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Duplex stainless steels (DSS), with a ferritic-austenitic microstructure, are used in a wide range of applications 
thanks to their high corrosion resistance and mechanical properties. However, efficient and successful 
production and joining of DSS require precise control of processes and an in-depth understanding of relations 
between composition, processing thermal cycles, resulting microstructures and properties. In this study, laser 
welding, reheating, and additive manufacturing by directed energy deposition using a laser beam and wire 
feedstock (DED-LB/w) of DSS and resulting weld and component microstructures and properties are explored. 

It was found that applying nitrogen as a shielding gas in laser welding of DSS followed by subsequent laser 
reheating can notably promote austenite formation and suppress nitride precipitation. Then, for phase analysis 
of DSS with metastable austenite, a novel electron backscatter diffraction (EBSD) methodology was developed. 
The approach was shown to identify and measure the fractions of ferrite, austenite, and martensite successfully 
and reliably. 

In the second part, a systematic four-stage methodology was developed and applied to the DED-LB/w of a 
DSS cylinder. Implementation of this systematic methodology with a stepwise increase in the deposited volume 
and geometrical complexity was a successful approach in developing additive manufacturing procedures for the 
production of significantly sized metallic components. The results demonstrated the promising mechanical 
properties and corrosion resistance of additively manufactured DSS using DED-LB/w. Atom probe 
tomography (APT) analysis also revealed that alongside the decomposition of ferrite into Fe-rich (α) and Cr-
rich (αʹ) phases, clustering of Ni, Mn, and Si atoms are contributing to the 475°C-embrittlement of DSS 
manufactured by DED-LB/w. 

 


