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Fig. 1 Morphology of Inconel 718 powder particles
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Table 1 Chemical composition of Inconel 718 powder
particles (mass fraction, %)
Fe Ni Cr Mo Nb Co
Bal. 50-55 1721 2.8-3.3 4.75-55 1
C Mn Si Cu Al Ti

0.08 0.35 0.35 0.2-0.3 02-0.8 0.7-1.15

1.2 &&RIZ

K F{E[E SLM Solution /A 7 2E 7] SLMHL 250
W&, RARARY, AEEN 02%, HERAHA
100 C. SLIGHRAMIMM T ZSE: BOLThERN 180
W, HHEAIFE 0.09 mm, H#)EE 0.03 mm, FIEFE
fRSER 85 mmX 10 mm X 10 mm, 4-Hia kg,
WK 2 fis. RABESHAEIEIFGT SLM il % & 458
AR, PAAEER B 2 FR.

PR R IR AIRTE, s e R AN
SEEVE . N UV IR R 26 U0 ) 7 3 & R
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5o AAEORET, PR R RO E A L PUA R
B ow, VPRERMA . kR o (R E BN
Na,S04(75%)+ NaCl(25%). SZIeidfEr, KA [H #Huib
HAMFESENRA ST, BASI, BERERN
650 ‘C. ZFHITE 5. 104 25, 50 F1 75 h B BE S %
J& R BRR TS = AR, THEH R

1.3 &M

X-F OM. SEM(JSM 7600F, JPN) W% 5t i 4H 440
JE R SR, R EDS 08T 8 i M AL 2 B
KA BHARRREAFN X HLATHAN(XRD-700S)5E 5%
PRI, 493 48 30°~120°, 4533 9 10 (°)/min.
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Fig. 2 Schematic diagram of Inconel 718 parts fabricated by SLM: (a) Building direction and dimension; (b) Scanning strategy

during SLM process
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Z< 2 Inconel 718 HE.ZFHALFRITE
Table 2 Specification for vacuum heat treatment of Inconel

718 fabricated by SLM

State Procedure
Homogenization heat treatment (HG)* HG+ST+AG
Standard heat treatment (SHT)** ST+AG

Aging heat treatment (AG) AG

*According to AMS-5383D heat treatment standard
**According to AMS-5662M heat treatment standard
Homogenization heat treatment (HG): (1093 ‘C, 1 h, FC)+
(960 C, 1 h, AC);

Solution heat treatment(ST): (960 ‘C, 1 h, AC);

Aging heat treatment (AG): (718 C, 8 h, FC)+(621 C, 10 h,
AC)

2 HZER57HE

2.1 BsihE

Kl 3 Fizr N SLM & JE Inconel 718 &4 K #AAb#E
FAFE s Tl 22, FTUUE H, SLM A iR s
b o B R TR B KT RGBSR, SLM BB
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Fig. 3 High-temperature corrosion curve of Inconel 718 alloy

under various conditions
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Fig. 4 XRD patterns of corrosion products after 75 h high-

temperature corrosion test
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Fig. 5 Surface topography of Inconel 718 surface after 75 h high-temperature corrosion test under various heat treatment conditions:
(a) Standard heat treatment; (b) Aging heat treatment; (c) SLM state; (d) Homogeneous heat treatment
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B 6 SLM HJ¥ Inconel 718 &<l i1t 100 h J5 3R 1) 2 M3 EDS %
Fig. 6 Surface morphology and element distribution of Inconel 718 alloy after 100 h high-temperature corrosion test: (a)—(c)
Microstructures of Inconel 718 alloy with homogeneous heat treatment; (d) Microstructure of Inconel 718 alloy with aging heat

treatment; (e) EDS result of marked area in (c); (f) EDS result of marked area in (d)
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Fig .7 Cross-section morphology of SLM fabricated Inconel 718 alloy after 100 h high-temperature corrosion test: (a)—(b) Standard

heat treatment; (c)—(d) SLM state



1422 hEA O RYR

2019427 H

5

Oxide layer
Sulfide layer

[Lum]

8 SLM J{J¥ Inconel 718 & 49N 76 % 20 4 B

Fig. 8 Element distribution of SLM fabricated Inconel 718 alloy on cross-section area: (a) Morphology of cross-section area; (b)—(f)

Distributions of O, S, Cr, Fe and Ni
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Fig. 9 Diffusion model of O and S atoms in melt pool
boundary and columnar crystals during high-temperature

corrosion of Inconel 718 alloy fabricated by SLM
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High-temperature corrosion resistance of
Inconel 718 fabricated by selective laser melting

TENG Qing, LI Shuai, XUE Peng-ju, TIAN Jian, WEI Qing-song, SHI Yu-sheng

(State Key Laboratory of Materials Processing and Die & Mould Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The Inconel 718 was fabricated by Selective Laser Melting (SLM), and its high-temperaturecorrosion behavior
under different heat treatment conditions was evaluated. The morphology and corrosion phases were observed by using
ultra depth microscope, XRD and SEM. The results show that the heat treatment can effectively reduce high-temperature
corrosion mass loss rate of this alloy. After standard heat treatment and homogenization heat treatment, the
high-temperature corrosion resistance of this alloy is comparable with forgings. The corrosion resistance of samples with
direct aging treatment increases after 25 h corrosion test, which can be attributed to the disappearance of the melt pool
boundary and the improved homogeneity of solute elements. As a result, the corrosion resistance of this alloy also
isimproved because the diffusion channels for O and S are closed. After 75 h test, the main phases on the alloy surface are
two types of oxides and sulfides, and the composition of these phases has not change under different heat treatment
conditions. The high-temperature corrosion mechanism of Inconel 718 alloy prepared by SLM was analyzed and
discussed, and the elements diffusion model of Inconel 718 alloy in SLM state was established.

Key words: additive manufacturing; SLM; Inconel 718; heat treatment; high-temperature corrosion
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