
Nanocomposite
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. In the broadest sense this definition can include porous media, colloids, gels andcopolymers, 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,[1] <5 nm for catalytic activity, <20 nm for making a hard magnetic material soft, <50 nm for refractive
index changes, and <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. [2] 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,[3] 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). 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. [4] 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, 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 significanlty affect the effective thermal conductivity of
nanocomposites.

Ceramic-matrix nanocomposites

In this group of composites the main part of the volume is occupied by a ceramic, i.e. a chemical compound from the group
of oxides, nitrides, borides, silicides etc.. In most cases, ceramic-matrix nanocomposites encompass ametal as the second
component. Ideally both components, the metallic one and the ceramic one, are finely dispersed in each other in order to
elicit the particular nanoscopic properties. Nanocomposite from these combinations were demonstrated in improving their
optical, electrical and magnetic properties [6] as well as tribological, corrosion-resistance and other protective properties.

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
most safe measure thus is to carefully choose immiscible metal and ceramic phases. A good example for such a
combination is represented by the ceramic-metal composite of TiO2and Cu, the mixtures of which were found immiscible
over large areas in the Gibbs’ triangle of Cu-O-Ti.



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-baseddeposition 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 [9] that showed a high mechanical
hardness, small coefficients of friction and a highresistance 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. 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.

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.[11] 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 superthermitematerials.

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 (these materials are better
described by the term nanofilled polymer composites ). This strategy is particularly effective in yielding high performance
composites, when good dispersion of the filler is achieved and the properties of the nanoscale filler are substantially
different or better than those of the matrix.

Nanoparticles such as graphene, 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 %) cause
significant improvements in the compressive and flexural mechanical properties of polymeric nanocomposites. 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, multi-walled carbon
nanotubes based polymer nanocomposites have also been used for the enhancement of the electrical conductivity.

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 (such
composite materials can be better described by the term genuine nanocomposites or hybrids. Some examples of such
new properties are fire resistance or flame retardancy, and accelerated biodegradability.

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

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. 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.

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.

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 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 orientat ion of the
pores relative to the direction of gravity. The exact process is still not understood theoretically in detail but its known f rom
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, 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, 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, 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.[2][3] 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.

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”
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.

Bio polymer:

Biopolymers are polymers produced by living organisms; in other words, they are polymeric biomolecules. Since they
are polymers, biopolymers containmonomeric units that are covalently bonded to form larger structures. There are three
main classes of biopolymers, classified according to the monomeric units used and the structure of the biopolymer
formed: polynucleotides (RNA andDNA), which are long polymers composed of 13 or
more nucleotide monomers;polypeptides, which are short polymers of amino acids; and polysaccharides, which are often
linear bonded polymeric carbohydrate structures.

Cellulose is the most common organic compound and biopolymer on Earth. About 33 percent of all plant matter is
cellulose. The cellulose content of cotton is 90 percent, while wood's is 50 percent.

A major defining difference betweenbiopolymers and other polymers can be found in their structures. All polymers are
made of repetitive units calledmonomers. Biopolymers often have a well-defined structure, though this is not a defining
characteristic (example:lignocellulose): The exact chemical composition and the sequence in which these units are
arranged is called theprimary structure, in the case of proteins. Many biopolymers spontaneously fold into characteristic
compact shapes (see also "protein folding" as well as secondary structure and tertiary structure), which determine their
biological functions and depend in a complicated way on their primary structures. Structural biology is the study of the
structural properties of the biopolymers. In contrast, most synthetic polymers have much simpler and more random (or
stochastic) structures. This fact leads to a molecular mass distribution that is missing in biopolymers. In fact, as their
synthesis is controlled by a template-directed process in most in vivo systems, all biopolymers of a type (say one specific
protein) are all alike: they all contain the similar sequences and numbers of monomers and thus all have the same mass.
This phenomenon is called monodispersity in contrast to the polydispersityencountered in synthetic polymers. As a result,
biopolymers have a polydispersity index of 1.

Polypeptides
The convention for a polypeptide is to list its constituent amino acid residues as they occur from the amino terminus to the
carboxylic acid terminus. The amino acid residues are always joined by peptide bonds. Protein, though used colloquially to
refer to any polypeptide, refers to larger or fully functional forms and can consist of several polypeptide chains as well as
single chains. Proteins can also be modified to include non-peptide components, such as saccharide chains and lipids.

Nucleic acids
The convention for a nucleic acid sequence is to list the nucleotides as they occur from the 5' end to the 3' end of
the polymer chain, where 5' and 3' refer to the numbering of carbons around the ribose ring which participate in forming the
phosphate diester linkages of the chain. Such a sequence is called the primary structure of the biopolymer.



Sugars
Sugar-based biopolymers are often difficult with regards to convention. Sugar polymers can be linear or branched and are
typically joined with glycosidic bonds. The exact placement of the linkage can vary, and the orientation of the linking
functional groups is also important, resulting in α- and β-glycosidic bonds with numbering definitive of the linking carbons'
location in the ring. In addition, many saccharide units can undergo various chemical modification, such as amination, and
can even form parts of other molecules, such as glycoproteins.

Biopolymers as materials

Some biopolymers- such as (PLA), naturally occurring zein, and poly-3-hydroxybutyrate can be used as plastics, replacing
the need for polystyrene or polyethylene based plastics.

Some plastics are now referred to as being 'degradable', 'oxy-degradable' or 'UV-degradable'. This means that they break
down when exposed to light or air, but these plastics are still primarily (as much as 98 per cent) oil-based and are not
currently certified as 'biodegradable' under the European Union directive on Packaging and Packaging Waste (94/62/EC).
Biopolymers will break down, and some are suitable for domestic composting.

Biopolymers (also called renewable polymers) are produced from biomass for use in the packaging industry. Biomass
comes from crops such as sugar beet, potatoes or wheat: when used to produce biopolymers, these are classified as non
food crops. These can be converted in the following pathways:

Sugar beet > Glyconic acid > Polyglyconic acid

Starch > (fermentation) > Lactic acid > Polylactic acid (PLA)

Biomass > (fermentation) > Bioethanol > Ethene > Polyethylene

Many types of packaging can be made from biopolymers: food trays, blown starch pellets for shipping fragile goods, thin
films for wrapping.

Environmental impacts
Biopolymers can be sustainable, carbon neutral and are always renewable, because they are made from plant materials
which can be grown indefinitely. These plant materials come from agricultural non food crops. Therefore, the use of
biopolymers would create a sustainable industry. In contrast, the feedstock’s for polymers derived from petrochemicals will
eventually deplete. In addition, biopolymers have the potential to cut carbon emissions and reduce CO2 quantities in the
atmosphere: this is because the CO2 released when they degrade can be reabsorbed by crops grown to replace them: this
makes them close to carbon neutral.

Biopolymers are biodegradable, and some are also compostable. Some biopolymers are biodegradable: they are broken
down into CO2 and water by microorganisms. Some of these biodegradable biopolymers are compostable: they can be put
into an industrial composting process and will break down by 90% within six months. Biopolymers that do this can be
marked with a 'compostable' symbol, under European Standard EN 13432 (2000). Packaging marked with this symbol can
be put into industrial composting processes and will break down within six months or less. An example of a compostable
polymer is PLA film under 20μm thick: films which are thicker than that do not qualify as compostable, even though they
are biodegradable. In Europe there is a home composting standard and associated logo that enables consumers to identify
and dispose of packaging in their compost heap.


