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Abstract

Additive manufacturing (AM) is increasingly used for producing
lightweight and complex metal components with reduced material
waste and shorter production time. Selective laser melting (SLM) is
widely employed for manufacturing AISilOMg alloy parts for
aerospace and automotive applications. In the present work, the
influence of build orientation on the microstructure and mechanical
properties of SLM-fabricated AlSilOMg alloy was investigated.
Samples were fabricated at 0°, 45°, and 90° orientations and analysed
using microstructural, density, hardness, and tensile characterization
techniques.

The microstructures revealed characteristic melt pool patterns and
laser scan tracks formed during the SLM process. Relative density
values ranged from 97.3% to 98.27%, while hardness values varied
between 126—128 HV. Tensile testing demonstrated clear anisotropic
behaviour with variation in build orientation. The 45° specimens
exhibited the highest elongation of 7.4%, whereas the 90° specimens
achieved the maximum ultimate tensile strength of 450 = 6 MPa. The
observed variations were mainly attributed to differences in melt pool
overlap and interlayer bonding. The results confirm that build
orientation significantly influences the mechanical performance of
as-built SLM AlSi10Mg alloy.

Keywords: Selective laser melting; AlSil0OMg; Build orientation; Anisotropy; Mechanical properties; Additive
manufacturing.

© 2026 The . Published by . Website: https://ijcope.org/ 1


https://ijcope.org/

o B

International Journal of Creative and Open Research in Engineering and Management  § i = }
ISSN: 3108-1754 (Online) ‘ *

Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 W"

Introduction

Selective laser melting (SLM) is a powder bed fusion-based metal additive manufacturing technique in which
metallic powder is selectively melted using a high-energy laser according to computer-aided design (CAD) data.
The process enables fabrication of near-net-shape components with complex geometries and high dimensional
accuracy [1,2]. Due to its ability to reduce material waste and produce topology-optimized structures, SLM has
gained significant attention in aerospace, automotive, biomedical, and energy industries [2].

The quality and mechanical performance of SLM-fabricated components are strongly influenced by processing
parameters such as laser power, scan speed, hatch spacing, layer thickness, and scanning strategy [3]. These
parameters affect melt pool behaviour, cooling rate, porosity formation, and residual stress development.
Improper processing conditions may lead to defects including lack-of-fusion pores, balling, keyhole defects, and
microcracks, which adversely affect component performance [4—6].

Among aluminium alloys, AlSi10Mg has attracted considerable interest due to its low density, high strength-to-
weight ratio, good corrosion resistance, and excellent thermal conductivity [7]. However, processing aluminium
alloys through SLM remains challenging because of their high thermal conductivity and laser reflectivity, which
reduce laser absorption efficiency and influence melt pool stability [8]. Rapid solidification during processing
may also promote oxide formation and gas entrapment, resulting in porosity and weak interlayer bonding [9].

Recent studies have reported that build orientation significantly influences the anisotropic behaviour of SLM-
fabricated AlSi10Mg alloys [6,11,12]. Variations in build direction affect heat flow, grain growth, melt pool
overlap, and residual stress distribution, leading to orientation-dependent changes in density, tensile strength,
hardness, and ductility. Vertical specimens generally exhibit higher tensile strength, while horizontal
orientations often show lower porosity and improved density [6,11,12].

Accordingly, the present study investigates the influence of build orientation on the density, porosity, hardness,
microstructure, and tensile properties of as-built AISi10Mg alloy fabricated by SLM without post-processing
heat treatment. Tensile specimens were fabricated in XY-0°, 45°, and Z-90° orientations. The novelty of this
work lies in the comparative evaluation of orientation-dependent mechanical behaviour and microstructural
characteristics under identical processing conditions.

2. Experimental Procedure

The tensile specimens shown in Figure 1 were fabricated using an EOS EOSINT M280 selective laser melting
system, a commercial selective laser melting machine operating with fixed processing parameters: 150 W laser
power, 1000 mm/s scan speed, 50 pm hatch spacing, and 50 um powder layer thickness. Four specimens were
produced for each build orientation. Three specimens from each orientation were used for tensile testing, while
the remaining specimen was sectioned for microstructural analysis. The samples were classified according to
build orientation as XY-0° (Batch A), 45° (Batch B), and Z-90° (Batch C), as illustrated in Figure 1.
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Figure 1 Build orientations of SLM-fabricated AlSi10Mg tensile specimens.
2.1 Characterization

Density measurements of the tensile specimens were carried out using the OHAUS EX244/AD densitometer
based on the Archimedes principle, with ethanol used as the immersion medium. The specimens were
subsequently sectioned, mounted, polished, and etched using Keller’s reagent prior to microstructural
examination with the Olympus Corporation BX51M optical microscope.

Hardness characterization was performed on the mounted specimens using a Zwick Roell Micro/Macro Vickers
hardness tester. A load of 300 g was applied, and 20 indentations were made on each sample, with the average
value reported. Tensile testing was conducted using a 20 kN Zwick Roell tensile testing machine in accordance
with ASTM E8/E8M-16a standards to determine the tensile properties of the specimens. Gas atomized
AlSi10Mg powder was used as the feedstock material for the selective laser melting (SLM) process. Gas
atomization ensures near-spherical powder morphology, good flowability, and uniform particle packing, which
are essential for achieving stable melt pool formation and consistent layer deposition during fabrication.

The powder particle size distribution was in the range of 20—63 um, which is suitable for powder bed fusion-
based additive manufacturing processes. The powder was supplied by a commercial SLM material. The powder
was used in the as-received condition without any additional treatment. The chemical composition of the
AlSi10Mg powder is presented in Table 1.

Table 1 The chemical composition of the AISi10Mg powder

Element Si Mg Fe Al

wt.% 9-11 0.2-0.45 <0.55 Balance

3. Results and Discussion

3.1 Density and Porosity Analysis

The density and porosity results of the SLM-fabricated AISil0OMg specimens produced with different build
orientations are presented in Table 2. The measured densities for all orientations were comparable and consistent
with the literature value of 2.67 g/cm?® reported for commercially manufactured AlSil10Mg alloys [3]. Among
the investigated orientations, Batch A (XY orientation) exhibited the lowest porosity levels and consequently
the highest relative density. In contrast, Batch C (Z orientation) showed the highest porosity content.
Nevertheless, the porosity values ranged from 1.73% to 2.70%, corresponding to relative densities between
97.3% and 98.27%, which are comparable to previously reported as-built SLM AlSi10Mg components reported
in the literature [4,6].

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/ 3


https://ijcope.org/

o B

International Journal of Creative and Open Research in Engineering and Management it} I
ISSN: 3108-1754 (Online) ‘ *

Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 w«y

Although several studies have investigated the influence of build orientation on SLM-fabricated AlISil0Mg
alloys, inconsistencies remain regarding the relationship between porosity evolution, melt pool morphology, and
tensile behaviour in as-built conditions without post-processing treatment. Furthermore, comparative evaluation
of density, microstructure, hardness, and tensile behaviour under identical processing conditions remains limited.

Table 2 Properties of SLM -produced sample in different orientations

Build Orientation | Density (g/cm?) | Porosity (%) | Relative Density (%) | Hardness (HV)
A (XY /0°) 2.624 +0.023 1.73 £0.85 98.27 +0.85 127 £0.635
B (45°) 2.617+0.014 2.00 £0.52 98.00 = 0.52 128 £0.641
C(Z/90°) 2.598 +0.032 2.70+£1.21 97.30 £ 1.21 126 £ 0.630

For clarity on the porosity results observed in table 2, the microstructures of the samples were analysed to
determine the presence of pores on the internal surfaces of the samples.

3.2 Microstructural analysis

The scanning direction microstructures of the SLM samples produced in different orientations are presented in
Figure 2. The images of Batch A at different magnifications (Figure 2a & d) show microstructures consistent
with the laser scan pattern formed during the SLM process. This scale-like morphology has also been reported
previously [1]. The scanning pattern sizes in Figure 2a were measured using ImageJ and were found to be 50—
90 um in height and 120-330 pm in width. At higher magnifications, Figure 2d shows the presence of cellular
and dendritic growth within the grain structure. Similar cellular and dendritic microstructures have also been
reported previously [1,4,17], which were attributed to eutectic silicon particles located along grain boundaries.
The pores (dark regions corresponding to pores on the microstructure) in this sample were scattered and were
not observed in all tracks. Previous studies on SLM-processed AlSi10Mg samples also reported different types
of pores located at melt pool boundaries, resulting from entrapped gases, oxides, or evaporated powder particles
[9,10].

The microstructures of Batch B samples (Figure 2b & ¢) also showed a laser scan pattern, although in this case
the grains were oriented diagonally relative to the laser scan path. The scan pattern sizes were measured as 28—
156 pm in height and 113-344 um in width, and pores were observed on nearly every track including grain
boundaries. Figure 2b & e showed dendritic growth near the boundaries and cellular growth within the structural
morphology. The high cooling rate associated with SLM promoted refinement of the microstructure and limited
the formation of coarse dendrites while promoting the formation of fine cellular microstructures [1,4,8].

A scale-like pattern similar to Batch A was also observed in Figure 2¢ & f for Batch C. The scan pattern sizes
were measured as 50—135 um in height and 140-248 um in width. Pores were clearly observed in this structure,
particularly in Figure 2c. These pores may have resulted from undissolved powder particles or insufficient
overlap between scan tracks. Spherical pores are generally associated with trapped gases, oxides, or evaporated
powder particles. Similar pore formation inside melt pools has also been reported previously [6]. The porosity
observed in the microstructures is consistent with the porosity values obtained using the Archimedes method
presented in Table 2, where the Z orientation exhibited the highest quantified porosity and visible pore
concentration.
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Figure 2. Microstructure of the SLM produced AlSi10Mg samples in various orientations, (a & d) XY, (b
& €) 45°, and (¢ & f) Z orientations. (Images are presented at low and high magnifications, respectively)

3.3. Mechanical properties analysis

The hardness measurements are presented in Table 2, where the values obtained varied from 126—128 HV, which
were relatively higher than previously reported values of 92 = 5 HV for SLM-produced AlSi10Mg parts [3]. The
hardness values were similar and showed only slight variation with changes in build orientation. Tensile tests
were performed on the samples as shown in Figure 3 in order to determine the effect of build orientation on the
mechanical properties of the fabricated parts. Typical stress—strain curves were obtained for all samples.

The elastic modulus for Batch A was 83 GPa, which was higher than the commonly reported elasticity of
AlSi10Mg alloy (70 GPa) [5]. Elastic deformation was observed up to approximately 2.4 mm extension,
withstanding stresses below 264 MPa before fracture occurred near 5 mm extension at stresses below 442 MPa.

The modulus of elasticity for Batch B was 82 GPa, which was also higher than commonly reported values.
Elastic deformation was observed up to approximately 3.8 mm extension, withstanding stresses below 268 MPa
before fracture occurred below 7 mm extension at stresses below 462 MPa. This behaviour may be associated
with orientation-dependent porosity and weaker interlayer bonding characteristics. Previous investigations on
porous aluminium alloys fabricated by additive manufacturing also reported unstable stress behaviour
characterized by peaks and troughs during deformation [15]. The higher elastic modulus values observed for
Batches A and B may be associated with residual stresses, localized densification effects, or experimental
limitations associated with extension-based strain measurements during tensile testing.

The modulus of elasticity for Batch C was 71 GPa, which was close to the expected elasticity of A1Sil0Mg alloy
(70 GPa). Elastic behaviour was observed up to approximately 2 mm extension, withstanding stresses below
244 MPa before fracture occurred below 5 mm extension at stresses below 450 MPa.
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The average ultimate tensile strength (UTS) values obtained from triplicate measurements are presented in
Figure 4a. The highest UTS was obtained for Batch C at 450 = 6 MPa, while Batch A showed the lowest UTS
value of 442 + 4 MPa. These values are comparable to previously reported UTS values for selective laser
sintering processed AlSil0Mg alloys (approximately 442 MPa) [5], and higher than stress-relieved SLM-
produced AlSi10Mg alloys (272 MPa) [5] and cast A357 aluminium alloy (388 MPa) [5].

Figure 4b presents the elongation values obtained for different build orientations. Batch B exhibited the highest
elongation of 7.4%, while Batch A showed the lowest elongation of 6.3%. These elongation values are slightly
lower than previously reported stress-relieved SLM AlSi10Mg samples (8.5%) [5] but are comparable to heat-
treated AISi10Mg fabricated by SLM (6—9%) [3], and higher than die-cast A357 aluminium alloy (5.3%). In the
present study, the highest ductility was obtained for Batch B corresponding to the 45° build orientation.

Taguchi-Based Tensile Stress vs % Strain Curves
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Figure 3. Stress-strain curves of the SLM produced AlSi10Mg samples at different build orientations
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Figure 4. Tensile stress results of the SLM produced AISi10Mg samples with build orientation and (a)
ultimate tensile strength, and (b) % elongation.

4. Conclusions

The present study investigated the influence of build orientation on the density, microstructure, hardness, and
tensile behaviour of SLM-fabricated AlSilOMg alloy. The results demonstrated significant anisotropic
mechanical behaviour associated with variations in build orientation. The XY-0° orientation exhibited the lowest
porosity and relatively stable tensile behaviour, whereas the 45° orientation showed the highest ductility. The Z-
90° orientation achieved the maximum ultimate tensile strength of 450 + 6 MPa.

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/ 6


https://ijcope.org/

o B

International Journal of Creative and Open Research in Engineering and Management  § i = }
ISSN: 3108-1754 (Online) ‘ *

Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 W"

Microstructural analysis revealed characteristic melt pool morphologies, cellular-dendritic structures, and
orientation-dependent pore distributions generated during the SLM process. The observed anisotropy was
primarily attributed to differences in melt pool overlap, grain growth direction, and interlayer bonding
characteristics. The findings confirm that build orientation plays a critical role in determining the mechanical
performance of SLM-produced AlSi10Mg components and should therefore be carefully optimized according
to specific engineering applications.
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