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Fig. 1 Effect of alloying elements on the solidification ranges of Ti—M alloys calculated on the basis of the Scheil-Gulliver model
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Study on the Microstructure and Properties of High Temperature and High
Strength Titanium Alloy Based on Cluster Formula Design
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Abstract:

Generally, the titanium alloys used for the laser melting deposition (LMD) currently are applied industrial
ones, but ignored the particularity of the LMD process. Moreover, in the field of high-end equipment, the
requirements for the comprehensive performances of the titanium alloys at room and high temperature are
upgraded constantly. Therefore, in this paper, based on the o phase cluster formula [Al-Ti;,](AlTi,) and B
phase cluster formula [Al-Ti,,] (AIVTi) of Ti-6Al-4V alloy, a series of 12[Al-Ti,](AITi,)+5[Al-Til, Zr ]
(AIV,,Mo,¢Nb,,) alloys were designed via Zr and VV/Mo/Nb to replace Ti of the cluster center and glue atom
positions. Then, the microstructure and mechanical properties of the LMDed Ti-Al-V-Mo-Nb-xZr alloys were
investigated. The results showed that the solidification range of Ti-Al-V-Mo-Nb-xZr alloys was relatively
narrow, which was beneficial to the manufacturability. In addition, with the increasing of Zr content, the
length and width of Ti-Al-V-Mo-Nb-xZr alloys epitaxial prior-p columnar grains were significantly reduced,
and the room and high temperature strength were remarkably improved. Among them, the room temperature
tensile strength of 12[Al-Ti,](AlTi,)+5[Al-Ti,Zr,](AIV,,Mo,¢Nb,,) alloy was 1 427 MPa, and the elongation
was 3.2%; the high temperature tensile strength of 600 °C was 642 MPa, and the elongation was 40%.
The 12[AI-Ti,](AlITi,)+5[Al-Ti,Zr,](AIV,,Mo0,Nb,,) alloy could be used as a candidate material of high
temperature and high strength titanium alloy for LMD.

Key words:
laser melting deposition; titanium alloy; cluster-plus-glue-atom model; composition design; microstructure
and properties
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