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ABSTRACT:

The primary objective of the study is to improve clay platelet

separation in epoxy resin matrix. Although considerable
progress has been made in understanding the role of chemistry
in influencing clay platelet separation, there are many issues
related to processing and thermodynamics that remain
unresolved. Therefore, in this study we investigate the impact
of selected processing parameters like diluent concentration,
soaking duration, and sonication conditions, on the
nancomposites structure formation. Based on XRD peak
intensity, we believe that nanocomposites formulated by
soaking clay and in a compatible reactive diluent have the
clay platelets more exfoliated than nanocomposite without clay
soaking in reactive diluent. Sonication in combination with
soaking of clay yields a considerably improved exfoliated
nanocomposites. For example, 3h soaking and 30 minute
sonication using dismembrator was found to be effective in
formulating a nanocomposite with partially exfoliated
structure.

INTRODUCTION:

In recent years, the area of nanocomposites has received
considerable  attention  with the  expectation that
nanotechnology can lead to lighter, better material for
engineering applications. For example, the attractiveness of
polymer-clay nanocomposites resides in the potential of
adding infinitesimally small clay platelets, to dramatically raise
mechanical, thermal, barrier, and flame-retardant properties
without significant increase of the specific gravity or reducing
the transparency of the nanocomposite relative to the base
material. Nanoclay reinforced composites garner their material
improvements from interactions at molecular and
macromolecular scale. To promote interactions at molecular
scale between the clay platelets and polymeric resin, long
chain surfactants are ion-exchanged to clay sheets. Many
studies have addressed the role of long chain surfactants and
the curing conditions on the morphology of clay platelets in
polymer matrix (1,2). Although considerable progress has been
made in understanding the kinetic and thermodynamic
parameters that control clay platelet separation, many issues
associated with the choice of interlayer surfactant, processing
conditions, and control of morphology remain unresolved [3].
Fabricating nanocomposites where the clay sheets are

dispersed within the polymer matrix poses significant synthetic
and processing challenges.

EXPERMENTAL:

We used DER 331 (Dow Chemical), diglycidyl ether of
bisphenol A (DGEBA) epoxy resin and meta-phenylene
diamine (MPDA) (Acros Chemicals) for the current study.
Glycidyl methacrylate (GMA) was procured from Aldrich
Chemicals and used as reactive diluent in this study. Na+
Montmorillonite clay was obtained from Southern Clay
Products, Texas.

Functionalized clay: 3 g of Na+ clay was dispersed into 450
ml of distilled water at 80°C. 0.9g (104meq/100g of clay) of
octadecyl ammonium chloride in 50 ml distilled water at 80°C
was poured into clay suspension maintained at 80°C. The
clay/salt mixture was allowed to stir at 80°C for additional
three hours. Then the clay/salt mixture was filtered and washed
with tetrahydrofuran and water mixture (50:50 volume %) till
remnants of chloride ion was not detected in the filtrate. Then
the clay was dried at 70°C overnight. The dried
organomodified clay was ground and seived to 32 micron size
and used in the formulation of nanocomposites.

Formulation of Nanocomposites: In this study we prepared a
number of nanocomposite specimens to investigate the impact
of selected processing parameters like diluent concentration,
soaking duration, and sonication conditions, on the
nancomposites structure formation. For formulating epoxy
nanocomposites, epoxy resin was typically soaked with
defined amount of GMA for predetermined time interval.
Similarly organo clay was soaked with defined amount of
GMA for predetermined time interval. The swollen clay and
epoxy were mixed and sonicated using Branson Sonic
dismembrator (Branson sonifier 250) for 30 minutes. The
power of sonication was varied by varying the output control
of sonic dismembrator. Deagglomeration of clay platelets
happen in the presence of ultrasonic environment.
Dismembrator emits ultrasonic waves which form tiny bubbles
in the order of 0.01 micron and would be an effective force to
disperse nanoclay in the matrix resin medium. After
sonication, 14.5 phr of MPDA at 60°C was added to the
mixture and throughly hand-mixed. The sonified and curative
added mixture (DGEBA/clay/MPDA) was poured into silicone
mold and cured at 80°C for 2 hours and post-cured at 110°C
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for 7 hrs. The cured samples were characterized using X-ray
diffraction (XRD).

RESUALT AND DISSICATION:

Of current interest is the possibility to control the
morphology development of organically modified clay-epoxy
nanocomposites by influencing the processing parameters. We
expect to obtain a wide variety of intercalated/exfoliated
morphologies by varying the processing parameters. Some of
the processing parameters that were considered in this study
are amount (2.5, 3, 3.5 %) of swelling agent, (0, 1.5h, 3h)
duration of clay and epoxy soaking in swelling agent, and
(40%, 80% duty cycle) ultrasonication conditions.

Wide angle X-ray diffraction studies of the epoxy
nanocomposite were performed to relate the type of
morphology development with swelling time, diluent amount,
ultrasonication amplitude and combination thereof. By
studying the breadth, position and intensity of the basal
reflection of  XRD, the relative extent of
intercalation/exfoliation of the organoclay-polymer hybrid
nanocomposite was determined . The absence of any basal
reflection or considerable peak intensity reduction without any
shift indicates an exfoliated nanocomposites structure
formation [4].

Figure 1 is the XRD pattern of nanocomposite for different
processing parameters. As can be seen in Figure 1, minimal
processing of nanocomposite yields a sharp peak at 2.1°. The
basal reflection peak, 2.1° corresponding to clay d spacing of
4.1 nm. The high intensity peak in the case of samples made
by no soaking and no sonication implies that the clay platelets
in nanocomposite are highly intercalated.

In an attempt to improve the clay platelet separation, the role
of diluent in formulating exfoliated nanocomposite was
examined. Glycidyl methylmethacrylate was chosen as the
swelling agent and as reactive diluent because it is widely used
in rubber toughening of epoxy resin [5]. We premixed the
clay and vinyl ester with a high-boiling point diluent to obtain
essentially a low-viscosity medium in which efficient mixing
of the various components can be achieved. Following soaking
of clay and resin with diluent at room temperature for three
hours and curing of the nanocomposite there is minor
reduction in peak intensity, indicating a small drop in the
extent of intercalated clay structure formation. Since mass
transport of resin into clay galleries is widely considered one
of the limiting steps to exfoliation, the use of diluent and
ultrasonication condition may indeed facilitate resin transport.

Finally, we discuss the importance of ultrasonic power in
mixing organically modified nanoclay platelets in diluent
mixed epoxy resin. First we noticed that the transparency (an
indirect measure of exfoliation) of nanocomposite with a
loading of 3.5 wt% of organically modified clay can be
significantly improved upon soaking the resin and clay in

diluent for 3h and ultrasonication for 30 minutes. This is
because the ultrasonic dismembrator generates ultrasonic
waves of high amplitudes that induces cavitation and
cavitation bubbles as small as 0.01 micron. It is conceivable
that these high energetic bubbles when they travel in the
gallery spaces can induce deagglomeration of clay platelets. It
is commonly reported in the literature that when the clay
platelets are sufficiently separated and mixed with resin, often
the viscosity of the system increases. In our study, we noticed
an increase in the viscosity at the end/during of sonication.
The increase in viscosity of the mixture is belived to be a
result of increase in, the effective volume of clay platelets
because of clay platelet separation.

Upon soaking clay and resin for 3h and ultra
sonicating the mixture there was a dramatic reduction of X-ray
basal peak intensity of the clay platelet in nanocomposite Slow
homopolymerization of epoxy resin at the clay galleries at
higher temperatures is well known concept. The auto-
polymerization of epoxy in the clay gallery would aid clay
separation process. This may probably explain the dramatic
drop in peak intensity and the formation of an partially
exfoliated nanocomposite.

Effect of diluent concentration was also studied
towards the extent of nanocomposites formation. Figure 2 is
the XRD pattern of nanocomposite as it relates to the amount
of diluent. Composites samples were made at different diluent
concentrations, eg zero phr, 30 phr, 50 phr and 60 phr levels.
As the diluent concentration increases in samples, improved
exfoliation of clay platelets in nanocomposite was observed.
The sample made with 60 phr GMA showed dramtic reduction
in basal peak, 2.3° intensity. The results indicate that
exfoliation of the organically modified clay in epoxy matrix
may be improved with reactive diluent amount. However it
must be mentioned that an increase in GMA amount does
decrease the effective clay concentration in the
nanocomposite. This decrease should be accounted for in
future study so as to establish that the decrease in peak
intensity is indeed due to the increase in GMA amount and not
due to the decrease in effective clay concentration in the
nanocomposite.

Studies are underway to evaluate the mechanical
properties of organically modified clay-epoxy nanocomposites
obtained by systematically changing the processing
parameters.
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Figure 1: XRD pattern of nanocomposite for different
processing parameters; 1. No sonication and no soaking, 2.
Three hour soaking, 3. Sonication, 4. Three hour soaking and
sonication, 5. Six hour soaking and sonication
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Figure 2: XRD pattern of nanocomposite at different reactive
diluent concentrations; 1. Zero phr GMA, 2. 30 phr GMA, 3.
50 phr GMA and 4. 60 phr GMA.
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