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Fabrication of a Nickel Single Crystal by Controlling Melt Pool Geometry
in Laser Powder Bed Fusion
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ABSTRACT

The demand for additive manufacturing of high-temperature components with nickel-base single-crystal superalloy
is increasing in aircraft and gas-turbine industries. We investigated the effect of laser scan speed on the microstructure
and texture of pure nickel specimens fabricated via laser powder bed fusion using a flat-top laser beam. The
<110> texture changed to near-<100> as the scan speed increased. A further increase in the scan speed resulted in
the closer-<100> texture accompanied with the formation of stray grains. Under the condition in which the most
uniform texture close to <100> was formed, the density of geometrically necessary dislocation was at a minimum.
Additionally, the length of the high-angle grain boundary became almost zero, resulting in a single-crystal structure.
The difference in-between the build direction and grain growth direction in a planer melt pool on the X-Z plane may
contribute largely to the grain selection before the formation of the single-crystal structure.
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(a) (b) Table 1 Fabrication parameters in this study.
Laser Laser scan Hatch Energy
power speed space density
(W] [mm/s] [pxm] [J/mm?]
Gl 300 600 80 46.16
G2 300 900 80 37.89
Fig. 1 Schematics of the intensity distribution of (a) Gaussian G3 300 1200 80 3264
and (b) flat-top laser beams. FT1 500 100 100 50.96
FT2 500 140 100 43.07
2. H*—f & %5&77'}5‘5\ FT3 500 200 100 36.04
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Fig. 2 Fabricated cylindrical specimens.
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Fig. 3 IPF maps and textures of Gaussian-laser fabricated
specimens (G1, G2, G3) on the cross-sections
perpendicular to and transverse to the build direction.
All TIPF maps were set along the build-direction axis.
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Fig. 4 IPF maps and textures of flat-top-laser fabricated

1N

specimens (FT1, FT2, FT3) on the cross-sections
perpendicular to and transverse to the build direction.
All TPF maps were set along the build-direction axis.
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Fig. 5 Schematic grain morphologies at high and low laser-scan
speeds on X-Y, X-Z, Y-Z planes. Grain morphologies with
axial growth on X-Y plane are also shown in (2) and (h).
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Fig. 6 Schematic grain morphologies under the FT2 condition
on X-Y, X-Z, Y-Z planes.
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Fig. 7 Kernel average misorientation (KAM) maps of G1, G2,
G3, FT1, FT2 and FT3 specimens.
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Fig. 8 High and low angle grain boundaries (HAGB, LAGB)
lengths of G1, G2, G3, FT1, FT2 and FT3 specimens.
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