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Effect of Hatch Distance on the Cracking of Inconel 939 Superalloy
Fabricated via Laser Powder Bed Fusion
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(State Key Laboratory of Advanced Special Steel, School of Materials Science and Engineering, Shanghai University,
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Abstract: Laser powder bed fusion (LPBF) technology offers advantages such as the fabrication of complex structures and
integrated forming, indicating great potential for future development. However, the use of LPBF technology to produce
nickel-based superalloys, which are highly crack-sensitive, presents a significant challenge. During the LPBF process, the
appropriate overlap distance between melt pools is critical for ensuring material density and minimizing crack formation. In
this study, Inconel 939 nickel-based superalloys were fabricated via the LPBF technique. The effects of different
scanning spacings (50, 70 and 90 pwm) on the microstructure and metallurgical defects were investigated, and the crack
formation mechanism was elucidated. The results show that with the laser power fixed at 270 W and the scanning speed at
1800 mmV/s, the crack density initially decreased and then increased as the hatch distance increased. At a hatch distance of
70 wm, the lowest crack density of 0.27 mm/mm? is achieved. Therefore, appropriate hatch distances help improve material
density and reduce crack formation, whereas larger hatch distances may increase defects and residual stress, thereby raising
the risk of cracks.
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Tab.1 Elemental contents of IN939 powder
(mass fraction/%)

Ni Cr Co Ti Al w Ta Nb Zr C B N (6]
Bal. 22.08 18.89 3.98 2.00 2.33 1.57 1.10 0.10 0.16 0.007 0.008 0.01
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Fig.1 Experimental process for LPBF-prepared samples: (a) morphology of IN939 nickel-based superalloy powder; (b) schematic
diagram of LPBF sample preparation; (c) schematic diagram of the scanning strategy used in the LPBF process
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Fig.2 Optimization of process parameters for 20 sets of LPBF-prepared IN939: (a) contour map of relative density; (b) crack density;
(c) OM image of the sample with a relative density of 98.48%; (d) OM image of the sample with a relative density of 99.80%
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Tab.2 20 sets of parameters for the LPBF—prepared IN939 samples

Power/W  Scan speed/(mm-s’) Layer thickness/wm Hatch distance/um  VED/(J-mm®)  Relative density/% Crack density/(mm-mm?)

280 2600 30 50 71.79 99.02 6.64
270 2600 30 50 69.23 99.40 3.16
260 2600 30 50 66.67 99.62 1.47
250 2 600 30 50 64.10 99.55 5.63
280 2400 30 50 77.78 99.44 4.24
270 2400 30 50 75.00 99.55 1.35
260 2400 30 50 72.22 98.48 251
250 2400 30 50 69.44 99.51 1.86
280 2200 30 50 84.85 99.45 2.47
270 2200 30 50 81.82 99.26 3.46
260 2200 30 50 78.79 99.58 0.98
250 2200 30 50 75.76 99.38 4.95
280 2000 30 50 93.33 99.29 3.46
270 2000 30 50 90.00 99.63 0.73
260 2000 30 50 86.67 99.55 1.34
250 2000 30 50 83.33 99.46 2.86
280 1 800 30 50 103.70 99.46 2.76
270 1 800 30 50 100.00 99.80 0.68
260 1800 30 50 96.30 99.63 1.24
250 1 800 30 50 92.59 99.61 0.83

FEARAR XS B 1, I, 78 T 2 28 A 50 wm MR T A5, 5 R AR RE 5 % B (volumetric
FZE 30 wm W Z0F T OETR 270 W ORI $f 8 energy density, VED) >k 73 A7 Skt g A GO 21 2124 | 3 5f
BE 1800 mm/s A 3R 15 99.8% 14 45 1oy AH %o 3k %5 B | 1 TRIEIR .

XFRZ I OM & G &l 2b ¢ 6555 3k s . VED=__P @)
i T LPBF £ AW e g T 2280,y T o (i V-L-H

hE40M  https:/www.cnki.net



o [ %01

CHIERAN11/2024

B4, % 34 18] BE X RO M R PR UB RE ) & Inconel 939 BB A & RUBEHI MM

-1019-

K, PABOCTIR vV AWM E L N EEH
FEIEE,, 18] 2b JB/R T VED S2SUB LR, L
WA BN B LR VED 35 N2 TR 4 VED=
100 J/mm?® i, Z440% B [% 2 5K 0.68 mm/mm?,
XFI ) OM BN E 2b sk Fisk iR, FESHUE
RS, SRR ONRE) VED SERER AR L
A RN R FL BRI PG | 1T 3K 26 I o 1) £ A 23 8 N
b R R AR R 9 R A5 A B s LB, 25
BB KL, 1 VED=71.79 J/mm® i} , 340 % )i 35 5|
R 6.64 mm/mm?, H: OM E & 2b 21 ik
FR B 48U AL BIRF T 10 JT5E . 4VED i
100 J/mm?® B, L0 B PR FHE 2 2.76 mm/mm?, iX
T, SRR A S S B Rh ARE i
M8 AL BB B 51 8, H it ml W 3 Y 1Y g
AT DL SRR . SRR IE & S B
(AP S AFAE—SETC TR PR I FLBR L i< fL . <AL
BN RS M NI R 4 B B T SRS A
F W 5 [ 5 T A A0 25 S X LLGE S R T A S 5
T B

ETHE 2 TESHIRELS R, EIOEOL)
270 W A #5H B 1 800 mm/s (Xf 1 VED A
100 J/mm?®), #F — W58 1 41 0] B 0 24809 BE 1 5%
Wi, S5SRANE 3 s, X B TE PR 50,70 .90 pm
FYRE S 3 Sl e 45 S1.S2.S3, Kl 3a s 1 3 A
[ 48 (] BE R 5 ) OML BT, W LA 22 45 4 ] DA
50 wm 0 E] 70 wm B 2200 I BUE U A
AL B R Lt — b SR, 2 ) R i — 5
£ 90 wm B, AR G BB 2 B, JE ik R E R R
FEOHEACTFIE U 4540, 1 3b Geit 1 3 AN A4
i ) B oy 1 SR 0 P A S i S5 R AR
fEEEE 70 wm B, S8R D R 11 4% RBUE
AR 0.27 mm/mm?, 1fij S3 F i R SCE R 2S00
FEHR 2RI3E I, UA R i K B A B S BUH 48
AR 1] 1) i e XS0/ My AR S8 A Ak Tt )
MIFEFEAR T84 W5 T A 5 B, AT 1 i 24 &5
TE R AT REME . SEERAE AR EWHOLTIE 270 W
A 1 800 mm/s FAHH A BE 70 wm Y T2 5%
T, LPBF il #% (1) IN939 it A X 3508 i fem, 244

[ 3 ANE A LPBF il %5 IN939 il . (a) OM & ;(b) 2480 % J& 2 88U S 1T
Fig.3 LPBF-prepared IN939 samples with different scanning spacings: (a) OM images; (b) statistical graph of crack density and
number of cracks
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Fig.4 Microstructure of the as-built IN939 at different scanning spacings: (a) OM image of S1 sample; (b) OM image of S2 sample;
(c) SEM image of S1 sample; (d) SEM image of S2 sample
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Fig.6 Microstructure of the S2 sample at different melt pool locations: (a) SEM image showing the transition from columnar to
equiaxed grains at the top of the melt pool; (b) SEM image showing epitaxial growth of columnar grains at the bottom of the melt pool
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Fig.7 SEM image of solidification cracks in the as-built S1 sample: (a) feature 1; (b) feature 2
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Fig.8 Schematic diagram of defect formation mechanisms at different hatch distances: (a) S1 sample; (b) S2 sample; (c) S3 sample
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Fig.9 EDS surface scan results of the solidification cracks: (a) solidification crack morphology; (b) magnified view of the solidification
crack; (c) elemental distribution around the crack
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