Abstract— In order to improve the mechanical properties
of acrylic films, Poly methyl-methacrylate
(PMMA)/Aluminum oxide (Al,03;) films are prepared
following solution casting technique. The mechanical
behavior of prepared films has been analyzed by employing
Ultrasonic Pulse Echo method. The morphology of films is
examined via XRD and SEM analysis. The synergetic effect
is observed in films from obtained ultrasonic data. The
elastic modulus is calculated and compared for better
utilization.

Index Terms— Ultrasonic Pulse Echo, thin films, XRD,
Solution casting technique.

I. INTRODUCTION

In order to fulfill the requirements of polymer industry
many fabricators usually blend polymers together in order
to reach an optimum balance of properties, this approach
allows high flexibility in property adjustment and avoids
development of new macromolecules which is generally
long and expensive compared to polymer alloying'.
Vigorous developments of polymer composite and
extensive utilization of polymer materials in technology
have led to the polymer composites®. Recently polymer
matrix-ceramic  filler composites receive increased
attention due to their interesting electrical and electronic
properties, integrated decoupling capacitors, angular
acceleration accelerometers and acoustic emission sensors
are some potential applications. Ceramic materials are
typically brittle, possess low dielectric strength and in
many cases are difficult to be processed requiring high
temperature. On the other hand, polymers are flexible,
can be easily processed at low temperatures and exhibit
high dielectric break down fields. The present work deals
with the effect of alumina as filler on the mechanical
properties of poly-methyl methacrylate films®™..

II. EXPERIMENTAL WORK

A. Sample Preparation

Poly(methyl methacrylate) (PMMA) (Molecular
weight Wm=1,20,000, purity 99 %), Al,Os, and Acetone
were obtained from S.D. Fine Chem. Ltd, Mumbai, India
and used as received without further purification. The
Citizon electronic balance of accuracy 10-4 has been used
to measure weight amount of alumina powder and
polymer powder. The composite films of 10, 20, 30, 40,
50 and 60 weight percent (Wt %) of Al,O; are obtained
by mixing it with the PMMA solution in acetone. It were
then dried at 450 C and kept under oven for 4H before
use. The solution were cast as films and allowed to
evaporate at ambient temperature and at atmospheric
pressure. After evaporation of acetone, the films were
further dried in a temperature —controlled oven at 65°C
for 3H to remove any remaining traces of acetone.
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Density p of all thin films was determined by employing
the Archim-">s Principle using water as immersion liquid
and applyir ,{e relation equation (1)

andc

BT o ‘Ip: (1)

Where W, and W, are the weights of the thin films in air
and in the immersion liquid respectively. p,, is the density
of water.

III. CHARACETRIZATION

A. Structural characterization

A|.O +PMMA
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Fig.1 XRD of PMMA and PMMA/AI,O;

The XRD spectrum for polymer composite film of
PMMA with Al,Os is given in Fig. 1. The appearance of
sharp peaks indicates that sample possessed micro
crystals also.

In case of composite films of PMMA with Al,O; the
micrographs are given in Fig. 2(a-d). The micrographs are
given in different magnifications such as (a) 10 k x, (b) 25
k x, (¢) 50 k x and (d) 200 k x. The sizes of the particles
in this composite film are 55, 325, 350 and 455 nm.

It also suggests that size of the particles formed in
polymer composites are non-spherical in shape which
could be seen from FESEM image.
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Fig. 2 (a), (b), (¢) and (d) FESEM of PMMA/ALO;

B. Ultrasonic Characterization
The ultrasonic velocity and absorption are PMMA-AL,0; at 2 MHz
measured following Ultrasonic pulse echo technique <
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Fig. 3 Variation of ultrasonic velocity at 2MHz
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Fig. 5 Variation of Internal Pressure with Al,O; conc.
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Fig. 6 variation of youngs modulus AL,O; conc.

IV. CONCLUSION
The composition of PMMA/ Al203 shows

mechanical properties as follows.

The XRD and FESEM of the prepared samples
show non-spherical shape. The sizes of the particles in

this composite film are 50-450 nm.

Ultrasonic velocity decreases with increase in
concentration of Al,O; promote dissociation of molecules

except at 20% Al,O;.
These facts can be related as follows

As Wt% of ALO; in PMMA increases, the
Dissociation of molecules occurs, this reduces ultrasonic
velocity. At 20% ALO; the acceptance of additive entity
is found more and hence young’s modulus increased at
that concentration. The internal pressure increases with
the increase in filler quantity supports the compactness
and size dependent absorbing capacity of acrylic

materials.
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