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Abstract  

 

In this investigation, detailed microstructural studies were performed to determine their 

influence on process parameters used in additive manufacturing of AlSi10Mg alloy. As-built 

specimen orientations and energy densities were the variable process parameters used to 

evaluate their influence on the resulting microstructures. Microstructures were characterized 

using a light microscope attached with a software for detailed analysis. Results revealed 

optimal microstructures for specimens produced with 45.4 J/mm3 global energy density 

showing cellular-dendritic microstructures. Specimens with global energy density of 

37.1 J/mm3 produced an undesirable microstructure with relatively large melt pool 

boundaries. 
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Introduction 
 

Aluminum alloys have an excellent combination of physical and mechanical properties 

that make them useful for varieties of engineering applications [1-3]. The melting practice for 

aluminum alloys can be varied to obtain microstructures to target the required static and 

dynamic properties desired in products [4, 5]. The coarse grain structures in aluminum alloys 

usually result in poor mechanical properties, due to slow cooling rates [2]. Additive 

manufactured aluminum alloy components are known to produce very fine microstructures 

contributing to improved mechanical properties [6]. Additive manufacturing of aluminum 

alloys is very complex as a result of its various inherent characteristics leading to potential 

defects in the final product. Many of the investigators [7, 8] were able to produce aluminum 

components with relatively fewer defects by choosing appropriate process parameters during 

additive manufacturing.  

The aluminum alloy used in this study has a near eutectic composition (12.5% Si) having 

varieties of engineering applications. Various investigators [9-22] have studied the 

microstructural effects of laser additive processed aluminum-silicon alloy, but the detailed 

specific analysis on microstructural constituents is limited. The aim of this study is therefore to 

characterize and provide detailed analysis for the microstructures of additive manufactured 

AlSi10Mg alloy as a function of energy densities. 

 
Experimental Procedure 

 
Aluminum Alloy Powder and Additive Manufacturing Process  

Aluminum alloy powder that was used for producing as-built test specimens had an 

average particle size of about 20 to 25 µm. During laser additive manufacturing (LAM) process, 
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the powder bed is created that rests on the build platform usually in a protective chamber, like 

in an argon gas atmosphere. Using the laser energy, the surface of the bed is heated that locally 

melts and fuses the powder in areas where solid metal is desired. After each laser exposure, 

another set of powders are brought-in and more as-built test specimens are produced. 

 

Process Variables 

Different energy density values at 37.1 J/mm3, 45.4 J/mm3, and 49.9 J/mm3, were used in 

this investigation resulting from suitably varying appropriate LAM processing variables. The 

energy density was calculated using the following equation; 

 

𝜓 =
𝑃

𝑣ℎ𝑡
 

(

(1) 

 

Where, P = Power in Watt, v = laser scan speed in mm/s, h = hatch spacing in mm, and 

t = thickness in mm, of each layer of powder. 

 

 
 

Fig. 1. Schematics of various specimen build angle orientations  

 

The schematics of as-built specimen angle orientations are shown in Fig. 1.  

 

Analysis of Microstructures 

Austenitic stainless steel specimens were etched using (separately); Kalling’s reagent 

and Villella’s reagent. LEICA DM750M optical microscope was used to investigate 

microstructures. 

 
Results and Discussion 

 
Influence of Global Energy Density (GED) on Microstructure 

Energy density at 49.9 J/mm3 

Fig. 2 shows the evidence of porosity, a solidification defect. Fig. 3 reveals a columnar 

structure with a limited heat affected zone, but lots of porosity. 

Fig. 4 shows the microstructure of the specimens with 30° orientation demonstrating a 

structure with relatively fewer solidification defects. Fig. 5 shows the microstructure at another 

location that exhibits a columnar morphology with dendritic features. 

Fig. 6 and 7 show microstructures of the specimen with 450 orientation with a coarse 

microstructure because of relatively slower rate of cooling. The porosity was minimal but 

showing a larger columnar structure. 
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The microstructure with melt pool boundaries and columnar structure with porosity, built 

at 60° orientation, are shown in Fig. 8 and 9, respectively. It may be seen in these figures that 

the columnar structure and the porosity are relatively smaller or finer. 

 

 
 

Fig. 2. Microstructure of a specimen with energy density, 

49.9 J/mm3 and 0° orientation 

 
 

Fig. 3. Microstructure of a specimen shown in Fig. 2, 

revealing porosity and columnar structure 
 

 

 
 

Fig. 4. Microstructure of a specimen with energy density, 

49.9 J/mm3 and 30° orientation 

 
 

Fig. 5. Microstructure of a specimen shown in Fig. 4, 

showing columnar structure 

 

 

 
 

Fig. 6. Microstructure of a specimen with energy density, 

49.9 J/mm3 and 45° orientation 

 
 

Fig. 7. Microstructure of a specimen shown in Fig. 6, 

showing columnar structure 
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Fig. 8. Microstructure of a specimen with energy density, 

49.9 J/mm3 and 60° orientation 

 
 

Fig. 9. Microstructure of a specimen shown in Fig. 8, 

depicting a columnar structure 
 

A very high reduction in heat affected zone can be seen in Fig. 10 for the specimen with 

60° orientation. This is attributed to optimum laser fusion of powders during melting. Again 

this aspect of the microstructure is demonstrated in Fig. 11, showing almost the absence of any 

columnar structure, but with porosity. 
 

 
 

Fig. 10. Microstructure of a specimen with energy density, 

49.9 J/mm3 and 90° orientation 

 
 

Fig. 11. Microstructure of a specimen shown in Fig. 10, 

with a columnar structure 
 

Global Energy Density at 45.4 J/mm3 

The presence of melt pool boundaries with almost the absence of porosity is 

demonstrated in Fig. 12. and Fig. 13 shows a coarse columnar microstructure of the same 

specimen at another location. 

 

 
 

Fig. 12. Microstructure of a specimen with energy density, 

45.4 J/mm3 and 0° orientation 

 
 

Fig. 13. Microstructure of a specimen shown in Fig. 12, 

reveals a coarse columnar structure 
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Fig. 14 shows the profile of melt pool boundaries suggesting the occurrence of better 

fusion between layers. Fig. 15 exhibits relatively a coarse columnar structure perhaps due to 

slower cooling rate at the boundaries between the fused layers. 
 

 
 

Fig. 14. Microstructure of a specimen with energy density, 

45.4 J/mm3 and 30° orientation 

 
 

Fig. 15. Microstructure of a specimen shown in Fig. 14, 

but a coarse columnar structure 

 

The microstructure of a 450 orientation specimen, as shown in Fig. 16, reveals a 

homogeneous microstructure but with porosity. Relatively higher amount of columnar growth 

can be seen in Fig. 17. 

 

 
 

Fig. 16. Microstructure of a specimen with energy density, 

45.4 J/mm3 and 45° orientation 

 
 

Fig. 17. Microstructure of a specimen shown in Fig. 16, 

with a coarse columnar structure 

 

 
 

Fig. 18. Microstructure of a specimen with energy density, 

45.4 J/mm3 and 60° orientation 

 
 

Fig. 19. Microstructure of a specimen shown in Fig. 18, 

with a coarse columnar structure along the melt pool 

boundaries 
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For the 600 orientation specimens, relatively modest level of porosity with melt pool 

boundaries are shown in Fig. 18. A very coarse columnar structure can be seen in Fig. 19, 

especially along the fused layers. 

For the 90° orientation specimens, as shown in Fig. 20, higher amount of porosity, due to 

slower cooling rate, can be seen. Fig. 21 shows the widely affected regions of melt pool 

boundaries. 

 

 

 
 

Fig. 20. Microstructure of a specimen with energy density, 

45.4 J/mm3 and 90° orientation 

 
 

Fig. 21. Microstructure of a specimen shown in Fig. 20, 

with a highly affected melt pool boundaries 

  

  

 
Global Energy Density at 37.1 J/mm3 

Fig. 22 reveals a microstructure with moderately fused layers (melt pool boundaries) 

showing the absence of porosity. Relatively a large heat affected zone with a coarse columnar 

structure is demonstrated in Fig. 23. 

 

 
 

Fig. 22. Microstructure of a specimen with energy density, 

37.1 J/mm3 and 0° orientation 

 
 

Fig. 23. Microstructure of a specimen shown in Fig. 22, 

with a coarse columnar structure 

 

Reduced levels of porosity and coarse columnar structure are demonstrated in Fig. 24 

and Fig. 25, respectively. 
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Fig. 24. Microstructure of a specimen with energy density, 

37.1 J/mm3 and 30° orientation 

 
 

Fig. 25. Microstructure of a specimen shown in Fig. 24, 

with a coarse columnar structure 

 

Fig. 26 reveals the presence of porosity at isolated locations closer to the fused layers. 

Relatively finer columnar structure is exhibited in Fig. 27. 

 

 
 

Fig. 26. Microstructure of a specimen with energy density, 

37.1 J/mm3 and 45° orientation 

 
 

Fig. 27. Microstructure of a specimen shown in Fig. 26, 

with relatively a finer columnar structure 

 

Fig. 28 shows the merging of fused layers as a result of insufficient hatch spacing. The 

presence of columnar structure and porosity is revealed in Fig. 29. 

 

 
 

Fig. 28. Microstructure of a specimen with energy density, 

37.1 J/mm3 and 60° orientation 

 
 

Fig. 29. Microstructure of a specimen shown in Fig. 28, 

with porosity and a columnar structure  
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Fig. 30 shows relatively a higher level of porosity and incomplete fused layers possibly 

due to low laser power used. Fig. 31 reveals higher levels of columnar growth and heat affected 

regions. 

 

 
 

Fig. 30. Microstructure of a specimen with energy density, 

37.1 J/mm3 and 90° orientation 

 
 

Fig. 31. Microstructure of a specimen shown in Fig. 30, 

with lots of columnar structure 

 

As-built microstructures of the additive manufactured aluminum alloy 

samples/components are known to be very complex with fused layers of the metal powders. 

This is attributed mainly to the faster cooling rates during laser additive manufacturing [23, 24]. 

It has already been reported [25] that the specimen build angle orientations have a huge effect 

on the resulting columnar structures. Processing parameters, especially the laser power and the 

scan speed, have been reported [26] to influence the formation of porosity in the finished 

product. By controlling the heat input/diffusion rates at fused layer zones, homogeneous 

microstructure with finer columnar structure can be obtained [27].  

 
Conclusions 

 
Microscopy studies revealed optimal microstructures for energy densities at 45.4 J/mm3 

(with 0° orientation) and at 49.9 J/mm3 (with 45° orientation) showing minimal porosity. 

Aluminum alloy specimens with energy density 49.9 J/mm3 produced relatively lesser 

heat affected zones and columnar structures. 

Specimens with energy density at 37.1 J/mm3 resulted mostly in inhomogeneous 

microstructure exhibiting coarse columnar structures. 

With regard to the build angle orientations, the 90° build angle demonstrated almost no 

heat affected zone indicative of optimum fusion between metal powder layers. 
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