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Abstract: This study examines the mechanical and corrosion 
properties of 2507 Duplex Stainless Steel (DSS) fabricated 
using Laser Powder Bed Fusion (LPBF). The influence of laser 
power and scanning speed on the material's microstructure, 
mechanical performance, and corrosion resistance was 
systematically evaluated. Optimized LPBF parameters (350 W 
laser power, 800 mm/s scanning speed) resulted in a well-
balanced austenite-ferrite microstructure (50:50 ratio), 
minimal porosity, and the absence of detrimental sigma or chi 
phases after post-processing. These optimized samples 
exhibited superior mechanical properties, including a yield 
strength of 735 MPa, ultimate tensile strength of 915 MPa, 
elongation of 16.5%, and impact toughness of 60 J. Corrosion 
testing in a 3.5% NaCl solution demonstrated excellent pitting 
corrosion resistance, with a corrosion current density of 0.35 

fabricated at lower laser power (200 W) showed decreased 
mechanical strength and corrosion resistance due to higher 
porosity and sigma phase formation. These findings highlight 
the potential of LPBF to manufacture high-performance 2507 
DSS components for demanding applications. Future research 
should focus on further optimization of LPBF parameters and 
the long-term durability of components in aggressive 
environments.

Keywords: duplex stainless steel, laser powder bed fusion, 
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The increasing demand for materials that can 
withstand extreme mechanical and corrosive 
environments, particularly in the oil and gas, 
petrochemical, marine, and energy 
industries, has highlighted the importance of 
duplex stainless steels (DSS). Among them,
2507 Duplex Stainless Steel (2507 DSS) 
stands out due to its unique combination of 
high mechanical strength and exceptional 

corrosion resistance, especially in chloride-
rich environments. 2507 DSS is a super 
duplex stainless steel characterized by a 
near-equal mixture of austenitic and ferritic 
phases. This dual-phase structure endows it 
with high tensile strength, toughness, and 
resistance to pitting, crevice corrosion, and 
chloride-induced stress corrosion cracking 
(Singh et al., 2022; Lindström et al., 2021).

The alloy's high chromium (25%), nickel 
(7%), and molybdenum (4%) content make it 
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particularly suited for applications in 
aggressive environments such as seawater, 
desalination plants, and offshore structures. 
However, traditional manufacturing 
techniques like casting and forging can 
introduce microstructural defects that may 
compromise the corrosion resistance and 
mechanical integrity of 2507 DSS (Verma & 
Singhal, 2020; Kumar et al., 2021). The need 
for precise and complex component 
manufacturing has led to the adoption of 
advanced manufacturing methods, such as 
Laser Powder Bed Fusion (LPBF).

LPBF is an additive manufacturing (AM) 
technique that enables the layer-by-layer 
fabrication of complex metallic components 
by selectively melting metal powders using a 
high-power laser. It offers several 
advantages over conventional manufacturing 
techniques, including the ability to create 
intricate geometries, reduce material waste, 
and improve the control over microstructural 
properties by adjusting process parameters 
such as laser power, scan speed, and layer 
thickness (Ghayoor et al., 2022; Chen et al., 
2022). Despite these advantages, LPBF 
poses challenges such as rapid cooling rates, 
thermal gradients, and potential defects like 
porosity and cracks, all of which can affect 
the material's final mechanical and corrosion 
properties (Brenne et al., 2019; Zhou et al., 
2021).

Corrosion remains one of the most 
significant challenges for industries 
operating in harsh environments, particularly 
those exposed to seawater and other 
corrosive agents. According to a study by 
Revie (2020), corrosion-related failures cost 
global industries billions of dollars annually, 
highlighting the urgent need for materials 
that can withstand such conditions while 
maintaining structural integrity. For 
example, offshore oil platforms, chemical 
plants, and desalination systems frequently 
require materials that can endure both high 
mechanical loads and constant exposure to 
aggressive chloride environments (Olsson & 
Snis, 2021). Super duplex stainless steels 
such as 2507 DSS offer an excellent solution 

due to their superior resistance to localized 
corrosion mechanisms like pitting and 
crevice corrosion (Verma et al., 2020). 
However, traditional fabrication methods 
such as casting and forging have limitations, 
including difficulty in producing 
components with complex geometries and 
issues with residual stresses and phase 
imbalances that affect corrosion resistance 
(Wang et al., 2020; Singh et al., 2021). This 
makes the need for advanced fabrication 
techniques like LPBF particularly urgent.

LPBF, with its ability to produce near-net-
shape components and customize material 
properties through careful control of 
processing parameters, presents a 
transformative opportunity. However, due to 
the rapid thermal cycling inherent in the 
process, there is a pressing need to 
understand how LPBF affects the 
microstructural characteristics of 2507 DSS, 
especially in terms of phase distribution, 
grain size, and defect formation. Addressing 
these questions is critical for ensuring that 
LPBF-fabricated 2507 DSS components 
meet the high performance and durability 
standards required for critical applications 
(Ghayoor et al., 2022; Zhou et al., 2020).

This study holds both academic and 
industrial significance. From an academic 
perspective, the research contributes to the 
growing body of knowledge on the additive 
manufacturing of duplex stainless steels. 
Specifically, it addresses the relationship 
between LPBF process parameters such as 
laser power, scanning speed, and hatch 
spacing and the resulting microstructural 
features, mechanical properties, and 
corrosion resistance of 2507 DSS. The study 
fills a critical knowledge gap in 
understanding how rapid solidification and 
thermal gradients during LPBF affect the 
material's dual-phase microstructure and 
defect formation, which are crucial for 
ensuring mechanical strength and corrosion 
resistance (Manvatkar et al., 2020; Brenne et 
al., 2019). For industry, the research is 
highly relevant for sectors where material 
performance under extreme conditions is 
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crucial. Industries such as offshore oil and 
gas, marine engineering, and chemical 
processing frequently require components 
that can resist both mechanical stress and 
aggressive corrosion. By optimizing the 
LPBF process for 2507 DSS, manufacturers 
can produce highly customized, corrosion-
resistant components with reduced lead 
times and material waste, all while 
maintaining high mechanical performance. 
The potential for reduced downtime, 
increased safety, and extended service life of 
components made from LPBF-fabricated 
2507 DSS could result in significant cost 
savings for these industries (Chen et al., 
2022; Lindström et al., 2021).

The primary objective of this study is to 
investigate the mechanical and corrosion 
properties of 2507 DSS fabricated using the 
LPBF process. The research seeks to 
understand the effects of LPBF process 
parameters such as laser power, scanning 
speed, and hatch spacing on the resulting 
microstructural features, including phase 
distribution, grain size, and defect formation, 
with a particular focus on porosity and 
cracking. The study also aims to establish 
correlations between the LPBF-induced 

mechanical properties, such as tensile 
strength, hardness, and toughness. 
Furthermore, the research will assess the 
corrosion resistance of LPBF-fabricated 
2507 DSS in chloride-rich environments, 
with a specific emphasis on pitting and 
crevice corrosion behavior. The study will 
also explore the role of post-processing 
treatments, such as heat treatment and 
surface finishing, in enhancing the 
mechanical and corrosion properties of the 
material. By optimizing LPBF process 
parameters and post-processing techniques, 
this study aims to provide insights that can 
guide the production of high-performance 
2507 DSS components for use in critical 
industrial applications.
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The microstructure of both the as-built and 
post-processed 2507 DSS specimens was 
analyzed using various advanced 
characterization techniques. Scanning 
Electron Microscopy (SEM), combined with 
Energy Dispersive X-ray Spectroscopy 
(EDS), was used to investigate the grain 
morphology, phase distribution, and 
elemental composition. SEM images at 
multiple magnifications were captured to 
detect defects such as porosity, cracks, and 
un-melted powder particles. The size and 
distribution of pores were quantified using 
image analysis software, providing critical 
insights into the effect of LPBF parameters 
on porosity formation (Manvatkar et al., 
2020).

Electron Backscatter Diffraction (EBSD) 
was employed to map the crystallographic 
orientation and phase distribution of the 
austenite and ferrite phases. EBSD allows 
for the detailed analysis of texture, grain 
boundaries, and phase balance, which are 
essential for understanding the mechanical 
and corrosion behavior of 2507 DSS. An 
optimal phase balance, close to the 50:50 
ratio of ferrite to austenite, is critical for 
ensuring high corrosion resistance and 
mechanical strength (Ghayoor et al., 2022). 
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To confirm the phase composition and detect 
any undesirable secondary phases, X-ray 
Diffraction (XRD) was conducted using Cu 

using Rietveld refinement to quantify the 
amounts of ferrite and austenite, and to 
identify secondary phases such as sigma and 
chi phases, which are known to degrade 
mechanical and corrosion performance. This 
analysis provided a comprehensive 
understanding of how LPBF process 
parameters and post-processing conditions 
influence phase evolution in 2507 DSS 
(Singh et al., 2022).
Transmission Electron Microscopy (TEM) 
was used to investigate the finer details of 
the microstructure, including the presence of 
nanoscale precipitates, dislocations, and 
phase boundaries. TEM is particularly useful 
for detecting small carbide and nitride 
precipitates, which play a crucial role in the 
material's hardness and corrosion resistance. 
High-resolution imaging allowed for the 
identification of these precipitates and their 
distribution across the ferritic and austenitic 
phases (Chen et al., 2022).

The mechanical properties of the fabricated 
2507 DSS samples were evaluated using 
standardized testing methods. Tensile tests 
were conducted according to ASTM 
E8/E8M standards on dog-bone-shaped 
specimens with a gauge length of 30 mm and 
a cross-sectional area of 3 mm². The tests 
were performed at room temperature using a 
universal testing machine with a constant 

parameters measured included yield strength 
(YS), ultimate tensile strength (UTS), and 
elongation at fracture. These properties were 
correlated with the microstructural features 
observed in the as-built and post-processed 
samples (Brenne et al., 2019; Verma & 
Singhal, 2020).

Vickers hardness testing was conducted with 
a 1 kgf load (HV1), following ASTM E384 
standards. Multiple hardness measurements 

were taken on polished cross-sections of the 
specimens to assess the uniformity of 
hardness distribution, particularly around 
regions with defects such as pores or cracks. 
The hardness values were compared across 
different LPBF parameter sets to determine 
the influence of process conditions on 
material hardness (Kumar et al., 2021). 
Charpy impact tests were performed on 
notched specimens at room temperature to 
evaluate toughness, following ASTM E23 
standards. The specimens were tested using a 
pendulum impact tester, and the absorbed 
energy was recorded. After the impact tests, 
the fracture surfaces were analyzed using 
SEM to investigate the failure mode and 
correlate fracture characteristics with 
microstructural features such as phase 
distribution and grain size (Singh et al., 
2022).

Corrosion resistance was assessed using 
electrochemical and immersion corrosion 
tests to evaluate the performance of 2507 
DSS in chloride-rich environments. 
Potentiodynamic polarization tests were 
conducted in a 3.5% NaCl solution to 
simulate marine conditions. Prior to testing, 
the samples were polished to a surface 
roughness of less than 1 µm and thoroughly 
cleaned. The open-circuit potential (OCP) 
was monitored for 1 hour to establish the 
steady-state condition, followed by 
polarization scans from -0.3 V to +1.5 V 
versus Ag/AgCl at a scan rate of 1 mV/s. 
Critical corrosion parameters, such as 
corrosion potential (E_corr), pitting potential 
(E_pit), and corrosion current density 
(i_corr), were extracted from the polarization 
curves (Wang et al., 2020). Immersion 
corrosion tests were performed by exposing 
the samples to a 3.5% NaCl solution for 30 
days at room temperature. Samples were 
periodically removed, cleaned, dried, and 
weighed to calculate the weight loss due to 
corrosion. Post-immersion, the corroded 
surfaces were examined using SEM to 
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identify localized corrosion features such as 
pitting or crevice corrosion. The results were 
used to calculate the material's corrosion 
rate, providing a comprehensive 
understanding of its general corrosion 
behavior (Lindström et al., 2021; Revie, 
2020). 

Advanced statistical methods were used to 
analyze the data collected from mechanical 
and corrosion tests. Analysis of variance 
(ANOVA) was employed to assess the 
significance of the different LPBF process 
parameters on the mechanical and corrosion 
properties of 2507 DSS. Pairwise 
comparisons were made to identify the most 
influential factors on material performance 
(Ghayoor et al., 2022). In addition, multiple 
linear regression analysis was used to 
develop predictive models for tensile 
strength, hardness, and corrosion resistance, 
based on the LPBF processing variables. 
Cross-validation was performed to ensure 
the robustness of the models (Manvatkar et 
al., 2020). Data visualization was conducted 

libraries to generate plots and graphs that 
highlight key trends and correlations 
between LPBF parameters and material 
properties
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3.3 Impact Toughness

3.4 Corrosion Properties
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3.5 Comparison with Previous Studies

-

-

-

-

3.6 Implications of Findings
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