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Article Information Abstract
Original Research Paper The main aim of this experiment is to determine the mechanical and microstructural characteristics of using Nano
Received: 31 January 2021 powder of Al203 besides stir welding of Al2024-T6 in multi-pass welding. Nanoparticles welded nine specimens and
First Decision: 10 March 2021 one particle-free in 1400 rpm rotational speed and 16 mm/min traveling speed. A combination of volume percentage
Accepted: 21 May 2021 of powder (3%, 5%, and 7%) and three different multi continuous passes (1, 2, and 4) is applied for Nano-rich
specimens. The microstructure of the joint, micro-hardness, and ultimate tensile strength (UTS) of the welded joint
Ke.yvf'ords:. . has been studied. It was observed that by increasing the particle volume from 3% to 7% average grain size increased
F”Ct'.on stir welding extremely up to 37%, and UTS up to 10%, and in the Steady of welding passes, average micro-hardness has a 10%
Tensile 5‘59“9”‘ . increase in shoulder affected zone. The result showed that the specimen with 7% of Nanoparticles in two passes has
Meta_llurglcal pr_opemes the highest mechanical and metallurgical properties and has a significant decrease (55%) in average grain size
Multi-pass welding compared with a particle-free specimen. Meanwhile, UTS and average micro hardness of the same specimen was
Volume percentage Al20; Nano about 11% and 48% more than particle-free.
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Fig. 3 Used items for friction stir welding. a) Milling machine, b)
Fixture
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Table 2 Mechanical properties of AA2024 T6
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Fig. 2 Schematic view of lap joint welding.
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Fig. 5 The Onion-ring flow pattern at the bottom of lap joint AL2024
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Fig. 7 SEM picture of broken grain by reinforcement.
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Fig. 10 Comparison of hardness profiles in different locations
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Table 5 Comparison of micro hardness in shoulder affected zone
for 3% Nano particle samples

T Qo0 3
o olass 2 Syye 4>b
9y bl 9y
1 114 126/5 11111
2 14117 134/1 135
4 14117 132/5 121/33
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Table 6 Comparison of micro hardness in shoulder affected zone
for 5% Nano particle samples

ST oy 5
oy S o S50 4>l
9y ezl 9y
1 113/77 132 112
137/16 145/35 135/38
4 1131/77 146/86 122/5
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Table 7 Comparison of micro hardness in shoulder affected zone
for 7% Nano particle samples
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Fig. 9 Comparison of stir zone grain size in different passes in staid
Nano particle of FSW
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