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Alloy Development for Expanding Applications of Additive Manufacturing
B R

HAGIYA Toru and SAWADA Toshiyuki

Synopsis: Additive manufacturing (AM) is attracting attention as a new process for manufacturing parts with complex

shapes. Moreover, AM is a promising technology that realizes process omission through near net shape

process. This paper reports on two developed materials for AM: Alloy718 with Y,O, nanoparticles for aerospace

applications and Co-free maraging steel for die-casting molds.

Creep specimens were fabricated by AM using Alloy718 powder and that mixed with Y,O, nanoparticles. Creep

tests showed that Alloy 718 with Y,0, nanoparticles has a longer creep lifetime than Alloy 718. We found that

the addition of Y,O, nanoparticles suppresses the precipitation of acicular delta phase (Ni;Nb) and improves the

creep property.

Heat treatment conditions of Co-free maraging steel were studied to achieve high hardness and high toughness

in 43-48HRC, which is die-cast mold service hardness. XRD patterns of extracted residues of Co-free maraging

steel were measured to create a TTT diagram of the Laves phase, which degrades toughness. From the results

of the TTT diagram, it was found that high-temperature and short-time aging treatments are effective in achieving

the high hardness and high toughness by suppressing Laves phase precipitation.
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Table 1 Chemical compositions of PI718 and PI718+Y,05; powder.

Alloy C Si Mn Ni Cr Mo Al Ti Nb Fe | Others

PI718 0.06 | 0.11 ] 0.14 |1 52.29|19.11| 3.05 | 0.61 [ 0.94 | 5.00 | Bal. -

PI718 0.3%
+0.3Y,05 0.049( 0.11 | 0.14 |52.28(19.20| 3.06 | 0.61 | 0.94 | 5.03 | Bal. Y205

Table 2 Creep properties of the AM specimens, obtained by a constant stress creep test under a test condition of 650C and 690MPa.

Alloy Creep life [h] Elongation to rupture [%]
PI718 20.0 1.7
PI1718+Y203 51.9 2.3
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Fig.1 Microstructures of (a) PI718 and (b) PI718+Y,0; by AM.

Fig.2 Back scattered electron images of (a) PI718 and (b)
PI718+Y,05; by AM.
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Fig.3 X-ray diffraction patterns of PI718 and PI718+Y,0; by
AM.
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Table 3 Chemical compositions of Co free QM300 powder.

Alloy Ni | Mo Ti+Al Fe
Co free Patent
QM300 18195 Composition Bal.
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Fig.4 X-ray diffraction patterns of extraction residue for Co-free
QM300 by AM with various aging temperatures.
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Fig.5 TTT diagram for the Laves precipitation of Co-free QM300
by AM.
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Fig.6 Relation between the charpy impact value and the
hardness of Co-free QM300 by AM.
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