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Metal powder producers for additive manufacturing (AM) encounter several issues at the 

commercial/industrial scale, including purity, yield, and the future growth of their customer base. 

Those challenges stem from difficulties in producing powders within composition, size, and 

flowability (or sphericity) tolerances as well as the risks associated with producing new 

compositions. MAR-M-247 is a nickel-based superalloy that is used for “blisks” in gas turbine 

engines; it is typically cast as a polycrystalline alloy with a high concentration of refractory metals. 

MAR-M-247 is also commercially available as a gas atomized (GA) powder. However, it and 

many of its nearest neighbor alloys are described as having poor weldability [1], making it difficult 

to manufacture through electron beam melted AM (EBM). Many of these precipitation-

strengthened Ni-based alloys encounter problems when processed through EBM including 

chemical segregation, warping and cracking. [2] The aim of the present work is to carefully 

characterize commercial powders linking these observations to the microstructure and properties 

of the resulting EBM test parts. Using this knowledge in addition to thermodynamic analysis of 

the established alloy, slight changes to the alloy components and, thereby, the solidification 

product phases can mitigate issues inherent to AM processing.  

 

Multiple EBM attempts with commercially available MAR-M-247 gas atomized powder have 

been made, each resulting in mechanical test specimens permeated with cracks. The cracks 

spanned large portions of the build and typically were oriented along the build direction. Despite 

processing parameter adjustment in the EBM system the cracks persisted. Investigations of the 

character of the cracks and the microstructure surrounding the cracks revealed a breakdown of the 

regular γ’ precipitates into continuous γ and γ’ phases that tend to follow along the crack (Figure 

2). Focused ion beam (FIB) lift-out technique was used to create a transmission electron 

microscope (TEM) sample of this type of region. The region investigated exhibited multiple 

carbides along the boundary, as well as an apparent continuous phase at the grain boundary. EDS 

line-scan analysis of this boundary revealed a high concentration of Cr and Co near the boundary 

and a very fine, (almost) pure Cr phase present. When compared to commercial feedstock powder 

used for the build, it is apparent that the undissolved Cr phase seen in the powder has likely 

persisted through the EBM process. [4] 
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Figure 1.  Backscattered electron SEM image of Mar-M-247 EBM test build using commercially 

available powder. Typical crack morphology where the crack propagates to the left of the image 

for more than 150µm and to the right with intermediate regions where the breakdown of the typical 

γ/γ’ precipitation microstructure occurs. 

 

 
Figure 2.  Left: STEM image of sample prepared from crack region indicated in Figure 1 via FIB 

lift-out technique. Arrow indicates region and direction of EDS scan. Right: EDS line scan across 

the boundary between grains with very high Cr content.  

 

 
Figure 3.  Left: SEM backscattered image of commercial Mar-M-247 particle with Cr rich 

satellite. Right: EDS map signal weighted by approximate wt% of Cr. 
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