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Design and manufacture of Cyclic Expansion Extrusion (CEE) die and
investigation of microstructure and strength of aluminum 1050 under the

process
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Article Information Abstract
Original Research Paper One of the processes of severe plastic deformation that has recently received attention is the cyclic
Received: 4 July 2024 extrusion expansion process (CEE). Investigating the effect of CEE process in different passes on the
Accepted: 1 September 2024 mechanical properties and microstructure of aluminum alloy 1050 was the aim of this paper. After
designing and building the CEE die, aluminum samples were processed with the number of 1, 2, 4, 6 and
Keywords: 8 passes. The tensile strength graphs showed that by increasing the number of passes, the tensile
Severe Plastic Deformation strength of the samples gradually increased from 72 MPa for the annealed sample to 99.4 MPa in the 4-
CEE Process pass sample, and a 38% increase in strength was achieved. In the following, with the increase of the
Microstructure number of passes, the trend of strength variations exhibited a slight decline. Furthermore, the
Grain Size microstructural analysis of the specimens indicated that the grain size has decreased from 260 pm in
Tensile Strength the annealed sample to 150 pm in the 4-pass sample according to the strength variation trend. However,

this trend was relatively reversed in the 6th and 8th passes. The underlying rationale for this observed
trend can be attributed to the phenomenon of dynamic recovery of the microstructure commencing
from the 6th pass onward. Owing to the high stacking fault energy of this alloy, coupled with higher
mobility of dislocations, the likelihood of dislocations rearrangement and annihilation is significantly
heightened. Besides, along with the relative increase in temperature resulting from the deformation

process, it facilitates both dynamic recovery and grain growth.
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1 Severe Plastic Deformation (SPD)

2 High-Pressure Torsion (HPT)

3 Tubular Channel Angular Pressing (TCAP)

4 Parallel Tubular Channel Angular Pressing (PTCAP)
5 Equal Channel Angular Pressing (ECAP)

6 Cyclic Extrusion-Compression (CEC)

7 Accumulative Roll Bonding (ARB)

8 Cyclic Extrusion Channel Angular Pressing (CECAP)
9 Cyclic Extrusion-Expansion (CEE)

10 Friction Stir Back Extrusion (FSBE)

11 Extrusion + ECAP (Ex-ECAP)

12 Noncircular Thin Section Cyclic Extrusion-Compression (NCTS-CEC)
13 Torsion Extrusion (TE)

14 Stacking-Fault Energy (SFE)
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1 Static Recovery (SRV)

2 Dynamic Recovery (DRV)

3 High-Angle Grain Boundaries (HAGB)
4 Dipole Dislocations
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