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Abstract Additive manufacturing by electron beam melting is an affordable process for fabricating near net shaped
parts of titanium and its alloys. 3D additive-manufactured parts have various kinds of voids, lack of fusion, etc., and
they may affect crack initiation and propagation. Post process is necessary to eliminate or minimize these defects. Hot
isostatic pressing (HIP) is the main method, which is expensive. The objective of this paper is to achieve an optimum
and simple post heat treatment process without the HIP process. Various post heat treatments are conducted for the 3D-
printed Ti-6Al-4V specimen below and above the beta transus temperature (996°C). The as-fabricated EBM Ti-6Al-4V
alloy has an o‘-martensite structure and transforms into the a+f duplex phase during the post heat treatment. The
fatigue strength of the as-fabricated specimen is 400 MPa. The post heat treatment at 1000°C/30 min/AC increases the
fatigue strength to 420 MPa. By post heat treatment, the interior pore size and the pore volume fraction are reduced and
this can increase the fatigue limit.
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Fig. 1. XRD pattern of EBM 3D-printed Ti-6Al-4V specimen.

Table 1. Chemical compositions of EBM 3D-printed Ti-6Al-4V powder (wt.%)

Elements Ti Al \ Fe

C N (0] S P

(Wt.%) Bal. 5.99 4.00 0.24

0.015 0.024 0.170 0.0036 0.0054
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Fig. 2. Microstructures of EBM 3D-printed Ti-6Al-4V obtained
by various heat treatments; (a) as-fabricated, (b) 850°C, 30min,
AC, (c) 850°C, 1h, AC, (d) 900°C, 30min, AC, (e) 950°C,
30min, AC, (f) 950°C, 1h, AC, (g) 1000°C, 30min, AC, and (h)
1000°C, 1h, AC.
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Fig. 3. Distribution of pore size and numbers at various post heat treatments of Ti-6Al-4V alloy fabricated by EBM 3D
printing; (a) as-fabricated, (b) 850°C, 30min, AC, (c¢) 850°C, 1h, AC, (d) 850°C, 2h, AC, (e) 950°C, 30min, AC, (f) 950°C, 1h,
AC, and (g) 950°C, 2h, AC.
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Table 2. Fraction of the pore size under 10 um at various post heat treatments.

Conditions  as-fabricated >0 CA/3C°“‘“’/ 850°C/IVAC  850°C/2h/AC 0 C{fcon“” 950°C/IVAC  950°C/2h/AC
Fraction of under ) g0, 60.86% 73.61% 59.37% 45.65% 60.00% 33.34%

10 um pore size
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Fig. 4. Variation of fatigue stress as a function of post heat
treatment conditions for Ti-6Al-4V alloy fabricated by EBM
3D printing.
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