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Abstract The influences of the substrate as-heat-treated condition and the laser scanning speed on the nucleation
position and the number of stray grains (SGs) in multi-traced deposition of DD5 single-crystal superalloys are
studied. The formation mechanism of SGs under different conditions is also investigated. The results show that,
when the laser scanning speed increases from 5 mm/s to 20 mm/s, the number of SGs decreases as a result of the columnar
to equiaxed transition (CET) on the top of deposition traces. As for the solution-treated substrates, the number and the
sizes of SGs at the bottom of the deposition traces are obviously smaller than those for the casted substrates. The
overlapping among deposition traces does not create new SGs. When the solution-treated substrates are used and the laser
scanning speed is 20 mm/s, an overlapping interface without SGs by multi-traced deposition can be achieved.
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Fig. 1 Schematic diagram of DD5 Ni-based superalloys by laser melting multi-traced deposition
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Table 1  Chemical compositions of SRR99 and DD5 alloys (mass fraction, %)

Alloy C Cr Co Mo W Ta Al Ti Re Hf Ni
SRR99 0.03 8.39 5.01 - 9.47 2.92 5.47 2.14 - - Bal.
DD5 0.05 7.0 7.5 1.5 5.0 6.5 6.2 — 2.6 0.15 Bal.
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Table 2 Process parameters in LMD of DD5 superalloy experiment

Sample Substrate Scanning speed /(mm/s) Power /kW Overlap ratio
Cl Cast 5 2.5 0.740.05
S1 Solution treatment 5 2.5 0.7+0.05
C2 Cast 10 2.5 0.740.05
S2 Solution treatment 10 2.5 0.7+0.05
C3 Cast 20 2.5 0.740.08
S3 Solution treatment 20 2.5 0.740.08
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Fig. 2 Metallographs of single-traced deposition under different conditions. (a) Scanning speed of 5 mm/s, sample C1;
(b) scanning speed of 5 mm/s, sample S1; (c¢) scanning speed of 10 mm/s, sample C2; (d) scanning speed of

10 mm/s, sample S2; (e) scanning speed of 20 mm/s, sample C3; (f) scanning speed of 20 mm/s, sample S3
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Fig. 3 OIM images of microstructures in single-traced deposition. (a) Scanning speed of 10 mm/s, sample C2; (b) scanning

speed of 10 mm/s, sample S2; (c¢) scanning speed of 20 mm/s, sample C3; (d) scanning speed of 20 mm/s, sample S3
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Fig. 4 Area ratio of stray grains on (a) top and (b) bottom
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Fig. 5 Microstructures in multi-traced deposition under different conditions. (a) Scanning speed of 10 mm/s, sample C2;
(b) scanning speed of 10 mm/s, sample S2; (c¢) scanning speed of 20 mm/s, sample C3;
(d) scanning speed of 20 mm/s, sample S3
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Fig. 6 (a) Metallograph and (b) OIM image of stray grains on bottom of deposition traces in casted single-crystal substrates
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7 Schematic diagram of stray grains formation by dendritic fragments detached from casted substrates. (a) Sketch of

microstructure of casted substrates; (b) dendritic fragments detached from substrates; (c) dendritic fragments continued
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