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1- Introduction

Due to their high strength-to-weight ratio, good
formability, and high corrosion resistance, aluminum
alloys are widely used in the aerospace, shipbuilding, and
railway industries. Friction stir welding is one of the solid
state welding methods, which is mainly used for welding
metal alloys such as aluminum and magnesium alloys, and
now it can also be used for welding polymers. This method
has advantages such as low welding temperature, less
deformation, less welding defects (eg less porosity, less
cracking) and welds with high mechanical properties.
Some industries such as automotive and aviation have paid
great attention to this process. For example, in the
automotive industry, AI/AIMMC has been used to replace
cast iron components such as pistons, engine blocks,
cylinder heads, brake calipers, and rotors. Recently,
several studies have investigated the feasibility of FSW of
aluminum matrix composites and it has been found that
FSW is successful in producing high-quality welds with no
visible defects and homogeneous distribution of
reinforcements and improved joint efficiency. To better
strengthen the welding area, different nanoparticles can be
used to improve the strength of the welding area. If the
alloy undergoes heat treatment after welding at a high
temperature, the presence of scattered particles inhibits
grain growth and even prevents abnormal grain growth.
Therefore, the presence of reinforcing particles not only
prevents grain growth, but also increases mechanical and
tribological properties. In this research, the optimal
conditions for producing welds by adding WS2 nanosheets
have been investigated. For comparison, a plate with
constant welding parameters without adding nanoplates
was welded. Mechanical and microstructural properties
were evaluated. FSW was performed on AA5083
aluminum alloy, which is a solid solution
strengthened/strain hardened Al-Mg-Mn alloy that is
widely used due to its special properties.

2- Experimental
In this study, aluminum alloy plate 5083 with dimensions
of 160x70x5 mma3 in annealed condition was used. The

chemical composition of the alloy is presented in Table 1.
The WS2 nanosheets used in this research have purity of
99% with an average particle size of 70 nm. To apply the
powder, a groove with a depth of 0.5 mm and a width of 1
mm was created. The plates were put together to form a
perfect square.

Rotation speeds of 300, 500 and 700 rpm and advance
speed of 14 and 28 mm/min have been used. Then, the
sample with the highest tensile strength was selected as the
optimal sample, and in this combination, the rotation speed
and the forward movement speed were obtained. The
effect of passes was also evaluated. The tool was made of
hot work steel (H13) with a hardness of HRC 52, shoulder
diameter of 20 mm, pin diameter of 6 mm, and pin height
of 4.6 mm. To facilitate the material flow during the
process and improve the quality, the tilt angle of the rotary
tool relative to the z-axis of the milling machine was
chosen to be 3 degrees for all samples.

In order to evaluate the microstructure of the weld
samples in the cross-section perpendicular to the weld
zone, standard metallographic method ASTM E3-01 was
used. The samples were metallographed by No. 2000
sandpaper and polished to make the sample surface
smooth, and then etched by a solution containing 82 mL of
H20, 15.5 mL of HNOs3, and 0.5 mL of HF. Unione model
optical microscope and scanning electron microscope
(SEM) were used to study the microstructure of the
samples. In addition, grain size measurements were
performed using image analysis. Vickers microhardness of
the samples was measured using Buehler equipment by
applying a load of 200 grams for 15 seconds. The tensile
test was performed at ambient temperature by a SANTAM
150 tensile machine with a strain rate of s-10.003. The
dimensions of the tensile test samples were based on the
ASTM-EB-04 standard. Figure 1 shows the size and
configuration of the welded tensile specimen.
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Figure 1- Welded sample and wire cut tensile sample
from the welding site.

3- Results and Discussion

Figure 2 shows the light microscope image of the cross-
section of the welded surface after four passes that
distinguishes the different regions. The intense plastic
deformation and heat generated by friction during the
friction stirring process produce a recrystallized
microstructure with very fine grains in the SZ. This region
is commonly known as the dynamically recrystallized
region. The stirred zone is shown in Figure 2-b. There is
usually a low dislocation density in the recrystallized
grains.

Figure 3 shows the microhardness profile along the
mid-thickness of the FSW cross-section for different
samples. The maximum hardness of 135 Hv was observed
in a 10 mm wide area around the center line of the weld for
the sample with four passes and with WS2 nanoparticles.
This hardness corresponds to the end of the SZ zone and
the beginning of the TMAZ zone. Figure 4 shows the
tensile test results for the base sample.

Fig. 2 Cross-sectional image of the specimen FSW with four
pass (a) base metal, (b) stir zone (SZ), (c) and (d) thermo
mechanically affected zone (TMAZ).
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Figure 3- Hardness profile of the sample after friction stir welding.
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Figure 4- Tensile test result for the base sample.

4- Conclusion
In this study, the effects of the number of welding passes
on the microstructure and mechanical properties of butt
weld joints of aluminum alloy 5083 by friction stir welding
with the addition of WS2 nanoplates to the weld groove
have been investigated. The microstructure and
mechanical properties such as tensile strength and
microhardness were investigated and the following results
were obtained:

1. The maximum hardness value in the whole sample is
assigned to the mechanically deformed area, which
increases as the grain size decreases.

2. In the welding samples without reinforcing powder, the
minimum amount of hardness and strength is obtained,
but with the addition of reinforcing nanoparticles, the
mechanical properties are improved.

3. The amount of hardness and tensile strength increases
with the increase in the number of welding passes and
is higher than the sample that was welded without nano
powder. The reason is a more uniform distribution of
particles in the field and locking conditions, which
reduces the grain size. The best result is attributed to
the sample welded by four welding passes.
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Investigating the Effect of Adding WS2 Nanosheets on the Microstructure and Mechanical Properties
of 5083 Aluminum Alloy Welded by Friction Stir Welding (FSW) Method

Mohammad Alipour

Abstract This study aims to investigate the number of passes and the addition of WS2 nanoplates to friction stir welding
(FSW) joints of aluminum alloy 5083 on the microstructure, strength and hardness properties. At first, the combination
of the two factors of rotational speed and forward speed was used and the optimal state was selected in the absence of
surface and metallurgical defects and the maximum value of the final tensile strength. Then FSW was performed with or
without the addition of WS2 nanoplates for different pass humbers. Microstructural observations showed that the grain
size in the stirred area decreased with the increase in the number of welding passes and a uniform distribution of particles
was obtained. Also, the use of continuous four-pass welding with a rotational rotational speed of 700 rpm and forward
speed of 14 mm/min increases the tensile strength by 52 MPa and 35 Hv in the hardness value compared to the sample
without the addition of nanoplates.

Keywords Friction stir welding, Weld pass numbers, Mechanical properties, Microstructure.
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