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Abstract

In this study the effect of filling of clay nanoparticle in the polymer base composite
and the intercalation, exfoliation of these nano particle has been reviewed.
Furthermore the process of these phenomena has been looked back. The
intercalation is a state that is introduction of exfoliation. It is concluded that
completed exfoliation of silicate layers is the fundamental to reaching polymer/clay

nanocomposites that perform well.
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INTRODUCTION

Nanocomposites are a relatively new type of
composite materials with ultra-fine phase dimension
typically in the range of 1-100 nm[1]. Because of their
unique phase morphology and their improved interfacial
properties, these materials usually exhibit better physical
and mechanical performance than the micro one. In
general, there are two kinds of nanocomposites, namely
intercalated and exfoliated [2].

Research and development of nanocomposites
consisting of exfoliated smectite clays in cross-linked
polymers have been growing [3] Much attention has been
concentrated on the realization and control of the
exfoliation of clay layers [4]. But the exfoliation behavior
and mechanism are still not very clear. Intercalation
polymerization was first success fully wused in
manufacturing nylon6/montmorillonite nanocomposites,
which show greatly improved thermal, mechanical,
barrier, and even flame-retardant properties compared
with their conventional inorganic particle-filled counter-
parts[5]. Many works have proved that a completed
exfoliation of silicate layers is the key to achieving
polymer/clay nanocomposites that perform well[6]. found
that the exfoliation behavior of clays was determined
mainly by the structure of the organoclays and the curing
temperature adopted[7]. The organoclays can be easily
intercalated by epoxy polymer through a mild mixing at
70 - 80 °C to form a homogenous and stable
organoclay/epoxy intercalated hybrid[8]. In general, the
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dispersion of clay particles in the resin matrix can result in
the formation of three general types of composite[7]:

(@) Normal composites

(b) Intercalated nanocomposites: it is formed by the
insertion of polymer molecules in to the clay host galleries
and the clay remains a regular gallery structure, although
the basal spacing rises

(c) Exfoliated nanocomposite

Both intercalated and exfoliated nanocomposites
offered some special physical and mechanical properties
compared to the normal composites, and some nano
composites such as nylon 6/clay[9], PA/clay[10],
PS/clay[11], PMMA/clay[12], PP/clay[13], polyimide/clay
[14]and PU/clay[15]have been produced in the lab and in
industry in recent years.

Intercalation-Exfoliation

Layered silicate can be induced to exfoliate in to
nano-scale layers, which disperse in the polymer matrices
uniformly.  This process is called intercalation
polymerization. By intercalation and in-situ
polymerization of monomers the structure of
nanocomposites will form.

If the original sandwich structure of the clay is still
retained but the interlayer spacing is increased, the
composite formed is called intercalated nanocomposite. If
the silicatelayers exfoli-ate completely and disperse
individually in the polymer matrix, an exfoliated nano
composite is formed. Generally, exfoliated
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nanocomposites  exhibit better properties than
intercalated nanocomposites. It is known that exfoliation
can lead to a better reinforcement effect owing to the

b

increase in the high aspect ratio of clay layers, and better
barrier properties owing to a longer path of molecule
penetration [16].

c

Fig. 2. Morphologies of clay/polymer composites: (a) microcomposite, (b) intercalated, (c) exfoliated.

Methods of Intercalation and Exfoliation

Recently much attention has been paid to developing
layered silicate as a reinforcement material for polymers.
The preparation method is called intercalation
compounding, including intercalative polymerization,
solution intercalation, and melt intercalation, among
other pro-cesses. [17]. In situ polymerization is one of the
methods to prepare exfoliated and intercalated
polymer/clay nanocomposites. Generally, in situ
polymerization includes two stages[2]:

1-  Mix the polymer precursor or monomer and clay;

2-  Insitu polymerization in the presence of clay.

It is suggested that the in situ polymerization is
responsible for the exfoliation of clay layers in the polymer
matrix. Exfoliation of clay layers is attributed to the
formation of cross linked structures inside the clay
galleries during the curing process.

Transmission electron microscopy (TEM) and wide
angle X-ray diffraction (XRD) are important methods for
characterizing the intercalated and exfoliated structure of
clay layers [18]. Nevertheless, both methods can only be
employed after the formation of materials and are costly.
It is always desirable to have a rapid estimation before the
formation of materials. Rheology has attracted a lot of
interest [19]. That has been suggested in situ curing of
epoxy monomer and hardener leads to the exfoliation of
clay layers [20]. The intercalation and exfoliation of talc
have been realized by solid state shear compounding
using pan mill equipment that can exert fairly strong
shear forces and has multi functions such as pulverizing,
mixing, and activation on materials[21].

Recently, a novel solid-state approach has been
reported to produce polymer/clay nanocomposites. The
approach applies pressure to polymer/clay systems,
resulting in layer expansion of clay in polymer[22]

CONCLUSION

The intercalation and exfoliation of clay nano particles
in polymer matrix have been investigated to approach an
improve mechanical, thermal and electrical properties of
resulted clay nanocomposites. In situ polymerization is
one of the methods that are used for manufacturing of
nanocomposites. Furthermore; in situ curing of epoxy
monomer and hardener leads to the exfoliation of clay
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layers. That is concluded that the quality of intercalation
and exfoliation will affect the properties of nano
composite strongly.
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