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1. Introduction
Functionalization of polymer nano composite
In recent years functionalized polymeric materials have been developed for their dimension, stability, flexibility, diversity, processability, high sensitivity, tailoring properties in solid state physics, fuel cell, sensor, drug delivery system, water treatment, food safety and many other applications. Polymer can be classified mainly in two types viz. natural polymer and synthetic (manmade) polymer. It is a chain of macromolecule consisting basic unit monomer. Now a days it takes great importance to develop hybrid functional composite material. Properties of polymer matrix composite can be tailored based on requirement and specific field of applications. It is also called smart polymer for its wide applications in different practical fields. Few polymers are functional and active in nature and the surface of other synthetic and natural polymers need to be modified for activation with reactive functional groups [1]. The multivariant field of application of functional polymer is shown in Figure 1.
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Figure 1. Application of functional polymer in different fields.
Polymeric nanocomposite materials are processed by several nano additives using organic polymeric material. Nano additives, ceramic, metals, clay etc are used with host polymer matrix using various processing methods with the control of chemical structure, geometrical parameters, chemical reactions etc. It also requires functionalization to enhance compatibility of the polymer with substrate or guest species (polymer being the host entity). Functional polymeric materials are widely applicable for its unique properties with reactive chemical groups. As a host matrix material polymer are mainly selected due to its flexibilities, chemical stability, compatibility, mechanical strength and processability etc. Conducting Polymer nanocomposite based functional material have sought features in energy storage device like solar cell, fuel cell, super capacitors. Organic conducting polymers have unique feature to conduct electricity and also behaves like semiconductor with magnetic, electronic, mechanical, optical properties. Few applications of conducting polymer are shown in Figure 2.
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Figure 2. Applications of conducting polymer
New functional polymeric materials are developer in medical diagnostic purposes. In drag control system, imaging technology, biosensor, in vivo and in vitro biocompatible devices have been developed in functionalized polymer matrix system. Transparent polymer nanocomposites are used in optical devices in medical treatment and other industrial propose also. In medical science purpose biodegradability, antimicrobial activity, biocompatibility properties of polymer as well as polymer nanocomposites are important to study and to tailor their functionality and architecture to develop new biomaterials.  Polyamide, polyester, polyurethane is the most explored polymer as biocompatible material. Few polymer nanocomposites show smart behaviours like stimuli responsive behaviour with self-cleaning and self-healing abilities. The subsequent sections describe the global context and practical implication of polymer nanocomposites. 
1.1 Global scenario of polymer as functional material

Polymer nanocomposites are the material in nanoscale regime, combination of polymer and nanomaterial within 100 nm in dimension. Now a days polymer matrix in nanomaterial improves material properties (chemical, physical) and it plays important role due to uniqueness in property. Polymer nanocomposites are the material of dispersed inorganic nano sized material within polymer matrix. It is the combination of inorganic material with different physical, chemical properties incorporated within organic polymer matrix system. It is much more advanced, tailored material than other polymeric materials [2-5].
It is classified in three categories on the basis of their dimensions like i) zero dimensional nanomaterials (length, width, and thickness of material in order of nano meter (within 100 nm), i.e. Metals and their hydroxides, oxides, carbonates etc. and carbon quantum nanodots (CD), polyhedral oligomeric silses quioxanes (POSS),  inorganic semiconductor quantum dots etc.), ii) one dimensional nanomaterials ( width and thickness of the materials are in the nm range, but length is in μm or more, e. g. nanorods, nanotubes, nanofibers and nanowires etc.), two dimensional nanocomposites (with thickness is in the nm, width and length are in the μm in dimension like nano clays, graphene, reduced graphene oxide (RGO), graphene oxide (GO) etc. ) [6]. 
In generally polymer nanomaterials are the composite materials of polymer and one-dimensional nanomaterials. In polymer nanocomposites, one dimensional nanomaterial i.e., cellulose nanofibers, carbon nanofibers, Carbon nanotubes etc. are commonly used. Carbon nanotubes (CNTs) are made up of rolled graphene sheet of sp2 hybridized carbon atom which is also in covalent bond with neighbour three atoms. Single walled carbon nanotubes (SWCNT), multi-walled carbon nanotubes (MWCNTs) are commonly used CNTs with unique thermal, optical, mechanical and electrical properties. Mostly it is very difficult to incorporate it into polymeric system without functionalization due to its π-π bond and strong van der Waals force. So, functionalization of CNTs or surface modification is very necessary to make a strong interaction with polymer matrix system to develop new materials. Though, there is a movement for plastic free world, however, biocompatible polymer macromolecules offer good compatibility with metals, metal oxides, fillers etc to form composites termed as functional materials applicable for multivariant purposes. This is described in details in the subsequent sections. 
1.2. An insight on processing of polymer nano composite 
I. Processing of multifunctional polymer nano composite 

Composite material having 1-100 nm size is called nanocomposites. To improve or alter matrix dominated properties like shear strength, stiffness, fiber reinforce etc. small in size and low weighted nanomaterials are used in composite materials. Al 2 O 3, SiO 2,  TiO 2 etc nanoparticles are used in nanocomposites.  Commonly as a nanoparticle carbon nano tube (CNTs), carbon nanofiber (CNF), single-walled carbon nanotube (SWCNT), multi-walled carbon nanotubes (MWCNT), graphite nanoplatelet (GNP), etc. are used widely in the nanocomposite materials. GNP, CNF, CNT are additive in nature and these are used to enhance electrical conductivity property of nanocomposite materials. In polymer matrix, nanoparticles are incorporated to develop polymer nanocomposites. Processing techniques also influence on the functionalization, alignment and dispersion properties of polymer nanocomposite materials.so proper processing technique is necessary to achieve required properties of nanocomposites. Most commonly used processing techniques to prepare polymer nanocomposites are discussed below in very brief including solution mixing, melt mixing, in-situ particle process, etc is shown in Figure 3. The processing as mentioned are also highlighted in brief in the subsequent sections. 
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Figure 3. Few common processing techniques of polymer nanocomposites.
1.2.Polymer Melting process
Melt mixing process is widely used to mix or incorporate high volume of nanoparticles into insoluble thermoplastic polymer matrix such as polystyrene, polycarbonate, polypropylene, polyamide-6 etc. In this technique thermoplastic polymers are heated to form soft without altering any properties even after cooling.  Amorphous polymers are heated above glass transition temperature and semi-crystalline polymers are processed above melting temperature [7]. Polymer pellets are processed after melting to make it viscous liquid.  By a high shear mixer, compression molding Nanoparticles are injected into the liquid polymer to form bulk nanocomposites. With incorporation of nanoparticles Viscosity of melted polymer can be changed which is the main cause of polymer degradation [7].  Carbon nanotubes are dispersed into polymer network in melting process with and high temperature high shear. Schematic diagram of melting process of polymer-based nanocomposites is shown in Figure 4.   To prepare nylon-6/MWNTs nanocomposites 1 wt% MWNTs was used through Brabender twin-screw mixer [8]. It was confirmed through SEM image MWNTs was homogenously dispersed in polymer matrix with high mechanical strength.  Through Brabender Plasticorder internal mixer, MWNTs/ LLDPE (linear low-density polyethylene) nanocomposites was fabricated by melt mixing process [9]. By twin screw melt compounding PE/MWNT nanocomposite was developed.  It was confirmed through microscopic observations and X-ray diffraction, MWNTs were dispersed in PE network uniformly in the experiment of T McNally et al [10]. Melt mixing process is applicable with very easy technique to develop well dispersed polymer nanocomposites, polymer –CNTs. polycarbonate/CNT [11,12], PMMA/CNT [13,14], polypropylene/CNT [15,16], polyimide/CNT [17], PE/CNT [18], etc. are the examples of developed polymer matrix composites with CNTs.
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Figure 4. Melting method of the polymer nanocomposites preparation.
1.2. B.	Solution processing technique
One of the simple and useful technique is solution mixing process to prepare polymer nanocomposites in thin film or sheet structure. In this process nanoparticles are dispersed in a suitable solvent or polymer solution. Dispersed nanoparticle and polymer solution are uniformly mixed by magnetic stirring or sonication. It is difficult to prepare well and uniform dispersed polymer nanoparticle mixer solution due to high aspect ratio of nanoparticles. Most of time surfactants are used to improve dispersion quality of nanoparticles. Solvent selection is dependent on the solubility property of particular polymer. Uniformly dispersed polymer nanoparticle solution or mixer is taken into a mold to evaporate to make sheet or film. The solution process is shown in Figure 5.   
[image: ]
Figure 5.  The solution method of the polymer nanocomposites preparation.

Jin et al. used chloroform as a solvent to prepare dispersed MWCNTs by sonication and to dissolve PHAE (polyhydroxy amino ether). Suspension of homogeneously dispersed PHAE/MWCNTs/chloroform solution was taken into Teflon mould to dry in a fume hood to get polymer composite with 50 wt% of MWCNTs [19]. In this process solution of CNTs of suitable solvent is added with polymer solution to form polymer CNT composite by evaporation of solvent or by precipitation. To prepare homogeneous well dispersed CNT solution ultrasonication process is more useful rather than simple stirring. In their experiment Li et al. showed that CNTs were homogeneously dispersed in poly carbonate solution by sonication for 10 min at 20 KHz frequency due to magnetically stirring with ultrasonic wave [20]. Homogeneous solution of CNTs in Polystyrene (thermocole) (PS) was prepared by Safadi et al. by ultra-sonication for 30 min at 300W [21].  It is very essential to select proper surfactant to get uniform dispersion of high loading CNTs. Several polymer/CNTs composites are fabricated using this process such as PS/CNT [22, 23], P(MMA-co-EMA)/CNT [24], PU/CNT [25], epoxy/CNT [26,27], polyacrylonitrile/CNT [28], Poly (vinyl alcohol)/CNT [29], and polyethylene (PE)/CNT [30] have been fabricated by this method.

1.2. C In situ polymerization process

Nanoparticles are dispersed in liquid monomer in situ polymerization method. Most of nanoparticles can be dispersed easily to interact strongly with polymer system. Polymerization process can be initiated by diffusion of an initiator, by radiation or heating, by surfactant etc. At the end of this polymerization process molecules of polymer matrix are surrounded or covalently attached to the nanoparticles, depending on the surface interaction nature of nanoparticles and polymer matrix [31]. This process is applicable to prepare polymer nanocomposite materials with thermally unstable and insoluble polymer that cannot be developed by melt mixing and solution process method. Radical, ring-opening, anionic etc. polymerization process is performed with proper molecular weight of the polymer. The schematic diagram is shown in Figure 6. Through this process polymer molecules are grafted onto the surface area of nanoparticles. In 1990 by this polymerization technique Toyota Motor Corp developed (clay/polyamide-6)   nanocomposites as commercially [32]. Poly (methyl methacrylate) (PMMA) and polystyrene/clay polymer nanocomposites was developed by Zeng and Lee using this technique [33].
[image: ]
Figure 6. Schematic representation of in – situ polymerization process. 

In in –situ polymerization process, strong surface interaction can be formed between conducting polymer matrix and carbon nanotubes to improve optical, electrical, magnetically etc. properties of CNTs [34-36]. MWNT/polypyrrole (PPy) was developed by Cho et al, using oxidant (ferric chloride) in polymerization of PPy on carbon nanotubes [37]. The layer thickness of polypyrrole (PPy) was controlled by altering the ratio of pyrrole/MWNT in fabricated MWNT/polypyrrole (PPy) nanotubes. On other hand Long et al. studied that conductivity of functionalized polymer nanotube (CNT/PPy) complex system could be increased with increasing the weight percentage of CNTs [38]. In in-situ polymerization process polyurethane/CNT composites were prepared by two way. In first method proper amount of carboxylate MWNT was mixed to a prepolyurethane mixture with 1, 4-butanediol (BD) in proper chain reaction. In other method, required amount of MWNTs were dispersed in poly (ϵ -caprolactone)diol (PCL). Then 4,4′ -methylene bis(phenylisocyanate) (MDI) was mixed with the dispersed solution. To synthesis PU-MWNTs complex nanocomposites 1, 4-butanediol (BD) was added to prepolymer finally [39]. This is very useful technique to synthesis or develop organic-inorganic nanocomposites with strong surface interaction with polymer network.


1.2. D. Carbon nanotube paper-based nanocomposites 
There is various technique to prepare paper structured carbon nanotube.  One-step and two-step methods are very useful technique to manufacture carbon nanotube paper. It is directly grown in one step method. From synthesized CNTs, carbon nanotube paper is manufactured in two-step method. Vacuum/pressure filtration, domino pushing and spin-coating are the process in two step method to prepare paper structured carbon nanotubes. The paper structured carbon nanotube film is known as bucky paper.  It has attractive potential applications in biomedical (artificial muscles), in solid state devices (actuators, sensor), in charge storage devices (hydrogen storage materials, supercapacitors,), filtration and in so many other fields.
i)  Direct synthesis 
In this process, as a precursor, trichlorobenzene (TCB) is used to synthesis carbon nanotube paper in in situ. CVD method is also applicable to prepare carbon nanotube paper in direct synthesis technique. Carbon nanotube paper was synthesized with ferromagnetic metal nanowire in in-situ without surfactant but using trichlorobenzene (TCB) as precursor [40]. Synthesized carbon nanotube paper contains impurities.
ii) Vacuum/pressure filtration
In this method filter paper is used to separate the suspension of CNTs in four steps. At first CNTs are purified then proper solvent is used to disperse it uniformly to get a homogeneous suspension.  In third step suspension of CNTs is filtrated under pressure or vaccume and lastly vacuum oven is used to dry filtrated suspension of carbon nanotube paper. This is easy, low-cost manufacturing process [41].

iii) Domino pushing method

To improve the thickness and alignment of carbon nanotube paper this method is develop to manipulate carbon nanotube arrays. The Domino pushing is a macroscopic manipulation technique of the alignment of CNTs array in a particular direction under magnetic field. This is used to align bucky papers with wide surface with in-situ and dry method. Figure 7, Explains the domino pushing method. 
First, a membrane with micro-pores is used to cover the nanotubes. A constant pressure is applied in one direction by pushing a cylinder to force down the nanotube array. Due to van der Waals force array of nanotubes are attached to form an aligned nanotube paper like film. In next step, along with the membrane buck paper is peeled off from the silicon substrate. Ethanol is used to spread on the membrane surface to permeate through with enabling proper alignment of buckypaper to easily peel off from the micro porous membrane. The straight morphology of carbon nanotubes can be developed in this method without aggregation and waviness comparing with conventional CNTs. It is useful technique to improve the electrical, thermal properties of buckypaper for multifunctional applications of paper structured CNT composite films [7, 42, 43]. 

[image: ]

Figure 7. Schematic for Domino pushing method


iv) Spin-coating method 

With uniformity CNTs paper like film can be developed from the solution of purified CNTs by spin coation method and using chemical oxidation it can be stabilized. In this technique dispersed carbon nanotube solution is poured in glass panel of the spinning. Thickness of it is dependent on spinning speed, solution concentration of CNTs etc.  Uniform surface CNTs paper like film of very small thickness can be developed and controlled in this technique. It is widely used in the solar cell [44]. Schematic diagram of spin coating method is shown in Figure 8.
[image: ]
Figure 8. Schematic representation of spin coating method.

For unique chemical, mechanical and tailoring properties of nanocomposite materials have been taken the main attention of recent researchers in wide field of applications.  Nanocomposite material with carbon nanotubes have been used to develop reinforced materials and in field of hydrogen storage device, nanoelectronics devices, emission devices and in other field of applications [45-48]. CNTs based polymer composite materials are developed for different applications with advanced properties which is related to fabrication process [49, 50]. Properties of CNTs-polymer composites are dependent on polymer matrix and processing method. So polymer selection should be proper as a polymer specific matrix material in CNTs-polymer composites. In processing   method microstructural characteristics of CNTs (aspect ratio, diameter in size, purity) also plays important role for dispersion into polymer matrix, optimization properties and reinforcing effect of new nanocomposites.  Alignment of CNTs effects on mechanical (strength, stiffness), optical, electrical, magnetic etc. properties of nanocomposite materials [51]. Liquid crystal matrix may be used to orient MWCNTs in an electric field [52]. In carbon nanotube polymer composites functionalization of CNTs are necessary to active surface area, to unbundle tubes, to active or add functional groups on the defect sides of end caps or the sidewalls, to make strong interfacial bonding between host polymer matrix and CNTs. Several functionalization techniques to active surface area of nanotubes are discussed below.

II. Resin matrix-based polymer nano composite 

In chemistry, resin is solid or semisolid or high viscous, reinforced natural or synthetic organic substance. To protect themselves from any injury or any attack from insects, plants usually secrete natural resin [53]. Artificial or synthetic resin is combination of hydrogen, oxygen, carbon, sulfur, nitrogen etc. atoms as a macromolecule or polymer. It is a combination of carbon-based polymers, monomers with some additives. It is commonly used in composites as a reinforce fiber to transfer load and to provide protection from damage. Most commonly thermosetting polymer is epoxy resin that is used widely in advance composite materials due to mechanical properties, chemical resistance, easy processability, low cost, adhesive property in many fields of applications such as electronics, semiconductor encapsulation, aerospace etc. Thermoset resin (epoxy resin, unsaturated polymer) are commonly used in fiber reinforced polymer to form strong cross-linking between polymeric chains and to form a non-reformable (or stable) matrix. The thermoplastic resin (polyamide, polypropylene) is used in fiber reinforced polymer with reformable week covalent bonds in polymer matrix. Nanocomposite resins are used in polymer composites as a filler to achieve interesting electrical, mechanical, optical properties etc. Metal oxide nanocomposites and carbon nanocomposites are mostly used in polymer matrix as a nanocomposite resin.

A. Carbon nanocomposite resin
In recent technology it is extensively studied to develop new resin matrix with excellent properties using widely applicable carbon nano fillers in polymer composite system. carbon structure and easy uniform dispersion of carbon nanofillers in polymer matrix and strong interaction with strong interfacial bond with matrix such properties of carbon-based nanofiller resin  are extensively used to improve or develop performance of polymer-based nanocomposites. For strong van der Waal force, large surface area etc. carbon nanocomposite resins show the tendency to stack and not to aggregate with polymer matrix. To overcome this limitation of carbon nanocomposite resin functionalization, chemical treatment, surfactants, ultrasonication etc. are applied. To enhance mechanical properties with electrical and thermal properties, usually a very little amount of carbon nanofiller is used develop polymer-based conducting nanocomposites. It was reported by Rahman et al, that 0.5-1.0 wt.% nanotube was used to make transition from an insulating state to  conduction state of epoxy resin [54].  Carbon nanomaterials in polymer system is used to the properties of hardness, toughness, impact resistance and strength etc. to modify or develop the properties of carbon nanocomposite-based epoxy resin blending , processing , orientation , interaction with functional groups are most responsible parameter.
B. Metal oxide nanocomposite resin
Surface interaction properties of nanomaterials are quite different and attractive due to large surface are compared to bulk materials. Metal oxide nanoparticles have tendency to combine and interact strongly with polymer matrix. Electrical conductivity property of polymer-based nanocomposite resin is much better or higher than pristine polymer (polyester) due to effect of ZnS nanoparticle [55]. Bouzidi et al. have been shown in their experiment that optical band gap energy also decreases with incorporation of little amount of nanoparticle of TiO2 in polymer system. Metal oxide nanoparticle may help to expand valance band on the forbidden gap of pristine polymeric system [56].  
1.3 A view on property augmentation of multifunctional polymer nano composite 
Polymer nanocomposites are the hybrid materials of organic and inorganic materials. Nano scale size filler materials (i.e. nanotubes, nanoparticles etc.) are incorporated or dispersed in host polymeric system. Multifunctional polymer nanocomposite materials (MFPCMs) perform two or more than two constructive functions with increasing autonomy, lifespan, efficiency, light weight, low cost and so on without altering basic properties. Multifunctional polymer nanocomposites have attracted researcher’s attention in industrial and academia field of applications due to outstanding chemical, physical properties. Multifunctional polymer nanocomposites are applicable in field of aerospace (such as body flap, telescope tube, panel etc.), radar stealth (such as electronic parts, anechoic chamber etc.), nuclear protection (such as nuclear cladding materials etc.), heat engine (such as combustor liner, exhaust nozzle, turbine blade etc.), brake system and so on. MFPCMs are applicable in wide field of industrial application for their structural properties and non-structural properties. MFPCMs are one of the wide field of research to develop light weight composite material with property to resist deformation. Mecklenburg et al. have already developed a composite material of light weight with load resisting properties through chemical vapor deposition (CVD) process adjusting zinc oxide molcules with polymer matrix (polyvinyl butyra) [57]. New mechanical properties can be achieved by addition suitable nanoparticles with proper ratio in polymer based composite system. Mechanical properties such as fracture toughness, stiffness, load bearing etc. can be enhanced by little amount addition of carbon nanotube, SWCNT, MWCNT in polymer matrix composite. MFPCMs are also used in the application field of supercapacitors to improve electrical properties with structural properties. Carbon based fiber composites have strong influence on the electric charge storage properties [58]. Multifunctional polymer composites are used as thermal storage, thermal conductor, and also thermal insulator with mechanical strength. Thermally conducting polymer composite materials are used in charge storage device, electrical batteries with efficiency of good heat dissipation at the charging and discharging period [59]. J. Che et al. have been established the improvement of thermal conductivity of high density polyethylene (HDPE), carbon nanotubes (CNT) and boron nitride (BN) composites in presence of filler [60]. Non-structural functional properties such as energy storage capacity, biodegradability, self -healing, adsorption etc and structural properties such as stiffness, strength, toughness etc. can be modified in polymer nanocomposite materials with application of filler through proper functionalization process. 
2 Functionalization of carbon nanotube with polymer 

Carbon based nanotubes with diameter of nanometres, takes attention in young researcher, due to its functionalization property. Comparably CNT is chemically more inert within other forms of carbon. Functionalization of CNT is improving its dispersion state or changing or modifying the functional groups of surfaces which has important role to decrease long range Vander Waal force and improve interactions in polymer nanocomposite materials and stabilize CNTs within polymer matrix to get homogeneous dispersion and to improve solubility in deferent media and to attach with polymer chain.  Chemical modification on the surface area of CNTs improve its dispersion state, to modify its characteristics, strength of interface, to change the properties of polymer nanocomposite materials and stabilize it within polymer matrix [3]. Polymer nanocomposites are multiphase system with two or more Nano polymeric and polymeric components.
Chemical modification of surface of CNTs have great role in various applications due to surface interaction of CNTs and polymer chain etc. So, method of functionalization is also important to modify the dispersion property as well as mechanical properties.
2.3 Chemical functionalization CNC-polymer matrix
Due to unique properties of carbon nanotubes, it is used in different filed of research applications. So, functionalization is necessary to exploit CNT’s all possible properties in various field of application. Through functionalization surface properties of CNTs can be modified to attaching with different functional groups, polymer matrix and to soluble in different media. Various Functionalization techniques have been developed to modify dispersion state of CNTs of surface functional group to make strong interaction at interfacial section. In chemical interaction usually into polymer composite system CNTs show nonreactive nature and week interaction at surface area that causes uneven load distribution or transfer and phase separation. So, surface modification or functionalization is necessary to improve physical, mechanical properties of CNTs to improve strength of interaction. 
2.4 An insight on  CNC-polymer  interface and interaction improvement methods
There are so many functionalization techniques are developed to modify surface interaction property of carbon nanotube in to polymer composite system. Mainly it is classified in Exohedral approach and Endohedral approach depending on modification of outer surface of CNTs or inner surface of CNTs. Functionalization method of carbon nanocomposite polymer is shown in Figure 9.
[image: ]
Figure 9. Functionalization method of polymer carbon nanocomposites.
2.2.1. Exohedral functionalization:
In this functionalization technique, physical and chemical property of outer wall of CNTs is modified by covalent, non-covalent bonding of functional groups of any size between it to polymer system. There is limitations related to size of functional groups such as endohedral functionalization technique. Exohedral functionalization technique mainly classified into two classes; 
A. Covalent functionalization 
B. Noncovalent functionalization
2.2.1. A.  Covalent Exohedral functionalization: 
Most common technique to modify functional groups onto the side surface or ends of CNTs is modifying covalent bond between CNTs and polymer matrix , by hybridization of carbon atom from sp2 to sp3 [61]. In simple words it can say that through this functionalization carbon atoms can changes to sp3 from sp2. Intrinsic properties of carbon nanotubes may alter through covalent modifications to improve compatibilities and solubilities etc. It is the functionalization of covalent chemistry or linking of carbon atom with polymer system. Covalent exohedral functionalization is irreversible linking with the carbon atoms located at the boarder or outer wall of tube (especially side wall (through side wall functionalization), defect area or points (through defect functionalization)) with polymer chain by grafting to or grafting from mechanism [62]. The pictorial representation of “Grafting to” and “ Grafting from” approaches are shown in figure 10.

[image: ]
Figure 10. Schematic of Grafting to and grafting from approaches.
Covalent Hexahedral functionalization is classified into two categories depending on modification of functional groups, 
i) Direct attachment of Functional group 
ii) Derivatization of (Carboxylic or hydroxyl) functional groups 

2.2.1. A. i) Direct attachment of Functional group 
a) Fluorination
Fluorination is a functionalization process where fluorine is covalently attached to the side wall of single wall carbon nanotube (SWNT) at different temperature [63]. Degree of fluorination is depended on temperature of reaction. Generally this process is allowed at temperature 150C to 600C. This process helps to improve solubility of SWNT in organic solvent. With IR spectroscopy, Raman spectroscopy new covalent carbon bond formation was confirmed by Mickelson et al.[64]. Electronic property can be modified through fluorination with different temperature. On the other hand defluorination (removing fluorine from single wall carbon nanotube) is possible using anhydrous hydrazine and it is confirmed through SEM and Raman studies. 
b) 1,3-Dipolar cycloadditions
This functionalization technique is applicable to SWCNTs and MWCNTs to modify solubility in organic solvent like acetone, methanol, chloroform etc and water. Azomethine ylides (condensed an aldehyde and α- amino acids) attack the sidewall and the tips of p-system of the CNT. Many pyrrolidine rings of different chemical functionalities, can attached to with C-C bonds of CNT through this reaction, to construct novel materials with wide application [65]. 
c) Hydrogenation
It is a useful technique to develop C-H bond of CNTs. Pekker et al. had shown in their research in liquid ammonia the hydrogenation is possible to SWNTs and MWNTs via dissolved metal reduction method [66]. Chemically hydrogenated structure of CNTs can be studied through transmission Electron Microscopy (TEM). To modify chemical and physical properties of SWNTs, gas phase technique is very useful to CNTs with hydrogen atom at low temperature and through FTIR atomic hydrogen bonds with SWNTs can be studied [63]. 
d) Reactive species functionalization
In this side walled nanotubes functionalization technique, unsaturated pi electron of nanotube directly reacting with three reactive species like nucleophilic nitrenes, carbenes and radicals is discussed [67]. To improve solubility property in solvent sidewall functionalization technique of CNTs is used to develop new polymer composites with new electronic and chemical structure.  
To functionalize carbon nanotubes direct addition of nitrenes is one of the way. In an ultrasound bath over few hours 1,1,2,2-trtrachloroethane (TCE) is used to redisperse SWNTs in nitrogen atmosphere under heating condition. Similarly, to generate dipyridyl imidazolidene, dipyridyl imidazolium was used in carbon addition with SWNTs [68]. Ying et al. [69] it was shown that that, a new free radical is formed by decomposition of benzoyl peroxide with alkyl iodides, to functionalized SWNTs by alkyl groups.
e) Functionalization by reduction of aryl diazonium salts
Aryl diazonium salts is used to enhance reactivity of SWCNTs with small diameter to nanotubes with large diameter. Electro chemically or at room temperature Nanotubes can be functionalized with aryl moieties using a variety of aryl diazonium salts. In argon atmosphere this functionalization can be remove with sufficient heating [68].
f) Electrophilic addition. 
It was reported by Tagmatarchis and co-workers that carbon nanotubes have been functionalized as organic macromolecule by derivatization process of an Electrophilic addition in the presence of aluminium trichloride (AlCl3), with addition of CHCl3 [70]. There are free functional groups present on the skeleton of CNTs after this functionalization technique. Reaction scheme for the functionalization of SWNTs is shown in figure 11.
[image: ] 
Figure 11. The reactive scheme for functionalization of SWNT’s




g) Functionalization of CNTs with a metal-containing molecular complex
Raw, purified and oxidized CNTs have been functionalized with Vaska’s complex. A metal complex is formed by the reaction with unsaturated Vaska’s compound trans-chlorocarbonylbis (triphenylphosphine) iridium to CNTs by coordination of oxygen atom.  This type of oxidized carbon nanotubes is soluble and stable in organic solutions [71].  Figure 12 shows the synthesis scheme for the said compound. It is reported that, η2 coordination exists within the compound with the nanotube across the graphene double bonds, as denoted in Figure 12a. For the oxidized carbon nanotubes, coordination through the oxygen atoms seems a more likely possibility, in other words through an oxidative addition to form a hexacoordinate structure, as illustrated in Figure 12b.
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Figure 12. Synthesis scheme for Vaska’s compound trans-chlorocarbonylbis (triphenylphosphine) iridium to CNTs [with copyright permission obtained from ACS [71]]
2.2.1.A.ii) Covalent functionalization by derivatization of (Carboxylic or hydroxyl) functional groups
a) Carboxylation and further derivatization. 
Purification of carbon nanotubes is the process to remove the impurities like metal particles, amorphous carbon, multishell carbon nano capsules by oxidation, ultra-sonication, bromination, acid treatment and heat treatment in hot water [72]. Here the purification of CNTs by oxidation method in acidic media is focused. In this purification method, end caps of CNTs become acidic (-COOH) and opened and other (-OH) groups are functionalized for further derivatization. At high temperature CNTs can be purified by oxidation in air and also at low temperature oxidation in the liquid of potassium permanganate [73].

· Amidation and esterification of –COOH groups via covalent linkages

Carbon nanotubes can be divided in two parts, like a) the side wall and b) the end caps. Niyogi et al. studied on the use of acid groups to attach alkali chain to the SWCNTs via formation of amide or ester bond [74]. In their work, open ends of NTS were functionalized through functionalization of associated carbons and defects after removing the end caps. To functionalize the carbon nanotubes by oxidized method, amidification and esterification takes play great role. In Fig.13 carboxylic acid derivatization protocol is shown.
[image: ]
Figure 13. Protocol for carboxylic acid protocol

· Ionic functionalization of –COOH groups
[image: ]As a nanoscale conductor, composite material, SWCNTs are used widely. Ionic functionalization has been carried out by the reaction of SWNTs –COOH (non covalent functional group) with octadecylamine (s-l-SWNT), to form SWCNT-carboxylate zwitterions [74]. By any other inorganic and organic cations, (+NH3 (CH2)17CH3) can be exchanged in the ionic bond of SWNT-COO- +NH3 (CH2)17CH3 (shown in above figure). Such ionic feature can help to develop biocompatible SWCNTs by electrostatic interaction between biological molecule and SWCNTs. Reaction scheme for Zwitterionic functionalization of SWNT (S-I-SWNT)84 is shown in Figure 14.




Figure 14.  Reaction scheme for Zwitterionic functionalization of SWNT

b) Attachment of metallic nanoparticles.
To functionalize carbon nanotubes inorganic materials used through chemical or electro chemical reaction. Metals (like Ag, Pt, Au, Pd), metal carbides (i.e. TiC etc), metal oxide (i.e. Fe2O3, ZnO etc), metal nitrides (i.e. Fe2N, TiN etc) and metal chalcogenides (i.e. CdSe, CdS etc.) have been used to modify the functionalities of CNTs [75]. Nanoparticles Pt, Ru, alloy PtRu have been used for deposition [76]. 
2.2.1.B.  Exohedral noncovalent functionalization:
This is a more acceptable functionalization process than other, because it does not alter any physical property of CNTs to improve processabilities, solubilities, surfactants and wrapping with polymers etc. In exohedral noncovalent functionalization process, hydrophobic components of absorbed molecules interact with the outer surface of CNTs with π- π, van der Waals and other interactions. It is much more useful technique to prepare organic and aqueous solution polymer and CNTs with surfactants [63,77]
i) Surfactant functionalization
Surfactant based modification is very common technique in non covalent exohedral modification. CNTs can be dispersed via physical adsorption in Ionic and non ionic surfectants, with hydrophobic tails and hydrophilic heads (like sodium dodecyl benzene sulfonate (SDBS), sodium dodecyl sulphate (SDS), Tween, cetyltrimethyl ammonium bromide (CTAB), Triton X, Brij etc. Hydrophobic SWNTs can be stabilized by micelles (greater than critical micellar concentration of surfactant) inner core for. Here, concentration and nature and structure of surfactant is very important to solubilize and disperse CNTs [71].

ii) Polymer absorption
Pyrene is very effective system with carbon nano tubes due to its large aromatic structure. To anchored biomolecules, protines the functionalized pyrenes is used. Due to hydrophilic groups like carboxylates, ammonium ions and copolymer group of pyrenes, it helps CNTs to soluble in aqueous medium. Another polyaromatic molecules, anthracenes forms π-π interactions with CNTs. With stronger interaction, anthracenes can be replaced by pyrenes. Phthalocyanines and porphyrins, due to the heterocyclic polyaromatic molecules also show strong interactions with tubes. Nakashima and co-workers show that in dispersive medium porphyrin helps to disperse CNTs [78].

iii) Polymer wrapping
To enhance solubility of carbon nanotubes amphiphilic polymers are commonly used over other surfactants of small molecules. Small molecules are less interactive than some conjugated polymers. Polymer having hydrophilic pendent groups and hydrophobic back bone, like PVP, interact with the surface of nanotubes. It is also possible to unwrap CNTs in other solvent[79]. In polymer wrapping technique water soluble PEXO (poly(2-ethyl-2-oxazoline)) can be used to functionalize MWCNTs. In water and other organic solvents (i.e. N,Ndimethylformamide (DMF), ethanol ) functionalized MWCNTs show stable dispersion [80]. In polymer wrapping technique with nanotubes polynucleotides form helical wrapping due to its hydrophilic back bone and hydrophobic base. To increase solubility biological molecules like protein, peptides, are used to interact with outer surface of CNTs.
iv) Polymer encapsulation
In surface modifications polymer encapsulation is a useful non-covalent technique. Here polymer is used to encapsulate into the nanotube with strong interaction   without altering basic electronic properties and to improve compatibilities between CNTs and polymer. To form electrode an active polymer is encapsulated into the tube. oppositely little amount of CNTs encapsulation in polymer helps to enhance the strength of the polymer [81,82].  

v) Metallic deposition
Metal like Au, Pt, Pd etc. (nanoparticles) can be deposited successfully on carbon nano tubes by different technique like electrochemical deposition etc. to functionalize CNTs. Carbon nanotubes is also deposited into metal or metallic material to modify metallic properties of Metal/CNT composites. Sidewall of nanotubes is less active than tube end. In metallic deposition technique both side wall and tube end are uniformly plated by deposition technique under potential control.  Particle Size, deposited area of CNTs can be controlled by the deposition time, nature of solvent etc. [83].
2.1.2   Endohedral functionalization

Endohedral functionalization technique is used to functionalize or modify the inner part (strong binding energy) of carbon nanotubes to trap polymer macromolecules.  In this case nanotubes are considered in nanometre in size with nano space inside the tube for new reaction which may not take place at the outer surface of the tube.  This technique is limited by inner diameter of tubes over so many advantages [84]. Inner cavity space of the tube may help to interact strongly with polymer macromolecules and protect other guest molecules. 

2.2.2. A. Fullerene encapsulation 
In the chemistry of endohedral functionalization, fullerene encapsulation is the process to modify the properties of the inner environment of the defect area in the sidewalls or ends of the nanotubes by the incorporation of metallofullerenes (Sm@C82) or fullerenes (C60 and C70) to develop new comprised hybrid structure of SWCNTs. Incorporation of molecular species into the nano space or inner area of CNTs can be modify the electronic properties [85,86].
2.1.2. B. Metal encapsulation 
Few metallic materials or metal particles are used to encapsulate inner part of nanotubes. Metal encapsulation can be processed by in situ and wet chemical methods. Incorporation of nanoparticle into CNTs tubes, helps to decrease the diameter of the tube [87]. The wet chemistry encapsulation process is applicable to the nanotube with diameter not more than 2nm [88,89]. The precious and non-precious metallic nano particles (like Au, Pts, Ag, etc. and Ni, Fe, Cu etc.)  can be incorporate into CNTs nanotubes in wet chemistry [ 90-95]. The main limitation of this process is poor filling efficiency in the narrow tubes. 
	
2.5 Property augmentation upon improved interfacial interaction in CNC-polymer  
For unique mechanical and physical properties of carbon nanotube, it plays an important role in new reinforced polymer matrix-based nanocomposite materials for structural and functional applications. Incorporation of little amount of carbon nanotube helps to improvement of mechanical and physical properties of nanocomposites. Properties of the carbon nanotube polymer-based nanocomposite materials are attached to many factors related to CNTs such as orientation of CNTs with polymer, aspect ratio of CNTs, defects or impurities in CNTs, purification method of CNTs, dispersion rate of CNTs in host polymer matrix etc. Synthesis method of used to develop carbon nanotubes as well as CNT-polymer nanocomposites also takes attention of researchers. Tailoring the doping level of nitrogen in CNTs, the electrical conductivity of CNT-polymer composite materials can be altered. Conducting polymer such as polyaniline interact strongly with CNTs. Conducting Polyaniline is used to increase absorption capacity of CNTs on the interface of the host polymer to improve the properties of polymer – carbon nanocomposite product material [96]. Similarly little amount of CNTs is used to develop polymer blend composite material to change morphological structure of end nanocomposite material [97]. The migration property of CNTs between different phases helps to change morphological structure of polymer matrix-based blend nanocomposite materials [98].
Electrical properties of polymer composites materials can be enhanced by the use of small amount of CNTs as a conducting filler [99,100]. Researchers are like to use CNTs as a conducting filler in polymer-based nanocomposites in various field of applications such as electromagnetic interference shielding [101,102]. Polymer based CNTs nanocomposite materials with low density and high processability are used for shielding [103]. The pristine CNTs are used to improve electrical conductivity in polymer-based nanocomposite materials.
Mechanical properties of polymer-based carbon nanocomposite materials can be improved by the use of carbon nanotube as a reinforce material. As a nano filler CNTs are widely used for its unique mechanical properties, high aspect ratio, fibre structure, low density etc. to reinforce thermoplastic and thermoset polymer [104-108].  As a filler CNTs are also used to improve mechanical properties like modulus and tensile strength of polymer-based nanocomposite materials.
Thermal conductivity of Single-walled carbon nanotubes is very high due to large length of phonon mean free path.  Single walled carbon nanotubes widely used to improve thermal properties or thermal conductivity of nanocomposite materials to use composites in different field of applications such as in batteries, in heat sinks, connectors, packaging, electronic control devices, light emitting diode and other thermal control units [109,110]. Thermally conducting polymer-based carbon nanocomposite materials can be applicable as a shielding in electromagnetic interface as a thermal insulator [111]. Due to high thermal resistance in the interface between polymer network and CNTs can resist heat flow in polymer nanocomposite material [112,113]. Oppositely thermal properties can be improved by quick heat transfer across the interface. The chemical functionalization of CNTs can increase thermal conductivity across the interface with decreasing thermal conductivity of the filler in polymer nanocomposite materials [114]. Still now it is a major challenge to develop a composite material to get maximum benefits from the basic thermal properties of CNTS in polymer-based nanocomposites.

3 Challenges and prospects of green polymer nanocomposite 

Polymer nanocomposites are used in many fields of applications for its unique chemical, physical and other properties. In recent technology green polymer composites are promising alternative to other conventional composites in packaging and automotive industries, medical applications (like pharmacology, surgery), agriculture and so other field of applications due to its unique properties. It has both properties of organic polymer and natural fiber. Green polymers are renewable, environment friendly, bio degradable, sustainable, bio reinforced with relatively low cost, high stiffness and strength nanocomposties with low CO2 emission during processing time [115]. Eco friendly polymers are used to save or protect environment from toxic materials, generating plastic waste etc [116]. In green polymer, host polymer matrix of the composite material should be renewable, biodegradable as well as environment friendly. Biodegradable polymer should be degrade in nature with changing structural property, chemical property and mechanical strength without any toxic effect to the environment. The green polymers are mostly natural polymer. Microorganisms and enzymes are used to degrade such polymers composites to other nature friendly compound [117]. 
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Figure 15.  Classifications of green polymer is shown in above figure
Biodegradable polymers should be synthesized in natural environment. Chitin, cellulose, starch, collagen, polylactide, polyhydroxyalkanoates, polycaprolactone and other polypeptides etc. are the example of biodegradable polymers [118, 119].
3.3 Green aspect of polymer nano composite
Green polymers are source renewable, biodegradable, compos able, environment friendly, producing less CO2 at the processing time. It may be categorized in biodegradable polymer or biopolymers, source renewable polymer and recyclable polymer. The source renewable polymers are mainly based on animal body or plant fiber and source of synthetic polymers are derived from petroleum crude oil. From renewable sources sustainable polymer can be develop through their chemical modifications of starch, cellulose, chitin like natural polymer. Bio polymers also can be prepared from biomass like plant oils, lignin etc. through two step processing technique [120, 121]. Now a days researchers are interested to develop or use green polymers in modern eco friend environment due to its unique and superior properties like high flexibility, anticorrosive, light weight, energy saving, reusable or recyclable, easy processable etc. [122, 123]. 

3.4 Polymer-polymer blend based composite

Researchers are interested to achieve biodegradable new polymer composite by blending with two or more than two polymers. Poly (lactic acid) (PLA) is a very popular, widely used polymer to produce bio compatible, biodegradable, bio based polyester. To overcome its very low toughness with high brittleness property another polymer is used to blend with PLA. Very common biodegradable polymer such as poly (butylene succinate-co-butylene adipate) (PBSA) and poly (butylene adipate-co-butylene terephthalate) (PBAT) are used to blend with PLA to produce green polymer without causing any hazards on human life or environment [124].  Thermoplastic starch with polyesteramide blends, starch with modified polyester blends, polycarprolactone with poly vinyl alcohol blends etc. are some polymers blended composite [125-127].
3.5 Application and challenges of green polymer nano composite
The green polymer-based nanocomposites have been used in many fields of applications in our daily life such as door panel, door handles, instrument panel, trunk liner, engine covers, vacuum cleaners, covers for portable electronic devices, bags etc shown in Figure 16 [128-130]. Depending on barrier properties, surface properties and also chemical resistance, nanocomposites have been used in food packaging industries like drink bottles, fruit juice paperboard. In tissue implantation engineering PLA based nanocomposites have been used as a non-toxic, eco-friendly composite material [131]   as a light weight material in aerospace it may have future application. It is a great challenge to new researchers to design or achieve new eco-friendly, renewable or source renewable polymer matrix nanocomposite with safety and causing less waste products.
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Figure 16. Applicative fields of green polymer

4 Mechanistic understanding on role of nanoscale fillers on interfacial chemistry of polymer nano composite
Polymer nanocomposites are the combination of polymer with other materials. To overcome some limitations and make it wide applicable in different fields, nano particles or nanoscale fillers are used to improve or modify physical, chemical properties of polymer over conventional composite materials. Nano fillers are used to adjust or modify properties (such as electrical, optical, thermal properties and mechanical etc.) of polymer composite in proper ratio with organic matrix. Nano fillers are mainly classified as organic (cellulosic and carbon black etc.) and inorganic (calcium carbonate (CaCO3), silica (SiO2) and titanium dioxide (TiO2) etc.) fillers. Depending on the size or dimension of the filler polymer nanocomposites mainly classified in three categories. Nanofillers can be commonly classified in three main categories on basis of their size or dimension such as i) zero-dimensional (0D) spherical ones (silica nanoparticles [132], quantum dots [133] etc.), ii) one-dimensional (1D) fibrous (carbon nanotube and nanofiber [134] etc.) and iii) two-dimensional (2D) layered (graphene [135], silicate [136], nano clay [137] etc.).   
Nanofillers are used to add in polymer matrix in 1 to 10% of weight (of the host polymer) [138]. Classification of nanoparticles depending on their size is summarized in Table1.  Polymer nanocomposites are composite materials of host polymer matrix with dispersed nanoscale filler combination. Properties of polymer-based nanocomposite materials show unique interesting new properties rather than individual properties of individual composites depending on the following parameters i) shape and dimension of filler, ii) properties, orientation of filler materials iii) fabrication technique, iv) adhesive properties of filler and host polymer interface, v) volume ratio of filler, vi) phases of filler and host matrix and vii) morphology of the composites, etc. [139-141].

	
Table 1 Classification of Nanofillers


	One– dimension nanofiller
	
Two–dimension nanofiller
	
Three–dimension nanofiller

	
Nanographene platelets
Montmorillonite Clay
ZnO nanoplatelets
Carbon nanoballs

	
Cellulose nano whiskers
Carbon nanotubes
Sisal fiber
Graphene oxide
	
Silica
Carbon black
Nano alumina
Quantum Dots

	

Nanoplate
Thickness <100nm
	

Nanofiber
Diameter <100nm
	

Nanoparticles
All dimensions <100nm



Properties of polymer nanocomposites can be enhanced by the nature of surface properties and interaction between host polymer matrix with incorporated dispersed nano fillers. Well and homogeneous dispersion and distribution of the nanofiller is very essential to get uniform modified properties of nano composites [142].
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Figure 17.   Figure shows nanoparticles (NP) in polymer matrix, (A) poor dispersion but good distribution of NP, (B) poor dispersion and poor distribution of NP, (C) good dispersion but poor distribution of NP and (D) good distribution and good dispersion of NP.

	In polymer nanocomposites nanofiller selection is very important for the specific applications or objectives, characteristics, interfacial area and interaction between nanofiller and polymer matrix. Interfacial area and interfacial interaction can be improved or modified the properties of polymer nanocomposites by the proper selection of nanofiller. The properties of polymer nanocomposites can be tailored with surface modifications to use it various field of applications [143]. Incorporation of very little amount nanoscale filler into polymer matrix can be used to enhance physical and mechanical properties. Properties of polymer nanocomposites also depends on filler size, filler types, filler surface interaction with polymer network, dispersion properties, processing method etc.

5 Conclusions 

In a nutshell, the present context highlights the significance of polymer in present scenario exhibiting the mechanistic approach as well. Nano functionalization is described to showcase its significance in property augmentation and ensuring biocompatible nature. Surface exposure of polymer composite imbibes unbalance or uncompromised forces or interactions which are primarily responsible for lower activation barrier for reaction and nano functionalization of the film/composite. A detailed description is presented on the novelty, processing, function and outcome of the targeted polymer systems. This interaction termed as host guest interactions are effective in ensuring the cavitation and core-shell matrix generation. 
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