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Abstract
Powder characteristics and processing conditions are known to strongly influence the densification of parts fabricated by the 
laser-powder bed fusion (L-PBF) process. However, the influence of powder and L-PBF process parameters on corrosion 
performance of parts has not been studied extensively. In this paper, the effects of processing conditions (energy density) and 
powder characteristics (shape and size) on the corrosion performance of 17-4 PH stainless steel parts produced by L-PBF 
were investigated. The corrosion performance of the L-PBF parts was evaluated using corrosion current, polarization resist-
ance and corrosion rate values from the potentiostatic polarization curves. It was observed that the density and consequently 
corrosion performance of L-PBF parts using coarser water-atomized (D50 = 24 and 43 µm) powders increased when the energy 
density was increased from 64 to 104 J/mm3. However, the density and subsequent corrosion performance of the L-PBF parts 
was relatively higher for the finer gas (D50 = 13 µm) and water-atomized (D50 = 17 µm) powders when fabricated using the 
same range of energy densities. At an energy density of 104 J/mm3, the corrosion performance of L-PBF parts fabricated 
using water-atomized 17-4 PH stainless steel powders all powders exhibited higher polarization resistance (28,000 ± 500 Ω) 
than the wrought sample (25,000 ± 1000 Ω) in the 0.5 M NaCl environment, indicative of better corrosion properties.

Keywords  Laser-powder bed fusion · Corrosion · Stainless steel · Particle characteristics · Water-atomized powder · Gas-
atomized powder

1  Introduction

Stainless steel alloys have been used in many applications 
due to their excellent strength and corrosion properties 
[1–4]. The laser-powder bed fusion (L-PBF) process has 
gained attention and importance due to its potential to pro-
duce complex-shaped parts for medical, tooling, automotive 

and aerospace industries [1, 5–8]. The L-PBF process is 
layer by laser melting or fusion process which uses a laser 
beam to melt the starting powder for fabricating a desired 
3D component [1–4]. Among stainless steels, 17-4 PH stain-
less steel is desirable for fabrication of parts using L-PBF 
process in transportation (engine components, gears, fuel 
injectors) and injection molding industries (injection mold 
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with conformal cooling channels) within our research group 
as shown in Fig. 1.

Many research studies have been carried out to under-
stand the effects of powder and processing conditions on the 
densification behavior and structural attributes of compo-
nents fabricated by the L-PBF process [1, 3, 7, 9–15]. Most 
of the prior studies indicated that quality of parts produced 
using the L-PBF process depends on many factors, the most 
important being processing conditions and powder charac-
teristics. The effect of processing conditions such as laser 
power, scan speed, layer thickness, scan spacing on the den-
sification of powders has been extensively studied in recent 
years [1–4]. On the other hand, in-depth experimental stud-
ies on the influence of powder characteristics such as powder 
shape, size on the densification behavior have been reported 
only in the recent past [2, 5]. The variation in densification 
phenomena of the powder as a function of powder type and 
processing conditions could lead to porosities in the parts 
fabricated using L-PBF process [1, 3, 7, 9–15].

The porosity in L-PBF parts fabricated using stainless 
steel powders could not only affect the mechanical proper-
ties but also influence the sensitivity to localized corrosion 
attack, especially in the corrosion environments [16–19]. 
However, the corrosion properties of L-PBF components 
fabricated from powders with different characteristics and 
in different processing conditions have not received much 
attention in the literature. The corrosion resistance of stain-
less steel parts results from a thin and protective passive 
film chromium oxide (Cr2O3) or iron oxide (Fe2O3)-based 
passive film. The chromium or iron oxide passive film acts 
as a partial barrier between the metal and the corrosive spe-
cies present in the environment [16, 18, 20–23]. The stability 
of the passive film when exposed to aggressive corrosive 
species such as chloride ions is important in preventing 

corrosion [16, 18, 20, 22–25]. However, the porosity in 
L-PBF parts can be expected to compromise the passive 
film layer stability and could result in enhanced corrosion 
of the L-PBF parts [16–19, 26]. Therefore, it is important to 
understand the corrosion behavior of 17-4 PH stainless steel 
components built using L-PBF process in natural service 
conditions.

Independent corrosion studies in various electrolytes have 
been reported on 17-4 PH stainless steel L-PBF parts fabri-
cated using gas-atomized powders [16, 18, 20, 21, 23, 25]. 
However, few studies have been reported that compare the 
corrosion resistance of the 17-4 PH stainless steel L-PBF 
parts fabricated from powders of different characteristics 
such as shape, size and the method utilized for atomiza-
tion (gas-atomized or water-atomized) [16, 18]. In order to 
address this gap in the literature, the present study was car-
ried out to understand the effect of powder characteristics 
and processing conditions on the corrosion performance 
of 17-4 PH stainless steel L-PBF parts. The results from 
the current study will provide a better understanding of the 
effect of porosity, density and microstructures on the corro-
sion performance of 17-4 PH stainless steel L-PBF gas- and 
water-atomized parts.

2 � Experimental materials and methods

One 17-4 PH stainless steel gas-atomized powder and three 
water-atomized powders were used in this study. The gas-
atomized 17-4 PH stainless steel powder utilized for this 
study was supplied by 3D Systems. The water-atomized 17-4 
PH stainless steel powders were obtained from North Ameri-
can Höganäs. A high-resolution FEI Quanta 600F scan-
ning electron microscope (SEM) was used for morphology 

Fig. 1   17-4 PH stainless steel L-PBF parts fabricated by our research 
group in design collaboration with various industries: a fuel injector 
with conformal cooling channels (Cummins, Columbus, OH); b heli-
copter engine part (Helicopter Transport Services, Portland, OR); c 

automotive engine gear (Cummins, Columbus, OH); d plastic injec-
tion mold with conformal cooling channels (Amaray Plastic Inc., 
Elizabethtown, KY)
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analysis of the powders. The L-PBF experiments were per-
formed on a 3D Systems ProX 200 machine in an argon 
environment. The tensile geometries were fabricated using 
four energy densities to melt the powders, i.e., 64, 80, 84 
and 104 J/mm3. The energy densities were calculated using 
the laser processing parameters like laser power, scan speed, 
hatch spacing and layer thickness. In this study, two laser 
powers (150 and 195 W) and two scan speeds (1250 and 
1550 mm/s) were used to fabricate the tensile geometries 
while layer thickness and hatch spacing were kept constant 
at 30 and 50 µm, respectively.

A total of 64 parts from four powders in four process-
ing conditions were fabricated during the study. Of the 64 
parts, four parts fabricated from each powder type and in one 
processing condition were selected for Archimedes density 
and corrosion performance analysis. Density measurements 
were conducted using the Archimedes method on a Mettler 
Toledo XS104 weighing balance. The density values of the 
17-4 PH stainless steel gas- and water-atomized L-PBF parts 
were expressed as a percentage relative to the density of the 
17-4 PH stainless steel cast part (7.87 g/cm3). The porosity 
of L-PBF parts was calculated using Eq. 1:

(1)� = 1 −
� (l)

� (t)
,

where � is the porosity of the L-PBF parts, �(l) is the density 
of the L-PBF parts, �(t) is the density of 17-4 PH stainless 
cast part.

Potentiostatic polarization experiments were used to com-
pare the electrochemical or corrosion behavior of the test 
coupons. All polarization experiments were conducted in an 
electrochemical glass cell shown in Fig. 2. Metrohm Autolab 
PGSTAT100N was used to perform three-electrode electro-
chemical measurement. Ag/AgCl was used as a reference 
electrode and the platinum was used as a counter electrode. 
The polarization experiments were carried out on L-PBF 
parts by varying the potential from 1 to − 1 V/Ag/AgCl. 
The surface area of 1 cm2 of each L-PBF part, which was 
finished with 1200 grit SiC paper, was exposed to the 0.5 M 
NaCl solution in ambient conditions. All experiments were 
carried out at room temperatures and were repeated 3 times 
for each specimen.

A summary of 17-4 PH stainless steel particle charac-
teristics used in this study is reported in Table 1 [27, 28]. 
The morphology (shape and size) of the powders was char-
acterized using SEM and shown in Fig. 4, showing the gas-
atomized powders to be spherical while the water-atomized 
powders were irregular in shape (Fig. 3).

3 � Results

The variation of density as a function of the energy density 
used to fabricate L-PBF parts using four 17-4 PH stainless 
steel powders are reported in Table 2.

The densities of L-PBF parts produced using coarser 
water-atomized powders (D50 = 24 µm and 43 µm) were 
lower when compared to the density of L-PBF parts pro-
duced using the finer gas-atomized (D50 = 13  µm) and 
water-atomized (D50 = 17 µm) powders (97 ± 0.5%) at low 
energy densities of 64 and 80 J/mm3. The high density of the 
L-PBF parts (97 ± 0.5%) fabricated using finer gas-atomized 
(D50 = 13 µm) and water-atomized (D50 = 17 µm) powders 
can be attributed to their high tap (4 ± 0.05 g/cc) and appar-
ent density (3 ± 0.05 g/cc) (Table 2). Lee et al. [29] showed 
that high apparent density of powders could result in better 
packing density of the powder bed. The high packing density 
of the powder bed presumably results in better melt pool Fig. 2   Electrochemical corrosion studies setup used in this study

Table 1   Particle characteristics 
of the 17-4 PH stainless steel 
gas- and water-atomized 
powders

Powder Particle distribution Tap density (g/cc) Apparent 
density (g/
cc)D10 (µm) D50 (µm) D90 (µm)

Gas-atomized (G) 5 13 27 4 ± 0.05 3 ± 0.002
Water-atomized (W)1 10 17 28 4.3 ± 0.05 3 ± 0.05
Water-atomized (W)2 16 24 37 3.7 ± 0.01 2.8 ± 0.05
Water-atomized (W)3 26 43 67 3.7 ± 0.05 2.8 ± 0.05
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hydrodynamic stabilities ensuing enhance densification of 
the powders during the L-PBF process [27, 29–32]. How-
ever, the density of three 17-4 PH stainless steel water-atom-
ized powders is similar (97 ± 0.5%) and comparable to 17-4 
PH stainless steel gas-atomized powders when processed at 
high energy densities 84 and 104 J/mm3. At higher energy 
densities, a large amount of molten pool with low viscosity 
and better wettability properties is likely to be formed in the 
powder bed producing high dense L-PBF part s [27, 29–32].

The variation in Tafel plots curves as a function of the 
energy density used to fabricate L-PBF parts from the four 
17-4 PH stainless steel powders is shown in Fig. 4. The Tafel 
plots curves shown in Fig. 4 qualitatively indicated different 
anode and cathode curve behavior in 17-4 PH stainless steel 
gas- and water-atomized L-PBF parts when fabricated at dif-
ferent energy densities. The quantification of the Tafel plots 
behavior was subsequently performed to further understand 
the effect of density on the corrosion performance of four 17-4 

PH stainless steel powders. Using the Tafel plot quantification 
method [16, 18], the 17-4 PH stainless steel L-PBF parts Tafel 
plots were analyzed as shown in Fig. 5 for calculating the cor-
rosion current, icorr and Tafel constants. The corrosion current, 
icorr and Tafel constants were used to determine the polarization 
resistance Rp and corrosion rate from Eqs. 2 and 3, respectively:

where the Tafel constants (βa and βc) represent the anodic 
and cathodic slopes, respectively.

where d is the density of the material (kg/m3), A is exposed 
surface area of the material to corrosion (m2), k is a constant 

(2)Polarization resistance,Rp =
1

icorr

(

�
a
�
c

�
a
+ �

C

)

,

(3)Corrosion rate, CR =
icorr

dA
(k × EW),

Fig. 3   SEM images of the 17-4 PH stainless steel gas- and water-atomized powders used in this study: a gas-atomized powder (D50 = 13 µm); b 
water-atomized powder (D50 = 17 µm); c water-atomized powder (D50 = 24 µm) and d water-atomized powder (D50 = 43 µm)



43Progress in Additive Manufacturing (2018) 3:39–49	

1 3

(3.272 m/year), and EW is the equivalent weight of the 
material.

The variation in corrosion current with the density 
of the L-PBF parts fabricated using finer gas-atomized 
(D50 = 13 µm) and water-atomized (D50 = 17 µm) powders 
is shown in Fig. 6a. High density and low corrosion current 
were observed for the 17-4 PH stainless steel L-PBF parts 
irrespective of the atomization technique to produce start-
ing powders and the energy density of these two systems. 
The corrosion current of the gas-atomized (D50 = 13 µm) 
and water-atomized (D50 = 17  µm) L-PBF parts ranged 

between 0.1 and 1.0 µA, which is lower than the wrought 
sample (0.9 ± 0.1 µA). It can also be seen from Fig. 6a that 
the corrosion current of the L-PBF parts was not signifi-
cantly varied for finer gas (D50 = 13 µm) and water-atomized 
(D50 = 17 µm) powders when fabricated at different energy 
densities. Previous studies by Frankel et al. [33] showed that 
the low corrosion current could be an indication that the rate 
of electrochemical reaction is slow either because of the 
thick oxide film or low porosity on the surface of the L-PBF 
parts. Further, no systematic variation in the corrosion cur-
rent was observed for high dense (97 ± 0.5%) gas-atomized 

Table 2   Densities (expressed 
as % theoretical) of the 17–4 
PH stainless steel gas- and 
water-atomized L-PBF parts 
fabricated under energy 
densities ranging from 64 to 
104 J/mm3

L-PBF parts from Energy density 
64 J/mm3 (%)

Energy density 
80 J/mm3 (%)

Energy density 
84 J/mm3 (%)

Energy density 
104 J/mm3 (%)

Gas-atomized D50 = 13 µm 97 ± 0.5 97.5 ± 0.5 97.5 ± 0.5 97.5 ± 0.5
Water-atomized D50 = 17 µm 96 ± 1 97 ± 0.5 97 ± 0.5 97 ± 0.5
Water-atomized D50 = 24 µm 87 ± 0.5 91 ± 0.5 96 ± 1 97 ± 0.5
Water-atomized D50 = 43 µm 89 ± 0.5 95 ± 0.5 97 ± 0.5 97 ± 0.5

Fig. 4   Tafel plots of the components fabricated from four 17-4 PH stainless steel powders fabricated at a energy density 64 J/mm3, b energy den-
sity 80 J/mm3, c energy density 84 J/mm3 and d energy density 104 J/mm3
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(D50 = 13 µm) and water-atomized (D50 = 17 µm) L-PBF 
parts when fabricated at different energy densities.

Figure 6b shows that the density and consequently cor-
rosion current significantly varied as a function of energy 
density for coarser water-atomized powders (D50 = 24 µm 
and 43 µm) powders when compared to gas (D50 = 13 µm) 
and water-atomized (D50 = 17 µm) powders (Fig. 6a). The 
corrosion current decreased with increased density of the 
water-atomized (D50 = 24 and 43 µm) L-PBF parts. At a 
high energy density of 104 J/mm3 and with densities higher 
than 97%, the corrosion current of the water-atomized 
(D50 = 24 and 43 µm) L-PBF parts was found to be lower 
than the wrought samples and similar to the corrosion cur-
rent of gas (D50 = 13 µm) and water-atomized (D50 = 17 µm) 
L-PBF parts (Fig. 6). The corrosion currents of the 17-4 
PH stainless gas- and water-atomized L-PBF parts with 
densities higher than 97% varied between 0.1 and 0.8 µA 
(Fig. 6b), whereas the corrosion current value wrought 
sample is 0.9 ± 0.1 µA. Similar corrosion current values for 
high dense 17-4 PH stainless steel parts fabricated with gas-
atomized powders have been reported in previous L-PBF 
research studies [16–19, 26]. For example, Stoudt et al. [16] 
carried out potentiostatic polarization studies on L-PBF 

Fig. 5   Schematic diagram showing the extracting of corrosion current 
and constants from a Tafel plot

Fig. 6   Variation in corrosion current with % theoretical density 
and energy density for samples fabricated using: a gas-atomized 
(D50 = 13  µm) and water-atomized (D50 = 17  µm) powders, b water-

atomized (D50 = 24 and 43 µm) powders. The symbols represent the 
four powders and the colors represent the four energy densities used 
in the fabrication
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parts fabricated using 17-4 PH stainless steel gas-atomized 
powders in 0.5 M NaCl solution and reported that corro-
sion potential of the nearly fully dense (99 ± 0.5%) varied 
between 0.5 and 0.8 µA. Furthermore, at a high energy den-
sity of 104 J/mm3, the corrosion current is independent of 
starting powder characteristics (shape and size) and atomi-
zation method (gas or water-atomization) used to produce 
these powders (Fig. 6).

In Fig. 7, the polarization resistance is plotted as a 
function of the density of L-PBF parts when fabricated 
using four 17-4 PH stainless powders at various energy 
densities. It was seen that the polarization resistance of 
the high dense (99 ± 0.5%) L-PBF parts fabricated using 
finer gas-atomized (D50 = 13  µm) and water-atomized 
(D50 = 17 µm) powders showed high polarization resist-
ance (26,000 ± 2000 Ω) when fabricated at different energy 
densities (Fig. 7a). For comparison, these values are higher 
than wrought sample (25,000 ± 1000 Ω) and similar to the 
polarization resistance values (25,000–28,000 Ω) of 17-4 
PH stainless steel L-PBF parts fabricated using gas-atom-
ized powders as reported in the literature [14]. The high 
polarization resistance value of the L-PBF parts indicates 

that the resistance of the samples in the corrosion environ-
ment is high [21, 34, 35].

The density and consequently, the polarization resistance 
of coarser water-atomized powders (D50 = 24 and 43 µm) 
powders were found to be strongly dependent on energy den-
sity used to fabricate the samples (Fig. 7b). The polarization 
resistance of coarser water-atomized powders (D50 = 24 and 
43 µm) L-PBF parts increased with an increase in energy 
density and density of the L-PBF parts. At low energy densi-
ties of 64 to 84 J/mm3, the polarization resistance samples 
fabricated using coarser water-atomized powders (D50 = 24 
and 43 µm) powders is 11,000 ± 3000 and 15,000 ± 4000 Ω, 
respectively. These polarization resistance values are lower 
than that of the finer gas- (D50 = 13 µm) and water-atomized 
(D50 = 17 µm) L-PBF parts as shown in Fig. 7.

Figure 7b also indicates that at high energy density of 
104 J/mm3, samples fabricated using coarser water-atom-
ized powders (D50 = 43 µm) exhibited a slightly higher 
polarization resistance (28,000 ± 500  Ω) than samples 
fabricated using gas-atomized (D50 = 13  µm) powders 
(23,000 ± 1000 Ω) and wrought samples (25,000 ± 1000 Ω). 
Thus, the corrosion performance of the 17-4 PH stainless 

Fig. 7   Variation in polarization resistance as a function of % theoreti-
cal density and energy density for samples fabricated using: a gas-
atomized (D50 = 13 µm) and water-atomized (D50 = 17 µm) powders, 

b water-atomized (D50 = 24 and 43 µm) powders. The symbols repre-
sent the four powders and the colors represent the four energy densi-
ties used in the fabrication
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steel L-PBF parts is strongly dependent on their density, 
which in turn depends on the powder characteristics and 
L-PBF processing conditions.

Figure 8 shows the variation in corrosion rate as a function 
of the L-PBF parts density when fabricated at various energy 
densities using the four 17-4 PH stainless steel powders. 
The L-PBF parts fabricated using the finer gas (D50 = 13 µm) 
and water-atomized (D50 = 17 µm) powders ranged between 
1 and 8 µm/year at different energy densities as shown in 
Fig. 8a. For further comparison, the corrosion rates of finer 
gas (D50 = 13 µm) and water-atomized (D50 = 17 µm) L-PBF 
parts were lower than that of the wrought 17-4 PH stainless 
steel is 3 ± 0.5 µm/year except at an energy density 64 J/
mm3. However, the corrosion rate for samples fabricated 
using the coarser water-atomized (D50 = 24 and 43 µm) pow-
ders decreased with an increase in energy density (Fig. 8b). 
At energy densities of 64 and 80 J/mm3, the corrosion rate 
of the coarser water-atomized (D50 = 24 and 43 µm) L-PBF 
parts varied between 20 and 45 µm/year. These corrosion 
rate values are higher than that of the finer gas (D50 = 13 µm) 
and water-atomized (D50 = 17 µm) L-PBF parts fabricated at 
the same energy densities as well as the wrought samples. 
However, at an energy density of 104 J/mm3, the corrosion 

rates were similar for L-PBF parts fabricated using all four 
powders (Fig. 8).

Figure 9 shows the optical microscopy images of the 
surfaces of samples fabricated at 64 J/mm3 obtained before 
and after conducting potentiostatic polarization experiments. 
A significant difference was observed in the images before 
and after the corrosion tests for the coarser water-atomized 
(D50 = 24 and 43 µm) L-PBF parts at energy density 64 J/
mm3 as evidenced by an increase in a number of pores. 
In addition, relatively large pores were seen in the L-PBF 
parts fabricated using coarser water-atomized (D50 = 24 
and 43 µm), whereas relatively smaller pores were found 
in L-PBF parts fabricated using finer gas (D50 = 13 µm) and 
water-atomized (D50 = 17 µm) powders before and after 
the potentiostatic polarization experiments. The presence 
of minor pores in the finer gas (D50 = 13 µm) and water-
atomized (D50 = 17 µm) L-PBF parts after the corrosion 
tests could indicate the high resistance of the L-PBF parts 
to the corrosion phenomena [20, 22, 33, 36, 37]. The pore 
formation in the L-PBF parts after the corrosion tests is 
consistent with the quantitative data (Figs. 6, 7, 8) that the 
corrosion performance of L-PBF parts fabricated using 
finer gas (D50 = 13 µm) and water-atomized (D50 = 17 µm) 
powders are superior to the L-PBF parts fabricated using 

Fig. 8   Variation in corrosion rate as a function of % theoretical den-
sity and energy density for samples fabricated using: a gas-atomized 
(D50 = 13  µm) and water-atomized (D50 = 17  µm) powders; b water-

atomized (D50 = 24 and 43 µm) powders. The symbols represent the 
four powders and the colors represent the four energy densities used 
in the fabrication
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water-atomized powders (D50 = 17 and 43 µm) at an energy 
density of 64 J/mm3.

Figure 10 shows the optical microscopy images of the 
surfaces of samples fabricated at 104 J/mm3 obtained before 
and after conducting potentiostatic polarization experiments. 
Compared to the images presented in Fig. 9, low porosity 

parts were produced in all conditions. In addition, relatively 
fewer and finer pitting-induced pores were found after corro-
sion tests for all L-PBF parts. Further, the qualitative trends 
in optical images seen in all L-PBF parts at energy density 
104 J/mm3 are consistent with the corrosion performance 
data extracted from the Tafel plots (Figs. 6, 7, 8).

Fig. 9   Optical microscopy of samples fabricated at energy density 64 J/mm3 using four 17-4 PH stainless steel powders acquired before and after 
conducting potentiostatic polarization experiments in 0.5 M NaCl solution

Fig. 10   Optical microscopy of samples fabricated at energy density 64 J/mm3 using four 17-4 PH stainless steel powders acquired before and 
after conducting potentiostatic polarization experiments in 0.5 M NaCl solution
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The porosity formed during the L-PBF process play 
a critical role in the initiation of pitting corrosion in the 
L-PBF parts. The pore geometry at low densities appears to 
be favorable for pitting corrosion since the pores would lead 
to stagnation of the sodium chloride solution in part [20, 
22, 33, 36, 37]. The stagnation of chloride solution could 
cause a breakdown of the passive layer ensuing favorable 
sites for initiation of pitting corrosion and increases the 
rate of corrosion [20, 22, 33, 36, 37]. The L-PBF parts with 
densities higher than 97%, available pore sites desirable for 
pitting corrosion were less and could have decreased the 
rate of corrosion in the L-PBF parts [20, 38–40]. The rate 
of electrochemical corrosion reaction can be expressed as 
corrosion current in the L-PBF parts and decreases for the 
dense parts of the thick oxide layer. The decrease in the rate 
of electrochemical corrosion reactions could decrease the 
corrosion current of the L-PBF parts densities higher than 
97% [20, 38–40].

Future experiments on densification and corrosion perfor-
mance of 17-4 PH stainless steel L-PBF parts are currently 
being performed using hot isostatic pressing (HIP). Addi-
tionally, impedance tests will be performed to compare the 
corrosion performance of the L-PBF parts with the experi-
mental data reported in this study. Further, surface analy-
sis and impedance tests will be performed on the gas- and 
water-atomized L-PBF parts to understand the mechanisms 
of pit formation and corrosion performance as a function of 
microstructure and the results will be reported elsewhere.

4 � Conclusions

The following conclusions were drawn from this study to 
understand the effects of processing conditions (energy den-
sity) and powder characteristics (shape and size) on the cor-
rosion performance of 17-4 PH stainless steel parts produced 
by laser-powder bed fusion (L-PBF):

1.	 The corrosion performance of the 17-4 PH stainless steel 
L-PBF parts fabricated using gas- and water-atomized 
powders strongly depend on their density. The density 
and consequently the corrosion current, polarization 
resistance, corrosion rate of the L-PBF parts did not 
significantly vary for high dense (97 ± 0.5%) finer gas 
(D50 = 13 µm) and water-atomized (D50 = 17 µm) pow-
ders when fabricated using energy densities in the range 
from 64 to 104 J/mm3. Furthermore, the corrosion per-
formance of L-PBF parts of high density (97 ± 0.5%) 
showed slightly higher corrosion performance compared 
to the wrought sample.

2.	 The density and consequently the corrosion performance 
of coarser water-atomized powders (D50 = 24 and 43 µm) 
of L-PBF parts increased with energy density when fab-

ricated in the same range of energy densities 64–104 J/
mm3.

3.	 At energy densities of 64, 80, 84 J/mm3, L-PBF parts 
fabricated using the finer gas-atomized (D50 = 13 µm) 
and water-atomized (D50 = 17 µm) powders showed 
significantly better corrosion performance compared to 
coarser water-atomized powders (D50 = 24 and 43 µm) 
L-PBF parts.

4.	 At the energy density of 104 J/mm3, the corrosion per-
formance is independent of starting powder character-
istics (shape and size) and atomization method (gas or 
water-atomization) used to produce these powders.

5.	 At the energy densities of 104 J/mm3, the L-PBF parts 
fabricated using water-atomized powders (D50 = 17 
and 43  µm) powders exhibited higher polarization 
resistance (28,000 ± 500 Ω) than wrought samples 
(25,000 ± 1000 Ω) in the 0.5 M NaCl environment.
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