Proc Indian Natn Sci Acad 74 No. 2 pp. 87-96 (2008)

Review Article

Review on Recent Trends in Polymer Layered Clay Nanocomposites

VINEETA NIGAM* and GOBARDHAN LAL**

Defence Materials and Stores Research and Devel opment Establishment

PO: DMSRDE, G.T. Road, Kanpur-208 013, India

(Received 14 March 2008; Accepted 6 May 2008)

Understanding the structure-property relationsin polymer/clay nanocompositesis of great importance in designing mate-
rials with desired properties. Along these lines, a critical overview is attempted on the physical and molecular origins of
material properties in polymer/clay hybrid nanocomposites. In general, such properties originate from the nature of the
layered inorganic fillers and from their nano-dispersion in a polymer. In contrast, other properties are determined by the
particular/distinctive interactions between specific polymerswith thefiller such attributes can not be transferred from one
polymer system to another. We shall try to distinguish between these properties, and provide some insight into which
properties can be improved concurrently across awide range of polymers.
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Introduction

Over the past decades, science and technology of
nanomaterials remain to be the subject of overwhelming
R&D works in the scientific community world-wide.
These materials, notably for their extremely small size,
have the potentia for wide ranging applicationsin many
industrial, biomedical, electronics, catalysts, pigments
and fillers as well asin explosive materials. As a result
there occurs an emergence of both fundamental as well
alarge number of publicationsin the area[1-12].

Layer Silicates

The generic term “layered silicates’ refers to natural
clays but also to synthesized layered silicates such as
magadite [13] mica, laponite [14] and fluorohectorite
[15]. Both natural clays and synthetic layered silicates
have been successfully used in the synthesis of polymer
nanocomposites [16-19]. Because of its suitable layer
charge density, montmorillonite, discovered in 1847 in
France (Montmorillon) by Damour and Salvetat [20], is
nowadays the most widely used clays as nanofiller.
Montmorrilonite is a common clay mineral with
numerous worldwide localites.

The suggested crystallographic structure for
montmorrilonite is based on that of pyrophylite.
Ideallised structure for montmorillonite, proposed by
Hoffmann, Endell and Wilm [21] showing two tetrahedral
sheets fused to one octahedral sheet. The grey and black
dot indicate the locations of isomorphous substitution
in the octahedral and tetrahedral sites, respectively
(Fig. 1). Due to the high hydrophilicity of the layered
silicate, water moleculesare usually also present between
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the layers. Stacking of the layers leads to regular van
der Waals gaps called interlayers or galleries.The d-
spacing between the silica-alumina-silicaunitsfor aNa-
montmorillonite varies from 9.6 A for the clay in the
collapsed state to 20 A when the clay is dispersed in
water solution [22].

Onalarger scale, each layer of montmorillonite can
be seen as a high aspect ratio lamella about 100-200 nm
in diameter and 1 nm in thickness. Five to ten Lamellae
are associated by interlayer ions in primary particles 8-
10 nmin the “transverse” direction [23], which, in turn,
form larger irregular aggregates (0.1-10um in diameter)
giving to the layered silicate its turbostratic structure
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Fig. 2: Turbostratic structure of Layered Slicates

shownin Fig. 2[24]. The capacity of layered silicatesto
exchange cation between each of their individua layer
isaunique characteristic, which makes layered silicates
attractive for a number of uses.

Characteristic feature of smetites such as
montmorilloniteistheir ability to sorb certain cation and
to retain them in an exchangeable state. It means that
thisintercalated cation can be exchanged by thetreatment
of other cationsin a water solution. The most common
exchangeable cations are Na© Ca? Mg?" H* K* and
NH," Indeed, if montomorilloniteisplaced in asolution
of a given electrolyte, an exchange occurs between the
ions of the clay (X*) and those of the electrolyte (Y*):

X.clay +Y*<Y.clay+ X*

In the synthesis of nanocomposites, the main role
of alkylammonium ions is to lower the surface energy
of thelayered silicatesin order to reduce the el ectrostatic
interactions between the silicates layer and allow
molecules to diffuse between the layers. Therfore, in
epoxy-layered silicate nanocomposites, where this
property is used to separate the silicate layers,
alkylammonium ions play the major role of surface
modifiers rather than compatibilising agents as shown
in Fig. 3. Indeed, non-polar chain of akylammonium
ions makes them poorly compatible with the epoxy
matrix. However, due to their acidity, akylammonium
ions have the ability to catalyse the epoxy ring opening
polymerization between the silicatelayers, which allows
a separation of the layers.

Themost widely used alkylammonum ions are based
on primary akylamines put in an acidic medium to
protonate the aminefunction. Their basic formulais CH.-
(CH,),-NH," where n is a number between 1 and 18. It
is interesting to note that the length of the ammonium
ions has strong impact on the resulting structure of the
nanocomposites. Lan et al. [25] showed, for instance,
that alkylammonium ions with chain length larger than
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Fig. 3: Cation exchange process of inorganic cations initially
intercalated between the silicate layers for alkylammoniumions.

eight carbon atoms were favoring the synthesis of
exfoliated epoxy-clay nanocomposites whereas
akylammonium ions with shorter chains lead to the
formation of intercalated nanocomposites. Alkyl-
ammonium ions based on secondary amines have aso
been successfully used [13].

Polymersin Nanocomposites

Various polymers have been used to synthesise polymer-
layered silicate nanocomposites. The use of thermosets
and thermoplastics as matrices for nanocomposites is
discussed. Epoxy-layered silicates nanocomposites have
been extensively studied [26-30]. The reason for thisis
that the reactants of epoxy systems have a suitable
polarity in order to diffuse between the silicates layers
and form a nanocomposite upon polymersation. The
research group of Professor Pinnavaiaat Michigan State
University has studied phenomena occurring in epoxy-
clay nanocompositesin great detail [31, 32]. One of the
most important phenomenonsthey discovered isthe self-
polymerisation of epoxy resin in organophilic smecite
clays due to the presence of alkylammonium ions (33).
The first and the most studied thermoplastic for the
synthesis of polymer clay nanocomposites has been
polyamide 6 [34-35]. In the early 1990s, Toyota
researchers have discovered that treatment of
montmorillonite clay (discovered in Monmorillon,
France) with amino acids making possible of dispersion
of the individual 1 nm-thick silicate layers of the clay
on a molecular scale in polyamide 6. Their hybrid
material showed major improvement in physical and
mechanical properties even at very low clay content
(2.6 vol%). Sincethen, many researchers have performed
investigations with new polymers and variety of surface
modifications [36]. The substantial improvements of
mechanical and physical properties of their polyamide
6-clay hybrids as compared with pristine polymer find
their origin in the presence of a constrained region [37]
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around the clay particle combined with the crystalinity
of the pure polymer. The improvements are probably
related to the fact that the amorphous phase of polyamide
6 isvery closeto Tg at room temperature.

Polymer-clay Nanocomposites

Theterm nanocomposite describesamaterial comprising
at least two dissimilar components where one of the
phaseshas at |east one dimension in the nanometer range.
In the area of polymer nanocomposites, nanoclay
particularly has earned an enviable reputation as filler
which can be substituted in place of its conventional
variety. Clays have long been used in polymer systems
because of itslow cost and further scopeto improvetheir
interfacial propertiesby use of coupling agent in polymer
composites. All other parameters being equal, the
efficiency of a filler lies in improvement of physico-
mechanical properties of apolymer system which again
issensitivetoitsdegree of dispersion in polymer matrix.
Until recently, clay particles could only be dispersed on
a micro scale. In the new generation polymer layered
silicate composites, it ispossibleto adopt new processes
known as Intercalation and exfoliation to result in
development of novel nanocompositesasdepicted in Fig.

4[37].

Synthesis of
Nanocomposites

Polymer-Layered Silicates

In-situ polymerization was the first method used to
synthesise polymer-layered silicate hanocomposites
based on polyamide 6 [35]. Nowadays, it is the
conventional process used to synthesise thermoset-
layered silicate nanocomposites.

There are essentially three different approaches to
synthesise polymer—clay nanocomposites; melt
intercalation, solution and in-situ polymerisation.
However, the in-situ polymerization technique has been
found to be most effective one and also economically
viable especially for a thermoset polymer. The strategy
is described schematically in Fig. 5.

The different polymers used with montmorillonite
nanocomposites based on epoxies [27, 28, 38], are
unsaturated polyester [39], poly (p-caprolactone) [40],
poly (ethylene oxide) [41], silicone rubber [42, 43],
polystyrene [44], polyimide [45], polypropylene [46],
poly (terephathalate) [47], and polyurethane [48].

Hosodaet al. [49] reported on the nanopl astics with
unique structural, morphological, mechanical, thermal
and gas/liquid barrier properties. Clay based
nanocomposites are al so being used in automobil e parts,
electrical parts, high performance pipe, packaging
material and so on. Zhu et al. [50] have reported the
synthesis and thermal stability of the polystyrene clay
nanocomposites.
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Fig. 4: Three idealized structures of nanocomposites
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Fig. 5: Schematic representation of In-situ polymerization

Organosilicate

Alexander et al. [51] have reported the enhancement
in mechanical properties of clay nanocomposites.
Polyvinyl chloride (PVC), Polyurethane (PU),
Ethylenevinyl acetate (EVA) and Butyl rubber are some
of the polymer matrix which have wide ranging
applications. Geet al. [52] have reported results of PV C-
montmorillonite nanocomposites. They have carried out
melt intercalation with PVC and claimed to obtain a
better intercalated product when NH,* is exchanged in
place of Na*. Wang et al. (53) have devel oped PV C-Clay
nanocomposites by melt compounding and characterized
the product using XRD, TEM, TGA. They have also
reported that nanocomposites so synthesized have better
thermal stability, mechanical properties compared to
those of samples being prepared using ordinary clay.

Mishima and Kokai [54] have reported the
preparation of composite using PV C mixed with Silica
and crosslinked with hardeners with 80% light
transmittance. A low volume shrinkage approach for the
PHEMA-Silicahybrid material has also been devel oped
[55]. Gaw et al. [56] have evolved a new technique for
preparing of polyimide-silicananocomposites under high
temperature and pressure. Zenetti and Camino [57] have
reported the synthesis of organically modified silicate
nanocomposites and their efficacy in generating fire
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retardancy. Gersapee [58] have reported that mobility of
filler particle, rather than its surface area controls the
response of nano-composite to an external load.

Bhowmick and coworkers [59] have widely
published on SBR rubber based nanocomposites. The
crystallization behaviour of Nylon-6/clay nano-
compositesare studied by Nair and Ramesh [60]. Pandey
et al. [61] reported the starch based green nano-
compositeswith clay and studied the effect of plasticizer
onthestructure and properties of nanocomposites. Meijer
and Elmar patented [62] the preparation of polymeric
nanocomposites comprising polyurethane and polyester
along with other constituents.

Although a lot of research is under going on
thermopl astic polymer nanocomposites, less attention is
paid on thermosetting polymer nanocomposites.
However, among different thermosetting polymer
nanocomposites, epoxy clay nanocomposites have been
under intensive studies for along period of time.

Epoxy-Clay Nanocomposites

Epoxy resins find many industrial applications in
adhesives, construction materials, composites, laminates,
castings, and aircraft and spacecraft industries owing to
their high strength, low viscosity, low volatility and low
shrinkage during cure, low creep, and good adhesion to
many substrates. These are prepared by in-situ
polymerization method. The studies of thermoset epoxy
systems considered the ring opening polymerization of
epoxides to form polyether nanocomposites. Studies of
both rubbery and glassy thermoset epoxy/clay
nanocomposites using different types of amine curing
agents were studied at length. The mechanisms leading
to the monolayer exfoliation of clay layersin thermoset
epoxy systems were greatly elucidated. In addition, the
polymer/clay interfacia propertieshave also been shown
to play adominant role in determining the performance
benefits derived from nanolayer exfoliation.

Messersmith and Giannelis [63] first reported the
preparation of epoxy resin based nancomposites of
OMLS based on the diglycidyl ether of bisphenol A
(DGEBA), and MM T modified by bis (2-hydroxyethyl)
methyl hydrogenated tallow alkylammonium cation.
WAXD patterns of uncured clay-DGEBA samples also
indicate that intercalation occurred, and that this
intercal ation improved in going from room temperature
to 90°C.

In a subsequent paper, Wang and Pinnavaia [64]
reported the preparation of nanocomposites using the
epoxy resin DGEBA, and the concomitant delamination
of acidic forms of MMT at elevated temperatures using
the self-polymerization technique.

In another study, Pinnavaia and Lan [65] reported

the preparation of nanocomposites with a rubber-epoxy
matrix obtained from DGEBA derivatives cured with a
diamine so as to reach subambient glass transition
temperatures. It has been shown that depending on the
akyl chains length of modified MMT, an intercalated
and partially exfoliated or a totally exfoliated
nanocomposite can be obtained. The same authors [66]
a so studied other parameters such as the nature of alkyl
ammonium cations present in the gallery and the effect
of the CEC of the MMT when DGEBA was cured with
m-phenylene diamine.

Recently, Kornmann et al. [67] reported the synthesis
of epoxy-based nanocomposites using two different types
of MMT clayswith different CECs, in order toinvestigate
the influence of the CEC of the MMT clay on the
synthesis and structure of nanocomposites.

A research group [68] from Australia recently
reported the morphology, thermal relaxation and
mechanical propertiesof layered silicate nanocomposites
of high-functionality epoxy resins. Three different types
of resins were used: bifunctional DGEBA, trifunctional
triglycidyl p-amino phenol (TGAP), and tetrafunctional
tetraglycidyldiamino diphenylmethane (TGDDM). All
were cured with diethyltoluenediamine (DETDA). MMT
modified with octadecylammonium cation was used for
the preparation of nanocomposites. The nanocomposites
were prepared using in-situ intercal ative polymerization
method. In atypical synthesis, OML Swasfirst dispersed
in the resin at 80°C using a stirrer at 500 rpm. After
mixing the resin-OMLS blend for 30 min, the curing
agent was added and the system was kept under vacuum
for another 6090 min at around 70°C. The blends were
then cured for 2h at 100°C, 1h at 130°C, 12h at 160°C
followed by a post-cure for 2h at 200°C.

The morphology of the cured samples was
investigated using WAXD and different microscopy
techniques. WAXD patterns of the MMT series shows
that the organoclay with aninitial d-spacing of 2.3 nmis
mainly exfoliated in the DGEBA-based system. On the
other hand, high content (10 wt%) OMLS shows
intercalated structure, while DGEBA-based systems,
resinsof higher functionality, show distinctive peakseven
at low OMLS loading, indicating that these
nanocomposites have a lower degree of exfoliated
structure. In the case of most nanocomposite systems,
the peak observed around 2.5 nm correlates to the (002)
plane and therefore represents only half the distance of
the d-spacing.

AFM phase contrast images of the DGEBA
nanocomposite containing 5 wt% layered silicate did not
show individual layers. A striated structure, however, can
be seen with increasing phase intervals at the top of the
picture. So from the AFM images it is established that
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although silicate layers are not homogeneously
distributed in the matrix, some stacked layers are present.

Very recently, Chen et al. [69] synthesized an epoxy-
MMT nanocomposite using a surface initiated method
in order to understand the interlayer expansion
mechanism and thermal-mechanical properties of these
nanocomposites. MMT modified with bis-2-
hydroxyethyl methyl tallow ammonium cation (C30B)
was used as the OML S for nanocomposite synthesis. 3,
4-Epoxycyclohexylmethyl-3, 4-epoxycyclohexane
carboxylate was used as the epoxy monomer, and
hexahydro-4-methylphthalic anhydride (HHMPA),
ethylene glycol (EG), and benzyldimethylamine
(BDMA) were used as curing agent, initiator and catalyst,
respectively. In atypical preparative method, the epoxy
monomer HHM PA was mixed inamolar ratio of epoxide
groupsto HHMPA of 1-0.87. The desired amount of EG,
BDMA and C30B were added to the resin, and the
materials were then blended using an orbital mixture,
until the blend became bubble free and homogeneously
mixed. The blended samples were then immediately
cured, first isothermally for up to 8h at 70 to 140°C,
followed by 8h at 180°C, and finally 12h at 220°C under
vacuum.

The curing mechanism for an epoxy—anhydride
system with an alcohol initiator was studied. Amine
catalysts like BDMA were added to the mixture to
accelerate the reaction by facilitating the ring opening
of epoxy groups. Several published papers indicate that
intragallery onium ions can catalyze the epoxy curing
reaction and thus lead to favorable conditions for
obtaining exfoliated nanocomposites. To fully understand
crosslinking reactionsin the presence of C30B, the extent
of reaction of aresin containing C30B was compared to
the extent of reaction for aneat resin (EG or BDMA). It
is found that curing kinetics of the resin-C30B system
more closely resembles the curing kinetics of the resin—
EG system than that of theressn—BDMA system. Thisis
a direct indication that the nanocomposites are
predominantly cured via initiation by the surfactant
hydroxy groups and not by catalytic means. Also the
curing rate of the pristineresinissignificantly lower than
that of the other mixtures. This highlights an important
prerequisite for interlayer expansion, i.e., extra-gallery
polymerization rate should be slower than intra-gallery
polymerization.

X. Kornmann [ 70] used three different curing agents
Jeffamine D-230 and two cycloaliphatic polyamines: 3,
32 -dimethylmethylenedi (cyclohexylamine) (3DCM)
and Amicure bisparaaminocyclohexylmethane (PACM)
in combination with a diglycidyl ether of bisphenol A
(DGEBA) epoxideresin. The structure of theclay in the
nanocomposites is characterised by X-ray diffraction

(XRD) and transmission electron microscopy (TEM).

Yilmazer et al. [71] synthesized diglycidy! ether of
bisphenol A type epoxy resin-polyether polyol-
organically treated montmorillonite ternary
nanocomposites. The effects of addition of polyether
polyol as an impact modifier investigated by X-ray
diffraction, and scanning electron microscopy (SEM)
showed that organically treated montmorillonite is
intercalated by epoxy, since the interlayer spacing
expanded from 1.83 to 3.82 nm upon nanocomposite
synthesis.

Yang et al. [72] synthesized epoxy-montmorilonite
nanocomposites using montmorillonite clays
(CWC,AMS and Kunipia-F with CEC 145, 125 and 125
meqiv/100g respectively) obtained from three different
sources, with different surfactants (alkylamines
[CH4(CH,), ,NH,] n=6,12,and18, aminocarboxylic acids
[H,N(CH,) ,COOH], n=6 and12 and diamines
[H,N(CH,) NH,] with n=6 and 12) using different
methods of intercalation methods i.e. lon exchange
method, an acid base method by agueous medium and
an acid base method by vapour.

X. Kornmann and histeam in [ 73] synthesized high-
performance epoxy-layered silicate nanocomposites
based on tetraglycidyl 4, 4'-diaminodiphenylmethane
(TGDDM) resin and cured with 4, 4’ -diaminodipheny!
sulfone(DDS) using fluorohectorite modified with
dihydroimadazolines and octadecylamine as surfactants.
XRD studies show that there is an increase in basal
spacing by 1.4 to 2.8nm with different surfactants. TEM
micrographs conformstheincreasein basal spacing, with
parallel silicate layers typical for thermoset-layered
silicate nanocomposites synthesized by in-situ
polymerization. The scanning electron micrographs of
the nanocomposites based on different surfactants shows
bright spots corresponding to aggregates of layered
silicates.

In another paper, Kornmann [74] studied the
influence of the silicate surface modification on the
properties. They used different aminesi.e. monoamine,
diamine, and triamine oligopropyleneoxides and
octadecylamine, benzyl amine and adduct of
octadecylamine and benzylamine as surfactants with
flurohectirite as layered silicate. The protonation of
exclusively one amino group in each surfactant was
attempted by addition of suitable amount of hydrochloric
acid to solution so that these unprotonated amino reactive
groups could possibly react with epoxy network during
nanocomposite synthesis.

Pinnavaiaet al. in[75] synthesized the glassy epoxy-
clay nanocomposites with diprotonated forms of
polyoxypropylene diamines of the type o, -
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[NH,CHCH,CH,(OCH,CHCH,) NH_]*" withx=2.6, 5.6
and 33.1 intercalated into montmorillonite and
fluorohectorite clays. Here the intercalated onium ions
functioned concomitantly as a surface modifier,
intragallary polymerization catalyst, and curing agent.
Depending upon the chain length of the diamine, different
orientations of the propylene oxide chains were adopted
in the clay galleries, resulting in basal spacings from 14
A (lateral monolayer, x=2.6) to 45 A (folded structure,
x=33.1), which is much higher than the basal spacingin
pristine clays. It was found that the clay-diamine
intercal ates greatly reduced the plasticizing effect of the
alkyl chainson the polymer matrix when compared with
clay-monoamineintercal ateswith lesstime and low cost
needed for nanocomposite fabrication.

Pinnavaia [76] reported the tensile strengths and
moduli for the aminecured epoxy-clay nanocomposites
for loadingsin the range 1-2 wt %. For the pristine amine-
cured epoxy matrix, the tensile strength is 90 MPa and
the tensile modulus is 1.1 GPa. On comparing the
mechanical properties, it was found that the exfoliated
nanocomposites show improved performance, in the
modulus but not in the tensile strength, relative to the
pristine polymer.

Thetensilestrengthin[77] decreaseswithincreasing
amount of montmorillonite at constant polyol content.
Thisisattributed to higher stress concentration effect of
clay agglomerates at high clay contents. O. Becker et al.
[78] determine modulus of nanocomposites using three
point bend test. For al resinsi.e. DGEBA, TGAP and
TGDDM a monotonic increase in modulus with
increasing organoclay concentrations was observed.

X. Kornmann et al. [70] reported the flexural moduli
of the epoxy systems cured with Jeffamine D-230 and
DCM at zero clay content were, respectively 2.95 and
2.61 GPa. For both systems, the flexural modulus
increases substantially with thetrue clay content, despite
the small amounts of clay added. Indeed, for the
nanocomposite cured with jeffamine D-230, the modulus
is increased by 43% with only 4.2 vol% of clay. The
synthesis of aexfoliated nanocomposite structure allows
the clay layers to more effectively swell in the epoxy
matrix leading to the better dispersions and larger
stiffness improvement. The explanation for this strong
reinforcement effect is the increase in effective volume
fraction of reinforcement entities asthe distance between
the clay layers is increased. The relative increase in
flexural modulusis larger for the nanocomposite cured
with Jeffamine D-230 than for the one cured with 3DCM.

A good no. of patents has been found on the
devel opment of epoxy clay nanocomposites mainly based
ontheir preparation and alittle on applications. Pinnavaia

and co-inventors [76-77] patented the method of
preparation of flexible epoxy clay nanocomposites for
different thin layer applications.

Work done at DM SRDE

VineetaNigam and DK Setua[78] studied the exfoliation
behaviour of montmorillonite in epoxy resin
nanocomposites. They used an aromatic diamine
[diamino diphenyl methane (DDM)] as a curing agent
in combination with diglycidyl ether of bisphenol-A
(DGEBA). The microstructural analysis of
nanocomposites was done by WAXS and scanning
electron microscopy (SEM) techniques. They also
reported that arise in the clay concentration from O to
6% leads to 100% increase in the tensile modulus, 20%
increase in ultimate tensile strength, and 80% decrease
in elongation at break values. Also they have studied the
thermal and morphological characterization of polymer
nanocomposites combining exfoliated vermiculites and
montmorillonite clays.

Nano-clay asFillers

Apart from exfoliated clay, other inorganic
nanostructured filler phases include carbon nanotubes,
CaCO, nandfillers, Vermiculites and POSS (polyhedral
oligomeric silsesquioxane) etc. Starting from another
type of layered material, magadiite, which is a layered
silicic acid, Wang et al. [79] developed a different kind
of exfoliated structure where the layers were still
organized, but spaced by approximately 80 A of
elastomeric epoxy matrix arising from the curing of
DGEBA derivative by Jeffamine 2000. Vermiculite, a
micatype silicate, have a 2:1 structure of primary mica
minerals. VMT has been used with polypropylene [80-
82], oligothiophene[83] and poly (4-vinylpyridine) [84].
Wei et al. (85-89) have developed a non-surfactant-
templated route to nanoporous inorganic materialsi.e.,
silica, titania, d uminaetc. Romannsky [90] have reported
the synthesis routes of zeolite based nanocomposites.

WR Caseri [91-92] reported the surface modification
isapplied routinely for clays, whichisof importancefor
the degree of delamination of the individua’s silicate
layersinthematrix. SC Janaet al. [93-96] reported, nano
clay as filler in polyaniline, polymethylmethacrylate,
carbon nano fiber, and polyurethanes for different
applications. SPelissou et al. [97] presentsapreliminary
electrical and thermal characterization carried out on an
epoxy nanocomposite material. It consisted of an epoxy
matrix containing micrometric quartz and asmall amount
of nanoclay. Nikhil Gupta et al. [98] focused on
evaluating the effect of the processing method and
nanoclay (montmorillonite) content on the tensile,
compressive, and impact properties of clay-epoxy
nanocomposites. CE Powell et al. [99] reported Physical
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Properties of Polymer/clay Nanocomposites. E Ingram
Sharon et al. [100] reported material swere prepared with
Cloisite 30B, diglycidyl ether of bisphenol F and
diaminodiphenyl sulfone (DDS) to investigate the
relationship between exfoliation and property
enhancement. Chun Ki Lam et al. [101] showed that the
elastic modulus varied throughout the composites and
the nucleation theory of clusterswas modified to explain
the behavior of nanoclay agglomerations under different
sonication temperatures in which the viscosity of the
epoxy resin was varied. The gravitational effect was
significant to cause the non-uniform distributions of
nanoclay clustersat low sonication temperature. L Aktas
et a. [102-103] reported, filtration, breakdown of clay
clusters, and dispersion characterization of nanoclay in
molded epoxy Ddsks by combined image and electron
microbeam analysis.

Epoxy-Nano-Clay Composites as Sensor Coating
Materials

G. Lal et al. [104] reported epoxy-nano-clay as sensor
coating materials. Quartz Crystal Microbalance (QCM)
sensors are widely used as high—accuracy mass sensors
in several applications domain. Their sensing principle
isthe variation of frequency of acrystal based oscillator
circuit with the mass deposited on the plates of the
crystal. As a chemical sensor QCM sensor typically
requiresthe sorbent coating material, normally polymers,
for the vapours of interest and capable to detect in sub
ppm level.

Polymeric materials have gained a wide theoretical
interest and practical applications in sensor technology,
which offers lot of advantage on specific interest. They
can be specifically & selectively design for sorption of
chemical vapours. But due to specificity, polymers offer
certain limitations on the sorption and desorption of
gasses in its matrix. It is because of long chain, causes
low surface area, chemical bonding with gaseous
molecule under some environmental conditions, causes
filling of voids and aging effect takes place. There are
many more parameters, which affect the sensitivity of
QCM sensors.

Nano Clays are mineral which have a high aspect
ratio and with at least one dimension of the particle in
the nanometer range. The purity and cation exchange
capacity the nano clay isalso critical characteristics. The
cation exchange capacity provides the surface activity
necessary for acceptance of modifiers in surface
treatment. Particles of fillersin the nanometer sizerange
closely approach themolecular size of the polymers. This
makes for a very intimate encounter between the two
materials, when properly modified. The filler particles
and resin interact to create very constrained regions at
the particle surface. This immobilizes a portion of the

polymer chain creating a reinforcement effect. Because
nano filler contains so many individual particles in a
small amount of material, it takes avery low loading to
obtain a high concentration of constrained areas within
the polymers. The nano filler also creates atortures path
for penetration of gaseous vapours. Therefore sorption
and desorption property increases and hence sensitivity
of the sensor improves significantly. Studieshave carried
out for the detection of toxic organophosphorus
compounds for defence applications.

Conclusion

Theliterature survey showsthat thereisalot of potential
in nanotechnology research. Future goals include the
extension of this nanotechnology to additional types of
polymer system, where the development of new
compatibilisation strategiesislikely to beaprerequisite.
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