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ABSTRACT

This study explores the evolution of Sc-rich precipitates in Scalmalloy® fabricated via Powder Bed Fusion (PBF)
additive manufacturing. Through a combination of microstructural characterization, thermodynamic modeling,
and an adapted precipitation model, we investigate how these precipitates evolve during solidification, in-situ heat
treatment (IHT), and post-heat treatment (PHT). A comprehensive classification framework is established for
primary and secondary Sc-rich precipitates, based on their origin, location, morphology, composition, interactions,
and size. Primary precipitates are predominantly found within the fine-grained (FG) zone, with their characteristics
indicating further transformation during IHT and PHT. The developed precipitation model, integrated with multi-
scale thermal simulations, successfully predicts the formation of fine, homogeneous secondary L1:-AlsSc
precipitates during PBF and PHT—demonstrating its capability as a valuable tool for optimizing PBF processes
in components with complex geometries and varying thermal profiles. Our results show that the applied IHT
conditions did not trigger secondary precipitation, whereas subsequent PHT at 400 °C for 1 hour promoted the
formation of secondary precipitates through both continuous and discontinuous mechanisms. Future work should
focus on resolving current uncertainties in primary precipitate formation during PBF and incorporating both
homogeneous and heterogeneous nucleation mechanisms to enhance understanding of Scalmalloy® precipitation
behavior and PBF process optimization.
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