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ABSTRACT:

This work compares the microstructure and corrosion resistance of 316L stainless steel samples
prepared using two different additive manufacturing methods: selective laser melting (SLM), and
laser metal deposition (LMD). A wrought material was used as reference. The specimens showed
marked differences in their microstructure, as a result of the specific manufacturing conditions.
All samples displayed similar corrosion potential and passive current density values. However,
variations were seen in their potential passive range (SLM > LMD > Wrought). The wider
passivity of the SLM specimen can be associated with its finer microstructure, which leads to a
more stable native oxide.
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1. Introduction

Metal additive manufacturing (MAM), also known as metal 3D printing, is a rapidly growing
industry which core business is based on the fabrication of complex metal parts with improved
functionalities. During MAM, metal pieces are built-up in a layer by layer fashion using a digital
3D design [1-6]. Among the several MAM processes, those utilizing a metal powder feedstock
and a laser source to achieve the metal fusion are widely used [1-6]. Two such methods are
selective laser melting (SLM) and laser metal deposition (LMD). LMD is a Direct Energy
Deposition technology, while SLM belongs to the Powder Bed Fusion family [7]. During SLM,
the laser is used to successively melt and fuse together patterns in a metal powder bed. On the
other hand, during LMD the laser beam melts the powder fed by a coaxial nozzle directly on the
metallic substrate, forming a deposit that is fusion-bonded to the substrate. While the SLM
method allows the fabrication of pieces with very high structural complexity at a relatively high
level of precision, the dimension of the pieces is limited and the starting substrate has to be a flat
surface. In contrast, the LMD process can be used on existing parts of arbitrary geometry with a
relatively high deposition rate; however, the shape complexity is limited. This makes LMD a
preferred methodology for repairing existing parts [8].

Besides differences in the application field and structural complexity of the final parts, SLM and
LMD greatly differ in the laser parameters and powder specifications. For SLM applications, the
laser power is in the range between 100 W and 300 W, while for LMD much higher values
between 500 W and 1000 W are usually employed. The laser spot size is ~ 0.1 mm for SLM,
however, in the case of LMD the laser spot diameter is ~ 1 mm. On the other hand, the average
particle size of the powder used for SLM applications is generally smaller than the particle size
used in LMD machines.

Nowadays, several alloys can be processed using MAM [1]. Amongst these alloys, 316L
austenitic stainless steel is of great interest due to its numerous industrial applications. The
microstructure of additively manufactured (AM) 316L stainless steel has been found to be
greatly affected by the MAM processes due to the special conditions associated with these
manufacturing methods (for instance, extremely high cooling rates). Numerous works have
already been dedicated to the study of the microstructure of AM 316L stainless steel [8-24].
However, most of these studies were conducted on specimens prepared by SLM methods [9-19],
while fewer works have been devoted to LMD 316L stainless steel specimens [8,20-24].
Nevertheless, the same type of features is found for both additive manufacturing methods. In
general, AM 316L stainless steel is characterized by a very fine and interconnected network of
cells (which are elongated in the direction of the thermal gradient) that are confined within larger
single-crystal grains [9,10,12-18,20-22]. The diameter of these cells has been reported between
0.5 um and 1 pm for SLM specimens [9,10,12-18], while for 316L samples prepared using the
LMD method larger diameters have been reported (between 3 pm and 15 pm) [20,21,22,24].
Previous works report an enrichment of Cr [11,13,16,20-22], Mo [9-11,13,16,19-22], and even
Ni[13,21] and Mn [13] at the border of these cells.



The unique microstructure of AM 316L stainless steel, seems to have a considerable impact on
the corrosion behavior and passivity of these specimens. Several works have been dedicated to
this topic in recent years [16-20,25-36]. Nevertheless, most of these studies have been conducted
on SLM specimens. Even though a few contradictory results can be found in literature, the latest
studies suggest that if no major porosities are found in SLM 316L stainless steel samples, their
corrosion resistance is higher than that of specimens prepared using conventional manufacturing
methods [16-18,29-35]. Some researchers concluded that the high solidification rates during
SLM avoid the formation of inclusions or they are too small to play a role in pitting initiation
[30,32]. Other recent reports have demonstrated that the native oxide layer of SLM 316L
stainless steel has better barrier properties, than that of its wrought counterpart [34,35]. This has
been associated with their special microstructure, consisting of a dense network of cells with a
local chemical segregation at their borders, which could promote the growth of a dense and more
stable passive oxide film [34,35]. On the contrary, the majority of the few corrosion studies
conducted on 316L stainless steel samples fabricated using the LMD method have shown a lower
corrosion resistance for the LMD-prepared sample compared to the wrought counterpart [20,36].
The reduced corrosion resistance in these cases has been associated with the existence of
heterogeneities, small amounts of o-ferrite, and the presence of porosity. Nevertheless, these
heterogeneities and defects could possibly be due to an incorrect selection of process parameters.
In a different work, Majumdar et al. [37] concluded that 316L stainless steel prepared using
LMD presented a higher pitting corrosion resistance than that of the conventionally processed
material.

To the best of the authors’ knowledge, not only is the number of studies researching the
corrosion behavior of LMD 316L stainless steel very limited, but there is also no work to date
comparing the corrosion performance of 316L stainless steel materials prepared by LMD and
SLM. This work compares the microstructure and corrosion resistance of LMD, SLM, and
wrought 316L stainless steel. An optical and scanning electron microscopy characterization was
first carried out, revealing microstructural features characteristic from each manufacturing
process. After this characterization, anodic potentiodynamic polarization experiments were
conducted, showing marked differences between the different samples. Even though all samples
presented approximately the same corrosion potential value and passive current density, great
variations were seen in their potential passive range. The possible link between the
microstructural features of the samples and their passivity is discussed.

2. Materials and methods

2.1. Samples

Three 316L stainless steel samples were used in this study: a wrought specimen, and two
additively manufactured samples (one prepared by laser metal deposition — LMD, and another
one prepared using selective laser melting — SLM). The nominal chemical composition of 316L
stainless steel is presented in Table 1. The SLM 316L specimens were prepared using a Concept
Laser M2 Cusing machine in an argon atmosphere with resulting oxygen content of < 0.2 %. A



laser power of 180 W, 600 mm/s scanning speed, 25 um layer thickness, and a spot diameter of
120 um were used for the fabrication of the samples. The LMD 316L samples were fabricated
with a Megacut machine (with in-house adaptations), using argon as shielding gas at a flow rate
of 8 I/min. A laser power of 530 W, 750 mm/s scanning speed, 3.8 g/min powder mass flow rate,
5 I/min carrier gas flow rate, 0.5 mm layer thickness, and a spot diameter of 1.2 mm were used in
this case. No post heat treatment was applied on the samples. All the specimens were
mechanically ground and polished, finishing with 0.04 pm standard colloidal silica suspension
(OP-S). The use of AM 316L in the text refers to additively manufactured 316L in a general
way, which includes the LMD and SLM samples.

2.2. Electrochemical measurements

Potentiodynamic polarization experiments were carried out using an AUTOLAB Potentiostat—
Galvanostat (PGSTAT 302N). A three—electrode cell configuration consisting of the sample as
working electrode, a Pt counter electrode, and a saturated Ag/AgCl (210 + 15 mV vs SHE)
reference electrode was used for the experiments. The electrolyte used was a 3.5 wt.% NaCl
solution at room temperature. The potentiodynamic test was conducted 75 min after immersion
in the electrolyte in order to wait for the system to stabilize. The scans were performed in the
anodic direction at a rate of 0.1 V/min starting 50 mV below OCP until 1.6 V above the OCP
value. For each sample, at least 3 potentiodynamic polarization curves were obtained in order to
confirm reproducibility of the measurements.

2.3. Sample characterization

The optical images were obtained with a Leica DMi8 optical microscope. Microstructure and
corrosion morphology characterization was carried out by means of scanning electron
microscopy (SEM) combined with energy dispersive X-ray spectroscopy (EDS). A FE-SEM
JEOL JSM-7100F with 15 kV acceleration voltage, 5 pA probe current, and a working distance
of 10 mm was used. The EDS analysis was performed with acceleration voltage between 15 kV
and 20 kV, a probe current between 3 nA and 5 nA, and a working distance of 10 mm. To
highlight the microstructural features, the samples were etched in Glyceregia reagent (15 ml
glycerol, 15 ml HCI, and 5 ml HNO3).

AFM topography and SKPFM measurements were conducted using a commercial atomic force
microscope (Park Systems XE—100). Rectangular conductive cantilevers (ANSCM-PT from
AppNano) with a Pt/Ir coating, resonant frequency of 50 — 70 kHz, and a spring constant of 1 — 5
N/m were used for the measurements. Topography and corresponding potential images were
simultaneously obtained using a single-pass methodology.

3. Results

3.1. Microstructure analysis

An initial characterization of the samples was conducted using optical microscopy. Figure 1
shows optical images of the etched surface of the LMD and the SLM 316L stainless steel
specimens. The laser tracks from the MAM process can be easily distinguished in these optical



images. On the surface perpendicular to the building direction (XY), overlapping elongated
tracks can be seen (see Figure la and 1c); while on the surface parallel to the building direction
(XZ) a scale-like pattern can be identified (see Figure 1b and 1d). Even though both AM samples
show a similar kind of pattern, great differences can be seen in the dimension of these features. It
is important to notice that the scale bar in the images of the LMD samples stands for double of
the distance of that in the images of the SLM specimens. The arrows in the inset of Figures la
and 1c are a rough representation of the average distance between the centers of two consecutive
melt pools. This dimension is more than 5 times greater for the LMD sample in comparison with
the SLM specimen. The much thicker melt pools found in the LMD sample compared to those in
the SLM sample are the result of the typical differences in the laser characteristics between the
two processes, namely, the laser spot size and laser power, as well as other parameters such as
the layer thickness.

To study the samples microstructure at a lower scale, SEM combined with EDS point analysis
was carried out. Figure 2 shows secondary electron micrographs at medium and high
magnification for all the samples. As can be seen in Figure 2a and 2b, the wrought sample
reveals typical polygonal-shape coarse grains. On the other hand, the additively manufactured
samples are characterized by a dense network of cells with an etch-resistant border (see Figure
2c-f). Colonies of round and elongated cells can be easily seen on the surfaces of the AM 316L
stainless steel samples. This orientation of the cells is linked with the heat gradient during
solidification [12,13,22,24,31]. As mentioned in the introduction, the microstructure of AM
316L stainless steel has already been described in a great number of studies [8-24], and for both
SLM and LMD 316L stainless steel, the presence of cells with an etch-resistant border has been
described [8-24]. As can be seen in Figure 2c-f, these cells have an average width between 4 and
6 um for the LMD specimen, while for the SLM sample the average width of these cells is
around 0.5 um. Therefore, the cells present in the LMD 316L specimen are on average 10 times
larger than those in the SLM samples.

In this study, an EDS point analysis was conducted in the LMD specimen. Around 20 EDS
spectra were acquired at the borders and the same number in the interior of multiple cells as
described in the schematic of Figure 3a. This was done in etched samples as well as in freshly
polished samples in order to discard any influence from the etching procedure. However, no
difference was found in the results. Figure 3b shows the average and standard deviation of the
elemental composition obtained from the EDS analysis. It can be clearly seen that the border of
the cells is slightly enriched of Cr, Ni, Mo, Mn, and Si, while depleted in Fe in comparison with
the cell’s interior. The segregation of these elements at the cells borders could explain their
relatively higher etching resistance. In Figure 3b can be noticed that the standard deviation of the
results obtained at the cell’s border is slightly larger than those obtained in the cell’s interior.
This is most likely due to the influence of the underlying/surrounding material (depending on the
interaction volume/penetration depth of the electron beam). Nevertheless, clear shifts can be seen
in the average value of the different elements’ composition. Due to limitations of our equipment,
EDS analysis was not possible in the very fine microstructure of the SLM material. However, the
same elemental enrichment at the cell’s borders has been reported in a recent work for SLM
316L stainless steel samples [13]. Moreover, Barkia et al. [21] also found an enrichment of Cr,



Ni, and Mo at the cells borders on LMD 316L specimens. Nevertheless, the researchers claim a
depletion of Mn at the cell’s borders, which is in contradiction with our observations.

Moreover, during the SEM analysis of the SLM and LMD samples, almost no pores (and only
minor pores) were found. Therefore, the electrochemical behavior should not be affected by
porosity in these samples [32]. Additionally, no inclusions could be detected in the AM 316L
stainless steel specimens.

3.2. Potentiodynamic polarization measurements

Anodic polarization experiments were carried out in 3.5 wt.% NaCl. For the AM samples,
experiments were conducted in the XY as well as in the XZ surface. However, as also reported in
previous studies [16,31,35], no difference was found between these two planes. Therefore, only
one characteristic curve was chosen per sample. Figure 4 shows the anodic polarization curves
obtained for wrought, LMD, and SLM 316L stainless steel. As can be seen, the corrosion
potential (Ecorr) of all the samples is approximately the same. The average value of Ecor
calculated taking into account the measurements conducted in all the samples was —73 + 10 mV
vs Ag/AgCl. This could be due to the fact that all the samples have approximately the same
chemical composition. The similarity in Ecorr between wrought and AM 316L stainless steel has
already been reported in several previous studies for a variety of electrolytes [16,17,29-35].
Additionally, all the samples presented very similar passive current density values (Figure 4). On
the other hand, great differences were observed in the passivity of the different specimens. A
rather extended passive behavior can be seen for the SLM specimen in the potentiodynamic
curves (see Figure 4), while the passive region of the LMD sample is situated between the SLM
and the wrought material. This marked difference in the passivity breakdown of the samples was
very reproducible. Table 2 presents the average value and standard deviation of the difference
between the potential at which a significant increase of the anodic current is observed (Epreakdown)
and Ecorr. These values indicate the passivity range of each specimen in the anodic polarization
curves. It can be seen that the passivity range of the SLM sample is two times larger than that of
the LMD sample, and 2.3 times larger than the passive range of the wrought specimen. A much
more extended passivity for SLM samples compared to wrought specimens has also been shown
in several previous works using numerous corrosive media [16-18,29-33,35].

A closer look at the potentiodynamic polarization curves in Figure 4 also reveals noticeable
differences in the slope of the current density measured after the passivity breakdown. A much
steeper slope was seen after the passivity breakdown of the wrought sample compared to the AM
materials. Meanwhile, the potentiodynamic curves of the LMD and SLM specimens showed a
very similar slope after the passivity region. This is confirmed in the amount of charge per
surface area during the anodic dissolution of the materials, calculated from the anodic
polarization curves starting from the moment of passivity breakdown, shown in Figure 5. . The
charge per surface area calculated for the wrought material lies between one and two orders of
magnitude higher than the charge per surface area of the AM samples shortly after passivity
breakdown (see Figure 5). This charge is directly proportional to the amount of material removed
during the anodic dissolution of the steel substrate. Therefore, much more material is removed



after the breakdown potential during anodic polarization for the wrought sample than for the AM
specimens.

3.3. Corrosion morphology

A characterization of the morphology of the corrosion attacks after potentiodynamic polarization
was conducted using SEM. Figure 6 shows SEM micrographs of the corrosion attack on the
surface of the wrought and the LMD 316L samples. A relatively larger superficial spreading of
the corrosion was seen for the LMD samples compared to the wrought material. On the other
hand, more localized and deeper attacks characterized the corrosion morphology of the wrought
316L stainless steel. In Figure 6, the SLM sample was excluded since very limited corrosion
took place due to the proximity of the breakdown potential to the end potential during anodic
polarization (see Figure 4). However, a very similar morphology as that of the LMD sample has
been reported in previous studies for SLM [16]. Additive manufactured 316L stainless steel
exhibits, in general, rather superficial corrosion morphology. Figure 7 shows higher
magnification SEM images of the corrosion attack after potentiodynamic polarization for the
wrought and LMD samples. A deep pit can be seen on the surface of the wrought specimen
(Figure 7a), while on the surface of the LMD sample (Figures 7b and 7¢) the morphology of the
cells described in the previous microstructure analysis (see Figure 2) was revealed. Figures 7b
and 7c¢ show different corroded spots of the same surface (one in which the rounder side of the
cells is seen and the other in which the elongated section is displayed). As can be seen in Figure
7b and 7c, the borders of these cells are highly resistant against corrosion, and only the cells’
interior dissolves during anodic polarization. Figure 7b presents the round section of the cells,
while Figure 7c shows the elongated side of the cells. By estimating the pitting resistance
equivalent number (PREN = 1x%Cr + 3.3%X%Mo + 16x%N) for the interior and the border of the
cells using the average concentrations shown in Figure 3 (omitting the value of N, since this was
under the detection limit of our instruments), one can confirm the higher resistance against
corrosion of the cell’s borders (PREN = 27.4) compared to the cell’s interior (PREN = 24.8).
From Figure 7 it can be seen that the borders of the cells represent a physical barrier for the
corrosion attack. This could be the reason why in the AM samples the corrosion is rather
superficial when compared to the attack on the wrought material. Figure 8 presents examples of
depth profiles acquired on corrosion spots on the wrought and the LMD 316L samples.
Variations in the corrosion depth were seen within one sample depending on the corrosion spot
analyzed. However, in general, the trend in corrosion depth is similar to that shown in Figure 8.
Much deeper and wider pits were found on the wrought 316L stainless steel sample compared to
those seen on the surface of the AM 316L specimens, where the sizes were limited by the
dimensions of the cells.

3.4. SKPFM analysis
Figure 9 portrays the topography and corresponding Volta potential map of an area in the
polished surface of the LMD 316L stainless steel sample obtained by SKPFM. The topography



shows a relatively flat substrate with a nanoscale roughness of Ra = 6.5 nm (Figure 9a). The
features observed in the potential map (Figure 9b) are independent from those seen in the
topography. While no microstructural characteristic can be recognized in the topography image,
the typical cells described in previous sections (Figure 2) are clearly visible on the Volta
potential map. This undoubtedly indicates that no topographical effect has influenced the Volta
potential values measured. The borders of these cells can be easily recognized, having a
relatively higher Volta potential value than the inner part of the cells. This higher nobility at the
borders can be due to the local enrichment of alloying elements (such as Cr, Ni, Mo, Mn, and Si)
and depletion of Fe in these regions. Figure 9c shows the potential profile of the line represented
in the inset of Figure 9b. As can be seen, the potential of the border of the cells is on average 10
mV higher than that of the cells’ interior. The same SKPFM mapping was carried out for the
SLM specimen. However, no clear feature could be distinguished in the Volta potential map.
Andreatta et al. [16] was also unable to recognize any microstructural feature in the Volta
potential map of an SLM 316L stainless steel. This could be due to the fact that the
microstructure of the SLM sample is much finer than that of the LMD material (see Figure 2),
and the potential differences are within the noise level of the equipment. Kong et al [34] reported
a Volta potential difference of only 5 mV between the border and the interior of the cells in an
SLM 316L stainless steel sample, while Andreatta et al. [16] reported a 4mV difference between
the maximum and the minimum voltage measured in a line scan also for SLM 316L stainless
steel. The slightly higher nobility of the borders of the cells compared to their inner part is in
perfect agreement with the higher corrosion and etch resistance of these borders.

4. Discussion

The inherent characteristics of the additive manufacturing processes used to fabricate the
samples analyzed in this work (LMD and SLM), have clearly a considerable impact on the
microstructure and consequently on the corrosion resistance of these materials. The cells present
on the microstructure of the LMD 316L specimen were on average much larger than those found
on the SLM samples. This could be due to the differences in the laser characteristics (laser power
and spot size), which can greatly affect the energy density input and the cooling rate/gradient.
These parameters have already been shown to greatly influence the size of the microstructure in
AM 316L stainless steel [24]. In general, the mode of solidification and the refinement of the
features are determined by the thermal gradient (G) and the growth rate (R) [38]. The
multiplication of these two magnitudes (GxR) determines the cooling rate and how fine the
structure would be: the higher this product, the finer the structure. The larger laser spot diameter
and layer thickness of the LMD process compared to the SLM method could lead to a relatively
lower thermal gradient/cooling rate, which can explain the larger cellular structure found in the
LMD samples in comparison with the SLM specimens.

Previous studies have shown that the thickness and chemical composition of the native oxide of
AM 316L stainless steel is comparable to that of wrought material [16-18,35]. Nevertheless, in a
recent work we demonstrated that despite the similarities in thickness and chemical composition,



significant differences exist in the dielectric properties and conductivity profile of the passive
oxide layers of SLM and wrought 316L stainless steel, suggesting the existence of structural
differences between them [35]. The passive film in SLM 316L specimens has shown better
barrier properties and higher stability than that of wrought specimens [17,18,34,35]. The unique
segregation of alloying elements in AM 316L stainless steel, forming an interconnected and 3-
dimensional network, seems to be the cause for the high stability of the native oxide under the
presence of corrosive media. Previous studies suggest that this elemental segregation, and
therefore the compositional gradient created, could be the cause for the relatively high
concentration of dislocations found at the cell’s borders [39]. Dislocations are generally regarded
as high energy sites, presenting a relatively higher chemical potential than the surrounding
matrix. Kong et al. [34] and Man et al. [33] suggested that the borders of the cells present in the
microstructure of SLM 316L stainless steel increases the number of nucleation sites for passive
film formation, promoting the growth of a more continuous and stable passive film. The higher
density of cells borders (number of borders per surface area) present on the SLM sample
compared to the LMD specimen, could, therefore, represent a higher density of nucleation sites
for the formation of a continuous, stable, and less defective native oxide film. Moreover,
previous studies have shown that Mo on stainless steel can modify the passive oxide layer,
making it more stable under the presence of Cl™ ions [40]. Consequently, the finer Mo-rich
network of the SLM material compared to that of the LMD sample could render the passive film
of the SLM specimen more stable against breakdown caused by the attack of aggressive ions in a
corrosive medium. This could explain the extended passivity of the SLM sample compared to the
LMD material, and also the larger passivity shown by the AM specimens compared to the
wrought sample. Therefore, a direction to be explored by AM 316L stainless steel manufacturers
in order to produce highly corrosion-resistant parts could focus on the adjustment of process
parameters to develop materials with the finest possible cellular structure, while keeping it also
free of pores.

Moreover, the very high corrosion resistance shown by the borders of the cells together with the
fact that these borders form an interconnected 3-dimensional network, make these networks to be
an inherent barrier that limits the further propagation of corrosion into the material. This was
clearly seen in the differences in the measured amount of charge during anodic dissolution (see
Figure 5) between the wrought material (with no protective internal network) and the AM
specimens (with a protective (Cr,Ni,Mo,Mn,Si)-rich network). Much more material was
removed after passivity breakdown during anodic polarization for the wrought sample than for
the AM specimens. Interestingly, even though great differences were seen in the size of the cells
constituting the network, approximately the same amount of charge due to the anodic dissolution
of the steel matrix was measured for the LMD and SLM 316L samples. This suggests that the
sole existence of this network within the 316L stainless steel matrix represents a physical barrier
that contains the corrosion attack from further propagating into the material. Moreover, the
extent of this containment seems to be independent of the dimensions of the cells forming the
network.



In general, considering this and our previous study [35], we believe that a major factor
influencing the passivity of these materials is the stability and barrier properties of the native
oxide layer. Nevertheless, further studies on the effect of porosity, the formation of inclusions,
grain size, and residual stresses should be considered in future works to better understand the
influence of the additive manufacturing process on the corrosion behavior of these materials.
Differences in process parameters during MAM can lead to variations in cooling rates and
thermal gradients during the printing process, which could, as a result, lead to differences in
residual stresses and grain size in the AM specimens. Residual stresses and grain size can, in
general, influence the surface energy and therefore, the nucleation and growth of the native oxide
film. This can affect the barrier properties of this oxide, and hence the passivity of the material.
Some researchers claim that the existence of compressive residual stresses in 316L stainless steel
prepared by SLM could be the cause for the higher corrosion resistance of as-built specimens
compared to materials that underwent stress relief heat treatments [41]. Nevertheless, we believe
that the link between residual stresses and corrosion resistance is not a straight forward
relationship. Residual stresses can also affect the materials susceptibility to stress corrosion
cracking.

5. Conclusions

The corrosion behavior of 316L stainless steel specimens prepared using two different additive
manufacturing methods (SLM and LMD) was assessed and compared with each other and with
that of a wrought sample. The main conclusions of this work can be summarized as follows:

1. The microstructure of additively manufactured 316L stainless steel consists of a 3-
dimensional network of cells, with borders slightly enriched in Cr, Ni, Mo, Si, and Mn,
and depleted in Fe.

2. As seen in the surface morphology after the corrosion attack, the borders of the cells
present in the microstructure of AM 316L stainless steel are highly resistant against
corrosion. Due to the high corrosion resistance of these cell’s borders, the corrosion
attack is partly contained from further propagating into the material, limiting the amount
of material removed during corrosion.

3. The size of the cells found in the microstructure of AM 316L stainless steel is greatly
affected by the conditions of the additive manufacturing process. The cells present on the
specimens prepared by LMD were about 10 times larger than those found in SLM
samples.

4. LMD, SLM, and wrought 316L stainless steel presented very similar corrosion potential
and passive current density values. Nevertheless, a much wider passivity was found in the
SLM specimen (~1155 mV), followed by the LMD sample (~571 mV), and finally by the
wrought material (~499 mV), which presented the lowest corrosion resistance.

5. The differences in the passivity of the LMD and SLM 316L specimens seem to be
associated with the marked differences seen in the dimensions of the microstructural
features of these two samples. The much finer microstructure (distribution of alloying



elements) of SLM specimens compared to LMD samples could lead to the growth of a
more compact, stable, and less defective native oxide.

Data availability
The raw/processed data required to reproduce these findings cannot be shared at this time as the

data also forms part of an ongoing study.
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Figures

~ N

Figure 1. Optical images of the etched surface of the LMD (a,b) and SLM (c,d) 316L stainless
steel.
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Figure 2. Secondary electron images of the etched surface of the wrought (a,b) and additive
manufactured 316L stainless steel prepared using LMD (c,d) and SLM (e,f). Top micrographs
were taken at middle magnification while bottom micrographs were acquired at higher

magnification.
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Figure 3. EDS analysis conducted to estimate the chemical composition at the cells’ border and
at the cells’ interior. (a) Schematic showing examples of positions where the EDS spectra were
acquired. (b) Results of the EDS compositional analysis.
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Figure 4. Potentiodynamic polarization curves of wrought, LMD, and SLM 316L stainless steel
specimens in 3.5 wt.% NaCl.
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Figure 5. Amount of charge per surface area calculated for the wrought, LMD, and SLM 316L
stainless steel from the moment of passivity breakdown based on their potentiodynamic
polarization curves. Epq refers here to the breakdown potential (Ebreakdown)-



Figure 6. Secondary electron images of the corrosion attack after the potentiodynamic
polarization experiments for the wrought (a) and LMD (b) 316L stainless steel.

Figure 7. High magnification secondary electron images of the corrosion attack after the
potentiodynamic polarization experiments for the wrought (a) and LMD (b,c) 316L stainless
steel. (b) and (c) show different corroded spots of the same surface (one in which the rounder
side of the cells is seen and the other in which the elongated section is displayed).
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Figure 8. Examples of depth profiles of corrosion spots in the wrought and LMD 316L stainless
steel obtained using a Leica DMi8 optical microscope.
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Figure 9. (a) Topography and (b) potential map of an area in the surface of the LMD 316L
stainless steel sample. Scan size: 40 um x 40 um. (c) Potential profile of the line represented in

(b).



Tables

Table 1. Nominal chemical composition (wt.%) of 316L stainless steel.

Cr Ni Mo Mn Si S C N P Fe

16-18 10-14 2-3 <2 <075 <0.03 <0.03 <01 <0.045 Balance

Table 2. Passivity region calculated as the difference between Epreakdown and Ecor from the
potentiodynamic polarization experiments for the wrought, LMD, and SLM 316L stainless steel.

Ebreakdown — Ecorr (mV)
Wrought 499 +2
LMD 571 £26
SLM 1155+ 66




