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Abstract: This study examines the influence of Laser Powder Bed Fusion (LPBF) process parameters on the quality of 
AlSi10Mg alloy parts. Two sets of samples were fabricated using different combinations of laser power, scan speed, and 
hatch spacing, resulting in distinct energy densities. Visual examination revealed that lower energy density resulted in 
rough surfaces and delamination, indicating insufficient interlayer bonding. Chemical analysis confirmed that all 
samples met EN AC-Al10SiMg compositional requirements, while hardness measurements showed no significant 
variation between parameter sets or build orientations. Microstructural observations identified typical LPBF features, 
including fine cellular Al–Si eutectic and coarse dendritic like grains, with pores more frequent in low-energy samples. 
The results demonstrate that LPBF process parameters strongly affect surface morphology while having negligible 
impact on bulk hardness. Optimizing energy density is essential for achieving improved microstructural uniformity and 
overall part quality in AlSi10Mg components. 
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1. INTRODUCTION 

Additive Manufacturing (AM) enables the production of 
complex geometries directly from a digital model, without 
the need for traditional tools or molds. Among various 
AM techniques, Laser Powder Bed Fusion (LPBF) is 
most adopted method for manufacturing metal 
components. The LPBF process uses a high energy laser 
beam to selectively melt a layer of metal powder, forming 
parts layer by layer [1, 2] under extremely high cooling 
rates on the order of . Such thermal 
conditions lead to the formation of a unique 
microstructure, characteristic of LPBF process, which 
differs significantly from the microstructures of alloys 
produced by conventional processes such as casting, 
rolling or forging [3]. Wide range of metal powders for 
use in LPBF process is developed such as 316L steel, 
maraging steel, titanium, nickel, aluminum alloys and 
others. Al alloys offer good compromise between strength 
and density, in addition to being inexpensive. Most 

common Al alloy used in LPBF is Al10SiMg, a 
hypoeutectic aluminum alloy containing approximately 
10% Si with an addition of Mg. This alloy is recognized 
as highly suitable for AM due to its excellent 
processability, low density, good corrosion resistance, and 
favorable mechanical properties. Compared with other 
metal powders, aluminum alloys still present challenge in 
the LPBF process due to high reflectivity, high thermal 
conductivity and low melt viscosity [1, 2, 4]. In the LPBF 
process, AlSi10Mg forms a fine cellular Al–Si eutectic, 
with a silicon network distributed around primary 
aluminum cells, resulting in increased strength and 
hardness compared to cast alloy states. However, this 
microstructure simultaneously leads to reduced ductility 
and increased sensitivity to residual stresses [4]. 
Components produced from AlSi10Mg are widely used in 
automotive engineering, aerospace structures, robotics, 
energy systems, and lightweight mechanical assemblies, 
where the combination of low weight and high strength is 
essential [5]. Despite these advantages, the final quality of 
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LPBF-fabricated AlSi10Mg parts is sensitive to process 
parameters, which govern melt pool behavior, 
microstructural evolution, defect formation, and 
mechanical properties. Key LPBF parameters include 
laser power, scan speed, hatch spacing, layer thickness, 
preheating temperature, and scanning strategy. Together, 
these parameters determine the volumetric energy density 
delivered to the powder bed, influencing melt pool 
stability, track geometry, layer bonding, and porosity 
formation. Insufficient energy input typically leads to 
lack-of-fusion, while excessive energy can cause keyhole 
porosity, evaporation of alloying elements, and 
microstructural inhomogeneity [6]. Hatch spacing affects 
the overlap between adjacent melt tracks, while scanning 
strategy influences residual stress distribution and grain 
texture. Therefore, optimizing process parameters is 
essential for achieving high density, uniform 
microstructure, and reliable mechanical properties. In 
addition to process parameters, the quality of AlSi10Mg 
powder plays a crucial role. Powder used for LPBF must 
exhibit spherical morphology, narrow particle size 
distribution, low oxide content, and good flowability, as 
deviations can lead to segregation, non-uniform layer 
deposition, and increased porosity [7]. Recycled powder, 
although economically attractive, often shows increased 
oxygen content and altered particle size distribution, 
which may degrade the mechanical properties of printed 
parts [8]. Considering all the above, LPBF process 
parameters have a decisive influence on the quality of 
AlSi10Mg parts, including their density, microstructure, 
mechanical properties, defect formation, and long-term 
reliability. Understanding the interdependence of these 
parameters is fundamental for process optimization and 
improving the characteristics of final components. 

2. EXPERIMENTAL PROCEDURE 

2.1 Material and LPBF process 

To produce additively manufactured samples, Eplus 3D 
EP-M450 machine was used. Two sets of samples made 
of Al10SiMg powder were produced with a different set 
of process parameters, (Table 1). The laser energy density 
(E) related to the LPBF process is calculated according to 
formula [1]: 

  (1) 

where P is laser power, V is the laser scan speed, H 
represents hatch distance and LT is layer thickness. For 
both sets of sample’s, layer thickness was held constant, 
while other parameters were changed, which gave energy 
density of 39.3 J/mm3 for set I, and 50.3 J/mm3 for set II 
parameters. For set I, nine identical cubes with 
dimensions (10x10x10) mm were produced (marked 1-9), 
and for set II, five identical cubes with dimensions 
(15x15x10) mm were produced (marked A-E). The 
morphology and particle size distribution of used powder 
is shown in Figure 1. Most of the observed powder 
particles are spherical, and the rest shows ellipsoidal or 
uneven shape. Particle size ranges from 3 µm to 70 µm, 
with mean size of 20.2 µm. 10 % of particles have size to 
3,6 µm, 50 % of particles have size up to 20,3 µm while 

90 % of particles are up to 38,9 µm. Mean value of 
particle circularity is 0,97. A JEOL JSM-6610LV 
scanning electron microscope was used to observe the 
morphology of used powder, while size and circularity 
were determined on Anton Paar Litesizer DIA 500 
instrument 

Table 1. Used process parameters 

 
Laser 
power 
P, W 

Scan 
speed 
V, 
mm/s 

Layer 
thickness 
LT, µm  

Hatch 
distance 
H, µm 

Laser 
spot 
size, 
µm 

Energy 
density 
E, 
J/mm3 

Set I 385 1400 50 140 85 39.3 

Set II 425 1300 50 130 71 50.3 

 
a) SEM image of powder particles 
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b) particle size distribution 

Figure 1. Morphology and powder particle size 
distribution. 

2.2 Characterization 

Visual examination of the manufactured parts was 
performed after the samples were removed from the build 
plate, by naked eye and by Leica stereo microscope 
equipped with DFC 245 camera.  

To determine if change in process parameters affected 
elements evaporation from the powder during melting, 
chemical composition of the produced samples was 
analyzed by Optical Energy Spectrometer (OES) Belec 
Compact Port. 
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Hardnes was determined by Brinell method (HB 
2.5/62.5), according to SRPS EN ISO 6506 standard. 
Measurements were performed on XY plane (plane 
parallel to the build plate), and on XZ/YZ plane (plane 
parallel to the build direction).  

For microstructure analysis samples were wet grounded 
on SiC paper, polished using diamond suspension and 
etched using Keller A reagent (1 ml HF, 1.5 ml HCL, 2.5 
ml HNO3 and 95 ml H2O) for 8 s. Samples were observed 
in polished and etched state on Leitz Metaloplane optical 
microscope in bright field. Microstructure was analyzed 
in XY and XZ/YZ plane.  

3. RESULTS 

3.1. Visual examination 

The surface morphology of produced samples is shown on 
Figure 2 for set I parameters and on Figure 3 for set II 
parameters. The surface of the samples produced using 
the parameter set I was visibly rougher than the surface of 
samples made with parameter set II. Observation under 
stereo microscope showed that the surface of parameter 
set I specimens was less uniform, with presence of coarse 
spherical particles (marked with red arrows) and fine 
powder particles (marked with yellow arrows), Figure 2a. 
Additionally, delamination of layers was observed on 
samples 7, 8, and 9, figure 2b-d. 

Samples produced with Set II parameters showed 
smoother and more uniform surfaces. Although fine 

powder particles (marked with yellow arrows) were still 
present, Figure 3, no delamination was observed. 

3.2 Chemical composition 

The chemical composition of produced samples is given 
in Table 2. 

Table 2. Chemical composition of produced samples, 
mass. % 

Element 
Set I 

parameter 
samples 

Set II 
parameter 
samples 

EN AC-
Al10SiMg 
according 
to SRPS 
EN 1706 

Si 10.40 10.81 9.0-11.0 
Fe 0.21 0.24 max. 0.55 
Cu <0.001 0.002 max. 0.05 
Mn 0.008 0.007 max. 0.45 
Mg 0.33 0.34 0.20-0.45 
Ni 0.03 0.03 max. 0.05 
Zn <0,001 0.01 max. 0.10 
Al Balance Balance Balance 

Chemical composition of samples from both sets of 
parameters is in accordance with standard SRPS EN 1706 
for aluminum alloy EN AC Al10SiMg. No significant 
difference in chemical composition between samples from 
both sets of parameters is observed. 
 

  
a) Sample No. 6 b) Sample No. 7 

  
c) Sample No. 8 d) Sample No. 9 

Figure 2. Surface of the samples produced with Set I parameters. 
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a) Sample A b) Sample C 

Figure 3. Surface of the samples produced with Set II parameters.  
 
3.3 Hardness measurements  

Results of hardness measurements are shown in table 3. 

Table 3. Obtained hardness values, HB 

 Measurement 
plane Hardness, HB Mean 

value 

Set 
I 

XY 129; 131; 129; 
129; 131 130 

XZ/YZ 128; 128; 126; 
128, 125 127 

Set 
II 

XY 130; 129; 130; 
129; 133 130 

XZ/YZ 119; 119; 120; 
119 119 

3.4 Microstructure 

Figure 4 shows typical microstructure of specimens 
produced using set I parameters in as polished and etched 
state. Metallurgical defects such as gas pores (marked 
with black arrows) and lack of fusion (marked with blue 
arrows) were observed. Apart from the defects, clear melt 
pool boundaries were also observed in as polished state as 
well as after etching. On Figure 5 is shown microstructure 
of samples produced with set II parameters. 
Microstructure of set II samples also contained 
metallurgical defects such as pores and lack of fusion. 
Sporadically, coarse pores were observed. Size of coarse 
pores is approximately 100 µm in diameter. Comparing 
set I and set II samples, pores are more frequent in set I 
samples. Under higher magnification, difference in 
microstructure between center and edge of melt pool  
At the edges microstructure is coarser, while moving 
away from edges, microstructure changes and becomes  

finer (Figure 4b and d, Figure 5b and d) On XY plane 
microstructure is cell like, while on XZ/YZ plane 
microstructure is dendrite like (Figure 4f and h, Figure 5f 
and h). 

4. DISCUSSION 

Visual examination revealed clear differences in surface 
quality between samples produced with parameter Set I 
and Set II. Samples produced using Set I parameters 
exhibited rougher surface, with presence of coarse 
spherical particles as well as fine powder particles. 
Additionally, delamination of layers was observed on 
samples produced using set I parameters suggesting 
inadequate interlayer bonding and lack-of-fusion defects. 
Formation of coarse spherical particles and delamination 
of layers can be attributed to balling effect. High 
reflectivity and thermal conductivity of Al can lead to 
formation of molten droplets on the powder bed surface. 
After solidification, these droplets form spherical particles 
which are known as balling phenomena [9]. The balling 
effect leads to uneven scan tracks and weak bonding 
between layers leading to porosity and delamination. Lack 
of balling defects and delamination of layers in set II 
parameter samples is attributed to higher energy density 
which provides enough molten material to reduce the 
occurrence of balling effect [9]. 

During LPBF process, high energy laser selectively melts 
metal powder which solidifies instantly as laser moves. 
This rapid solidification creates unique microstructure 
characterized by Al matrix and cellular network of Al-Si 
eutecticum. During solidification, high cooling rates lead 
to supersaturation of melt pool with silicon. As a result, 
microstructure exhibits fine Al-Si eutecticum. On Figure 
4 and 5, two types of microstructures were observed: 
coarse and fine cell like and dendrite like. Coarse dendrite 
like structure grains, during cooling, nucleate and grow at 
the interface between previously solidified layer and 
melted phase of new layer. Subsequently, dendrites grow 
in the direction of heat flux [5, 10].  
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a) XY plane, magnification 100 b) XY plane, magnification 500 

  
c) XZ/YZ plane, magnification 100 d) XZ/YZ plane, magnification 500 

  
e) XY plane, magnification 100 f) XY plane, magnification 500 

  
g) XZ/YZ plane, magnification 100 h) XZ/YZ plane, magnification 500 

Figure 4. Microstructure of samples produced with Set I parameters; a-d) as polished, e-h) etched. 
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a) XY plane, magnification 100 b) XY plane, magnification 500 

  
c) XZ/YZ plane, magnification 100 d) XZ/YZ plane, magnification 500 

  
e) XY plane, magnification 100 f) XY plane, magnification 500 

  
g) XZ/YZ plane, magnification 100 h) XZ/YZ plane, magnification 500 

Figure 5. Microstructure of samples produced with Set II parameters; a-d) as polished, e-h) etched. 
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Chemical analysis performed using OES showed that 
both sets of samples had chemical compositions within 
the limits specified for EN AC-Al10SiMg alloy. No 
significant differences were observed between Set I and 
Set II samples.  

Since samples from both sets of parameters were 
manufactured using powder from the same batch, the 
absence of compositional deviations confirms that 
differences in microstructure and defects are attributed 
to process parameters rather than metal powder 
variability.  
Hardness values measured on XY and XZ/YZ planes 
showed no significant differences between the two sets 
of parameters. Set I samples exhibited mean hardness 
values of 130 HB (XY) and 127 HB (XZ/YZ), while Set 
II samples showed 130 HB (XY) and 119 HB (XZ/YZ). 
The results indicate that the difference in LPBF process 
parameters did not significantly affect bulk hardness. 
This is expected for AlSi10Mg alloy, where hardness is 
primarily governed by the fine cellular Al–Si eutectic 
formed under rapid LPBF cooling conditions. Since both 
sets of parameters resulted in fine eutectic structure, 
hardness remained unchanged [10]. 

5. CONCLUSION 

This study investigates the influence of Laser Powder 
Bed Fusion (LPBF) process parameters on the quality of 
AlSi10Mg alloy samples. Two sets of samples were 
produced using different combinations of laser power, 
scan speed, hatch spacing resulting in two energy 
densities, 39.3 J/mm3 for set I, and 50.3 J/mm3 for set II 
parameters. 

Samples manufactured with lower energy density (Set I) 
exhibited rougher surfaces, unmelted powder particles, 
and delamination between layers, indicating insufficient 
interlayer bonding and lack-of-fusion defects. Samples 
produced with higher energy density (Set II) showed 
smoother surfaces and no delamination. Microstructural 
analysis revealed typical LPBF features in both sets, 
including fine cellular Al–Si eutectic and coarse dendrite 
like grains at melt pool boundaries, with pores and 
lack-of-fusion defects present in all samples but more 
frequently in Set I samples. 

Hardness measurements showed no significant 
differences between parameter sets or measurement 
planes. Overall, the results demonstrate that LPBF 
process parameters strongly affect surface morphology 
and defect formation, while having negligible influence 
on bulk hardness. Optimizing energy density is therefore 
essential for achieving uniform microstructure, adequate 
layer bonding, and improved part quality in AlSi10Mg 
components. 
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