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Fig.1 Schematic illustration of ECAE-SC die

$23 mm

1- Undeformed region

3 4- Totally deformed
3 _region

2- Inlet of
spherical
cavity
3- Outlet of spherical cavity
10 mm

2 SEEGH ECAE-SC BB HLR K Hf Ik IR L g K
Fig.2 Self-designed ECAE-SC die (a) and the processed billet (b)
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Fig.3 Optical microstructures of commercially pure aluminum at different deformation regions after one pass of ECAE-SC:

(a) undeformed, (b) the inlet of spherical cavity, (c) the outlet of spherical cavity, and (d) totally deformed
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EBSD microstructure of commercially pure aluminum after one pass of ECAE-SC: (a) orientation distribution and (b) grain
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Fig.5 Texture of commercially pure aluminum after one pass of ECAE-SC: (a) PF and (b) ODF
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Fig.6 TEM microstructure of commercially pure aluminum after one pass of ECAE-SC: (a) shear bands, (b) dislocations with high

density, (c) subgrains with low angle boundaries, and (d) equiaxed ultrafine grains
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Fig.7 Microhardness of commercially pure aluminum on the cross section at different deformation regions: (a) microhardness

distribution, and (b) average values of microhardness
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Microstructure Evolution and Mechanical Properties of Commercially
Pure Aluminum During Equal Channel Angular Extrusion
with Spherical Cavity (ECAE-SC)

Wang Xiaoxi', Zhang Xiang®®, Zhuang Yi', Lu Jiaxin', Jing Xinyu'
(1. Xuzhou University of Technology, Xuzhou 221018, China)
(2. Jiangsu Xuzhou Construction Machinery Research Institute, Xuzhou 221004, China)

(3. State Key Laboratory of Intelligent Manufacturing of Advanced Construction Machinery, Xuzhou 221004, China)

Abstract: A new process named equal channel angular extrusion with spherical cavity (ECAE-SC) is proposed based on the idea of
breaking through the equal channel during the whole process of traditional ECAP, which combines positive strain with shear strain. On the
self-designed ECAE-SC die, the continuous, efficient and compound severe plastic deformation of commercially pure aluminum was
realized in a single pass of ECAE-SC at room temperature. Microstructure evolution of commercially pure aluminum during ECAE-SC
process was analyzed by optical microscopy (OM), EBSD and TEM. Moreover, microhardness of the processed materials at different
deformation regions was tested. The results show that under the severe plastic deformation induced by simple shear, the equiaxed ultrafine
grains with average grain size of 400 nm can be obtained by only one pass of ECAE-SC. The deformation mechanism of ECAE-SC at
room temperature is dominated by dislocation slip accompanied with incomplete continuous dynamic recrystallization, and the grain
refinement process mainly includes the generation of shear bands, the formation of cellular substructures, the appearance of subgrains with
low angle boundaries (LABs) and the formation of equiaxed ultrafine grains with large angle boundaries (HABs). After one pass of
ECAE-SC, the main texture of commercially pure aluminum is Gauss texture {110} < 001 >, while some {I11} < 112 > copper texture
exists. The microhardness of the processed materials on the cross section increases significantly, and the average value increases from
289.4 MPa to 565.3 MPa, with an increase of 95.33%. Meanwhile, a more uniform hardness distribution is obtained.

Key words: severe plastic deformation (SPD); equal channel angular extrusion with spherical cavity (ECAE-SC); strain accumulation;

grain refinement; microstructure evolution

Corresponding author: Wang Xiaoxi, Ph. D., Associate Professor, School of Mechanical and Electrical Engineering, Xuzhou University of

Technology, Xuzhou 221018, P. R. China, Tel: 0086-516-83105376, E-mail: wxx19851109@sina.com



