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Laser powder bed fusion (LPBF) is currently the most versatile metal additive
manufacturing (MAM) process, enabling the production of complex parts
without the design limitations of traditional manufacturing methods. The rapid
and repeated thermal cycles create intense thermal gradients, leading to
metastable chemical, structural, and mechanical states, resulting in
metallurgical defects that compromise material properties. Extensive research
of LPBF-processed 316L SS has been conducted to improve the mechanical
properties and highlight the need to correlate different microstructural features
with the manufacturing process. Most studies have focused on characterizing
microstructures from macro to sub-micrometer scales, with few investigating
features at the nano or atomic levels. Therefore, this study aims to explore these
nano/atomic scale microstructural features to better understand the
relationship between solidification microstructure and process parameters.
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Experimental

A basic set of process parameters was selected for manufacturing the studied
specimens. Microstructural characterization was performed on the as-built
specimens without heat treatment. Microstructural features were observed by
scanning electron microscopy (SEM, JSM-7001F, JEOL, Tokyo, Japan) and
transmission electron microscopy (TEM, JEM-2100PUS, JEM-ARM200F, JEOL
Ltd., Tokyo, Japan).
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Results and Discussion

A novel method has been successfully proposed to clarify the segregation
behavior of melt pool boundary (MPB) by controlling the crystallographic
texture of 316L SS through unique LPBF processing parameters to obtain a
single-crystal-like microstructure of the cellular structures along the laser
scanning direction. The accurate location of the track-track MPB is
distinguishable by means of the transverse and longitudinal cellular dislocation
structures on both sides. The edge-on state of the track-track MPB makes the
quantitative concentration analysis precisely using HAADF-STEM with energy-
dispersive X-ray spectroscopy, which is in good agreement with the Scheil-
Gulliver solidification simulations
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Quantitative revealing the solute segregation behavior at melt pool boundary in
additively manufactured stainless steel using a novel processing method for
precise positioning by HAADF-STEM
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