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Abstract
In this presentation, we have revealed the advances in polymer technology. We have collected information about polymer products which have been synthesized recently. Due to recent developments, Polymers found applications in various fields in large scale.

Polymer Technology works with characterization and evaluation of polymeric materials properties, such as mechanical properties and life length prediction. A major part of our work is the base for certification of products for use in different areas, from packages to buildings. A great deal of our work involves simulation of natural ageing by accelerated ageing in order to predict the technical life-length of products. 

In this paper presentation we have brought out some of the synthetic polymers  which are revolutionizing the world today. It also contains informations about the constitution the polymers and various other polymers that are used to bring about these complex and advanced synthetic polymers.
One of the important developments due to advancements in Polymer technologies are the production of Nano polymers. These are new innovative technologies which can transform the future. Particles having sizes less than 100nm are generally called Nanoparticles. Nanopolymers in simple words are nanostructure polymers.

Introduction:

Polymer:
A polymer is a large molecule (macromolecule) composed of repeating structural units typically connected by covalent chemical bonds. While polymer in popular usage suggests plastic, the term actually refers to a large class of natural and synthetic materials with a variety of properties and purposes.
Well-known examples of polymers include plastics and proteins. A simple example is polypropylene, whose repeating unit structure is shown at the right. However, polymers are not just limited to having predominantly carbon backbones, elements such as silicon form familiar materials such as silicones, examples being silly putty and waterproof plumbing sealant. The backbone of DNA is in fact based on a phosphodiester bond.

Natural polymer materials such as shellac and amber have been in use for centuries. Biopolymers such as proteins and nucleic acids play crucial roles in biological processes. A variety of other natural polymers exist, such as cellulose, which is the main constituent of wood and paper.

The list of synthetic polymers includes Bakelite, neoprene, nylon, PVC, polystyrene, polyacrylonitrile, PVB, silicone, and many more.

Polymer Technology:
Polymer Technology works with characterisation and evaluation of polymeric materials properties, such as [image: image46.jpg]


mechanical properties and life length predicition. A major part of our work is the base for certification of products for use in different areas, from
 packages to buildings.
Polymer Technology deals with plastics and rubbers in may different aspects. We evaluate the mechanical properties of polymeric materials and products durability in their environment of use. 

A great deal of our work involves simulation of  natural ageing by accelerated ageing in order to predict the technical life-length of products. 

Packages have a short life-cycle and should disappear directly after use. Our biological laboratory  can evaluate the degrability of these materials  in different environments. In this field we have developed a new certification system, the Kappa-marking. 

We also perform test and audits on certified building products such as sheets for buildings, roofing materials and wind protection layers.

Other products that we work with is flooring, vechicle parts,sports equipment, hooses, cables etc. In these fields we are often working with branch or company specific standards. 

Polymer science:
Polymer science or macromolecular science is the subfield of materials science concerned with polymers, primarily synthetic polymers such as plastics. The field of polymer science includes researchers in multiple disciplines including chemistry, physics, and engineering.
This science comprises three main sub-disciplines:

· Polymer chemistry or macromolecular chemistry, concerned with the chemical synthesis and chemical properties of polymers. 

· Polymer physics, concerned with the bulk properties of polymer materials and engineering applications. 

· Polymer characterization is concerned with the analysis of chemical structure and morphology and the determination of physical properties in relation to compositional and structural parameters.
Polymer Engineering:
Polymer engineering is generally an engineering field that designs, analyses, and/or modifies polymer materials. Polymer engineering covers aspects of petrochemical industry, polymerization, structure and characterization of polymers, properties of polymers, compounding and processing of polymers and description of major polymers, structure property relations and applications.

Advances in Polymer Technology:


Polymer Technologies is the most dynamic and fastest growing manufacturing company in the acoustical and thermal composites industry. This rapid growth in the field of polymer technology has led to the development of many new synthetic polymer compounds which have made tremendous influence in various fields. This has brought into existence many substances which are comparatively low in cost but have unbelievable and unmatchable performance and durability.


In this paper presentation we have brought out some of the synthetic polymers (along with their market names) which are revolutionizing the world today. It also contains information about the constitution the polymers and various other polymers that are used to bring about these complex and advanced synthetic polymers.
          Advanced Polymer Products:
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As a leading manufacturer of
premium sports surface 
products that meet and exceed
industry standards, APT is
setting the pace for superior
quality worldwide.
 

. 
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Designed for use with permeable or non-permeable systems, these specially formulated products, used in combination with rubber granules, produce colorful, resilient surfaces for use on outdoor or indoor athletic tracks.  Some of the running track systems that can be installed using APT materials are:
[image: image4.png]


Full pour, in-situ multi-layer systems that include an impermeable, self-leveling polyurethane flood coat and embedded EPDM rubber granules.
[image: image5.png]


Two-layer sandwich system polyurethane track systems. A base layer is created with recycled rubber granules bound in polyurethane and a surface layer of colored EPDM granules is then cast into a polyurethane flood coat. 
[image: image6.png]


Spray coat polyurethane track surfaces, with a base layer of a black mat of SBR rubber granules bound in polyurethane, a surface layer of polyurethane and colored EPDM granule structural spray. 
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COMPONENTS FOR SYNTHETIC TRACKS:


PRIMERS
Liquid urethane primers are used on bituminous, concrete, wood and existing latex or polyurethane surfaces. 



ADHESIVES
Viscous adhesives for indoor/outdoor uses with slow, medium and fast cure times to meet a variety of bonding requirements. 



BINDERS
Liquid polyurethane prepolymers and SBR latex for binding colored rubber granules in the production of resilient synthetic sports surfacing. 



SEALERS
Thixotropic polyurethane based sealers to seal porous rubber surfaces prior to the application of polyurethane coatings. 



COATINGS
Liquid self-leveling polyurethane wear coatings for seamless, monolithic indoor/outdoor elastic surfaces. Structural spray coating for use with rubber granules to create a textured, resilient sports surface. Available in a variety of colors. 



TOP COATS
Liquid polyurethane-based coating for performance needs ranging from optimum wear/abrasion resistance on indoor surfaces to ultraviolet and weathering protection on outdoor surfaces. Available in a variety of colors. 



LINE PAINTS
Liquid polyurethane-based, line paints for indoor/outdoor use on polyurethane sports surfaces. Provides superior anti-aging properties and is UV stable. Can be used on asphalt surfaces. Available in a variety of colors. 



RUBBER GRANULES
EPDM colored rubber granules and SBR black rubber granules used with APT products provide a resilient, high performance surface for added safety and enhanced appearance. Available in a variety of colors. 






  

  

	[image: image8.png]



We carefully balance the 

requirements of durability,  

player comfort, and 

environmental criteria in the 

on-going development of 

world-class products. 
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All turf products are manufactured by Balsam Pacific, APT's Australian subsidiary, in an ISO-9002 certified manufacturing facility. Balsam provides international-standard surfaces for hockey, soccer, baseball, American football and lawn bowls, as well as tennis courts and leisure areas.
 

HOCKEY/ SOCCER
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Poligras is a technologically developed energy return system that includes an e-layer for shock absorption that reduces player injuries. This "wet field" is used at major installations around the world including the Sydney 2000 Olympics.
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Baspograss is a sand-filled synthetic grass for multi-sport use. It has been tested for hockey, tennis and football and is the number one sand-filled product selected in Germany, France, England, New Zealand and Australia. 

  

TENNIS 
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OmniCourt is a premium quality, synthetic turf tennis court surface offering superior characteristics of play for all types of climates. OmniCourt is recognized around the world as an exceptional court surface with outstanding playing characteristics and easy maintenance. OmniCourt is ideally suited for resurfacing old cracked courts and for new court construction. The unique design allows the subsurface to expand and contract without affecting the integrity of the court surface. Because no heavy equipment is required for installation, the court can be installed in hard-to-access locations. 

  

[image: image13.png]OMNICOURT ProPlay



 
With only 20% of the sand content of a traditional sand-filled synthetic grass court, OmniCourt ProPlay provides unrivalled sure footing, excellent and consistent ball bounce, and is the best looking surface on the market. OnmiCourt ProPlay is very UV stable, environmentally friendly and easy to clean and maintain. 

  

LAWN BOWLS, GOLF, PLAYGROUNDS AND LEISURE AREAS 
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One of the most popular synthetic turf products in the world, Supergrasse is an all weather surface used for leisure, golf putting surfaces and driving ranges, pool surrounds and playgrounds. 

 

BOWLING GREENS
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ProMaster is World Bowls Board approved and recognized as the world's best synthetic bowls surface. The non-directional pile and special mineral infill produce a realistic playing surface. This environmentally friendly surface is suitable for all climates and indoor installation.
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'COMPONENTS FOR IN-LINE SKATING SURFACES





PURfect Skate is a premium, multi-layer textured polyurethane surfacing system for multi-sport recreational facilities that can be applied to properly prepared concrete or asphalt substrates.
In-line skating play must have a consistent surface for good traction. The PURfect Skate System provides a durable, long wearing surface that's as smooth as ice with just the right texture for excellent skate traction and puck or ball speed. Available in a variety of special colors, PURfect Skate is ideal for indoor and outdoor use.
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COMPONENTS FOR IN-LINE SKATING SURFACES:


PRIMER
PURfect Primer is a two-component, solvent-free, low viscosity, UV stable polyurethane primer.  It cures using chemical cross-linking to produce a thin mil primer with excellent abrasion characteristics for long term wear protection.  PURfect Primer has good resistance to acids, alkalines, jet fuel, and a number of other chemical compounds. Superior adhesion properties of PURfect Primer make it a suitable primer on many substrates. 



BASE COAT
PURfect Base Coat  is a two-component, 100% solids, low VOC, low/no odor, medium viscosity, polyurethane coating and binder.  It cures using chemical cross-linking to form a hard elastic, abrasion-resistant coating for in line skating facilities. PURfect Basecoat has good chemical resistance and outstanding adhesion properties making it the ideal coating for high performance sports facilities. 



TOP COAT
PURfect Topcoat is a two-component, high solids, low viscosity, polyurethane varnish.  It cures using chemical cross-linking to form a hard elastic, abrasion-resistant  top coat for in line skating facilities.  PURfect Topcoat has good hydrolysis resistance and outstanding UV stability, making it a superior top coat for high performance sports facilities. 
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'COMPONENTS FOR IN-LINE SKATING SURFACES




Modified for in-line skating, the new acrylic-based Skate On Laykold system maintains the same high performance characteristics of the original Laykold product, with enhanced formulations to  meet specific requirements.
The Skate On multi-layer textured acrylic surfacing system can be applied to properly prepared concrete or asphalt substrates. Skate On Laykold acrylic products provide an excellent, economical alternative to the polyurethane system.
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COMPONENTS FOR IN-LINE SKATING SURFACES:


CONCRETE PRIMER
Skate On Laykold Concrete Primer is a two-component, 100% solids, solvent-free, low viscosity epoxy resin primer. It cures using chemical cross-linking to form a rigid, highly abrasion-resistant binder for epoxy mortar applications. 



BASE COAT
Skate On Laykold Basecoat is a 100% acrylic-based emulsion blended with selected fibers and fillers to be used for smoothing rough pavements. Skate On Laykold Basecoat does not contain asbestos, lead or mercury. 



WEAR COAT
Skate On Laykold Wear Coat is a wear-resistant, 100% acrylic emulsion consisting of quality polymers that are blended into a highly concentrated form. Skate On Laykold Wear Coat does not contain any asbestos, lead, or mercury. 



TOP COAT
Skate On Laykold Top Coat is a weather-resistant, 100% acrylic emulsion consisting of brilliant pigments blended into a highly concentrated form of quality polymers to provide a rich and colorful finish. Skate On Laykold Top Coat does not contain any asbestos, lead, or mercury. 
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Using APT's series of amorphous, liquid and crystalline polyester polyol resins, it is possible to design solvent free, 100% solids Hot Melt adhesives  featuring: 
[image: image23.png]


Variable open times from 5 seconds to several minutes. 
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Strong, durable, elastic bonds. 
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Adhesion to a broad range of substrates. 
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Heat, moisture, and solvent resistance. 
[image: image27.png]


Low temperature application for use on temperature-sensitive substrates. 
  

QUALI-LINK SPECIALTY POLYESTERS FOR REACTIVE HOT MELT ADHESIVES: 



SPA 130 and SPA 140 
Solid, amorphous polyesters varying in viscosity. Products formulated with SPA 130 and/or SPA 140 display high initial green strength, excellent adhesion to polar substrates, and fast set times. 



SPL 230 and SPL 250
Liquid polyesters, varying in viscosity, for the manufacture of reactive hot melt adhesives with excellent flexibility and improved adhesion to non-polar substrates. 


SPL 280-110
Low viscosity liquid polyester for the manufacture of reactive hot melt adhesives, which display improved wetting, excellent flexibility and good adhesion to non-polar substrates. 


SPC 320 and SPC 340
Solid polyester for the manufacture of reactive hot melt adhesives. Products formulated with SPC 320 and SPC 340 provide high strength and good flexibility. 



SPC 360
Solid, crystalline polyester for the manufacture of reactive hot melt adhesives. Products formulated with SPC 360 display high strength, excellent flexibility and modulus. 



SPC 380
Solid, highly crystalline polyester for the manufacture of reactive hot melt adhesives. Products formulated with SPC 360 demonstrate very fast setting times and high final strength. 



SPC 381
Solid, highly crystalline polyester for the manufacture of reactive hot melt adhesives. Products formulated with SPC 381 show high strength and very fast setting behavior. 
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APT's line of Polyester Polyols typically is used to formulate high-solids, high-build coatings for flooring applications.  Using APT raw materials produces coatings that feature: 
[image: image30.png]


Non-skid; high chemical resistance, abrasion and impact durability. 
[image: image31.png]


Resistance to thermal shock with excellent crack-bridging and waterproofing capabilities. 
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Odorless and environment-friendly applications based on no V.O.C.s; solvent free; non-flammable components. 
  

QUALI-LINK SPECIALTY POLYOLS: 


APT 105
Branched polyol with ester and ether groups. APT 105 is suitable for the production of two-component, high solids polyurethane coatings, adhesives, and sealants where good acid, alkaline, and water resistance are desired. 



APT 106
Branched polyol with ester and ether groups. APT 106 is suitable for the production of two-component, high solids polyurethane coatings, adhesives, and sealants. APT 106, when used in conjunction with APT 105 and APT 108, acts to elastify and decrease viscosity. Products formulated with APT 106 display good acid, alkaline and water resistance. 


APT 108
Branched polyol with ester and ether groups. APT 108 is suitable for the production of two-component, high solids polyurethane coatings, adhesives, and sealants. These products provide tough wear and tear resistance surfaces, in addition to good acid, alkaline and water resistance. 



APT 201
Polyester resin supplied in n-butyl acetate. APT 201 is suitable for the production of two-component, thin mil polyurethane coatings. Paints formulated with APT 201 provide excellent UV resistance and are highly suitable for outdoor applications. In addition, these films demonstrate excellent flexibility at room temperature and at low temperatures. Thus, products formulated with APT 201 can be used to coat rigid or flexible substrates. 



APT 301
Linear, solvent-free, aliphatic polycarbonate polyester. APT 301 is suitable for the production of two-component, high solids polyurethane coatings, adhesives, and sealants. Products formulated with APT 301 display good UV, acid, alkaline, and water resistance. 
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APT's line of aliphatic and aromatic polyurethane prepolymers can be used to formulate polyurethane liquid moisture-curable adhesives, one component primers and binders, two-component coatings and two-component adhesives and elastomers. Based upon APT Prepolymers formulated finished goods can be designed to offer: 
[image: image35.png]


A wide ranges of viscosities. 
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Flexible but permanent bonds. 
[image: image37.png]


A wide range of open time. 
[image: image38.png]


High thermal stability after curing with resistance to fuel, grease, oil, and numerous plasticizers.   

SPECIALTY POLYISOCYANATE PREPOLYMERS: 


QUALIPUR 3230 
One component, 100% solids, MDI-based polyurethane prepolymer recommended for moisture-curable primers for metal or concrete. It can be diluted up to 60% with a suitable solvent such as an aromatic hydrocarbon. Qualipur 3230 can also be used in a one- or two-component flooring system which would provide excellent abrasion resistance and flexibility. For use in a liquid moisture-cure adhesive, the product can be filled, pigmented, and accelerated per standard practice with moisture-curable urethanes. 



QUALIPUR 3280
One-component, 100% solids, MDI-based polyurethane prepolymer. It is recommended for moisture-curing primers and corrosion resistant coatings, industrial flooring and wood adhesives. It can be diluted up to 60% with a suitable solvent such as an aromatic hydrocarbon. Qualipur 3280 can also be used in a one or two component flooring system which would provide excellent abrasion resistance, hardness, and flexibility. 



QUALIPUR VT/1081
One-component, 100% solids, IPDI-based polyurethane prepolymer. 



QUALIPUR VF 322/5 and VF 465/4
One-component, solvent containing, IPDI-based polyurethane prepolymers. 


Meadowz:
Meadowz are made from advanced Polymer Technology and developed in Japan that breathes life into the aesthetics of every landscape. A Meadowz instant lawn gives you the benefit of lawns, without any hassles.

Irrespective of the surface-concrete, paved or natural, Meadowz is easy to install to fit any shape or contour. Indoors or Outdoors, just roll out on any surface for quick installation.

The Advantages of Meadowz are

	· Easy to lay 

· Zero Maintenance 

· Lasts Long 

· Usage throughout the Year
	· Made with state-of-the-art-technology

· Indoor / Outdoor Usage 

· Resembles Natural Grass


Application Area

	· Amusement Parks 

· Water Parks

· Terrace Gardens

· Drive & Sidewalks
	· Clubs 

· Balconies & Porches

· Sports Complexes
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Abrasion resistant, high strength 
systems for factories, mechanical 
rooms, warehousing areas, 
locker rooms and lavatories. 
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COMPONENTS FOR QUALIFLOOR SYSTEMS




Qualifloor Coating Systems are designed to provide long term protection for concrete and asphalt substrates against moisture intrusion, chemical, and traffic deterioration.
The high performance Qualifloor Systems are designed to meet specific types of traffic patterns:
[image: image41.png]


Pedestrian duty: For walkways, aisles and hand carts.
[image: image42.png]


Standard duty: For mechanical rooms, hospital rooms, and constant wear areas in light manufacturing plants, etc.
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Heavy duty: For warehouse traffic areas and similar facilities where abrasion resistance is a factor.
[image: image44.png]


Extra heavy duty: For chemical facilities and areas that are subject to heavy equipment traffic. The floor can be further enhanced by applying a high performance base coating with excellent crack-bridging and waterproofing capabilities.
 

 

 


 

NANO POLYMERS

Another important development due to advancements in Polymer technologies are the production of Nano polymers. These are new innovative technologies which can transform the future. Now let us see in detail about them.
Particles having sizes less than 100nm are generally called Nanoparticles. These have strikingly different properties due to their small sizes and thus are found useful in many applications. The ability to measure and manipulate matter on the nanometer level is making possible a new generation of materials with enhanced mechanical, optical, transport and magnetic properties. They are generally crystalline in nature and thus they are called nanocrystals. They are made from microparticles by certain techniques.
Nanopolymers in simple words are nanostructured polymers. The nanostructure determines important modifications in the intrinsic properties. Multi scale nano structuring and the resulting materials properties across the hierarchy of length scales from atomic, to mesoscopic, to macroscopic is an absolute necessity. The term polymer covers a large, diverse group of molecules, including substances from proteins to high-strength kevlar fibres. A key feature that distinguishes polymers from other large molecules is the repetition of units of atoms in their chains. This occurs during polymerization, in which many monomers, polymer chains within a substance are often not of equal length. This is unlike other molecules in which every atom is accounted for, each molecule having a et of molecular mass. Differing chain lengths occur because polymer chains terminate during polymerization after random intervals of chain lengthening (propagation). The attractive forces between polymer chains play a great role in determining polymer properties. Because polymer chains are so long, these interchain forces are amplified far beyond the attractions between conventional molecules. Also, longer chains are more amorphous (randomly oriented). Polymers can be visualized as tangled spaghetti chains – pulling any one spaghetti strand out is a lot harder the more tangled the chains are. These strong forces typically result in high tensile strength and melting points.

Nanopolymers
Polymer nanocomposites (PNC) is a polymer or copolymer having dispersed in its nanoparticles. These may be of different shape (e.g., platelets, fibers, spheroids), but at least one dimension must be in the range of 1 to 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.

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 are-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.

Example of nanopolymer is silicon nanospheres which show quite different characteristics like is size is 40 – 100 nm and it is much harder than silicon and the hardness of this nano-sphere lies between that of sapphire and diamond.

Properties of Nanopolymer Composites
· The flow induced alignment of nanotubes in a polymer matrix can lead to preferential orientation of the tubes, into either ribbion fibres. Raman spectroscopy is able to determine the degree of shear orientation and the polarization direction of the nanotubes.

· Films with tunable colors can be produced depending on the nature and size of a nanorod. Metal nanorods ae espically interesting because they exhibit high electrical capacitance and the color of a colloid is affected by the effective charge of the particle.

· The nanofilms show considerable reinforcement when subjected to small deformations, where as at high elongations, the rheology approaches that of the pure nanolatex form.

· Solid state polymerization of molecularity oriented silica/monomer matrices lead to unique conductive composites. The self assembly of conductive polymer-silica hybrids as films or fibers is suitable for integration into different kinds of devices and Microsystems.

· Metal nanorods are especially interesting because they exhibit high electrical capacitance and the color of the colloid is affected by the effective charge of the particle.

· At the nanoscales, behavior of individual atoms and electrons becomes important and interesting quantum effects come into play. These fundamentally alter the optical, electrical and magnetic behavior of materials.

· Carbon nanotubes have incredible molecules have an array of fascinating electronic,magnetic and mechanical properties. They are at least 100 times stronger than steel, but only one-sixth as heavy – so nanotube fibers could strengthen just about any material.

· Also, nanotubes can conduct heat and electricity far better than copper, and are already being used in polymers to control or enhance conductivity, and in antistatic packaging. 

Preparation of nanopolymers
Nanopolymers are prepared in many ways. The preparation of nanofibers, core shell fibers, hollow fibers, and tubes from synthetic polymers with diameters down to a few a nanometers can be done in many ways like: I. VAPOR CONDENSATION II. VACUUM EVAPORATION ON RUNNING LIQUIDS METHOD (VERL) II. ELECTRO-SPINNING

Vapor condensation process
This process is used to make the metal oxide ceramic nanopolymers. It involves evaporation of solid metal followed by rapid condensation to form nano-sized clusters. Various approaches to vaporize the metal can be used and variation of the medium in which the vapor is released affects the size of the particles. Inert gases are used to avoid oxygen while creating nanopolymers, where as the reactive oxygen is used to produce metal oxide ceramic products.

Vacuum Evaporation on Running Liquids method (VERL)
The vacuum evaporation on running liquids method (VERL) is a variation of vapor condensation method. This method is used as a thin film of a relatively viscous material, oil, or a polymer, on a rotating drum. Vacuum is maintained in the apparatus and the desired metal is evaporated or spurted in vacuum. Particles from in the suspensions in the liquid and can be grown in the process. Nano-Polymers are formed by this method.

Electro-spinning method
This method is the most useful method in the manufacture of the polymers in the nano scale compared to the above two methods that are described. Electro-Spinning is a process that utilizes electrical force to produce polymer fibers from polymer solutions or melts. The obvious advantage of the electro-spinning technique is that, it produces ultra-fine fibers, with huge surface-to –volume ratio, which have great application potentials in many fields such as protective clothing, air filtration, sensors, drug delivery system, sensors, protective textile, and as fiber templates for preparation of nanotubes.

PRINCIPLE: In the electro-spinning process, the fibres are spun under a high voltage electrical field. A polymer solution is contained in a syringe, which is equipped with a piston and a stainless steel capillary serving as an electrode. A grounded counter electrode (round metal plate at the bottom) is placed down the capillary and a high voltage is applied between the capillary and the counter electrode.

Under controlled velocity the piston on the syringe was driven down by a motor and a droplet of polymer solution is suspended by its surface tension at the tip of the capillary. If the free surface of the solution is subjected to an electric field, charge or dipolar orientation will be induced at the air-solution interface. The charge repulsion causes a force that opposes the surface tension. If the voltage surpasses a threshold value, electrostatic forces overcome the surface tension, resulting in that jets are ejected from the solution and move towards the counter electrode. During the travel to the counter electrode, the solvent in the jets evaporates and the solidified fibers are deposited on a substrate located above the counter electrode. So far, fibers with diameters ranging from as low as 5 nm to several micrometres have been produced. It is found that the morphology and dimension of the electrospun fibers are dependent on the process parameters, including solution concentration and viscosity, electrical conductivity of the solution, surface tension of the solution, polymeric molecular weight, molecular weight distribution of polymers, vapor pressure and boiling point of the solvent, flow rate, intensity of electrical field, distance between the capillary and the substrate, temperature, humidity and atmosphere etc.

Processing parameters
In electro-spinning process, three main forces are involved:

1. Surface tension: Favors to produce as few as possible polymer jets in order to decrease surface are of the polymer droplets

2. Electrical repellent force derived from electrical charged polymer droplets: favors to form as many polymer jets as possible.

3. Visco-Elastic force coming from polymer: against the deformation of polymer droplets.

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 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, 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.

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, o 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, the 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. 

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) α 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 lindermann criterion

Tg (D, 0)/Tg (infinite, 0) is proportional to σg2(infinite, 0)/σg2(D, 0)

where σg is root of mean-square displacement of surface and interior molecules of glasses at Tg (D, 0), α = σs2 (D, 0) / σv2 (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
Conclusion
The devices that utilize the properties of low dimensional objects such as Nanoparticles are promising due to the possibility of tailoring a number of electro physical, optical and magnetic properties changing the size of nanoparticles, which can be controlled during the synthesis. In the case of polymer nanocomposites we can utilize 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 utilization 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, where as 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 utilize 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 utilized for magneto-optical storage media manufacturing.

Thus with the help of polymer technologies the ‘tomorrow’ will be revolutionized and compact. What seems to be a tough task today may be made un predictably easier due to new polymers. Necessity is the mother of invention and so when man requires more things in future the developments may give rise new compounds which today may be even unimaginable. 
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