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ecipitation-hardened UNS N07718
in a shallow sour aqueous solution

Jun-Seob Lee, *ab Ye-Jin Lee,b Soon il Kwon,c Jungho Shin,c Sung Kang,d

Seung-Hoon Baekd and Je-Hyun Leeab

Passivation of precipitation-hardened UNS N07718 in 5 wt% NaCl + 0.5 wt% CH3COOH was investigated.

Cyclic potentiodynamic polarisation revealed that the alloy surface was passivated without active-passive

transition behaviour. The alloy surface was in a stable passive state during potentiostatic polarisation at

0.5 VSSE for 12 h. Bode and Mott–Schottky plots showed that the passive film became electrically

resistive and less defective with n-type semiconductive properties during the polarisation. X-ray

photoelectron spectra revealed that Cr- and Fe-enriched hydro/oxide layers were formed on the outer

and inner layers of the passive film, respectively. The thickness of the film was almost constant with the

increase of the polarisation time. The outer Cr-hydroxide layer changed into a Cr-oxide layer during the

polarisation, resulting in a decreased donor density in the passive film. The film's composition change

during the polarisation should be related to the corrosion resistance of the alloy in the shallow sour

conditions.
1. Introduction

UNS N07718, a nickel-based alloy that can be precipitation-
hardened, is widely used because of its high strength and
corrosion resistance in aqueous environments, such as in oil-
eld, marine, and high-temperature applications.1–4 The UNS
N07718 alloy is corrosion-resistive in oil elds, such as
fasteners, bolts, and nuts, where a shallow sour (sweet) condi-
tion is associated with the localised corrosion.5,6 The sweet wells
are mildly corrosive to Ni-based alloys due to the passive lm on
the alloy surfaces, which governs the localised corrosion resis-
tance during service in the environments. For these reasons, the
precipitation-hardened UNS N07718 alloy provides the desired
mechanical properties7,8 and localised corrosion resistance in
sour environments.4

Understanding the electrochemical properties of the passive
lm formed on the surface of the alloy exposed to corrosive
environments is necessary, because the localised corrosion
resistance of the UNS N07718 alloy is strongly related to these
properties. Some researchers have demonstrated the composi-
tion2 and electrochemical properties9,10 of the passive lm
formed on the UNS N07718 alloy in acidic solutions. Zhang et al.
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reported that the passive lm, formed on the surface of addi-
tively manufactured UNS N07718 in sulfuric acid, mainly
consists of chromium oxide.2 Luo et al. showed that an elec-
trochemically resistive passive lm is formed aer solution heat
treatment is applied on a selectively-laser-melted surface of UNS
N07718 in an NaCl solution.9 Amirjan et al. suggested that the
scan rate during the additive manufacturing process affects the
charge-transfer resistance of the passive lm formed on UNS
N07718 in an NaCl solution.10

The properties of the passive lm formed on the surfaces of
Fe–Cr–Ni alloys change over time. Some changes in the lm, i.e.,
thickness, chemical composition, electrochemical properties,
and partial or entire degradation of the lm, are related to
localised corrosion. Fujimoto et al. reported that an increase in
chromium composition in the passive lm during electro-
chemical polarisation suppresses the initiation of localised
corrosion on austenitic stainless steel.11 Saito et al. suggested
that the induction period is related to the thickness, composi-
tion, and electrochemical properties of the passive lm formed
on stainless steel in a neutral chloride solution.12 Sugimoto
et al. demonstrated that chloride ions decrease the thickness of
the passive lm formed on austenitic stainless steel, leading to
its breakdown during the passivation.13 Vignal et al. revealed
that long-term electrochemical ageing of the passive lm results
in a less defective amorphous oxide lm on duplex stainless
steel.14 Usually, ageing of the passive lm formed on stainless
steel enhances the localised corrosion resistance, because of the
depletion of defects in the lm, in a chloride-free
environment.15–17 In a neutral chloride solution, the Cr/Fe
ratio and lm thickness gradually increase during the ageing
© 2023 The Author(s). Published by the Royal Society of Chemistry
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View Article Online
of the passive lm formed on austenitic and duplex stainless
steels.18,19 Wang et al. revealed that the pre-passivated UNS
S31603 surface in sulfuric acid blocks the chloride ions during
the ageing of the lm in an acidic chloride solution.20 According
to these reported studies, changes in the chemical composition
of the lm enhance the localised corrosion resistance of stain-
less steel in chloride-containing solutions.18–22

A comparison between the passivity of stainless steel and
that of UNS N07718 reveals lack of sufficient information on the
passive behaviour of UNS N07718. However, the changes in the
composition, thickness and electrochemical properties of the
passive lm formed on the surface of UNS N07718 over time
have not yet been reported. From a scientic and valuable
perspective, it is important to comprehend how UNS N07718's
passive lm properties vary as it ages. Therefore, it is essential
to understand the effect of variations in lm composition,
thickness and electrochemical properties of UNS N07718 over
time. Furthermore, this information will aid in elucidating the
localised corrosion behaviour of the alloy in corrosive environ-
ments. This study was focused on the evaluation of changes in
the properties of the passive lm formed on UNS N07718 in an
acidic chloride solution, using electrochemical and surface
analytical techniques.
2. Experimental
2.1. Materials preparation

The UNS N07718 (SeAH CSS Corp.) alloy was prepared in the
form of a rod (diameter: 26mm) with a chemical composition of
19.3 wt% Fe, 18.4 wt% Cr, 5.2 wt% Nb, 2.9 wt%Mo and 0.8 wt%
Ti and Ni-balance. The rod was solution heat treated at 1050 °C
for 2.5 h and then water quenched. Finally, the solution-treated
specimen was aged at 780 °C for 8 h and air-cooled.
Fig. 1 Cyclic potentiodynamic polarisation curve of UNS N07718 in
5 wt% NaCl + 0.5 wt% CH3COOH.
2.2. Electrochemical measurements

A three-electrode system, containing a platinum plate with
a surface area of 10 cm2 (counter electrode), an Ag/AgCl electrode
immersed in saturated KCl (reference electrode; silver–silver
chloride reference electrode; SSE), and UNS N07718 with an area
of 1 cm2 (working electrode), was employed for the electro-
chemical measurements. The UNS N07718 specimen was
embedded in epoxy resin aer being soldered with a copper wire
using an Sn wire and was ground using a 600-grit SiC paper.

The working electrode was anodically polarised from
−0.05 V, based on the rest potential, to the potential until the
current density reached 5 mA cm−2 with a scan rate of 0.167 mV
s−1. Aer monitoring the electrode potential for 3600 s, the
working electrode was polarised at 0.5 VSSE for 12 h. Electro-
chemical impedance spectroscopy (EIS) and Mott–Schottky (M–

S) analysis were carried out for examining the UNS N07718
surface aer polarisation at 0.5 VSSE for 300 s (5 min), 3600 s (1
h), 21 600 s (6 h) and 43 200 s (12 h). In the EIS analysis, the
electrode potential was applied at 0.5 VSSE in the frequency
range from 105 Hz to 10−2 Hz with a ±10 mV amplitude. In the
M–S analysis, the electrode potential was changed from 0.5 VSSE

to −1.0 VSSE at a rate of 50 mV s−1 and 10 Hz. All the
© 2023 The Author(s). Published by the Royal Society of Chemistry
electrochemical measurements were performed in a deaerated
solution containing 5 wt% NaCl + 0.5 wt% CH3COOH at room
temperature.
2.3. Surface analyses

Aer mirror-polishing by a 1 mm diamond suspension, the
surface of the UNS N07718 specimen was polarised at 0.5 VSSE

for 300, 3600, 21 600 and 43 200 s and analysed by X-ray
photoelectron spectroscopy (XPS; VG SCIENTIFIC, NOVA). In
the XPS analysis, a sample area with a diameter of 1 mm was
illuminated by monochromatic Al Ka radiation (210 W, 15 kV,
14 mA). The depth prole was recorded by Ar+ sputtering per-
formed at a rate of 0.125 nm s−1; Ta2O5 was used as the refer-
ence material for the depth proling. The carbon C 1s peak at
285.0 eV, originating from carbon contamination, was used as
the reference peak for deconvoluting the spectra.
3. Results and discussion

Fig. 1 shows the cyclic potentiodynamic polarisation curve of
UNS N07718 in 5 wt% NaCl + 0.5 wt% CH3COOH. The alloy
surface does not exhibit an active-to-passive transition, indi-
cating that the surface is immediately passivated in the exper-
imental solution. From the corrosion potential to 0.7 VSSE, the
anodic current increases from ca. 0.01 mA cm−2 to reach a stable
passive current density lower than ca. 2 mA cm−2. At potentials
>0.7 VSSE, the anodic current increases and peaks ca. 30 mA cm−2

at 0.9 VSSE, which indicates further oxidation reactions on the
alloy surface. These oxidation reactions reportedly represent
secondary oxidation of metallic elements (Cr, Fe or Ni) or metal
cations on the surface of Ni–Cr–Fe alloys in acidic solutions.23–25

At potentials >0.9 VSSE, the anodic current decreases owing to
the secondary passivation of the alloy surface. At potentials >1.1
VSSE, the anodic current increases until 5 mA cm−2, then
decreases to its value obtained at the applied potential and
reverses negative potential direction towards the corrosion
potential. During the reverse scan, the reverse curve intersects
the forward curve at ca. 0.95 VSSE, which represents the
RSC Adv., 2023, 13, 6564–6572 | 6565
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Fig. 2 Double logarithmic plot of current density with time at 0.5 VSSE

for UNS N07718 in 5 wt% NaCl + 0.5 wt% CH3COOH.
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repassivation potential for the secondary passivation on the
alloy surface. Since the repassivation potential for the secondary
passive state is higher than the primary passive region from the
corrosion potential to ca. 0.7 VSSE, the UNS N07718 surface
remained in a stable primary passive state without the passive
lm breakdown in the experimental solution.

Fig. 2 shows the double logarithmic plot of current density
with time at 0.5 VSSE for UNS N07718 in 5 wt% NaCl + 0.5 wt%
CH3COOH. The current gradually decreases as the polarisation
time increases, up to a slope of −0.85 for 10 s, demonstrating
that the passive oxide grows through the consumption of the
ionic current, based on the high-eld mechanism,26 on the alloy
surface. Aer 10 s of polarisation, the current decreases to <80
nA cm−2, and a slope of −0.85 is maintained for 43 200 s,
indicating that the passive oxide formation is sustained during
the polarisation.

Fig. 3 shows (a) Bode and (b) Nyquist plots of UNS N07718
polarised at 0.5 VSSE for 300, 3600, 21 600 and 43 200 s in 5 wt%
Fig. 3 (a) Bode and (b) Nyquist plots of UNSN07718 polarised at 0.5 VSSE f

6566 | RSC Adv., 2023, 13, 6564–6572
NaCl + 0.5 wt% CH3COOH. The resistance and phase shi
values are tted with the equivalent electronic circuit model,
CPE-Rct–Rs, where CPE is the constant phase element, and Rct

and Rs are the charge-transfer and solution resistances,
respectively. The CPE is converted into interfacial capacitance
C, which includes the capacitance of the Helmholtz and space-
charge layers, by using the following equation:

C ¼ Y0

1
a

�
1

Rs

þ 1

Rct

�ða�1Þ
a

; (1)

where Y0 is the CPE constant, and a is the symmetric angle
constant of the loop. The Kramer–Kronig transformation
condition is satised at most frequencies. The Kramers–Kronig
transformation is a mathematical relation between the imagi-
nary and real components of responses obtained from a system
that complies with certain assumptions. The relevant responses
in EIS are the real and imaginary parts, or the phase and
magnitude, of the impedance at a specic frequency. The real
part can be calculated using Kramers–Kronig transformations if
the imaginary part is known across the entire frequency range.
Similarly, if the real part is known across the entire frequency
range, it is possible to calculate the imaginary part. The phase
shi values are close to −85° at a frequency lower than 100 Hz,
indicating that the capacitive property of the alloy surface is
dominant during the polarisation. Rct increases, while C is
almost constant, during the polarisation, suggesting that the
polarisation makes the alloy surface electrically resistive (Fig. 4
and Table 1).

Fig. 5 shows the M–S plot of UNS N07718 polarised at 0.5
VSSE for 300, 3600, 21 600 and 43 200 s in 5 wt% NaCl + 0.5 wt%
CH3COOH. The capacitance is obtained at a frequency of 10 Hz,
as shown in Fig. 3, and includes the capacitances of the
Helmholtz and space-charge layers:

1

C
¼ 1

CH

þ 1

CSC

; (2)

where CH and CSC represent the capacitances of the Helmholtz
and space-charge layers, respectively. Because the value of CH is
greater than that of CSC, C is close to CSC. The M–S equation of
a semiconductive oxide is expressed as follows:
or 300, 3600, 21 600 and 43 200 s in 5 wt%NaCl + 0.5 wt% CH3COOH.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 (a) Charge-transfer resistance Rct and (b) capacitance C at 0.5 VSSE as functions of polarisation time of UNS N07718 in 5 wt% NaCl +
0.5 wt% CH3COOH.

Table 1 Parameters obtained by fitting the EIS spectra

Polarisation
time/s Rs/U cm2 Rct/10

6 U cm2 C/mF cm2

600 8.39 � 0.19 0.22 � 0.013 24.6 � 1.00
3600 8.60 � 0.83 1.21 � 0.13 22.2 � 0.73
21 600 7.73 � 0.97 4.85 � 0.66 24.5 � 1.86
43 200 7.96 � 0.69 12.6 � 4.82 25.7 � 1.39

Fig. 5 M–S plots of UNS N07718 polarised at 0.5 VSSE for 300, 3600,
21 600 and 43 200 s in 5 wt% NaCl + 0.5 wt% CH COOH.
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1

CSC
2
¼

�
1

C
� 1

CH

�2

¼
�

2

330eND

��
E � Efb � kT

e

�
; (3)

where 3 is the dielectric constant; for n-type Cr hydroxides, 3 =
25;27 30 is the permittivity constant in vacuum; e is the charge
value; ND is the donor density; E is the atband potential; k is
Boltzmann's constant; and T is the absolute temperature. A
decrease in the capacitance at potentials >0.4 VSSE is observed
because of the accumulation of charge carriers due to the ow of
a non-faradaic current during an electrical time delay before the
initiation of the M–S measurements. A positive slope is observed
at potential <0.4 VSSE, indicating that the alloy surface has n-type
semiconductive characteristics. In acidic solutions of Ni-based
alloy28 and pure Cr,29 an n-type surface oxide layer is formed,
suggesting that chromium hydroxide is formed on the surface.
Moreover, the p-type property of the Cr-oxide layer formed on Fe–
Cr alloys in acidic solutions is evident from the negative slope
observed the M–S plot at a potential <0.5 VSSE.30,31 However, when
the potential shis to negative potential values, which are lower
than the corrosion potential, the passive layer can be damaged by
cathodic reactions, such as reduction in lm thickness or
mechanical degradation by hydrogen evolution on the surface.
This potential shi implies that it is difficult to identify the p-type
property of the UNS N07718 surface at potentials <−0.1 VSSE.
Therefore, in this study, the capacitance is measured in the
potential range of 0.5 VSSE to −0.5 VSSE. During the polarisation,
the atband potential (Fig. 6(a)) shis towards the negative
direction, and the donor density decreases (Fig. 6(b)), indicating
that the passive oxide formed on the alloy surface becomes less
defective.
© 2023 The Author(s). Published by the Royal Society of Chemistry
Fig. 7 shows the XPS depth proles of the UNS N07718
surface polarised at 0.5 VSSE for (a) 300, (b) 3600, (c) 21 600,
and (d) 43 200 s in 5 wt% NaCl + 0.5 wt% CH3COOH. The
presence of O with a high atomic concentration at the outer
layer indicates that the alloy surface was covered with an oxide
layer. An interface transition can be assumed between the
oxide and the metal substrate, with an O concentration that is
half of that of the maximum O concentration. Based on this
assumption, the passive oxide lm thickness is estimated as
ca. 2 nm based on the sputter rate of reference Ta2O5 for
0.125 nm s−1. Evidently, the atomic concentration of
elemental Cr is higher than that of elemental Fe and Ni at the
outermost layer of the lm. The Cr atomic concentration is
maximum at the interface between the oxide and the substrate
and then gradually decreases, while that of Fe and Ni gradually
increases as the sputtering time is increased. The photoelec-
tron spectra obtained by X-ray irradiation contain depth
information for a depth of ca. 2 nm on the surface, including
that of the oxide lm as well as the metallic substrate. As the
sputtering time increases, the population of the
3

RSC Adv., 2023, 13, 6564–6572 | 6567
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Fig. 6 (a) Flatband potential Efb, and (b) donor density ND at 0.5 VSSE as functions of polarisation time of UNS N07718 in 5 wt% NaCl + 0.5 wt%
CH3COOH.
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photoelectrons emitted from the metallic state increase, sug-
gesting that the photoelectrons emitted by O indicate the
oxidation state of the oxide, and the thickness of the lm can
be estimated from this information. Aer each polarisation
time, the XPS depth proles corresponding to the atomic
concentration show similar behaviours, indicating that the
compositional ratios of the elements in the lm remain
similar. Fig. 8 shows the passive lm thickness calculated
from the XPS depth proles of the alloy surface during the
polarisation at 0.5 VSSE. The lm thickness is almost constant
at ca. 2 nm during the polarisation, indicating that the thick-
ness of the passive lm does not signicantly change.
Fig. 7 XPS depth profile of UNS N07718 polarised at 0.5 VSSE with polarisa
+ 0.5 wt% CH3COOH.

6568 | RSC Adv., 2023, 13, 6564–6572
Fig. 9 shows the photoelectron spectra of (a) O 1s, (b) Cr 2p3/2,
(c) Fe 2p3/2 and (d) Ni 2p3/2 for UNS N07718 polarised at 0.5 VSSE

for 300, 3600, 21 600, and 43 200 s in 5 wt% NaCl + 0.5 wt%
CH3COOH; in this case, the surface is not sputtered. The oxida-
tion states of H2O, OH− and O2− for oxygen, those of Cr3+

(hydroxide), Cr3+(oxide) and Cr0 for chromium, those of Fe3+, Fe2+

and Fe0 for iron, and those of Ni2+ and Ni0 for nickel can be
identied in the spectra. Aer Shirley background subtraction
from narrow-scan spectra, the spectra are deconvoluted into
individual spectrum corresponding to the oxidation states of
oxygen, chromium, iron and nickel using the XPS peak binding
energies shown in Table 2. The spectra of Mo 3d are not analysed
tion time of (a) 300, (b) 3600, (c) 21 600 and (d) 43 200 s in 5 wt% NaCl

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 Estimated thickness of the passive film as a function of polar-
isation time at 0.5 VSSE.

Table 2 Parameters for deconvolution of XPS spectra

Element Peak Binding energy, eV Ref.

Fe 2p3/2 Fe0 707.1 32 and 33
Fe2+ 708.5 34 and 35
Fe3+ 711.8 36 and 37

Cr 2p3/2 Cr0 574.3 38 and 39
Cr3+(oxide) 576.2 38–40
Cr3+(hydroxide) 577.3 38 and 39

Ni 2p3/2 Ni0 852.8 36 and 41
Ni2+ 855.6 37, 42 and 43

O 1s O2– 530.2 35–39
OH− 531.7 36, 39 and 43
H2O 532.5 44
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owing to their low intensities. Because deconvoluting the spec-
trum of 2p orbital is complicated, in this study, the 2p3/2 spin
data were used.

Fig. 10 shows the peak intensity ratios hydroxide/O2−; M/
(Cr3+(hydroxide) + Cr3+(oxide) + Cr0), where M= Cr3+(hydroxide)
or Cr3+(oxide); N/(Fe2+ + Fe3+ + Fe0), where N = Fe2+ or Fe3+; and
Ni2+/(Ni2+ + Ni0) in each spectrum of the polarised surfaces. For
all the polarisation durations of the surfaces (Fig. 10(a)), the
hydroxide/O2− ratio is higher at the outermost layer of the lm,
and the ratio gradually decreases as the sputtering time
Fig. 9 Photoelectron spectra of (a) O 1s, (b) Cr 2p3/2, (c) Fe 2p3/2 and (d) N
time of 300, 3600, 21 600 and 43 200 s in 5 wt% NaCl + 0.5 wt% CH3C

© 2023 The Author(s). Published by the Royal Society of Chemistry
increases. Further, the hydroxide/O2− ratio of the passive lm
decreases when the polarisation increases. It is presumed that
the hydroxide layer is formed on the outermost layer of the
passive lm, and the hydroxide becomes an oxide in the lm
during the polarisation. The Cr3+(hydroxide)/(Cr3+ (hydroxide) +
Cr3+(oxide) + Cr0) and Fe3+/(Fe2+ + Fe3+ + Fe0) ratios are higher
than the Cr3+(oxide)/(Cr3+(hydroxide) + Cr3+(oxide) + Cr0) and
Fe3+/(Fe2+ + Fe3+ + Fe0) ratios at the outermost layer of the lm,
while the Cr3+(hydroxide)/(Cr3+ (hydroxide)+Cr3+(oxide)+Cr0)
and Fe3+/(Fe2+ + Fe3+ + Fe0) ratios decrease with the sputtering
time. Moreover, the Cr3+(hydroxide)/(Cr3+(hydroxide) + Cr3+(ox-
ide) + Cr0) and Fe3+/(Fe2+ + Fe3+ + Fe0) ratios gradually decrease
in the lm with the increasing polarisation time (Fig. 10(b) and
(c)). The Ni0/(Ni2+ + Ni0) ratio is greater than Ni2+/(Ni2+ + Ni0)
i 2p3/2 obtained for UNS N07718 polarised at 0.5 VSSE with polarisation
OOH.

RSC Adv., 2023, 13, 6564–6572 | 6569

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra00833a


Fig. 10 Peak intensity ratio of the oxidation states of the elements (a) O (b) Cr (c) Fe and (d) Ni, present in the passive film, as a function of
polarisation time.
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ratio irrespective of the polarisation time (Fig. 10(d)), indicating
that the Ni cation is a minor component in the passive lm.

The XPS results reveal that the passive lm formed on UNS
N07718 is composed of a Cr-(hydro)oxide and Fe-oxide layer
followed by an outer and inner layer enriched with Cr-hydro/
oxide and Fe oxide, respectively. During the ageing, the Cr
hydroxide in the outer layer of the lm changes to a Cr-oxide
layer, while the thickness of the lm is almost constant at ca.
2 nm (Fig. 11). Elemental Cr is reportedly enriched in the
passive lm formed on the additively-manufactured UNS
N07718 surface in sulfuric acid.2 However, the structure of the
oxide layer as the inner (or outer) layer of the lm has not been
elucidated.

The passive lm formed on UNS N07718 becomes electrically
resistive with a decrease in the defect density during the
Fig. 11 Schematic illustration for the ageing of passive film formed on U

6570 | RSC Adv., 2023, 13, 6564–6572
polarisation. The lm exhibits n-type characteristics with a space-
charge layer thickness of <1 nm, as evident from theM–S plot. This
result is obtained by assuming that the semiconductive property,
revealed from the electrochemical experiments, is strongly related
to the Cr hydro/oxide and Fe oxide in the lm. Since n-type
semiconductors contain defects such as metal cationic intersti-
tials and oxygen vacancies, the decrease in the defect density
during the polarisation is believed to bemainly associated with the
increase in the oxide concentration in the lm:

M–OH = M–O + H+ + e (4)

where M is a metal (Cr, Fe or Ni). During the polarisation, the
dehydrated oxide layer, without the growth of the lm, becomes
electrochemically less reactive.
NS N07718.

© 2023 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra00833a


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

1 
M

ar
ch

 2
02

3.
 D

ow
nl

oa
de

d 
on

 1
0/

30
/2

02
5 

5:
05

:2
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
For Fe–Cr–Ni alloys, the passive lm contains Fe oxide and
Cr oxide at the outer and inner layers.18–20 When the lm comes
in contact with Cl−, Cl− is adsorbed on the Fe-oxide layer of the
lm, and Fe–Cl complexes are formed. The complex dissolves in
the solution, and the lm becomes thin. This phenomenon is
known as the adsorption mechanism, which degrades the
passive lm.44 Recently, Auger spectroscopic results have
revealed that the thickness of a passive lm formed on
austenitic stainless steel decreases signicantly in a concen-
trated Cl− solution. The thinned lm accelerates additional
charge transfer from the surface states to the metallic substrate
through the n-type conduction band edge of the lm.45

Compared with Fe-based alloys, Ni-based alloys are more
resistant to localised corrosion in chloride-containing environ-
ments. The ndings of the present study demonstrate that the
passive lm formed on the UNS N07718 surface has Cr oxide
and Fe oxide in its outer and inner layers. When UNS N07718
comes in contact with Cl−, Cr–Cl complexes might form
because of the adsorption of Cl− on the Cr-oxide layer. These
Cr–Cl complexes are insoluble, while the Fe–Cl complexes, i.e.
FeCl2 and FeCl3, are soluble; up to 65.0 g of FeCl2 and 91.2 g of
FeCl3 can be completely dissolved in 0.1 L of water.46 It is
speculated that the lm formed on the UNS N07718 surface,
enriched in Cr oxide at the outer layer, suppresses the degra-
dation of the lm in Cl-containing solutions, and this mini-
mised degradation is related to the localised corrosion
resistance of UNS N07718.
4. Conclusion

The ageing of the passive lm on UNS N07718 was investigated
in a shallow sour condition of 5 wt% NaCl + 0.5 wt% CH3COOH.
The UNS N07718 surface was in a passive state during polar-
isation at 0.5 VSSE in the solution for 12 h, and the passive lm
formed on the alloy became relatively stable owing to the
formation of an electrochemically resistive n-type oxide layer
with less defects. XPS analysis revealed that the lm comprised
Cr- and Fe-enriched hydro/oxide outer and inner layers. More-
over, the lm sustained its thickness at ca. 2 nm during the
polarisation, while the outer Cr-hydroxide layer changed into
a Cr-oxide layer. The rst investigation of the passivation
behaviour of UNS N07718 over polarisation time revealed that
the passive surface maintained its passive state during the
polarisation because the dehydrated oxide layer produced
during the polarisation could change into a resistive and less-
defective passive lm.
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42 C. E. Dubé, B. Workie, S. P. Kounaves, A. Robbat Jr,

M. L. Aksub and G. Davies, J. Electrochem. Soc., 1995, 142,
3357.

43 S. Jin and A. Atrens, Appl. Phys. A, 1987, 42, 149.
44 J. M. Kolotyrkin, Corrosion, 1963, 19, 261t.
45 J.-S. Lee, T. Kawano, T. Ishii, Y. Kitagawa, T. Nakanishi,

Y. Hasegawa and K. Fushimi, J. Electrochem. Soc., 2017,
164, C1.

46 D. R. Lide, CRC Handbook of Chemistry and Physics, CRC
Press, Boca Raton, 9th edn, 2010, vol. 4, pp. 58–69.
© 2023 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra00833a

	Passivation of precipitation-hardened UNS N07718 in a shallow sour aqueous solution
	Passivation of precipitation-hardened UNS N07718 in a shallow sour aqueous solution
	Passivation of precipitation-hardened UNS N07718 in a shallow sour aqueous solution
	Passivation of precipitation-hardened UNS N07718 in a shallow sour aqueous solution
	Passivation of precipitation-hardened UNS N07718 in a shallow sour aqueous solution
	Passivation of precipitation-hardened UNS N07718 in a shallow sour aqueous solution

	Passivation of precipitation-hardened UNS N07718 in a shallow sour aqueous solution
	Passivation of precipitation-hardened UNS N07718 in a shallow sour aqueous solution
	Passivation of precipitation-hardened UNS N07718 in a shallow sour aqueous solution
	Passivation of precipitation-hardened UNS N07718 in a shallow sour aqueous solution
	Passivation of precipitation-hardened UNS N07718 in a shallow sour aqueous solution


