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Abstract: Duplex stainless steel (DSS) is widely used in marine, chemical and other fields due to its excellent compre-
hensive performance. The traditional method to manufacture DSS has the disadvantages of limited shape, high cost and low

material utilization. The laser powder bed fusion ( LPBF) technology has received increasingly attention due to its high accu-

racy and the ability to manufacture complex geometries,

RS EE . 2025-07-02 EEEE. 2025-08-27 which provides a new way to prepare DSS with high

HEWH, F5E SFFR -8B 1 5 HO8 $ 7 5 912023 performance and complex structure. The microst.ructure of
YFBA605200) ; WAL [ SR 3 430 H ( 2022CFB DSS prepared by this method mainly consists of ferrite with
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Email; caoht@ hust. edu. cn ther improved by suitable heat treatment. Corrosion resist-

DOI: 10.7502/j. issn. 1674-3962. 202507001 ance of LPBF DSS is comparable to that of conventional

fine grain (1~10 wm). The proportion of phases can be
optimized by adjusting process parameters and heat treat-
ment. LPBF DSS exhibits high hardness and tensile
strength in terms of mechanical properties, but low ductili-
ty, fatigue strength and friction resistance which can be fur-
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DSS, with a thick passive film, but is significantly influenced by porosity and evaporation of alloy elements. Future research

should focus on alloy design, process optimization and numerical simulation to improve the comprehensive performance of

LPBF DSS and promote its extensive industrial applications in aerospace, petrochemical, energy and biomedical fields.

Key words : laser powder bed fusion; duplex stainless steel; mechanical properties; tribological properties; corrosion re-

sistance ; microstructure
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Fig. 2 Duplex stainless steels (DSS) : (a) microstructure of 2507 Dssts (b) EBSD phase map of hot-rolled 2205 DSS, the red is ferrite and

the green is austenite , respectively[”] ; (¢) Schaeffler diagram of DSS, Ni,, =Ni+Co+30C+25N+0. 5Mn+0. 3Cu, wt%, and Cr,, =Cr+2Si+

1. 5Mo+5V+5. 5A1+1. 75Nb+1. 5Ti+0. 75W , wi% 1 ; (d) pseudo-binary Fe-Cr-Ni phase diagram at 70wt% Fel1%] ; (e) different phase

fraction of 2205 DSS Thermo-Cacl simulation diagram[s]
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Table 1 Chemical composition and Cr,,/Nig, of typical DSS
(Ww/%)
Lean Standard Super Hyper
Types
2003 2205 2507 2707
Cr 19.5~22.5 22~23 24~26 26~29
Ni 3~4 4.5~6.5 6~8 5.5~9.5
Mo 1.5~2 3~3.5 3~5 4~5
N 0.14~0.2 0.14~0.2 0.24~0.32 0.3~0.5
Others 2Mn 2Mn 1.5Mn 1.5Mn,0.5~2Co
Cr,y/Nig, 2.7 2.5 2.1 1.7
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Fig. 4 Schematic illustration of epitaxial growth in conventional welding process (a) (21 ; typical optical micrographs of 2205 DSS samples prepared

by LPBF, arrows in Fig. 4c showing the pool boundary(b, ¢) (22]

V5 R I A A0 ok () R 1) B9 45 % ik (1) EBSD AH I (), LPBF 14 2205 DSS B & o0 X 3 9 EBSD IPF ifii 4375 18 (¢) 12

LPBF |4 DSS k54 GND [ (d) [

Fig. 5 EBSD phase maps of elongated grains in the build direction (a) and equiaxed grains in the transverse direction (b) (251 EBSD IPF map taken

from the central region of 2205 DSS samples prepared by LPBF (¢)!*); GND map of DSS sample prepared by LPBF (d) !
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Fig. 6 EBSD phase maps of as-built (a) and heat-treated (b) LPBF 2205 DSS where red is ferrite and green is austenite; LAADF-STEM images of the

microstructure of the LPBF 2205 DSS samples in the intragranular and intergranular regions, where white arrows and black arrows show Cr, N in-

clusions and typical oxide inclusions, respectively (c¢); 3D atom distribution maps of Cr and N in a ferrite grains and across grain boundary

phase (d, f); approximate graph based on the 2. 5at% N iso-concentration surfaces in Fig. 6d and 6f, G1, G2 and G3 indicate individual fer-

rite grains (e, g)[”]
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%2 LPBF % DSSs BT &4 SR hsitaes »7
Table 2 Processing conditions, microstructure and mechanical properties of DSSs fabricated by LPBF! ! 35371
Materials 2205 2205 2205 2507 2507 2707
Heat input/(J/mm) 0.35 0.2~0.7 0.37 0.25 0.33 0.24
Shielding gas Ar N, Ar Ar — —
Relative density/% 99.6 97.7~98.7 99.13 98.71 99.48 98.2
Austenite percentage/vol% 1 0.7 1.4 0.01 1 0.2
Hardness( HV) — 419 — — 400 528.7
Ultimate tensile strength/MPa 940 872 1035 1173 1276 1493
Total elongation/% 12 11 15 18 15 13.2

1T B[R FIER R A B BT R R Y 2 Mg, A HE
FASAEARL 25200 DSS IR, B ECAR T LAZR 40 3 2 1) 9
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