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Abstract In this study, the bottom-up powder metallurgy and the top-down severe plastic deformation (SPD)
techniques for manufacturing bulk nanomaterials were combined in order to achieve both full density and grain
refinement without grain growth of rapidly solidified Al-20 wt% Si alloy powders during consolidation pro-
cessing. Continuous equal channel multi-angular processing (C-ECMAP) was proposed to improve low pro-
ductivity of conventional ECAP, one of the most promising method in SPD. As a powder consolidation method,
C-ECMAP was employed. A wide range of experimental studies were carried out for characterizing mechanical
properties and microstructures of the ECMAP processed materials. It was found that effective properties of high
strength and full density maintaining nanoscale microstructure are achieved. The proposed SPD processing of
powder materials can be a good method to achieve fully density and nanostructured materials.
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Fig. 1. Schematic of continuous equal channel multi-angu-
lar pressing process.
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Fig. 2. Continuous equal channel multi-angular pressing
system and automatic control program.
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Fig. 3. Scanning electron micrograph of gas atomized Al-
20 wt% Si powders.

(a) Equal channel angular pressing:
8 passes route C
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(b) Continuous equal channel multi-angular
pressing: 40 cycles

Fig. 4. Scanning electron micrographs of longitudinal sec-
tion of 100°C severe plastic deformed Al-20 wt% Si work-
piece.
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Fig. 5. Microvickers hardness as a function of the number
of equal channel angular pressing passes at 100°C.
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Fig. 6. Path plot of the microvickers hardness of contin-
uous equal channel multi-angular pressed samples.
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