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ABSTRACT  
 

Static properties, microstructure and fracture morphologies of a near-eutectic aluminium alloy produced by a laser 

additive manufacturing (LAM) method were investigated. Laser powder bed fusion process was used to 3D-print 

tensile test specimens at 0, 30, 60 and 90-degree build angle orientations, with known processing parameters. Tensile 

tests were conducted on MTS Landmark servo hydraulic Test System. Optical microscope (Leica DM750P with Leica 

application suite software) was used to determine the microstructures. SEM-LEO 1430 VP model was utilized to 

investigate the fracture surface features. Similarities and differences were present in the test results for mechanical 

properties. Namely, ultimate tensile strength, and elastic modulus for the LAM samples were found to be on par with 

that of a wrought aluminium alloy. In contrast, there was a distinct difference in yield for the wrought versus LAM. 

There were also differences in percent elongation as a function of build orientation and LAM versus wrought speci-

mens. Distinct microstructures were observed that consisted of ripples, pores, voids, and cellular structure. Fracture 

characteristics demonstrated dimple fracture surface features demonstrating a good level of toughness. 
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INTRODUCTION 
 

Laser additive manufacturing (LAM) is one of the latest innovative manufacturing technologies used to produce near 

net/net shaped industrial products [1]. LAM has been used for the last several years and is now widely used for various 

materials [2-6]. LAM is also called 3D-printing that is used for the rapid manufacturing of metal alloy components. 

In the recent past, there has been an increasing number of investigations on LAM of near eutectic Al-alloys because 

of their use as lightweight structures with complex geometries [7-9]. Near eutectic aluminium alloy (AlSi10Mg) is a 

traditional cast alloy that is typically produced by die-casting. This alloy has been extensively used in the aircraft, 

aerospace, and automotive industries due to their very good combination of mechanical properties. It has good weld-

ability because of its near eutectic composition of aluminium and silicon. Its age hardening effect is enhanced by the 

addition of magnesium element. There are quite a few literatures specifically discussing the effect of microstructure 

on processing parameters of SLM-fabricated near eutectic aluminium alloy [10-12]. A few of the recent literatures 

specific to the Aluminium based alloys are discussed [13-17].  

 

Earlier work [18-22] focused mainly on experimental device design and fabrication parameter optimization. There has 

been limited work regarding the mechanical performance and fracture behaviour of as-deposited/as-built components 

[23]. The authors of the present investigation have presented a technical paper on an additively manufactured 316L 

stainless steel in a recent conference [24]. 

 

The objective of the present investigation is to evaluate tensile properties, microstructure, and fracture morphologies 

of a near eutectic aluminium alloy, as a function of material build angle orientation, produced by laser additive man-

ufacturing process. Also, the results of the LAM produced specimens are compared with that of the wrought alumin-

ium alloy. 
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MATERIALS AND METHODS 

Material and LAM Processing 

The material used is near eutectic aluminium alloy with the following composition (wt. %); Si: 10%, Mg: 0.25%, Al: 

balance. LAM processing parameters used in this investigation are; Hatch spacing: 0.19 mm; Laser power: 350 W; 

Laser scan speed: 1150 mm/s; and Energy density: 1.6 J/mm2. Figure 1 (a) shows the build direction and the sectioning 

orientation of the specimen and (b) reveals the build angle orientations of the test specimens at 00, 300, 600, and 900. 
 

Tensile Test 

Tensile test was performed using an MTS Landmark servo hydraulic Test System that determines the material’s tensile 

properties by producing a stress-strain curve. The diameter of the reduced section was 8.9 mm and the gage length 

was 35.6 mm. The tests were carried out as per the ASTM E8/E8M standard. Tensile properties, namely; elastic 

modulus, yield strength, and tensile strength were evaluated.  
 

Microstructure Characterization 

Microstructures of near eutectic Aluminium alloy were investigated using Leica DM750P optical microscope with 

Leica application suite software. The samples were etched using Keller’s reagent (95 ml distilled water, 2.5 ml HNO3, 

1.5 ml HCl, 1.0 ml HF). 
 

Investigation of Fracture Modes 

Both LAM and wrought samples were examined using a LEO 1430VP scanning electron microscope. 

   
(a) 

 
(b) 

 
Fig. 1(a) Build Direction and Sectioning Orientation, (b) Build angle in relation to build plate 

 

RESULTS AND DISCUSSION 

Stress-Strain Behaviour 

The stress-strain behaviour of the wrought and near-eutectic additive manufactured aluminium alloy is presented in 

Figure 2. All the specimens were tested at a strain rate of 10-2 per second. The mechanical properties of additively 

manufactured aluminium alloy, with the exception of yield strength and % elongation, were on-par with that of the 

wrought alloy.  
 

Influence of Specimen Build Angles on Elastic Modulus 
The average elastic modulus of wrought and LAM processed samples are presented in Figure 3 and they are deter-

mined to be almost the same. The specimen build angles do not seem to have any effect on the elastic modulus of the 

additively manufactured aluminium alloy. 

 

Influence of Specimen Build angle on Yield Strength 
Figure 4 shows the variation of average yield strength with different specimen orientations and they are observed to 

be almost on par with each other only for the 3D printed specimens. Again, the specimen build angles have no effect 

on the yield strength of near-eutectic aluminium alloy printed specimens.  But, as seen in the Figure 1, individual 

specimen stress-strain results, the wrought specimens did not yield in the same manner. 
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Fig. 2 Stress-strain behaviour of a near-eutectic and wrought aluminium alloy 

 

 
Fig. 3 Average elastic modulus for SLM and wrought tensile specimens (error bars represent one standard deviation) 

 

 
Fig. 4 Variation of yield strength with specimen build orientation 
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Fig. 5 Variation of UTS with specimen build orientation 

 

 
Fig. 6 Percent elongation as a function of specimen build angle 

 

Effect of Specimen Build Angle on Ultimate Tensile Strength  
Average UTS variation with specimen orientation is presented in Figure 5. As in the case of elastic modulus, ultimate 

tensile strength also was on par with that of the wrought samples with almost no effect on specimen build angles. 
 

Finally, Figure 6 presents the specimen’s average elongation at failure.  The lower % elongation of LAM samples is 

attributed to their very fine microstructures in comparison to that of a wrought alloy.  The decreasing trend within the 

LAM specimens may be attributed to orientation, due in part to the LAM heterogeneous microstructure.   

 

Microstructure analysis 

Figure 7 and Figure 8 demonstrate the microstructures of wrought and LAM processed Al alloy samples. These mi-

crostructures are distinctly different as they show Al-Si-Mg precipitates and melt pool network structure for the 

wrought and the 3D-printed ones, respectively.  

 

Figure 7 demonstrates cross section of laser scan tracks or melt pools of different laser scanned layers including the 

overlapping of melt pools. The dimensions of the melt pools depend on the laser power and hatching distance selected 

during SLM process. These microstructures appear very similar to that of weld fillets. It reveals a fine crystalline 

structure formed due to rapid solidification of thin layers built upon previously solidified layers [25]. Void/porosity is 

clearly visible on these microstructures. It is evident that the additive manufactured aluminium alloy has a heteroge-

neous microstructure as opposed to that of a homogeneous structure of the wrought alloy. 
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Fig. 7 Al-Si-Mg precipitates (appear as the black features) in an aluminium matrix of a wrought alloy  

 

 
Fig. 8 LAM processed Al alloy demonstrating melt pool boundaries (ripples) and porosity defects (black features) 

 

Fracture modes 

Figures 9 and 10 reveal the fracture surface features of wrought and LAM processed aluminium alloys, respectively. 

Both wrought and LAM processed samples showed predominantly a ductile type fracture consisting of characteristic 

features like voids, dimples and ductile ridges [23]. 
 

 
Fig. 9 Wrought tensile specimen demonstrating primarily ductile features 
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Fig. 10 LAM processed tensile specimen with dominant ductile fracture surface features 

 

CONCLUSIONS 

 

 The yield strength for the 0°, 30°, 60°, and 90° orientations in LAM samples are almost on par with each other but 

not with that of the wrought alloy.   

 The ultimate tensile strength for the 0°, 30°, 60°, and 90° orientations in LAM samples are similar with that of the 

wrought alloy.  

 The microstructure of additive manufactured AlSi10Mg alloy demonstrated heterogeneous structure. It contained 

overlapping weld pools with varying grain sizes due to the large temperature gradients from laser melting process 

versus predominantly homogeneous microstructure for the wrought specimen. 

 The fracture surfaces of the additive manufactured (LAM) tensile specimens showed predominately ductile fracture 

characteristics for all build orientations similar to the wrought specimen features.   
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