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Abstract: The microstructure and mechanical properties of AlSi10Mg aluminum alloy sheets produced by additive 
manufacturing method were revealed. It was clearly observed that the microstructure consisted of weld pools separated by 
boundaries. Furthermore, a small number of distributed pores with diameters ranging from 35 µm to 5 µm were detected in the 
microstructure. A few small-sized pores are a sign of good production. Vickers microhardness of the produced AlSi10Mg alloy 
was measured to be average 126.625 HV. Additionally, its tensile strength and three-point bending strength value were found 
to be 433 MPa and 548 MPa, respectively. The tensile fracture surface had many small and deep dimples while three-point 
bending fracture surface also possessed dimples, however, bigger and shallower compared with that of tensile fracture. 
Therefore, the tensile and three-point bending tests showed a reasonable ductile fracture behavior. 
 
Key words: Additive manufacturing, AlSi10Mg aluminum alloy, microstructure, microhardness, tensile strength, three-point 
bending strength. 
 

Eklemeli İmalat Tekniğiyle Üretilen AISi10Mg Alüminyum Alaşımlı Plakaların Özellikleri 
 
Öz: Eklemeli imalat yöntemi ile üretilen AlSi10Mg alüminyum alaşımlı levhaların mikroyapı ve mekanik özellikleri ortaya 
çıkarıldı. Mikro yapının, sınırlarla ayrılmış kaynak havuzlarından oluştuğu açıkça gözlemlenmiştir. Ayrıca, mikro yapıda 
çapları 35 µm ile 5 µm arasında değişen az sayıda dağınık gözenek tespit edilmiştir. Birkaç küçük gözenek, iyi bir üretimin 
işaretidir. Üretilen AlSi10Mg alaşımının Vickers mikro sertliği ortalama 126,625 HV olarak ölçülmüştür. Ayrıca, çekme 
dayanımı ve üç noktalı eğilme dayanımı değerleri sırasıyla 433 MPa ve 548 MPa olarak bulunmuştur. Çekme kırılma yüzeyinde 
çok sayıda küçük ve derin çukur bulunurken, üç noktalı eğilme kırılma yüzeyinde de çukurlar bulunmaktaydı, ancak bu çukurlar 
çekme kırılmasına kıyasla daha büyük ve daha sığdı. Çekme ve üç nokta eğme testleri makul bir sünek kırılma davranışı 
göstermiştir. 
 
Anahtar kelimeler: Eklemeli imalat, AlSi10Mg alüminyum alaşımı, mikroyapı, mikrosertlik, çekme dayanımı, üç nokta eğme 
dayanımı. 
 
1. Giriş 
 

Aluminum (Al) alloys are widely used in the aerospace, automotive, and transportation sectors because of 
their outstanding properties [1,2]. AlSi10Mg is a typical Al alloy that has grown in popularity in a variety of 
industries, including aerospace, transportation, and equipment production because of its characteristics, such as 
high strength/weight ratio, low thermal expansion coefficient, and good resistance to corrosion and wear [3-6]. 
AlSi10Mg is a typical traditional-cast aluminum alloy [7]. Nevertheless, the AlSi10Mg alloy produced through 
conventional casting has issues with coarse structure, low strength, and a mismatch between strength and plasticity, 
which restricts its potential for further development and use in specific service conditions [8,9]. Also, it is 
challenging to produce AlSi10Mg with complicated geometries to meet the requirements using traditional 
techniques [10,11]. Additive manufacturing (AM), also known as three-dimensional (3D) printing, can fabricate 
complex components for use in the aerospace, medical, and automotive sectors [12-15]. AM has been rising 
steadily in popularity recently since it can cope with difficulties with traditional manufacturing techniques, based 
on the direct fabrication of near-net form components from three-dimensional (3D) models without needing a tool 
[16]. AM technology gave industries previously unthinkable opportunities to make components with intricate 
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freeform geometries, which are extremely challenging or impossible to achieve using traditional manufacturing 
methods [17,18]. Laser powder bed fusion (LPBF), one of the AM processes, can produce three-dimensional 
products directly from a computer-aided design (CAD) file [19,20]. LPBF is one of the most attractive processes 
for creating intricate metal parts with high geometric precision among the AM methods [21]. As the weldability 
of AlSi10Mg is good, LPBF has gained popularity for fabricating AlSi10Mg components owing to its superior 
sample shaping precision and resolution and also its ability to produce finer features and smoother surface finishes 
[22,23]. AlSi10Mg has distinctive microstructures and mechanical characteristics due to the high cooling rate and 
temperature gradient during LPBF [24]. According to Kempen et al. [25], the fine microstructure of the AlSi10Mg 
parts produced by LPBF results in greater levels of hardness, tensile strength, and elongation when compared to 
their cast equivalents. According to Aktürk and Korkmaz [26], products produced using AM are more 
homogeneous than their casting counterparts, resulting in higher yield and rupture strengths. The key factors 
contributing to this homogeneity are the particle size and the mixing ratio of the powder mixture. Accurately 
determining the composition of the materials used in additive manufacturing is crucial, as it directly impacts the 
final product. According to Read et al. [27], AlSi10Mg has a noticeably longer rupture lifetime when it is made 
using the ideal LPBF process settings. In addition, since AlSi10Mg produced by the AM exhibits excellent 
mechanical properties at high temperatures, it offers a lot of promise for use in a variety of applications over a 
broad temperature range [28,29]. It is reported that the AlSi10Mg composite made via LPBF showed improved 
tensile strength at higher temperatures [30]. Kartal [31] studied the optimization of production parameters to obtain 
the best mechanical properties of 3D printed parts from a Polylactic Acid (PLA) and Walnut Shell Composite via 
the Taguchi method. It was concluded that the deposition angle was the most effective parameter. The primary 
benefit of 3D printers is their ability to easily and efficiently design and manufacture extremely complex structures 
that are impossible to produce using CNC machines. The usage of 3-D printer technology has begun to spread 
across several industries, including aerospace and agriculture. The engineering and scientific world in the realm 
of electromagnetics are also drawn to 3-D printed materials [32]. The use of additive manufacturing method is 
increasing day by day and determining the production parameters and mechanical properties of the produced parts 
is becoming increasingly important [33]. With the development of metal AM technology, direct part production 
has become easier, which is a significant advantage to produce metal parts used in rail systems. To build a smart 
railway line, AM should be adopted in the railway industry and its usage potential should be increased [34]. It's 
clear that AM will become an increasingly important part of our lives in the future. This technology will eliminate 
the need for large-scale production in facilities located in just a few locations; parts can be manufactured across a 
much wider geography. It's not unreasonable to imagine a future where organs will be printed in hospitals, and 
additive manufacturing technology systems will allow everyone to print the parts they need at home, particularly 
with personalized production [35]. 
 
2. Material and Method 

 
AlSi10Mg aluminum alloy powder with a diameter ranging from 20 to 63 μm was used to produce AlSi10Mg 

alloy plates. The scanning electron microscope (SEM) image of the AlSi10Mg powder is shown in Figure 1. 
Energy Dispersive Spectrometry (EDS) elemental weight percentage analysis was carried out, and the obtained 
result is given in Figure 2. Accordingly, 87.51 percent Al, 11.82 Si, 0.39 Mg, and 0.27 Fe were found by weight. 
AlSi10Mg aluminum alloy consists mostly of Al, Si and Mg. Generally, AlSi10Mg contains 89-91% Al, 9-11% 
Si and 0.2-0.45% Mg. The base metal, Al, provides lightness and corrosion resistance [36]. Si provides good 
fluidity and castability, as well as increasing strength and hardness. Mg increases strength through solid solution 
strengthening and precipitation hardening. Small amounts of Fe are also present as an impurity element. Fe, tighter 
control over composition allows this alloy powder to achieve better consistency in final part properties [37]. Fe is 
kept low to maintain ductility and corrosion resistance [36]. TESCAN model MIRA 3 machine was used for SEM 
and EDS analysis. Ermaksan model laser powder bed fusion additive manufacturing machine was utilized for 
manufacturing AlSi10Mg plates as seen in Figure 3. 2 mm thick, 60 mm wide and 100 mm length AlSi10Mg alloy 
plates were produced by using the parameters of layer thickness = 30µm, hatch distance (offset) = 100µm, laser 
spot diameter = 85 µm, scanning speed (laser speed) = 800 mm∙s-1and laser power = 320W. The manufacturing 
process of the AlSi10Mg plates by selective laser melting (SLM) method and manufactured AlSi10Mg plates are 
shown in Figures 4 and 5, respectively. No heat treatment was carried out after manufacturing AlSi10Mg plates. 
The microstructure of the AlSi10Mg aluminum alloy was attained by INVERTED MICROSCOPE SOIF Optical 
Instruments MDS400 after sanding with up to 2500 grit sandpaper and polishing with broadcloth diamond 
suspension in Figure 6. The Vickers microhardness of AlSi10Mg aluminum alloy was measured from the polished 
piece with a METKON DUROLINE-M brand tester under 300 grams load and 10 seconds waiting conditions. The 
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tensile test specimen of AlSi10Mg alloy was produced according to ASTM 8E standard as shown in Figure 7. The 
tensile and three-point bending tests of AlSi10Mg alloy were performed on the SHIMADZU model tester having 
a maximum 50 kN load using 0.5 mm∙min-1 tension and compression speed at room temperature. The fracture 
surfaces of the tensile and three-point bending tests of AlSi10Mg alloy were examined with SEM analysis. 

 

 
 

Figure 1. SEM photo of the AlSi10Mg aluminum alloy powder. 
 

 

 
 

Figure 2. AlSi10Mg alloy powder EDS analysis result. 
 

 
 

Figure 3. Laser powder bed fusion additive manufacturing machine. 
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Figure 4. The manufacturing process of the AlSi10Mg aluminum alloy plates. 
 

 
 

Figure 5. The manufactured AlSi10Mg aluminum alloy plates. 
 

 

 
 

Figure 6. Sandpapered and polished piece of the AlSi10Mg aluminum alloy plate. 
 

 
Figure 7. Tensile specimen of the AlSi10Mg alloy. 
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3. Results and Discussion 
 
3.1. Microstructural analysis 
 

As seen in Figure 1, AlSi10Mg aluminum alloy powder consists of particles with spherical and smooth 
surfaces. According to [38], the spherical form of the particles and their smooth surfaces would aid in achieving 
superior fusibility and flowability while making plates with laser melting. Figure 8 illustrates optical microscope 
images taken from the building direction surface of the AlSi10Mg alloy plate. Weld pools and their boundaries 
can be clearly seen. Very few pores were detected particularly on the weld pool boundary. Pore diameters were 
measured and found to vary between 35 µm and 5 µm, but only a few large pores were determined. The absence 
of many pores is an indication of quality manufacturing. Owing to inadequate energy density [39] and inferior 
overlap of melt pools (scan tracks) [40], defects, particularly pores because of lack of fusion, are present in the 
manufacturing of AlSi10Mg by LPBF. The pores of lack of fusion show preferred orientations in contrast to gas 
pores [41]. Fritsche et al. [42] also detected lack of fusion defects and pores in the AlSi10Mg produced by LPBF. 
According to [43], during LPBF, pores can easily develop and deteriorate the material’s mechanical characteristics. 
 

 
 

Figure 8. Microstructure of the AlSi10Mg alloy. 
 
3.2. Microhardness analysis 
 

Figure 9 shows the microhardness graph of AlSi10Mg alloy obtained by applying 15 microhardness 
measurements. The AlSi10Mg alloy was found to have an average hardness value of 126.625 HV. Kempen et. al. 
[25] produced AlSi10Mg alloy by the AM and determined its microhardness as 127 HV. 
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Figure 9. Microhardness of the AlSi10Mg alloy. 
 
3.3. Tensile and three-point bending strength analysis 
 

The tensile strength of the AlSi10Mg alloy was obtained and presented in Figure 10. AlSi10Mg alloy had a 
tensile strength of 433 Mpa, an elongation of 2.074 mm, and an elongation of 13.3 %. Kempen et al. [25] found 
the tensile strength of AlSi10Mg alloy approximately 400 Mpa. According to Kempen et al. [25], the hardness and 
strength of AlSi10Mg alloy manufactured by AM were higher than that of AlSi10Mg alloy produced by the 
traditional casting. Li et al. [44] produced AlSi10Mg alloy through the AM process and found its tensile strength 
as 454 Mpa. Chu et al. [45] used powder sizes 16 μm and 76 μm to produce AlSi10Mg alloy via the AM. The 
AlSi10Mg alloy produced with 16 μm powder had a tensile strength of 470 MPa, while 428 MPa was attained 
with 76 μm powder. The tensile strength value of the AlSi10Mg alloy attained in this study is consistent with other 
studies. According to the [46] study, the tensile strength and microhardness of the AlSi10Mg alloy manufactured 
via the AM are higher than that of the AlSi10Mg alloy fabricated by casting. According to Gökdağ and Acar [47], 
while the hardness value is proportional to the cooling rate, it is inversely proportional to the energy density. 
 

 
 

Figure 10. Tensile strength of the alsi10mg alloy. 
 

To further assess the mechanical properties of the AlSi10Mg aluminum alloy fabricated by the AM, three-
point bending test was conducted. The three-point bending strength of the AlSi10Mg aluminum alloy is in Figure 
11. The support span is 28 mm, and the sample thickness, width, and length are 2.35 mm, 3.75 mm, and 45 mm, 
respectively. The three-point bending strength of the AlSi10Mg alloy was found to be 548 MPa. 
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Figure 11. Three-point bending strength of the AlSi10Mg alloy. 
 
3.4 Fracture surface 
 

Figure 12 indicates the fractured tensile specimen of AlSi10Mg alloy in the tensile test and the SEM 
photograph of the fracture surface. As seen in Figure 12a, the tensile sample broke at an angle of approximately 
45 degrees. Some small pores mostly circular were detected with the size of 1.5-5.5 µm in diameter at the fracture 
surface (Figure 12b). Since the number of pores is low and their sizes are small, it is assumed that they do not have 
a significant negative effect on tensile strength. Moreover, many tear ridges were observed on the fracture surface 
(Figure 12b). In addition, it is clear that the fracture surface consists of many fine equiaxed dimples with a size 
ranging between 0.39 and 0.78 µm in diameter, showing ductile fracture (Figure 12c). Consequently, the tensile 
fracture exhibited mainly a ductile type of plastic fracture features. Line et al. [48] also produced AlSi10Mg Alloy 
by SLM-type additive manufacturing and found that the tensile fracture surface was composed of numerous 
dimples indicating ductile mode fracture. 
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Figure 12. Tensile fracture surface. 
 

Figure 13a and b show the photograph of the fractured three-point bending specimen and its SEM fracture 
surface image, respectively. As seen in Figure 13a, the three-point bending specimen broke at almost 90 degrees. 
It can be seen from Figure 13b that the three-point bending fracture surface consisted of many dimples, but larger 
and shallower compared to that of the tensile fracture in Figure 12c. This means that less ductile and less plastic 
fracture occurred compared to the tensile fracture. From 10 and 11, it can be seen that the elongation in percentage 
for tensile tests is about 13, and for three-point bending is 7. The size of dimples is ranging between 0.47 and 1 

a)  

b)  

c)  

Dimples  

Tear ridges  

Pores  
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µm in diameter. Furthermore, a few pores can be seen at the fracture surface in Figure 13b. Since there are a few 
pores detected at the fracture area, it can be said that pores had no significant effect on the fracture strength. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 13. Three-point bending fracture surface. 

 
4. Conclusions 
 

AlSi10Mg aluminum alloy was successfully produced by Selective laser melting of laser powder bed fusion 
of additive manufacturing. The microstructure and mechanical properties of the produced AlSi10Mg were revealed 
and presented below. 

 
1. AlSi10Mg alloy was fabricated with very little porosity, meaning that the production parameters used were 
successful. 
 
2. The average hardness value of the produced AlSi10Mg alloy was determined to be 126.625 HV, tensile strength 
as 433 Mpa and three-point bending strength as 548 MPa. 

a)  

b)  

Pores 

Dimples  
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3. The tensile fracture surface of the produced AlSi10Mg alloy consisted of many small dimples indicating ductile 
plastic fracture.       
 
4. The three-point bending fracture surface was also comprised of dimples, but larger and shallower compared to 
the tensile fracture surface, indicating less ductile and plastic fracture. 
 
5. In this study, some pores were detected in the microstructure of additively manufactured AlSi10Mg alloy parts, 
therefore, studies can be conducted on optimizing the production parameters or developing new methods to 
minimize this porosity defect and improve mechanical properties.    
 
6. As a result of this study, it can be said that it is possible to produce AlSi10Mg alloy parts effectively using the 
additive manufacturing method. Since the AlSi10Mg alloy exhibits good strength and weight reduction properties, 
more efficient, complex-shaped housings, load-bearing and non-load-bearing structural components, etc. can be 
produced from the AlSi10Mg alloy for air and land vehicles by the additive manufacturing method.  
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