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ABSTRACT

Composite materials especially the polymer me
materials aravell acknowledged for their applicatio
in aerospace, automotive and structural applicat
They are considerably light weight and offers
strength weight ratio. Epoxy is one of the widebed
matrix material in PMCs (Polymer matrix compos
due to its exceptional bonding capabilities, it fir
applications in the field of coating, adhesives
composite materials. Graphene is a novel materi
the field of composite materials it offers highestgth,
very high electrical conduction and heansfer. The
composites of Epoxy and Graphene hybrids ex
very high mechanical and thermal proper
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l. INTRODUCTION

A composite is a material made from two or m
different constituent materials having differ
physical or chemical properties which do not meng
the finishing structure, i.e., the individual cansgnts
retain their properties. In recent years, |meric
based composites materials are being used in |
application such as automotive, sporting gor
marine, electrical, industrial, construction, hdusld
appliances, etc Polymeric composites have
strength and stiffness, light weight, and higrrosion
resistance.

In engineering and material science, composites
defined as physical mixtures of chemically differ
materials that are insoluble in each other andlars
present as distinct phases: usually a continuoasq
(matrix), and a discontinuous phase.

. CLASSIFICATION OF COMPOSITES
A. Classification Based on Reinforcements

1. Particlereinforced composite

2. Fiberteinforced composite

Composites in which the dispersed reinforcing pl
is present in the form of particles is called [ude-
reinforced composites. Composites in which

dispersed reinforcing phase in the form of fibes
called fiber reinforced composites (FR

B. Classification Based on Matrix

1. Polymer Matrix Composites (PM(
2. Metal Matrix Composites (MMC
3. Ceramic Matrix Composites (CM

In polymer matrix composites, the matrix phast
polymer and the reinforcing phase may be fiber
ceramic particles. Theguaterials are used in vario
composite applications, and also in large quasi
because of their low cost and ease of fabrice

In metal matrix composites, the matrix is a duc
metal or alloy and the reinforcing medium
continuous like fibers fo carbon, silicon carbide
boron and alumina. Discontinuous reinforcern
includes silicon carbide whiskers, chopped fibefr
carbon and alumina, particulates of silicon carl
and alumina.

In ceramic matrix composites, particulates, fiber:
whiskersof one ceramic material are embedded
the matrix of another ceramic material. These cer:
composites have improved fracture toughness
high stress application compared to the cer:¢
material alone. Ceramic composite materials
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meant for hightemperature applications like he
shield of re-entry spacecratfts.

1.  GRAPHENE

Graphene is a sermetal with small overlap betwet
the valence and the conduction bands. It is
allotrope (form) of carbon consisting of a singigér
of carbon atoms aanged in a hexagonal lattice. It
the basic structural element of many other allas
of carbon, such as graphite, diamond, charc
carbon nanotubes and fullerenes.

Graphene has manyteresting propertic. It is the
strongest material ever testeefficiently conducts
heat and electricity, and is nearly transpat
Graphene shows a large and nonlinear diamagne
greater than that of graphite. Graphene ha
theoretical specific surface area (SSA) of 2630gr
This is much larger than that reped for carbor
black (smaller than 900 m2/g) or for carbon nane$l
(from =100 to 1000 m2/g) and is similar to activa
carbon. Applications of graphene include lightwej
thin, flexible materials, lightweight electric/plootics
circuits, solar cellsand various medical, chemical a
industrial processes enhanced or enabled by thefl
new graphene materials.

V. EPOXY RESIN

Epoxy resins are low molecular weight -polymers
or higher molecular weight polymers which norm:
contain at least two emide groups. The epoxic
group is also sometimes referred to as a glycial
oxirane group. As with other classes thermo set
polymer materials, blending different grades of»gp
resin, as well as use of additives, plasticizersllers
iIs common toachieve the desired processing or fi
properties, or to reduce cost. Use of blend
additives and fillers is often referred to
formulating.

The applications for epoxgased materials a
extensive and include coatings, adhesives

composite matgals such as those using carbon fi
and fiberglass reinforcements. The chemistry
epoxies and the range of commercially availi
variations allow cured polymers to be produced \ai
very broad range of properties. In general, epoare
known for teir excellent adhesion, chemical and t
resistance, good mechanical properties and elat
insulating properties. Many properties of epoxiaa
be modified by adding the modifiers. In the compz
production, epoxy is used as a structural m:

material which is then reinforced by fiber. Typic
fiber reinforcements include glass, carbon, Ke\
and boron.

V. LITERATURE REVIEW

A literature review has been carried out about
recent applications in the field of Epoxy, Graph
composites with mphasis on new processi
techniques and novel applications of the comp
material

Maheshet al. [1] studied hybrid graphenmultiwall
carbon nanotube reinforced epoxy compos
fabricated with different weight fraction of tl
reinforcements. The composites are subjecter
hardness testsawell as tensile test. The mechan
properties of these composites are investigated
increase in hardness and young’s modulus

increased weight fraction of the reinforcement:
observed.

Mahesh et al., [2] developed carbon nanotu
reinforced epoxy hybrid materials for enhanced v
resistance. The reinforcement of carbon nano
showed positive effect on the wear resistance e
composite. The wear rate decreased with incre
weight fractions of theginforcement:

Czél, Jalalvand and Wisnon[3] proposed a novel
approach for eliminating stress concentration
tensile and compressive testing of unidirectic
Epoxy-<carbon composites, an hybrid specimer
proposed to reduce the stress concentration a
grips of the testing appatus and to protect tt
underlying composite from failure. The develoj
specimen produced consistent gauge sec

Leopold et al., [4] stuied the size effect ¢
unmodified and Graphene nanoparticle modi
matrix, fibres is experimentally investigated. N
matrix fibres show a clear size effect of increg:
tensile strength with decreasing volume due 1
statistical defect distributic The nanoparticle
modified matrix shows no significant size effedthe
maximum stress in specimen of small volu
depends on Graphene layer orientation, so

ideally, the covalent bonds of the nanoparticlesugh
be orientated in loading directic

Ervina, Mariatti and Hamdal[5] studied the effect of
filler loading on the tensile properties of M-walled
Carbon Nanotube and Graphene nanopowder !
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Epoxy Composites, In this work, multialled carbon
nanotube (MWCNT) and Graphene nanopowt
(GNP) filled Epoxy composites were fabricated

ultrasonication and casting method. The experinh
results prove that the strength and modulus oéri
(MWCNT and GNP) filled epoxy compositese
lower as compared to clean epoxy. However,

addition of GNP at 0.8 vol% had slightly increa:
the composite tensile modulus which v
approximately.Thus, in general it indicates that 1
addition of filler (MWCNT and GNP) had reduced"
mechanicaproperties of Epoxy composite

Shi et al., [6] -calculated the Influence
microstructural features on thermal expan:
coefficient  in Graphene/Epoxy  compos.

Theoreticalcalculations were conducted to determr
the coefficient of thermal expansion (CTE). 1
influences of microstructural features  w
investigated. Calculated results demonstrated gt
anisotropy of CTE when all Graphene sheets in
composite were aligned in the ptane direction du
to the large difference between the elastic modfi
the graphene and epoxy.

Lu et al., [7] made a comparison of the elas
properties of graphene and fullerene reinfor
polymer composites with varying filler size a
morphology. By systematically véing filler
concentration, morphology, and size, they cle
identified clear trends in composite stiffness v
reinforcement. Spherical fullerenes provided a lye
sizeindependent level of reinforcement. In contr
two-dimensional graphene flakes uce a strongl
size-dependent response.

Leopoldet al., [8] calculated the Influence of carb
nanoparticle modification on the mechanical
electrical properties of epoxy in small volumesrég
types of partites, representing spherical, tubular i
layered morphologies are used. A clear size effé
increasing true failure strength with decreas
volume is found for neat and carbon black modi
epoxy. The results show the possibility to de
internal danage in small volumes by measur
electrical resistance and therefore indicate tohilé
potential for using carbon nano tube modil
polymers in fibre reinforced plastics as
multifunctional, selfmonitoring material  witt
improved mechanical properties.

Hallad et al.,[9] investigated the behaviour of
polymer matrix beam reinforced with graphene

carbon fibres at nano and micro level reinforcersg
respectively, to study the strength aspects

structural applications Reinforcement of polyme
beams with graphene alone by weight of the poly
matrix showed enhanced results when compare
carbon fibres alone, while the use of combined r
and micro reinforcements showed performance |
in between nano and microllers in the polymer.
Scanning electron microscopy and energy dispel
X-ray spectroscopy was conducted to examine
interfacial surface adhesion between the fillers éue
polymer matrix.

Jarosinskiet al., [10] examined the possibility ¢
increasing the thermal conductivity of the filleplosy
resin systems, applicable fotectrical insulation, by
the use of composites filled with graphe
nanoplatelets. It is remarkable that the additidr
only 4 wt.% of graphene could lead to 132 % inos«
in thermal conductivity. The obtained results st
potential for application of tt graphene
nanocomposites for electrical insulation w
enhanced thermal conductivi

Jiang et al.,, [11] developed Composites
epoxy/graphene modified diamond filleor enhanced
thermal conductivity and high electrical insulati
Performance of the epoxy was improved
incorporating diamond microparticles that w
covered with fewlayer graphene sheets on surface
not only improved dispersion of diamond in -
polymer matrix but it also decreased the interfa
thermal resistance between the diamond and E
while preserving an excellent electrical insulai

Gresil et al., [12] studied the thermal diffusivit
mapping of graphene Based polymer nanocompc
Majidian et al., [13] evaluated the role of the partic
size, polydispersity in the electrical conductiviby
carbon nanotubd=poxy composite

Zabihi et al., [14] proposed a new method of lar
scale manufacturing of engineered graphene
nanomaterials for development of h-performance
polymer nanocomposites. ey introduced a quick
and costeffective approach to scalable productior
functionalized graphite nanoplatelets using “kitt
blender” approach and Dieldder chemistry
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Watsonet al., [15] studied the Tensile and Flexu
Properties of Hybrid graphene oxide / epoxy cat
fibre reinforced composites. Nano sized grapt
oxide sheets were hwgenously dispersed v
sonication methods in Epoxy followed by vacu
resin infusion for the fabrication of the epo:
graphene oxide (GO) and micstzed carbon fibr:
reinforced nanocomposites (EP/CF/GO). grapt
oxide concentrations ranging from C— 0.5 wt. %
were studied to investigate the effect on tensild
flexural strength. It was observed that the ter
strength of the EP/CF decreased with the additic
GO but increased with GO weight concentration
the inclusion of 0.1 to 0.5 wt.% Gr@spectively

Ramos-Galiciat al., [16] studied the enhancement
mechanical properties of epoxy/graph
nanocomposites. Two types of Epoxy composite \
developed which are epoxy /gragrte nanocomposi
and epoxy/modified graphene nanocomposite.

fabrication of graphene was going through ther
expansion and sonication process. Chen
modification was only done for modified graphe
where Methylene diphenyl diisocyanate (MDI)
used. The mechanical properties of b
nanocomposite, such as Young’s modulus

maximum stress were investigated, for maxin
stress, neat Epoxy showed the best result compa
both nanocomposite due to the changes of ma
properties when addingetfiller into the matrix

Zhang et al., [17] developed a novel method f{
preparing polymer/graphene oxide hanocomposite
using  twostep strategy composed of in ¢
polymerization and melt process. Pickering emu-
templated polystyrene (PS)/graphene oxide (!
composite microspheres were paeed using surfa-
functionalized silica as the stabilizer. The
preformed polymer/GO composite microspheres \
then meltblended into polymer matrix to prepe
nanocomposite materials in a short minute usit
HAAKE torque rheometer.

VI. CONCLUSION

From the above literature survey it is clear thed
polymer composites’ applications are increas
rapidly, and graphene as a novel material is b
used extensively in newer applications. Grapheree
filler material significantly improves the projties of
the composite material developed. Although mult
extensive researches are being carried out ini¢ta

of polymer graphene composites the applications
ever increasing.
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