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Preface

Nano technology has created a revolutionary scenario in India.

Many clamor to know about it, as it is yet to reach the common man and the public. The government’s efforts to enlighten the young and budding entrepreneurs to take up manufacturing efforts are the order of the day. Only MNCs and Research Institutes with sound financial background and sophisticated R&D set up, take a plunge in it. Others hesitate as the common man in the streets will not respond to it and the investment will lead to loss commercially. Topics covered in this book are:

-Nano Composites and Manufacturing Processes, 

-Quantity and raw materials used for producing nano composites materials, 

-Nano Technology in Satellites, R&D undertaken in Nanotechnology for Satellites, 

-Indian Health Care and Nanotechnology

-Purpose, System and Materials used for production of nano composites

-Companies, Institutes and Scientists involved in Nano Composites

-Scientists and Institutes participated in Bangalore India Nano 2016

-Exhibitors in India Nano 2016

-Trade Fairs attended by Nano Composite Scientists and Subjects covered

-Nanotechnology for Agriculture

-Current Research Projects in India
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​​Nano Composites and Manufacturing Processes
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Indian experts use fiberglass and reinforced plastics for multifarious applications.  Still research is done by them to achieve innovation in Nano composites with attractive properties for defense needs.

Knowledge on Nano Technology was made aware in India only 2001. 

We are far behind countries like Japan, USA, Europe, and Taiwan in the field of research based on Nano Composite to enhance the material properties.

The Indian scientists have shown interest to manage the Nano structures by  new synthetic methods. They have realized that properties of Nano composite materials are based not only on the properties of their individual parent materials but also on their morphology and interfacial nature.  Utilizing suitable fabrication processes and controlled Nano-sized second phased dispersion, they were capable of improving the toughness, flexural strength, thermal stability and obviously possess betterment in Nano-dispersion. 

At low cost they could produce Nano composite materials to be used for medical field, automobile parts, electronic goods and defense. They have Nano fillers dispersed in the matrix. 

The Nano- composite materials ranges as follows:

1)3 dimensional metal matrix

2) Dimensional lamellar composites

4) Nano wires of single dimension.

5) Zero dimensional core-shell.

Indian experts use fiberglass and reinforced plastics for multifarious applications.  Still research is done by them to achieve innovation in Nano composites with attractive properties for defense needs.

The structure of Nano composites has matrix filler combination, where the fitters surround and binds together to form discrete units in the matrix.

The Indian industrialists and entrepreneurs engage fiber glass and reinforced plastics as composite materials for their production processes.

The Nano materials have totally different physical, chemical and biological properties compared to the properties of individual atoms and molecules. The Nano particles have the special feature to alter their magnetic nature, melting temperature, color etc without altering the material’s chemical composition. They are made fit for usage in polymeric materials since they have very high surface to volume and aspect ratios. This structure improves the super conducting and material properties in many useful applications for innovations. The properties of Nano composites will be such that they are extremely tougher than the bulk component. Indian research scientists are involved in Nano composite organic and inorganic materials.

The inorganic components like Zeolites, and  3 dimensional inorganic components clays, metal oxides Metal phosphates are 2 dimensional layered materials. Mo3Se3 and clusters form the one dimensional and zero dimensional Nano composite materials. They find a place in Nano wires, battery cathodes, light weight components sensors and non-linear optics.  These inorganic layered materials have a good defined and ordered intramellar space, which can be accessed by foreign species.  This phenomenon supports to act as matrices for polymers to produce hybrid Nano-composites.

In lamellar Nano composites, interface interactions between two phases are high. With polymer host interactions we can achieve Nano composites with various properties for individual growth and defense equipments.

Lamellar Nano composites have 2 versions as follows:

1. Intercalated. 

2. Exfoliated.

In intercalated Nano composites we have polymer chains alternately present with inorganic layers in a fixed compositional  ratio. They will acquire a well defined number of polymer layers in the intramellar space. But in the case of exfoliated Nano composites, the number of polymer chains between the layers is continuously variable. It is found that layers are > 100 A apart.

The intercalated Nano composites find place in electronic and charge transport properties.

Very high and better mechanical properties like dielectric constants, which are flexible and easy to process are seen in exfoliated Nano composites.

Still the scientists are doing research to locate a Nano composite material to have all these properties. 
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​​Quantity and Raw Materials Used for Producing Nano Composites Materials
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Polymer materials are easy to process and possess low dielectric constant compared to ceramic materials used in many Indian industries, which are brittle and processed at high temperature 

Indian industrialists are engaging materials with high dielectric constants with flexibility and easy to process.

The composite materials, which have micron scale ferroelectric ceramic particles as the filler in liquid crystal polymer or thermoplastic polymer matrices do not have the required processing phenomenon. Hence they are not capable enough to form into thin uniform films. So the importance of  Nano composites materials with many materials mixed at nanometre scale is highlighted for various applications in industrial developmental activities.

Indian market has many commercial Nano particles that can be formed into polymer matrix to produce polymer Nano composites.

The scientists will choose the right particles to achieve the required penetration of the polymer or its precursor into the interlayer spacing of the reinforcement. This will produce exfoliated or intercalated product as needed. 

The specialty of polymer nano composites is that it comprises of polymeric material like thermo sets and thermoplastics elestomers along with reinforcement of nano particles 

The Nano experts say that polymer will be incorporated as polymeric species or via the monomer, which is polymerized to produce corresponding polymer clay nano composites. 

The Nano particles, which are preferred by experts, are: 

1. Carbon Nano fibbers 

2. Nano Silica

3. Polyhedral Oligomeric Silsesquioxane

4. Carbon Nano tubes

5. Nano Aluminium Oxide

6. Nano Titanium Oxide

7. Montmorillomite Organo Clays

Following Thermosets and Thermoplastics are utilized as matrices for producing Nano composites

1) Epoxy resins

2) Polyimides

3) Polystyrene

4) Polyethylene Terephthalate

5) Poly Urethanes

6) Polyo lefin

7) Nylons

During the process of manufacturing Nano composite materials we face 2 types of obstacles after the selection of the desired nano particles for the requirement. They are: 

-The interfacial interaction and or compatibility with the polymer matrix are needed for the selection of nano particles. 

-A good uniform dispersion and distribution of nano particles or nano particle aggregates within polymer matrix is a must for the processing method followed.






The mechanical properties are fully dependent upon the quantity of nano particles later added to polymer matrix, which will play an important role for acquirement of the mechanical properties by the nano composites.






The scientists in the production unit add these in small quantities to get better properties. This process will fetch reduction in weight as desired by the defense men and aircraft crew. It also adds more strength, sturdiness and barrier capabilities. To get the same performance micro dimensional particles will need higher loading levels than this.

The researchers in this field have expressed that Nano clay modification of polymers like Polyamides may lower the impact performance. This is considered as a disadvantage while utilizing the Nano particles.

The scientists are happy to get the following advantages through Nano particles: 

1. Gas barrier

2. Thermal expansion

3. Dimensional stability 

4. Synergistic flame retardant additive

5. Tensile strength toughest and stiffness

6. Chemical resistance

7. Reinforcement

8. Ablation resistance

9. Thermal conductivity

The disadvantages regarding the nano particles, which worry the scientists, are

1. Sedimentation 

2. Dispersion setbacks

3. Black colour when various carbon containing Nano particles are utilized 

4. Optical issues

5. Increase in viscosity
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​​Manufacturing Processes
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It is important to know that the polymer nano composites use fillers having dimensions on a nano meter scale reinforced into the polymer matrix. These materials add Nano filler with a polymers to give a composite, which are equal or with better physical and mechanical properties. Compared to their conventionally filled counter parts it will have lower loadings of fillers.

Since we have the increased surface area with Nano fillers, the polymer Nano composites fetch the potential for better mechanical properties along with thermal strength barrier and flame retardant capabilities than their conventionally filled materials.

The system and process followed at present for getting nano composites is taking individual steps for polymerizing each of the various monomers and then followed by pelletization of each of the various polymers thus formed separately.

Then these individual pellets will be mixed with a Nano filler material in an extruder to form the nano composites material. 

This process is considered as a costly affair even though it is regarded by experts as an efficient way to form nano composites.

Types of nanomixed and layered materials are as follows: 

-3dimensional metal matrix composites

-2dimensional lamellar composites

-One dimensional nano wires

-Zero dimensional shells

These types of construction combinations produce excellent properties of each of the individual components. 

They contribute totally new properties to be used for defense medical and environment. Another process to produce nano composites is by multilayered silicate material into a thermoplastic polymer at a temperature higher than the melting or softening point
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