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Microstructure and Mechanical Properties of Ti31 Titanium Alloy
Fabricated by Selective Laser Melting
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Abstract: Ti31 titanium alloy was fabricated using selective laser melting (SLM). The microstructures of both the as-
deposited and annealed conditions were examined, and room-temperature tensile tests along with fracture morphology analy-
sis were conducted. The results show that the SLM-formed Ti31 exhibits a dense structure without significant defects. In the
as-deposited state, primary 3 grains with an average width of approximately 110 um were observed, within which a basket-
weave interlacing pattern of acicular o martensite was present. The o martensite displayed distinct hierarchical characteris-
tics and maintained an approximately 45° angle relationship with the § grain boundaries. After annealing at 800 °C for 4 h,
the primary 3 grains remained relatively stable, while the o’ phase coarsened and transformed into lamellar o phase. The la-
mellar structure retained the basket-weave interlacing arrangement. The as-deposited material achieved a tensile strength ex-
ceeding 969 MPa and an elongation above 15.5%. Following the 800 °C/4 h annealing treatment, the tensile strength de-
creased to about 795 MPa, while the elongation increased to over 19%. Both the as-deposited and annealed conditions of

SLM-formed Ti31 exhibited higher strength than forged counterparts, and the elongation of the annealed condition reached a
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level comparable to that of forged material. Tensile fracture of the as-deposited condition exhibited a mixed brittle and duc-

tile mode, whereas the annealed condition showed ductile fracture characteristics. This study provides theoretical support for

the application of additively manufactured residual heat removal heat exchangers in nuclear power systems.
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Table 1 Ti31 powder chemical composition (wt. %)

Al Mo Ni Zr Fe

Si

C Co N O

Bal. 3.05 1.01 0.44 1.56 0.021

0.029

0.009 3 <0.005 0.0107 0.088 6
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Fig. 1 SEM morphology of Ti31 powder
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Fig. 2 Selective laser melting equipment

B3 EXBEOLEHEE TSI EZWE A
Fig.3 Macroscopic image of Ti31 by SLM
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Fig.4 Annealing treatment process
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Fig. 5 Sampling method for tensile specimens
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Table 2 Room temperature tensile properties data of Ti31 fabricated

by SLM
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Fig. 15 SEM morphology of tensile fracture surface of Ti31 fabricated by SLM, annealing state: (a)Macroscopic morphology; (b)High-

magnification morphology; (c) Typical ductile dimple morphology
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