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ABSTRACT

The polymeric nanomaterials play an important role in aerospace industry for different parts to be used in aircrafts,
bombers and space launch vehicles. These materials have higher tensile strengths as compared to other materials on
macro as well as micro levels. Poly-composite nanomaterials involve nano fillers isolated in it for better adhesive
properties. This review paper deals with the study of properties such as weight reduction, thermal characteristics,
electronic properties and impact toughness that are responsible for nanocomposites to resist at alternative operating
conditions for structural arrangements and performances. The properties of materials depend on several factors such as
thermal conductivity, glass transition temperature, strengths, resistance etc. that are responsible for the variation in
composite matrices.
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1. INTRODUCTION

Over the most recent years, overall, there has been a
great deal important to tailor the construction and
creation of materials on sizes of nanometer scale. When
it comes to nanocomposite’s fillers play a major role in
changing the properties of different polymers. Mineral,
metals, and fiber fillers have been added to
thermoplastics, rubbers, and thermosets for quite a long
time to frame composites. Confiding to the size and
shape the particles along with the concentration while
interacting with the matrix the effectiveness and
properties of the fillers are determined. It is defined that
composites are nothing but a mixture of two or more
reinforcing materials including fillers and composite
matrix- binders vary in composition and structures in
the scope of macroscale. Mostly all the mechanical and
chemical properties are been enhanced the cause of the
combination of different materials. This kind of
improvement in the characteristics of the composites
helps in the varied applications. Thus, comes the
polymer nanocomposites where polymer matrix is been
united with the nanocomposite under the scope of
nanoscale. That all the properties are been enhanced
when compared to the polymer itself. The polymeric
composites are classified according to the support
structures into particulate built up, fiber built up, and
laminar composites. Particulate composites are again
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classified dependent on the molecule size of the
scattered stage. Since nanometer-size grains, fibers and
platelets have significantly expanded surface region
than their traditional size materials, this can be micro
composite, nanocomposites, or atomic composites. The
science of these nano-sized materials is modified
contrasted with regular materials. Here there are varied
procedures to incorporate polymer nanocomposites
contains sol gel measure, in-situ polymerization,
arrangement blending measure; soften blending
measure and in-situ intercalative polymerization. As per
different boundaries PNCs are groups into various
classes. Composites that displays an adjustment in the
arrangement and design upon a nanometer-scale that
have shown surprising property upgrades comparative
with regular composites, some of the major properties
include.

e Increased modulus

e Expanded warmth contortion temperature
e Protection from particle permeation

e Upgraded ablative resistance

e Expansion in nuclear oxygen resistance

e Maintenance of effect strength

Increased properties of these PNCs compared to the
other materials have a great impact on nano-filler
expansion on the ideal aviation properties of polymeric
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nanocomposite has been listed. The appealed highlights
are of high glass progress temperature, warm solidness,
high modulus, compound obstruction, and no
flammability. The advancement in polymer-based
nanocomposites holds a special place in industries with
a wide scope of use in aerospace, micro-electrical,
medical, automotive, construction.

2. LITERATURE REVIEW

Kashiwagi et.al (2005) examined the behavior of
nanoparticle web that diminishes the flammability of
polymer nanocomposites. Nanoparticles are highly
attractive for environmental circumstances as they
improve both bodily and flammability properties of
polymer nanocomposites. The network formation of
carbon nanotubes describes the acquisitive properties of
nanocomposites as well as nanofibers. Rheology
measurements were carried out using rheometric solid
analyser in clip mode with a fitting. Different peak
values were observed for two different conditions i.e.
one with network layer and other without network
layer. The results for particle elasticity and
polydispersity were also evaluated as per the
concentration rate. The outcomes for flame retarding
polymer nanocomposites are obtained by performing
expandable measurements for initial samples [1].

Kim et.al (2005) studied the electrical conduction for
oxidized multiwall carbon nanotube with admiration to
chemical medication of Multi-walled nanotubes
(MWNTs). The content of MWNT is responsible for
the electrical properties of MWNT composites, causing
electrical conduction to be lowered. The reimbursement
of MWNTs has significant influence on electrical
properties of composites that causes the -electrical
conductivity to be petite and relocation to be raised. The
results obtained as due of damage occurrence in
MWNT properties fall off vigorously which shows the
high conduction and relatively low performance. The
compensations to the MWNTs is subjected to
demanding conditions used for oxidation and chemical
as well as thermal energy to be reported for the inherent
properties. The improving performance of MWNT with
no impurity led to the formation of different types of
resolutions, intensities  operating at  different
temperature as well as time [2].

Zhao et.al (2006) studied the array pattern for upright
ranged multiwall carbon nanotubes (MWCNT). The
Vander walls interactions were introduced between
MWNCT and other surfaces with minimum contact
area. The measurements for adhesive strengths is
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measured to be as 10N/cm? for standard direction
whereas 8 N/cm? in shear direction. The study for the
interfacial work measured as falling out for Vander wall
interactions shows the unique property of multi-walled
carbon nanotubes that are electrical and thermal
conducting materials. It is also seen that the major key
responsible for the reduction in required efficiency led
to the meagre adhesive properties of MWNCT. The
result obtained for epoxy resin energy of MWNCTs
selections are around 20-80 mJ/m? which is evenly 10%
to the latitudinal seal factor. The growth of MWNCTs
array on substrate or SWNTs further raises the adhesive
energy and strengths of the composites [3].

Sun et.al (2007) represents the toughening behaviour of
composites using Nano clay, core shell rubber (CSR)
and hybrid system. These cracks are used to determine
the stress power factor for failure point, dull crack
divisions and slash. The outcomes were concluded as
the improvement of fracture toughness along with
compressive strength of system is done by the addition
of Nano clay to it. However, the peak improvement in
toughness is done by core shell rubber (CSR) particles
and for the hybrid systems the problem is caused for the
non-uniform distribution. The sharp nature of fracture is
studied by considering the intensity factor for the stress
value. The results for the blunt and notch samples for
the stress intensity factor decreases and the calculation
for it is done by the assumption of notch blows to be as
ideal blow without considering the governing
parameters [4].

Leszczynska et.al (2007) demonstrated the designed
coated silicate into polymer matrix results in increase of
thermal constancy of nanocomposites. The external
level activities are directly influenced by epoxy resin
interfaces on thermal constancy of organic complexes.
This study presents the thermal stability, composition
and structure of nanocomposites and mechanisms for
improvement of thermal stability. The results concluded
in a way that the samples were uncovered at complex
temperatures of montmorillonite (MMT) layers confine
diffusion of gases progressed during deprivation and
pressure of MMT layer also results in balance of
nanocomposites. The nanocomposite helps in shielding
out the samples from heat and further decreases the
mass loss during thermal breakdown [5].

Kireitseu et.al (2008) investigated the shock resistant
and vibrational restraining of nanoparticle composite
materials. The crammed polymer ceramics coatings and
molded polymer composites with carbon nanotubes
explored flexural tests and thermal steering between a
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temperature range of 200 to -80°C. The results for
restraining behavior and impact durability of composite
crammed showed the CNT reinforced materials have
higher impact strength and vibrational restrain
properties at altered temperatures. The stiffing
properties of restrain polymer are lower than that of
composite structures. Also, the budding applications of
this technology range from micro-structure such as
turbine blades to meso-measure system [6].

Liang et.al (2013) surveyed the recent development in
flame retarding for polymer coatings. These coatings
are of various substrates based on different metals,
elements such as S, Si, P, N and other polymeric
materials. The conclusion made from this study shows
that as in concern of environmental and safety
measurements, the demand of FR coatings are
increasing rapidly as the previously used coated
materials are been replaced by cost-hoard FR coatings.
Some of elements used in FR coatings such as- P, N, Si,
S etc. are subjected to superior flame retardancy, low
smoke discharges and other properties. There are
several techniques applied for FR coatings such as sol-
gel, assembly, plasma and sputtering etc. that represent
the efficient impermeable characteristics to substrate.
The choice made of FR coatings is majorly due to easily
accessible, cost-hoarding, compatibility, reliability,
multifunctional and higher performance which
significantly helps in decreasing toxicity, environmental
and other concern related to flame retard systems [7].

Ghori et.al (2016) studied the role of advanced polymer
materials in aerospace applications. The study is carried
out for advanced composite materials along with
aerospace features and components. The different
manufacturing procedures for aerospace composites
were also mentioned such as- hand lay-up, automated
tape lay-up, automated fiber settlement, resin transfer
molding, vacuum-assisted resin transfer cast process,
filament twisting and pultrusion in addition with
advantages and disadvantages of composites in
aerospace. The different aircraft models were also
studied on behalf of composite materials such as- beech
starship, Boeing, Airbus, advanced tactical fighter,
advanced technology bomber (B-2), navy fighter
aircraft (F-18a), osprey tilt motor (V2). The future of
composite in aerospace applications will always be a
demand in industry leading to development of light and
efficient materials [8].
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3. DISCUSSION
3.1 Weight Detoriation

Weight is considered to be one of the most important
factors in aerospace applications. The capacity of
carrying load to the systems and instrumentations
increases the overall weight of vehicle. The reduction in
weight for aerospace applications is found via
reductions in fuel consumptions and emissions. The
recent development of light weight and highly efficient
materials are growing up in aerospace industries where
the finest composite matrixes act as mechanical failure
resulting in cause of eco-friendly deprivation. For
aircraft application, a composite utilization has found as
for Boeing 787 that shows the presence of matrix
composites lies around 50% as compared to Boeing 777
that is 7% only. The easiest way to control the
mechanical loads is done with the introduction of nano
pores or voids that are conventional polymer matrices
tested out at altered conditions. The density value for
the nano porous material is found to be around 0.2
g/cm® as an experiment work carried out at NASA
Glenn Research Centre over a period of years. The
recent improvements are made in mechanical properties
by adding of nanoscale fillers i.e., carbon nanotubes,
Nano clays etc. that helps in strengthening of walls for
these materials. The carbon nanotube succeeding the
nano fibres shows the higher ductility, strength and a
significant amount of reduction in the panels or section
of materials. An optimizing condition is considered for
system analysis as with a tensile strength of 10 GPa, the
weight of vehicle decreases by 25% for the modulus
resin fibres [12].

3.2 Thermal Stabilizing Characteristics

The future aerospace materials design criteria and its
requirements needs to enhance the functional and
reliable properties for which thermal stability and fire
safety plays a vital role in aerospace sector. The study
of poly (methyl acrylate) clay nanocomposites were
investigated by directly dissolving in acetone. The TEM
micrographs for PMMA-clay nanocomposite is
displayed Fig. 1.

The dark horizontal lines displayed in graph are thin
silicate sheets that are intersecting at the clay surfaces.
These silicate sheets were detached in PMMA matrix in
order to co-operate with PMMA chain formation. The
exhibiting temperature for PMMA clay is around at
82°C corresponding to crystal evolution temperature.
The PMMA chains introduce the silicate galleries that
avoid the segmentations of polymer chains that is
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around 124°C. The thermal degradation of PMMA has
three different steps. Firstly, the decomposition of head-
to-head linkage, scums and lattice displacements.
Secondly, the chain-end decomposition reaction process
for PMMA and thirdly the main chain decomposition
process for the composites. The temperature value
ranges from 167- 329°C for these following steps.
Similarly, the PMMA clay nanocomposites also occur
in three step process.

Fig.1 TEM micrograph for PMMA-clay
nanocomposites [9]

The temperature ranges for these processes are at 266°C
and 40°C for second and third level respectively. From
this analysis, it is clear that the PMMA-clay
nanocomposites have better thermal stability than
PMMA [9].The mechanism behind layer silicate shape
influences the flames to be dispersed during process.
The main combustible and flammable properties are
influenced by addition of Nano clays. Polymers show
best flame stability for nanocomposite formation
unveiling intermolecular responses such as centrifugal
mixture, hydrogen abstraction etc. The comparative
study of polymer extremists is considered to be one of
the most important parameters for guessing the effect of
nanocomposite developments. The results were
concluded as with the rapid growth in stability of
radicals, the reduction in heat peak rate values are
obtained for the flame decomposition [5]. The addition
of carbon nanotubes to polymer medium increases the
glass, critical as well as current temperatures due of
restraints in polymer sections and manacles. The
limiting criteria for the carbon nanotubes are the heat
flux transformation from one to another in an efficient
way. Carbon nanotubes can be intertwined into rugs in
order to produce low-density, extreme thermal
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conductive material. CNTs are considered to be among
one of the good probes even though it didn’t have that
same level of conductivity when unified with some
other materials. A major problem that occurs in CNTSs is
they vibrate at high frequency than atoms in
surrounding materials, which causes resistance to be
high. SEM images for the MWNCT selections are been
displayed Fig. 2.

Fig.2 SEM images for MWNCTs arrangements (a-c)
top view of MWNCT array with enlarged magnified
shows the entanglement of nanotubes at surface, (d)

shows the side view of MWNCT array vertically
aligned, (e-f) Top and side view of MWCNTs array of
40 um after oxygen plasma etching [3].

This image shows the vertical orientation of MWNCTs
array produced on surface such as silicon (Si) and has
array elevations in micrometers [3].

3.3 Electronic Properties

Nanomaterials based on carbon content plays an
important role in field of electronics, communications
and data storage. CNTs are conductive extracts for
electronic integration because of their minor sizes and
extreme characteristics ratio. The subsequent nanotubes
develop a leading network with polymer matrix by a
loading percentage of 1.5-4.5% by mass and futileness.
They are higher isotropic properties and shows uniform
conductivity with minimum wrap. Nano carbon tubes
does not display friction as well as wear characteristics
that serves as a strong machine-driven wearing.
Meanwhile, the properties depend on several features
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such as blend of nanomaterials, aspect ratio, and
distribution in matrix and so on [10]. The conductivity
threshold values cascades in range of half-dilute
concentrated rods whereas the effect of aspect ratio on
absorption were explained by modest representations
for precolation. The content of concentration considered
is to be around 0.0004% wt. in a diffusing medium of
SWNTs. The SWNTs composition remains disperse in
the suspensive medium under the sonication of bundles
of SWNTs. The absence of stabilizing agent and
metastability formulation develops a network for which
the SWNTs concentration becomes low and helps in
achieving higher aspect ratio. Continuous sonication
results in formation of more composite structures, for
which the network linking are to be formed prior to it.
Considering both i.e., SWNTs and sonication allows
producing identical composites with high-intensity
epoxy. The SWNTs images for the volume fraction of
2.1x 10 as displayed below Fig. 3.

Fig. 3 SEM images for SWNTs composites [11].

The CNTs were reduced from 411 to 83 to 8.3 in epoxy
CNT nanocomposite corresponding to increase in
threshold precolation [11].

3.4 Effect of Endurance

The damages occur in materials are due to the low and
high velocity influence due to serving of uninterrupted
load at different points. The different types of defects
generated on nanocomposite materials are- matrix
bangs, fiber deboning or break and notch etc. These
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effects led to the variation in the mechanical properties
for merged structures which results in formation of
shattering failure. The uneven distribution of CSR
particles sized (0.5 um — 0.5 mm) shows the fracture tip
kneeling as displayed Fig. 4.

The rupture kneeling behavior in hybrid samples
indicates the breakage to move faster in Nano clay
region than the CSR region. The images clearly spots
the break tip at two different points i.e., one at initial
position of tip and other at the far away distance from
tip on the surface. The resin samples with slash and dull
clap have rough surface near blow whereas smooth
surface for away blow from material surface. The
modification in surface roughness with respect to kind
of blow distance from crash tip is not same as that in
circumstance of resin samples. The initial blow tip is
considered to be the dynamic force for fracture. The
stress intensity factor denoted by Kir is considered to be
critical stress intensity factor Kic for breakage surface
mechanisms [4].

RESIN 5% NANO 5% CSR HYBRID

NOTCH
N

BLUNT |8
CRACK
(B) \
SHARP
CRACK |
® F _
SRR N
Fig.4 Optical images of rupture for different samples

4]

The addition of nanoparticle absorption increases the
impact as well as crucial strength for materials. These
composites are highly strengthened with nanotubes and
Nano clays that mainly results in matrix deprivation.
The ultimate tensile strength of material is about
10,000-12,000 psi that will be definitely an impulse
matrix to tensile strength boundary. The CNT
composites based on strengthening thicken up at lesser
temperature. Flexural performance of composites is
overawed by domating features and with increase in E
and G values. The impact strength plot for different
nanotube polymer composite are shown in Fig. 5.

The polymer matrix with E-glass particles appears to
have higher rate of modulus increment than polymer
matrix of own self. The results for thermal cycling show
the lower behavior of E-glass composites [6].
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4. CONCLUSION

The phenomenon of different properties that are
considered for the study of behavior of nanocomposite
materials are as- weight reduction, thermal
performance, electronic properties and impact
toughness that depends on parameters like as ultimate
strength, aspect ratio, resistance, mechanical energy etc.
leading to the development of composites. Weight
reduction deals with the development of light weight
and easily accessible components in aerospace sectors
which can be a profound for the upcoming future
generation in manufacturing as well as aerospace
industry. It also overlooks on the fracture
characterization and failure analysis of materials that
were subjected to continuous serving loads. The thermal
property for the composites shows the behavior change
in temperature, heating, cooling etc. The addition of
Nano clays played a vital role in CNTs as it helps in
increasing the fire properties such as- volatile,
flammability and retardancy which further helps in
improving thermal endurance of the composites. The
electronic properties are dependent on several factors
such as- conductivity, electromechanical systems,
dispersion in matrix etc. These parameters are
responsible for the precolation of nanocomposites that
are sustained at different points. The impact toughness
and absorbing properties enhances the stiffness and
durability of the composites. The stress intensity factor
is considered to be one of the most important
parameters for the analysis of fracture point as well as
orientation and other relevant characteristics.
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