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Experimental study of tensile strength, hardness and microstructural properties and
finite element simulation of titanium specimens made by the combined method of spark
plasma sintering and simple shear extrusion

S. M. R. sedeh e Mechanical Engineering, Birjand University of Technology, Birjand, Iran

M. Khosravi Mechanical Engineering, Birjand University of Technology, Birjand, Iran

Y. Yaghoubinejad Materials and Metallurgy Engineering, Birjand University of Technology, Birjand, Iran

H. Bohloli Department of Mechanical Engineering, Birjand Branch, Islamic Azad University, Birjand, Iran
Abstract

In this study, a titanium sample was fabricated using a spark plasma sintering method and subjected to a severe plastic deformation
process at room temperature by a simple shear extrusion method. The effect of plasma sintering, annealing and severe plastic
deformation process on microstructural evolution and mechanical properties was investigated and then the extrusion process was
simulated by Deform software using finite element method. The simulation results show a good agreement with the experimental
experiments. To transfer brittle fracture to soft fracture for ease of forming, the product sample was annealed for 5 hours at 800 ° C
under argon shielding gas. The ultimate tensile strength was measured at about 612 MPa for titanium sample produced through a
spark plasma sintering (SPS), 503 MPa after annealing the SPS sample, and around 795 MPa after a one-pass of plastic deformation
in simple shearing extrusion (SSE). Results clearly demonstrated the positive effect of severe plastic deformation on the strengthing
of titanium specimens. Also, the hardness of the sample in the sintering stage reached 373 Vickers, which decreased by 16/8% after
annealing and increased by 10/7% after an extrusion pass.

Keywords: Titanium, Spark plasma sintering, Annealing, Simple shear extrusion, Simulation.
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? Severe Plastic Deformation (SPD)

? Simple Shear Extrusion (SSE)

4 Equal Channel Angular Pressing (ECAP)
5 High-Pressure Torsion (HPT)

6 Accumulative Roll-Bonding (ARB)

7 Cyclic Extrusion Compression (CEC)

8 Torsion Extrusion (TE)

8 Spark plasma sintering (SPS)
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