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Creation of Materials
by Super-Thermal Field

316L stainless steel

Since joining Nagoya University in April 2022, | have
been actively collaborating on the research project
Creation of Materials by Super Thermal Field,
focusing on 316L stainless steel (316L SS) fabricated
via Laser Powder Bed Fusion (LPBF). Given the
extensive number of published research papers and
related experimental/simulation results globally,
identifying truly novel ideas in this field is a
challenging endeavor. Nevertheless, | have achieved
significant findings regarding the solidified
microstructure of 316L SS at the nanoscale, including
some first-time discoveries.

| developed a quantitative method to analyze
segregation behavior at the melt pool boundary
(MPB) by controlling 316L SS crystallographic texture
through tailored LPBF parameters. The track-track
MPB was identified via transverse and longitudinal
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Figure 1 Quantitative revealing the solute segregation behavior at melt pool boundary.

Nano-scaled solidification microstructure
characteristics in additively manufactured
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cellular dislocation structures, enabling precise
concentration analysis using HAADF-STEM with
energy-dispersive X-ray spectroscopy, closely aligned
with Scheil-Gulliver solidification simulations (Figure
1). Additionally, | discovered a novel nano-scaled
modulated structure for the first time, characterized
by 20-30 nm spacing with alternating perfect lattice
layers and atomic misalignments. This structure,
aligned with the laser scan direction, suggests a
potential new strengthening mechanism (Figure 2).
These findings provide a detailed analysis of the
relationship between nano-scaled solidification
microstructures and processing conditions. My
contributions have been recognized with several
awards and supported by KAKENHI (24H00991)
funding to advance this research further.

HAADF-STEM

STEM-EDS

track-track MPB

Reference:
[1] Fei Sun*, et. al, Materials Transactions,
64 (2023) 1143-1149.
[2] Fei Sun*, et. al, Materials, 17 (2024) 1851.
[3] Fei Sun*, et. al, Materials Characterization,
217 (2024) 114435.

Awards:
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Figure 2 A novel nano-scaled modulated structure was discovered for the first time.
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Investigation of crystallographic texture
in Ti16246 processed using the Laser powder
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Alloys that undergo solid-state transformation,
particularly during cooling, pose a challenge in the
laser powder bed fusion (LPBF) texture control. In
this study, we selected the near-8 Ti-6Al-2Sn-4Zr-6Mo
(Ti6246) alloy to extensively examine crystallographic
texture evolution during LPBF processing. Additionally,
the high-temperature mechanical performances of
selected samples were evaluated.

In the early stages of the project, we recognized that
the alloy exhibited behaviors that diverged from our
theoretical predictions. Although the elevated cooling
rates resulted in refined microstructural
characteristics, conducting crystallographic texture
analysis using SEM-EBSD posed significant
challenges. My most cherished experiences
throughout the project included completing the
comprehensive optimization study and attempting to
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understand the results, notwithstanding the observed
deviations in trend complexity.

Overall, for the first time, we successfully achieved
crystallographic lamellar-like (CLM), near single
crystal-like (SCM), and polycrystalline
crystallographic (PCM) textures using the X-scan
strategy and energy inputs of 75, 50, and 25 J/mm?’,
respectively. Additionally, our findings showed that
the synergistic effects of most of the LPBF process
conditions induced new B orientations rather than
inheriting crystallographic orientations from the
solidified layers. Consequently, the predominant
precipitation of the a/a’ martensites resulted in a
significant weakening of the overall texture in the
Ti6246 alloy. Key highlights of this study are
illustrated in the figure.
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Fig. (a) solidification map and microstructural features, (b) IPF phase maps of the CLM and PCM textures,
(c) high-temperature compression test, (d) overall step creep curve of the LPBFed-Ti6246
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Creation of Materials
by Super-Thermal Field
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