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Development of Selective Laser Melting and Heat Treatment Process for Novel Corrosion Resistant Alloy
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additive manufacturing. A gas atomized powder of a high-entropy alloy (CoysCrFeNi; sTiosMog.1)
was used for selective laser melting. As-built and heat-treated specimens were composed of
sk B AHAT R FEEEI -7 face-centered cubic (fcc) phase matrix and nano-precipitates in an ordered phase. Heat
HRA/N—Yax s treatment of the selective laser-melted products influenced the precipitate morphologies and
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Fig.1 Schematic drawings of metal additive manufacturing methods (a) Selective Laser Melting (SLM) (b) Electron Beam Melting (EBM) (c) Laser
Metal Deposition (LMD) (d) Electron Beam Additive Manufacturing (EBAM)
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Table 1 Chemical compositions of the powder and SLM product
obtained by ICP-OES

(mass %)
Material Co Cr Fe Ni Ti Mo 0]

Ideal 278 | 164 | 176 | 27.7 7.5 3.0
Powder | 28.0 | 169 | 17.3 | 27.2 7.6 3.1 0.031
Asmade | 275 | 16.8 | 174 | 27.7 7.6 3.0 | 0.045
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Fig.3 Cross sections of SLM products, (a) lower energy density, (b)
higher energy density, (c) optimized condition
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Fig.4 Microstructures of SLM product formed with optimized
conditions, (a) beads found in as-built SLM product, (b)micro-
cellular structure found in (a), (c) equi-axed grains in ST-NQ
specimen, (d) grain boundary of (c)
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Fig.5 Elemental Ni distribution in arc-melted and SLM specimens
and corresponding electron-beam diffraction patterns
(a) arc-melted specimen, (b) SLM specimen (as-built), (c) SLM
specimen (solution treatment [ST] followed by water quenching),
(d) SLM specimen (ST followed by air cooling), (€) SLM specimen
(ST followed by nitrogen gas cooling)
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Fig.6 Engineering stress-strain curves of each specimen,
ST: solution heat-treatment, WQ: water quenching, AC: air-
cooling, NC: Nitrogen gas cooling
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Fig.8 Mass loss curves of SLM products obtained by immersion
tests in boiling 5 % sulfuric acid
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Fig.9 Microstructure and Ni elemental distribution in ST-AC
specimens after aging treatment, (a) (b) 1,073 K, 0.5 hr, (c) (d)
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Fig. 10 Room-temperature tensile properties of ST-AC specimens
after aging treatment

F2 ABTHE- -HARMOESE—E
Table 2 Typical properties of high-entropy alloys obtained in this study

Co1.5CrFeNiy 5TiosM0og 1 A||Oy71 8
Arc-melted SLM roll
Property Solution- heat-t.reated ! .
- - Water Air cooling . Nitrogen tregilerég“
uench Aging cooling
a treated * °
Proof stress (MPa) 665 888 888 939 1,131 961 1,169
Tensile -
properties Tensile stress (MPa) 775 1,225 1,345 1,471 1,590 1,508 1,321
Tensile elongation (%) 3.0 22 29 17 12 21 27
Charpy value (J/cm?) *4 - 54.5 90.7 37.3 — 33.7 90
Pitting potential Vcioo (V vs. Ag/AgCl) *° = 0.87 0.94 0.82 - 0.79 0.62
Weight loss rate in 5% boiling HSO,4 (g/m? « h) *© - 0.95 0.92 0.70 - 0.63 1.16

*11,393K—=0.5hr
*3973K—0.5hr
*4 JIS Z 2242 V-notch test  * 5 Obtained with 3.5% NaCl at 353 K *© Obtained after 48-hr immersion

*2 Splution heat treatment at 1,255 K , 991 K — 8 hr and aging treatment at 894 K — 8 hr
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