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Synopsis

Recently, the technology of Additive Manufacturing (AM) has been applied as a new manufacturing process. Among several AM
processes, the Laser Powder Bed Fusion (L-PBF) process of irradiating a laser to the powder bed has started to be applied to the
aerospace and medical industries, because it is possible to produce precise and complicated parts. Also, Ni-based superalloys,
which have good heat and corrosion resistance, are often used as materials for equipment functioning under harsh conditions such
as rocket engines and turbine blades. Accordingly, it is expected that Ni-based superalloys for L-PBF will be required to deliver
high performance in terms of not only high powder bed filling rates through improved supply, but also increased purity. Generally,
it is known that some mechanical properties are influenced by inclusions in cast and wrought materials. However, in AM process
material, there are few reports about inclusion formation behavior. In this study, several Alloy718 powders with different amounts
of oxygen and nitrogen were prepared, and inclusion of those powders and AM materials were investigated and compared so as
to better understand inclusion formation behavior in the L-PBF process. As a result, many inclusions were observed in the O- and
N-rich content powder, and AM material. No significant differences were observed in the amount, maximum size, and composition
of inclusions between powders and AM materials. Therefore, it is suggested that inclusions do not transform in the L-PBF process,
and the state of inclusions after additive manufacturing using L-PBF is mainly determined by the powder manufacturing process.
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Metal Additive Manufacturing

— PBF (Powder Bed Fusion)
t L-PBF (Laser Powder Bed Fusion)
EB-PBF (Electron Beam Powder Bed Fusion)

— DED (Directed Energy Deposition)
L-DED (Laser Directed Energy Deposition)
IE EB-DED (Electron Beam Directed Energy Deposition)
WAAM (Wire Arc Additive Manufacturing)

— BJ (Binder Jetting)

Fig. 1. Classification of metal additive manufacturing.
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Fig. 2. The shape and placement of build parts.
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Table 1. Measurement methods of inclusion of powder and AM materials.
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Fig. 3. SEM micrograph of powder.
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Table 2. Powder and AM properties.

Particle size )
distribution Powder| AM |Relative Chemical composition (wt%)
Powder| measurement (um) density | density | density
(g/lem?) | (glem®) | (%) [ ; ,

Do | Dsy | Dgg State| C Ni | Cr | Mo | Al Ti [Nb+Ta|] O N Fe
Powder| 0.02 |52.2|19.0| 3.0 | 0.4 | 0.9 | 5.1 |0.01|0.01 | Bal.

A | 1832|296 |470| 8.19 8.18 99.9
AM |0.02|525|189| 3.0 | 04 | 0.9 | 5.1 [0.02|0.02 | Bal.
Powder| 0.02 |52.2|19.0| 3.0 | 0.6 | 1.1 | 5.1 | 0.02|0.05 | Bal.

B |13.7 308|474 | 8.22 8.17 99.4
AM |0.01|51.8|18.7| 3.0 | 0.6 | 1.1 | 5.1 [0.02|0.04 | Bal.
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Fig. 4. Particle size distribution of powder.
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Fig. 5. OM images of AM material structure.
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Table 3. Chemical composition of inclusion (mol%).

N AMA AM B
Composition - - -
(Al, Ti)O, (Al, Ti)O, [(Nb, Ti)(C, N)
Al 19.7 20.5 0.0
Ti 8.4 10.5 329
Nb 3.0 2.4 5.9
C 4.2 2.1 5.0
(0] 64.7 62.7 0.0
N 0.0 1.8 56.2
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Fig. 7. Relationship of inclusion size and number in AM materials.
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Fig. 10. SEM-EDX observation of extracted inclusion.
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Fig. 11. Calculation of the thermal balance state of

inclusion by JMatPro.

Table 4. Calculation of soluvs temperature of inclusion

by JMatPro.
Soluvs temperature (K)
AL, O, TiN NbC
A 2193 1883 1523
B 2273 2083 1493
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Fig. 15. Inclusion behavior of powder manufacturing and L-PBF process.
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