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Abstract – This incorporates frameworks with a wide assortment of physical and substance properties 
beginning from basic abilities to high versatile highlights, from hydro phobicity to hydrophilicity, and 
from electrical protecting highlights (polyethylene) to semiconductors or channels (doped polyaniline, 
polyacetylenes). A stunning element of these polymeric networks is that they are permeable, leaving the 
limited nanoparticle moderately uncovered. This has been now conjectured in different applications, for 
example, polymer kept impetuses. 
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INTRODUCTION 

Nan composites will be composites in which at any 
rate one of the stages shows measurements in the 
nanometre extend (1 nm = 10–9 m). Nan composite 
materials have developed as reasonable choices to 
beat impediments of small scale composites and 
solid, while presenting arrangement provokes 
identified with the control of basic sythesis and 
stoichiometry in the nanocluster stage. They are 
accounted for to be the materials of 21st century in 
the perspective on having structure uniqueness and 
property mixes that are not found in traditional 
composites. The general comprehension of these 
properties is yet to be reached, despite the fact that 
the primary deduction on them was accounted for as 
right on time as 19923. 

The quantity of distributed papers containing words, 
for example, nano-science, nanotechnology, 
nanomaterials, and so forth, multiplied in 1.6 years4 
in the late 1990s. Additionally, a writing review made 
by the writers uncovers that about 13.420 papers (of 
which 4028 contain the catchphrases nano-
composite and polymer has been distributed on 
nanocomposites over the most recent multi decade 

(2012‑ 2018). Essentially, licenses with complete 

record on nanocomposites represent around 4663 
during a similar period according to Scirus. 
Moreover, explicit meetings and extraordinary issues 
of certain diaries have been given solely to the rising 
science and innovation of nanomaterials. 

It has been accounted for that adjustments in 
molecule properties can be ob-served when the 
molecule size is not exactly a specific level, called 

'the basic size'. Moreover, as measurements arrive 
at the nanometre level, associations at stage 
interfaces become to a great extent improved, and 
this is critical to upgrade materials properties. In this 
unique situation, the surface zone/volume proportion 
of support materials utilized in the planning of 
nanocomposites is significant to the comprehension 
of their structure–property connections. Further, 
disclosure of carbon nanotubes (CNTs) in 19916 
and their ensuing use to create composites 
displaying a portion of the one of a kind CNT related 
mechanical, warm and electrical properties7-9 
included another and intriguing measurement to this 
territory. The chance of turning CNTs into composite 
items and textiles10 made further advances for the 
preparing and uses of CNT-containing 
nanomaterials. These days, nanocomposites offer 
new innovation and business open doors for all 
segments of industry, notwithstanding being 
ecologically neighborly. 

As on account of microcomposites, nanocomposite 
materials can be grouped, as indicated by their 
framework materials, in three unique classes as 
appeared in Table 2. 

• Ceramic Matrix Nanocomposites (CMNC); 

• Metal Matrix Nanocomposites (MMNC) and 

• Polymer Matrix Nanocomposites (PMNC). 

Nanocomposite frameworks, incorporating those 
strengthened with CNTs, have been broadly 
concentrated since the 1990s and, in like manner, 
there has been a consistent and persistent 
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increment in the quantity of distributions regarding 
the matter, including surveys every once in a while. 
Despite this development, most of the audits depict 
the current status of just one kind of nanocomposite. 
Along these lines, there are just two surveys on 
CMNC and three on CNT-strengthened 
nanocomposites and a very huge number on PMNC. 
On account of PMNC, surveys manage preparing 
viewpoints, including those on layered silicates, 
leading and biodegradable polymer-based 
frameworks, fiber strengthened and 
structure/morphology/property angles, just as with 
applications and points of view, remembering key 
chances and difficulties for the advancement of basic 
and utilitarian fiber nanocomposites. 

Polyacrylonitrile 

Polyacrylonitrile (PAN) was initially orchestrated in 
1930 by Dr. Hans Fikenscher and Dr. Claus Heuck. It 
is an engineered, semi crystalline polymer with 
structure appeared in figure 1.4, where 'n' is the 
quantity of acrylonitrile unit in PAN Chain. The 
mechanical, warm and synthetic solidness PAN 
prompts pick it as a host polymer network. 

The remarkable mechanical quality, higher 
deterioration temperature (~300°C) and successful 
collaboration due to - CN moiety and so forth makes 
PAN as a promising possibility for its nanocomposite 
creation. 

 

Figure 1: Chemical structure of polyacrylonitrile 

Properties of PAN 

PAN polymer has features like strength, stiffness, 
resistance to sunlight and heat, stability towards 
different chemicals and solvents, low permeability to 
gases etc. The presence of nitrile group in its 
structure makes it polar in nature. This property of 
PAN allows it to form hydrogen bond, donor-acceptor 
complexes, formation of complexes useful in 
conduction mechanisms [20]. Further acrylonitrile 
can be transformed into different copolymers such as 
styrene-acrylonitrile, acrylonitrile butadiene styrene, 
acrylonitrile butadiene acrylate etc. 

 

Poly (Styrene co acrylonitrile) 

Poly (styrene co acrylonitrile) (PSAN) has been 
initially manufactured in 1936 in which it shows 
successful mechanical, warm and synthetic 
properties when contrasted with PS and PAN. 
Styrene acrylonitrile (SAN) is for the most part single 
stage styrenic copolymer shapeless miscible mix. 
The styrene and acrylonitrile is stastically 
appropriated along the polymer chain. The 
inappropriate styrene and acrylonitrile proportion in 
their copolymer offer ascent to their stage partition 
and shady appearance. 

PSAN is a copolymer plastic comprising of styrene 
and acrylonitrile units. The substance structure of 
PSAN is appeared in figure 1.5, where 'n' is the 
quantity of styrene unit and 'm' is number of A unit in 
PSAN polymer chain. Both PS and PAN are 
thermoplastic in nature. Independently PS is optical 
straightforward and fragile though the PAN has high 
warm and substance obstruction properties. The A 
section instigates the compound opposition, quality, 
solidness and warmth obstruction properties in 
copolymer. The glass change temperature of PSAN 
gets ascended to more than ~100°C in contrast with 
both individual polymers. Expansion of PAN to PS 
will prompt an upgraded mechanical quality, 
synthetic and warm obstruction with conferring 
yellowish shading and misfortune in optical 
straightforwardness of their copolymer. 

 

Figure 2. : Chemical structure of poly (styrene co 
acrylonitrile). 

Properties of PSAN 

The union of PSAN copolymer will defeat the 
deficiency of PS and PAN polymer. Mechanical, 
warmth and warm opposition and so forth properties 
get upgraded with A substance in PS. The nearness 
of styrene unit in PSAN makes it unsteady in UV 
light presentation. This can be overwhelmed with the 
expansion of UV stabilizer like ZnO in PSAN making 
it valuable in coating and other open air applications. 
The polar idea of A prompts grant some electrical 
properties however generally speaking PSAN is 
satisfactorily cover. Because of non conductive 
nature of PSAN there is collection of charged 
species (static charge) on their surface make them 
adoring for residue or static releases. So as to 
maintain a strategic distance from such wonder, 
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compound like sodium alkyl sulfonates can be added 
to make them antistatic nature. The PSAN properties 
of dispersion obstruction towards the gases or fluid 
use it as a significant competitor in bundling industry. 
PSAN has low gas penetrability due substance in 
contrast with PS. The PSAN have 
straightforwardness towards light, high malleable 
modulus, inflexibility and hardness and so on 
highlights. Due to above highlights, PSAN can be 
utilized in PC parts, and food bundling, optical fiber 
and so on based materials. Improved warmth safe, 
wear obstruction, hostile to consuming properties 
and so on make PSAN based items request in 
different fields, for example, car, aviation, railroad 
transport framework and so forth. 

NAN MATERIALS AS FILLERS 

Various fillers can be grouped based on their 
geometry as molecule, stringy and layered materials. 
Silver, gold, ZnO, carbon dark, silica and so on., are 
named classification under nanoparticles. Carbon 
annotates (CNT) and nanofibres go under sinewy 
materials. Thus the material having thickness under 
100 nm (plates like shape) with high perspective 
proportion ordered as layered material. 

The scattering of nonmaterial‘s into polymer network 
creates exceptional changes in the mechanical, 
electrical, optical and so forth properties of PNs. The 
cooperation of interface between the filler and grid 
will be the key factor to coordinate the nature of PNs. 
Besides, ill-advised expansion/scattering of fillers into 
polymer grid makes them inadequately practical. 

Nan materials are the materials with at any rate one 
measurement somewhere in the range of 1 and 100 
nm. As the material size brings down from enormous 
scope to nanoscale, there is increment in its surface 
action (because of expanded surface territory) which 
viably contributes for the more noteworthy surface 
fictionalization and catalysis movement. The 
quantum impacts is the subsequent key factor for 
amazing changes in basic, optical, morphological, 
warm, attractive and electrical properties of 
nonmaterial‘s. 

On limiting the development of material as for its 
measurement, the material exist in explicit anodize 
shapes viz. 2D, 1D, 0D nonmaterial‘s. Figure 1.6 
shows different nonmaterial‘s and their thickness of 
states versus vitality graph individually. Quantum 
dots(0D) having discrete vitality states coordinates 
their utilization in natural sensor, investigation of 
intercellular procedures at single particle level, tumor 
focusing on and diagnostics and so on applications. 
For 1D nonmaterial‘s (nanowires), the restriction of 
energized electrons done along the one headings 
and thickness of states is semi discrete. The 
nanowires are for the most part utilized for transport 
of electrons by means of interconnections. For two 
dimensional (2D) nonmaterial‘s, controls of electron 
are in two ways and have discrete vitality of states 

bringing about development of quantum well. The 
essential standards for quantum imprisonment in 2D 
material is that the profundity of well ought to be 
similar to the de Broglie frequency of charge 
transporters [30, 31]. The condition of "well" 
resembles the bound district out of which 
transporters can't move and all get caught. The 
caught condition of bearers can be considered in the 
condition of "quantum control". One can plan the 
viable "traps of bearers" in various ways like planning 
the material with various layers of semiconductor. 
The thickness of conditions of two measurement (2D) 
nanomaterials is semi constant when contrasted with 
mass materials [32]. 

 

Figure 3 : Schematic representation and density 
of states versus energy diagram of Quantum dot 
(0D), Quantum wire (1D) and Quantum well (2D) 

respectively [32]. 

OBJECTIVES OF THE STUDY 

1. Understand the structure-property 
connections 

2. Modeling of the mechanical properties 

REVIEW OF LITERATURE 

Agag et al (2010) grew low thickness polyether 
based fundamental chain benzoxazine polymers 
and these are forerunners for adaptable 
polybenzoxazines. The polymers are cross-
connected by means of warm treatment to create 
extreme and adaptable polybenzoxazines without 
utilizing any outer initiators, quickening agents, 
impetuses, or responsive diluents. The cross-
connecting of the perfect polymers is straight 
forward through thermally enacted ring-opening 
polymerization of the cyclic benzoxazine structure 
and prompts adaptable polybenzoxazines with no 
need of outside added substances. 

Ates et al (2011) arranged benzoxazine with 
polysulfone (PSU) center at various sub-atomic 
weight proportions. The responsive 
macromonomers can be further cross connected by 
warm enactment to create the extreme film with 
great warm dependability. The warm and 
mechanical security of the relieved movies could 
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additionally broaden the utilization of PSU based 
films in application under extreme conditions. 

Kawauchi et al (2011) arranged novel fluid crystalline 
(LC) benzoxazine monomers and examined their 
restoring and fluid crystalline conduct. In light of 
enraptured optical magnifying lens (POM) 
perceptions, LC benzoxazine begins ring opening 
polymerization at 160oC and birefringence showed 
at room temperature. 

Jin et al (2011) created methacryloyl functionalized 
benzoxazine monomer and effectively did the 
photograph polymerization in the nearness and 
without photograph impetus followed by warm 
polymerization. Photograph actuated 
polybenzoxazine have higher warm strength than 
that of perfect polybenzoxazine. 

PHOTO INITIATED POLYMERIZATION 

As of late, photograph started polymerization has 
gotten renewed enthusiasm as it gathers a wide 
scope of financial and biological expectations. For 
over 30 years, photograph polymerization has been 
the premise of various ordinary applications in 
coatings, glues, inks, printing plates, optical 
waveguides and microelectronics. Some different 
less customary however intriguing applications, 
including creation of laser video circles, relieving of 
acrylate dental fillings, and manufacture of 3D 
objects are additionally accessible (Kloosterboer 
1988; Fouassier 2015; Anseth et al 2015; Roffey 
2015; Davidson 2016; Bunning et al 2010). Intrigue 
has additionally developed in distinguishing the 
receptive species associated with the polymerization 
procedure by laser streak photolysis, time-settled 
fluorescence and glow and electron turn 
reverberation spectroscopy just as observing the 
polymerization itself by various strategies including 
constant IR spectroscopy, differential examining 
calorimetry, in situ dielectric examination and as of 
late created optical pyrometer. 

Photograph started polymerization is typically applied 
to a chain procedure that is started by light and both 
the starting species and the developing chain closes 
are radicals (Arsu et al 2018) or cations (Yagci et al 
2016) and sometimes, anions or powerless bases 
(Kutal et al 2017). Nonetheless, the relating 
photograph started polycondensation process in 
which a macromolecule is acquired by a stage 
development expansion (Scheme 1.6). 

PHOTO POLYMERIZATION IN 
POLYBENZOXAZINE 

Photograph polymerization is an exquisite technique 
(Yagci et al 2010), since the responses are all the 
more earth amicable as they are regularly worked 
without solvents. The responses can be controlled in 
both existence. Rather than warm based 
polymerization, which as a rule requires raised 

temperatures, photograph polymerization can be 
performed at room temperature. At the point when 
photograph polymerization is joined with warm 
polymerization of benzoxazine, a few extra focal 
points can be advertised. For instance, giving 
photograph synthetically dynamic gatherings are 
fused into benzoxazine structure, successive 
photochemical and warm enactment would prompt 
the arrangement of system with higher cross-
connected thickness. This would clearly influence the 
Tg and subsequently mechanical properties of the 
resultant polymer. 

Until this point, just a couple of studies on the 
photograph polymerizable frameworks containing 
benzoxazine have been accounted for. Kasapoglu et 
al 2013 contemplated the photograph started ring-
opening cationic polymerization of flawless 
phenol/aniline based benzoxazine monomer (Ba-An) 
and its application. Another bifunctional benzoxazine 
monomer containing coumarin (Kiskan et al 2017) 
has been accounted for and is equipped for 
experiencing photodimerization and warm ring-
opening polymerization forms for relieving 
applications with the development of profoundly 
thick cross-connected systems. The photograph 
started polymerization has been decided to acquire 
straight polymers with pendant thermo labile 
benzoxazine gatherings (Gacal et al 2017). As of 
late, novel class of photograph polymerizable 
benzoxazine has been created. Its photograph 
polymerization has been effectively done in the 
nearness and nonappearance of photograph 
initiator, photograph actuated polybenzoxazine have 
higher warm solidness than that of slick 
polybenzoxazine (Jin et al 2011). 

CONCLUSION 

Handling techniques for various sorts of 
nanocomposites (CMNC, MMNC and PMNC) are 
accessible, however a portion of these posture 
provokes in this manner giving open doors for 
analysts to defeat the issues being encluntered with 
nanosize materials. They offer improved execution 
over solid and small scale composite partners and 
are thus appropriate possibility to beat the 
impediments of numerous right now existing 
materials and gadgets. Various applications as of 
now exist, while much likely are workable for these 
materials, which open new vistas for what's to come. 
Considering their one of a kind properties, for 
example, exceptionally high mechanical properties 
even at low stacking of fortifications, gas boundary 
and fire related properties, numerous possible 
applications and consequently the market for these 
materials have been anticipated in different 
divisions. In this way all the three sorts of 
nanocomposites give openings and prizes making 
new overall enthusiasm for these new materials. 
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