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ABSTRACT 

Due to the large energy input during the laser powder bed fusion process, some elements 
of metal alloy will reach vaporisation temperature. Significant differences between the volatility 
of various elements in the alloy may change the chemical composition after manufacturing. This 
study used this preferential evaporation effect to control the final composition to a targeted value, 
potentially for alloy and component tracing. Different laser process parameter sets were studied, 
and the mechanical properties changes associated with various compositions were investigated. 

Keywords: Laser Powder Bed Fusion (L-PBF), Preferential Evaporation, Chemical Composition, 
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1. INTRODUCTION

Additive manufacturing (AM) processes are an emerging technology that allows the 
fabrication of geometrically complicated components through the layer-by-layer building method 
[1]. One popular AM process, laser powder bed fusion (L-PBF) offers a novel route to 
manufacturing metal components for a variety of industries, such as aerospace, automotive, 
medical and defence. In the L-PBF process, thin layers of powder are deposited onto a build 
platform by a recoater, and a focused laser beam is used to consolidate the powder (through 
welding). When one layer is finished, a new layer of powder is applied, and the process is repeated 
until a 3D part is fabricated [2]. During the L-PBF process, a high temperature melting pool is 
introduced, and can cause substantial vaporisation of various volatile elements such as Lithium, 
Magnesium, Aluminium and Zinc [3]. When laser contacts the metal powder, these elements’ high 
vapour pressure and low boiling temperature lead to their vaporisation [4]. These evaporative 
losses of the elements depend heavily on the maximum temperature inside the melting pool and 
the temperature-dependent vapour pressure of the constitutive elements [5], therefore, laser 
scanning parameters, which result in various laser energy densities, are essential factors in such 
cases [6,7]. 

When there is a significant difference between the boiling temperature of various elements 
in the metal alloy, the selective vaporisation of volatile elements may result in changes in the 
overall chemical composition. This observation has been documented during the L-PBF process 
of various aluminium-containing alloys, such as titanium aluminides [7-11] and Ti6Al4V [12]. 
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Under certain laser scanning parameter sets, the loss of Al can reach up to 8 at.% (atomic ratio) 
[11]. 
 
 In non-aluminium containing alloys, similar selective evaporation is also observed, 
including the elemental loss of chromium [13] in L-PBF of Inconel 718, and nickel [14] in NiTi 
alloys. 
 
 In this paper, AlSi10Mg was studied for possible selective evaporation effect. Main laser 
scanning parameters, such as laser power, scanning speed and hatch distance were modified to 
offer different energy densities; and the chemical composition changes and fabricated parts’ 
quality were investigated.  
 
 

2. MATERIALS AND METHODS 
 

2.1 AlSi10Mg powder 
 
 AlSi10Mg is one of the widely used aluminium alloys in the metal AM industry, having 
low density and excellent weldability. AlSi10Mg components can be manufactured by L-PBF with 
low shrinkage, good dimensional accuracy, and high thermal conductivity [15, 16].  
 
 The AlSi10Mg powder used in this study was commercially available and sourced from 
Carpenter Additive® (Carpenter Additive (UK) Ltd, Widnes, UK). The nominal chemical 
composition with each element’s boiling temperature and weight percentage are listed in Table 1.  
 
 The main aim of this study was to control the chemical composition to a targeted value 
using the potential preferential evaporation effect. Magnesium was selected as the target element, 
as it has significantly lower boiling temperature compared with the other elements, especially 
lower than the main elements aluminium and silicon. Magnesium also has sufficient wt.% in the 
AlSi10Mg alloy to be able to detect, adjust and trace. Zinc has lower boiling temperature than 
magnesium, but its potential wt.% adjusting range is insufficient for this study. 
 
 The initial Mg content of the AlSi10Mg powder was measured using Energy-dispersive X-
ray spectroscopy (EDX) analysis (Hitachi TM3030Plus Tabletop Microscope) and was found to 
be 0.44±0.01 wt.%, which is at the upper end of the nominal composition (Table 1).  
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Table 1. Chemical composition of AlSi10Mg and each element's boiling temperature [17-
19] 

Element 
Boiling 

Temperature 
(°C) 

Nominal 
Chemical 

Composition 
(wt.%) 

Measured 
Chemical 

Composition 
(wt.%) 

Al 2470 Balance 89.67±0.04 

Si 3265 9.00-11.00 9.75±0.03 

Mg 1090 0.20-0.45 0.44±0.01 

Zn 907 0.10 - 

Pb 1749 0.05 - 

Mn 2061 0.45 - 

Cu 2562 0.05 - 

Sn 2602 0.05 - 

Ni 2730 0.05 - 

Fe 2861 0.55 0.14±0.03 

Ti 3287 0.15 - 

 
2.2 Fabrication parameters 

 
 It is likely that the selective evaporation effect in the L-PBF of metal alloys is linked to the 
maximum temperature inside the melting pool and the total exposure time near the maximum 
temperature [5]. Laser energy density (LED), controlled by laser scanning parameters, determines 
the melting pool temperature in the L-PBF process. Therefore, a series of laser scanning parameters 
were developed to control the weight percentage of Mg in the fabricated samples. Main laser 
scanning parameters – laser power, scanning speed and hatch distance were adjusted, grouped, and 
listed in Table 2. LED for each parameter set was calculated and listed in Table 2. The parameters 
used in this study were extended out of the optimised process window, with the highest energy 
density 377.55 J/cm2 was more than 4 times the lowest energy density 84.67 J/cm2. This design of 
experiments (DOE) was developed to achieve a wide range in wt.% of Mg in the final samples. 
Also, the parameter sets were devised to assess the effect of maintaining two parameters constant 
and effecting an energy density change by varying the rest one parameter, thus investigating the 
effect on the Mg level, if any, of ‘how’ the energy density was delivered. The layer thickness was 
set constantly at 30 μm. Each parameter set was repeated once in the same build. 
 
 Solid cylinders 30 mm in diameter and 20 mm in height were manufactured by EOS 
EOSINT M 280 metal 3D printer. The size and the shape of the samples allow easy polishing and 
chemical composition measurement. The samples were built directly on the building platform with 
no support structures. After the build, the samples were removed from the building platform by 
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Wire-cut Electrical discharge machining (EDM) (Excetek V650G). No heat treatment nor any 
other post processes were performed. 
 

Table 2. Process parameters used for fabricating AlSi10Mg samples, grouped by laser 
scanning parameters adjusting methods 

Variability  
Hatch distance 

(mm) 
Scanning 

speed (mm/s) 
Laser power 

(W) 
LED (J/cm2) 

Hatch distance 

0.14 1300 370 203.30 

0.19 1300 370 149.80 

0.24 1300 370 118.59 

Laser powers 

0.19 1300 330 133.60 

0.19 1300 350 141.70 

0.19 1300 370 149.80 

Scanning 
speed, hatch 

distance 
0.14mm 

0.14 700 370 377.55 

0.14 800 370 330.36 

0.14 900 370 293.65 

0.14 1100 370 240.26 

0.14 1300 370 203.30 

Scanning 
speed, hatch 

distance 
0.19mm 

0.19 900 370 216.37 

0.19 1100 370 177.03 

0.19 1300 370 149.80 

0.19 1500 370 129.82 

0.19 1700 370 114.55 

0.19 1900 370 102.49 

0.19 2100 370 92.73 

0.19 2300 370 84.67 

 
2.3 Chemical composition measurement 

 
 Optical Emission Spectroscopy (OES) analysis (Oxford Instruments Foundry-master Pro) 
was used to measure the chemical composition in the fabricated cylinders. Each sample was 
polished using P400 sandpaper to achieve a flat surface, then measured 6 times, resulting in total 
12 measurements for each laser scanning parameter set. The 6 measurement positions on each 
sample were kept the same for all the cylinders. 
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2.4 Properties examination 
 
 Each cylinder sample was polished in 4 steps (P400 CarbiMet, 9 m TexMet, 3 m 
TriDent, and final stage ChemoMet) using Buehler AutoMet 300 grinder-polisher to achieve a flat 
and scratch-free surface, and then examined under Nikon Eclipse LV150N optical microscope to 
check the porosity level. Tensile test specimens designed following ASTM E8 [20] were built 
using the same laser scanning parameter sets in Table 2 and pulled by static tension tests at 1 
mm/min using Instron Testing System with 30KN static load cell. These specimens were built in 
upright position, with the overall length in Z build direction; and were built directly on the building 
platform with no support structures. 6 tensile specimens were built and tested for each laser 
scanning parameter set. After the build, the samples were removed from the building platform by 
Wire-cut Electrical discharge machining (EDM) (Excetek V650G). No heat treatment nor any 
other post processes were performed. 
 
 

3. RESULTS AND DISCUSSION 
 

3.1 Chemical composition change 
 
 Figure 1 shows the weight percentage of Mg in the fabricated samples under each set of 
main adjusted laser scanning parameters.   
 

 
Figure 1. Weight percentage of Mg in fabricated cylinder samples: a) various hatch 
distance; b) various laser power; c) various laser scanning speed at 0.14 mm hatch 

distance; d) various laser scanning speed at 0.19 mm hatch distance 
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 When the hatch distance increased from 0.14 mm to 0.24 mm (Figure 1a), the loss of Mg 
was slightly reduced. With the distance between successive laser passes increased, the width of 
the melting pool is expected to have decreased [21], leading to a shorter exposure time near the 
maximum temperature in the heat affected zone (HAZ) for the consolidated part. 
 
 With the laser power increased from 330 W to 370 W (Figure 1b), there was more energy 
delivered to the powder bed, resulting in higher melting pool temperature. This led to slightly more 
loss of Mg in the fabricated samples.  
 
 Laser scanning speed changes varied the weight percentage of Mg in the fabricated samples 
significantly. When the hatch distance was 0.14 mm (Figure 1c), a slow scanning speed at 700 
mm/s resulted in the maximum loss of Mg in this study; while fast scanning speed at 2,300 mm/s, 
combined with a larger hatch distance 0.19mm (Figure 1d) resulted in the minimum loss of Mg. 
Adjusting laser scanning speed changed the laser energy density, as well as the exposure time of 
the maximum temperature from the melting pool.  
 
 Based on these results, it is likely that the evaporation of Mg could be linked to both the 
maximum temperature reached in the melting pool, and the total exposure time near the maximum 
temperature in the heat affected zone. The same effect was previously observed in titanium and 
nickel alloys [5, 14].  
 
 Figure 2. shows the weight percentage of Mg in the fabricated cylinders under different 
laser energy densities. 
 

 
Figure 2. Weight percentage of Mg in the fabricated samples built by different laser energy 

densities 
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 There is a clear link between the loss of Mg and LED. When the LED increased, the loss 
of Mg increased as well. The minimum loss of Mg happened at an LED of 84.67 J/cm2, when the 
weight percentage of Mg decreased from 0.440 % to 0.356 %; and the maximum loss of Mg 
happened at an LED of 377.55 J/cm2, when the weight percentage of Mg dropped down to 0.272%. 
The difference between the maximum and minimum weight percentage of Mg reached 0.084% in 
this study. With even wider range of LED values used, the changes of the chemical composition 
might show a larger difference; but the parts would be manufactured by the parameters further 
away from the optimised process window, and the quality could not be guaranteed.  
 

3.2 Parts’ quality examination 
 
 Since the laser process parameters used in this study were extended out of the optimised 
process window, it was necessary to assess the quality of the samples, especially the ones 
manufactured using the extreme LEDs. 
 
 Figure 3. shows the cross-section images taken from the optical microscopic analysis for 
the samples made under different LED. The highest density of the parts was achieved when using 
laser energy density 203.3 J/cm2; while although the minimum and maximum LED used in this 
study produced traceable difference in chemical composition, the porosity levels in the parts were 
high.  
 

 
Figure 3. Cross section images of fabricated cylinder samples showing porosity level: a) 

minimum laser energy density 84.67 J/cm2; b) laser energy density 203.3 J/cm2; c) 
maximum laser energy density 377.55 J/cm2 

 Figure 4. shows the Ultimate Tensile Strength (UTS) values of tensile test specimens built 
under each main adjusted LEDs as secondary axis data series added to the wt.% of Mg graphs. In 
contrast to the linear trend observed for Mg loss (Figure 1), the tensile properties changed 
significantly when the LEDs used were inside or outside the optimised process window. Each main 
LED – hatch distance, laser power, scanning speed, affects the tensile strength differently. 
 
 Figure 5. shows the UTS values under the weight percentage of Mg achieved in this study. 
When the wt.% of Mg dropped to 0.306 %, tensile strength of the parts decreased significantly 
when the loss of Mg increased. To maintain the tensile strength above 90 % of the maximum value 
achieved in this study, which is around 290 MPa, the corresponding weight percentage of Mg 
range was 0.308 wt.% - 0.342 t.%. The difference in wt.% within this range was only 0.034 wt.% 
rather than the full range difference 0.084 wt.%. This result suggested that the components’ quality 
would be sacrificed to achieve the traceable chemical composition changes in AlSi10Mg alloy. 
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Therefore, using the preferential evaporation method to control the chemical composition in 
AlSi10Mg after L-PBF process should only be applied to non-critical areas of the components. 
 

 
Figure 4. Ultimate Tensile Strength (solid lines) added to weight percentage of Mg (in 

clustered column) charts: a) various hatch distance; b) various laser power; c) various laser 
scanning speed at 0.14 mm hatch distance; d) various laser scanning speed at 0.19 mm 

hatch distance  

 

 
Figure 5. U Ultimate Tensile Strength against the weight percentage of Mg 
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4. CONCLUSION 
 
 Similar to titanium and nickel alloys, the selective evaporation effect was observed in 
AlSi10Mg alloy in this study. The main degrading element was magnesium. 
 
 By adjusting the main laser scanning parameters to achieve various laser energy density, 
the loss of Mg in the fabricated parts can be controlled. A total difference of 0.084% in weight 
percentage of Mg was achieved in this study. 
 
 The process parameters used to achieve the maximum and minimum loss of Mg were 
outside of the optimised process window, leading to the reduced parts’ properties. To achieve 
traceable loss of Mg using the preferential evaporation effect, quality sacrifice needs to be 
considered in the product design and application. 
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