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Effect of Iron Ion on Corrosion Behavior of Inconel 625 in High-
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The corrosion behavior of an ultralow iron nickel-based alloy Inconel 625 under high-temperature water has been evaluated. The
results show that surface oxidation and pitting were the principal corrosion mechanisms of Inconel 625 during the initial
immersion period. The surface layer of the oxide film is first Ni-enriched and then Fe-enriched as immersion time increases.
The iron ions dissolved from the autoclave could lead to the formation of NiFe2O4 and have a great influence on the oxidation
behavior of Inconel 625. The oxides nucleated by solid-state reactions with selective dissolution of Fe and Ni and then grew up
through precipitation of cations from solution.

1. Introduction

The structure and composition of oxide film formed in pri-
mary water of pressurized water reactors (PWR) play a sig-
nificant role in the degradation processes of material, which
have been a special topic for decades [1–4]. Therefore, the
oxidation behaviors of materials in PWR as well as the char-
acteristics of the oxide film have always been the focus of
attention [5]. It had been reported that the properties of the
oxide films are closely related to the corrosion resistance
[6–10]. The corrosion behaviors of nickel-based alloys in
high-temperature water have been extensively studied [1, 7,
11–16]. The oxide film developed on nickel-based alloys gen-
erally presents a multilayer structure with Ni/Fe-rich outer
layer and a chromium-rich inner layer [14, 17–19]. The
structure and the chemical compositions of the oxide film
are closely related to the corrosion properties of nickel-
based alloys [20–22]. A couple of materials and environment
relevant factors, including chemical composition, micro-
structure, and thickness, influence the oxide film characteris-

tics [2, 19, 23–25]. The effect of water chemistry is also a key
factor that determines the characteristic of the oxide film [10,
12, 19, 23, 26], part from the microstructure and chemical
compositions of the materials.

In addition to the oxidation, pitting corrosion has been
frequently observed on the nickel-based alloys such as Alloy
625 and Alloy 718 [2]. The dissolved ions in high-
temperature water are usually related to the oxidation pro-
cess [27–29]. Kritzer et al. investigated the corrosion behav-
ior of Alloy 625 in high-temperature and high-pressure
sulfate solutions and found that the metal ion concentrations
keep increasing at the beginning of the experiment [1].
Kuang et al. [30] investigated the effect of Ni2+ from auto-
clave material on 304 SS in oxygenated high-temperature
water and found the dissolved Ni2+ promotes the stability
of NiFe2O4. Behnamian et al. [31] investigated the oxidation
behavior of nickel-based alloys in high-temperature water
and observed that the alloys containing Mo, Nb, and Ti were
susceptible to pitting. Yang et al. [32] investigated the corro-
sion behavior of nickel-based alloys in temperature water
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with 6000 ppm NH4Cl. They found that the oxide film is Fe-
enriched oxide deposits, which were mainly resulted from the
dissolving of Fe in the autoclave. So it is of great significance
to investigate the effect of exotic metallic ions on the oxida-
tion behavior of materials in high-temperature water.

The aim of this work is to clarify the effect of the dis-
solved iron ion from a 304L SS autoclave on the corrosion
behavior of Inconel 625 in high-temperature water. The
effects of iron ion on the corrosion behaviors of Inconel
625 were investigated by optical microscopy (OM), scanning
electron microscopy (SEM), X-ray diffraction (XRD), and
Raman spectra measurements. At the end, the corrosion
mechanism is explained briefly.

2. Experimental

The material used in this work is an ultralow iron Inconel
625, the composition of which is listed in Table 1. The
microstructure of Inconel 625 has been detailed addressed
in literature [33], as is shown in Figure 1. The as-received
material was cut into pieces of 30mm × 20mm × 3mm.
The samples were mechanically polished to 1000# SiC
paper, washed by ultrasound with acetone, and dried with
hot air. The weight change of samples was obtained using
an electric balance (XS105DU) with an accuracy of
0.1mg. A corrosion test was conducted in a 2.5 L volume
autoclave which is made of 304 L stainless steel (SS). The
temperature was controlled at 345°C, under a pressure of
15.5MPa. The samples were immersed in the autoclave
for 100 h, 300 h, 500 h, 700 h, 1000 h, and 1500h, respec-
tively. In order to ensure the accuracy of the experiment,
five parallel samples were adopted.

A scanning electron microscope (XL30-FEG ESEM, FEI,
Hillsboro, OR., USA) was applied to observe the morphology
evolution of the oxide film. Before SEM observation, the sam-
ple surface was coated with a thin Ni layer to avoid the spo-
liation during sample preparation [34]. Phase constituents
were identified by an X-ray diffractometer (XRD, Rigaku
Corporation, Tokyo, Japan) with Cu-Kα radiation with a
wavelength of 1.5Å at 40 kV. The scan range was 20°–90°

with a scan rate of 0.1°/s. A laser Raman spectrometer
(Renishaw Micro-Raman, UK) with an excitation source of
532nm wavelength incident laser was applied to identify
the oxide composition in the oxide film.

3. Results and Discussion

3.1. Characteristics of Weight Gain. The result of the weight
change with time of Inconel 625 samples in high-
temperature water is plotted in Figure 2. The weight gain
was negative after immersion in the tested solution for
100 h. The mass loss is 5:09 × 10–4mg·cm–2 and this may

be due to the simultaneous effects of oxidation and mate-
rial loss due to pitting [17]. In high-temperature water, the
fluctuations of the weight change of the Ni-based alloys
could be attributed to the pitting corrosion [2, 35]. A
detailed explanation of this phenomenon would be con-
ducted by the surface morphology observation later. How-
ever, with the exposure time extending, weight gain
increased rapidly when the immersion time was longer
than 300h.

After exposing to high-temperature water for different
periods, the oxide products formed on Inconel 625 is
detected by XRD, as shown in Figure 3. After 300 h immer-
sion, the samples were only slightly oxidized and the charac-
teristic peaks of oxide could be barely discernable. Then, as
the immersion time prolonged, the signals of the base alloy
tended to weaken, while those for NiCr2O4, NiFe2O4, and
NiO gradually dominated.

The surface morphologies of Inconel 625 after exposing
for different periods in high-temperature water are shown
in Figure 4. The chemical compositions of the oxide film
and oxide particles were characterized using EDS at spots

Table 1: Chemical composition of the tested Inconel 625 (wt%).

C Cr Mo Co Nb Fe Al Ti Si P S Ni

0.05 22.4 9.5 0.03 3.66 0.01 0.24 0.23 0.04 0.002 0.001 Bal.

20 𝜇m

Figure 1: Microstructure of ultralow iron Inconel 625.
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Figure 2: Mass gain of Inconel 625 in high-temperature water.
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1–6 and are listed in Table 2. After immersion under high-
temperature water for 100 h, a layer of needle-like oxide
and polygonal particle oxide formed on the surface of sam-
ple, as shown in Figures 4(a) and 4(a1). As the diffusion
rates of typical metal ions followed the order of Ni>Cr in
Ni-based alloys [12], Ni ions were first detected on the
sample surface, which dissolved and precipitated as oxides
or hydroxides. The phenomenon is similar to the study of
Zhu et al. [15]. From the EDS analysis, it was deduced that
these large particles were NiCr2O4. The consideration was
also consistent with the finding of Ziemniak and Hanson
[16], who reported that the initial oxidation of Inconel
625 in high-temperature water would create NiO and
Ni(Cr,Fe)2O4.

After immersion in high-temperature water for 500 h, a
layer of dense needle-like oxide film appeared, which has
been generally observed in Ni-based alloys in PWR water
[15, 20, 36]. As displayed in Figure 2(b1), a decrease in
density and thickness of needle-like oxide was evident. A
layer of dense continuous oxide layer as well as irregularly
shaped oxide particles distributed evenly present on the
surface, as shown in Figures 4(c) and 4(c1). These irregu-
larly shaped oxide particles varied greatly in size. These
oxide particles are iron-oxides according to the EDS
analysis presented in Table 2. Combined with the XRD
analysis presented in Figure 3, it could infer that the phase
is NiFe2O4. The formation of NiFe2O4 can be expressed as
[37]

2Fe2+ + Ni2+ + 4H2O→NiFe2O4 + 8H+ + 2e ð1Þ

Because the iron content of Inconel 625 in this work
was low (0.01%), it was impossible to form iron-
containing oxide during the corrosion process. Therefore,
it can be deduced that the iron ions may be due to the
dissolution of the autoclave material and then deposited

on the sample surface [30, 37]. EDS chemical analyses
indicated that the oxide film was mainly composed of Ni
and Cr oxides with a small amount of Fe, Nb, and Mo,
as shown in Table 2. Consequently, it could be drawn that
the oxide film was mainly NiO and Ni(Cr,Fe)2O4. This
agreed well with those reported in the literatures for
nickel-based alloys [26, 27, 36].

The surface morphology was somewhat similar to that of
1000 h after an immersion period of 1500 h, as shown in
Figure 4(d). The irregularly shaped particles developed grad-
ually both in size and in number (Figure 4(d1)). A similar
phenomenon had been observed by Clair et al. [27]. The
EDS analysis revealed the oxide film as a binary mixture of
NiCr2O4 and NiFe2O4 [27].

3.2. Pitting Corrosion. In addition to the oxidation, pitting
corrosion also occurred on the Inconel 625. EDS composi-
tion analysis was carried out on the oxide film and corrosion
pits at spots 1–7, and the obtained data are presented in
Table 3. Pitting corrosion was observed after an immersion
period of only 100 h, as shown in Figure 5(a), which was con-
sistent with the results of Behnamian et al. [31] and Yang
et al. [32]. The observation strongly supported the result of
mass loss presented in Figure 2. In this case, the amount of
weight gain caused by the formation of oxide film on the sur-
face was less than the weight loss that is caused by pitting and
uniform corrosion. The EDS results suggested that high
levels of niobium element accumulated in the corrosion pits.
It seemed that the corrosion pits might be determined by
inclusions of NbC [31, 38, 39]. In high-temperature water,
pitting may be associated with Nb-rich precipitates (likely
the γ'-phase) [4, 40] and induced by local potential difference
between the matrix and the inclusions [2]. Figure 5(b)
showed that the irregularly shaped oxide particles distributed
evenly on the surface. Base on the EDS analysis presented in
Table 3, the oxide particle was the Nb-rich phase, indicating
that the occurrence of the Nb-rich phase and then the dis-
solved Nb2+/Nb3+ ion form oxide that deposited in the vicin-
ity of the corrosion pit. Solution treatment can reduce the
precipitation of the secondary phases, optimize the micro-
structure, and improve the pitting corrosion resistance of
metallic alloys [41–43].

Figure 6 displays the Raman spectra results of oxide
films on Inconel 625. The characteristic peaks located at
485, 550, 695, 1380, and 1590 cm-1 indicated that the oxide
film mainly consisted of NiO [44], NiCr2O4 [44], Cr2O3,
and Nb2O5 [45]. After 300 hours of immersion, the oxide
films were composed of NiO and Nb2O5. The formation of
Nb2O5 mainly resulted from the pitting corrosion of the
NbC phase [31, 32]. After 700 hours of immersion, the
peaks of Cr2O3 and NiCr2O4 gradually appeared. The for-
mation of these continuously dense oxides could protect
the alloy effectively. It was reported that NiO was not as
stable as the spinel and chromium oxides [2, 34]. Besides,
studies showed that element Fe caused solid solution
strengthening when added into Ni-based alloy. But others
considered that this was due to the low content of oxides
produced by iron [17], resulting in the formation of
NiCr2O4 instead of FeCr2O4. Moreover, the diffusion rate
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Figure 3: The XRD patterns of oxidation film formed on Inconel
625.
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Table 2: The EDS chemical compositions (wt%) of the tested spots
presented in Figure 4.

Ni Cr Mo Nb Fe O

1 69.60 18.73 6.15 — — 5.52

2 12.71 3.44 — — 59.94 23.91

3 14.87 3.39 — — 56.17 25.57

4 40.41 20.05 8.13 3.27 15.41 12.71

5 20.91 0.96 — — 51.97 26.16

6 45.99 18.69 6.99 — 16.72 11.62

Table 3: EDS chemical composition of the tested spots presented in
Figure 5 (wt%).

Area Ni Cr Mo Nb Fe O

1 39.50 13.84 3.85 31.43 — 11.38

2 22.91 6.39 1.33 54.45 — 14.92

3 22.17 7.79 6.59 1.88 — 7.67

4 69.62 21.55 3.82 — — 5.00

5 29.16 — — 21.03 25.82 23.99

6 — — — 81.88 — 18.12

7 54.89 20.59 6.61 — 8.81 9.09

1
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Figure 4: Morphologies of the oxide film formed on Inconel 625: (a, a1) 100 h; (b, b1) 500 h; (c, c1) 1000 h; (d, d1) 1500 h.
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of metal cation Ni2+ was much higher than that of Cr3+ in
oxide film [46]. As a result, the oxide dominated by NiO
was formed in the outer layer, while Cr2O3 and NiCr2O4
formed in the inner layer [17].

The cross-section of Inconel 625 exposed to high-
temperature water for 1500 h is shown in Figure 7. The
average thickness of the oxide film is about 1.99μm. The
EDS result of line scanning element distribution is pre-
sented in Figure 7(b). It is clear that the oxide film shows
a double-layer structure and the thickness of the inner
layer is slightly thicker than that of the outer layer. Thus,
it is inferred that the inner oxide film is mainly composed
of NiCr2O4. In addition, elements Nb and Fe were on the
surface of the oxide layer. NiFe2O4 formed by iron deposi-
tion and Nb oxides formed by NbC detachment are on the
surface of the oxide films. Although the alloy was oxidized
for 1500 h in high-temperature water, the matrix oxide
film formed into a continuously dense layer which was
still thin, indicating an excellent corrosion resistance to
the alloy.

3.3. Corrosion Mechanism. Inconel 625 exhibited two oxide
layers which were coincident with the SEM observation of
the surface. Attributes of dense and uniform are showed
by the inner layer and randomly oriented grains with
rather different compositions that make up the outer layer
[33]. The oxide film consists of a combination of NiCr2O4,
NiFe2O, and NiO. On the basis of the evolution of the
corrosion process, it is clearly deduced that the elements
of 304L SS (autoclave) could be dissolved into the high-
temperature water during the immersion test. The dis-
solved Fe2+ could form relatively large, randomly oriented
grains of oxide which appeared as polyhedron crystals
with sharp edges towards the outermost surface, as shown
in Figure 4(c), giving rise to the emerging oxide diffraction
peaks. As showed in Table 2 and Figure 4(c), the compo-
sition of oxides primarily corresponded to NiFe2O4, and
the matrix oxide film was composed of NiCr2O4 and
NiO according to the diffraction peak. After 1500h, oxide
films adequately covered the alloy surface (Figure 4(d)),
leading to the increase of NiCr2O4 and NiFe2O4 diffraction
peaks. Under these conditions, NiO interacted with the
chromium ions diffused from the alloy matrix and the
iron ions dissolved from the autoclave, thus giving rise
to the formation of NiCr2O4 and NiFe2O4, respectively.
It should be noted that the protective effect brought by
NiCr2O4 [38] increases along with the increasing corrosion
time, as well as the oxidation resistance. This well explains
the weight gain trend observed in Figure 1. Figure 8 shows
the corrosion mechanism of Inconel 625 in high-
temperature water. The outer layer, consisting of relatively
large, randomly oriented grains of Ni(Fe,Cr)2O4, is formed
by iron dissolve from 304L SS (autoclave) and outward
diffusion of ion from the base, which grows on the origi-
nal surface of the sample.

4. Conclusion

Inconel 625 in 345°C/15.5MPa water of 304 SS autoclave
resulted in pitting corrosion on the surface in the early
stage of corrosion oxidation, and Nb2O5 was deposited
in the pit. NiO, Cr2O3 was formed as the inner layer, with
the progress of corrosion oxidation. Sparse oxide grows
preferentially and completely covered the matrix. Fe2+ in
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Figure 5: Morphologies of pitting corrosion for Inconel 625 in high-temperature water: (a) 100 h; (b) 700 h.
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304 SS autoclave is dissolved in electrolyte and forms the
outer layer composed of scattered crystallites, which is
granular and very sensitive to the oxidation conditions.
In the later stage of corrosion and oxidation, Ni(Fe,Cr)2O4
was formed by outward diffusion of Fe and Cr, which is
also the components of the outer layer.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflict of interest.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (No. 51401092), the Science and Tech-
nology Program of Jiangsu Province (BE2017143), and the
Project of Science and Technology Development (No.
2017GDASCX-0117).

References

[1] P. Kritzer, N. Boukis, and E. Dinjus, “Corrosion of alloy 625 in
high-temperature, high-pressure sulfate solutions,” Corrosion,
vol. 54, no. 9, pp. 689–699, 1998.

[2] L. Tan, X. Ren, K. Sridharan, and T. R. Allen, “Corrosion
behavior of Ni-base alloys for advanced high temperature
water-cooled nuclear plants,” Corrosion Science, vol. 50,
no. 11, pp. 3056–3062, 2008.

[3] Z. Tian, L. Song, K. Fang, G. Lin, and H. Zhou, “Corrosion
behavior of 304L stainless steel in a B-Li coolant for a nuclear
power plant,”Materiali in Tehnologije, vol. 53, no. 5, pp. 643–
647, 2019.

[4] L. Li, S. Jin, D. Wang et al., “Characterization of oxide film in
P92 ferritic-martensitic steel exposed to high temperature
and pressure water,” Journal of Nuclear Materials, vol. 541,
article 152406, 2020.

[5] W. J. Kuang, X. Q. Wu, and E. H. Han, “Effect of Ni2+ in
occluded volume on the oxidation behavior of 304 stainless
steel in high temperature water,” Acta Metallurgica Sinca,
vol. 47, no. 7, pp. 927–931, 2011.

[6] J. Xu and T. Shoji, “The corrosion behavior of alloy 182 in a
cyclic hydrogenated and oxygenated water chemistry in high
temperature aqueous environment,” Corrosion Science,
vol. 104, pp. 248–259, 2016.

[7] L. Xin, B. Yang, J. Li, Y. Lu, and T. Shoji, “Microstructural
characteristics of alloy 690TT subjected to fretting corrosion
in high temperature water,” Corrosion Science, vol. 123,
pp. 116–128, 2017.

[8] S. H. Jeon, E. H. Lee, and D. H. Hur, “Effects of dissolved
hydrogen on general corrosion behavior and oxide films of
alloy 690TT in PWR primary water,” Journal of Nuclear Mate-
rials, vol. 485, pp. 113–121, 2017.

[9] Z. Wang, J. Xu, J. Li et al., “The synergy of corrosion and fret-
ting wear process on Inconel 690 in the high temperature high

O2–

Cr3+

Fe3+

Fe oxide

Complete continuous
oxide filmNiO

NbC

(a) (b) (c)

Nb2O5 Pitting deepened

Figure 8: Corrosion mechanism of Inconel 625 in high-temperature water.

17.0 17.5 18.0 18.5 19.0 19.5 20.0 20.5
0

20
40
60

0
10
20
30
50

100
150

10
20
30
40
50
10
20
300
10
20
30

Outer layer
Base Inner layer Ni coating

Nb

Mo

O

Ni

Fe

Cr

Nickel 

plated 

layer

Alloy

2.14 𝜇m

2.81 𝜇m

2.07 𝜇m

0.93 𝜇m
10 𝜇m

Distance (𝜇m)

Figure 7: Cross-section of Inconel 625 after corrosion oxidation 1500 h and the element distribution line scan.

6 Scanning



pressure water environment,” Journal of Nuclear Materials,
vol. 502, pp. 255–262, 2018.

[10] W. Kuang, X. Wu, and E. H. Han, “Influence of dissolved oxy-
gen concentration on the oxide film formed on alloy 690 in
high temperature water,” Corrosion Science, vol. 69, pp. 197–
204, 2013.

[11] G. Liu, X. Zhang, X. Wang, and Y. Qiao, “Precipitation behav-
ior of the topologically close-packed phase in the DD5 super-
alloy during long-term aging,” Scanning, vol. 2020, Article ID
2569837, 6 pages, 2020.

[12] J. Yang, S. Wang, X. Tang, Y. Wang, and Y. Li, “Effect of low
oxygen concentration on the oxidation behavior of Ni-based
alloys 625 and 825 in supercritical water,” Journal of Supercrit-
ical Fluids, vol. 131, pp. 1–10, 2018.

[13] J. Xu and T. Shoji, “The corrosion behavior of alloy 52 weld
metal in cyclic hydrogenated and oxygenated water chemistry
in high temperature aqueous environment,” Journal of Nuclear
Materials, vol. 461, pp. 10–21, 2015.

[14] B. Stellwag, “The mechanism of oxide film formation on aus-
tenitic stainless steels in high temperature water,” Corrosion
Science, vol. 40, no. 2–3, pp. 337–370, 1998.

[15] Z. Zhu, C. Ouyang, Y. Qiao, and X. Zhou, “Wear characteristic
of Stellite 6 alloy hardfacing layer by plasma arc surfacing pro-
cesses,” Scanning, vol. 2017, Article ID 6097486, 7 pages, 2017.

[16] S. E. Ziemniak and M. Hanson, “Corrosion behavior of
NiCrMo alloy 625 in high temperature, hydrogenated water,”
Corrosion Science, vol. 45, no. 7, pp. 1595–1618, 2003.

[17] X. Ren, K. Sridharan, and T. R. Allen, “Corrosion behavior of
alloys 625 and 718 in supercritical water,” Corrosion, vol. 63,
no. 7, pp. 603–612, 2007.

[18] T. Kim, K. J. Choi, S. C. Yoo, and J. H. Kim, “Effects of dis-
solved hydrogen on the crack-initiation and oxidation behav-
ior of nickel-based alloys in high-temperature water,”
Corrosion Science, vol. 106, pp. 260–270, 2016.

[19] F. Huang, J. Wang, E. H. Han, and W. Ke, “Microstructural
characteristics of the oxide films formed on alloy 690 TT in
pure and primary water at 325°C,” Corrosion Science, vol. 76,
pp. 52–59, 2013.

[20] J. Xu, T. Shoji, and C. Jang, “The effects of dissolved hydrogen
on the corrosion behavior of alloy 182 in simulated primary
water,” Corrosion Science, vol. 97, pp. 115–125, 2015.

[21] P. Y. Guo, H. Sun, Y. Shao et al., “The evolution of microstruc-
ture and electrical performance in doped Mn-Co and Cu-Mn
oxide layers with the extended oxidation time,” Corrosion Sci-
ence, vol. 172, article 108738, 2020.

[22] E. H. Han, J. Q. Wang, X. Q. Wu, and W. Ke, “Corrosion
mechanisms of stainless steel and nickel base alloys in high
temperature high pressure water,” Acta Metallurgica Sinica,
vol. 46, no. 11, pp. 1379–1390, 2010.

[23] Q. Peng, J. Hou, K. Sakaguchi, Y. Takeda, and T. Shoji, “Effect
of dissolved hydrogen on corrosion of Inconel alloy 600 in
high temperature hydrogenated water,” Electrochimica Acta,
vol. 56, no. 24, pp. 8375–8386, 2011.

[24] Y. Qiao, J. Huang, D. Huang et al., “Effects of laser scanning
speed on microstructure, microhardness and corrosion behav-
ior of laser cladding Ni45 coatings,” Journal of Chemistry,
vol. 2020, Article ID 1438473, 11 pages, 2020.

[25] M. Sun, X. Wu, Z. Zhang, and E. H. Han, “Analyses of oxide
films grown on alloy 625 in oxidizing supercritical water,”
Journal of Supercritical Fluids, vol. 47, no. 2, pp. 309–317,
2008.

[26] Q. N. Song, N. Xu, W. Gu et al., “Investigation on the corro-
sion and cavitation erosion behaviors of the cast and friction
stir processed Ni-Al bronze in sulfide-containing chloride
solution,” International Journal of Electrochemical Science,
vol. 12, no. 11, pp. 10616–10632, 2017.

[27] A. Clair, M. Foucault, O. Calonne, and E. Finot, “Optical
modeling of nickel-base alloys oxidized in pressurized water
reactor,” Thin Solid Films, vol. 520, no. 24, pp. 7125–7129,
2012.

[28] M. Q. Ou, Y. Liu, X. D. Zha, Y. C. Ma, L. M. Cheng, and L. Kui,
“Corrosion behavior of a new nickel base alloy in supercritical
water containing diverse ions,” Acta Metallurgica Sinica,
vol. 52, no. 12, pp. 1557–1564, 2016.

[29] Z. Ma, D. Xu, S. Guo et al., “Corrosion properties and mecha-
nisms of austenitic stainless steels and Ni-base alloys in super-
critical water containing phosphate, sulfate, chloride and
oxygen,” Oxidation of Metals, vol. 90, no. 5–6, pp. 599–616,
2018.

[30] W. Kuang, X. Wu, E. H. Han, and L. Ruan, “Effect of nickel ion
from autoclave material on oxidation behaviour of 304 stain-
less steel in oxygenated high temperature water,” Corrosion
Science, vol. 53, no. 3, pp. 1107–1114, 2011.

[31] Y. Behnamian, A. Mostafaei, A. Kohandehghan et al., “A com-
parative study of oxide scales grown on stainless steel and
nickel-based superalloys in ultra-high temperature supercritical
water at 800°C,” Corrosion Science, vol. 106, pp. 188–207, 2016.

[32] J. Yang, S. Wang, D. Xu, Y. Guo, C. Yang, and Y. Li, “Effect of
ammonium chloride on corrosion behavior of Ni-based alloys
and stainless steel in supercritical water gasification process,”
International Journal of Hydrogen Energy, vol. 42, no. 31,
pp. 19788–19797, 2017.

[33] Z. Y. Zhu, Y. Sui, A. L. Dai et al., “Effect of aging treatment on
intergranular corrosion properties of ultra-low iron 625 alloy,”
International Journal of Corrosion, vol. 2019, Article ID
9506401, 9 pages, 2019.

[34] H. Shi, Z. Gao, Z. Fan, Y. Ding, Y. Qiao, and Z. Zhu, “Corro-
sion behavior of alloy C-276 in supercritical water,” Advances
in Materials Science and Engineering, vol. 2018, Article ID
1027640, 6 pages, 2018.

[35] G. S. Was, S. Teysseyre, and Z. Jiao, “Corrosion of austenitic
alloys in supercritical water,” Corrosion, vol. 62, no. 11,
pp. 989–1005, 2006.

[36] C. de Araújo Figueiredo, R. W. Bosch, and
M. Vankeerberghen, “Electrochemical investigation of oxide
films formed on nickel alloys 182, 600 and 52 in high temperature
water,” Electrochimica Acta, vol. 56, no. 23, pp. 7871–7879, 2011.

[37] W. Kuang, X. Wu, E. H. Han, and J. Rao, “Effect of alternately
changing the dissolved Ni ion concentration on the oxidation
of 304 stainless steel in oxygenated high temperature water,”
Corrosion Science, vol. 53, no. 8, pp. 2582–2591, 2011.

[38] Y. Qiao, D. Xu, S. Wang et al., “Effect of hydrogen charging on
microstructural evolution and corrosion behavior of Ti-4Al-
2V-1Mo-1Fe alloy,” Journal of Materials Science & Technol-
ogy, vol. 60, pp. 168–176, 2021.

[39] N. Q. Zhang, B. R. Li, Y. Bai, and H. Xu, “Oxidation of austen-
itic steel TP347HFG exposed to supercritical water with differ-
ent dissolved oxygen concentration,” Applied Mechanics and
Materials, vol. 148-149, pp. 1179–1183, 2011.

[40] S. Barella, A. Gruttadauria, C. Mapelli et al., “Solidification
microstructure of centrifugally cast Inconel 625,” China
Foundry, vol. 14, no. 4, pp. 304–312, 2017.

7Scanning



[41] Y. Qiao, J. Chen, H. Zhou et al., “Effect of solution treatment
on cavitation erosion behavior of high-nitrogen austenitic
stainless steel,” Wear, vol. 424-425, pp. 70–77, 2019.

[42] G. S. Was, P. Ampornrat, G. Gupta et al., “Corrosion and stress
corrosion cracking in supercritical water,” Journal of Nuclear
Materials, vol. 371, no. 1–3, pp. 176–201, 2007.

[43] Y. Qiao, Z. Tian, X. Cai et al., “Cavitation erosion behaviors of
a nickel-free high-nitrogen stainless steel,” Tribology Letters,
vol. 67, no. 1, 2019.

[44] F. Wang and T. M. Devine, “In-situ surface enhanced Raman
spectroscopy investigation of surface film formed on nickel
and chromium in high-temperature and high-pressure water,”
Atomic Energy Science and Technology, vol. 47, Supplement 1,
pp. 387–393, 2013.

[45] N. P. de Moraes, R. Bacani, M. L. C. P. da Silva, T. M. B. Cam-
pos, G. P. Thim, and L. A. Rodrigues, “Effect of Nb/C ratio in
the morphological, structural, optical and photocatalytic prop-
erties of novel and inexpensive Nb2O5/carbon xerogel com-
posites,” Ceramics International, vol. 44, no. 6, pp. 6645–
6652, 2018.

[46] L. Yang, M. Chen, J. Wang et al., “Microstructure and compo-
sition evolution of a single-crystal superalloy caused by ele-
ments interdiffusion with an overlay NiCrAlY coating on
oxidation,” Journal of Materials Science & Technology,
vol. 45, pp. 49–58, 2020.

8 Scanning


	Effect of Iron Ion on Corrosion Behavior of Inconel 625 in High-Temperature Water
	1. Introduction
	2. Experimental
	3. Results and Discussion
	3.1. Characteristics of Weight Gain
	3.2. Pitting Corrosion
	3.3. Corrosion Mechanism

	4. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

