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Influence of Equal Channel Angular Pressing (ECAP) on

The Microstructure and Mechanical Properties of aluminum alloy 6061 .
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ABSTRACT

This research investigates the microstructure and mechanical properties of aluminium alloy 6061 (Al-Mg-Si) processed by Equal Channel Angular Pressing (ECAP) at elevated
temperature (150°C). The ECAP process was conducted following Route Bc for 0,1 and 2 passes. After processing, the microstructure was characterized using Scanning Electron Microscopy
(SEM), and Energy Dispersive X-ray Spectroscopy (EDS) to examine grain refinement and elemental distribution. In addition, Electron Backscatter Diffraction (EBSD) was used to quantify grain
size and crystallographic orientation.The mechanical properties were evaluated through hardness to investigate the relationship between microstructural evolution and strength
development. The results demonstrate that ECAP processing at elevated temperature significantly refines the grain structure and enhances mechanical properties. Increasing the number of
passes led to a clear increase in hardness, confirming that ECAP is an effective technique for strengthening aluminium alloy 6061.
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INTRODUCTION METHODOLOGY

Schematic diagram of the ECAP process:
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Figure 2. EBSD grain orientation maps showing grain refinement after ECAP processing: (a) 1 pass,

(b) 2 passes, and (c) comparison of the average grain sizes.
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Figure 1. SEM micrographs showing microstructural evolution after ECAP
(a) Solution-treated (without ECAP), (b) ECAP 1 pass, and (c) ECAP 2 passes. Higher 0
magnification images (right) highlight Mg,Si (red boxes) and Al;s5(Fe,Mn)3Si; (yellow boxes). Figure 3. Microhardness values measured after different ECAP passes.

CONCLUSION

The results of this study can be summarized as follows:

e ECAP processing significantly modified the microstructure of the material, leading to fragmentation and redistribution of intermetallic compounds (Mg,Si and Al5(Fe,Mn)3Si,).
* Increasing ECAP passes resulted in pronounced grain refinement, with the average grain size decreasing from 18.2 ym (0 pass) to 5.16 pm (1 pass) and 3.47 um (2 passes).

* The microhardness increased with the number of ECAP passes, rising from 78.12 HV in the solution-treated condition to 88.14 HV after 1 pass and 103.3 HV after 2 passes.

e EBSD analysis revealed noticeable texture evolution, indicating the development of preferred crystallographic orientations after ECAP processing.

e Qverall, ECAP effectively refined the grain structure and enhanced the mechanical properties through microstructural modification and texture development.
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