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Abstract

Introduction: In this research, the structure and mechanical properties
of aluminum 6061 composite with graphene reinforcing nanoparticles
produced by friction stir method (FSP) were investigated. The rotation
speed of the tool was set from 112 to 280 rpm, the speed of the tool
movement in the range of 31.5 to 20 mm/min and the slope of the conical
tool was set at 2, 2.5 and 3 degrees.

Methods: Characterization was done by tensile tests, microhardness,
field emission scanning electron microscope (FESEM) along with X-ray
energy spectroscopy (EDS) and optical microscope (OM). The results
show that in the presence of graphene as a reinforcement, the
mechanical properties are improved.

Findings: By increasing the ratio of rotation speed to tool movement
speed (advance per revolution) from 0.07 to 0.28 and increasing the tool
angle from 2 to 3 degrees, tensile strength enhanced from 338 to 396
MPa, yield strength from 319 to 383 MPa and the elongation increase has
increased from 10.9 to 12.3 percent. Also, the micro-hardness in the
nugget area increased from 273 to 400 Vickers.
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Extended Abstract

Introduction

6000 series aluminum alloy is known for its
good formability, corrosion resistance,
weldability and high strength-to-weight
ratio. The most important alloy elements of
this series are silicon and magnesium, which
are used in precipitation strengthening
through solubility and artificial aging [1].
Although aluminum alloys have excellent
properties, they also have weaknesses, such
as low yield strength and modulus of
elasticity and low creep resistance, which
has reduced the limitation of its use in the
industry [2]. Among the processes that are
used to improve the structure of aluminum,
we can mention composite making by
graphene nanoparticles, which can obtain
very suitable properties [3]. The methods of
making aluminum composite are complex
and expensive, and in some cases it does not
give suitable properties; On the other hand,
the friction stir process (FSP) method has
produced attractive results in joining metals,
and among other solid state processes, it has
low cost and suitable product
properties[4,5,6].

Materials and Methods

In this research, an attempt is made to use
the FSP method to manufacture aluminum
composites with graphene reinforcement
and to investigate the effect of process
variables on the microstructure and
mechanical properties of the manufactured
composites. According to the issues raised
above; In this study, the influence of the
shape of the probe tip angle (2, 2.5 and 3
degrees), tool rotation speed (112, 180 and
280 rpm) and tool movement speed (20, 25
and 31.5 mm/min) for making aluminum
nanocomposite with grade 6061-T6 and
graphene was investigated on the structure,
strength and hardness of  the
nanocomposite.
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Results and Discussion

As the angle of the probe tip increases, the
dispersion and distribution of graphene
nanoparticles
properties are affected by the nature of
dispersion. To achieve higher properties,
homogeneous dispersion is essential. In this
research, the FSP process has led to a
favorable dispersion. The concentration
gradient resulted in improper dispersion,
since the aluminum substrate does not melt
during FSP, the concentration gradient does
not cause free movement of the
nanoparticles, and this resulted in proper
dispersion. The distribution of nanoparticles
depends on the FSP process parameters
such as rotation speed and movement speed.
A good and uniform distribution in the
FESEM micrograph proves that the
appropriate process parameters have been
chosen.

The reason for the increase in mechanical
properties is the uniform distribution of
reinforcing particles in the matrix. This
factor has a direct effect on the increase in
length, and the smaller the size of the
particles, the finer the structure and
according to the Hall-Patch relationship, the
strength will increase. In order to prevent
the accumulation or agglomeration of
particles, it is necessary to choose the right
diameter for the pin because the pin is
responsible for producing friction and
cutting force[7].

increases. Mechanical

Conclusion

After the FSP operation, the size of the grains
has decreased and the effect of the presence
of the graphene reinforcement phase in the
aluminum alloy is evident, which has led to
the improvement of the mechanical
properties of the composite. Increasing the
probe angle has led to a decrease in the size
of the microstructure, also the tensile
strength has increased from 338 to 396 MPa,
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the yield strength from 319 to 383 MPa. And
the percentage of length increase has
increased from 10.9 to 12.3 percent. Also,
the microhardness in the nugget area
increased from 273 to 400 Vickers.
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