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Research on Microstructure of TC17 Titanium Alloy Fabricated by
Laser Solid Forming
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Abstract The influences of different heat treatments on the microstructure of TC17 alloy fabricated by laser solid
forming (LSF) are investigated, while the alloy in three states of as-deposited, after relief annealing and aging
treatment. The results indicate that the microstructure of as-deposited sample consists of coarse columnar grains
which grow epitaxially from the substrate along the deposition direction z. The microstructure within the columnar
grain shows typical « + 3 structure. The original g grains are composed of extremely fine basketweave microstructure.
And the o phase has lath morphology, its length and width are 1 ~3 pm and 0.1~0.2 pum, respectively. After
furnace cooling (FC) annealing treatment following 1 h holding at 600 C , the length and width of the « lath both
increased while the length/width ratio decreased, but no other changes can be observed. The equiaxed « phase will be
observed on the 8 matrix after air cooling (AC) annealing treatment following 4 h holding at 550 ‘C . During aging
treatment, the « laths coarsen continuously as the aging time increases, whereas their length/width ratio gradually
decreases. When the holding time reaches 8 h, most of the « laths are spheroidized. only a few left.

Key words laser technique; laser solid forming; TC17 titanium alloy; microstructure; spheroidization; heat
treatment
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Table 2 Chemical compositions of the TC17 titanium alloy powder (mass fraction, %)
Al Sn Zr Mo Cr Si N H O Ti
5.02 2.15 2.01 4.06 3.95 0. 047 0.025 0.012 0. 004 0. 087 Bal.
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Table 3 Heat treating routines of the LSF TC17 alloy

Number Temperature / Holding Cooling
C time /h method
1 As-deposited
2 600 1 FC
3 550 4 AC
4 630 4 AC
) 630 S AC
6 630 7 AC
7 630 8 AC
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Fig. 1 Observation surface of LSF sample
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Fig. 2 Microstructure of the LSF TC17 titanium alloy
(a) epitaxial columnar g grains growth; (b) microstructure in the middle of the deposit
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Fig. 3 XRD analysis of LSF TC17 alloy
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Fig. 4 SEM images of as-deposited sample with different magnifications
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Fig. 5 Microstructure photos of furnace cooling annealing after 1 h holding at 600 C

(a) optical micrographs; (b) SEM photos
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Fig. 6 Microstructure photos of air cooling annealing after 4 h holding at 550 C

(a) optical micrographs; (b) SEM photos
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Fig. 7 SEM photos of aged heat treatment for different times. (a) 4 h; (b) 5 h; (¢) 7 h; (d) 8 h
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Fig. 8 SEM photo of aged heat treatment for 8 h
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