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Enhanced Mechanical Properties of Pure Aluminum by Friction Stir
Processing

Mahmoud Ebrahimi'’, Shokouh Attarilar’, Mohammad Taghi Salehi’

"University of Maragheh, Department of Mechanical Engineering, Maragheh, Iran.
’Iran University of Science and Technology, School of Metallurgy and Materials Engineering, Tehran, Iran.

Abstract In this work, commercial pure aluminum was subjected to friction stir processing (FSP) up to six passes,
then, mechanical properties, electrical conductivity, and microstructure analysis of the processed samples were
compared with the initial condition. Better yield strength, ultimate tensile strength, and hardness are achieved after
imposing the process. Also, strengthening rate is reduced at the subsequent passes. It was found that hardness
magnitude is decreased mildly by getting away from the center. Although material formability is reduced after the first
pass, it is grown a little by adding the pass number. The microstructure analysis indicated that application of one pass
FSP changes considerably grain size of the annealed aluminum and leads to extreme decrease of the high-angle grain
boundaries density which plays the main role in the reduction of electrical conductivity. Addition of FSP pass number
leads to increment of dislocations density, transformation of low-angle to high-angle grain boundaries, and the further
intersection of shear micro bands, causing improvement of sample formability and electrical conductivity compared to
the first pass. Therefore, this process has the capability for fabrication of pure aluminum with improved mechanical
properties and acceptable electrical conductivity.

Keywords: Friction Stir Processing, Commercial Pure Aluminum, Mechanical Properties, Electrical Conductivity,
Microstructure Analysis.
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! Severe plastic deformation (SPD)

? Ultrafine grain (UFG)

* Equal channel angular pressing (ECAP)
* High pressure torsion (HPT)

* Accumulative roll bonding (ARB)

® Constrained groove pressing (CGP)

7" Equal channel forward extrusion (ECFE)
8 Friction stir processing (FSP)
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! International annealed copper standard (%IACS)
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2 Electron back scatter diffraction (EBSD)
3 Zeiss Auriga

* Low angle grain boundaries (LAGBs)

* Step size

® Minimum misorientation cut-off
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