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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

Abstract

This study aims to investigate the number of passes and the addition of WS2 nanoplates tofriction 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 numbers. 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 MPaand 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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Figure 1- Schematic of the whole friction stir welding
process.
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Table 1. Chemical composition of 5083 Al.alloy.as base
material
Substance | Al Mg | Si Fe Cu Mn Zn Ti

Wt.% Bal | 43 |.0.1 [10.33 | 0.05 | 0.64 | 0.02 | 0.03
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Figure 4- Welded sample and wirecut tensile sample from
the welding site.
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Figure 2- FESEM image from WS2 nanosheets.
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Figure 3- The geometry of the tool used in this research.
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Fig. 5 Cross-sectional image of the specimen FSWed with
four pass (a) base metal, (b) stir zone (SZ), (c) and (d) thermo
mechanically affected zone (TMAZ).
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Table 3- Tensile results of welded samples in different
conditions
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Table 2. Average grain size of FSWed samples

Sample Grain Size (um)
BM 50
one pass without powder 25
WS; particle- one Pass 18
WS; particle- two Pass 14
WS; particle- four Pass 12
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MAG: 450 x  HV: 20.0 kV  WD: 23.1 mm

Al Mg

Figure 6- FESEM image and EDS analysis of WS2 nanoplates on the surface of the welded sample after 4 passes.
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Figure 9- The fracture surface of samples‘A- base and B- 4
passes after the friction stir welding process.
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Figure 7- Hardness profile of the sample after friction stir
welding.

ozt Slasl 5tz 5l diga o by -V S5

N\

0 0.3 1 | ] 2
Extension (mm)

Figure 8- Tensile test result for the base sample.
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