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Abstract
Electron beam-powder bed fusion (EB-PBF), a high-temperature additivemanufacturing (AM) technique, shows great promise in the
production of high-quality metallic parts in different applications such as the aerospace industry. To achieve a higher build efficiency,
it is ideal to build multiple parts together with as low spacing as possible between the respective parts. In the EB-PBF technique, there
are many unknown variations in microstructural characteristics and functional performance that could be induced as a result of the
location of the parts on the build plate, gaps between the parts and part geometry, etc. In the present study, the variations in the
microstructure and corrosion performance as a function of the parts location on the build plate in the EB-PBF process were
investigated. The microstructural features were correlated with the thermal history of the samples built in different locations on the
build plate, including exterior (the outermost), middle (between the outermost and innermost), and interior (the innermost) regions.
The cubic coupons located in the exterior regions showed increased level (~ 20 %) of defects (mainly in the form of shrinkage pores)
and lower level (~ 30-35 %) of Nb-rich phase fraction due to their higher cooling rates compared to the interior and middle samples.
Electrochemical investigations showed that the location indirectly had a substantial influence on the corrosion behavior, verified by a
significant increase in polarization resistance (Rp) from the exterior (2.1 ± 0.3 kΩ.cm2) to interior regions (39.2 ± 4.1 kΩ.cm2).
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1 Introduction

Additive manufacturing (AM) processes can build parts using
computer-aided design (CAD) drawing through stacking
layers on top of the others [1, 2]. There is a growing number
of metal AM techniques which are able to manufacture geo-
metrically complex parts [3]. Over the last decade, the matu-
rity of these techniques has been largely increased due to
numerous research performed providing a deeper understand-
ing of the material-process-microstructure-properties relation-
ship [4]. It has been recognized that AM of metallic parts

offers much promise for the production of highly engineered
or complex parts, but the relatively low technology readiness
of AM implies that there are many aspects of AM unknown
[5]–[8].

Electron beam-powder bed fusion (EB-PBF) technique is a
high-temperature AM process running in a relatively high
vacuum chamber used to build high-temperature metallic
parts [1]. The EB-PBF as AM process is of interest due to
its several advantages over conventional manufacturing pro-
cesses, such as freedom to build intricate geometries, optimum
material usage, elimination of expensive tooling, etc. [9].
Apart from the machine-related parameters such as scanning
speed, beam current, focus offset, line offset, etc., the position-
related parameters which are linked to the type of stacking or
orientations of the parts on the build plate must be carefully
monitored [10]. These parameters consist of (a) distance be-
tween the parts on the build plate, (b) height of the part from
the build plate, (c) location of the parts on the build plate, and
(d) angle of the parts on the build plate [10]–[12].
Microstructure and resulting properties of the EB-PBF
manufactured parts have been observed to be affected by some
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of these position-related parameters [6, 10, 11, 13]. Although
each of the position-related parameters can have a significant
effect on the thermal history of an EB-PBF built part, there is a
lack of knowledge in the literature on the effect of these pa-
rameters on the microstructure and functional performance of
the manufactured parts [11, 14, 15].

In the present work, Alloy 718 is the material of interest
owing to its extensive applications in the aerospace industry
and the availability of well-established process themes for the
alloy in the EB-PBF machines [8, 10, 16, 17]. In this paper, the
manufacturing constraints of the EB-PBF built Alloy 718 are
investigated to issue recommendations to the designers. In a
previous study [10], it was found that the gap between the sam-
ples and height from the build plate affect the microstructural
characteristics such asNb-rich phase fraction and level of defects.
However, the influence of the sample location due to a limited
number of manufactured samples on the build plate did not show
a clear trend [18]. Similar to the effects of the gap between the
samples and the height from the build plate on themicrostructure,
it is assumed that the part location shows similar behavior on the
microstructure. As shown in Fig. 1, there is a hypothesis that the
innermost region (defined as “interior region”) of the build space
is warmer, and the temperature radially decreases towards the
outermost region (defined as “exterior region”) [10, 11]. It can,
therefore, be expected that parts built in the exterior region have a
finer microstructure and higher hardness compared to the parts
built in the interior region.

Alloy 718 has been originally developed for use in elevated
temperature applications; however, the alloy has also shown ex-
cellent room temperature properties like low-temperature corro-
sion protection [19]. Corrosion performance is known as an im-
portant aspect of advanced materials in real applications [7, 20,
21]. In general, to depict a high corrosion resistance, thematerials
need to be dense or defect-free, rich in passive (or protective)-
layer forming elements such as Cr, and have an appropriate grain
size in a given corrosive environment [22]. The presence of pores
is detrimental for corrosion performance as corrosive species like
oxygen (O2−) or chloride (Cl−) can easily penetrate into the bulk
material. Formation of Cr-containing phases like Cr-rich carbides
decreases the Cr reservoir required for formation of the passive

layer (i.e., a protective chromia layer in Alloy 718). The effect of
the grain size is still unknown, but it has been shown that the
severity of the corrosive environment defines whether a fine or
coarse microstructure is more appropriate [23]. When the envi-
ronment is highly corrosive containing the aggressive Cl− ions,
the fine grains are improper as inward diffusion of tiny Cl− out-
weighs the outward diffusion of the passive layer-forming ele-
ments (like Cr in Alloy 718) through the grain boundaries.
However, the exact effect of the grain size on the corrosion
performance needs to be studied in a given environment. The
location of the parts built in different locations on the build plate
can have a strong influence on the level of pores, phases, and
grains structure, as the thermal history of the parts varies depend-
ing on the level of heat accumulation in each part.

So, the aim of the present study is to investigate the location
dependency of material properties built by the EB-PBF pro-
cess where several parts are simultaneously built on the build
plate in one batch. The work presented here specifically in-
tends to address the effects of the parts location on the micro-
structural characteristics of Alloy 718 manufactured in the
EB-PBF process. Moreover, electrochemical tests were also
performed to analyze the effect of the sample’s location on the
corrosion performance. In fact, to the best of the authors’
knowledge and apart from the results of the preliminary study
[10], no related study has been published to correlate the mi-
crostructure and properties of the parts manufactured using the
EB-PBF process for Alloy 718 to the location of the parts [10].
Hence, the focus in the present study is to bridge this research
gap to better understand the relationship between the parts’
location to the microstructure and corrosion performance of
the parts manufactured by the EB-PBF process.

2 Materials and experimental work

2.1 Feedstock powder

Gas-atomized Alloy 718 powder supplied by Sandvik AB
(Sandviken, Sweden) was used as feedstock. The powder
was a mixture of irregular and spherical-shaped particles with

Fig. 1 Simplified schematic of
temperature distribution map on
the parts, build plate, and powder
bed

Int J Adv Manuf Technol (2020) 106:3597–36073598



a few small satellites attached to the surface of coarser parti-
cles, see Fig. 2a. A few internal round pores formed during
powder manufacturing can be seen in Fig. 2b. The particle size
of the feedstock powder was 45–106 μm reported from the
supplier. The chemical composition in wt% of the powder is
given in Table 1.

2.2 Sample manufacturing

The build process was conducted at University West (Sweden)
an A2Xmachine manufactured by Arcam-EBM (a GE additive,
Mölndal, Sweden) under a controlled vacuum of 2 × 10−3 mbar
with a small amount of helium in the build chamber and an
acceleration voltage of 60 kV. The build temperature was kept
at ~ 1015 °C measured by a thermocouple beneath the build
plate throughout the process, see Fig. 3. Twelve cubic samples
divided in four groups (A, B, C, and D) with different locations
were manufactured, see Fig. 3. Each group consisted of three
samples including exterior, middle, and interior parts. All the
samples had the same dimension of 15 mm× 15 mm× 15 mm
and were built with the process parameters shown in Table 3
(Arcam-EBM recommended theme for Alloy 718). A plate of
stainless steel with the dimension of 10 mm × 150 mm ×
150 mm was used as the build plate.

2.3 Characterization of microstructure

The samples were cut from a normal reference plane parallel
to the build direction (Fig. 3b) using an alumina cutting blade,
followed by grinding using 120-Grit SiC paper up to 4000 grit
size and finally polishing with colloidal silica suspension
(0.05 μm). The samples were then etched electrolytically
using oxalic acid (10 wt%) at room temperature with 6 V for
5 to 10 s. The microstructure of the samples was analyzed by a
Zeiss light optical microscope (LOM) (Axio Scope.A1, NY,
USA). For each sample, sixteen micrographs (with the field
width of 500 μm) were taken to examine pores and lack-of-
fusion defects based on the point counting method presented
in ASTM 562–08 [24].

A Hitachi scanning electron microscope (SEM) (TM3000,
Tokyo, Japan) was used to characterize the microstructures.

Energy dispersive spectroscopy (EDS) analysis was utilized to
measure the chemical compositions of the phases. Image anal-
ysis technique using the ImageJ software was used for quan-
tification of the Nb-rich phase fraction according to ASTM
E1245–03 [25]. For this analysis, fifteen SEM images were
taken (with the field width of 50 μm) from each sample.

An Oxford electron backscatter diffraction (EBSD) system
(Oxford Instrument, Oxfordshire, the UK), operating at accel-
erating voltage of 20 kVand step size of 3 μm, was employed
to detail the crystallographic features. Vickers microhardness
(HV) measurements were performed using a Shimadzu hard-
ness tester (HMV-2, Kyoto, Japan) by an applied load of 500 g
and a dwell time of 15 s. To get good statistics, fifteen hard-
ness indentations were performed on each sample.

2.4 Electrochemical measurements

The electrochemical measurements were performed at room
temperature using an aerated 3.5 wt% NaCl solution, prepared
with deionized water. The surface area of the samples exposed
to the test solution was 1.96 cm2. Prior to each testing, the
samples were rinsed with acetone, ethanol, and deionized wa-
ter, dried in air at room temperature, and then transferred into
the test solution. The surface of the samples was polished
(with the silica suspension, 0.05 μm) in order to provide a
uniform surface roughness (Ra < 0.1 μm) on all the samples.
The electrochemical testing was carried out using a standard
three electrode system, including a graphite counter electrode,
a saturated Ag/AgCl reference electrode, and samples as
working electrode. The experiments were performed on all
the three samples (interior, middle, and exterior) of each group
(A, B, C, and D), and the averaged results together with their
standard deviations were reported.

a b

200 µm 200 µm

Satellite

Internal pores

Fig. 2 SEM (backscatter electron
mode) images of the powder
particles of the as-received alloy
718 powder, (a) topography, and
(b) cross-section of the powder
particles

Table 1 Chemical composition of Alloy 718 powder (in wt%)

Element Ni Co Cr Mo Ti S Si

wt% 53.3 0.01 18.7 3.0 0.94 0.001 0.05

Element C Mn Nb P Al B Fe

wt% 0.028 0.07 5.14 0.003 0.42 0.001 18.0
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The test samples were firstly immersed in the test solution for
up to 1800 s to attain a relatively stable value of open-circuit
potential (OCP). Potentiodynamic polarization tests were then
performed using a Gamry instrument (Reference 3000,
Pennsylvania, USA). For this series of tests, the test sampleswere
excited from − 0.2 to 1.2 VAg/AgCl at a scanning rate of 0.16 mV/
s. Electrochemical parameters such as corrosion potential (Ecorr),
corrosion current density (icorr), cathodic Tafel slope (βc), and
anodic Tafel slope (βa) were obtained from the potentiodynamic
polarization curves. Polarization resistance (Rp) was defined as
the resistance of the sample to corrosion upon the application of
an external potential according to Eq. (1):

Rp ¼ βaβc

2:303icorr βa þ βcð Þ ð1Þ

3 Results and discussion

3.1 Grains structure

In all the samples built in different locations (interior, middle,
and exterior), elongated columnar grain structure perpendicu-
lar to the solidified layers along the build direction can be seen
in Fig. 4a–c. Formation of the columnar structure was due to
the sharp thermal gradient along the build direction during
solidification. The observation of columnar grains is very
common in EB-PBF built Alloy 718, in agreement with var-
ious literature [10, 16, 26]. Figure 4d–f shows the effect of the
location on the texture/orientation of the grains by the EBSD
mapping for samples #7, 8, and 9 as the representatives of the
exterior, middle, and interior samples, respectively. It is ob-
served that for the sample located in the exterior region (# 7),
the grains were slightly narrower due to the formation of stray
grains between the columnar grains, which hindered the wid-
ening of the columnar grains. The formation of stray grains

Fig. 3 (a) Top view of the EB-
PBF manufactured alloy 718
samples in different groups of A,
B, C, and D, (b) the sample
cutting direction, and (c)
temperature profile obtained from
the thermocouple beneath the
build plate during the EB-PBF
process

Table 2 Main EB-PBF process parameters (Arcam recommended
theme) used in manufacturing of the Alloy 718 samples

Parameters Value

Layer thickness (μm) 75

Line offset (mm) 0.125

Speed function* 63

Scan strategy Alternating ~ 60° in each layer

*Speed function index controls the scanning speed and beam current
during the process, and for each speed function value, the scanning speed
and beam current are adjusted along the build direction

Table 3 Averaged grain
width of the samples
built in different
locations

Sample location Grain width (μm)

Exterior 108 ± 17

Middle 122 ± 25

Interior 145 ± 31
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could be also due to the presence of more pores/lack-of-fusion
defects which act as barriers and interrupt the columnar grain
growth [27]. As shown in Fig. 4, the orientation of the grains
was mainly sustained in the < 001 > direction, and the misori-
entation was slightly higher in the exterior than the interior
regions. From the EBSD analysis, the averaged grain width
was measured and presented in Table 3. It is found that the
grains were slightly wider in the sample located in the interior
of the build plate compared to the samples located in the
exterior regions. The source of this slightly different micro-
structure is most likely related to the complex thermal history/
thermal mass on the build plate during the EB-PBF process. In
general, the solidified structure depends on the cooling rate,
which is determined by the processing parameters for each
part built by EB-PBF [27, 28].

3.2 Variation of defects

Figure 5 shows a general view from the distribution of the
pores in the YZ plane parallel to the build direction. The
main types of the pores found in the samples
manufactured in different locations were (a) spherical-
shaped pores (see Fig. 6a), which are assumed to be in-
duced by the entrapped gas within the gas atomized pow-
der particles [1] and (b) solidification or shrinkage pores
in form of strings of connected round pores (see Fig. 6b).

The shrinkage pores are typically found in interdendritic
regions and believed to be due to the lack of liquid to fill
those regions during the last step of solidification [10, 29].
To study the influence of the sample’s location on the
amount of the defects, the content of the pores in the
samples was measured. The results indicated that the level
of pores was slightly greater in the samples located in the
exterior regions of the build plate. As displayed in
Fig. 6d, the average values of the porosity content in the
exterior and interior regions of the build plate were 0.40 ±
0.08 and 0.34 ± 0.06 area%, respectively. The variation in
the level of pores measured in different samples could be
attributed to the radial reduction of heat accumulation
from the center to the edge of the build plate. This leads
to a faster cooling rate in the exterior region, which is
surrounded by more loose powder and subsequently re-
sults in formation of more shrinkage pores. The main
reason for the creation of the shrinkage pores is a lower
specific volume of the solidified material than that of the
melted material. Contraction of the melted material during
solidification occurs, and in the case of insufficient metal
to fill the last region (interdendritic area), the shrinkages
pores form. At the higher cooling rate, primary dendrite
arm spacing (PDAS) is finer, and there are larger
interdendritic regions. Subsequently, during solidification,
the volume of the liquid flow in the interdendritic regions

Fig. 4 SEM and EBSD mapping
of the grains morphology and
orientation by altering the
location; (a, d) sample #7 as the
representative of the samples built
in the exterior region, (b, e)
sample # 8 as the representative of
the samples built in the middle
region, and (c, f) sample # 9 as the
representative of the samples built
in the interior region
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Fig. 6 LOM and SEM images of
the defects, (a–b) sample # 1 as
the representative of the samples
built in the exterior region, (c)
sample # 3 as the representative of
the samples built in the interior
region, and (d) effect of the
samples location on the level of
pores

Fig. 5 LOM images representing
the overall surface of the samples
(YZ plane) manufactured in
different locations
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reduces due to contraction, leading to formation of a
higher amount of the shrinkages pores [30].

3.3 Variation of primary dendrite arm spacing (PDAS)

It is well known that the solidification mode depends on solid-
ification variables such as solidification rate (V), cooling rate
(Ṫ), and thermal gradient (G), all of which vary with time and
position during solidification [30–32]. Estimation of the
cooling rate can be determined by measurement of the second-
ary dendrite arm spacing (SDAS); however, in the absence of
the secondary arms in the microstructure, the primary dendrite
arm spacing (PDAS) can be considered. Figure 7 presents the
cross-section of the samples #7, 8, and 9 (as the representatives
of the samples built in the exterior, middle, and interior regions,
respectively) showing the primary dendrite arms. PDAS was
sufficiently distinct at the top layers (Fig. 7a) to make reason-
ably accurate measurements along the build direction. Due to
the successive thermal cycling (STC) during the EB-PBF pro-
cess, the homogenization of PDAS occurs, and the dendrites
were not visible in the middle or bottom of the build. Therefore,
estimation of the cooling rate using PDAS at the top layers
could be useful to find the changes in the thermal condition at
different locations on the build plate. Figure 8 shows the aver-
aged values of PDAS. It is observed that the samples located in
the interior regions of the build plate (samples #3, 6, 9, and 12)
had high PDAS values (~ 28% higher compared to the exterior
samples). Based on the PDAS values (about 20measurements),
an average and standard deviation were calculated for each
sample, as shown in Fig. 8. Based on a previous work [8], the
cooling rate, Ṫ, during the solidification process of a dendritic
microstructure can be estimated using Eq. (2):

λ ¼ A T˙
−n ð2Þ

where λ is the primary dendrite arm spacing, A and n are
proportionality coefficients related to materials, which can
be taken to be 122.6 μm and 0.342 (dimensionless) for
Alloy 718, and Ṫ is cooling rate [33]. The estimated cooling
rates were approximately 1800 and 4500 °C/s in the interior
and exterior regions, respectively.

3.4 Segregation of Nb and variation of Nb-rich phases

Segregation of Nb occurs in EB-PBF built Alloy 718 and the
commonly reported Nb-rich phases in this material are Laves
phase and Nb-rich carbides [8, 29]. Moreover, the presence and
amount of these phases are highly dependent on the thermal
history of the samples. Probably, the Nb-rich phases with an
irregular-scriptmorphology observed at the interdendritic regions
in the uppermost top layers were the Laves phase, see Fig. 7d.
However, the Nb-rich carbides with a round/cubic morphology
were observed throughout the samples. The composition of the
Nb-rich carbides was measured by the EDS analysis, which is
reported in Fig. 9. In fact, as the solidification proceeds, elements
like Nb are depleted from the matrix, diffused to the liquid, and
subsequently form phases such as NbC in the interdendritic re-
gions. The segregation of Nb from the interdendritic regions is in
agreement with other literature [1, 8, 26]. The degree of the
segregation in Alloy 718 is influenced by the solidification con-
ditions under different process conditions [34, 35]. Figure 9b
shows that the content of the NbC particles increased upon the
increase of the distance from the exterior towards the interior
region of the build plate. It is pertinent to mention that all the
samples were built under a fixed applied energy input. The in-
creased amount of NbC can be due to the lower cooling rate (or
higher heat accumulation/thermal mass) at the interior regions as

Fig. 7 (a) LOM image of the sample # 9, as well as b, c, and d) SEM images of the primary dendrite arms in the samples # 7, 8, and 9, respectively

Fig. 8 Effect of the samples location on the primary dendrite arm spacing
(PDAS)
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found in the previous section (variations of PDAS). The average
value of the NbC area fraction was around 0.28–0.55 area%; see
Fig. 9. The large deviation in the results was sourced from the
nonuniform distribution of the Nb-rich phases in different re-
gions. Previous studies have proven that a high cooling rate is
beneficial for suppressing the segregation of Nb in Alloy 718
[36, 37].

3.5 Variation of microhardness

SinceAlloy 718 is a precipitation-hardening alloy, appreciable
changes in hardness is expected to be due to precipitation of
the γ″ phase [38, 39]. The different locations on the build plate
contained various amount of heat accumulation resulting in
different cooling rates and subsequently variations in the mi-
crostructure. As more heat was accumulated in the center of
the build plate and cooling rates decreased, the PDAS in-
creased simultaneously with precipitation of more NbC parti-
cles. However, it is reported that the changes in hardness due
to slight changes of PDAS is negligible when compared to the
effects of precipitates (precipitation hardening mechanism) in
Alloy 718 [40]. The microhardness measurements in general
did not reveal any pattern or variation with the location of the
EB-PBF samples (see Fig. 10). The average value was in the
range of 380–410 HV0.5. This value was comparable to the
values reported in the literature [1, 8, 10, 41].

3.6 Electrochemical investigations

3.6.1 Open-circuit potential

The open-circuit potentials (OCP) versus exposure time of the
samples manufactured in different locations (exterior, middle,
and interior) in a 3.5 wt%NaCl for a period of 30 min are shown
in Fig. 11. Since the four samples manufactured in each location

showed similar trend, only the results of the samples #4, 5, and 6
(exterior, middle, and interior regions, respectively) as the repre-
sentatives of the other samples are shown in Fig. 11. The time
profiles of OCP obtained for the three samples of #4, 5, and 6
were quite similar. In the exterior (#4) and middle (#5) samples,
initially OCP changed quickly towards more positive potentials
during the exposure, indicating a spontaneous passivation of
Alloy 718 due to the formation of a protective oxide (passive)
film in the 3.5 wt% NaCl solution [42]. The interior sample (#6)
also illustrated formation of the passive layer as the OCP of the
sample reached a steady state after about 10 min. The recorded
OCP of the sample #6 was higher than OCP of the other two
samples throughout the tests. In general, the samples in the solu-
tion were gradually passivated until the OCP finally reached to
relatively constant values. The noble shift of the OCP values
indicated the self-passivation when the corrosion process is dom-
inated by the passivation effect. The self-passivation of nickel-
base alloys in chloride solutions has already been reported by
another study [43]. It was suggested that the prevailing effect of
water (which contains H3O

+) on the alloy surface as compared
with the effect of aggressive Cl− ions resulted in the ennoblement
of OCP of Alloy 718 in a NaCl-laden solution [44]. From the
presented OCP curves in Fig. 11, it is obvious that the interior
sample (#6) exhibited more positive values (− 0.02 ± 0.008 V vs.

Fig. 9 a) SEM (backscattered
electron mode) image of the
microstructure showing the NbC
particles as well as the tabulated
EDS analysis results and (b)
effect of the sample location on
the Nb-rich phase fraction

Fig. 10 Effect of the sample location on the microshardness
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Ag/AgCl) compared to the other two samples (− 0.12 ± 0.03 and
− 0.27 ± 0.09 V vs. Ag/AgCl in #5 and #4, respectively). The
standard deviations represent the variation of the results in the
four samples. The more positive OCP value might be attributed
to the microstructure of the sample #6 with lower level of pores
(see Fig. 6) or the higher grain width (Table 3). Themore positive
OCP indicates the slower inward diffusion of Cl− towards the
material, which facilitates formation of the passive (or protective)
film. The OCP results that the interior sample was more corro-
sion resistant than the exterior sample.

3.6.2 Potentiodynamic polarization

Figure 12 illustrates the potentiodynamic polarization curves
recorded for the samples manufactured in different locations
(exterior, middle, and interior) in a 3.5 wt% NaCl solution at
room temperature. The electrochemical parameters such as
corrosion potential (Ecorr), corrosion current density (icorr),

cathodic Tafel slope (βc), anodic Tafel slope (βa), and polari-
zation resistance (Rp) obtained from the potentiodynamic po-
larization curves and Eq. (1) are given in Table 4. Figure 12
shows that the cathodic branches of the polarization curves
displayed a typical Tafel behavior instead of a limiting diffu-
sion current. Therefore, the cathodic process is controlled by
activation polarization rather than concentration polarization
in all the three samples [22]. Moreover, the well-defined ca-
thodic Tafel regions existed over one decade of current densi-
ty, which satisfies another requirement for an accurate extrap-
olation [19]. The anodic branches of the polarization curves
also displayed a well-defined experimental Tafel region simi-
lar to the cathodic branches. This leads to obtain an accurate
calculation of the anodic Tafel slopes by Tafel extrapolation.
βa, βc and icorr values were calculated and reported in Table 4.

The results of the potentiodynamic polarization showed a
significant increase of Rp (an indicator of the corrosion resis-
tance) from the exterior (2.1 ± 0.3 kΩ.cm2) to interior (39.2 ±
4.1 kΩ.cm2) regions confirming higher corrosion resistance of
the latter sample. The corrosion potential (Ecorr) shifted to-
wards less negative values from − 0.18 ± 0.02 V in the exterior
region to − 0.02 ± 0.01 V in the interior region. In addition, the
corrosion current density (icorr) of the interior sample was
lower (8.3 ± 2.3 nA/cm2) compared to the exterior sample
(71.6 ± 5.1 nA/cm2). The anodic branches of the samples # 5
and 6 were similar in the beginning, whereas a semi-passive
region (a region from 0.2 to 0.7 V where an increase in the
applied potential does not affect the current) was identified in
the latter sample. The sample # 4 and 5 only showed an in-
crease in the anodic current with an increase in the applied
potential without any clear sign for the passivity. This indicat-
ed that the metal dissolution behavior of the samples #4 and 5
in the 3.5 wt% solution was active corrosion. This might be
ascribed to the presence of a high Cl− concentration, leading
more easily to the breakdown of the passive film [45]. The
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Fig. 11 Open-circuit potential (OCP) curves measured in a 3.5 wt%NaCl
solution at room temperature for the samples # 4, 5, and 6 as the
representatives for the exterior, middle, and interior samples, respectively

Fig. 12 Potentiodynamic
polarization curves measured in
the 3.5 wt% NaCl solution at
room temperature for the samples
# 4, 5, and 6 as the representatives
for the exterior, middle, and
interior samples, respectively
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passive behavior in the sample #6 verified that the sample with
higher grain width and less defects was able to better sustain
the corrosive environment. The larger grain width and less
pores in the interior sample led to a reduction in the inward
Cl− diffusion from the solution towards the bulk material,
which supported formation of a more protective film on the
sample’s surface. Compared with the Ecorr and icorr values of
conventionally manufactured Alloy 718 reported in other
studies in a similar corrosive environment [19, 46, 47], the
enhanced corrosion performance of the EB-PBF built Alloy
718 can be inferred. Despite some differences in the corrosion
behavior of the samples built in different locations, the present
results confirmed that the EB-PBF built Alloy 718 parts can
be successfully implemented in room temperature applica-
tions where low temperature corrosion is concerned.

4 Conclusions

The EB-PBF technique was used to build different groups of
samples from Alloy 718 powder and to investigate the effect
of part location on the microstructural characteristics includ-
ing defects, grain structure, segregation, Vickers microhard-
ness, and corrosion performance. The microstructural analysis
disclosed a number of findings summarized as follows:

& The columnar grains parallel to the build direction had
strong texture in the < 001 > direction and was observed
in all the samples manufactured in different locations.
There were slightly more stray grains formed in the sam-
ples located in the exterior region.

& The amount of porosity was slightly more (~ 20 %) in the
exterior regions than the interior regions. The defects were
mainly spherical pores and solidification shrinkage pores in
which the latter were mainly found in the exterior region.

& Slightly less (30-35%) Nb-rich phases was found in the
exterior region.

& The primary dendrite arm spacing (PDAS) was measured
and found to be coarser (~ 20-30%) in the samples located
in the interior region.

& Microhardness did not show any clear trend in samples
manufactured in different locations.

& Electrochemical tests showed that the location had a great
influence on the corrosion behavior indicated by a significant
increase in the polarization resistance (Rp) from the exterior
(2.1 ± 0.3 kΩ.cm2) to interior regions (39.2 ± 4.1 kΩ.cm2).
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