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1.INTRODUCTION
Since the last century, nanotechnology is one of the most exciting fields for researchers, as a number of

advances have been made in this field.[1]

Nanotechnology is a technology for studying and manipulating matter with dimensions ranging from (1 to
100) nm, as this technology allows new applications . The thickness of the sheet is about 100,000 nanometers.
Nanotechnology, which includes engineering, science, and technology, includes measurement, imaging, modeling and
manipulation of matter at this length scale.[2]

Polymeric nanocomposites have received a lot of attention in recent years. it a type of the hybrid material
which component of inorganic filler and polymer matrix at least one dimension in the nanometer size domain (100
nm) [3] [4] [5]. Since there are a large number of crosslinking sites at the nanoparticle-matrix interface, nanoparticles
embedded in a soft matrix can improve the electrical and mechanical properties . Improvements in material properties
are obtained if the filler material has good dispersion in matrix [6]. Because of small size and high ratio of surface to
volume, the nanoparticles have properties chemical and physical that distinguish them from bulk materials. They are
gaining popularity due to their potential applications in a variety of fields such as electrics, optics , ceramics,
magnetism and catalysis. [7].

The well best dispersion of nanoparticles within matrix is the main condition for achieving desired
performance of nanocomposite. This is a difficult problem because nanoparticles have a strong tendency to
agglomerate, which can be explained by the particle’s small diameter (high surface energy) [8].

2. The Composites

The Composites materials are naturally or engineered materials that consists of a mixture of two or more different
materials each with its own distinctive properties (chemical or physical properties), to create a new material in a
specific final structure with higher properties than the original materials [9,10]. They are often designed to provide a
wide range of features , some of these characterizations are as follow : strength, stiffness ,small coefficient of
expansion, ease of producing ,resistance to fatigue and complex shapes.

3.Nanocomposites

Nanocomposites are composites materials that have multiple phases including continuous phase(matrix) and
discontinuous phase(reinforced) with nanoscale morphology, the reinforce phase divided into nanoparticles have
nanoscale in three dimension ,nanoplatelets have one dimension nanoscale and nanotubes have two dimension.
Nanocomposites have emerged as beneficial alternatives to overcome the limitations of various engineering materials
today [11]. Many new materials with novel characterization (such as insulating behavior, electrical conductivity,
greater strength ,elasticity, greater reactivity-features , and different color)can be generated using synthetic
approaches at the nanoscale ,and the properties of these new materials do not only depend on the original material
,but also on interfacial and morphological properties [12,13].
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Figure 1. show the filler dispersed within the matrix in the nanocomposites. [14]

4. Classification of nanocomposites

The nanocomposite are classified according to the presence or absence of the polymer in composite. As shown
in figure.2, the nanocomposites are classified into polymeric hanocomposites and non-polymeric hanocomposites (also
known as inorganic nanocomposites)[15].
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Figure 2. show Classification of nanocomposites.[15]

5.Preparation of nanocomposites
Nanocomposites have been prepared mainly by three methods:
5.1 In situ polymerization

These method is usually used for polymers that cannot be produced safely or economically using the solution
methods due to the use of highly toxic solvents. These method promotes distribution and well dispersion of
nanoparticles in polymer matrix [16, 17]. Also, some aspects of these method must be highlighted including the
process cost, which may require some modifications to create the standard polymer. It is also necessary to be careful
when choosing the right catalyst.
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Figure 3. show diagram of in situ polymerization[18]
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5.2 Solution method
When the solvent(such as acetone ,chloroform, water or alcohol) used is less toxic, this is an excellent method .

Because of a good interaction between solvent and polymer, different amounts of nanoparticles can be dispersed
using this method. This is the most straightforward method for producing high-quality nanocomposites. Because the
solvent must be completely eliminated afterward, some caution must be exercised in its manipulation [19, 20, 21, 22].
The required apparatus is extremely simple shown in fig.4
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Figure.4 show the solution method of prepare nanocomposite[18]

5.3 The Melt extrusion
These method has a significant advantage over others methods because it does not require the solvent.

However, the amount of nanoparticles to be dispersed is critical, because the nanoparticles agglomeration in this
method more easily than other methods . The device is the same as that used to process polymer without the
addition of nanoparticle. As a result, the researchers must pay attention to the temperatures used that the polymer
does not degrade during extrusion, also the time required to properly disperse the nanoparticles . The degradation
temperature and the melting temperature for the natural polymers and few biopolymers are very close [23, 24, 25].
Figure 6 depicts a typical extruder.
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Figure 5.show typical extruder. [18]

6.Properties of nanocomposite
6.1Mechanical properties
Chan, et al. [26] preparation nanocomposite from polypropylene (PP) and calcium carbonate(CaCos), the

results show that addition nano-CaCos lead to increase the modulus about (85%) and increased impact strength
about (300%) of tensile test . R. Etefagha et.al [27] prepared the nanocomposite formed by addition metal oxide of
zinc oxide (Zn0), titanium oxide(TiO2) ,copper oxide (CuO) to Polyvinyl Alcohol (PVA),where the result show excellent
the mechanical properties of this film. Songee Beak, et.al[28] reported the tensile strength for the film from
incorporated ZnO nanoparticle into Olive flounder bone gelatin increased about 6.62MPa. Sezgin Ersoy etal.,
[29],reported that the mechanical properties such as (tensile strength ,elastic modulus, yield strength ,elongation,
hardness, and izod impact strength) decrease with disperse zinc oxide, calcium carbonate and magnesium hydroxide
nanoparticles into HDPE matrix, due to the agglomeration of nanoparticle. Avalos-Belmonte's et.al.[30], prepared the
Nanocomposite film from CNT and PP ,and show that the mechanical properties enhanced with addition of CNT .

Figure 6 show the effect of nano-CB, micro CB on the tensile strength of LDPE ,The tensile strength was increase
at (2,4)wt.% of both nano, micro-CB while decrease at 8% CB, Conclude from figure the tensile strength improve
with addition nano-CB more than micro-CB[31].Figure7 show increase the elastic modulus with increase carbon black
nanoparticle, while the elastic modulus keep stable with increase micro-CB. The mechanical properties were
enhancement with addition nanoparticles[31]. Table 1 show effect silica nanoparticle at (0,0.5,1,1.5)wt.% on tensile
strength and elongation of the film that formed of 1PVA/1gelatin and 2pva/lgelatin , the result showed increase in TS
and EAB% with increase nano-silica content.[32]
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Figure 6 show the tensile strength of CB/LDPE [31]
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Figure 7 show modulus of elasticity of CB/LDPE[31]

TABLE 1:effect SiO2 on tensile strength and elongation of PVA/gelatin film[32]

Films Nano-SiO, (%) TS (MPa) EAB(%)

P1:G1 0 10.6+ 0.36' 83.6
0.5 12.25+ 0.47° 89.2
1 17.58+ 0.15° 116.6
1.5 158+ 0.62¢ 145.8

P2:G1 0 13.2+ 0.09° 147.8
0.5 15.33+ 0.17¢ 158.8
1 18.05+ 0.23” 166.2
1.5 16.1+ 0.08* 183.5

6.2 Antibacterial properties

Radwan, T. and et.al,[33] reported that the antimicrobial test appeared effectively inhibit of the
nanocomposites against E. coli and S. aureus, when addition ZnO nanoparticle and chitosan to Polylactic acid. Wu
Haixia, et.al [34] reported prepare the nanocomposite film by solution blending method, these film formed from
poly(vinyl alcohol)/sodium alginate/nano-TiO2 .The antibacterial of the film increase with increase TiO2 nanoparticle
content. Elbarbary, A. M [35], reported effect Ag nanopartiical on antibacterial properties of the membrance from
PVA/CS, Ag nanoparticle lead to improve the antibacterial of the nanocomposite film that formed from (PVA/CS/Ag).
Table 2 show that the antibacterial of PVDF/MgO Nanocomposite film, the result show addition MgO nanoparticle at(
3,5,7)% lead to improve antibacterial inhibition against S. aureus and E. coli [36].

Table 2:Zoon Inhibition Diameter Of PVDF/MgO Nanocomposite.[36]

Zone inhibition diameter (mm)
5. aureus E.coli
(Gram positive) (Gram negative)
Pure PVDF 1] 0
PVDF+3%n-Mg0 18 14
PVDF+5%n-Mg0 20 18
PVDF+7%n-Mg0 27 22
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6.Application of Nanocomposites

Different applications of polymer nanocomposites are shown in Figure 7 . Many number of polymer
nanocomposites have been used in barrier applications, such as propylene, rubber , and styrene butadiene rubber
[37, 38]. it is also used in surgical gloves and chemical protective because it has good solvent barrier properties to
avoid contamination from medicines.
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Figure 7. application of polymer nanocomposite

6.1 Food Packaging

The polymer-nanocomposites are also utilized in the food packaging, with specific examples including meat, dairy
products, and processed cheese, as well as medical containers for transporting blood collection tubes, drinking water
bottles, and baby pacifiers. The nanocomposites from clay and polymer are used in plastic bottles to improve
mechanical ,barrier properties, and product life [39]. Nanocomposites are also used in the production of beer bottles
to address issues such as instability of beer colloids , biological and non-biological aspects, taste changes caused by
exposure to light ,and oxygen permeation.

Double Core ,( drdinary Tennis Ball
/
Air
i
= = ~
awvas curf Fo N
=

Figure 8. shows that the coating of polymer -clay covers the Wilson tennis ball

6.2 The Coatings

Coating is one of the most important surface modification properties . As a result, researchers are experimenting
with a variety of methods and strategies in order to advance the properties of surface for various products. Nano-clay
incorporated thermoset polymer nano-coatings exhibit properties corrosion resistance ,excellent chemical resistance,
super hydrophobicity, and improved barrier properties [40]. The coating thickness is determined by process
parameters : temperature, dipping time, surfactant type, and so on. The thermosetting polymer coatings with nano-
clay and silver nanoparticles improvement the antibacterial properties and are used in medical sector.
6.3 The Bio nanocomposites

Bi-nanocomposites are natural nanocomposite, which are designed to meet the surrounding environmental
conditions and the needs of life. The Natural materials differ in composition and structure, but the design of bio-
nanocomposites necessitates considering biological molecules as synthetic building blocks, which is far removed from
the context of their own natural function. They are made of inorganic solids and biopolymers with dimensions from
(1-100) nm. They have a wide range of applications because of its multidimensional characterization such as (
antimicrobial activity , biocompatibility, and biodegradability).

Significant reduction in the use of fossil fuels as a result of the increasing demand for biopolymers due to their

being lightweight and environmentally friendly, traditional non-biodegradable petroleum-based plastics have been
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easily replaced by bio-nanocomposites as they are a sustainable and long- lasting material for use in high-
performance applications. they are useful for biomedical ,cosmetic and biotechnology applications Because they are
biocompatible. Bio nanocomposite will be crucial sustainable materials in the future [41].

7.CONCLUSION

These article review preparation of nanocmposites ,properties and its application . The methods of prepare
Nanocomposite are in-situ polymerization ,the melt extrusion and the solution method. Nanocomposite have excellent
mechanical and antibacterial properties and they have applications such as food packaging, coating and bio-
nanocomposite.
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