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Study of Microstructure and mechanical properties of pure commercial
titanium via combination of Equal channel angular pressing and Extrusion
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ARTICLE INFORMATION ABSTRACT

Original Research Paper There has been much interest in recent years in improving material properties by grain refinements
Received 30 November 2016 using severe plastic deformation (SPD). With applying severe plastic deformation to metals, the
Accepted 02 January 2016 structure changes and nanostructure is produced. In this study, ultra-fine grained pure titanium is

Available Online 18 January 2017 fabricated by combination of Equal channel angular pressing and Extrusion process in different passes

(1, 2, 4 and 6 pass). ECAP and Extrusion processes were carried out at 400°C. Then, mechanical and

S%V(‘;"’ glrl‘f:t microstructural properties of UFG pure titanium billets produced by the combined process of ECAP and
SPD extrusion process were examined and the effect of passes on mechanical and microstructural properties
ECAP. was investigated. The results showed that mechanical properties were improved significantly. Ultimate
Extrusion strength increased up to 941MPa, in the best state, while for initial sample it was 505MPa, in other

Mechanical properties words, ultimate stress increased about 86.3%. With this combinational method, ultimate stress increased

about 60.8% for 1 pass sample, 78.8% for 2 pass sample, 86.3% for 4 pass sample and 80.8% for 6 pass
sample rather than initial state. In higher passes the rate of increase is reduced due to the grains size
saturation. Hardness increased from 81.85 Hv to 216.65 Hv. In other words, hardness increased 164%
from initial value. Further passes of the process only have a minor effect on increasing of billet
hardness. Scanning Electron Microscope also revealed that brittle fracture took place in all samples with
shallow dimples.
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Fig. 1 Schematic illustration of the ECAP facility showing the angles @
and ¥ [9]
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! Sever Plastic Deformation (SPD)

2 Ultrafine Grained (UG)

3 Equal Channel Angular Pressing (ECAP)

“Tube Channel Angular Pressing (TCAP)

®Equal Channel Multi-Angular Pressing (ECMAP)
®High Pressure Torsion (HPT)

" Accumulative Roll Bonding (ARB)

8 Repetitive Corrugation and Straightening (RCS)
9 Cyclic Expansion Extrusion (CEE)
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Fig. 2 Internal view of the used ECAP die
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Fig. 3 Schematic illustration of the used extrusion die
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Table 1 Specifications of the used etching solution
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Fig. 9 Optical microscope photos of ECAP performed sample in (a) 0
pass, (b) 1 pass, (c) 2 pass, (d) 4 pass and (e) 6 pass
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Fig. 7 Vickers hardness number plot for ECAP performed samples with
specific number of pass
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Fig. 8 Vickers hardness number plot for ECAP and Extrusion
performed samples
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Fig. 11 SEM obtained fractography photos of ECAP performed sample
in (a) 0 pass, (b) 2 pass, (c) 4 pass and (d) 6 pass
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Fig. 10 Optical microscope photos of ECAP performed sample in (a) 0
pass, (b) 1 pass, (c) 2 pass, (d) 4 pass and (e) 6 pass and then had been
extruded
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