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Additive Manufacturing of Binary Titanium Alloys from a Mixture of Pure
Metallic Element Powders and the Formation of Solid Solution Phase
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Additive manufacturing (AM) of binary titanium-based Ti-X (X =Cr, Nb, Mo, W) alloys from a mixture of pure metallic
element powders were reported. The fabrication of as-build rods of Ti-alloys without non-melting pure element powders were
achieved in Ti—Cr and Ti-Nb alloys. The melting temperature of X elements was considered to be the important factors for

the fabrication of titanium alloy solid solution specimens by AM from a mixture of pure metallic element powders. Solid solu-

tion formation was discussed based on the basic thermodynamic theory of the rapid solidification.
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Fig. 1 Outer appearance of the elemental powders
(al-a5) and the mixture of Ti and Nb powders
as the typical example of mixed powders (b).
(al) Ti, (a2) Cr, (a3) Nb, (a4) Mo, (a5) Ta, (b)
Ti+Nb. A part of figure was referred from the
literature2®.
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Fig. 2 Outer appearance of as-build specimens in Ti-
Nb alloys obtained by the additive manufactur-
ing from the mixture of Ti and Nb powders.
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Fig. 3 The process window map of the fabrication of Ti-X alloy specimens by AM from the mixture of pure element
powders. (a) Ti-Cr, (b) Ti-Nb, (¢) Ti-Mo, (d) Ti-Ta. A part of figure was referred from the literature2®.
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Fig. 4 OM images of Ti-X alloy specimens by AM
from the mixture of pure element powders. (a)
low energy density condition, and the process
parameters were corresponding to the index X
in Fig. 3, (b) high energy density condition,
and the process parameters were correspond-
ing to the index Y in Fig. 3. (al) (b1) Ti-Cr,
(a2) (b2) Ti-Nb, (a3) (b3) Ti-Mo, (a4) (b4) Ti-
Ta.
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Fig. 5 XRD patterns of Ti-X alloy specimens ob-
tained by AM from the mixture of pure Ti and
Nb powders. (a) low energy density condition,
and the process parameters were correspond-
ing to the index X in Fig. 3, (b) high energy
density condition, and the process parameters
were corresponding to the index Y in Fig. 3.
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Fig. 6 Schematic illustration of the typical situation
of the loss of local equilibrium at the solid/lig-
uid interface. (a) the local interface equilibri-
um, (b) loss of the local interface equilibrium.
A part of table was referred from the
literature?¥ with the modification and the
translation.
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Table 1 Classification of the solidification mode. A
part of table was referred from the litera-
ture?*’ with the modification and the transla-
tion.
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Fig. 7 Schematic illustration of the phase diagram
focusing on the liquidus and solidus. The liqui-
dus and solidus lines are assumed to be
straight to simplify the mathematical treat-
ment of the solidification processes, resulting
that the distribution coefficient k and the liqui-
dus slope m are constant. A part of table was
referred from the literature?® with the modifi-
cation and the translation. (a) m<0, (b) m>0,
respectively.
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Fig. 8 Typical example of the relationship between
the distribution coefficient k£ and the liquidus-
solidus temperature interval A7,. A part of ta-
ble was referred from the literature?* with the
modification and the translation. (a) Cy=0.2,
m=—300, (b) C,=0.2, m= +300, respectively.
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Fig. 9 Schematic illustration of the phase diagram
(a) and Gibbs free energy (b) focusing on the
concept of 7 and the distribution-less solidifi-
cation. A part of table was referred from the
literature?Y with the modification and the
translation.
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Fig. 10 Typical example of the relationship between
the distribution coefficient k and the growth
rate V. A part of table was referred from the
literature? with the modification and the
translation.
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