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A B S T R A C T   

This study investigates the use of Electron Beam Powder Bed Fusion (PBF-EB) spot melting on SDSS 2507, a 
material known for its high tensile strength, corrosion resistance, and welding properties. Spot melting, a 
localized melting technique, utilize a stationary beam to create melt pools before rapidly repositioning to form 
new ones, offering precise control over material properties in additive manufacturing. We conducted a design of 
experiments with 32 samples and analysed them using SEM, XRD, EBSD, optical microscopy, nanoindentation 
and statistical modelling. 

Elevated PBF-EB processing temperatures significantly influence microstructure and phase composition. XRD 
analysis identified the presence of the detrimental sigma phase. EBSD analysis revealed a composition primarily 
consisting of austenite (63 %) and sigma phase (33.5 %), with residual ferrite (3.5 %). Statistical modelling 
demonstrated that a combination of spot-time, spot distance, focus offset, and layer thickness was the most 
reliable predictor for density while area energy proved to be the most accurate predictor for hardness, with R2

adj 
values of 0.766 and 0.802, respectively. 

Our study confirms that PBF-EB is capable of processing SDSS 2507 through spot melting, resulting in high- 
density samples at high productivity rates. The presence of sigma phase shows a need for post build heat 
treatment to achieve the desired phase distribution. This research enhances the understanding of the process and 
also holds promise for industrial applications.   

1. Introduction 

Additive manufacturing (AM) is presently used to fabricate compo-
nents that traditionally prove challenging to manufacture due to limi-
tations in geometry, materials, or processing. One such method, Electron 
Beam Powder Bed Fusion (PBF-EB), leverages an electron beam to melt 
powder particles, resulting in solid components built layer by layer [1]. 
PBF-EB processing involves heating a tungsten or lanthanum hexaboride 
(LaB6) filament until it emits electrons via thermionic emission. These 
electrons are accelerated towards an anode to approximately half the 
speed of light, facilitated by a 60 kV acceleration voltage [2]. During the 
process, the electron beam scans the powder bed, selectively melting 
powder according to a pre-set melting strategy, typically in a ‘snake’ 
pattern. One advantage of PBF-EB over laser based PBF methods is its 

beam deflection rate, made possible by electromagnetic lenses. The 
absence of moving parts allows for almost instantaneous beam posi-
tioning, enabling unique melting strategies [3]. Unlike traditional PBF 
processing scanning strategies, which utilize continuous raster melting 
with a single moving melt pool, PBF-EB can also create small melt pools 
(in the sub-millimetre range) by keeping the beam stationary in one 
location, then rapidly reposition the beam to initiate a new melt pool. 
This process is repeated until the melting for the current layer is com-
plete, a method typically referred to as spot-melting. Spot melting has 
been used as an alternative melting strategy to raster melting, to control 
microstructure and reduce defect formation, and part deformation in the 
crack prone Inconel 718 alloy [4–6]. 

In a paper by Bajaj et al. [7] reviewing microstructures in additively 
processed steels, the low quantity of published material on steels 
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processed via PBF-EB is highlighted. Comparisons between PBF-EB and 
other AM-technologies were therefore limited or completely left out of 
that report. The absence of published research particularly in stainless 
steels for PBF-EB, combined with the lack of officially released process 
parameters from main PBF-EB system supplier GE Additive (Arcam AB, 
Mölnlycke, Sweden) and the industrial interest for additively manufac-
tured stainless steels, highlights a need to bridge a currently existing 
knowledge gap. 

Renowned for their high corrosion resistance and exceptional me-
chanical strength, Duplex Stainless Steels (DSS) boast pitting resistance 
equivalence numbers (PREN = %Cr + 3.3%Mo + 16%N) ranging from 
approximately 28 to 38. Super Duplex Stainless Steels (SDSS), which 
contain additional chromium and exhibit PREN numbers between 38 
and 45, are commonly utilized in chemical production and power gen-
eration facilities, as well as the offshore industry [8]. 

Specifically, SDSS 2507 (also referred to as EN 1.4410, UNS 32750, 
F53, X2 CrNiMoN 25 7 4) is known for its high mechanical strength and 
high tolerance to various forms of corrosion. Its nominal chemical 
composition is 25 % Cr + 7%Ni + 4%Mo + 0.3%N with Fe balance 
yielding a PREN of 43. Good weldability and the near net-shape capa-
bilities of AM make SDSS 2507 an attractive material for PBF-EB pro-
cessing. In addition, SDSS 2507 has been shown to cause significant 
wear to traditional machining tools [9], thus, the near net-shape capa-
bilities of AM can potentially reduce the necessity for material removal 
through machining. The possibility of using PBF-LB to process SDSS 
2507 has been shown by Davidsson et al. [10,11], also Kunz et al. [12] 
has shown the same possibility for PBF-LB processing of SDSS 2507. 
However, no known reference exist to PBF-EB processing of SDSS 2507 
or any other DSS or SDSS alloy outside of our research group. Lim et al. 

and Wang et al. has in two different studies shown the complexity of 
phase distribution and microstructural properties in PBF-EB manufac-
tured Ti–6Al–4V [13] and In738 [14], regarding the build directional 
spatial dependency of mechanical properties. The same characteristics 
have by the authors previously been proven to be true for raster melting 
of SDSS 2507, though processing temperature seemed to be the major 
phase determining factor rather than beam parameters [15]. 

This study aims to investigate the feasibility of utilizing the PBF-EB 
spot-melting technique to process SDSS 2507 powder, a concept that 
remains untested. The work aims to expand the materials portfolio by 
adding the SDSS2507 to the list of materials with known compatibility 
with the process. By using an alternative scanning strategy (spot 
melting, which has shown great promise to offer advantages such as 
support free manufacturing, microstructure tailoring ability and 
reduced surface roughness) we aim to provide results that enhance the 
process capability as well. Additionally, we seek to understand its 
impact on the microstructure and resulting material properties. 

2. Methods 

2.1. Powder feedstock 

Gas-atomized SDSS 2507 (EN 1.4410, UNS S32750) stainless steel 
powder with a nominal composition of 25Cr–7Ni–4Mo and a grain size 
range of 45–106 μm (manufacturer specification) supplied by Sandvik 
(Sandvik, Sandviken, Sweden) were used in this study. Powder 
Morphology was analysed using a scanning electron microscope (SEM), 
flowability using a calibrated Hall flow funnel (ASTM B213) and pack-
ing ratio using a scale with 10− 4 g resolution (ASTMB212). The powder 

Table 1 
Process parameters, Hardness and density measurements of samples manufactured via PBF-EB processing of SDSS 2507 powder.  

Sample # Process parameters Measured results 

focus offset 
[mA] 

Layer thickness 
[μm] 

spot grid spacing 
[μm] 

Spottime 
[μs] 

Resulting processing speed [mm3/ 
s] 

Hardness 
[HRC] 

Relative Density 
[%]b 

1 10 50 200 200 10 43.5 ± 0 100.52 ± 0.14 
2 10 50 200 300 6.67 41.7 ± 0.7 100.69 ± 0.22 
3 10 50 200 400 5 40.3 ± 0.6 100.64 ± 0.21 
4 10 50 200 500 4 37.5 ± 1.3 100.64 ± 0.24 
5 10 50 300 200 22.5 -a 98.62 ± 0.27 
6 10 50 300 300 15 46.6 ± 0.5 100.65 ± 0.21 
7 10 50 300 400 11.25 46.0 ± 1.4 100.70 ± 0.15 
8 10 50 300 500 9 45.6 ± 0.4 100.67 ± 0.18 
9 10 100 200 200 20 -a 97.09 ± 0.25 
10 10 100 200 300 13.34 44.7 ± 0.6 100.43 ± 0.27 
11 10 100 200 400 10 41.5 ± 0.6 100.56 ± 0.24 
12 10 100 200 500 8 41.3 ± 1 100.53 ± 0.28 
13 10 100 300 200 45 -a 92.39 ± 1.12 
14 10 100 300 300 30 -a 98.00 ± 0.12 
15 10 100 300 400 22.5 -a 99.94 ± 0.09 
16 10 100 300 500 18 46.2 ± 1.1 100.35 ± 0.09 
17 25 50 200 200 10 -a 93.13 ± 1.31 
18 25 50 200 300 6.67 -a 97.22 ± 0.45 
19 25 50 200 400 5 39.0 ± 0.9 100.26 ± 0.15 
20 25 50 200 500 4 35.7 ± 0.8 100.21 ± 0.15 
21 25 50 300 200 22.5 -a 88.96 ± 1.33 
22 25 50 300 300 15 -a 94.27 ± 1.27 
23 25 50 300 400 11.25 -a 96.66 ± 0.36 
24 25 50 300 500 9 43.8 ± 0.6 100.12 ± 0.13 
25 25 100 200 200 20 -a 94.03 ± 1.31 
26 25 100 200 300 13.34 -a 94.99 ± 0.79 
27 25 100 200 400 10 -a 97.51 ± 0.13 
28 25 100 200 500 8 36.2 ± 0.6 99.61 ± 0.07 
29 25 100 300 200 45 -a 89.52 ± 1.46 
30 25 100 300 300 30 -a 89.38 ± 1.04 
31 25 100 300 400 22.5 -a 95.00 ± 0.63 
32 25 100 300 500 18 -a 95.79 ± 1.06  

a No hardness measurement performed due to high levels of porosity. 
b The absolute density (g/cm3) was measured and compared to the pore-free density of 7.8 g/cm3 at a 50/50 austenite/ferrite distribution without the presence of 

σ-phase as specified by the supplier of powder. 

S. Roos et al.                                                                                                                                                                                                                                     

astm:B213


Journal of Materials Research and Technology 27 (2023) 5720–5728

5722

used for this study had been recycled several times using the standard 
Arcam powder recovery system with subsequent sieving before reuse. 

2.2. Buildsetup, software and process parameters 

Sample manufacturing was done using an Arcam A2X system 
equipped with EBM-Control 6 software in Research Mode. Research 
mode was used allowing for implementation of user generated beam 
control code. Beam control code was generated using a script written in 
programming language python. A square grid of melting spot co-
ordinates with user defined spacing are generated for each layer. The 
script recognizes areas to be melted (spot coordinates located within the 
melt geometry) from the Arcam build assembler-generated 2D layer 
slices using the geopandas library. Generated code is similar to tradi-
tional g-code used by milling machines and lathes but on the format (X 
coordinate, Y coordinate, beam current, focus offset, dwell time) 
allowing for precise control of melting parameters. The script also ran-
domizes the order in which the spots are melted. A DOE type of exper-
imental design was setup (Table 1) where dwell time (200 ms–500 ms), 
spot distance (200 μm/300 μm), focus offset (5 mA/25 mA) and layer 
thickness (50 μm/100 μm) were varied. Beam current was set to 11 mA 
(660 W) based on previous experiments of PBF-EB processing of SAF 
2507 and the desire to achieve a high productivity rate. The build table 
was lowered in 50 μm increments and raked, for parts where the layer 
thickness was set to 100 μm the geometry was melted every 2nd layer. 
32 samples with dimensions 15 mm × 15 mm x 15 mm were manu-
factured resting on support structures on the start plate for ease of 
removal. 

2.3. Density measurement 

Sample density was determined using Archimedes’ method. The 
method is based on Archimedes’ principle where equation (1) is used to 
calculate the sample density (ρ sample). 

ρsample =
Win air × ρliq.

Win air − Win liq.
(1) 

W is the measured sample weight and ρ liq. Is the temperature- 
compensated density of the distilled water used for submersion. 
Firstly, all samples were weighed once in air and measurements recor-
ded, then all samples were measured in series two more times in air 
continuously recording measurements. Then the procedure was 
repeated for submerged measurements. 

2.4. Microstructural characterization 

Samples were cut, polished and finally electrochemically etched 
using oxalic acid (saturated solution + 10 % H20) at 2.7 V (no current 
limit) until phases were clearly distinguishable under an optical 
microscope. 

The XRD analysis was performed using a Bruker D2 Phaser diffrac-
tometer (Bruker, Billerica, Massachusetts, U.S.A) equipped with a Cu Kα 
radiation source (λ = 1.5406 Å). The X-ray generator was operated at 30 
kV and 10 mA. The diffraction patterns were collected in the 2θ range of 
40◦–85◦ with a step size of 0.02◦ and a counting time of 1 s per step. The 
sample was rotated 360◦ per counting step to avoid preferential orien-
tation of crystals effects. 

EBSD data was collected using a JEOL JSM-7001 F SEM operated at 
20 keV equipped with an Oxford EBSD sensor (JEOL, Akishima, Tokyo, 
Japan), ATEX software was used to analyse the data and produce figures. 
An area of 606 μm by 454 μm was scanned using 0.5 μm step size, for a 
total of 1212 pixels by 908 pixels resolution maps. Images were captured 
in the X–Y plane approximately 8 mm from the top surface of the sample. 

2.5. Hardness measurements 

In order to investigate the individual behaviour of the phases, local 
micromechanical tests were carried out on polished samples, using an 
approach similar to the ones proposed by Refs. [16,17] for WC-Co and 
cubic boron-nitride composite materials. High-speed and micro-
mechanical mapping experiments were conducted under loading control 
using an iMicro® Nanoindenter (KLA Corp., Milpitas, USA). Load and 
depth data were analysed by using the standard method proposed by 
Refs. [18,19], yielding Young’s modulus and hardness. Different 
maximum applied loads and grid sizes were used, aiming to optimize 
data acquisition towards reliable determination of hardness values, 
within the framework of the statistical method proposed by Ulm and 
co-workers [20–23]. 70,756 (266 × 266 grid) imprints at a maximum 
applied load of 3.5 mN were performed with a distance between im-
prints of 1.5 μm. Size of the indentations was small enough to be fully 
inscribed within the grains of each phase. A sharp Berkovich tip was 
used. Calibration of the contact area of the tip was done with fused silica, 
with a known value of Young’s modulus of 72 GPa and Poisson’s ratio of 
0.17 [24]. From the data acquired at every point of the grid, cartography 
colour maps for hardness and elastic modulus were constructed for 
easier visualization of these properties with regard to the 
microstructure. 

2.6. Statistical analysis 

For the statistical analysis of sample density, the “Statistical package 
for social sciences” (SPSS) software was used. SPSS includes compre-
hensive tools for a wide array of statistical analysis methods including 
ANNOVA and bi/multivariate regression. The dataset analysed con-
sisted of 32 × 3 (32 samples, evaluated 3 times) values for measured 
density of samples acquired via the Archimedes method. Remaining 
variables included were spot dwell time, beam focus offset (FO), spot 
grid spacing and layer thickness. The mean density of the three mea-
surements was calculated for each sample, and determination of sig-
nificant differences between samples was done by ANNOVA. To 
determine the effect of each process parameter on the final sample 
density three bi-variate and one multivariate regression models were 

Fig. 1. SEM image of SDSS 2507 powder grains. Some satellites and elongated 
grains are observable. 
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used. Bi-variate regression models (model 1–3) were used to investigate 
spot energy, area energy and volumetric energy impact on sample 
density respectively. In the multivariate regression model (model 4) the 
varied process parameters were used to investigate process parameter 
impact on sample density. 3 statistical models (models 5–7) were used to 
evaluate predictability of material hardness (HRC) by spot energy, area 
energy, and volumetric energy. 

The hardness and modulus properties of the sample examined via 
nanoindentation were analysed using a statistical approach based on a 
Gaussian Mixture Model (GMM). The GMM analysis was performed 
using scikit-learn library in Python. A GMM with three components 
(Austenite, ferrite, and sigma) was fitted to the hardness and modulus 
data using the Expectation-Maximization algorithm. The GMM was 
initialized using predefined mean values. 

3. Results and discussion 

The SDSS 2507 powder was mostly spherical in shape, some satellites 
and elongated grains were observed. Fig. 1 presents a representative 
sample of powder grains. 

Despite the observed satellites and morphological irregularities, the 
hall flow measurement showed a 50 g flow in 16s, no raking irregular-
ities relatable to powder quality could be observed during processing.32 
Samples were successfully manufactured in 2 builds, shown in Fig. 2. 

High framerate video was captured through the observation window 
of the machine while processing (Video 1). The video shows the 

stochastic spot melting pattern at different framerates, up to 10,000 
frames per second, using settings corresponding to sample #7 in Table 1. 

Density measurements were carried out showing several samples 
with low density, especially prevalent in samples where 100 μm layers 
were used. The absolute density (g/cm3) was measured and compared 
to the theoretical pore-free density of 7.8 g/cm3 at a 50:50 austenite- 
ferrite distribution (without the presence of σ-phase) as specified by 
the supplier of powder. Ferrite, austenite, and sigma crystal structures 
(FCC, BCC, tetragonal) differs in density, meaning that pore free mate-
rial density will be affected by the phase composition, thus deviating 
from the theoretical density at ideal 50:50 phase distribution leading to 
relative densities over 100 % being possible. 

One way ANNOVA shows a high probability of density mean values 
differing between samples (p = 3.63 × 10− 42) with a F = 91 (F-krit =
1.63). Post-Hoc T-tests show the majority of samples having signifi-
cantly different means. Because of the overlapping ranges of process 
parameters employed, certain sample densities end up in close proximity 
to one another. As a result, when using the Archimedes method for 
density measurement, some differences become insignificant. The Bi- 
variate regression models (1–3) reveals that spot energy, area energy 
or volumetric energy are unsatisfactory predictors of material density, 
where volumetric energy even fails to render significant results while 
spot energy and area energy each explains less than 30 % of the density 
variation. The multiple regression analysis shows a positive relationship 
between spot time and final sample density while focus offset, spot grid 
spacing, and layer thickness all show negative relationships (increasing 

Fig. 2. SDSS 2507 samples manufactured via spot-melting through PBF-EB. Numerical designation allows for process parameter, hardness, and density identification 
for each sample in Table 1. 

Table 2 
Bi-Variate and Multivariate linear regression model results analysing sample density (model 1–4) and hardness (model 5–7). Note that model 3 and 5 yields insig-
nificant results. The best predictor of sample density is model 4 explaining 76.6 % of density variation, best predictor of hardness is Model 6 explaining 80.2 % of 
hardness variation.  

Parameter Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 

Spot energy [J] .028a (0.007)    − 19.469 (14.529)   
Area Energy [J/mm2]  .935a (0.258)    − 1.510a (.199)  
Volumetric energy [J/mm3]   6.294 (3.135)    − .072a (0.014) 
Spottime [ms]    .018a (0.003)    
Focus Offset [mA]    − .274a (0.042)    
Spot grid spacing [μm]    − .023a (0.006)    
Layer thickness [μm]    − .036a (0.013)    
Intercept 90.4 (1.808) 92.9 (1.213) 94.8 (1.163) 103.6 (<0.001) 47.28 (4.068) 50.24 (1.167) 48.34 (1.350) 
N 32 32 32 32 15 15 15 
R2 (adj) .293 .281 .089 .766 .054 .802 .649 

a = p-value <0.01. 
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value yields lower density) towards final sample density (Table 2). The 
adj. R2 is 0.766 indicating that the process parameters included in sta-
tistical model 4 explains 76.6 % of the variation in the final sample 

density. Equation (1) represents Model 4, where the dependent variable, 
ρ, denotes the sample density, and the independent variables, xST, xFO, 
xSGS, and xLT, represent the values of spot time, focus offset, spot grid 
spacing, and layer thickness, respectively. 

ρ= 0.018xST − 0.274xFO − 0.023xSGS − 0.036xLT + 103.6 (2) 

The intercept being over 100 % (103.6) shows a limitation to the 
model. There are several other process parameters such as beam current, 
acceleration voltage and factors such as powder morphology/flowability 
and raking quality in terms of even powder distribution that affects 
porosity, these parameters are however not a part of this study. 

Equation (2), which includes the HRC hardness (H) and the area 
energy input (xAE) as variables (referred to as Model 6), proved to be the 
most effective predictor of sample hardness, explaining 80.2 % of the 
variation in the samples’ hardness. 

H= − 1.510xAE + 50.24 (3) 

The low predictor value of spot time suggests that, during the 
melting process step, a significant portion of the surface remains above 
the grain formation temperature for a prolonged period, leading to 
uniform layer solidification. This inference is supported by the obser-
vation that the area energy variable explains over 80 % of the variability 
and the fact that the stochastic spot melting strategy continuously add 
energy over the entire sample top surface. 

X-ray diffraction (XRD) analysis was conducted on the spot-melted 
samples, revealing the coexistence of austenite and ferrite phases. 
However, the presence of σ-phase was also detected. σ-Phase is formed 
by eutectoid transformation of ferrite (α) to secondary austenite and 
σ-phase (α → γ2 + σ). The transformation time can be as little as 15 min 

Fig. 3. X-ray diffraction (XRD) spectra of PBF-EB spot melted 2507 super 
duplex stainless steel (SDSS). Notably, the spot melted material exhibits mul-
tiple peaks that correspond to the presence of σ-phase. This finding highlights 
the susceptibility of the material to deleterious phase transformations during 
processing. Heat treated raster melted PBF-EB built SDSS 2507, and unpro-
cessed powder spectrums included for reference. 

Fig. 4. EBSD phase composition map showing austenite phase (Red, 63 %) in sigma phase matrix (Yellow, 33.5 %) with low amounts of retained ferrite (Blue, 3.5 %).  
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at 900 ◦C [25], or less than 3 h at 850 ◦C [26]. Solution annealing at 
1065 ◦C has shown full regression of σ-phase to ferrite in <30 min [27]. 
The σ-phase inherits a complex 32 atoms tetragonal unit cell [28], and is 
commonly considered the most deleterious phase to corrosion resistance 
and toughness [29]. 

The slight variation in 2Θ angles, and thus crystal lattice parameters, 
observed between unprocessed powder, heat threated material, and spot 
melted material in the XRD diffractogram (Fig. 3) is likely due to varying 
levels of residual stresses in the materials. 

EBSD analysis quantify the phase composition to approximately 63 
% austenite, 3.5 % ferrite and 33.5 % σ-phase. The phase distribution 
across a representative area of a cross section in the XY direction can be 
observed in Fig. 4. 

The ferrite to sigma transformation rate is dependent on several 
factors, temperature, the ferrite/austenite boundary energy, and levels 
of chromium [30]. The variation in said properties could locally influ-
ence the time required for complete transformation, which would 
explain the clusters of remaining ferrite. The formation of σ-phase has 
been shown to occur in the temperature range of 650–1000 ◦C [25]. 

Mishra et al. [26] describes a complete transformation of ferrite to 
σ-phase in 3 h at 850 ◦C and a study by Dobranszky et al. [31] concludes 
that decomposition rate differs depending on the material state (cold 
worked vs, annealed). It is probable that given enough time within this 
temperature region the ferrite to sigma transformation would be com-
plete yielding a material solely consisting of sigma and austenite phases. 
The presence of σ-phase in the as-built samples indicates that further 
heat treatment is necessary to achieve the corrosion resistance associ-
ated with SDSS 2507. The very nature of PBF-EB processing using 
elevated temperatures to pre-sinter the material imposes a constant 
annealing environment which alleviate residual stress in the as built 
material but is also in the σ-phase forming temperature range. Using 
processing temperatures above the σ-phase forming temperature region 
is possible using PBF-EB, however, achieving the cooling rates needed 
when the build is complete poses a challenge since cooling is performed 
inside the PBF-EB machine, suggesting post-build heat treatment to be a 
necessity due to the current design and operation of machines today. 

A crystal orientation map with pole figures, also obtained from 
EBSD, is presented in Fig. 5. A homogenous and fine-grained structure 

Fig. 5. Phase orientation map and pole figures of PBF-EB built sample of SDSS 2507. Map suggests no distinct preferred orientation of phases with the highest texture 
index of 2.53 present in the (111) pole figure. 
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can be observed where no strong preferred orientation of grains and 
phases is present. Highest texture index is 2.53 occurring in the (111) 
pole figure. 

Nanoindentation reveals a significant difference in hardness between 
the austenite and sigma phases. By examining the same area by SEM, 
EBSD Phase-composition, EBSD crystal orientation and nanoindentation 
hardness map (Fig. 6) it can be concluded that the σ-phase inherit the 
greatest hardness, followed by austenite, then ferrite. By examining the 
SEM image, it is possible to distinguish σ-phase by indentation size 
alone. Grain orientation appears to play no major role in the measured 
hardness. 

Analysis of the hardness distribution histogram reveals two gaussian 
shaped distributions for austenite and sigma phases. Indentations clearly 
inscribed in a larger crystal from a single phase are typically showing 
similar hardness. The interconnected slope in the histogram can be 
explained by the many indentations located in boundary regions expe-
riencing a mixed response from both phases. Indentations that appear to 
be inscribed in a single phase in the cross section displayed may pene-
trate a different phase located near the surface, and thus display a mixed 
phase hardness response. Fig. 7 displays a histogram of nanoindentation 
data with gaussian fits overlayed. Overall, the gaussian curves correlates 
well with the phases for the hardness (Fig. 7a) where the third curve 
represents the indentations associated with a mix of σ-phase and 
austenite and/or ferrite. In the case of the elastic modulus (Fig. 7b), it is 

more difficult to discern between individual values for each phase. At 
this point, it must be recalled that hardness response, associated with 
plastic deformation, is confined to a smaller volume in the nano-
indentation experiment, and so the results have a more localized char-
acter when compared to the elastic modulus response, associated with 
the materials stiffness. 

The lack of a ferrite gaussian curve can be explained by the similarity 
in hardness compared to austenite shown in studies by both [15,32], 
unlike the distinguished difference in hardness between austenite and 
σ-phase. It is important to note that the GMM analysis was conducted in 
this manner to quantitatively assess the different phases. Although the 
obtained hardness and modulus values cannot be regarded as exact 
measurements, they provide approximate values for the respective 
phases. For the ferrite + austenite phase, the hardness and modulus 
values are approximately 5 GPa and 190 GPa, respectively. In the region 
where mixed phases are present, corresponding to indentations that fall 
on or near the interface, the values are approximately 7 GPa for hardness 
and 200 GPa for modulus. Finally, for the σ-phase, the approximate 
values are 13 GPa for hardness and 220 GPa for modulus. Further 
investigation and refinement of the analysis techniques are required to 
accurately characterize these additional phases. More advanced 
methods should be employed to comprehensively identify and quantify 
all relevant phases in the material. 

Fig. 6. Area of sample cross section of PBF-EB processed super duplex 2507, examined using different methods. SEM (a), EBSD crystal orientation (b), EBSD phase 
analysis (c), and nanoindentation hardness map (d). Scale bar applies to all images a through d. 
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4. Conclusions 

In this study the processability of Osprey SDSS 2507 powder via PBF- 
EB spot melting is assessed. The resulting sample density and hardness is 
measured, and microstructural properties are evaluated using density 
measurements, hardness testing, EBSD and nanoindentation. Statistical 
models predicting the density and hardness are evaluated and the 
following conclusions can be drawn.  

• The Osprey 2507 powder is readily processable by PBF-EB utilizing 
spot melting strategy. Near fully dense samples was produced using 
numerous different process settings.  

• A combination of spot duration, focus offset, layer thickness, and 
spot grid spacing provided the best density prediction model with a 
R2 value of 0.766.  

• The best process property predictor of processed material hardness 
was area energy with a R2 value of 0.802.  

• Samples built with selected theme present a fine-grained structure 
with no distinct preferred crystal orientation and presence of 
austenite and sigma phase, with a low percentage of ferrite.  

• Post build heat treatment is necessary to remove sigma phase of the 
PBF-EB as-built material and achieve the desired 50:50 austenite – 
ferrite phase composition. 
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