
ABSTRACT: Single crystal (SX) nickel-based superalloy blade forms a key element of high-
temperature gas turbines that are vital to aviation and power industries, owing to its excellent creep 
properties at elevated temperatures. Conventional manufacturing of SX Ni-based superalloy 
components is a tedious and expensive process due to stringent tolerance on part geometry and SX 
quality. Additive manufacturing (AM) provides unique features such as economic sustainability, 
automated manufacturing process and capability of printing identical parts. Moreover, the future of 
AM technologies shows significant promise towards achieving complete layer-wise control, in terms 
of varying process parameters. This study employs selective electron beam melting (SEBM), a 
powder-bed metal AM technique, to additively manufacture a first-generation Nickel-based SX 
superalloy. High vacuum environment and nearly unidirectional thermal gradient, inherent with 
SEBM, make it the most promising AM technique for SX superalloy manufacturing. Detailed 
microstructural characterization using optical microscopy, scanning electron microscopy and X-ray 
diffraction reveal that dominant columnar grains aligned with the build direction were formed into 
a strongly textured superalloy sample. However, there are still some cracks occurred along the 
columnar grain boundaries. The correlation between SEBM processing and microstructure is 
discussed. 
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INTRODUCTION 

Ni-based single crystal (SX) superalloys were derived from their polycrystalline ancestors in the 
early 1980’s by suppression of grain boundary strengthening elements like carbon, boron, zirconium 
and hafnium. In addition to this, large amounts of refractory elements like tungsten, tantalum and 
molybdenum became an integral part of the superalloys; improving their high-temperature creep 
properties and making them vital to the aerospace and power industry as high-pressure gas turbine 
components (Boyer et al. (2015)).  

The conventional manufacturing of Ni-based SX superalloy blades for gas turbine applications 
involves either crystal seeding, or crystal selection method implemented in conjecture with various 
directional solidification techniques (Reed. (2008), Kubiak et al. (2016)) – a process simple in theory 
but similarly complex in its implementation. Process-inherent defects, such as – stray grain 
formation, grain misorientation and high angle grain boundaries (formed during heat treatment (Cox 
et al. (2003), Kobryn & Semiatin (2001)), and stringent tolerance requirements contribute to overall 
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