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Abstract: With the continuous development of additive manufacturing technology, it has emerged as the core driving force
for innovation in the manufacturing sector. Currently, the commonly employed metallic materials for additive manufacturing
include stainless steels, nickel-based superalloys, aluminium alloys, and titanium alloys. However, these materials do not
fully satisfy the complex and variable application requirements. Hence, the development of new alloys suitable for additive
manufacturing is particularly important. This study focuses on the development of a new Fe-Cr-Ni alloy via laser powder
bed fusion based on 316L stainless steel and IN718 nickel-based superalloy powders. The results indicate that through laser
powder bed fusion, good in situ alloying is achieved, and the alloy exhibits excellent printability. Additionally, this alloy
demonstrates good room-temperature tensile properties, with a tensile strength and yield strength of (875+14) MPa and
(675+14) MPa, respectively, maintaining an elongation to fracture of 22.9%=3.8%.
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Tab.1 Chemical compositions of the 316L stainless steel

and IN718 alloy powders
(mass fraction/%)

Alloy C Mo P Cr Si Ni Fe
316L  0.01 2.60 - 1670  0.70  12.40  Bal.
IN718 0.035 3.04 0.012 19.79 0.062 5554 Bal.
Alloy  Mn (¢} Nb Al Ti Co Cu
316L 150  0.07

IN718 - - 509 030 093 0.15  0.059

1.2 ERAF a0 H RN 22

& H Instron 5967 L7 fig i 5 AL XT 4T B A 7Y
Fe-Cr-Ni & 4 il i 17 2 iR S i 7 22 vege ik | JF
K FH AR 422 ik AT 5 | e a4 7 S e o A W A
RF KSR T B 2 s o A e 7 46 AR H
SiC 7K b 4 1A R 10 3T ) 2 2000 #, LI BRZED)



o [ %71 B

<162 FOUNDRY TECHNOLOGY

Vol.46 No.02
Feb.2025

& 1 IRA¥ K SEM Al EDS M F :(a) SEM M4 J ; (b~d) EDS JC % 1 13 Fe -
Fig.1 SEM and EDS images of the powder mixture: (a) SEM image; (b~d) EDS elemental mapping images
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Fig.2 Schematic diagram of the tensile specimen size and sampling method
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3 Fe-Cr-Ni £+ 4 XRD &%
Fig.3 XRD pattern of the Fe-Cr-Ni alloy

4 Fe-Cr-Ni & 4:1% EBSD Kk [#l
Fig.4 EBSD inverse pole figure map of the Fe-Cr-Ni alloy
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Fig.5 SEM images of the Fe-Cr-Ni alloy: (a) low-magnification SEM image; (b, ¢) high-magnification images of distinct regions
within (a); (d) enlarged view of the white-framed area in (c)
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Fig.6 Statistical results of the cellular substructure size of the
Fe-Cr-Ni alloy
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Fig.7 EDS elemental mappings of the Fe-Cr-Ni alloy: (a) Fe; (b) Ni; (¢) Cr; (d) Mn; (e) Nb; (f) Mo
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Fig.8 Engineering stress-strain curves of the Fe-Cr-Ni alloy at

room temperature
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5 9 Fe-Cr-Ni & 4= IR P K 1 SEM H& . (a) 1K A5 SEM & i ;(b) F5 5 SEM H& K ;(c) Bl (b)) T X i K
Fig.9 SEM images of the room temperature tensile fracture surface of the Fe-Cr-Ni alloy: (a) low magnification SEM image; (b) high
magnification SEM image; (c) enlarged view of region I in (b)
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