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ABSTRACT

. The paper reviews current research, techniques for
characterization and trends on the field of nanocomposites.
Nanocomposites are new materials made with fillers which have
nanosize. These materials have a big potential for application in the
automotive and aerospace industry as well as in construction,
,electncal application and food packing. There is a tremendous
o ~ interest for using bio-nanoparticles like cellulose microfibrils or
whaskers to be applied in the new era of biocomposites.

A
e
v |? 2

auuuRRbTRIRRRRRRRRRRRRRRRRE



TPPPRRPEEEEE LRl L




INTRODUCTION

Composite

posite” is when two or more different materials together to
a superior and unique material. This is an extremely broad

ition that holds true for all composites, however, more recently
composite describes reinforced plastics.

> Composite is something in which at least one of the phase has
at least one dimension of the order of nanometers ( The

definition of term is related to polymer blends, composites
and multiphase polymer).

)> Multiphase solid materials where one of the phase has one,
two or three dimensions of less than 100 nanometers (nm) or
structures having nano-scale repeat distances between the

~ different phase that make up the materials. '

) In the broadest sense this definition can includes porous

- media, colloids, gels and copolymers, but is more usnally

taken to mean the solid combination of a bulk matrix and

nano-dimensional phases differing in propemes due tq

, -dissmulanues in structure and chemlsl:ry A

- Examples of Composites:- The mqa cdmmﬁn enmph

composne in a broad sense _ls crete. In this us

._
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a composite, an extremely rigid material is created. The
composite material is most commonly associated with the
term “composite” is Fiber Reinforced Plastics. This type of
composite is used extensively throughout our daily lives.
Common Uses

e Aircraft

e Boats and marine

e Sporting equipment

e (Golf shafts, tennis rackets, surfboards, hokey sticks,

etc.)

e Wind turbine blades
Body arBulding materials
Water pipes
Bridges
Tool handles
e Ladder rails

1.1.3 Benefit of Composites AR
¢ In comparison to common materials used today smﬁ £5 0
as metal and wood composnes can provide a dlﬁinct'-
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adoption of composite is the lightweight propemes. In
transaction, less weight equipment, lightweig
composites allow for longer drives in golf, faster s
in tennis, and straighter shots ine archery. While i
wind energy, the less a hlade mfghs ﬁle more |

the turbine can produce SR |
Besides welght
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e Flexible, will not dent
e Low maintenance

e Long life

2, e Design flexibility

- 1.2 Nanocomposite

Nanocomposites are a subset of composites that advantage of

unique materials properties on the small scale At
nGimatTm, we use

proprietary NanoSpraySM  and
|Combution Chemical Vapor Condensation (CCVC) processes
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to produce polymer matrix/ metal or ceramic nanoparticle g
nano- composite coatings. g
The particles with small sixe in the range from a few to -]
several tens of nanometers are called quasi zero - =
dimensionalmesoscopic system associated with quantum =
dots, quantixed Or Qparticles, etc (Sharma, etal, 2004) . -
According to Jordon et. Al (2004) the nano- sixed are defined g
as those that have at least one dimension in the range ! to =
100nm. Nanotechnology is now recognized asa one of the =
most promising areas for technological development in the k
N
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21t century. In materials research, the development of
polumer nanocomposites is

rapidly emerging as a
multidisciplinary research activity whose results could
broden the applications of polymers to the great benefit
IThe mechanical, electrical, s
1al, optical, electrochemical, catalytic properties of the
anocomposite woll differ markedly from th

onent materals. iz limits for thes effe

R
- many different industries.
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mechanical strenghthening ¢ restricting matrix dislocation
movemet,

Structure of as prepared layered
Stlicate Nanocomposite

"L_' P

Polymeric nanocomposite

Plymer nanocomposites (PNC) are polymers (thermoplastics,
thermosets or elastomers) that have been reinforced with
small quantities (less than 5% by weight) of nano -sized
particles having high aspect ratios (L/h>300) (Denault and
Labreque, 2004) Figure No 1 shows a classical layered
- silicate nanocomposites, PNCs represent a radical alternative

to conventional filled polymers or polymer blends - a staple

of the modern plastics industry. In contrast to conventional g

composites, where the reinforcement is on the order of B
crons, PNCs are exemplified by dicrete constituents on the |
r of a few nanometers. The value of PNC s

¥

ot solely based on the mechanical enhancement of the ne:
¢sin nor the _direct replacement of current filler or ble
. . ul ,,,.rl_“lj 1P ¢ 1es - |

S ] .lj._,‘i_ s

o
o
dJ
o
[
o
)
o
o
=
E
o
o
i
o
[
u
o
o
o
g
e
o
o
P>
I
kd
z
Z
o
5
4




contain substantially less filler (1-5 vol %) and thus enabling
greater retention of the inherent processibility and
toughness of the neat resin (Vaia and Wagner, 2004)

Figure N°1: Transmission electron microscopy (TEM) of a

polymer/layered silicate nanocomposites prepared in a twin
screw extruder.

Polymer nanocomposites, | especially polymer layered
silicate nanocomposites, 2 represent a radical alternative to
conventionally (macropically) filled polymers. Because of
their nanometer - sjze dispersion, the canocomposites
exhibit markedly improved properties when compared with

the pure polymers conventional composites. These includes
increased modululs and strength, decreased gas
permeability, increased solvent and heat resistance and
decreased flam mability. For example, a doubling of the tensie
modulus and strength is achieved for nylon- layered silicate
flanocomposites increases by up to 100 C, extending the

use to higher- temperature environments, such
utomotive under-the - hood parts. 3 furtt rermore, the }
of 50 KW m-2 withou

kW
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MISCIBILITY / THERMODYNAMICS OF
NANOCOMPOSITE FORMATION

Similarly to polymer blends, any mixture of polymer and
layered silicate does not necessarily lead to a nanocomposite.
In most the incompatibility of the hydrophobic polymer and
the hydrophilic silicate leads to phase separation similar to

that of macroscopically filled system. In contrast, by using
surface- modified silicate, as noted earlier, one can fine-tune
their surface energy and render them miscible (or
compatible) with different polymers. The approach is based
on a chemical(rather than a mechanical) driving force which
leads to nanoscopic dispersion. What is then the driving force
for polymer intercalation which leads to nanodispersion? To
answer this question we have developed recently mean field
model . Nanocomposites are formed if the free energy
change, AG, of the process negative. 5
The change in free energy is composed of an enthalpic term, :
AH due to the intermolecular interactions and an entropic
term. AS associated with the configurationally changes ofﬁle &
constituents, and AG =Ah-TAS , where T is the temperatm'e.
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E 4 polystyrene intercalated nanocompuslte and an
~ delaminated nanocomposite. The conﬁnemeut of ﬁl&
| chains is similarly approximmd. sin
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LITERATURE SURVEY

W Gachitua, A Ballerini,  Zhang- Maderas. Ciencia y technology, 2005-
scielo. Conicyt.cl

This paper reviews current research, techniques for
Characterization and trends on the field of nanocomposites.

IL Ngo, S Jeon, C Byon- International journal of heat and mass
transfer, 2016-Elsevier

It was found from the literature review that carbon- based fillers,
particularly multi-walled carbon nanotubes, and ceramic fillers have
been considered as the most promising filler.

MZ Rong, MQ Zhang, WH Ruhan- Materials science and...,2006-Taylor
& Francis

This review is represented on the surface modification of
nanoparticles.
K Prabhakar, S Debnath, R Ganesan...-lIOP Conference...,2018-
iopscience.iop.org

This review is weight of filler content to determine the
tribiological (friction and wear) behavior of the polymer composite.










~groups and understand the structure of the nanocomposites),

dynamic mechanical analysis (DMA- response of a material to
oscillatory deformation as a function of temperature, giving storage
“modulus [corresponds to elastic response to deformation], loss
058 .nodulus [correspons to plastic response to deformation], and tan’
g of the previous two and an indicator of occurrence of
~ molecular mobility transitions]), and resonance Raman
spectroscopy( for structural studies).Among the several
aracterization techniques, X-ray diffraction (XRD), scanning
‘;._:.'.;:- ectron micrography (SEM ) infrared (IR) spectroscopy are taken
~ into the account.

‘-

LK

; 2.1.1 X-ray Diffraction

g x-ray diffraction has played a central role in identifying
md characterizing solids since the early part of this century .The
~ pature of bonding and the working criteria for distinguishing
~ between short-range order of crystalline arrangements from the
morophous substances are largely derived from X-ray diffraction
md thus it remains as a useful tool to obtain structural information-

"f.»

.-_1"‘_ X

ntensed peaks occour in the pattern due to the presence ef i 1Ser

-f'

jamma iron oxide materials in the mbbar na
-' been most commonly used fart
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- ray diffraction pattern of amorophous polymer will not show any |
-,-_:-r » and highly intensed peaks whereas the nanocomposites of
morophous polymer show sharp and highly intensed peaks. Thisis
to the development of crystallinity in the amorophous :
mer.Figures-2(a-b) shows the XRD pattern of pure natural
rubber and 'Y-Fe;03; dispersed natural rubber composite . H\MJ
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- of large and more complex structural formations as well. The
~interface boundaries of these formations,
~ structures,

. most likely to begin and centers
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structural information, knowledge of X-ray diffraction intensities is
also essential, the intensities being related to the structure factor

Figure 2. XRD pattern of (a) pure natural rubber (b) Y-Fe203

Dispersed natural rubber

2.1.2 Scanning Electron Micrograph

Structural phenomena play an important role in
determining the properties of a polymer. Mechanical properties re
determined not only by the changes in shape confirmation and by
motion of individual molecules of the polymers, but by the behavior
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known as super molecular
are the sites where chemical reactions in the polymer are
of crack formation and incipient
- destruction are likely to arise . It has been found that extensive
occurrences of ordered structures are typical not only of crystalline,

but also of amorphous polymers. Despite the complex mf'f!’hm i
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~ of structural formation in polymers it should not be forgotten that
~ all these structures are built up of separate polymeric molecules. At
:i-'-_j-,l glance it seems self-evident that direct relations must exist
~ between the properties of macromolecules and their ability to form
super molecular structures . The shapes of most polymer molecules
very within wide limits when studying the simplest
%omenon of structures formation. Quite a long time ago it was
found that there are two ways by which structures can form .
Sufficiently flexible molecules roll up into spherical coil globules,
‘hich form in very much the same way as the drops of a liquid
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_ sufficiently rigid, the simplest linear structures result. No separate
linear polymer molecules have been observed so far .Evidently in
',j-aion'ty of cases , they aggregate into chain bunches usually
" containing several dozen molecules. The phenomenon of structural
'-?f”'lransformations occouring during deformation is very typical of
'f." polymers.

A cassic example of structural transformation is the
.-'-"i:lmation of a ‘neck’ on deformation, described for the case of
" crystalline polymers some time ago by Kakina. Itis also observed in
 the case of amorphous polymers with developed structures and it is

3

firmly described as a phase transformation. The nature of this
bhenomenon remained obscure for a long time, but electron
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* microscopy revealed that neck formation is actually a jump wise

e

transition from one super molecular structure to another with a.
- sharp interfacial boundary which is also observed on a microscopic

¥

- Awell-know example is that of poly(m ot _ |
boundary can be seen bet veen
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oriented parts of the specimen. The formation of a ‘neck’ on
deformation of a large spherulite of isotactic poly (methyl
methacrylate) takes place and a sharp boundary can be discemed
between the unchanged and oriented portions of a spherulite. In
addition, secondary formations can be see which have resulted from
recrystallisation of the oriented parts, and these are also separated

by sharp boundary lines.

2.1.3 Infrared spectroscopy

Infrared spectroscopy is one of the most powerful analytical
the shape of most polymer molecules may vary within wide limits
when studying the simplest phenomenon of structure formation.
The phenomenon of structural transformations occuring during
deformation is very typical of polymers. Techniques, which offers
the possibility of chemical identification. This technique when
coupled with intensity measurements may be used for quantitative
analysis. One of the important advantages of infrared spectroscopy
over the other wusual methods of structural analysis
(X-ray, diffraction, electron spin resonance, etc) is that it provides
information about the structure of molecule quickly, without
tiresome evaluation methods. This method can solve many
problems in organic chemistry (polymeric materials) and
cooridination chemistry, and also advantageously complements the

results obtained by other methods. This technique is based upon the
simple fact that a chemical substance shows marked selective
~ absorption in the infrared region giving rise to close- packed

absorption bands called an IR absorption spectrum, OVer a wide
- wavelength range. Various bands will be present in the IR spectrum,
which will correspond to the characteristic functional groups and




‘bonds present in a chemical substance. Thus an IR spectrum of a
chemical substance is a fingerprint for its identification. IR spectrum
of polymer nanocomposite shows the presence of b(?th
" nanomaterials and polymers ( depending upon the polymer chain)
~ atvarious frequencies.

._ﬁ';‘- 2.2 Importance of Thermo gravimetric Analysis
~and Z-Ray diffraction for filler and Nanocomposite
__,__;'Hicrostructure Characterization

Both, XRD and TGA, are important techniques used to characterize
~ the microstructure of nanocomposites. In general, TGA is used to
a3 ‘assess the amount organic matter exchanged on the clay surface
during the surface modification process. High - resolution TGA can
also be used to ascertain if there is presence of any excess of surface
modification molecules present as a pseudo bilayer, but unbound to
the surface. XRD is also used quantify increases | basal plane spacing
in the filler following surface modification, and also after composite
generation. The increased basal plane spacing that occurs after
- surface exchange leads to information regarding the possible
alignment of the modification molecules inside the clay interlayers ,
- whereas the presence and absence of diffraction peaks in the
E composites used to provide information concerning the
~ microstructure of the composites. Although XRD also provides

_information relation to the amount of organic matter present in

1

‘_,.;.the clay interlayers, it cannot provide information on the excess of
,F_I;urface modification molecules present on the clay surface, as does

h gh temperature as any free modification present on the surfa

would have a much lower thermal degradation tem
18 e
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“'rGA. Information relating to excess modification is very important 'f::f;
ec:ally when the filler must compounded with the polymer at
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- jmpact negatively on the composite’s properties. Figure 1.3
- shows a comparison of the XRD and TGA of the fillers, which were
odified with octadecyltrimethylammonium,
octadecyldimethylammonium and trioctadecylmethylammonium.
modification differed in terms of the increasing number of
,‘ adecyl chains in the molecule. As shown in Figure 1.3 a the basal
lane spacing of the filler increased as the chain density in the
'.'_..f._ slecule increased .The cation-exchange capacity (CEC) of the clay
has a major impact on the basal plane spacing of the filler, with
i low-CEC filler generally having a lower basal plane spacing as

- »‘mmpared to a high- CEC counterpart. The fillers in Figure 1.3 a had

~ CEC - values of 680 and 880uEqg?  .Figure 1.3 b shows the TGA
thermograms of the same fillers modified with the above-mentioned

~ surface modifications, and using MMT with a CEC of 880uEqg?! .
" The increased amount of organic matter was clearly visible in the

. TGA thermograms when the chain density was increased in
accordance with the increase on basal plane spacing in the XRD. Yet,
" the TGA thermograms can provide additional information on the
. state of surface of the MMTs, with those of the
:f'trioctadecylmethylammonium- modified MMT showing a sharp
f-,;degradation peak at low temperature. This effect is due to a small
- amount of the ammounium modification being present as a pseudo-
bilayer, and not bound ironically to the clay surface. As noted above, i
 these molecules degrade at much lower temperatures than those
~ which bind ironically to the clay surface; however such information
-: ::annot be obtained from the X-ray diffractograms. Thus, it is very i
important to quantify the state to the filler surface by using 2

" mmbmatlon of high -resolution TGA and XRD
'% 2.3 PROCESSING CONDITIONS




The traditional routes to prepare nanocompositess using
: layered compounds as reinforcement, especially days, can be
summarized as follows.

£ 231 Exfoliation/adsorption

First the layered host is exfoliated in a solvent, in
" which the polymer is soluble (water, toluene, etc). the polymer is

‘adsorbed onto the single layer surfaces and after evaporation of the
solvent or a precipitation procedure, the single layers are restacked,
trapping the polymers and the hydrated/ solvated ionic species.

e,

~ (Schematic illustration of nanocomposite synthesis)
2.3.2 Insitu intercalative polymerization

Polymer is formed (initiation of polymerization by
r radiation or by diffusion) between the layers by

swelling the layer hosts within the liquid monomer oOr
monomer

heating o

solution.
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Experimentally  polypropylene(PP) nanocomposites 2:“?
wared and characterized by Ellis and IV Angelo in )
Jaining approximately 4 wt % of an orga -
stmorillonite  clay, and their properties were compared

filled (20-40 wt%) compositions. They found that it is po:b:.
| peduce weight maintaining or even improved flexural and e
ulus, especially at temperature up to 70 ¢ . Also
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of an =
micrographs shown in Figure N 8 also support the inferenc: g
; Jated PP nanocomposites rather than a fully ex oliated ’
pcomposite. The micrographs indicate a well-d.isperld =
- mory ology with incomplete exfoliated nanocomposite. The o
”:Fﬁsical view of fiber reinforced compos?ites .imphes that strong =
" fiber-matrix interfaces lead to high composite stiffness and strength, ’
.': also to low composite toughness because of the brittleness of =
'-_"lhe fiber and the absence of crack deflection at the interface. Vice o
“m composites with weak interfaces usually have relatively low =
stiffness and strength, but higher toughness. One of the most =
difficult problem in the physics of polymer nanocomposites IS the ]
 measurement of the extent and efficiency of stress transfer through
" the interface between nanoparticles and matrix.
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is a general knowledge that the larger : |
urface and hence their tendency to agglor
lisperse homogeneously is a
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- Such dispersion between the elements and matrix material grows
- @ramatically band consequently the problems in creating an intense
Unteraction at his interfaction at this interface (Fischer, 2003).
* scher reported that an agglomeration of the clay platelets in the
‘Organic- inorganic hybrid coatings did not occure up to an amount
£ 20 wt % based on the solid content of the coating materials; the
lanocomposites coatings of organic and organic - inorganic hybrids
ained transparent up to an amount of 15 wt % of clay.

X

- A homogeneous dispersion of the clay platelets (5.0 wt %
__ sased on solid coating material) in an organic-inorganic hybrid
oating was observed using . TEM Current micromechanics
‘theories rely on the idea that the effective properties of composite
aterials, such as Young’s modulus, are functions of properties of
' constituents, volume fraction of components, shape and
arrar gement of inclusions, and matrix-inclusion interface. These
heories, therefore, predict that the properties of composite

,.',_; materials are independent of the size of inclusions. In general, this is

’ u
g
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ntioned above may not be true for nanocomposite systems.

~correct for systems with micron size reinforcement, but ,as
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3. TECHNICAL CONTRIBUTION-2
ent research
Jordon et al. in 2005 reported result of composites with
olypropylene matrix and calcium carbonate (caco3) nano particles.
theu' system the CaCO03 inclusions had an average sixe of 44 nm
and a strong interaction with the polymer matrix. The addition of
-. nano particles to a PP matrix produced an increase in the
elastic modules compared to the pure matrix. The increase in
nodulus coincided with an increase in nano particles volume
| raction.
: v- reinforced nanocomposites have received considerable
mennon in recent years (more than 100 articles have been
pnbhshed in the literature on clay composites in the past three years
). A number of polymers, such as PC, PAN, PP, etc were used as the
" matrix. Shelley et al. in 2001 examined a Polymide-6 system with
clay platelets. The platelets constituted 2% and 5% weight fraction
~ and were 1 nmx10nmx10nm in size. Good interaction was found
~ between the matrix and inclusions. With this setup, the elastic’ i
modulus was found to improve for both the 2%and 5% samples. For
ﬂ:e smaller Weight fraction(2%), the increase in effective elastu: o
@odu]es was 440% over the modulus of the pure polymer system.
. ﬁ e larger weight fraction (5%) improved the effective modulus hg
a factor of two as compared to that of pure polymer. These result
vere for tensile specimens cut in both longitudinal and trz

irections. ln addmon the yleld stress also hﬂpmm m.

straln to-failure. The 2% sys S
_:_-,a-.failure than the pure sym 3
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close to that in the pure system in the transverse directions. The
higher filler content resulted in 2 decline

in strain-to-failure from
the pure system in both directions,

From the above discussion, it is possible to extract a few trends for
the behavior of polymer matrix nanocomposites base

d on the nature
of the polymer matrix, par

ticularly crystalline or amorphous nature
of the polymer, and the interaction between the filler and matrix.

The elastic modulus tends to increase with the volume fraction of
inclusions in every case. In some systems, there is a critical volume
fraction at which aggregation occurs and the modulus goes down. In

general, there is also an increase in modulus as the size of the
particle decreases. Interaction between matrix and fi

ller may play
an important role in the effects of

the nanoparticles on composite
properties. The overall trend of the modulus of polymer

nanocomposites is not found to be greatly dependent upon the
nature of the matrix nor the interaction between filler and matrix.
An examination with good interaction between filler and matrix, the
yield stress tends to increase with increasing volume fraction and
decreasing particle size, similarly to the increase in modulus under
same conditions. The pattern changes when there is poor
interaction between the matrix and particles. The addition of
nanoparticles with poor interaction with the matrix causes the yield

stress to decrease, compared to the neat matrix, regardless of the

fuller concentration or size. The ultimate stress follows a similar

pattern as that observed for the yield stress, It generally increases in
general as particle size decreases. There is no uniform trend with

respect to the volume fraction of particles for the ultimate stress. A
poor filler-matrix interaction leads to a decrease in the ultimate and

yield stress as compared to the pure matrix system (Jordon et. Al,
state that in general, viscoelestic

26
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properties tend to be higher in nanocomposites than in pure
polymer systems. When there is good filler-matrix interaction, the
Storage modulus generally increases with increasing volume
fraction. |The modulus also seems to increase as the particles size
decreases. However, there is little experimental work in this area for
composites with poor filler-matrix interaction. Overall, the storage
modulus tends to increase with the presence of nanoparticles in a
composite system. Morphological details, such as exfoliation,
intercalation, or cross-linked matrix versus uncross-linked matrix,
have a significant effect on the viscoelastic properties of
nanocomposites.

RAY AND Okamoto in 2003 presented a brief discussion
about heat distribution temperature (HDT) of nanocomposites. HDT
of a polymeric material is an index of heat resistance towards
applied load. Most of the nanocomposite studies report HDT as a
function of clay content , characterized by the procedure gives in
ASTM D-648 (see figure N°13). Ray and Okamoto state that
increasing HDT due to clay dispersion is a very important property
improvement for any polymeric material, not only from application
or industrial point of view, but also because it is very difficult to
achieve similar HDT enhancements by chemical modification or
reinforcement by conventional filler.
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Tidjani in 2005 found a dramatic reduction in peak heat
release rate for the nanaocomposites compared to  pure
polypropylene-graft-maleic anhydride and is hybrid. He states that
the improved flammability happens in the condensed phase and is
not likely to be due to a higher thermal stability of the
nanocomposite. The impermeability of the silicate layers in the
polymer , which reduced the diffusion of gases In the
nanocomposites, may participate in the reduction of the
flammability.
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Using an intercalated thermoplastic  polyolefin(TPO)/ g

organically nanocomposite with maleic anhydride functionalized pp g

as a compatibilizer , Mishra et al. in 2005, established that the o
compatibilizer not only enhances the intercalation of the polymer 5

chain inside the clay gallery but also changes the thermoplastic g

oy elastomer composition (which is very important for end use g
- application) of the TPO/clay nanocomposite, The tensile modulus as o
well as storage modulus of TPO/organoclay nanocomposite was g
substantially higher over a 20% talc based microcomposite, =
a

o

2

£

o

;

From the point of view of gas barrier properties ,
nanocomposites offer interesting features. Ray and Okamoto in
2003 proposed that clays increase te barrier properties by creating
| a maze or “tortuous path”(see figure N°1.6) that retards the
~ progress of the gas molecules through the matrix resin.
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4.CONCLUSIONS AND FUTURE

Novel polymer/clay

WORKS

lanocomposites can be prepared by
Varying two parameters; first by Optimizing polymer to clay ratio

and second by varying the processing techniques. An exploration in
making the polymer/clay nanocomposites with different clays,

nts and polymer s continuing subject of research and
interest to both academia and industry. Significant research is
needed to figure out the behavior of nano-interfaces, and this field
€an still be considered to be in its beginnings. In particular the
development of accurate nanomechanical models, and
understanding of the properties of the polymer at the interface are
required to address the outstanding issues of the polymer
Ranocomposites. It is believed that one of the main issues in
Preparing good polymer matrix nanocomposite samples is the good

dispersion of the nanoparticles in a polymer matrix . nanoparticles

obtained from wood cell offer a great potential to make

- Ranocomposites with biodegradable characteristics.
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