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Localized corrosion behavior of Ni-based Inconel 718 alloy was investigated by electrochemical anodic
polarization techniques in NACE TM 0177 A solution of 5 wt% NaCl + 0.5 wt% acetic acid at room tem-
perature. After the solution heat treated at 1080 °C for 2.5 h, Inconel 718 was age-hardened at 780 °C for 8
h. The microstructure of the alloy surface was investigated by optical microscopic or scanning electron
microscopic technique. The austenitic phase with the presence of metal carbides was observed on the sur-
face of Inconel 718. Metal-carbides such as Nb-Mo and Ti-carbide with diameters of approximately 10 and
3 wum, respectively, were formed in Inconel 718. Anodic polarization results revealed that localized cor-
rosion was observed at the interface between austenitic phase of a substrate and metal carbides. Difference
in electrochemical property between a metal carbide and an austenitic substrate could provide an initiation
site for localized corrosion of Inconel 718 surface.
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Fig. 1. Optical microscopic image of Inconel 718
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Fig. 2. Frequency distribution for particle sizes observed in
Inconel 718 surface
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Fig. 3. SEM back-scattered electron and EDS elemental mapping images of Inconel 718 surface
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Fig. 4. Electrode potential transient of Inconel 718 electrode
in S wt% NaCl + 0.5 wt% acetic acid for 3600 s
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Fig. 5. Potentiodynamic polarization curve of Inconel 718
electrode in 5 wt% NaCl + 0.5 wt% acetic acid for 3600 s
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Fig. 6. Double logarithmic plot of current density of Inconel
718 electrode and time during potentiostatic polarization at
0.5 V. for 3600 s in 5 wt% NaCl + 0.5 wt% acetic acid

Ao A9lel FgE FsEighs v F-sEel 2%
A ez A2 oF 11 Vg oldelM= 45 A
b wA8] SR o|Zl B-EH ddow A7
) 2 Ak W e S 5 Tl oft Zlow
Bzt 39 25 A 5 Inconel 29 A= w9
= RS Ay}, = Fajo] AR 3 7] ol

Fig. 6 Inconel 718 A=-& 5 wt% NaCl + 0.5 wt%
acetic acid N4 0.5 V.2 A7FHaA GofR]= AZE
of W AF WHIE vepd A9 B Aok
Inconel A=2] THe| T2+ A/ = AFold 1
W T T 62004 49x10°A em™7HA] THASC
62x o]Felle= AT WEI 943 kst B+
360027} A3shA 25 %10 A cm?e] °o|E0 AF4d
Lo} AZHE] BAA 7HR-AE S5 BT g (log
scale)@™ 3L7]8F] FoJX|= 7]L7] dlog(i)dlog(t) #kl
-1°] 7}719-" high field mechanism®l| °J3l] = dHF
o] @& o] FFEE kst ARtk ¢
A AT} [13]. 0.5 VoA 9] 3= € Incnoel A=
2 623 74 dlog(i)/dlog(t) #e] -0.640] 22 Z=o]
2E = ARe] dF= FEH e V1A o
2 AR e = ARe FEEHE 84
At FAsR=Hl AREE L Qlvkar Azkstet. sA|L, 62
Z o]F9] A7 94T Tk Eoe 5 vk
ot MFel TR A ol AEE A <%
= Wbe, 71X 25 xRSl 34% FsEe] gast
AF-EE B EH-sE [14] Tl &3t = A7

S oo o

CORROSION SCIENCE AND TECHNOLOGY Vol.20 No.6, 2021



LOCALIZED CORROSION BEHAVIOR OF INCONEL 718 IN A CHLORIDE-CONTAINING AQUEOUS SOLUTION

100 pm

100 pm

100 um

Fig. 7. Secondary electron and elemental mapping images of Inconel 718 surface after the potentiostatic polarization at 0.5

Vsg for 3600 s in 5 wt% NaCl + 0.5 wt% acetic acid
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Fig. 8. Expanded secondary electron image of MC in Fig. 7
of Inconel 718 surface after the potentiostatic polarization
at 0.5 Vg, for 3600 s in S wt% NaCl + 0.5 wt% acetic acid

A91gke 7k 7hsAe] Alek. Ttk 34 wElEe
T Wg Aoz, 3% valE 7 3ol
Aoluhs Ao02 Fgato] T4 wahE 714 F5
Zke] Aol S H2jo] Aol = glrka Az,
T4 BakEL 717 Aol AY18eA uA Zolel
Q8 F49] AA D A% e FF AT
A dgolr.

0 rlo
e

365



JUN-SEOB LEE, YEJIN LEE, SOON IL KWON, JUNGHO SHIN, AND JE-HYUN LEE

4.4=

2 AFE= 5wit% NaCl + 0.5wt% acetic acidell 4]
Inconel 7189] = F-21 Azl tfste] HESQIT
Inconel 7182 ¥ @ AEH|UO]E 7]X|of] Nb-No F+=
Ti AlFe &5 &3k 55 sk vAlTERE 1S
t}. d7)3ehA k= = 213 A}, Inconel 718 EH
oA WS S FAL TR & velEy 7)Ao
&9 Aldof|A Lot o= HF F2] Al a5
eslE 71x] 9] 7)8k8H4 o] zlolef 7]Q1E A
o2 AztET)

#ZAte =

o] =i 20199 WSHE] Ao R AT AT
o] A PS wol FE | EATFAIA Y (No. NRF-
2019R 111A3A01040990).

References

1. S. Patel, J. J. deBarbadillo, and S. Coryell, Proc. of the
9th International Symposium on Superalloy 718 &
Derivatives: Energy, Aerospace, and Industrial Applica-
tions., pp. 23 - 49, The Minerals, Metals & Materials
Series, Cham, Switzerland (2018). Doi: https://doi.org/
10.1007/978-3-319-89480-5 2

2. H. S. Klapper, N. S. Zadorozne, and R. B. Rebak, Local-
ized Corrosion Characteristics of Nickel Alloys: A
Review, Acta Metallurgica Sinica, 19, 296 (2017). Doi:
https://doi.org/10.1007/s40195-017-0553-z

3. J. J. deBarbadillo, and S. K. Mannan, Alloy 718 for Oil-
field Applications, JOM, 64, 265 (2012). Doi: https://
doi.org/10.1007/s11837-012-0238-z

4. J. H. Shin, K. M. Moon, An Electrochemical Evaluation
on the Corrosion Resistance of Welding Zone due to
Kinds of Repair Welding Filler Metals and Post Weld
Heat Treatment, Corrosion Science and Technology, 9,
310 (2010). https://www.j-cst.org/opensource/pdfjs/web/
pdf viewer.htm?code=C00090600310

5. S. Azadian, L.-Y. Ying, and R. Warren, Delta phase pre-
cipitation in Inconel 718, Materials Characterization, 53,
7 (2004). Doi: https://doi.org/10.1016/j.matchar.2004.07.004.

6. L. C. M. Valle, A. 1. C. Santana, M. C. Rezende, J. Dille,

366

11.

12.

14.

15.

O. R. Mattos, and L. H. de Almeida, The influence of heat
treatments on the corrosion behaviour of nickel-based alloy
718, Journal of Alloys and Compounds, 809, 151781 (2019).
Doi: https://doi.org/10.1016/j jallcom.2019.151781

. G A. Rao, M. Kumar, M. Srinivas, and D. S. Sarma, Effect

of standard heat treatment on the microstructure and mechan-
ical properties of hot isostatically pressed superalloy inconel
718, Materials Science and Engineering A, 355, 114 (2003).
Doi: https://doi.org/10.1016/S0921-5093(03)00079-0

. W. Zheng, X. Wei, Z. Song, Q. Yong, H. Feng, and Q.

Xie, Effects of Carbon Content on Mechanical Proper-
ties of Inconel 718 Alloy, Journal of Iron and Steel
Research International, 22, 78 (2015). Doi: https://
doi.org/10.1016/S1006-706X(15)60013-9

. M. Gao, and R. P. Wei, Grain boundary niobium carbides

in Inconel 718, Scripta Materialia, 37, 1843 (1997). Doi:
https://doi.org/10.1016/S1359-6462(97)00373-4

. N. C. Ferreri, S. C. Vogel, and M. Knezevic, Determin-

ing volume fractions of vy, y', y”, 8, and MC-carbide
phases in Inconel 718 as a function of its processing his-
tory using an advanced neutron diffraction procedure,
Materials Science and Engineering A, 781, 139228
(2020). Doi: https://doi.org/10.1016/j.msea.2020.139228
M. Sundararaman, and P. Mukhopadhyay, Carbide Pre-
cipitation in Inconel 718, High Temperature Materials
and Processes., 11, 351 (1993). Doi: https://doi.org/
10.1515/HTMP.1993.11.1-4.351

M. Goji’c, D. Marijan, and L. Kosec, Electrochemical
behavior of duplex stainless steel in borate buffer solu-
tion, Corrosion, 56, 839 (2000). Doi: https://doi.org/
10.5006/1.3280587

. G T. Burstein, and A. J. Davenport, Journal of The Elec-

trochemical Society, 136, 936 (1989). Doi: https://doi.org/
10.1149/1.2096890

J. S. Lee, T. Kawano, T. Ishii, Y. Kitagawa, T. Nakanishi,
Y. Hasegawa, K. Fushimi, Initiation of localized corrosion
of ferritic stainless steels by using the liquid-phase ion gun
technique, Journal of The Electrochemical Society, 164,
C1 (2016). Doi: https://doi.org/10.1149/2.0291702jes

S. Rahman, G. Priyadarshan, K. S. Raja, C. Nesbitt, and
M. Misra, Investigation of the secondary phases of Alloy
617 by Scanning Kelvin Probe Force Microscope, Materi-
als Letters, 62, 2263 (2008). Doi: https://doi.org/10.1016/
j-matlet.2007.11.077

CORROSION SCIENCE AND TECHNOLOGY Vol.20 No.6, 2021


https://doi.org/10.1007/978-3-319-89480-5_2
https://www.j-cst.org/opensource/pdfjs/web/pdf_viewer.htm?code=C00090600310
https://doi.org/10.1016/S1359-6462(97)00373-4
https://doi.org/10.1515/HTMP.1993.11.1-4.351
https://doi.org/10.5006/1.3280587
https://doi.org/10.1149/1.2096890
https://doi.org/10.1016/j.matlet.2007.11.077

