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Abstract: The research and development of nickel-based superalloys specifically for additive manufacturing involves a
lengthy and costly process of composition design, powder production, printing, and characterization. This significantly
hinders the rapid development and application of new alloys for additive manufacturing. To address this issue, this paper
proposed evaluating the printability of alloy powders by laser scanning ingot materials, thereby avoiding multiple powder
productions during the composition design process. Focusing on four typical nickel-based superalloys (Inconel 718,
Hastelloy X, CM247LC, and Inconel 939), the correlation of cracking in both alloy powders and ingot materials during
laser scanning was investigated. The results indicate that for the low crack sensitivity Inconel 718 alloy, no cracks are
observed in either the laser-scanned powder or the ingot samples. In contrast, the high crack sensitivity alloys CM247LC
and Inconel 939 exhibit solidification cracks in the laser-scanned powder samples due to insufficient interdendritic liquid
phase feeding at the end of solidification under thermal contraction tensile stress and solid-state cracks due to residual stress
during thermal cycling. However, only solidification cracks are found in the laser-scanned ingot samples, indicating that the
types of cracks differ between the two states, but the cracking trends are consistent. For the Hastelloy X alloy, which has
intermediate crack sensitivity, crack-free laser-scanned powder samples can be obtained within a certain process window,
whereas all the parameters used for the laser-scanned ingot samples result in cracks, showing differences in cracking trends

between the two states but with both exhibiting solidification cracks. These findings suggest that analysing the cracking
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behavior of laser-scanned ingot alloy materials provides a reference for understanding the cracking behavior of the

corresponding alloy powders during laser powder bed fusion (L-PBF) formation.

Key words: nickel-based superalloy; laser powder bed fusion; casting; cracking behaviour
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Tab.1 Chemical compositions of the alloy powders used in this study

(mass fraction/%)

Ni Co w Ta Cr Al
CM247LC Bal. 9.33 9.74 322 8.25 5.56
Inconel 939 Bal. 19.28 221 1.54 2194 198
Inconel 718 Bal. 0.05 19.28  0.50
Hastelloy X Bal. 1.50 0.60 2170 0.06

Ti Mo Nb Fe Hf C B Zr
0.75 0.51 1.34 0.052  0.0180 0.0052
4.00 0.08 1.12 0.150  0.0068 0.10 00
0.98 2.97 5.43 19.30 0.030  0.0040
0.10 8.90 17.90 0.060  0.0020
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Fig.1 Schematic structure of the laser scanning powder sample and laser scanning ingot sample
R2HAEAFPBIZEH
Tab.2 Processing parameters during L-PBF in this study

Laser power, Scanning speed, Hatch spacing, Layer thickness, Energy density,
Material Sample number
PIW V/(mm-s™) H/mm T/mm E/(J-m?)

1 275 960 0.10 0.04 71.6
Inconel 718 2 215 960 0.10 0.04 56.0

3 155 960 0.10 0.04 40.4

1 300 900 0.09 0.04 92.6

2 300 1 000 0.09 0.04 833
Hastelloy X

3 280 900 0.09 0.04 86.4

4 280 1 000 0.09 0.04 77.8

1 150 750 0.06 0.03 111.1

2 150 1000 0.06 0.03 83.3
CM247LC

3 150 750 0.08 0.03 83.3

4 150 1000 0.08 0.03 62.5

1 250 750 0.10 0.04 833

2 250 1050 0.10 0.04 59.5
Inconel 939

3 300 750 0.10 0.04 100.0

4 300 1050 0.10 0.04 71.4
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Pl 2 Inconel 718 & 4 il FE OM [l : (a~c) WOLST R M LA (yz 1) 5 (d~) WO I AL RE (v 1)
Fig.2 OM images of the Inconel 718 sample: (a~c) laser scanning powder sample (yz plane); (d~f) laser scanning ingot sample
(yz plane)

€ 3 Inconel 718 & 41 #F SEM I&1 : (a) WG I Hi A3 4 IXRE (xz TT) 5 (b) O 33 H LA IAF: (w2 THT)
Fig.3 SEM images of the Inconel 718 sample: (a) laser scanning powder sample (xz plane); (b) laser scanning ingot sample
(xz plane)

Bl 4 BOLHEHEHLAR Inconel 718 £ 41k EDS
Fig.4 EDS diagrams of the laser-scanned ingot of Inconel 718
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5 5 Hastelloy X & 4 EE OM Kl : (a~d) BOGHFEA R IRAE (v2 1801) s (e~h) OGB4 URE (2 TT)
Fig.5 OM images of the Hastelloy X sample: (a~d) laser scanning powder sample (yz plane); (e~h) laser scanning ingot sample
(yz plane)

€ 6 Hastelloy X & il H: SEM [& : (a) #OG IR B PRI EE (xz 1) 5 (b) OG5 B A I (v TT)
Fig.6 SEM images of the Hastelloy X sample: (a) laser scanning powder sample (xz plane); (b) laser scanning ingot sample
(xz plane)
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Kl 7 CM247LC & 4 FE OM K . (a~d) B 8 AURE (v2 187) 5 (e~h) BO6 3G B4 0RE (y2 1)
Fig.7 OM images of the CM247LC sample: (a~d) laser scanning powder sample (yz plane); (e~h) laser scanning ingot sample
(yz plane)

5l 8 CM247LC 4 4 i8#: SEM [ : (a, b) HOGLH 18 AIREE oz )5 (c, d) BOGH 1 B MAIRBE (vz T
Fig.8 SEM images of the CM247LC sample: (a, b) laser scanning powder sample (xz plane); (c, d) laser scanning ingot sample
(xz plane)
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[ 9 Inconel 939 A 4 A OM & : (a~d) OB R A RE (v2 1) 5 (e~h) 36 F Rl AR BRE (2 1)
Fig.9 OM images of the Inconel 939 sample: (a~d) laser scanning powder sample (yz plane); (e~h) laser scanning ingot sample
(yz plane)

10 Inconel 939 & 4 i FE Y SEM & . (a, b) B M IRIKAE (xz 187) ; (¢, d) B PR IR (vz 1H7)
Fig.10 SEM images of the Inconel 939 sample: (a, b) laser scanning powder sample (xz plane); (¢, d) laser scanning ingot sample
(xz plane)
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