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The nuclear industry is exploring additive manufacturing technologies for reactor internal applications in 

order to enhance performance, reduce economic costs, and shorten production cycles (Bergeron and 

Crigger, 2018; Song et al., 2019).  Nuclear reactor materials are known to be susceptible to hardening and 

embrittlement, irradiation-assisted stress corrosion cracking, and void swelling when exposed to high 

temperature radiation fields for long periods of time (Was and Andresen, 2012). Austenitic stainless steels 

are a leading candidate to demonstrate AM in nuclear applications given their weldability, good 

mechanical properties, and corrosion resistance at high temperatures (Şahin and Übeyli, 2008). Stainless 

steel 316L (SS-316L) has the added benefit of an extensive history of use in a variety of reactor 

applications as well as a wide availability of alloy powders in the particle size specifications necessary for 

compatibility with the laser-based additive manufacturing processes. 

In laser-based additive manufacturing methods, the extreme processing conditions result in solidification 

rates and thermal stresses that are orders of magnitude larger than those observed in conventionally 

manufactured materials such as cast or welded metals (Frazier, 2014). These processing conditions offer 

the opportunity to design new microstructures that translate to material properties equivalent to, or in some 

cases, superior to conventionally made materials. Additively manufactured SS-316L (AM SS-316L) is 

one such example of this benefit, as numerous studies have shown that the resulting material exhibits a 

combination of high yield strength and tensile ductility (properties that are traditionally considered to be 

trade-offs) surpassing that of conventionally made SS-316L (Liu et al., 2017; Wang et al., 2018; Shang et 

al., 2019). This benefit is attributed to a sub-grain cellular dislocation network that impedes dislocation 

motion, increases dislocation storage and yield strength, and simultaneously enables impeded dislocations 

to slip through the dislocation cell walls at high stresses through nano-twin formation, resulting in stable 

plastic flow and enhanced ductility (Liu et al., 2018). 

This work is part of a larger study at the Colorado School of Mines in collaboration with the Nuclear 

Science User Facilities and the Advanced Test Reactor (ATR) at the Idaho National Laboratory to assess 

the irradiation performance of metallic components produced by commercially available additive 

manufacturing techniques.  The ATR irradiated alloy specimens to doses of ~0.5 and ~1.5 dpa at 256-281 

°C to study the influence of the cellular dislocation structures on radiation tolerance. The cellular 

dislocation structures experienced dramatic change in all irradiated specimens. The cell boundaries were 

still identifiable after neutron irradiation to ~0.5 dpa; but, the dislocation density in each specimen was 

significantly reduced and the cell walls were visibly dispersed. The irradiated microstructures in both the 

laser powder bed fusion (Figure 1) and laser powder feed (Figure 2) samples were dominated by defect 

clusters (‘black dots’, or small Frank loops). At ~1.5 dpa, the ‘black dot’ defect cluster size and density 

increased despite historical evidence that suggests faulted loops should be more abundant under these 

conditions. This observation, coupled with evidence of denuded zones adjacent to the dislocation cell 

boundaries suggests that the solidification-induced dislocation cell boundaries function as efficient sinks 

for point defects. The cellular structures in AM SS-316L appear to increase the dose necessary to reach a 

steady state defect cluster population. 
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Figure 1. Comparison of cellular dislocation structure morphology (a) after heat treatment and (b-c) after 

neutron irradiation in AM SS-316L produced by laser powder bed fusion. 

 

 
 

Figure 2. Comparison of cellular dislocation structure morphology (a) after heat treatment and (b-c) after 

neutron irradiation in AM SS-316L produced by laser powder feed. 
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