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Control of Anisotropic Texture for Improving Creep Property of Nickel Based
Superalloy Fabricated by Metal Additive Manufacturing
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The demand for the improved efficiency of industrial gas turbine engines has led to the increase in turbine inlet temperature (TIT),
and hence the operating environment temperature of turbine blades has been increasingly higher. For this reason, techniques to control
anisotropic crystallographic texture have been developed such as directional solidification (DS) and single crystallization (SC), together
with complex internal cooling designs for efficient metal cooling. However, with regard to precision casting methods for turbine blade
production, it is difficult to achieve both high accuracy of complex internal shapes and anisotropic crystallographic texture.

To overcome this challenge, we have focused on selective laser melting (SLM), a technique suitable for creating elaborate internal
shapes. In addition, the material properties are greatly influenced by various factors such as fabricating conditions, including laser
power, scanning speed, atmosphere during molding, etc., as well as alloy composition. Research on the microstructure control of
additive manufacturing materials has been actively conducted in recent years, but no systematic study on the control of anisotropic

crystallographic texture has been made.

In this article, we demonstrate the control of anisotropic crystallographic texture using the IN718 nickel-based superalloy
manufactured by SLM, and report the results on the improvement of creep properties.
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Table 1 Chemical compositions of IN718 powder (in weight percent, wt%) .
Element Fe Ni Cr Nb Mo Ti Al Co C Cu o B
wt% Bal. 52.58 19.82 5.12 3.24 1.06 0.50 0.05 0.04 0.02 0.016 0.001
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Linear energy density, E,. / J/mm Base plate V7 X direction Observation
Fig.1 Relationship among energy density, line energy density and Fig.2 Coordinate system of equipment and specimen and observation

scanning distance for each building condition.

objects.
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Fig.3 Schematic diagram showing orientation difference between
building direction and crystal orientation in XY plane.
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Fig.4 (a) Creep rupture specimen and (b) chart of heat treatment
employed on IN718.
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Fig. 5 Inverse pole figure colored maps in (a) XY plane and (b) YZ

plane.
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Fig. 6 Variations of the orientation ratio as a function of (a) scanning
distances and (b) line energy density.
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Fig. 7 SEM images of samples with (a) high and (b) low orientation

ratio.
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Fig. 8 The variation of the aspect ratio of molten pool with line energy
density.
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Fig. 9 Schematic illustration of overlapping angle between adjacent
molten pool boundaries.
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Fig. 10 The variation of the orientation ratio with overlapping angle.
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Fig. 11  The effect of orientation ratio on creep rupture property.
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