash, AE. "Making nanostructured pyrotechnics in a Beaker" (PDF). Retrieved 2008-09-28. 

18. ^ Gash, AE. "Energetic nanocomposites with sol-gel chemistry: synthesis, safety, and characterization, LLNL 

UCRL-JC-146739" (PDF). Retrieved 2008-09-28. 

19. ^ Ryan, Kevin R.; Gourley, James R.; Jones, Steven E. (2008). "Environmental anomalies at the World Trade 

Center: evidence for energetic materials". The Environmentalist. 29: 56–63. doi:10.1007/s10669-008-9182-4. 

20. ^ Janeta, Mateusz; John, Łukasz; Ejfler, Jolanta; Szafert, Sławomir (2014-11-24). "High-Yield Synthesis of 

Amido-Functionalized Polyoctahedral Oligomeric Silsesquioxanes by Using Acyl Chlorides". Chemistry: A 

European Journal. 20 (48): 15966–15974. doi:10.1002/chem.201404153. ISSN 1521-3765. PMID 25302846. 

21. ^  Manias, Evangelos (2007). "Nanocomposites: Stiffer by design". Nature Materials. 6 (1): 9–
11. Bibcode:2007NatMa...6....9M. doi:10.1038/nmat1812. PMID 17199118. 

22. ^ Rafiee, M.A.; et al. (December 3, 2009). "Enhanced Mechanical Properties of Nanocomposites at Low 

Graphene Content". ACS Nano. 3 (12): 3884–3890. doi:10.1021/nn9010472. PMID 19957928. 

23. ^ Hassani, A. J.; et al. (March 1, 2014). "Preparation and characterization of polyamide 6 nanocomposites using 

MWCNTs based on bimetallic Co-Mo/MgO catalyst". Express Polymer Letters. 8 (3): 177–
186. doi:10.3144/expresspolymlett.2014.2. S2CID 55707826. 

24. ^ Lalwani, Gaurav; Henslee, Allan M.; Farshid, Behzad; Lin, Liangjun; Kasper, F. Kurtis; Yi-, Yi-Xian; Qin, 

Xian; Mikos, Antonios G.; Sitharaman, Balaji (2013). "Two-dimensional nanostructure-reinforced biodegradable 

polymeric nanocomposites for bone tissue engineering". Biomacromolecules. 14 (3): 900–
909. doi:10.1021/bm301995s. PMC 3601907. PMID 23405887. 

25. ^ Lalwani, Gaurav; Henslee, A. M.; Farshid, B; Parmar, P; Lin, L; Qin, Y. X.; Kasper, F. K.; Mikos, A. G.; 

Sitharaman, B (September 2013). "Tungsten disulfide nanotubes reinforced biodegradable polymers for bone 

tissue engineering". Acta Biomaterialia. 9 (9): 8365–
8373. doi:10.1016/j.actbio.2013.05.018. PMC 3732565. PMID 23727293. 

26. ^ Zeidi, Mahdi; Kim, Chun IL; Park, Chul B. (2021). "The role of interface on the toughening and failure 

mechanisms of thermoplastic nanocomposites reinforced with nanofibrillated rubbers". Nanoscale. 13 (47): 

20248–20280. doi:10.1039/D1NR07363J. ISSN 2040-3372. PMID 34851346. S2CID 244288401. 

27. ^ Gatti, Teresa; Vicentini, Nicola; Mba, Miriam; Menna, Enzo (2016-02-01). "Organic Functionalized Carbon 

Nanostructures for Functional Polymer-Based Nanocomposites". European Journal of Organic 

Chemistry. 2016 (6): 1071–1090. doi:10.1002/ejoc.201501411. ISSN 1099-0690. 

28. ^ Singh, BP; Singh, Deepankar; Mathur, R. B.; Dhami, T. L. (2008). "Influence of Surface Modified MWCNTs 

on the Mechanical, Electrical and Thermal Properties of Polyimide Nanocomposites". Nanoscale Research 

Letters. 3 (11): 444–453. Bibcode:2008NRL.....3..444S. doi:10.1007/s11671-008-9179-4. PMC 3244951. 

29. ^ "Flame Retardant Polymer Nanocomposites" A. B. Morgan, C. A. Wilkie (eds.), Wiley, 2007; ISBN 978-0-471-

73426-0 

30. ^ Gaharwar, Akhilesh K.; Peppas, Nicholas A.; Khademhosseini, Ali (March 2014). "Nanocomposite hydrogels 

for biomedical applications". Biotechnology and Bioengineering. 111 (3): 441–
453. doi:10.1002/bit.25160. PMC 3924876. PMID 24264728. 

31. ^ Carrow, James K.; Gaharwar, Akhilesh K. (November 2014). "Bioinspired Polymeric Nanocomposites for 

Regenerative Medicine". Macromolecular Chemistry and Physics. 216 (3): 248–
264. doi:10.1002/macp.201400427. 

32. ^ Thomas, Daniel J. (2020-09-01). "Developing hybrid carbon nanotube- and graphene-enhanced nanocomposite 

resins for the space launch system". The International Journal of Advanced Manufacturing Technology. 110 (7): 

2249–2255. doi:10.1007/s00170-020-06038-7. ISSN 1433-3015. S2CID 225292702. 

33. ^ Behrens, Silke; Appel, Ingo (2016). "Magnetic nanocomposites". Current Opinion in Biotechnology. 39: 89–
96. doi:10.1016/j.copbio.2016.02.005. PMID 26938504. 

http://www.ijirset.com/
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-14
https://depot.ceon.pl/handle/123456789/19897
https://depot.ceon.pl/handle/123456789/19897
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1039%2FC7QM00316A
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-15
http://web.eng.fiu.edu/agarwala/PDF/2010/12.pdf
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-16
https://en.wikipedia.org/wiki/Antonios_Mikos
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3732565
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3732565
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.actbio.2013.05.018
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3732565
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/23727293
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-17
http://e-reports-ext.llnl.gov/pdf/247064.pdf
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-18
http://e-reports-ext.llnl.gov/pdf/244137.pdf
http://e-reports-ext.llnl.gov/pdf/244137.pdf
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-19
https://doi.org/10.1007%2Fs10669-008-9182-4
https://doi.org/10.1007%2Fs10669-008-9182-4
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2Fs10669-008-9182-4
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-20
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2Fchem.201404153
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/1521-3765
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/25302846
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2007NatMa...6....9M
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fnmat1812
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/17199118
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-22
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1021%2Fnn9010472
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/19957928
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-23
https://doi.org/10.3144%2Fexpresspolymlett.2014.2
https://doi.org/10.3144%2Fexpresspolymlett.2014.2
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.3144%2Fexpresspolymlett.2014.2
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:55707826
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-24
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3601907
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3601907
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1021%2Fbm301995s
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3601907
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/23405887
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3732565
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3732565
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.actbio.2013.05.018
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3732565
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/23727293
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-26
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1039%2FD1NR07363J
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/2040-3372
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/34851346
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:244288401
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-27
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2Fejoc.201501411
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/1099-0690
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-28
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3244951
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3244951
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2008NRL.....3..444S
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2Fs11671-008-9179-4
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3244951
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-FR_NC_book_29-0
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-471-73426-0
https://en.wikipedia.org/wiki/Special:BookSources/978-0-471-73426-0
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-30
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3924876
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3924876
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2Fbit.25160
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3924876
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/24264728
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-31
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2Fmacp.201400427
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-32
https://doi.org/10.1007/s00170-020-06038-7
https://doi.org/10.1007/s00170-020-06038-7
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2Fs00170-020-06038-7
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/1433-3015
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:225292702
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-33
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.copbio.2016.02.005
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/26938504


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

                                          |e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal | 

|| Volume 12, Issue 8, August 2023 || 

| DOI:10.15680/IJIRSET.2023.1208088 |   

IJIRSET©2023                                                            |     An ISO 9001:2008 Certified Journal   |                                            11177 

 

34. ^ Behrens, Silke (2011). "Preparation of functional magnetic nanocomposites and hybrid materials: recent 

progress and future directions". Nanoscale. 3 (3): 877–
892. Bibcode:2011Nanos...3..877B. doi:10.1039/C0NR00634C. PMID 21165500. 

35. ^ Zhu, Yinghuai (2010). "Magnetic Nanocomposites: A New Perspective in Catalysis". ChemCatChem. 2 (4): 

365–374. doi:10.1002/cctc.200900314. S2CID 96894484. 

36. ^ Varga, L.K. (2007). "Soft magnetic nanocomposites for high-frequency and high-temperature 

applications". Journal of Magnetism and Magnetic Materials. 316 (2): 442–
447. Bibcode:2007JMMM..316..442V. doi:10.1016/j.jmmm.2007.03.180. 

37. ^ Markondeya Raj, P.; Sharma, Himani; Sitaraman, Srikrishna; Mishra, Dibyajat; Tummala, Rao (December 

2017). "System Scaling With Nanostructured Power and RF Components". Proceedings of the IEEE. 105 (12): 

2330 - 2346. doi:10.1109/JPROC.2017.2748520. S2CID 6587533. 

38. ^ Han, Kyu; Swaminathan, Madhavan; Pulugurtha, Raj; Sharma, Himani; Tummala, Rao; Yang, Songnan; Nair, 

Vijay (2016). "Magneto-Dielectric Nanocomposite for Antenna Miniaturization and SAR Reduction". IEEE 

Antennas and Wireless Propagation Letters. 15: 72–
75. Bibcode:2016IAWPL..15...72H. doi:10.1109/LAWP.2015.2430284. S2CID 1335792. 

39. ^ Smith, Connor S.; Savliwala, Shehaab; Mills, Sara C.; Andrew, Jennifer S.; Rinaldi, Carlos; Arnold, David P. (1 

January 2020). "Electro-infiltrated nickel/iron-oxide and permalloy/iron-oxide nanocomposites for integrated 

power inductors". Journal of Magnetism and Magnetic Materials. 493: 

165718. Bibcode:2020JMMM..49365718S. doi:10.1016/j.jmmm.2019.165718. ISSN 0304-

8853. S2CID 202137993. 

40. ^ Rimal, Vishal; Shishodia, Shubham; Srivastava, P.K. (2020). "Novel synthesis of high-thermal stability carbon 

dots and nanocomposites from oleic acid as an organic substrate". Applied Nanoscience. 10 (2): 455–
464. doi:10.1007/s13204-019-01178-z. S2CID 203986488. 

 

http://www.ijirset.com/
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-34
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2011Nanos...3..877B
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1039%2FC0NR00634C
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/21165500
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-35
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2Fcctc.200900314
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:96894484
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-36
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2007JMMM..316..442V
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.jmmm.2007.03.180
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-37
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1109%2FJPROC.2017.2748520
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:6587533
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-38
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2016IAWPL..15...72H
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1109%2FLAWP.2015.2430284
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:1335792
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-39
https://www.sciencedirect.com/science/article/abs/pii/S0304885319314039
https://www.sciencedirect.com/science/article/abs/pii/S0304885319314039
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2020JMMM..49365718S
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.jmmm.2019.165718
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/0304-8853
https://www.worldcat.org/issn/0304-8853
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:202137993
https://en.wikipedia.org/wiki/Nanocomposite#cite_ref-40
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2Fs13204-019-01178-z
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:203986488


 

8.423 


	Ceramic-matrix nanocomposites
	Metal-matrix nanocomposites
	Polymer-matrix nanocomposites
	Magnetic nanocomposites
	Heat resistant nanocomposites
	Bio-hybrid polymer nanofibers
	Bio-hybrid nanofibres by electrospinning
	Bio-hybrid polymer nanotubes by wetting
	Applications
	Tissue engineering
	Delivery from compartmented nanotubes
	Immobilization of proteins


	Engineering applications
	Polymer nanocomposites for automotive tire industry
	Polymer nanocomposites for high temperature applications

	Size and pressure effects on nanopolymers
	Synthesis
	Properties
	Mechanical
	Tensile
	Compression

	Swelling and stimulus sensitivity
	Swelling, de-swelling
	Stimulus sensitivity


	Types
	Via carbon-based nanomaterials
	Via polymeric nanoparticles
	Via inorganic nanoparticles
	Via metal and metal-oxide nanoparticles

	Applications
	Tissue engineering
	Drug delivery
	Antibacterial applications
	Concerns


