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Fabrication of bulk ultrafine-grained pure aluminum using
multi-pass equal channel angular pressing and torsion
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Abstract: The deformation and densification behaviors of pure Al powders during 1—4 passes equal channel angular
pressing and torsion (ECAPT) under route A at 200 ‘C were investigated using numerical simulation and experiment
investigation. In addition, both grain refinement mechanism and the evolution of microstructure and mechanical
properties were deeply discussed. The bulk ultrafine-grained pure aluminum with fine microstructure and enhanced
mechanical properties was fabricated. The results show that with the increasing pass number of ECAPT, the imposed
strain increases. Due to the work hardening, the peak load also increases. As the hydrostatic pressure increases under
multi-pass ECAPT, residual porosities in the powder consolidates are effectively shrunk and closed, which contributes to
the improvement of deformation uniformity and density of the compacts. During ECAPT process, continuous dynamic
recrystallization occurs. As the number of ECAPT passes increases, grains are further refined and mechanical properties
are largely enhanced. After 4 passes of ECAPT, the microstructure consists of homogeneous ultrafine grains of 600 nm in
size and equiaxed in shape with high angle grain boundaries. Moreover, the tensile strength reaches 123.3 MPa.
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Fig. 1 Schematic diagram of FEM for ECAPT process
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Fig. 2 Peak load of billet under different ECAPT passes
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Fig. 3 Effective strain of billet on longitudinal plane at

different ECAPT passes
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Fig. 4 Effective strains and factors of deformation uniformity

of billet after 1-4 ECAPT passes deformation
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Fig. 5 Macroscopic photos of billet under different ECAPT

passes
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Fig. 6 SEM images of billet under different ECAPT passes: (a) 1 pass; (b) 2 passes; (c) 3 passes; (d) 4 passes
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Fig. 7 TEM images of billet under
different ECAPT passes: (a) 1 pass; (b) 2

passes; (c) 4 passes
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Fig. 8 EBSD orientation maps of billets under different
ECAPT passes: (a) 1 pass; (b) 2 passes; (c) 4 passes
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Fig. 9 True stress—true strain curves of billets after ECAPT

deformation
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Fig. 10 Microhardness of billets under different ECAPT

passes
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