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Abstract Based on the columnar to equiaxed transition (CET) map, the geometrical relationship for the cross
section of the molten pool is established and the relationship between the solidification condition and the
microstructure for Ni-based single crystal superalloys fabricated by selective laser melting (SLM) is obtained. The
SLLM experiments are conducted on the (100) crystallographic plane of SRR99 single crystal substrate along the
[001] direction. The results show that the minimum angle between the solidification velocity and the laser scanning
velocity is about 46.4° (larger than 45°) under the conditions of laser power of 160 W, powder-layer thickness of

20 pm and scanning speed of V;,<<30 m*min '

. It can be predicted that the microstructure of the laser molten pool
is composed of [001] dendritic crystals growing from bottom to top and [010] dendritic crystals on two sides. The
experimental results coincide well with the theoretical analysis results. In addition, good metallurgical bonds are
formed between layers and the crystallographic orientation of substrates gets extended.

Key words laser technique; selective laser melting; microstructure of molten pool; Ni-based single crystal
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Table 1 Chemical compositions of SRR99 powders

Composition Al Ti Cr Co Ta w C Ni
Mass fraction /% 5.5 2.2 8.5 5.0 2.8 9.5 0.015 Bal.
SX-deposit
L] "
SX-substrate
A1 SRR99 i s il & S0 AR IE A K2 AhEA KR B
Fig. 1 Morphology of single crystal superalloy SRR99 powders Fig. 2 Schematic diagram of epitaxy growth
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Fig. 3 Model of laser molten pool
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Fig. 4 Geometric relationship for cross section of molten pool
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Fig. 5 Relationship diagram of solidification condition and microstructure of SRR99 under experimental conditions of
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Fig. 6 Isopleth map of |V |/ |V, | when scanning Fig. 7 Microstructural diagram of typical Ni-based
along [100] direction on (001) surface single crystal superalloy fabricated by SLM
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Fig. 9 Microstructural morphology along scanning direction
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