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Additive Manufacturing (AM) has been developing with increasing interest recently.
The development of this technology will accelerate with the increase in material,

It is therefore essential to investigate these

shortcomings of additive manufacturing products. In this study, the microstructure

and corrosion properties of the material (AISi10Mg) were investigated by changing
the production parameters in the Direct Metal Laser Sintering (DMLS) process.
Energy density was considered in parameter selection. Depending on the process
parameters, the corrosion, topography, and mechanical properties of the DMLS-
AlSil0Mg material were investigated in detail. It has been determined that the
corrosion resistance and hardness of the material are directly related to porosity.

1. Introduction

The advantages of Additive Manufacturing (AM) are
that it can construct complex-shaped parts without the
need for other processes [1][2][3][4]. Powder bed
fusion (PBF) technologies are the most popular
processes for metal AM technologies that are called
selective laser melting (SLM), direct metal laser
sintering (DMLS), and electron beam melting (EBM)
[5][6][7]. DMLS uses the layer-by-layer production
of metallic parts and semifinished products directly
from the metal powders [8] [9] [10]. The DMLS
system has many advantages: the production of
complex parts (according to casting or rolling), no
need for expensive tools required in production, a low
amount of sawdust and waste, a cost advantage in
low-numbered production, and accessibility to the
final product within hours [11] [12]. AlSi10Mg alloy
is generally used in pressure casting. Since this alloy
has a ratio close to its eutectic composition, it has high
fluidity and low shrinkage [13]. Due to these
advantages, the most widely used alloy in Additive
Manufacturing is AISi10Mg alloy. AISi10Mg alloy
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produced with AM is widely used in automotive,
marine, medical, and aerospace [14] [15] [16].

Many parameters must be controlled in
additive manufacturing technologies. The slightest
change in parameters can cause severe deterioration
or improvement in the material. As a result of the
parametric changes, changes in the energy values are
loaded into the DMLS system. This energy value
creates significant differences in the materials, and
many studies are ongoing on this subject [5] [17] [18]
[19].

As a result of production parameters, kinetic
effects such as segregations, dislocations, and
residual stresses in the material cause changes in the
material's mechanical and corrosion properties. In
addition, if the production parameters are not well
optimized, more serious defects such as porosity and
cracks may occur in the material. This study examines
the difference in the power and scan speed values
(effect the energy density) used by the system and the
change in the microstructure, surface properties, and
corrosion properties.
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2. Material and Method

The productions were made with AISilOMg alloy
powders, and its chemical analysis (Table 1) and SEM
picture (Figure 1) were given.

9.7mm M-x150 SE

ALUTEAM 1

Figure 1. AlSi1l0Mg metal powder SEM image.

The details of parameter design, which is the
focus of the study, are given in Table 2 and show the
changes in energy density with different laser power
and speed. Increasing the scanning speed and
scanning distance increases the production speed,
while low values of these two parameters cause an
increase in energy density. In this study, the effect of
scanning speed was investigated by keeping the
scanning distance constant. In addition, different
values of laser power were tried to change the energy
density. While manufacturing, some parameters were
kept constant (0.19 mm hatch distance (h),30 um
Layer thickness (t)), and the scan lines of every layer
within the core region were rotated by 67° concerning
the previous layer’s scan lines. In addition, the
formula used to calculate the energy density is given
in Table 2. How different parameters affect the energy
can be seen here.

Table 1. AlSi10Mg powder’s chemical analysis (wt.%), d50 = 35+5 um

Si Fe Mn Cu Ni Zn Mg Sn Al
0-11 <0.55 <0.45 <0.05 <0.05 <0.10 0.2-0.45 <0.05 Other
Table 2. AlSi10Mg powder’s chemical analysis (wt.%), d50 = 35+5 um
Sample Laser power (P, Watt) Scan Speed (v, mm/s)  Energy input (E*, joule)
El 150 1000 26.31
E2 370 1600 40.57
E3 250 1000 43.85
E4 370 1000 64.91
E5 370 600 108.18
E6** 370 1300 49.93

**DMLS AISi10Mg manufacturing standard parameters.

E=P/(v.h.1)

The specimens were manufactured with
40x15x5 mm (x-y-z) size via the EOS M290 DMLS
machine. X-ray diffraction (XRD)-(Bruker D8),
Scanning electron microscopy (SEM) - (Hitachi
SU3500), optical microscopy (OM), Hardness test
(Shimadzu Vickers hardness device (HV 0.05)),
corrosion analysis (IVIUM/Vertex-CompactStat),
surface roughness measurement (Mitutoyo SJ210)
and porosity measurement methods (ImageJ) were
used for characterization analysis.

Before corrosion investigation, specimens
were physically polished with SiC pare and diamond
suspension (1 micron), washed with acetone and
dried. Potentiodynamic polarization experiments
were applied at 0.5 mV/s and 25 °C in an aerated 3.5
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wt% NaCl solution. The surface area was 1 cm2, and
open-circuit potential (OCP) was stabilized for 1800
s before potentiodynamic tests.

3. Results and Discussion

The phases of the produced samples were examined
(Figure 2). As can be seen from the spectral results,
no elements other than aluminium and silicon were
detected in the internal structure, and an amorphous
phase was not formed.

The relation between the energy input level
and the roughness is given in Figure 3. Surface
roughness measurements (10 measurements were
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made) were made from the laser trace surfaces of each
sample. It is seen that the surface roughness values are
directly influenced by the energy input [5] [20] [21]
[22] [23]. Surface roughness is also high with a high
energy input parameter (E5). With the same scanning
speed but increasing in laser power experiments (the
increase in laser power increases the energy), the
roughness value increased (E1, E3, E4).
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Figure 2. XRD results of additively manufactured
samples.
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The results of the inner porosity (15
measurements were made from the optical images
with the ImageJ software program) are given in
Figure 4. Many parameters in additive manufacturing
systems affect the amount of porosity in the material's
internal structure [23]. This study investigated the
effect of the change in the amount of energy. Pore
formation in additive manufacturing changes with
many parameters. Although the energy levels are
close (E2, E3, E6), there are differences in the amount
of porosity in different parameters from the standard
parameter (E6). This situation shows the importance
of optimum power and laser speed in production.
When the total energy amount is low (E1), the powder
material does not melt and remains a void in the
structure. In cases where energy is high (E5), gas gaps
are trapped in the melt pool due to the evaporation
effect [17][21][24][25].
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Figure 3. Energy input and surface roughness results of
samples

Although they have different laser power and
scanning speeds, minimum porosity levels were
obtained in samples with values close to optimum
energy levels (E3 and E2).

The hardness values of the samples produced
with different parameters and without any heat
treatment are shared in Figure 4. The mechanical
properties of the material are directly related to the
porosity in the structure [14] [21] [26]. It is seen that
the hardness values are proportional to the internal
porosity ratio of the samples.
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Figure 4. Hardness and porosity results of samples

It is known that there are microstructure
changes in additive manufacturing products with
changing process parameters [27] [28] [29]. As
shown in Figure 5, an optical microscope study was
carried out, and gas evaporation and lack of fusion
errors are visible. Gas evaporation formation (E5)
occurs due to the high energy input. On the other
hand, a lack of fusion errors occurs due to insufficient
energy (E1) or slow scanning speeds [27] [28] [30].
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Figure 5. Optical images of samples

Table.3 and Figure 6 were given to examine
the corrosion properties of the material. It is Eco

(corrosion  potential),  which  shows  the
thermodynamic resistance of the material against
oxidation [31] [32]. A high E core value indicates that
the material starts to corrode later. The ler Vvalue
represents the progression rate of corrosion. The
relationship was determined between the porosity
values of the material and the corrosion resistance
(Table.3 and Figure 6).

Log (Current/A)

Potential (V)

Figure 6. Corrosion (Tafel polarization) graphs of the
samples

Table 3. Corrosion results of samples

Sample Ecor (V) lcor (WA/cm2) Corrosion rate (mm/year) Polarization resistance (kQ)
El -0.6936 1.84 0.0006035 1.31
E2 -0.6925 0.40 0.0003696 8.23
E3 -0.7535 1.12 0.0003664 4.24
E4 -0.7053 1.21 0.0003984 4,94
E5 -0.7457 2.82 0.0009231 2.76
E6 -0.7213 0.47 0.0005389 9.98
Surface  SEM images share corrosion Corrosion properties can vary according to

formation details (Figure 7). The corrosion rate was
higher in the samples with a high porosity value,
which is expected. It contains the electrochemical
solution of the cavities in the material and creates
regional differences in concentration and pH [33]. As
a result of this difference, the material erosion is
higher than the surfaces without porosity [34]. The
surface SEM images show that corrosion is more
active around the voids in the material.

Further corrosion of E1, E4 and E5 samples
is explained in this way. It is expected that less
corrosion is observed in the E6 sample (the standard
production parameter for the DMLS system), and the
E2 and E3 parameters showed similar corrosion
properties. The corrosion intensity on the surfaces of
E1, E4 and E5 samples, which contain more porosity,
is visible.
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the material's internal structure features. One of these
properties is the amount of internal stress. It is known
that the corrosion rate increases as the internal stress
in the material increases. It is thought that the high
amount of energy in production and the high internal
stress are also effective in accelerating corrosion in
E5 and E4 samples.
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Figure 7. Corrosion (Tafel polarization) surfaces SEM
images of the samples
lcor Values of the materials were determined
by calculating from the graphics in Figure.6. A low
leor Value indicates that the material is more resistant
to corrosion. It is seen that the surface corrosion
images in Figure.7 and I Values support each other.

4. Conclusion and Suggestions

The results obtained from the investigation can be
listed as follows;

With the process parameter change, different
phases did not occur in the material, and even peak
shift and expansion behaviours were not observed in
the results.

A direct relationship was determined between
the energy used in the system and the surface
roughness.

The porosity values in the material increased
with the energy density being too high or too low. It
has been determined that different kinetics occur in
these changes.

Although there is no direct effect of the
process parameter on the hardness values, it has been
observed that it is seriously related due to the porosity
in the structure.

It has been determined that the material's
corrosion resistance is directly related to the porosity
level in the structure.
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