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ABSTRACT 

Alloy 718, a nickel-based superalloy, has revolutionized fatigue-critical applications specifically the hot 
section of gas turbine engines. Unlike many other superalloys, it provides the critical parts with high 
strength  at  high  temperatures  up  to  650 °C,  as  it  has  unique  precipitation-hardening  mechanism, 
dominated by the γ″(Ni₃Nb) phase. Usually, products made from this superalloy are manufactured by 
casting  and  wrought  processes.  However,  Additive  Manufacturing  (AM)  has  introduced  new 
opportunities,  enabling  in-house,  on-demand  production  of  complex  parts,  reducing  lead  times, 
minimizing waste, lowering costs, and streamlining engine-maintenance logistics.
However, the high-temperature integrity of AM Alloy 718 remains under-characterized. Laser powder 
bed fusion (L-PBF) Alloy 718 often exhibits reduced creep ductility, elevated dwell-fatigue crack-
growth rates, and pronounced notch sensitivity versus wrought/cast alloys [1][2]. Some studies show 
that reduced creep ductility and elevated dwell-fatigue crack-growth are process-intrinsic limitations of 
L-PBF in Ni-base superalloys [3][4]. Therefore, this study aims to clarify the mechanisms responsible 
for reduced ductility and increased dwell-fatigue crack growth, while also evaluating post-processing 
strategies to mitigate these limitations and achieve more robust microstructure.
To achieve these aims, microstructural evolution in L-PBF Alloy 718 will be examined across sequential 
processing states (as-built, HIPed, post-HIP heat-treated, and fully processed). Mechanical testing will 
include creep tests on smooth and notched specimens, as well as elevated-temperature fatigue crack-
growth tests with dwell holds where L-PBF samples will be benchmarked against cast and wrought  
material.  Additionally,  L-PBF specimens with three different heat  treatments will  be compared to 
identify the most effective heat treatment for this AM alloy.
Preliminary results reveal that the HIPed and post-HIP conditions share similar microstructural features, 
both showing a significant number of carbides concentrated near the grain boundaries. In the standard 
heat-treated specimen, extensive δ-phase precipitation exists, whereas other heat treatment doesn’t show 
any δ-phase formation, leading to a microstructure close to the post-HIP condition.
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