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Experimental investigation of the effect of temperature in extrusion process of
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Today, many researchers focus on proposing severe plastic deformation (SPD) methods due to the
Received 27 January 2017 superior mechanical and physical properties of achieved ultra-fine grain material. In all SPD methods a
Accepted 14 February 2017 large strain is implied without any substantial dimensional change of work piece to generate UFG and

Available Online 03 April 2017 even nanograin (NG) materials. Equal Channel Angular Pressing (ECAP) is one of the most successful

Keywords: techniques for industrial applications. Using a long and thin rod is limited in ECAP process .In the

SPD present study, a combined process composed of ECAP and Extrusion processes is used on Titanium

ECAP grade 2. Titanium is extensively used in aviation and other industries because of its high strength to

Extrusion weight value. Using the combined process leads to production of long length and thin nanostructured

Titanium ) rod. The main goal of this process is evaluation of the temperature in Extrusion process on

%ﬁgzgfj:epmpemes nanostructures Titanium rods. At first, Titanium rods were processed for 4 passes by ECAP process at
400°C and then they were processed by Extrusion process at 5 different temperatures including 300,
350, 400, 450 and 500°C. The result showed that the best mechanical properties achieved for the
specimen were extruded at 300°C. Strength and hardness were severely improved. Also, the
microstructure was very homogenous and refined. The mechanical properties of titanium grade 2 after
combined process were equivalent to titanium grade 5 which is used in medical applications and is
expensive.
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Fig. 1 Schematic illustration of the ECAP facility showing the angles @
and ¥
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! Sever Plastic Deformation (SPD)

2Equal Channel Angular Pressing (ECAP)

3Tube Channel Angular Pressing (TCAP)

4 High Pressure Torsion (HPT)

5 Accumulative Roll Bonding (ARB)

5 Repetitive Corrugation and Straightening (RCS)
7 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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Fig. 4 Prepared samples for tension test from extruded specimens at
certain temperatures
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Fig. 6 Used SEM devices
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Fig. 7 Stress-Strain curve for ECAP performed samples with specific
number of pass at 400 °C
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Fig. 8 Stress-Strain curve for ECAPed and then hot Extruded samples
at different temperatures
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