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Alloy Cr Co Mo W Al Ti Ta Nb C B Zr Ni 

Inconel 738LC 16.0 8.5 1.75 2.6 3.4 3.4 1.75 0.9 0.11 0.01 0.04 Bal 
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 Power(W) Scanning speed(mm/s) Hatching(mm) Energy density(J/mm3) 

1 100 600 

0.1 55.56 2 175 1050 

3 250 1500 
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Material and methods

Fig1. SEM image of the Inconel 738LC powder

(D10=16.5 μm, D50=27.3 μm, and D90=44.3 μm) 

Table 1. The chemical compositions (in weight%) of Inconel 738LC

𝑬𝑫 =
𝑷

𝒗𝑯𝒕

P: laser power, v: scanning speed, H: hatch 

spacing, t: layer thickness (t = 30 𝜇𝑚)

Volumetric energy density:

Fig 2. a) Observation section in three directions, b) The schematic maps of as-built Inconel 738LC blocks in two 

directions (parallel or perpendicular to the building direction), c) tensile specimen CAD graphics.

Table 2. Processing parameter sets of SLM Inconel 738LC

Melt pool morphology analysis

Fig 3. OM results of a) sample 1# (100W, 600mm/s), b) sample 2# (175W, 1050mm/s), c) sample 3# (250W, 2500mm/s) 

from XZ transactions (along the building direction)

Mechanical properties

CFD simulation

Fig 6. a) stress-strain curves of vertical sample specimen, b) stress-

strain curves of horizontal sample specimen, c) tensile testing 

results of vertical sample specimen, d) tensile testing results of 

horizontal sample specimen

Fig 7. Vickers hardness of three different building parameters 

samples of 1#, 2# and 3#

Fig 9. CFD simulation results of melt pool in YZ, a) cooling rate, b) melt region, c) solid fraction

Primary dendrite arm spacing

(PDAS= 5μm/6=833 nm)
Primary dendrite arm spacing

(PDAS= 5μm/8=625 nm)

Cellular structure

a b c

Melt pool boundary

Fig 4. a, e, i）OM results along XZ direction of  Sample 1# ,2#, 3#; b, c, d) 

Sample 1# EBSD results in XZ, XY, YZ directions; f, g, h) Sample 2# EBSD 

results in XZ, XY, YZ directions; j, k, l) Sample 3# EBSD results in XZ, XY, YZ 

directions.

Fig 5. Pole figures of a) Sample 1#, b) Sample 2#, c) 

Sample 3# along XZ direction

1. The fraction of low angle grain boundary (LAGB) 

and the grain size decreases when the laser power 

and scanning speed increasing along XY, XZ, or YZ 

direction. On the contrary, the fraction of 

recrystallized grains shows a completely reverse 

trend

2. The average grain size in the XY direction is slightly 

smaller than that in the other two directions, mainly 

led by the higher cooling rate along the XY direction. 

3. Sample 2# in the XZ direction has the strongest 

texture, and the primary texture type of sample 1 is 

GOSS texture of {1 1 0} <0 0 1>; Many hybrid 

crystals in sample 3# are distributed in different 

positions of the pole figure
Table 4. The EBSD results illustrate the distinctions among sample1#,2# and 3#

Fig 8. a-c) SEM image of samples 1#-3# along YZ direction in order

The cooling rate at the bottom 

of the melt pool in sample 3# is 

higher than other positions in 

the melt pool, while the 

cooling rates at different 

positions of the melt pool only 

have a relatively slight 

difference in sample 1#.

Objectives

1. Compare the melt pool morphology, microstructure and mechanical properties of L-PBFed Inconel738LC parts based on the same volumetric energy density but distinct laser power and scanning velocity

2. Investigate the influences of laser power and scanning speed on the microstructure and mechanical property of Inconel738LC fabricated by LPBF, and make the explanation by using physical model.

Background

Conclusions
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1. Inconel 738LC is a typical nickel-based gamma-prime (γ') precipitation-strengthened superalloy. It has 

excellent corrosion and oxidation resistance and good creep properties at elevated temperatures. The 

high-temperature properties of Inconel 738LC alloy strongly depend on the γ’ (Ni3(Al, Ti)) phase 
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1) Different combinations of laser power and scanning velocity can produce distinct microstructures and tensile behavior 

caused by the diverse thermal history. It is noteworthy that the building parameter of high scanning speed and high power 

produces a wider melt pool with a higher cooling rate than the one of low scanning speed and low powder.

2) Relatively highest YS and UTS can be achieved in the case of high power with high-speed scanning velocity due to 

dislocation strengthen caused by the high-temperature gradient.


