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Abstract In this study, Inconel 625 superalloy (IN625) samples were formed using the selective laser melting
(SLM) technology. The effects of the process parameters on defects, such as pores and cracks, were investigated.
Then, the microstructure and mechanical properties of the samples under the optimal relative density were analyzed.
Results show that the samples has a relative density of over 99.5% when the energy density is 50-78 Jemm *. An
energy input of approximately 75 Jemm ? is required to approach the completely dense state. The sample displays
cracks and un-melting powder owing to the low energy density. When the energy density is high, irregular and fine
pores appear. The IN625 sample morphology shows cellular and columnar grains. Meanwhile, the average size of
grains is 10-30 pm and the number of subgrains is small. The (001) crystallographic orientation is the preferred
direction for the IN625 samples. A large number of small dimples appear on the mixed fracture. The
microhardness, tensile strength, yield strength, and elongation are (327+£3) HV, (930%£5) MPa, (700£5) MPa,
and 29.5%, respectively.
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Fig. 2 Powder morphology and particle size distribution. (a) Powder morphology; (b) particle size distribution
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Fig. 4 Defect and mechanism of defect generation. (a) Model of generation of pore caused by insufficient energy density;

(b) model of generation of pore caused by blowing protective gas; (c) pores and cracks in formed sample;

(d) micropores and large pores in formed sample
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Fig. 7 Microstructure of sample fabricated by SLM. (a) Surface carbide composition; (b) cellular and columnar grains;

(c) bright white and dark areas of columnar grain; (d) bright white and dark areas of cellular grain
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Table 1 Chemical composition of carbide

3 7o AR A Y fR A B

Table 3 Chemical composition of columnar

in Fig. 7(a) grain in Fig. 7(c)
Element C Nb Mo Cr Ni (@] A Mass fraction /%
Mass e C Nb Mo Cr Ni
) 69.51 — 5.77 8.22 16.49 —
fraction /% Spot 1 — 2.22 7.51 24.0 66.17

2 B 7L RS
Table 2 Chemical compositions of different

morphological tissues in Fig. 7

Mass fraction /%
C Nb Mo Cr Ni
Spot 1 2.08 3.22 8.43 23.32 62.95
Area 1 1.44 2.51 7.74 23.64 64.67
Area 2 1.56 2.71 7.63 23.97 64.14
Area 3 1.4 2.53 7.77 23.52 64.78
Area 4 1.52 2.4 7.92 23.65 64.51

Area

Area 1 1.91 2.88 8.17 23.0 64.01
Area 2 2.20 2.32 7.85 23.63 64.00

Fa 7(d) AR A 2 A3
Table 4 Chemical composition of cellular

grain in Fig. 7(d)

Mass fraction /%
C Nb Mo Cr Ni

Area

Area 1 1.82 7.16 23.68 67.35
Area 2 3.16 3.64 8.29 22.54 62.37
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