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ABSTRACT
In this study, Al/AL,Os; composite was produced by accumulative roll bonding (ARB) process coupled with the plasma
electrolytic oxidation (PEO) process. The alumina was grown on Al sheets by electrolyte technique with three different
thicknesses (10, 20, and 40 pm). The results showed that incorporation of alumina up to 3.22 vol.% in aluminum matrix
enhanced the yield and tensile strength of the composite, whereas increasing the amount of alumina up to 6.25 vol.%
deteriorated the tensile properties. In the last part, a serial sectioning process was employed to develop a three-
dimensional (3D) representation of the microstructure of Al,O; particles reinforced Al composite for visualization and

finite-element modeling (FEM).

Keywords: Metal Matrix Composites, Accumulative Roll Bonding, Plasma Electrolytic Oxidation, Modelling.

1. INTRODUCTION

Metal Matrix Composites (MMCs) as advanced
materials have a great potential to be employed for
applications such as aerospace and automobile. For
producing such composites among the candidate
metals, Al has received great attention due to its
special properties. Among methods of producing
these composites, Accumulative Roll Bonding
(ARB) technique has been successfully employed in
recent decades. Anodizing process coupled with
ARB process has been introduced to achieve a
uniform particulate Al matrix composite [1, 2].
Reihanian and coworkers [3] used ARB and
plasma electrolytic oxidation (PEO) to fabricate
Al/A1,O; composite. They reported that the
Al/Al,O3 composite exhibited tensile strength of
about 180 MPa after six cycles of ARB. However,
it could not improve the strength in comparison to
Al after six cycles of cold rolling.

In this study, the ability of ARB process with
the use of PEO coatings was evaluated in details
to produce Al-AlOs composite. Also, a three-
dimension (3D) microstructure-based finite
element model was developed to predict the
elastic-plastic response and deformation behavior
of Al/3.22 vol.% Al,Os composite.

*: toroghi@iut.ac.ir

2. MATERIALS AND METHODS

As received commercial purity aluminum sheets
were cut into 50x50x0.4 mm?® strips parallel to the
sheet rolling direction. To investigate the effect of
coating thickness on the composite properties, three
different percents of reinforcement including Al-
1.67%AL0;, Al-3.22%A1L0;, and Al-6.25%ALO0;
were manufactured. All composites produced by
both conventional accumulative roll-bonding (ARB)
and cross accumulative roll-bonding (CARB).

The microstructures of the ARB processed
composite strips under various conditions were
evaluated by optical microscopy (OM) and
scanning electron microscopy (SEM). The tensile
test specimens were machined from the rolled strips
according to the ASTM E8M tensile sample oriented
along the rolling. In the next part, a serial
sectioning process was used to develop a three-
dimensional (3D) representation of the composite
for visualization and finite-element modeling
(FEM). Assuming that the elastoplastic
deformation and ductile damage occur in the
matrix, the elastic deformation and the traction-
separation behavior in the system of Al,Os/Al
composite can take place in Al,Os particles and
interface of matrix/ reinforcement, respectively.
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Figure 1. OM images of the microstructures of all composite strips produced after five cycles of ARB process:
a) Al/1.67 vol.% Al2O3, b) Al/3.22 vol.% Al:QOs3, and c) Al/6.25 vol.% AlOs.
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Figure 2. Variation of a) tensile strength, and b) elongation of the Al/3.22 vol.% Al2O3 composites with 1.67,
3.22, and 6.25 vol.% AlLO3 after five cycles.

3. RESULTS AND DISCUSSION

3.1. Coating thickness

The alumina layer thicknesses on aluminum strips
were about 10, 20, and 40 um, which are equal to
1.67, 3.22, and 6.25 of reinforcement volume
percent at composite, respectively. Figure 1.
illustrates the OM images of the microstructures of
all composite strips produced by the ARB process.
For Al/1.67 vol.% Al,Os and Al/6.25 vol.% Al,Os
composites, the alumina particles are larger and
non-uniformly distributed in the matrix compared
to the Al/3.22 vol.% Al;Os; composite.

The engineering stress—strain curves of the
ARB processed aluminum and Al/ALO3
composites with 1.67, 3.22, and 6.25 vol.% Al,Os
after five cycles are compared in Figure 2. It can
be found that the strength of the composites is
higher than that of the aluminum strip. As a result,
the tensile strength of the composites increased
with increasing alumina quantity up to 3.22
vol.%, while elongation decreased. However,
further increasing in alumina percent up to 6.25
vol.% resulted in both lower strength and
elongation.

The presence of the Al,Os particles in the
aluminum matrix during the ARB process

increases the dislocation density in the matrix,
leading to the higher strength of the composite.
These dislocations are created at the particle—
matrix interface to accommodate strain mismatch
between the two phases. Also, particles act as a
barrier to dislocation movement during the tensile
test and cause the enhancement of strength [4].

3.2. Modeling

A serial sectioning method was employed to
acquire 2D images of the microstructure as a basis
for reconstructing 3D solids for modeling using
FEM. The simulation results of the particle
reinforced composite are summarized in Figure 3.
The stress distribution in the particles is
inhomogeneous, and a maximum stress zone
occurs near the sharp corner of the particle along
the tensile direction.

The numerical method was validated by
comparing the strain-stress curves and mechanical
properties of the simulated predictions and
experimental results of composite (Figure 4). The
Young’s modulus and stress—strain behavior of
the composite predicted by the 3D model of
microstructure correlated relatively well with the
experimental results.
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Figure 3. Simulation results of Al/3.22 vol.% Al:O3 composites at tensile strain of 0.01 for: a) equivalent
stresses (MPa) at all particles, b) equivalent stresses (MPa) at some particles, ¢) equivalent stresses (MPa) at
matrix, and d) plastic equivalent strain at matrix.
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Figure 4. The comparison between experimental and simulative tensile test
results of Al/3.22 vol.% Al:O3 composite at tensile strain of 0.01.
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