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Fig.1 Schematic diagrams of die design: (a) die assembly diagram and (b) die schematic diagram
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Fig.2 Finite element models: (a) continuous extrusion model and (b) extruded product
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Fig.3 Schematic diagrams of section division: (a) die cavity structure and (b) section division
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Fig.12 TEM image (a) and SAED patterns of the middle section of the die: (b) Al,Sr [131] zone axis; (c, d) AlsSr [lli] zone axis
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Fig.14 TEM image (a) and SAED patterns of the outlet die: (b) Al4Sr [131] zone axis; (c) Al,Sr [331] zone axis; (d) Al,Sr [111] zone axis
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Microstructure Evolution of Al-Sr Master Alloy During Continuous
Extrusion Under Large Strain

Zhao Ying*, Wang Junlin?, Yun Xinbing®, Guo Lili}, Yan Zhiyong?, Zhang Xu?
(1. Engineering Research Center of Continuous Extrusion of Ministry of Education, Dalian Jiaotong University, Dalian 116028, China)
(2. Dalian Konform Technology Co., Ltd, Dalian 116028, China)

Abstract: The continuous extrusion is combined with an equal-channel die. The microstructure evolution of Al-Sr master alloy under
large strain extrusion was analyzed by finite-element simulation, OM, XRD, and TEM. The results show that the maximum effective strain
in the equal-channel die reaches 16, which appears on the a-path passing through the outer corner of the first die angle, and the refinement
effect of Al,Sr phase is the best. The refinement effect of each path on Al,Sr phase is as follows: inner a-path > middle b-path > outside
c-path. Using the extrusion method with one die of double hole, the coarse AlsSr phase particles in the center of cavity inlet can pass
through the a-path with the largest strain in the equal-channel die, so that they can be effectively refined. Finally the particles of Al,Sr
phase in the center and edge of the product are effectively refined, with an average length of about 4.5 pm. Transmission electron
microscopy observation shows that after large plastic deformation, due to the increased cumulative strain and increased microscopic strain,
the internal dislocations of Al,Sr phase are entangled and delivered, forming a dislocation wall that interacts with the external dislocations
to break Al,Sr phase particles. The fragmentation exerts a significant refining effect on Al,Sr phase particles. At the same time, due to the
increased interfacial energy, a small amount of Al4Sr phase dissolves.

Key words: Al-Sr master alloy; continuous extrusion; equal channel deformation; microstructure evolution
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