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【Introduction】 

The characteristics of powder applied in electron beam powder-bed fusion (EB-PBF), plays a vital 

role in process stability and final part performance. There are two types of IN718 alloy powders, 

namely, one fabricated by gas atomization (GA) and one fabricated by the plasma-rotating electrode 

process (PREP). They are different in geometry and built-in defect. In this study, the forming qualities 

concerning surface topography, density, and internal defect of the EB-PBF-built IN718 samples built 

by GA and PREP powders were experimentally characterized and compared under the same 

processing conditions. Notably, different powder geometries with different surface feature inevitably 

affect heat transfer during melting. The significance of powder characteristics in defect suppression 

was clarified with the aid of numerical simulations.  

【Methods】 

The IN718 cuboid samples were produced using an EB-PBF machine developed Technology 

Research Association for Future Additive Manufacturing (TRAFAM). The sample surface topography 

was performed using a laser scanning 

confocal microscopy. The densities were 

evaluated through the Archimedes 

method. For observing the internal 

defects, the sectioned samples were 

characterized using scanning electron 

microscopy. A particle-based discrete 

element method (DEM) model was utilized 

to simulate the powder bed generation. 

The DEM simulation was followed by the 

computational thermo-fluid dynamics 

(CtFD) simulation of single-track melting.  

【Results】 

The study revealed that PREP 

powders had a broader process window (Fig. 1) ensuring a smooth surface and high density than GA 

powders. Compared to PREP powders, lower energy absorption rate and thermal conductivity (Fig. 

2) made GA powders more likely to evoke lack of fusion and excessive melting under low and high 

energy conditions, respectively. Moreover, the high cooling rate and solidification rate in the sample 

built by PREP powders promoted the suppression of interdendritic voids forming. 

Fig. 1. Process maps for fabrication by (a)GA and (b)PREP powders. 

Fig. 2. (a)Molten pool volume and (b) average temperature change 

rate of the computational domain of the simulated melt track. 
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