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Abstract- It is a big challenge for material researchers to synthesis nanoparticles and nanocomposites with desire 

configurations in view of subtending all physical properties. Peoples from different fields show keen interest in making 

nanocomposites because of huge applications in all branches of science and technology.  It was observed that nanocomposites 

are very useful for fabricating energy storage devices because of low ac conductivity, dielectric constant and high tangent loss. 

The novel nanocomposites can be used as biomaterials, self-cleansing materials and shape memory or smart materials.  
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I. INTRODUCTION 

Synthesis of the nanoparticles and nanocomposites has been 

the subject of squinty in last few decades.  The mechanical 

behavior of a material microstructure is the ultimate dream 

for material scientists. There is a paradox in materials 

science that the problem to be can be stated in so simple 

language but it is same degree of difficult to solve. 

Nanocomposites are mixing of different percentages of 

ceramics in which at least one of the phases must be in nano 

scale [1].  Nanocomposites materials are best available 

alternatives to overcome limitations of monolithic and 

micro-composites, even though there are lots of synthesis 

provocations associated with the reign of arrangement, type, 

and ratio of atoms in molecules of chemical substances and 

stoichiometry in the nanocluster phase. Nanocomposites are 

going to be the right alternative materials of 21
st
 century on 

account of having special design and enhance combined 

properties that are not equipped in other traditional 

composites. Till today we are far away from a general 

complete understanding of the mechanical behavior of 

nanocomposites [2-3]. It has been observed that below 

certain critical size of a particle, the changes in particle 

properties are taking place [4]. Additionally, when the 

particles dimension reduce to nm scale, then the interaction 

of the nanoparticles dominant at phase interfaces, which 

may be the reason for enhancement of different properties in 

materials. In these circumstances, the ratio of surface to 

volume of nanoparticles during preparation of 

nanocomposites is played a crucial role. So it is important to 

explore the structure-property relation of nanocomposites. 

Again a new flavour is added in this subject after the 

discovery of carbon nanotube (CNTs) in 1991
 
[5].  The 

CNTs has been studied extensively due to the some exciting 

results in electrical, mechanical and thermal properties [6-8]. 

The entry of CNTs into the composites and textiles [9] make 

the further expansion of the subject and its applications. At 

present environmental friendly nanocomposites [10] are 

syntheses, which propose advanced technology and business 

options for all sectors of industries. 

 

 

On the basis of the structure of micro-composites, nano-

composite materials are divided into three distinct groups. 

(i) Ceramic Matrix Nanocomposites (CMNC) (ii) Metal 

Matrix Nanocomposites (MMNC) (iii) Polymer Matrix 

Nanocomposites (PMNC). In last decade, it has been 

observed that the conducting polymer-based composites are 

extensively studied due to some new novel properties over 

conventional composites [11], but it is a challenge for 

polymer scientists to control the behaviours of conducting 

polymers and optimized their different physical properties 

like electrical, thermal, optical and colloidal stability.  

People believed that even some lacuna are present in the 

handling conducting polymer, still hoping a great success 

will come to make commercial availability and give a big  

uplift to the materials science in forthcoming decade. The 

new progress in the different preparation techniques of 

biodegradable polymer-based nanocomposites have demand 

a wide branch of research. The current improvements in 

physical properties, structure, applications including 

crystallization behaviour of biodegradable polymer-based 

nanocomposites have been discussed [12-13]. Another 

interesting topic of research is the toughness and interfacial 

bonding between CNTs and polymer matrices [14]. A stress 

is generated due to intermixing of CNTs and polymer and 

transfer the stress from polymer matrix to CNTs which help 
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for the production of macro scale CNT –polymer for huge 

applications in polymer industries.  Just before the detail 

explanation of three different nanocomposites and their 

synthesis procedure, structure, physical properties and 

applications, let take few lines to describe the potential 

applications in different branches of science and technology. 

Normally ceramics have good wear resistance, high thermal 

and chemical stability but extremely brittle in nature. Due to 

very low toughness of ceramics, it has become a tripping to 

the wide applications in industry. To avoid the above 

limitation, people pay more attention towards ceramic-

matrix nanocomposites having improved mechanical 

properties. The fracture toughness of the ceramic can be 

increased by adding suitable energy-dissipating materials 

such as fibres, platelets etc. [15-17]. Addition of energy-

dissipating components produces more cracks inside the 

ceramic matrix and forced to change the phase transition in 

connection with volume expansion cause by the stress field, 

which may be the reason for enhancement of physical 

properties in nanocomposites [18].  

 

A famous researcher Niihara [19-20] reported that 

Al2O3/SiC system is a ceramic matrix nanocomposite 

(CMNC). This result shows that Al2O3 ceramic matrix 

becomes comparatively harder after addition of very low 

around 10% volume fraction of SiC particles. Some other 

results suggest that the properties enhancement of the 

CMNC may be due to the role of crack-bridging mechanism 

[21].  Another way of trying to increase material properties 

is that addition of nanofibres into ceramic matrices. This 

method has a lot of difficulties with controlling the size, 

structure, properties and applications compared to previous 

case of SiC nanoparticles [22]. A special group of materials 

called as metal matrix nanocomposites (MMNC) refer to 

implantation of some nanosized metal in the ceramic matrix. 

Normally MMNC consists of both metal and ceramic 

characters so that metal nanocomposites are very hard 

having high degree of shear strength and thermal stability. 

Due to these properties MMNC members are the right 

choice for application in different branches of sciences and 

technology, such as aerospace, automotive industries and 

development of structural materials
 
[23]. Polymer Matrix 

Nanocomposites (PMNC) may be the third category of the 

nanocomposites formed by introduction of polymer into the 

ceramic matrices. There are some challenges in controlling 

the structure and properties over other nanocomposites [24]. 

A new challenging research area comes up due to 

introduction of CNTs nanocomposites into the matrix of 

polymers like CMNC, MMNC and PMNC nanocomposites 

but after more than decade of rigorous research [25], CNTs 

did not comes up as a potential nanoscopic reinforcements 

[26-30] in polymer matrices. Thus mixture of CNTs with 

polymer nanocomposites still remains as one of exciting 

research topic for time to come.  

 

In this paper, we discuss the different types of 

nanocomposites and their applications. In addition of the 

review the applications of nanocomposites, the synthesis of 

nickel based polymer nanocomposites have been discussed. 

The synthesis of nanostructure materials in chemical process 

normally offer some advantages over the physical methods 

in connection to simplicity, low cost, energy saving, short 

time of production and product homogeneity. Taking the 

above points in account, nickel-polyurethane 

nanocomposites were synthesized by chemical route. As 

nanocomposites have variety of applications in different 

branches of science and technology, we decide to prepare 

the nickel-polyurethane nanocomposites because of nickel 

based nanocomposites are extremely useful candidates 

related to electrical applications. As a whole, there are 

plenty of opportunities and rewards left in the field of 

nanocomposites, which attract many researchers from 

worldwide toward these materials. 

 

II. MECHANISM  

 

There are many different methods to preparation polymer 

nanoparticles and nanocomposites. The novel polyurethane 

polymer nano-composites were fabricated keeping NCO/OH 

ratio constant at 1/2 with 5 weight percent of Ni 

nanoparticles by sol-gel method. First, the polyurethanes 

polymer is synthesized from the ethylene glycol and 

Isophorene diisocyanate (as monomers). The formation of 

polyurethane was ascertained by the FTIR spectrum. To 

prepare 5 weight % of nickel, 3g of polyurethane was 

weighed and dissolved in a solvent methyl ethyl ketone 

(MEK) to make a solution and 0.15g of highly pure nano-

size nickel powder was added. Then the light yellow colour 

solution was formed and heated under vigorous stirring 

through a mechanical stirrer at 510 rpm in 60°C temperature 

for 30 minutes for homogeneous mixing. The solution was 

slowly evaporated until a gel was formed. Then the product 

was poured into Teflon Petridis and then dried at room 

temperature for 24 hour. Before making pellets, again 

Petridis was kept in the oven at 70°C for 3 hours for 

avoiding air bubble. The require dimension of the sample 

pellets were prepared and put in a sample holder.  
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Fi.g1 Preparation technique of Nickel based polyurethane  

 
Fig.2 Nickel doped polyurethane 10 wt% samples 

 

III. CONCLUSION 

 

In conclusion, we discuss the different types of 

nanocomposites and their applications along with the detail 

synthesis technique of nickel-polyurethane nanocomposites. 

As nanocomposites have variety of applications in different 

branches of science and technology because of improved 

physical properties of composites. There are number of new 

technologies in which the performance of the composites 

can be improved compared to conventional available 

components.  So, in this context nanocomposites are 

extremely good materials to meet the huge demands that 

coming from scientific and technologic advances. The 

preparation, application and challenges for different types of 

nanocomposites like CMNC, MMNC and PMNC have been 

discussed.  It is clearly remark that the improved 

performance of the above nanocomposites is far better than 

monolithic and micro-composite counterparts and become 

first choice for material scientists over many existing 

materials and devices. Due to excellent improved physical 

properties of nanocomposites may require a new branch of 

science to study in future. In connection to the their special 

feature of nanocomposites such as high mechanical 

properties exist even at very low loading reinforcements, gas 

barrier and flame related properties make these materials 

separate from other and extremely useful in device 

fabrication and energy storage.  At last, the existing all three 

types of nanocomposites provide wide opportunities and 

rewards to attract researchers from worldwide toward these 

new materials.  
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