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INTRODUCTION
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• Goal: identify microstructural evolution in terms of
grain boundary (GB) network characteristics of
Inconel 718 fabricated by selective laser melting
(SLM).

• Inconel 718, known as a nickel based super alloy,
exhibits high strength, excellent weldability,
remarkable oxidation and corrosion-resistance; widely
used in turbine engine blades, and components for
rockets [1].

• SLM is an Additive Manufacturing technique designed
to use a high power-density laser to melt and fuse
metallic powders together, allowing the construction
of complex shaped pieces from powder with nearly
no waste [2].

• SLM has been an attractive process to fabricate
Inconel 718. The questions addressed here are (1)
how this extreme process affects the material
microstructure. (2) how the post thermal treatment
tunes the GB network characteristics.

CONCLUSION
1. As-fabricated microstructure is heterogeneous, showing

melting pools and columnar grains. The early built
portion is different from the latter, featuring an irregular
grain structure.

2. Heat treatment creates a homogenous microstructure,
and increases the amount of special boundaries, in
particular, twin boundaries.

3. Special boundary clusters and connectivity of special
boundaries increase due to heat treatment. The
dominant triple junction type is J1, suggesting a
interweaving of general and special boundaries.
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• SEM images of as-fabricated and heat-treated
middle sections
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• Grain Boundary Misorientation Comparison 
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• Misorientation Angle Distribution

• Grain Orientation
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• Triple Junction Distribution

1. The as-fabricated sample is dominated by the
interconnected general boundaries (CSL>21)

2. After heat-treatment special boundaries are increased
by 57%, and several interconnected special boundary
clusters are identified.

1. As-fabricated samples are dominated by J0 type of
triple junction consisting of three general boundaries.

2. J1 type of triple junction has the largest increase in
the heat treated samples, indicating an interweaving
of general and special boundary networks.

• Samples 

• Material Characterization 

• Crystallographic analysis of grain orientation and
grain boundary network topology is performed using
EBSD and Mtex.

• Observations:
• The as-fabricated samples show typical columnar

grains with the appearance of the melt pools due to
the rapid solidification associated with SLM.

• In the early stages of building, irregular shaped
grains appear (e.g., ABP sample) before the
columnar grain structure could form after the
repeated process of the laser melting the powder.

• The cube texture appears in the as-fabricated
samples and heat treatment randomizes texture
due to recrystallization.

• Annealing twins form upon heat treatment.
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• Fabricated at NASA’s Marshall Space Flight Center in
Huntsville, Alabama.

• Prepared by cutting parallel and normal to the build
direction and at three different heights with respect
to the build direction.
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• Grain Boundary Cluster Analysis 

• Grain Boundary Network Characteristics
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