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A B S T R A C T   

Pit stability and repassivation of SS316L stainless steel processed by laser powder bed fusion (L-PBF) were 
examined through polarization experiments on one-dimensional (1D) pit electrodes. The L-PBF-SS316L pit was 
observed to grow along the Cr and Mo-depleted melt pool boundaries (MPBs) well below the nominal repassi
vation potential (Erp) due to partial repassivation. MPBs promote pit stability in L-PBF-SS316L by offering an easy 
path for pit propagation. The implications on the reliability of the nominal Erp of L-PBF-SS316L as a metric for 
localized corrosion resistance are discussed.   

1. Introduction 

The resistance of SS316L stainless steel (SS316L) manufactured by 
additively manufacturing processes such as laser powder bed fusion (L- 
PBF) to environmental degradation can differ considerably from 
conventionally processed counterparts. There have been numerous 
studies on pitting corrosion of L-PBF-SS316L stainless in various envi
ronments in the last decade. High pitting potentials (Epit) of L-PBF- 
SS316L have been reported (> 0.6 VSCE), suggesting enhanced pitting 
resistance, which is often attributed to suppression of deleterious MnS 
inclusions due to rapid solidification in the L-PBF process [1–7]. More
over, the oxide inclusions in the L-PBF stainless steels are refined to the 
submicron- or nano-scale, which inhibits pit initiation at matrix/
inclusion interfaces [2,8]. 

A feature that has garnered little attention is the fact that the 
repassivation potential (Erp) of L-PBF-SS316L is equal to or lower than 
that of wrought SS316L [1,2,7]. Consequently, the (Epit – Erp) window 
for stable pit growth is significantly larger for L-PBF-SS316L than for 
wrought SS316L. Sander et al. found that (Epit – Erp) was ~ 0.8 V for 
L-PBF-SS316L but only 0.3 V in wrought SS316L [2]. Chao et al., who 
reported extraordinarily high pitting potentials of L-PBF-SS316L (> 0.6 
VSCE), were unable to measure Erp in their cyclic potentiodynamic po
larization (CPP) experiments because the reverse scan current remained 
high even below the forward scan open circuit potential (OCP) (~ 0 
VSCE) [1]. On the other hand, wrought SS316L repassivates at −50 
mVSCE, well-above its forward scan OCP. Similarly, Laleh et al. also 

reported that the Erp of L-PBF-SS316L was lower than its forward scan 
OCP despite possessing a high Epit of 0.7 VSCE [7]. The authors also found 
that the Erp of the wrought SS316L was higher than its L-PBF counterpart 
and about 100 mV above its own OCP. 

The above discussion suggests that L-PBF-SS316L pits have higher 
stability than wrought SS316L pits. Erp is the potential above which an 
existing pit can continue grow and (Epit – Erp) represents the range of 
potentials at which stable pit propagation can occur. The current study 
investigates the underlying microstructural causes for the greater sta
bility of growing pits in L-PBF-SS316L. In the remainder of this section, 
the pertinent literature is reviewed to provide further context and 
highlight the rationale behind our work. 

It is generally accepted that pitting corrosion occurs in following 
stages: (i) passive film breakdown, (ii) metastable pitting, (iii) stable pit 
propagation and possibly (iv) pit stifling/repassivation [9]. The overall 
pitting resistance of a material in a given environment can be deter
mined either by the breakdown of the passive film to form a metastable 
pit or the transition of a metastable pit to a stable pit [10]. Potentio
dynamic polarization curves for L-PBF-SS316L in neutral chloride 
environment exhibit numerous metastable pitting events at potentials 
well below Epit, which is high compared to wrought SS316L [1,7]. This 
indicates that passive film breakdown events are frequent, but meta
stable pits do not transition to stable pits until a high anodic potential is 
applied. Therefore, pit growth stability is expected to play a significant 
role in determining the overall pitting resistance of L-PBF-SS316L 
stainless steel. 
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Among the features controlling different stages of pitting in L-PBF 
stainless steels, process-induced defects, such as lack of fusion porosity 
intersecting the tested surface, largely control stable pit initiation and 
hence Epit. Schaller and co-workers studied pitting corrosion of L-PBF- 
SS304L in 0.6 M NaCl using a micro-capillary cell and found that the 
measured Epit was considerably lower in regions of the build with 
evident porosity than in pore-free regions [11]. Sun et al. reported that 
Epit for a high porosity (2–6 vol%) L-PBF-SS316L was lower (~100 mV) 
in 0.9% NaCl solution than wrought SS316L. In addition to porosity, 
melt pool boundaries (MPBs), which form between two molten pools 
during the L-PBF process and are delineated by differences in grain or 
sub-grain orientation, size and morphology [12], were reported to be 
sites for pit initiation [5]. However, stable pit initiation took place only 
at high anodic potentials (> 0.6 VSCE). So, while MPBs may be pit 
initiation sites, they are activated only at high potentials and might not 
be sites for pit initiation at potentials close to free corrosion conditions. 

While processing defects such as porosity influence pit initiation 
considerably, heterogeneities such as MPBs, grain boundaries, and 
dislocation substructure can significantly influence pit growth and 
repassivation [13]. Among the microstructural heterogeneities, L-PBF 
stainless steel MPBs have been shown to be the most susceptible to 
localized attack in various environments. For example, Macantangay 
et al. showed that the MPBs of L-PBF-SS316L are selectively attacked in 
ammonium persulfate solution [14]. They speculated that MPBs may be 
sites of preferential sigma phase and CrN precipitation but did not 
provide microstructural evidence. Ni et al. also showed selective attack 
of L-PBF-SS316L MPBs after a 12 h immersion in 6% FeCl3 + 0.05 M HCl 
[15]. Similarly, Preito et al. observed that MPBs in L-PBF-SS316L un
derwent severe localized corrosion leading to melt pool fallout during 
immersion in 6% FeCl3 at 55 ◦C while not offering any insights into 
underlying causes [16]. Wang et al. observed pit initiation near MPBs in 
L-PBF-SS316L and attributed it to inhomogeneous lattice defects asso
ciated with high misorientation at MPBs [5]. However, the evidence 
does not unambiguously establish the reason for corrosion susceptibility 
because high misorientation regions were also found away from MPBs 
and they did not serve as pit initiation sites. 

While the existing literature reveals that MPBs are susceptible sites in 
L-PBF-SS316L, the environments studied are not representative of the 
local pit chemistry, so they provide no insight into the role of MPBs on 
pit stability and repassivation. Furthermore, previous studies were 
performed on boldly exposed test coupons, which limits the ability to 
determine the pit propagation pathways. In this work, we utilize one- 
dimensional (1D) pit electrodes. 1D pit electrodes are small cross- 
section samples, usually wires, embedded in epoxy [17–21]. They are 
also referred to in the literature as artificial pit electrodes or 
lead-in-pencil electrodes. The entire exposed cross section is activated 
and, as they dissolve down into the epoxy, the natural pit environment is 
generated. The transport within the channel created in the epoxy is 
one-dimensional [17,18]. This electrode geometry also allows for 
cross-sectioning of the pit bottom to probe the pit propagation 
pathways. 

We demonstrate here that severe selective attack can occur at L-PBF- 
SS316L MPBs near the critical local pit chemistry for repassivation of L- 
PBF-SS316L in chloride environments. The selective attack of the MPBs 
is termed here as inter-melt pool corrosion (IMPC). Analogous to the 
intergranular corrosion of stainless steel, we attribute this IMPC to 
depletion of Cr and Mo at MPBs resulting from the L-PBF solidification 
conditions. We present the results of a series of electrochemical repas
sivation experiments using 1D pits constructed of L-PBF and wrought 
SS316L in 0.6 M NaCl to replicate the local pit chemistry and understand 
the mechanism of corrosion near critical chemistry corresponding to pit 
repassivation. Close examination of the microstructural attack in these 
experiments was used to correlate the localized corrosion to the elec
trochemical behavior. The implications of IMPC on the use and deter
mination of repassivation protection potentials are discussed. 

2. Materials and methods 

2.1. Materials and additive manufacturing 

SS316L powder procured from 3D Systems was processed using an L- 
PBF technique on a 3D Systems ProX DMP 200 printer to make rectan
gular parallelepiped prism parts built on a SS316L plate. Each paral
lelepiped prism part had an edge length of 1.5 cm and the parts were 
built at an angle of 45◦ to the build plate normal. A square raster scan 
strategy was used, with raster pattern rotated by 90◦ between each layer, 
repeating every 5th layer. The processing parameters given in Table 1 
were used to produce low-porosity parts with > 99% density. The 
composition of the as-printed L-PBF-SS316L was analyzed by NSL 
Analytical using inductively coupled plasma - optical emission spec
troscopy (ICP-OES) and a LECO Corp. combustion tool. Table 2 lists the 
composition of the L-PBF-SS316L part, powder used, and the vendor- 
specified composition of wrought SS316L used in this study. 

2.2. 1D pit electrode experiments 

Cuboidal 1D pit electrodes with a square surface cross section of 250 
µm × 250 µm were constructed from L-PBF and wrought SS316L 
stainless steels using electrical discharge machining. The orientation of 
the extracted 1D pit electrode with respect to the parallelepiped build 
along with an etched optical micrograph showing the melt pool 
boundaries are shown in Supplementary Figure 1. Each of the L-PBF- 
SS316L 1D pit electrodes was extracted from the as-built part. A repre
sentative SEM image of the unmounted artificial 1D pit electrode is 
shown in Supplementary Figure 2. The cut surfaces of 1D pit electrodes 
were ground with 240 grit SiC paper to eliminate residual of the 
machining wire before mounting in epoxy. The mounting was done in 
such a way that the square cross-section formed the exposed surface. The 
surface was ground to 600 grit SiC polishing paper, rinsed, and dried 
before each experiment. 

The polarization experiments were carried out in the vertical 
configuration following Li et al. [18]. The epoxy cylinders were moun
ted at the bottom of the cylindrical cell such that the top surface of the 
cylinder was facing upward in contact with the air-exposed quiescent 
0.6 M NaCl electrolyte. A saturated calomel reference electrode (SCE) 
and Pt mesh counter electrode were inserted from the top of the cell. All 
experiments were conducted using a Gamry Reference 600+ potentio
stat (Gamry Instruments, Warminster, PA) at room temperature (23 ± 2◦

C). 
The following sequence was used for the potentiostatic repassivation 

experiments on 1D pit electrodes: dissolution was initiated by applying a 
high potential pulse of + 1.2 VSCE for 5 min, which breaks the passive 
oxide film in stainless steels. Initiation of the 1D pit dissolution was 
affirmed from the rapid increase in dissolution current density to greater 
than 1 mA.cm−2. After initiation, the potential was stepped down to+

0.4 VSCE and held for 3 h to deepen the 1D pit. The initiation and growth 
potentials were chosen based on previous SS316L stainless steel 1D pit 
experiments [17,18]. The potential of 0.4 VSCE is well above the nominal 
Erp of stainless steels in chloride environments (−0.2 VSCE to 0 VSCE) 
[22]. The pit depth can be calculated based on the charge passed 
assuming 100% faradaic efficiency and uniform, congruent dissolution 

Table 1 
L-PBF process parameters utilized in this study.  

Laser power 110 W 

Laser velocity  1400 mm/s  

Layer thickness  30 µm  

Laser focus offset  + 1 mm  

Mean beam diameter at focus 12 µm  
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across the exposed area. 
Following the initial growth, the applied potential was stepped down 

to + 0.1 VSCE and then down to −0.35 VSCE in steps of 0.01 V following 
potentiostatic hold at each potential for 1 h. This sequence is loosely 
based on the ASTM-G192 or Tsujikawa-Hisamatsu Electrochemical 
(THE) method [23]. The tests were repeated five times for 
reproducibility. 

The following sequence was used for the potentiostatic experiments 
conducted below the nominal repassivation potential. The pit was 
initiated by applying a voltage pulse of + 1.2 VSCE for 5 min and the 
initial pit growth was carried out at + 0.4 VSCE for 5 h. Following the 
initial growth, the applied potential was stepped down to −0.1 VSCE 
which was approximately 0.03 V below the measured Erp for L-PBF- 
SS316L based on 5 replicated experiments. 

Potentiodynamic polarization experiments were performed to 
distinguish complete and incomplete repassivation using the steps for pit 
initiation and growth as described previously, except that the pit was 
grown at + 0.45 VSCE for 4 h. A downward potentiodynamic scan was 
conducted at a scan rate of 0.1 mV/s from + 0.45 VSCE to a −0.18 VSCE, 
which was about 0.09 V below the nominal Erp of both L-PBF and 
wrought SS316L but still above the zero current potential (ZCP) of the 
pit. The potential choice allowed for either complete repassivation or 
deactivation to occur. The downward potentiodynamic polarization was 
followed by potentiostatic hold at −0.18 VSCE for 2 h to ensure the pits 
had enough time to fully dilute below the critical chemistry for pit sta
bility, Ccrit [6]. The potentiostatic polarization was followed by an up
ward polarization scan at a rate of 1 mV/s. The experiments were 
designed based on previous work by Jun et al. [24]. 

2.3. Microstructural characterization 

2.3.1. Scanning electron microscopy 
The epoxy cylinder was abraded parallel to its axis on 120 grit SiC 

paper to approach the corroded 1D pit bottom. Once the wall of the 1D 
pit was reached, the cross-section was ground successively to 1200 grit 
using SiC paper followed by fine polishing with 6 µm, 3 µm, and 1 µm 
diamond paste dispersed in extender. The final polishing was carried out 
in 0.05 µm colloidal silica suspension on a vibratory polisher. The 
corroded cross-section was imaged under a Thermo Fisher Scientific 
Apreo FEG scanning electron microscope (SEM) at a working distance of 
10 mm at an accelerating voltage of 10 kV using the low-vacuum sec
ondary electron detector. The chamber was filled with water vapor such 
that the chamber pressure of 50 Pa was maintained. Low-vacuum mode 
was used to avoid charging of the non-conductive epoxy surface which 
remained beneath the corroded part of the 1D pit. 

To establish a baseline for the analysis of the corrosion morphology, 
an uncorroded etched cross-section of the 1D pit electrode was addi
tionally imaged under the SEM. The preparation involved the same steps 
as above and additionally the sample was electrolytically etched in 10% 
oxalic acid at + 5 V for 2 min. The epoxy cylinder surrounding the 
sample was coated with carbon to make it conductive and imaging was 
conducted at 10 kV in the back-scattered electron mode at a working 
distance of 10 mm. In addition to the characterization of the 1D pit 
electrodes, etched parallelepiped coupons were also imaged following 
the procedure described above. 

2.3.2. Characterization of the melt pool boundary – scanning transmission 
electron microscopy (STEM) 

The L-PBF-SS316L was ground to 1200 grit SiC paper before elec
trolytically etching the surface parallel to the build direction in a freshly 
prepared solution that contained 85% orthophosphoric acid, 96% 
concentrated sulfuric acid, and DI water in a volume ratio of 5:2:3 in a 
two-electrode cell with the L-PBF-SS316L as the working electrode with 
graphite rod as counter electrode [25]. A constant current density of 
500 mA•cm−2 was applied to the sample for 120 s to reveal the location 
of the MPBs in the sample. Cross-sectional samples for the transmission 
electron microscopy were extracted using a conventional focused ion 
beam (FIB) lift-out method in a Helios NanoLab 600 DualBeam. Further 
thinning was carried out at 900 and 500 eV utilizing the Fischione 1040 
Nanomill to minimize the surface amorphous layer and subsurface 
damage. The cross-section was taken from a location in the sample such 
that the MPB was included in the cross-section with melt pools on either 
side of the boundary. STEM images and spectroscopy were collected 
using a 6 probe-aberration corrected Thermo Fisher Scientific Themis Z 
S/TEM operated at 300 kV, 18.9 mrad convergence semi-angle. The EDX 
maps for Fe, Ni, Cr, and Mo were collected for 2 h to ensure sufficient 
counts. 

3. Results and discussion 

The as-built L-PBF-SS316L used in this study exhibited features 
typical of material produced by the powder bed process. The feedstock 
and process parameters described in Tables 1 and 2 produced materials 
with > 99% density. The MPBs are seen in the polished and etched 
surface in Fig. 1a. A FIB lift-out was cut from a region of this sample 
surface that contained an etched MPB, as indicated in Fig. 1b. The arrow 
in the high-angle annular dark field-scanning transmission electron 
microcopy (HAADF-STEM) image of the liftout in Fig. 1c is located in the 
etch trench (divot) and points to the location of the MPB. Homogenously 
distributed inclusions are also visible in this image as dark dots. These 
inclusions were identified as oxides in a previous microstructural study 
of the same material [25]. The EDS imaging and line scan in Fig. 1d-f 
show depletion of Cr and, possibly, Mo at the MPB. This finding is 
consistent with previous reports of Cr and Mo MPB depletion in 
L-PBF-SS316L [26,27]. 

1D pit electrodes were constructed from the as-built L-PBF and 
wrought SS316L to assess the relative electrochemical repassivation 
behavior of these materials. The strict geometry of the 1D pit electrodes 
allows creation of electrochemical conditions that enable well- 
controlled pit growth and local chemistry [18,21,28]. For this study, 
corrosion was initiated in the 1D electrodes and their repassivation 
behavior examined using stepped potential experiments, as described 
above. 

The modified-THE tests using the 1D pit electrodes indicate that both 
the L-PBF-SS316L and the wrought SS316L had nominally similar 
repassivation potentials. The repassivation potential, Erp, is defined as 
the potential at which the current drops during the hold and does not 
rise in subsequent steps. The current drop is an indication that the metal 
dissolution at pit bottom is unable to sustain the critical local pit 
chemistry. The current definition of Erp is based on the understanding 
that repassivation kicks in when the dissolution at the pit bottom is 
unable to outrun the dilution of the pit by outward diffusion of metal 

Table 2 
Composition of the as-built L-PBF-SS316L, feedstock powder and the wrought SS316L used in this study.   

Fe Cr Ni Mo Mn Si N O P C S Al 

L-PBF  67.5  17.3  11.1  2.16  1.07 0.65  0.093 0.063  0.019  0.017  0.009 0.003 
SD  0.34  0.35  0.22  0.20  0.12 0.098  0.014 0.0094  0.0029  0.003  0.001 0.0005 
Powder  68.4  16.9  10.6  2.10  1.09 0.66  0.110 0.093  0.018  0.021  0.011 0.012 
SD  0.34  0.85  0.53  0.10  0.05 0.033  0.017 0.014  0.003  0.003  0.002 0.002 
Wrought  68.8  16.8  10.1  2.11  1.46 0.60  0.039 0.0049  0.028  0.022  0.001 0.021  
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cations. 
The results of representative experiments in Fig. 2 show that these 

conditions were met at −0.07 VSCE for L-PBF (a) and −0.1 VSCE for the 
wrought material (b). The average Erp determined over 5 replicate tests 
for L-PBF and wrought SS316L were −0.074 ± 0.005 VSCE and −0.094 
± 0.005 VSCE, respectively. 

Holding the 1D L-PBF-SS316L pits at ~0.03 V below the average Erp 
measured via the modified THE tests (−0.1 VSCE) for longer times, 
however, resulted in increasing current for up to 8 h, Fig. 3. This con
trasts with wrought SS316L pits where the current density diminished to 
less than 10−4 A.cm−2 within an hour while holding ~ 0.03 V below 
their average Erp (−0.12 VSCE). These long-term potential hold tests 
were preceded by anodic polarization at + 0.4 VSCE to grow the pits to a 
depth of ~1200 µm to ensure consistency with the modified THE tests. 
The trends in Fig. 3 were reproducible across three replicate experiments 

for each material. 
The rising current of the L-PBF-SS316L pits during the long-term 

potential holds is indicative of incomplete repassivation associated 
with activation-controlled pit growth. The works of Starr et al. [29] and 
Jun et al. [24] provide critical insights into the expected behavior of a 
fully repassivated pit versus a pit that has not fully repassivated. Based 
on these studies, it can be inferred that, during potentiostatic polariza
tion of a completely repassivated pit near the repassivation potential, 
the current should decrease and remain in the passive state, as seen for 
the wrought SS316L in Fig. 3. On the other hand, current would 
continue to increase with time as a result of active dissolution for a pit 
that has not attained a state of complete repassivation, as seen for the 
L-PBF-SS316L in Fig. 3. A fundamental explanation for this is that, as the 
pit deepens under potentiostatic conditions, the surface metal cation 
concentration, Csurf, will increase. The zero current potential (ZCP) of 

Fig. 1. (a) Etched SEM micrograph of L-PBF-SS316L showing melt pool boundaries(MPBs), (b) high-magnification SEM micrograph showing the location of the FIB 
lift-out cutting across an etched MPB, (c) HAADF-STEM micrograph showing nano-scale oxide inclusions with the location of MPB indicated by a red arrow, (d) EDX 
map of Cr showing depletion at the MPB, (e) EDX map of Mo showing faint contrast of its depletion at the MPB, (f) 1D EDX line scan showing the variation of Cr and 
Mo along the dashed arrow shown in (e). 

Fig. 2. Repassivation behavior of (a) L-PBF-SS316L and (b) Wrought SS316L 1D pits grown to ≈1200 µm in 0.6 M NaCl at 23 ◦C when tested according to modified- 
ASTM-G192 test [7]. 
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the pit decreases with increase in the surface metal cation concentration, 
which increases the overpotential for anodic dissolution over time when 
the applied potential, Eapp, is held constant. This causes the rate of 
anodic dissolution at the pit bottom to increase with time [18]. It is 
noteworthy that activation-control pit growth is a transient state, and a 
pit would tend to transition to diffusion-limited pit growth at longer 
times [18,20,30]. 

Cross-sectioning of an L-PBF-SS316L 1D pit bottom after one of the 
8 h potentiostatic hold tests revealed selective attack of the melt pool 
boundaries, Fig. 4. The fish-scale morphology of the MPBs is evident 
from the trace of the corrosion front, Fig. 4b. The size and orientation of 
the MPBs are consistent with the etched uncorroded L-PBF-SS316L 1D 
pit electrode seen in Fig. 4a. It is noteworthy that the pit morphology is 
tapered. The tapering may be caused by deviation from 1D diffusion at 
the pit bottom due to selective MPB attack. This could have led to melt 
pool fall-out near the pit bottom or crevice corrosion at the metal/epoxy 
interface. It must be pointed out that none of the L-PBF 1D pit cross- 
sections examined in this work had evident lack-of-fusion pores in 
them. Moreover, it is unlikely that any of L-PBF pits had intersected a 
void during the polarization experiments because such an intersection 
would leave an electrochemical signature. 

Fig. 5 shows a cross-section of a wrought pit bottom exhibiting 
crystallographic attack after the potentiostatic hold test shown in Fig. 3. 
Crystallographic attack is consistent with the morphology of a repassi
vated pit that was under charge-transfer control before repassivation 
[18,31,32]. Repassivation of the wrought pit likely proceeded in two 
steps when the potential was dropped from + 0.4 VSCE down to 
−0.12 VSCE during the experiments: (i) the pit surface lost its salt film 
and dissolution was transiently under charge-transfer control, leading to 
crystallographic morphology, (ii) final repassivation when the pit then 
diluted below the critical chemistry for repassivation [18,28]. The 
cross-section of wrought SS316L also shows tapering similar to that seen 
in L-PBF-SS316L, Fig. 4, which might be due crevice corrosion at the 
metal/epoxy interface or non-uniform crystallographic attack during 
charge-transfer controlled pit growth. The potentiostatic polarization 
behavior of the L-PBF-SS316L and wrought SS316L seen in Fig. 3 are 
vastly different but both exhibited crevice corrosion at the metal/epoxy 
interface leading to the tapering of pit bottom. Therefore, it is 

Fig. 3. Potentiostatic polarization of L-PBF-SS316L and wrought SS316L 1D 
pits in 0.6 M NaCl at 23 ◦C at a potential 0.03 V below the nominal Erp. The pits 
were pre-grown to ≈1200 µm prior to this experiment. 

Fig. 4. Cross-section of the L-PBF-SS316L 1D pit with its surface etched showing the meltpool boundary b) Post-corrosion cross-section of L-PBF-SS316L 1D pit after 
8 h hold at −0.1 VSCE after the pit was grown to 1200 µm showing selective propagation of attack along the meltpool boundaries (yellow outline). Schematics (c) and 
(d) correspond to (a) and (b) respectively. 

Fig. 5. Post-corrosion cross-section of a wrought SS316L 1D pit after poten
tiostatic polarization at −0.12 VSCE showing crystallographic morphology. 
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reasonable to assume that the crevice corrosion was not the cause for 
high currents observed in Fig. 3 for L-PBF-SS316L. The tapering of 1D pit 
bottom cross-section was also observed in our previous work on 17–4 PH 
stainless steel, but it is probably more of an issue for larger cross section 
electrodes than for 1D pits made from fine wires [33]. 

Potentiodynamic polarization experiments designed to examine the 
reactivation behavior of the 1D pits provide further evidence of 
incomplete repassivation of the L-PBF-SS316L down to at least 
−0.18 VSCE, 0.09 V below the Erp determined by the potential step ex
periments. Fig. 6 shows the results of these experiments wherein the 
upward scan of an L-PBF-SS316L 1D pit after a 2 h hold at −0.18 VSCE 
exhibits immediate reactivation while the wrought specimen remains 
passive. These experiments were based on work by Jun et al., who 
showed a clear distinction between partial and complete repassivation 
could be made through upward potentiodynamic polarization of pits 
after the pit current density had dropped to low values (< 10−4 A.cm−2) 
[24]. 

The behavior seen in Fig. 6 indicates that the L-PBF-SS316L pit did 
not completely repassivate even when the pit chemistry was diluted, 
while the wrought material underwent full repassivation. The results 
presented so far in this study provide important additional insight that 
the attainment of apparent Ccrit of the alloy does not guarantee complete 
repassivation of all the local microstructural features. This suggests that 
Cr-depleted MPBs were actively corroding even when the pit had 
diluted, leading to partial repassivation. 

It is pertinent to discuss the work of Starr et al. on binary Fe-Cr alloys 
that correlated the existence of partial repassivation behavior to bulk 
alloy composition [29]. They found that alloys with 12 wt% Cr did not 
completely repassivate when the chloride concentration exceeded 1 M, 
but remained in a deactivated state, whereby the pit bottom was 
essentially at the ZCP of the bare metal surface free from a protective 
oxide film. On the other hand, pits in alloys containing 16.9 wt% Cr 
underwent full repassivation irrespective of chloride concentration in 
the range of 10−2 - 1 M. In their study, the deactivated alloy spontane
ously reactivated with small perturbation of potential in the anodic di
rection. The behavior of low-Cr binary Fe-Cr in concentrated chloride 
environment is similar to the behavior of L-PBF-SS316L seen in Fig. 6, 
which showed immediate reactivation, whereas the wrought SS316L 
behaves similar to the high-Cr alloy in the work of Starr et al. 

The results of this study, taken together, lead us to attribute the 
incomplete repassivation behavior of L-PBF-SS316L to selective attack 
of the MPBs, or IMPC. The origin of this selective attack appears to be the 
Cr (and possibly Mo) depletion at the MPBs, Fig. 1. Depletion of these 
passivating elements at MPBs is a common feature of L-PBF-SS316L and 
results from the rapid solidification conditions [26,27]. Although others 

have speculated that selective MPB attack could be due to additional 
factors, such as local residual stress gradients or secondary phase pre
cipitates, evidence of such has not been found to date [14–16]. This 
IMPC phenomenon appears mechanistically similar to intergranular 
corrosion in sensitized austenitic stainless steel and Ni-Cr-Mo alloys, 
wherein Cr (and possibly Mo) depletion at the grain boundaries leads to 
their selective attack. 

The evidence presented in this study can explain the enhanced pit 
growth stability of L-PBF-SS316L observed in previous studies. MPBs 
serve as susceptible sites for continued dissolution that remain active 
even when rest of the alloy is repassivated. Continued propagation along 
MPBs might be the underlying cause behind the large hysteresis and 
lower Erp reported in cyclic potentiodynamic polarization curves [1,2, 
7]. This is also the likely reason behind literature reports that Erp of 
L-PBF-SS316L was below its forward scan ZCP [1,7]. This implies that 
selective pit propagation along MPBs or IMPC makes the L-PBF-SS316L 
susceptible to pitting corrosion close to practically relevant free corro
sion conditions. 

The experimental results also highlight that the local repassivation 
potentials of different microstructural features play an important role in 
deciding the susceptibility of the alloy to localized corrosion in a given 
environment, which contrasts what has been suggested in the literature 
[34,35]. Anderko and Sridhar developed a model that calculated the 
local repassivation potential based on the local Cr (and Mo) concen
tration as a function of the distance from the grain boundary in a 
sensitized stainless steel and spatially integrated the local repassivation 
potentials to calculate the nominal repassivation potential of the alloy. 
In their study, the width of the Cr-depletion region in a Ni-base alloy 
(alloy 600) was of the order of a few nm, whereas the pit size at 
repassivation was of the order of tens to hundreds of μm. Thus, aver
aging of the repassivation potential of the Cr-depleted region with the 
bulk Cr-containing matrix resulted in a lack of sensitivity of the repas
sivation potential with heat treatment for that alloy. However, for a 22% 
Cr duplex stainless steel, the width of the Cr, Mo, and N depleted region 
due to sigma phase formation was much larger and assumed values 
closer to the pit size [35]. In that case, they found that the nominal 
repassivation potential of the alloy decreased significantly with sec
ondary phase formation. 

In this work, however, we report that a nano-scale (85 nm) depletion 
of passivating elements at the melt pool boundary in L-PBF-SS316L as 
seen in Fig. 1 f makes it more susceptible to localized corrosion well 
below the Erp than wrought SS316L despite their nominal repassivation 
potentials being similar. This suggests that repassivation potential of the 
most susceptible microstructural feature dictates the localized corrosion 
performance of the alloys. The use of the nominal Erp measured by 

Fig. 6. Potentiodynamic polarization of (a) L-PBF-SS316L and (b) Wrought SS316L 1D pits in 0.6 M NaCl at 23 ◦C. The pits were pre-grown to ≈1200 µm prior to this 
experimental sequence. The pits were potentiostatically held at −0.18 VSCE for 2 h in between the downward (black) and upward (red) potentiodynamic scans. 
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polarization methods designed for wrought alloys as a qualification 
metric for L-PBF stainless steels might result in situations that severely 
compromise the structural integrity of the alloy. An alternative qualifi
cation metric could involve long-term tests in simulated service 
environments. 

One possible solution to mitigate the risk of IMPC is to eliminate the 
melt pool boundaries by heat treatment of the as-built material. For 
instance, Zhou et al. reported that medium-temperature annealing at 
9500 C for 4 h followed by furnace cooling eliminated the MPBs in L- 
PBF-SS316L while it did not alter the grain size and morphology [3]. On 
subsequent testing, they found that this heat treatment enhanced both 
mechanical properties and pitting potentials, which was attributed to 
elimination of MPBs without loss of solidification grain structure. 
However, one must be careful that deleterious phases including oxides 
are not precipitated by such treatment. Recently, Guo et al. showed that 
nano-scale oxides precipitated following 1 h annealing at 900 ◦C, which 
might have possible implications for mechanical as well as corrosion 
properties [25]. Designing heat treatments for the balance of corrosion 
and mechanical properties in L-PBF-SS316L remains an area worthy of 
continued investigation. 

4. Conclusions 

The study examined the role of melt pool boundaries in L-PBF- 
SS316L stainless steel repassivation behavior in chloride media. The 
combined microstructural characterization results and electrochemical 
1D pit experiments lead to the following conclusions:  

• Based on the electrochemical and morphological evidence, L-PBF- 
SS316L undergoes inter-melt pool corrosion below the nominal 
repassivation potential in local pit chloride environment. This is due 
to the phenomenon of partial repassivation of L-PBF-SS316L 1D pits 
where the melt pool boundaries continue to undergo active corrosion 
while rest of the alloy had undergone repassivation.  

• IMPC is attributed to Cr-,Mo-depletion at the melt pool boundaries, a 
consequence of L-PBF-SS316L processing resulting from solute par
titioning during solidification.  

• The selective pit propagation along MPBs could make L-PBF-S316L 
more susceptible to pitting corrosion under practically relevant free 
corrosion conditions, undermining the material’s localized corrosion 
performance.  

• The results of this study suggest that the selective attack of melt pool 
boundaries due to partial repassivation of L-PBF-SS316L melt pool 
might significantly deteriorate the structural integrity and perfor
mance of L-PBF-SS316L components. The results could also be 
extended to microstructural heterogeneities in other alloys. 
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