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1 | INTRODUCTION

| Zhenning Chen? | Jinjie Pan® | YannaTeng! | Ying Wang? |

The interface electrochemical and chemical mechanism of the low alloy steel in a 3.5% NaCl solu-
tion containing the Ce**-based inhibitor was investigated by the electrochemical techniques in
conjunction with the surface analysis technologies. It was shown that the Ce**based inhibitor
was an anodic inhibitor with more than 90.0% inhibitory efficiency. The net-shaped inhibiting film
with 200 to 500-nm greyish balls was observed on the specimen surface. During the corrosion
reaction occurred on the surface of the low alloy steel, the hydrolysis reaction of P3010°~ and
the disproportionation reaction of Ce®* ions simultaneously occurred, too, resulting in the forma-
tion of the net-shaped inhibiting film with nano-scale greyish ball-type products, which contained
Ce element and had an obvious effect on the electrochemical process of the low alloy steel in a
3.5% NaCl solution containing the Ce®*-based inhibitor. Therefore, the EIS spectra of the low
alloy steel in a 3.5% NaCl solution containing the Ce>*-based inhibitor were composed of a capac-
itive loop at a high-frequency region and an inductive impedance loop at a low-frequency region.
The charge-transfer resistance (R;) increased with the immersion elapsed time, indicating that the
inhibition efficiency of the Ce®*-based inhibitor increased with immersion elapsed time. The cal-
culated data based on the fitted electrochemical parameters showed the partial coverage of the
inhibitor. This was further revealed by the analysis of electrochemical kinetics that the inductive
impedance (L) loop at a low frequency region resulted from the localized absorption of the Ce®*-
based inhibitor on the surface of the low alloy steel in a 3.5% NaCl solution. It was also verified by
micro-morphologies.
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effective inhibitors are required for the application of low alloy steel

in ocean industry.

As the increasing applications of steel-based materials in diverse ocean
conditions, the steel structures are subjected to serious corrosion in
seawater. Therefore, several methods such as organic coatings and
cathodic protection have been used to protect the steel structures.
Among these strategies, the application of inhibitors is regarded as
an economic and effective way in industrial fields.? In past years,
researches were mainly focused on the usages of the inhibitors for car-
bon steel in water.®"> There are few inhibitors available for low alloy

steels in a chloride solution or seawater. However, some highly

Recently, the applications of rare earth elements (Re) have caught
the attention of corrosion scientists.™2 For example, cerium chloride
(CeCl3) not only acted predominantly as a mixed inhibitor for carbon
seawater,’®> but also the inhibitor
(Ce(NOs)3 + NayMoO,) had a better inhibition effect for X70 steel in

a 3.5 NaCl solution.'* Ce®* was also used as 1 component of the inhib-

steel in  natural

itor for protecting AA3003 aluminum alloy from corrosion in the
flowing ethylene glycol-water solution.'® In addition, CeCl; was still
tested as the inhibitors for AA2204-T3 and AA5083 aluminum alloys
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in a chloride solution.*¢*? Although the rare earth elements, which act
as 1 component of an inhibitor, show great effects in corrosion protec-
tion, little has been known for the interface electrochemical and chem-
ical mechanism of Ce®*-based inhibitors for low alloy steels in chloride
solutions. In particular, the studies on the electrochemical kinetic pro-
cess of low alloy steels in a corrosive media containing Re-based inhib-
itors are rare. This hampers the developments and applications of
some highly effective Re-based inhibitors in industrial fields.

In this work, the interface electrochemical and chemical mecha-
nism of the low alloy steel in a 3.5% NaCl solution containing the
Ce®*-based inhibitor was investigated by electrochemical techniques
in conjunction with surface analysis technologies to understand the
inhibitory mechanism of the Ce®*-based inhibitor. Our results will pro-
vide first clear insights into the interface electrochemical and chemical
mechanism of the Re-based inhibitor to protect the low alloy steel in a

chloride solution from corrosion.

2 | MATERIALS AND EXPERIMENTAL
METHODS

The material used in this study was the low alloy steel (wt.%: C, 0.073;
Si, 0.29; Mn, 0.43; S, 0.0044; P, 0.010; Cr, 1.02; Ni, 2.65; Mo, 0.26; V,
0.058; Fe, balance). All specimens were wet polished with SiC paper up
to 800 grit and then cleaned using the ultrasonic method, degreased
with ethanol, and finally dried in desiccators. The inhibiting efficiency
was determined by weight loss. Specimens were weighed by electronic
analytical balance with 0.1-mg precision.

The test media, which were a 3.5% NaCl solution, were prepared
by dissolving 35.0 g of NaCl in 1.0-L top water. Before experiments,
the test media were left without stirring to a room temperature in con-
tact with air.

Both electrochemical polarization and EIS spectra of the elec-
trodes made of the low alloy steel in a 3.5% NaCl solution without
and with the Ce®*-based inhibitor for different immersion time were
conducted using an electrochemical test system with a 3-electrode
test cell, and the specimens were used as working electrodes. Satu-
rated calomel electrodes and platinum wire were used as reference
electrodes and counter, respectively. Potentiodynamic polarization
curves were measured at the potential sweep rate of 1 mV/s. EIS spec-
tra were measured at a small sinusoidal voltage perturbation (5 mV)
over a range of frequencies from 100 kHz to 0.01 Hz and were fitted
with Gamry Echem Analyst software using Simplex method in accor-
dance with the equivalent electric circuit. The goodness of fitting is
below 1.0 x 107

The corroded surface morphologies were observed by scanning
electric microscope (SEM) (Muitimode Il a, US DI Co., Ltd), and the ele-
mental compositions of the inhibitory film were analyzed with EDX
technology. At the same time, atomic force microscope (AFM) was
used to further analyze the corroded surface morphologies. The chem-
ical compositions of the inhibitory film on the specimen surface were
investigated using X-ray photoelectron spectroscopy (XPS) and were
performed using an ESCALAB 250 instrument with a monochromatic
Al-Ka radiation source. Fitting curves was performed using the com-

mercial XPS peak version 4.1 software.
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3 | RESULTS AND DISCUSSION

3.1 |
3.1.1 |

Based on the studies on the inhibitory efficiencies of some chemical

Characterization of the inhibitory film

Morphological features

agents to a low alloy steel in a 3.5% NaCl solution, the Ce®*-based
inhibitor formulation (40 ppm CeCls+ 20 ppm NaNO, + 300 ppm
NasP3040) was determined by weight loss in the conjunction with
the orthogonal experimental design. Figure 1 shows their surface mor-
phologies after specimens were immersed in a 3.5% NaCl solution
without and with the Ce®*-based inhibitor, respectively. As shown in
Figure 1A, the tested specimen surface was partially covered with
brown rust products, and the polish traces became vague, showing
the tested specimen suffered from serious corrosion in a 3.5% NaCl
solution. However, once the inhibitor was added to a 3.5% NaCl solu-
tion, the specimen surface was covered with a net-shape film with
greyish products, most of which had a small size, and the polish traces
were clearly observed (Figure 1B), indicating that the Ce®*-based
inhibitor was used to retard the corrosion of the specimen, and that
it was found that its inhibitory efficiency was more than 90.0%.

To further observe the morphology of the inhibiting film formed
on the surface of the specimen, its AFM images were presented in
Figure 2 before immersion and after the specimen had been immersed
in a 3.5% NaCl solution containing the Ce®*'-based inhibitor for
30.0 hours. As shown in phase image depicted in Figure 2A-1 and A-

FIGURE1 SEM images of the corroded surfaces of specimens (A, in a
3.5% NaCl solution; B, in a 3.5% NaCl solution containing the Ce®*-
based inhibitor)
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(A-1)

(B-2)

FIGURE 2 AFM images of specimen before immersion and after immersed for 30 hours in a 3.5% NaCl solution containing the Ce®*-based
inhibitor (A, as-received, B, after test; A-1, B-1: Phase image; A-2, B-2: Height image)

2, the surface of the as-received specimen was very clean and was
covered with very small polish traces. However, after the specimen
had been tested for 30.0 hours, it was found that there were some
greyish ball-type particles on the surface of the specimen (Figure 2B-
1), and that the inhibiting film was composed of towering ball-type par-
ticles and smooth dark film (Figure 2B-2), the sizes of greyish ball-type
particles were 200 to 500 nm, further indicating that the inhibitory film
was a kind of net-type inhibiting film with nano-scale greyish ball-type
products.

3.1.2 |

In this work, EDX technology was used to study the elemental compo-

Chemical compositions of the inhibitory film

sitions of the inhibitory film. The EDX spectra were shown in Figure 3.

It was found in Figure 3A that the greyish products on the speci-
men surface mainly contained O, Na, Fe, P, Ce, and Ca elements. The
balance surface without the coverage of greyish products mainly
contained O, Ni, Cr, Fe, P, Ce, and Ca elements, see Figure 3B. By com-
parison, greyish products involved much more O, Na, P, Ce, and Ca ele-
ments and did not contain Ni and Cr elements, indicating that the
greyish products would be composed of the phosphates of Na, Fe,

Ce, and Ca elements containing a few of Fe and Ce oxides. The balance

surface would mainly be covered with Fe, Ni, Cr, and Ce oxides con-
taining a few of Na and Ca phosphates.

At the same time, the specimen surface was analyzed with XPS
technology. The XPS spectra were shown in Figure 4A. Based on
Figure 4A, the valence states of P and Ce elements were further ana-
lyzed using the commercial XPS peak version 4.1 software. The fitting
curves were shown in Figure 4B,C. It can be seen from Figure 4B that
the inhibitory film contained 16.8% PO,>™ and 83.2% P,0,*", respec-
tively. It was indicated that NasP3;01q in a 3.5% NaCl solution trans-
ferred into PO,®" and P,O,* due to the hydrolysis of NasP304o
compound. On the other hand, it was found in Figure 4C that the
inhibitory film contained 40.0% Ce?*, 58.0% Ce®*, and 2.0% Ce*',
respectively. It was shown that both oxidized and reductive reactions
occurred to Ce** under the actions of resolved oxygen and NO,™.
Therefore, Ce®* simultaneously transferred into Ce?* and Ce*".

3.2 | Effect of the inhibitory film

To study the effect of the inhibitory film containing Ce element on the
electrochemical polarization behavior of the low alloy steel in a 3.5%
NaCl solution, the polarization curves were performed, and the results

were shown in Figure 5.
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FIGURE 3 EDX spectra of the inhibitory film (A, the greyish products 20000 3/2d Ce™
on the specimen surface; B, the balance surface without the coverage 4 ——"
of greyish products) 2 dTCC
19000 - :
i
- J - 5/2d Ce*
Figure 5 shows that the anodic process of the low alloy steel in a % 18000
——
3.5% NaCl solution was active, and the cathodic process was con- S|
trolled by oxygen diffusion. Therefore, corrosion process of the low
alloy steel in a 3.5% NaCl solution was controlled by oxygen diffusion. 17000 |-
Once the Ce®*-based inhibitor was added to a 3.5% NaCl solution, its
corrosion potential became more positive due to the formation of the i i s . ; | ;
inhibitory film containing Ce element on the surface of the low alloy 930 920 910 900 890 880 870

steel. In this case, the anodic process exhibited passive behavior, and
the anodic coefficient of the Ce®'-based inhibitor ((f.)-05 V)

(fa)-o5v = <:"> =0.014. The cathodic process was still
9/ -osv

controlled by oxygen diffusion, and the cathodic coefficient of the

'

]

Ce®*-based inhibitor ((f.)-os v): (fo)oosv = (I—C> = 1.49. There-
¢/ -08v

fore, (fa)-0.5 v < (fd)-08 v, Where I, and I; are the anodic current density
of electrode in a 3.5% NaCl solution without and with the inhibitor at
the same anodic polarization potential, respectively; I. and I; are the
cathodic current density of electrode in a 3.5% NaCl solution without
and with the inhibitor at the
potential, respectively. It was shown that the inhibiting effect to the

same cathodic polarization

anodic process was higher than that to the cathodic process.?° The

Eb(eV)

FIGURE 4 XPS spectra of the inhibitory film (A, XPS spectra of P and

Ce elements in the inhibitory film; B, P 2P XPS spectra; C, Ce%P and 2P
XPS spectra)

corrosion of the low alloy steel was obviously controlled by anodic

passivation process. The Ce®*-based inhibitor was an anodic inhibitor.

3.3 | Characteristics of interface electrochemical
reaction
331 |

The electrochemical impedance spectroscopy (EIS) is a powerful tool for
2122

EIS spectra

studying the electrochemical kinetic process of metals in corrosive media.



YONG ET AL

s an
12 | \wy LEY-] :

-0.2
-------- Ce™'-based inhibitor
| —— without inhibitor

-0.4
E ———mesatanETIIIY
M -0.6

08+

T | FETTTT EEETETTI | PRI BRI |

0 : - — -
IE-9 1E-8 1E-7 1E-6 IE-5 1E-4 1E-3 001 0.

i/A-cm'2

FIGURE 5 Polarization curves of the low alloy steel in a 3.5% NaCl
solution without and with the Ce®*-based inhibitor

To further understand the interface electrochemical kinetics between the
steel surface and corrosive media, the EIS spectra of the low alloy steel in a
3.5% NaCl solution without and with the inhibitor were performed.

As shown in Figure 6, EIS spectra were composed of a capacitive loop
at a high-frequency region and an inductive impedance loop at a low-fre-
guency region, indicating there were 2-time constants. Compared with
thatin a 3.5% NaCl solution without the inhibitor, the diameters of capac-
itive loops at a high-frequency region were larger when the Ce®**-based
inhibitor was added to a 3.5% NaCl solution, the charge-transfer
resistance (Ry) is larger, showing that the corrosion rate of the low alloy
steel in a 3.5% NaCl solution with the Ce*-based inhibitor decreased
because of the effect of the Ce®'-based inhibitor. Furthermore, the
charge-transfer resistance increased with the immersed time. This may
be due to that the effective compositions of the Ce®**-based inhibitor

were absorbed on the specimen surface with the immersed elapsed-time.

3.3.2 | Electrochemical parameters of interface electro-
chemical reaction
Generally, the capacitance element in electrochemical systems is rep-

resented by the constant-phase element (CPE) for fitting EIS spectra.??
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FIGURE 6 Nyquist plot of the low alloy steel in a 3.5% NaCl solution
without and with the Ce®**-based inhibitor for different times

The equivalent circuit used for fitting the EIS spectra shown in Figure 6
was presented in Figure 7, in which R is the solution impedance, Q is
the constant-phase element, R; is the charge-transfer resistance, Ry is
the equivalent resistance, and L is the inductive impedance. Based on
the equivalent circuit, the EIS data were fitted by Simplex method,
and the results were listed in Table 1.

As listed inTable 1, the charge-transfer resistance of electrode in a
3.5% NaCl solution without the inhibitor was 320.0 Q.cm™2 and a < 1,
showing that the corrosion rate of the low alloy steel in a 3.5% NaCl
solution was higher, and its surface properties were non-uniform.??

When the Ce®'-based inhibitor was added to a 3.5% NaCl solu-
tion, the charge-transfer resistance of the electrode at the beginning

2 which was smaller than that in a

of the immersion was 241.0 Q.cm™
3.5% NaCl solution without the inhibitor, showing the Ce®*-based
inhibitor accelerated the corrosion process of the low alloy steel elec-
trode at the early immersed stage, and that the inhibitory film formed
on the electrode surface through the corrosion process of the elec-
trode in corrosive media.?®

After the electrode was immersed in a 3.5% NaCl solution contain-
ing the inhibitor for more than 1.0 hours, electrochemical parameters
were higher than that in a 3.5% NaCl solution without the inhibitor
(Table 1). And that these electrochemical parameters increased with
the immersed elapsed time, indicating that the inhibitory film contain-
ing Ce element retarded corrosion process. Therefore, the inhibitory
efficiency of the Ce®*-based inhibitor to the low alloy steel in a 3.5%
NaCl solution increased with immersion time. Additionally, the incre-
ments of the equivalent resistance (Rp) and the inductive impedance
(L) may imply that the inhibitory film on the electrode surface becomes
more and more uniform and integrated. That is, if the electrode surface
was wholly covered with the uniform and integrated inhibitory film, EIS
spectra would have 1 time constant and that only would have a capac-

itive loop.

Ru | |

—1 Ro L

FIGURE 7 The equivalent circuit for fitting the EIS data presented in
Figure 6

TABLE 1  Electrochemical parameters fitted with equivalent circuit
based on EIS spectra of the low alloy steel in a 3.5% NaCl solution
without and with the Ce®**-based inhibitor for different times

Time, R, Q. Q 0O tem” Ry, Q. Ro, Q.

h cm 252 a cm? cm? L, H.cm?
0? 4.3 1.70 x 107% 0.81 320.0 772.9 3085.0
1/6 3.2 1.12 x 107% 0.80 241.0 1555.0 6502.0
30 2.1 8.25x107° 0.81 13 800.0 1421.0 441 400.0
60 3.6 7.80 x 10°° 0.82 10400.0 16 530.0 405 500.0

ln a 3.5% NaCl solution without the inhibitor.
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It can be seen from Table 1 that the values of a did not change
with immersion time and was equal to that without the inhibitor on
the whole, demonstrating that the inhibitory film formed did not cover
the whole surface, but it had better performances. It was clearly indi-
cated that the Ce®**"based inhibitor was mainly absorbed on the active
sites, forming the net-shaped inhibitory film (Figure 1). Thus, the corro-
sion of the low alloy steel in a 3.5% NaCl solution was retarded with
the Ce®*-based inhibitor.

333 |

Based on the fitted electrochemical parameters listed in Table 1, the

Surface coverage of the inhibitory film

surface coverage of the electrode in a 3.5% NaCl solution containing
the Ce®*-based inhibitor can be calculated in accordance with the fol-

lowing equation®*:

V= 1-Ceftab ) x100% (1)
Ceffp

where, v is the coverage rate, %; Cef. , and Cef. o are the effective

capacitance of the electrode immersed in a 3.5% NaCl solution without

TABLE 2 Effective capacitances and coverage rates of the low alloy
steel in a 3.5% NaCl solution with the Ce®*-based inhibitor for differ-
ent times

Time, h Ceff., uF.cm™2 v, %
0? 536.77 0.0
1/6 279.76 47.9
30 193.56 63.9
60 224.04 58.3

?In a 3.5% NaCl solution without the inhibitor.

1 I
50.0um
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and with the Ce®*-based inhibitor, respectively. To calculate the effec-
tive capacitance of the electrode (Ceft. p,Cefr. ab), the following equation

was used?>2%;

1-a)/a

The results were listed in Table 2.

It was seen from Table 2 that the effective capacitance (Cgg)
increased with immersion time; the surface coverage rate also
increased with immersion time. However, it was only 60% or so, not
up to 100%. This was further verified by SEM images (Figure 8).

As shown in Figure 8A, the polish traces on the specimen surface
were clearly observed after the specimen had been immersed in a 3.5%
NaCl solution containing the Ce®*-based inhibitor for 5 minutes. At the
same time, it was found that greyish products gathered at locally cor-
roded sites. When specimen had been immersed for 1.0 hours, the pol-
ish traces were still clearly observed, and very small greyish product
particles were also observed on the whole surface of the tested spec-
imen (Figure 8B). Afterwards, the number of greyish product particles
on the specimen surface increased with immersion time and that the
sizes of these greyish product particles became larger and larger.
Finally, as shown in Figure 8C,D, the net-shaped inhibitory film was
formed on the specimen surface, and the polish traces on the specimen
surface were still observed. Even if after the specimen was immersed
in a 3.5% NaCl solution containing the Ce®'-based inhibitor for
30.0 hours, the surface coverage was approximately 64.0%. The
charge-transfer resistance (Ry) increased to 13 800.0 Ohm.cm™2. The
corrosion of the low alloy steel in a 3.5% NaCl solution containing

the Ce®*-based inhibitor was retarded. Therefore, the absorption

| S R i P S
50.0um

(]
50.0um

FIGURE8 SEM images of specimens after immersed in a 3.5% NaCl solution containing the Ce®*-based inhibitor for different times (A, 5 minutes;

B, 1.0 hours; C, 10.0 hours; D, 30 hours)
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effect mechanism of the Ce®*-based inhibitor was further verified by 1-6 6
SEM images.

M= Mc™ 40 e (o), = I (10)
3.34 | Kinetics of interface electrochemical reaction
Generally, when electrochemical processes are influenced by electrode 1-6

potential and 1 state variable, its impedance (Z) of the equivalent cir-

cuit in Figure 7 can be expressed as?1:22:

1 A

1
2R jwiB )
In Equation 4, R; > 0, B > 0. And
A=mb 4)

The Faraday current (I) of the electrode decreased with increasing
the film thickness (6) when the electrode was immersed in a 3.5% NaCl

solution without the inhibitor. Thus, the following equation existed?®:

ol
n (@) ?

Pitting corrosion occurred on the surface of electrode because of

the effect of CI” ions. Therefore, at the pitting sites, there was

a6
o= (3), ©

Following Equations 5 and 6, A > 0. In this case, EIS spectra should
have an inductive loop at a low-frequency region. This is consisted
with Figure 6, showing that the low alloy steel was subjected to pitting
corrosion in a 3.5% NaCl solution.

When the Ce®**-based inhibitor was added to the 3.5% NaCl solu-
tion, m represents the change of Faraday current (Ig) with the surface
area (0) covered with the inhibitory film under the stable condition

and it can be expressed by Equation 7:

(9
- (%)ss v

Based on Equation 7, the Faraday current (Ig) decreases with the
increase of the surface area (0) covered with the inhibitory film, m < 0.
However, b means the change of the surface coverage (y) of the
inhibitory film with electrode potential (¢) under the stable condition,

and it can be expressed by Equation 8.2
aL
OE)

de
where, y = at

Based on the absorption mechanism of the Ce®**-based inhibitor,
there occurred 2 chemical reactions on the electrode surface, which

can be expressed as in the following:

Mc+A+e= (MA ), (l1) =0 9)

where Me represents the metallic electrode. A is the Ce®*-based inhibitor,
which is absorbed on the electrode surface through the reaction 9. The
reaction 9 occurs very fast. The corrosion reaction of the electrode only
occurs on the un-covered surface with the Ce®*-based inhibitor. In this case,
the Faraday current density (If) is approximately equal to corrosion current
density of the electrode. The electrode process is influenced by electrode
potential and the surface area (8) covered with the inhibitory film. Thus,

_de
Tt

ay>
b= (- [
<0<P s

where Kis reaction constant. |1 is the current density of the reaction 9 from

— K(l11-11) (11)
F | 1-a)l 0 12
RT [aly1=(1-a)l-q]< (12)

left to right. I_4 is the current density of reversible reaction for the reaction 9.
Following Equations 7 and 12, Equation 4 can be expressed as

A = m-b>0 (13)

Based on Equation 13, EIS spectra should have an inductive loop
at a low-frequency region. This is also consisted with EIS spectra

shown in Figure 6.

3.4 | Interface reaction mechanism

Based on the previous results, the interface reaction model was
established in Figure 9. As shown previously, pitting corrosion usually
occurred on the surface of the low alloy steel in a 3.5% NaCl solution.2”2®
Corrosion reaction occurred: Fe = Fe?* + 2eand O, + 2 H,O + 4e =40H™,
forming active sites on the surface of the low alloy steel. The active sites
were called an anode zone; the balance areas were called a cathode zone.
In this case, Fe?" ions were concentrated in an anode zone and anions,
such as OH", CI” contained in a 3.5% NaCl solution, including PO43'
and P,0,% which were produced through the hydrolysis reaction of
P3010°", ie, P3010°~ + Hy0 = PO, + H,P,0,7",
zones. Thus, chlorides, hydroxides, and phosphates formed in anode

moved over to anode

zones, and finally the anode zones were covered, retarding the corrosion
of the low alloy steelin a 3.5% NaCl solution. During this time, dispropor-
ions, ie, 2Ce%* = Ce?*

+Ce™, forming Ce?*, Ce** hydroxides, and phosphates on the surface of

tionation reaction simultaneously occurred to Ce®*

Phosphate, Hydroxides etc.

2Ce3* = Ce? + Ce*

Me - ne = Me"™ P3010> + H,0 = PO4> + H,P,07%

T

Active site cathodic site

cathodic site

FIGURE 9 Scheme of interface reaction mechanism



YONG ET AL

and 615

the low alloy steel. Finally, the surface of low alloy steel in a 3.5% NaCl
solution was covered with the net-shape inhibitory film with greyish
product particles and that the low alloy steel was protected from

corrosion.

4 | CONCLUSIONS

The Ce®*-based inhibitor was an anodic inhibitor with the above 90.0%
inhibitory efficiency, forming the net-shaped inhibitory film with nano-
scale greyish product particles on the surface of the low alloy steel in a
3.5% NaCl solution.

Some complicated electrochemical and chemical reactions occurred
at the interface between the surface of steel electrode and the 3.5% NaCl
solution containing Ce®*-based inhibitor, resulting in the movement of
anions to active sites on the surface of the low alloy steel, and that the for-
mation of the net-shape inhibitory film containing Ce element. Based on
these reactions, the interface reaction model was established.

EIS spectra of the electrode in a 3.5% NaCl solution without inhib-
itor and with the Ce®*-based inhibitor were composed of a capacitive
loop at a high-frequency region and an inductive impedance loop at a
low-frequency region. The former was induced by pitting corrosion
on the electrode surface. The latter resulted from the formation and
partial coverage of the net-shaped inhibitory film with nano-scale

greyish product particles on the electrode surface.
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