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Accepted: 2021/09/12 nano-powder was synthesized through mechanical alloying.
Phase investigation revealed the formation of decagonal
quasicrystal structure on a nanometer scale.

Methods: After that, the aluminum matrix composites reinforced
by 3 wt.% of produced quasicrystal powder were fabricated by
using the accumulative roll bonding process. Microstructural and
mechanical properties were evaluated using scanning electron
microscopy and microhardness and tensile tests, respectively.
Findings: Microstructural studies showed that there was an
improvement in the distribution of the quasicrystalline
reinforcement phase in the aluminum metal matrix composite as
well as an improvement in the bonding between the layers by
increasing the cycles of the accumulative roll bonding process.
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Extended Abstract

Introduction

Advanced metal matrix composites are a
new group of structural materials that have
been developed to overcome the limitations
of common metals and alloys. Metal,
intermetallic and ceramic particles have
been used as reinforcing phases in metal
matrix composite. Aluminum-based
quasicrystalline particles are a good
candidate as a reinforcement in aluminum
metal matrix composite due to low density,
and high hardness. Various methods such as
casting, mechanical alloying, and powder
metallurgy have been used to fabricate
aluminum-based composites. However, low-
temperature methods such as the
accumulative roll bonding (ARB) process are
suitable options for use in the fabrication of
these composites. In this research,
aluminum-based composites reinforced
with quasicrystalline nano-powders were
produced and their mechanical properties
were evaluated.

Materials and Methods

In the first step, the AlyCrisFenr
quasicrystalline nano-powder was produced
using a mechanical alloying method and
subsequent heat treatment at 1060°C. The
next step is to produce an aluminum-based
composite using the ARB process. At first, 7
aluminum sheets 1050 were cut with
dimensions of 20cm in length, 5cm in width,
and 0.4mm in thickness. Then Surface
preparation of the samples including
degreasing and brushing was performed.
After the preparation steps, the aluminum
sheets with the mentioned specifications
were stacked on top of each other while the
desired quasicrystalline powder was
dispersed between the aluminum sheets. In
the next step of the ARB process, the belt
created was divided into two equal parts
from the middle and again the surface
preparation was also done. This process
continued up to 8 cycles. Microstructural
investigations were performed using VEGA3
TESCAN scanning electron microscope with
a working voltage of 10 kV after surface
preparation based on the standard method
on the RD-ND surface. Mechanical

properties including hardness measurement
and tensile properties investigation were
done.

Findings

A typical microstructure image of Al-Cr-Fe
quasicrystalline nano-powder prepared by
using scanning electron microscopy is
shown in Figure 1. The quasicrystal phase
produced in this alloy system has a
decagonal structure. The microstructural
image shows that the powder produced is
relatively homogeneous with a nanometer
dimension (about 70 nm).

SEM HV: 15 kV
View feld: 192 pm
SEM MAG: 988 x

Figure 1- Microstructure of Al-Cr-Fe
quasicrystalline nano-powder.

Examples of SEM micrographs of produced
composite samples with the presence of
3wt% of quasicrystalline nano-powder after
different rolling cycles are shown in Figure
2. As can be seen in Figure 2 (a), the layers
structure of the composite after only the first
rolling cycle, including reinforcing powder
layers and aluminum sheets, is well visible.
By increasing the number of cycles of the
ARB process up to 8 cycles, the
microstructure is changed from the layered
state to the uniform distribution of
reinforcement powders in the aluminum
matrix (Figure 2 (b)).
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Figure 2- Microstructural images of
composite specimens reinforced with
3wt% of Al-Cr-Fe quasicrystal after (a)
first, and (b) 8 ARB cycles.

Discussion

Figure 3 is shown the engineering stress-
strain curves of produced composites in the
different cycles and also pure Al. As shown in
this figure by an increasing number of ARB
cycles tensile strength of composite samples
is increased. The results also indicate that
the elongation of produced composites
decreased after two cycles in comparison to
pure Al and then increased by the increasing
number of ARB cycles. Elongation
decreasing after two cycles in the composite
produced by the ARB process caused by high
strain hardening, poor bonding between Al
layers, and also the presence of porosities.
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Figure 3- Engineering stress-strain curve
of the ARBed composites and pure Al

Vickers hardness measurements also show
an immediate increase in the hardness
values at the initial cycles. After eight cycles
the hardness of the produced composite
reached 98 HV.
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Conclusion

The results of studying the effect of the ARB
process on aluminum metal matrix
composite  reinforced by  Al-Cer-Fe
quasicrystalline nanopowders include the
following:

1- A hemogenic distribution of Al-Cr-Fe
quasicrystalline nanopowders in an
aluminum matrix was achieved after
the ARB process.

2- Tensile properties improved by
using quasicrystals powders as a
reinforcement.
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