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Special Issue on Latest Trends of Metal Additive Manufacturing Technologies

Additive Manufacturing of Titanium Alloys from a Mixture
of Pure Metallic Element Powders

Takeshi Nagase**°, Mitsuharu Todai*? and Takayoshi Nakano*®

Titanium and its alloys exhibit superior mechanical and functional properties of high corrosion resistance, high specific
strength, and high biocompatibility. Their applications have been expanded for use in a wide range of fields including the air-
craft industry and biomedical sciences. Because of the reactivity with atmospheric gases and refractory materials of molding
sands in the molten state and the difficulty of removing reaction products, the production of titanium and titanium alloy prod-
ucts by the casting process is strictly limited. Additive manufacturing (AM) is a process that is closely related to the casting
method in terms of preparing three-dimensional structures by melting and solidification of metals. Recent research progress
of AM has clarified that AM is an effective method for titanium and its alloys. This study focuses on AM using pure element

powders in titanium alloys.

Keywords : titanium, additive manufacturing, solidification, microstructure
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(High Entropy Alloys for metallic biomaterials, bio-HEAs) ? 1%
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Fig. 1 Schematic illustration of AM using the alloy
powders (a) and the mixture of pure elemental powders
(b).
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Fig. 2 Ti-Cr phase diagram. A part of figure was
referred from the literature 36.
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Fig. 3 Particle size distribution and outer appearance
of the pure elemental powders. (a) Ti, (b) Cr. A part of
figure was referred from the literature 14.
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Fig. 4 Outer appearance of the Ti-Cr alloy samples
processed under different conditions. A part of figure was
referred from the literature 14.
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Fig. 5 The process window map of the fabrication of Ti-
Cr alloy specimens by AM. A part of figure was referred
from the literature 14.
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Fig. 6 SEM-SE images of Ti-Cr alloy specimens obtained
by AM. (a) low energy density condition, and the process
parameters were corresponding to the index A in Fig.
4, (b) high energy density condition, and the process
parameters were corresponding to the index B in Fig. 4.
A part of figure was referred from the literature 14.
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Fig. 7 XRD patterns of Ti-Cr alloy specimens obtained
by AM. (a) V=1000 [mmy/s], (b) J~3 [J/mm’]. A part of
figure was referred from the literature 14.
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Fig. 8 Solidification microstructure analysis focusing
on the crystallographic orientation of the Ti-Cr alloy
specimens fabricated by SLM at J~3.0 [J/mm®]. The
insets were EBSP analysis results. A part of figure was
referred from the literature 14.
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(a) Arc melt

Fig. 9 Difference in solidification microstructure in Ti-
Cr alloy obtained by Arc-melting process and AM. (a)Arc
melting ingots, (b) bulk specimens obtained by AM. A
part of figure was referred from the literature 13.
Ti-Cr&&IEBIB7 — ZIRA v I o b ERUTHERO SEEH
B, (a) 7— 2 ML » T b, (b) BUESEME, 3k 13
& D UESIA.




91 % (2019) 9%

632 R
102
°
E
51
>
¥
o
£102
E ;
6 Vo i 5 ﬁ@\
104 > g D.S. i
10 10 103 100

Temperature gradient, G [K/mm]

Fig. 10 Schematic summary of single-phase
solidification morphology map. A part of figure was
referred from the Fig. 4.18 in the literature 43. D.S.
means directional solidification. CR indicates the

cooling rate, and GV is equivalent to the cooling rate.
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