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The microstructure of two sets of 316L alloys (SLM and wrought structure) is determined using SPEC-
TROMAXx stationary metal analyzer, FE-SEM/EDS and XRD. The physical–chemical properties of the
passive films are also investigated by means of XPS, Auger after sputtering and electrochemical impedance
spectroscopy measurements. Differences and similarities between the two sets of alloys are then identified.
The corrosion behavior of alloys is investigated in NaCl solution at the macro- and microscale (micro-
capillary technique). It was found that the inclusion/particles cleanliness is the first-order parameter
explaining differences between 316L(WS) and 316L(SLM). In the absence of particles (pure matrix), the
two sets of alloys have the same corrosion behavior. Residual stresses, the average grain size, the PREN and
the passive films properties are of second order.

Keywords austenite, passive film, pitting corrosion, selective
laser melting

1. Introduction

Additive manufacturing (AM) is defined as the process of
adding materials layer-by-layer to manufacture parts of three-
dimensional work pieces (Ref 1, 2). Different AM technologies
have been developed, such as direct metal laser sintering
(DMLS), direct metal deposition (DMD), electron beam
melting (EBM) or selective laser melting (SLM) (Ref 2).
SLM enables the elaboration of metallic alloys and the
fabrication of engineering components directly from metallic
powder. Metal powder layers are fused by a laser source in a
layer-by-layer manner into the required three-dimensional (3D)
structure (Ref 2). The interaction of the metal powder and the
laser beam raises the temperature to the melting point. It has
been pointed out that the primary parameters that govern the
microstructure of a 3D printed specimen are the laser power
and the laser scan speed (Ref 3).

Due to the elaboration process conditions, alloys derived
from SLM have specific microstructure when compared to
alloys elaborated from conventional processing. A fine
microstructure with columnar grains along the built direction
is observed (Ref 4-7). The width of the elongated grains is
� 10 lm. The microstructure is almost fully dense (low density
of pores). In the case of 316L stainless steel, intercellular
segregation of Mo, Cr and Si, resulting in creation of non-
equilibrium eutectic ferrite is sometimes found (Ref 6).
Transmission electron microscopy investigations (Ref 7) reveal
the existence of a very fine dislocation cell structure in the as-
built SLM sample with similarities to the deformation sub-
structures obtained after severe plastic deformation.

The corrosion behavior of 316L derived from SLM may be
significantly different from that of the alloy elaborated by
classical methods (Ref 3, 8-19). Most of the papers show that
316L derived from SLM exhibits better corrosion resistance
than 316L with wrought structure. However, the results can be
relatively scattered. This scatter has never been discussed or
interpreted. The main reason is that in all these studies, some
information is often missing about the composition and
microstructure of the substrate (content of minor elements
such as carbon, sulfur and nitrogen, the presence of inclu-
sions…) and the properties of the passive film (composition,
thickness, density of dopants…).

According to the American Society Testing and Materials
(ASTM), stainless steels are defined by grade composition
ranges, and not by specifications. Therefore, the PREN of 316L
is between 22.6 and 29.5 (first row in Table 1). In addition,
large MnS inclusions can be found for sulfur contents greater
than 200 ppm. Therefore, the chemical composition and
microstructure must be determined accurately to ensure that
studied alloys (SLM vs classical samples, for example) are
comparable and to interpret correctly differences observed in
the corrosion behavior.

In this paper, the microstructure of two 316L alloys
(elaborated by SLM and from conventional processing) is
investigated using SPECTROMAXx stationary metal analyzer,
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Bourgogne Franche Comté, BP 47870, 21078 Dijon, France; and
Laboratoire Interactions Matériaux Procédés Environnements, LRC
LIMPE n� DAM-VA-11-02, Dijon, France; C. Voltz, S. Thiébaut, and
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surface observation methods (optical microscopy and field-
emission scanning electron microscopy, FE-SEM) and x-ray
diffraction (XRD, sin2w method). The physical–chemical
properties of the passive films are also determined by means
of x-ray photoelectron spectroscopy (XPS), Auger electron
spectroscopy (AES) after sputtering and electrochemical
impedance spectroscopy (EIS) measurements (Mott–Schottky
analysis). Differences and similarities between the two alloys
are then identified. The corrosion behavior is then studied in
3.5% NaCl at 25 �C using potentiodynamic tests. Differences
in the corrosion behavior are analyzed considering the compo-
sition and microstructure (PREN, average grain size, the
presence of particles/inclusions) as well as the properties of
the passive film.

2. Experimental Procedure

2.1 Materials and Surface Preparation

Two 316L stainless steel alloys were investigated, including
an alloy with a wrought structure (noted 316L(WS)) and an
alloy elaborated by SLM (316L(SLM)). The chemical compo-
sition of 316L(WS) is reported in Table 1. It was solution-
annealed at 1050 �C for 15 min and quenched in water. To
establish a relationship between the PREN and the pitting
potential, three other alloys with a wrought structure were
studied (noted 304L, 316L and 904L in Table 1).

The SLM alloy (noted 316L(SLM)) was elaborated by the
use of an EOS M290 (EOS GmbH, Krailling, Germany) with
an Yb-fiber laser (wavelength of 1070 nm and power of
400 W) having a laser diameter of 100 lm (corresponding to
the hatch spacing). The input energy density was kept fixed at
100 J mm�3. Experiments were conducted in an inert nitrogen-
purged atmosphere. A cross-hatching strategy with a rotation
angle of 60� between consecutive layers was selected. The
chemical composition of the powder (average particle size of
32.9 ± 11.3 lm, error = standard deviation) is reported in
Table 1. A heat treatment was then applied to 316L(SLM) in
air. It consists in rising temperature up to 1050 �C in 150 min
(420 �C/h) from room temperature, maintaining 1050 �C for
30 min and applying water quenching. This heat-treated alloy
is noted 316L(SLM-1050). After heat treatment, a 1-mm thick
layer was removed by grinding samples.

316L(WS), 316L(SLM) and 316L(SLM-1050) samples
(height of 5 mm and diameter of 4 cm) were embedded in an
epoxy resin. In the case of 316L(SLM) and 316L(SLM-1050),
the surface studied is perpendicular to the build-up direction of

the additively manufactured workpieces (XY-plane). All sam-
ples were ground using emery papers (1200, 2400 and 4000
grits) and polished with diamond pastes (6, 3 and 1 lm). A
specific vibratory polishing (VibroMet 2 vibratory polisher
from Buehler) was then applied to remove the cold worked
layer generated during the previous steps.

2.2 Surface Analysis and XRD Measurements

The chemical composition of native passive films was
determined from XPS and AES measurements. A PHI Ver-
saprobe 5000 apparatus with a monochromated Al Ka1 line
(energy of 1486.7 eV, power of 50 W and x-ray spot diameter
of 200 lm) was used for XPS analyses. The C1s peak from
pollution (at 284.8 eV) was considered for the energy calibra-
tion. Spectra were treated with the CasaXPS software package.

AES measurements were carried out using a PHI 5000
Versaprobe instrument, with an electron beam diameter of
500 lm. Depth profiling was performed using 500 eV argon
ions with a sputtering rate of 2 nm min�1. This sputtering rate
was measured on a pure SiO2 thermal oxide. Analyzed peaks
are O (510 eV), C (275 eV), Fe (600 eV), Ti (421 eV), Cr
(531 eV), Ni (849 eV) and Mo (184 eV). Acquisitions in direct
mode were derivated for the measurement of intensities. Data
were treated with the Multipack software package.

Residual stresses were measured using the XRD technique
and the sin2w method (Ref 20). A D8 Discovery Bruker four-
circle diffractometer equipped with a large area detector
(GADDS) was used. The x-rays were generated by a Co tube
(kka = 0.179 nm) and the surface area analyzed was 3.1 mm2.

2.3 Electrochemical Measurements

All electrochemical experiments were carried out in
3.5 wt.% NaCl at 25 �C using a PGSTAT128 AUTOLAB
potentiostat/galvanostat. Experiments were performed at the
global scale using a classical three-electrode cell. Potentials
were measured vs. saturated calomel electrode (SCE) and the
counter electrode was made of platinum grid (5 9 5 cm2).
Polarization curves were plotted from � 400 mV vs. SCE up to
1 V at a potential scan rate of 1 mV s�1.

Mott–Schottky analyses were performed to investigate the
semiconducting properties of native passive films. Electro-
chemical impedance spectroscopy (EIS) measurements were
performed at 1.5 kHz. The Mott–Schottky plots were obtained
by sweeping the potential range in the anodic direction, from
� 1000 to + 1000 mV SCE. Potentials were applied by
successive steps of 50 mV, with an amplitude sinusoidal
voltage perturbation of 20 mV. Capacitance values were

Table 1 Chemical composition of alloys (wt.%) and values of the PREN (PREN = Cr + 3.3 3 Mo + 16 3 N)

Cr Ni Mo Mn Si C N P S Fe PREN

ASTMA240/A240M 16-18 10-14 2-3 <2 <0.75 <300 ppm <1000 ppm <450 ppm <300 ppm Bal. 22.6-29.
316L(WS) 16.45 10.13 2.06 1.66 0.51 160 ppm 700 ppm 200 ppm <5 ppm 24.4
316L powder 17.69 13.01 2.45 0.91 0.41 150 ppm 850 ppm 180 ppm 52 ppm 27.1
316L(SLM)
316L(SLM-1050)

17.89 12.56 2.55 0.49 0.45 150 ppm 830 ppm 190 ppm 46 ppm 27.6

304L 18.17 10.13 0.2 1.13 0.4 180 ppm 730 ppm 44 ppm 20
316L 17.2 12.6 2.5 1.43 0.4 170 ppm 300 ppm 8 ppm 25.9
904L 19.55 24.2 4 1.41 0.2 210 ppm 740 ppm 2 ppm 34
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calculated from the relation C = (�2pƒZim)
�1, where ƒ is the

frequency and Zim is the imaginary part of the impedance.

3. Results and Discussion

3.1 Microstructures

316L(WS), 316L(SLM) and 316L(SLM-1050) have com-
parable carbon content (150-160 ppm in Table 1) and very low
sulfur level (< 50 ppm in Table 1). The pitting resistance
equivalent number (PREN) of 316L(SLM) and 316L(SLM-
1050) is significantly greater than that of 316L(WS), Table 1.
The difference (of about 3) must be taken into account when
interpreting the corrosion results.

Figure 1(a), (b), (c) and (d) shows the microstructure of the
three samples after etching (in 50%vol. HCl at 2 V for 10 s).
Equiaxed grains are observed in 316L(WS), Figure 1(a).
Annealing twins are also present in some grains. Both the
hatching pattern and fine grains are visible in 316L(SLM),
Fig. 1(b). After heat treatment, the hatching pattern is no longer
visible, and only coarse grains are found, Fig. 1(c). The average
grain size was determined using the circular intercept method
according to ASTM E112. The average grain size is 53.4, 15.9
and 31.8 lm for 316L(WS), 316L(SLM) and 316L(SLM-
1050), respectively. These results show that 316L(SLM) has the
finest microstructure.

316L(WS) contains mixed oxide microparticles having a
diameter between 1 and 5 lm (image insert in Fig. 1a). Al, Mg,
Mn, Si, Ti and Ca are constituent elements of these micropar-
ticles. For example, energy dispersive spectroscopy (EDS)
analysis of the microparticle in Fig. 1(a) yields (at.%) 63.5% O,

10.8% Si, 10.2% Al, 8.5% Ca, 3.2% Ti, 1.6% Mg and 0.9%
Mn. This analysis was performed using JEOL JSM-7600F FE-
SEM. It was already shown (Ref 21, 22) that microparticles
containing CaO are precursor sites for pitting corrosion in
stainless steels. By contrast, no MnS inclusions were found. In
316L(SLM) and 316L(SLM-1050), no mixed oxide micropar-
ticles, no MnS inclusions and no pores were found. The two
samples contain spherical silicate nanoparticles (diameter
<< 1 lm, Fig. 1d) composed mostly of O
(51.9 ± 4.1 at.%), Si (16.1 ± 1.1 at.%), Cr (13.2 ± 2.8 at.%)
and Mn (9.1 ± 1.1 at.%). Therefore, differences observed
between samples in the average grain size and in the nature
of particles must be taken into account when interpreting the
corrosion results.

Residual stresses were measured using the sin2w method
(Ref 20). A linear relationship was systematically found
between the variation of the Bragg�s angle, D2h, and sin2w,
Fig. 2(a) and (b). The same slope was found for the three
samples, corresponding to residual stress values of � 66 ± 24
and � 24 ± 14 MPa in the radial and orthoradial directions,
respectively. As expected (vibratory polishing), residual
stresses are very low. The same level of residual stresses was
obtained in the three samples. Therefore, differences observed
in the corrosion behavior cannot be interpreted considering this
parameter.

3.2 Properties of Passive Films

There is a limited number of papers about the physical–
chemical properties of passive films formed on 316L alloys
elaborated by SLM. AES analyses (Ref 23) do not show
significant differences in the chemical composition and thick-
ness of the passive films formed in alkaline solution under

Fig. 1 Optical images after etching in 50% HCl at 2 V for 10 seconds of (a) 316L(WS) (insert image: mixed oxide microparticle), (b)
316L(SLM) and (c) 316L(SLM-1050). (d) FE-SEM image after surface preparation of silicate nanoparticles in 316L(SLM). The circle in (a)
represents the diameter of the capillary used for local electrochemical measurements
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potentiostatic conditions for 12 hours. By contrast, XPS and
TEM investigations (Ref 24) reveal some differences in the
structure of these passive films. It was proposed that these
differences might lead to a more protective passive film on the
sample elaborated by SLM. In addition, there are no data about
the physical–chemical properties of native passive films.

XPS experiments were carried out to characterize the
composition of the three native passive films. Mo3d spectra
were decomposed as proposed in (Ref 25), Figure 3(a) and (b).
Mo6+ and Mo4+ species were found, and no differences were
observed between the three samples. C1s, O1s, Fe2p and Cr2p
spectra were decomposed into classical contributions according
to (Ref 26, 27). A peak was found at 283 eV in the C1s
spectrum of 316L(SLM-1050) which was attributed to the
presence of carbides, Fig. 3(c). This study is an example of the
formation of carbides due to the heat treatment conditions
described in section 2.1. Depending on the heat treatment
strategy (Ref 17, 18, 28, 29), precipitation can occur and/or the
distribution of dislocations and alloying elements, the grain size
and orientation and the nature of grain boundaries can be
modified. The ratio O2- / OH- in the native passive films was
calculated from the O1s spectra, Fig. 3(d). Numerical values are
reported in Table 2. The highest value was found for
316L(SLM-1050), of about 2 (between 1.3 and 1.4 for
316L(WS) and 316L (SLM)). This ratio plays also an important
role in pitting corrosion (Ref 30). Indeed, passivity of metallic
alloys is usually attributed to the presence of oxides at the
specimen surface rather than hydroxides. Therefore, the native
passive film formed on 316L(SLM-1050) is slightly richer in
oxides than the two others.

Regarding alloying elements, the native passive film on
316L(SLM) contains the lowest amount of Fe-based species
(oxides and hydroxides), Fig. 4(a). On the other hands, the
native passive films on 316L(SLM) and 316L(SLM-1050)
contain the lowest amount of Cr-based species (oxides and
hyroxides), Fig. 4(b). The ratio Cr / Fe in the native passive
films is more relevant to interpret the corrosion resistance of
alloys rather than the Cr and Fe contents. It was already shown
that the greater the ratio Cr/Fe in the passive film, the higher the
corrosion resistance of the alloy (Ref 31, 32). The values of Cr /
Fe were calculated from AES profiles, Fig. 5 and Table 2. The
same value of Cr/Fe was found in the three cases (values
around 0.5). This ratio is less than unity, indicating that all
native passive films are richer in iron-containing species than in
chromium-containing ones.

The thickness of the native passive films on 316L(WS) and
316L (SLM) is around 1 nm (Fig. 5a and b) and Table 2). The
thickness is regarded as the sputtering distance at which oxygen
content reduces to half relative to that at the surface. The depth
profile of oxygen on 316L(SLM-1050) is different from that on
the two other samples, Fig. 5(c). This could mean that the
passive film is thicker or that the thickness is comparable but
the sputtering rate is slower (passive film enriched with oxides
which are more difficult to sputter than hydroxides).

Figure 6 shows the Mott–Schottky plots of the native
passive films. All plots reveal two linear parts corresponding to
Mott–Schottky-type behaviors (Ref 33). For applied potentials
less than � 600 mV vs. SCE, a p-type semiconducting
behavior which is attributed to the predominant formation of
chromium oxide in the inner part of passive films is found. In
the anodic region (potentials greater than � 600 mV vs. SCE),
the capacitance represents the behavior of a n-type semicon-
ductor characterizing the outer hydroxide layer of native
passive films. The density of acceptors and donors was
calculated from the negative and positive slopes, respectively
(Eq 1).

N ¼ 2

e:e0:q:p
ðEq 1Þ

where e is the relative permittivity (e = 15.6 (Ref 23)), e0 is the
vacuum permittivity (8.854910�12 F m�1), q is the electron
charge (1.602910�19 C) and p is the slope (F�2 m4 V�1).
Numerical values of the density of acceptors (Na) and donors
(Nd) are reported in Table 2. Results obtained on 316L(WS) and
316L(SLM-1050) are similar. The native passive film formed
on 316L(SLM) contains the highest density of dopants (both
acceptors and donors). This sample has the finest microstruc-
ture and therefore the highest density of grain boundaries.
However, differences between the three samples are very small.
The density of dopants in 316L(SLM) is 1.4-1.8 times higher
than in the other samples.

AES and XPS results show that the native passive films
have the same chemical composition. The native passive film
on SLM(SLM-1050) is slightly thicker than on the two other
samples. In addition, electrochemical measurements reveal that
differences in the density of dopants between the three samples
are small.

3.3 Corrosion Behavior of Samples in 3.5wt.% NaCl

Figure 7(a) shows the polarization curves of 316L(WS),
316L(SLM) and 316L(SLM-1050) in 3.5% NaCl (25 �C) at the
global scale. It can be observed that the method of elaboration

Fig. 2 2h vs. sin2 w plots after surface preparation: (a) radial and
(b) orthoradial directions
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and the heat treatment have no influence on the current density
in the cathodic branch. The main cathodic reaction is the
oxygen reduction reaction (ORR, reaction 2).

O2 þ 2H2O þ 4e� ! 4OH� ðEq 2Þ

316L(SLM) exhibits passive behavior. No stable and
metastable pitting is observed in the anodic domain,
Fig. 7(a). By contrast, stable pitting is observed in 316L(WS)
and 316L(SLM-1050) at an applied potential of 0.5 and 0.4 V

vs. SCE, respectively. To confirm that stable pitting occurs in
316L(SLM-1050), the potential of 1 V vs SCE was maintained
at the end of the polarization curve for a sufficiently long time.
The current density increases continuously to values greater
than 1 mA/cm2 (and the pits were found to be larger than right
after the polarization curve). The current peaks observed in the
passive range of the polarization curve of 316L(SLM-1050)
correspond to potential transients (metastable pitting) rather
than oxidation peaks. Indeed, two polarization curves were

Fig. 3 XPS spectra of 316L(WS), 316L(SLM) and 136L(SLM-1050) after surface preparation: (a-b) Mo3d levels, (c) C1s and (d) O1s

Table 2 Quantitative data derived from (*) Auger, (**) XPS and (***) EIS measurements after surface preparation

Thickness* (nm) Cr/Fe* O22/OH2** Na** (3 1012 cm23) Nd*** (3 1012 cm23)

316L(WS) 1 0.5 1.4 1.2 1
316L(SLM) 1 0.5 1.3 1.7 1.8
316L(SLM-1050) 2.5 0.5 2 1.3 1.3
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plotted, and these peaks were not systematically observed.
Figure 8 shows pits observed in 316L(WS) and 316L(SLM-
1050) after polarization curves. They were significantly larger
in the wrought structure than in the 316L(SLM-1050). The
influence of the microstructure and elaboration method on the
pit propagation stage is an important scientific issue that we
will be studied in the future.

Considering the results presented in the previous sections,
two different assumptions may explain the excellent corrosion
resistance of 316L(SLM) with respect to 316L(WS): the
greatest value of the PREN (chemical composition of the
matrix) and/or the absence of mixed oxide microparticles.

Figure 7(b) shows the evolution of the pitting potential vs
the PREN value. To determine this evolution, global polariza-
tion curves of additional austenitic alloys with wrought
structure were plotted in 3.5% NaCl at 25 �C, after vibratory
polishing. Among these austenitic alloys, there is type 304L
stainless steel (PREN = 20), a second type 316L (PREN = 25)
and a super-austenitic 904L stainless steel (PREN = 35),

Table 1. All these alloys have very low carbon (< 150 ppm)
and sulfur (< 50 ppm) contents. They contain mixed oxide
microparticles (as that shown in Fig. 1a). A linear relationship
was found between the pitting potential and the PREN value
(dotted line in Fig. 7b). According to this relationship,
316L(SLM) which have a PREN of 27.6 should exhibit
stable pitting at around 630 mV vs SCE. This is not in good
agreement with the results shown in Fig. 7a (no stable pitting in
316L(SLM)). This suggests that the PREN is not the first-order
parameter controlling pitting corrosion of the studied alloys.

Local polarization curves were then plotted in sites of
316L(WS) containing the matrix without mixed oxide
microparticles, Fig. 9. The measurements were performed
under the same experimental conditions than at the global scale
(3.5% NaCl at 25 �C, 1 mV/s) using the electrochemical
microcell technique (Ref 33-36) and capillaries with a diameter

Fig. 4 XPS spectra of 316L(WS), 316L(SLM) and 136L(SLM-
1050) after surface preparation: (a) Fe2p, (b) Cr2p levels

Fig. 5 Auger depth profiles of oxygen and alloying elements (Fe,
Cr, Ni) for: (a) 316L(WS), (b) 316L(SLM) and (c) 316L(SLM-1050)
after surface preparation
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of 154 lm. As shown in Fig. 1(a), several grains and grain
boundaries are present within the investigated surface. A large
number of local polarization curves (about 10 curves) were
plotted in different sites to ensure that all potential weak points
(except oxide microparticles) are considered. As obtained
results were very reproducible, only two typical curves are
shown. The matrix of 316L(WS) without mixed oxide
microparticles exhibits passive behavior, Fig. 9. No
stable and metastable pitting is observed in the anodic domain.
Although the matrices of 316L(WS) and 316L(SLM) are

different in terms of average grain size and PREN, they have
similar corrosion behavior in 3.5% NaCl at 25 �C (passive
behavior, no pitting). These results show that mixed oxide
microparticles present in the alloy elaborated by classical
processing are precursor sites for pitting.

Local polarization curves were plotted in sites of
316L(SLM) under the same experimental conditions, Fig. 9.

Fig. 6 Mott–Schottky plots for the native passive films after
surface preparation

Fig. 7 (a) Global polarization curves (3.5% NaCl à 25�C, 1 mV s-
1) of the different samples after surface preparation. (b) Relationship
between pitting potential derived from global polarization curves and
PREN for different austenitic alloys

Fig. 8 Optical micrographs of the surface after the polarization
curve: (a) 316L(WS) and (b) 316L(SLM-1050)

Fig. 9 Local polarization curves (3.5% NaCl à 25�C, 1 mV s-1,
capillary diameter of 154 lm) after surface preparation of 316L(WS)
and 316L(SLM)
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Several grains and grain boundaries are again present within the
investigated surface (Fig. 1b). As it was already found at the
macroscale, no pitting potential can be defined from local
polarization curves. 316L(SLM) has passive behavior in 3.5%
NaCl. The current density in the passive range is slightly
greater than that measured on 316L(WS). This is mainly due to
the fact that the native passive film formed on 316L(SLM)
contains a higher density of dopants than the passive film on
316L(WS), Fig 6.

The pitting potential of 316L(SLM-1050) was found to be
lower than the value expected from the linear relationship
between the pitting potential and the PREN, Fig. 7(b). The
presence of carbides revealed by XPS (section 3.2) greatly
reduces the corrosion resistance of 316L(SLM-1050) compared
to that expected with its PREN value. Other studies (Ref 18,
37) have revealed that chromium carbides are precursor sites in
316L stainless steel. The positive influence of the ratio O2�/
OH� in the native passive film (section 3.2) is then counter-
balanced by the negative role of carbides. The corrosion
resistance of 316L elaborated by SLM can increase after certain
heat treatment, while others may reduce it (Ref 17, 18, 28, 29).
It depends on modifications of the microstructure and physical–
chemical properties of the passive film formed after aging in
aqueous solutions.

4. Conclusions

The corrosion behavior of 316L(WS), 316L(SLM) and
316L(SLM-1050) was analyzed considering their microstruc-
ture, residual stresses and the physical–chemical properties of
native passive films. Obtained results show that the PREN and
the average grain size are not the first-order parameters
controlling pitting corrosion of the studied alloys. Precursor
sites in 316L(WS) are mixed oxide particles (with Ca, Al, Mg,
Ti…). In the absence of mixed oxide particles, 316L(WS) has
the same corrosion behavior than 316L(SLM) in 3.5% NaCl at
25 �C (passive behavior with no pitting potential). Therefore,
the inclusion/particles cleanliness is the first-order parameter
explaining differences between 316L(WS) and 316L(SLM).
After heat treatment at 1050 �C for 6 hours, carbides are
precursor sites in 316L(SLM-1050).
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