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ARTICLE INFORMATION ABSTRACT

Original Research Paper Commercial pure (CP) titanium has many biomedical applications, especially in implants due to its
Received 22 October 2017 excellent biocompatibility. The major weakness of CP titanium is its low strength compared to the other
Accepted 16 January 2018 titanium alloys. One of the methods which can be utilized for enhancement of CP titanium strength is

Available Online 10 February 2018 severe plastic deformation methods. Therefore, the aim of this research is to improve the strength of CP

titanium by grain refinement through multi directional forging (MDF). For this purpose, after one hour

Ki ds: . e . .

Memodrirzcﬁonw forging annealing at 890°C, the CP tltamL_Jm was forged by MDF_ process up to six passes at ambient
Commercial pure titanium temperature. Microstructural analysis was performed by optical microscope and scanning electron
Finite element analysis microscope equipped with EBSD. Mechanical properties were also studied by Vickers microhardness
Mechanical properties and tensile tests. The finite element simulation was also applied to predict the strain distribution during

Microstructure analysis R . . .
v MDF process. The results of microstructural analysis showed that the average grain size decreased

significantly after the MDF process and increasing pass numbers led to the refinement of grain size.
After six passes of the MDF process, the average grain size decreased from 45 micrometers to 390 nm.
Mechanical properties results showed that the strength and hardness of specimens were enhanced with
MDF process and increasing the number of passes. The hardness and strength of six passes MDFed
specimen was about 2 times greater than those of the annealed one. The strain distribution results
obtained from the simulation showed good agreement with experimental results of microhardness
distribution.
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Fig. 1 Image of MDF die and punches used in current research (1. Die,
2. Bigger punch, 3. Smaller punch, 4. Specimen)
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Fig. 4 The schematic of the tensile test specimen designed in current
research
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Fig. 3 The images of punch, die and specimen assembled in the
software interface
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Fig. 4 The paths for measuring the strain distribution (simulation) and
the hardness distribution of 1 pass MDFed sample at room temperature
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Table 1 The chemical composition of BT1 commercial pure titanium
used in the current research (in weight %)

\ Cc Mn Fe A Ti

0.029 0.043 0.079 0.201 0.372 Base

t Olympus B60M
2 Bright field
3 Zeiss Auriga
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Table 3 Strengthening contributions factors of the grain boundaries and
dislocations for MDFed specimens at ambient temperature

(MPa) o (MZZ) Ty (MPa) 6o (MPa) o, Aigad
285 272 180 433 okl
381 369 180 560 o3
400 431 180 615 ok 6

900
800 +
. 700
(]
o
é 600 +
8
= 500
oo
£
5 400
(7]
£
SCJD 300 4 0 T Annealed
200 A -
3passes
100 - o= o= = 5PASSES
Gpasses
1] T T
0 0.1 0.2 03
Engineering strain

Fig. 7 Stress-strain curves of annealed specimens before and after MDF

process at ambient temperature
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Fig. 8 Image of tensile test specimens of CP-titanium before and after
the tensile test
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Table 2 Yield strength (ay), tensile strength (ours), elongation (el.),
thoughness (Ur) and ours/oy Of annealed specimens before and after
MDF process at ambient temperature
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Fig. 9 The relationship between the grain size and the yield strength
(Hull-Patch) of CP-titanium processed by MDF at ambient temperature
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Fig. 10 Density of dislocations measured by equations, for MDFed
specimens at ambient temperature
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Fig. 11 The effect of MDF pass number on the hardness of the annealed
CP-titanium
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Fig. 14 The distribution of microhardness along the x, y and z axis in 1
pass MDFed specimen at ambient temperature
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