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Abstract 

Additive Manufacturing (AM) technologies are charac-
terized by complex process interrelations. Conse-
quently, specifically adapted alloys are required to ena-
ble a robust building process. In particular, Laser Beam 
Melting (LBM) is increasingly used for the fabrication 
of sophisticated functional parts for various applications 
in numerous industrial sectors, such as automotive and 
aerospace.  

However, process stability and repeatability is a major 
challenge for industrializing LBM. This paper presents 
a comprehensive investigation on the influence of 
AlSi10Mg additives in a 316L stainless steel powder 
during LBM. A two-stage experimental approach was 
applied, during which the temperature field around the 
molten track and the number of spatters during the LBM 
process were determined by means of high-speed ther-
mographic imaging. Furthermore, the microstructure of 
the additively manufactured specimens, the modified 
316L stainless steel powder, and the respective raw ma-
terials were characterized by Scanning Electron Micros-
copy (SEM). 

The experimental study described in this paper aimed to 
obtain correlations between the additive content (input), 
the temperature field of the molten track, and the micro-
structure (outputs). It was found, that the cooling rate 
decreases with a higher amount of AlSi10Mg in the 
powder. Furthermore, the microstructure analysis 
demonstrated an increasing formation of the Body-Cen-
tered Cubic (BCC) phase with a higher fraction of 
AlSi10Mg. The conclusion is that additives in the pow-
der considerably affect important key characteristics of 
the LBM process. 
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Introduction and State of the Art 

LBM allows the fabrication of complex parts with a 
short lead time and a reduced material waste [1]. Ini-
tially employed for rapid prototyping only, LBM re-
cently achieved a sufficient level of maturity for series 
production. The emergence of new applications for 
LBM highlighted the need for specific alloys dedicated 
to these technologies. Currently, companies working on 
cutting-edge 3D technologies have access to less than 
50 commercially available alloys [2]. Most of the com-
mercial grades have been optimized to form a fine, sta-
ble and homogeneous microstructure after conventional 
deformation processing (forging, drawing). In contrast 
to conventional manufacturing technologies, LBM is 
characterized by fast periodic heating and cooling, 
which results in metastable microstructures and the oc-
currence of defects [3], such as porosities degrading the 
material strength [4, 5]. In addition, the occurrence of 
defects near the surface is severely affecting the fatigue 
lifetime [6]. According to [7, 8], who conducted in-situ 
X-ray imaging during LBM, the formation of porosities 
is associated to melt pool instabilities. Therefore, a 
higher stability of the melt pool presumably results in a 
reduction of the fraction of porosities and an increase of 
the specific strength and fatigue resistance. 

An approach to improve the melt pool stability is to de-
velop new alloy compositions dedicated specifically to 
LBM. These alloys must also allow a better control of 
the microstructure to improve the strength and thus the 
competitiveness of 3D printed components. 

New complex alloys for LBM can be produced by gas 
atomization of pre-alloyed ingots [9] or directly by mix-
ing elemental powders [10]. The latter was found to be 
successful even for elements with very different melting 
temperatures, providing an acceptable chemical homo-
geneity for mechanical engineering [11]. A convenient 
method to adjust the composition of an already available 
commercial powder is to blend it with an additive. The 
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