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The corrosion behaviour of 14Cr12Ni3Mo2VN martensitic stainless steel in a chloride solution with 

20 mmol·L-1 Na2CO3 was investigated using X-ray photoelectron spectroscopy, open circuit potential 

analysis, electrochemical impedance spectroscopy, potentiodynamic polarization analysis, Mott-

Schottkyanalysis,scanning electron microscopy and energy dispersive spectroscopy.It was found that 

the passivation films that form on14Cr12Ni3Mo2VN stainless steel in different test solutions were 

mainly composed of oxides and hydroxides of Fe, Cr and Mo. The formation and content of Cr2O3 in 

the passivation film were promoted and increased by the addition of CO3
2- in solution, but the 

hydroxylation of Fe in the passivation film also occurred. The addition of CO3
2- reduced the self-

corrosion potential of 14Cr12Ni3Mo2VN and the donor density Nd of the passivation film, inhibited 

the number and activation of metastable pits on the electrode surface, improved the pitting potential 

and impedance of the passivation film, and increased the corrosion resistance of the material. Fe, Cr,V 

and Mo in the corrosion pit were selectively dissolved, demonstrating that Fe migrated to the solution 

in the form of ions, while Cr,V and Mo deposited in the pit in the form of oxides or hydroxides. CO3
2- 

had no significant effect on the selective dissolution and migration of alloying elements in the matrix 

but it could significantly reduce the repassivation potential and increase the difficulty of repassivation 

in the activated pits. 

 

 

Keywords: Stainless steel;Blade; Passivation;Electrochemistry;Corrosion 

 

1. INTRODUCTION 

Blades are the most important part of steam turbines because they convert the flowing energy 

of steam into useful work[1]. Blade failure often leads to plant failure and increases maintenance time 
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and cost[2-4]. In serious cases, the whole stage impeller and even the whole turbine can be damaged 

by blade failure. To increase the safety of the steam turbine and prevent the corrosion of the last stage 

turbine blade and to reduce the influence of blade failure on the safe operation of the steam turbine[5-

7], the concentration of impurities in the feed water is strictly controlled[8]. 

However,in the Wilson zone of the low-pressure cylinder (the dry and wet steam transfer area), 

the steam begins to condense into liquid water, and the impurities in the steam that enter the turbine 

flow system during shutdown or operation of the turbine (such as Cl- and CO2) are redistributed[9,10]. 

By changing the water composition, part of the passivation film on the blade surface is destroyed and 

exposed to the active substrate, resulting in the formation of a corrosion battery with the passivation 

surface and promoting the development of pits on the blades that work in the Wilson zone[11,12]. 

At present,finite elemental tools and a fracture mechanics theory have been used to research the 

life of steam turbine blades and to estimate the residual life of blades that have been operating for 

many years.At the same time, the study of blade corrosion is mainly based on the corrosion or fracture 

of the blade to predict the corrosion affecting factors and the corrosion process[6,11].However, few 

studies have reported on the influence of CO3
2-, which is produced by the reaction of carbon dioxide 

entering the condensed water with an alkaline substance that was added to the condensed water[13,14], 

on the corrosion behaviour of turbine blades[15,16]. 

Therefore, it is necessary for the safe operation of steam turbines to study the influence of 

CO3
2- on blade corrosion.Herein, the exact corrosion behaviour and process of 14Cr12Ni3Mo2VN 

martensitic stainless steel is investigated, and the related corrosion mechanism is discussed.The 

experimental results can provide a theoretical basis and data support for practical steam turbine 

operation and choosing appropriate blade materials. 

 

 

2. EXPERIMENTAL 

2.1 Working electrode preparation 

14Cr12Ni3Mo2VN martensitic stainless steel specimens were used, and their chemical 

composition is shown in Table 1. 

 

Table 1. Chemical composition of 14Cr12Ni3Mo2VN stainless steel 

 

Alloy C Si Mn S P Cr Ni Mo V N Fe 

% wt 0.15 0.12 0.75 0.073 0.013 11.50 2.97 1.61 0.28 0.034 balance 

 

2.2 Experimental 

The samples (10 mm×10 mm×10 mm) were cold mounted with an epoxy resin to prevent 

crevice corrosion, and a 1 cm2 exposed area was used as a working electrode. Before the experiment, 

the working electrode was polished step by step to a mirror-likefinish with a grinding machine, washed 
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in distilled water and eventually dried by hot air just before being introduced into the electrochemical 

setup. 

The tests were performed with a conventional three-electrode setup. A platinum plate was used 

as a counter electrode, and an SCE (saturated calomel electrode) was used as a reference electrode.The 

experimental electrochemical media were an NaCl solution (50 mmol·L-1) and an NaCl(50 mmol·L-1)+ 

Na2CO3(20 mmol·L-1) solution. Before the electrochemical tests, the working electrode was immersed 

in an NaCl solution purged with 99.999% argon for 72h. 

Before testing, the open circuit potential (OCP vs. SCE) was obtained after running for 5 min 

and then stabilizing. The scan rate was set to 1 mV·s-1, and the scanning range started from -800 

mV(vs. SCE) and progressed to an anodic potential value. When the anodic polarization current 

density reached 1 mA·cm-2, a reverse scan was immediately carried out until it intersected with the 

anodic polarization curve, and then the test was stopped. Electrochemical impedance spectroscopy 

(EIS) was carried out in a frequency range of 105-10-2 Hz with an amplitude of 10 mV. ZSimpWin 

software was used for data fitting analysis.A Mott-Schottky measurement was taken between -0.2 and 

1.0 V (vs. SCE) with an ac signal amplitude of 10 mV. The test frequency was 1 kHz, and each 

parallel sample was tested at least 3 times for all of the above measurements. 

X-ray photoelectron spectroscopy (XPS) elemental analysis was performed on the passivated 

film that formed on the surface of the sample immersed in the argon-purged solution for 72 h. Fe 2p,Cr 

2p,Ni 2p and Mo 3d maps were tested by a monochromatic Al Kα light source (hυ=1486.6 eV). XPS 

analysis was tested to a depth of approximately 5 nm. XPS PEAK41 software was used for data 

analysis.The Shirley-type background was first subtracted, and then the peaks of each spectrum were 

segmented according to the binding energy that corresponded to the oxidation state of the matter in 

that phase. 

After testing, the samples were rinsed with ethanol and deionized water and dried with cold air. 

The corrosion micromorphology of the working electrode surface was observed by scanning electron 

microscopy (SEM), and the composition was measured by energy dispersive spectroscopy(EDS).  

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Xps test 
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Figure 1. XPS curves of the 14Cr12Ni3Mo2VN samples in solutions with 50 mmol·L-1NaCl for 

72h:(a)Cr, (b)Fe, (c)Mo, and (d)Ni. 
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Figure 2. XPS curves of the 14Cr12Ni3Mo2VN samples in solutions with 50 mmol·L-1NaCl +20 

mmol·L-1 Na2CO3 for 72h:(a)Cr,(b)Fe,(c)Mo, and(d)Ni. 

 

 

The spectra of Fe 2p, Cr 2p, Ni 2p and Mo 3d for the passivation films generated in different 

solutions are shown in Fig. 2 and Fig. 3.The NIST atomic spectrogram database and references[17-

25]are used as the primary basis for elemental fitting, and the binding energy of the elemental 

oxidation states is shown in Table 2.The passivation films in the two solutions are mainly composed of 

oxides and hydroxides of Fe, Cr and Mo. Other studies have also shown that most passivation films on 

the surface of stainless steel are mainly composed of Cr2O3 in the inner layer and Fe3O4 in the outer 

layer.Cr is considered to be the most important element in stainless steel passivation films because Cr 

oxides can protect the stainless steel matrix[17,19,23]. 
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Cr mainly exists in the form of Cr2O3/576.0 eV and Cr(OH)3/577.0 eV(Fig. 1a and in Fig. 2a). 

The content of Cr2O3 in the passivation film increases from 61.77% to 69.45%, while the content of 

Cr(OH)3 decreases from 22.87% to 14.91% with the appearance of CO3
2- in the solution; the above 

results may be due to the increase of OH- caused by the hydrolysis of CO3
2- in the solution, which 

promotes the formation of the more stable Cr2O3[18].Fe mainly forms the following oxides: FeO, 

Fe2O3, Fe3O4 and FeOOH. It is generally believed that the peaks of FeO and Fe3O4 are very close, and 

it is difficult to determine the oxide composition of iron in the passivation film by analysing the 

valence state. However, FeO is an unstable oxide, so it is generally believed that Fe2+ exists because 

Fe3O4 is generated in the passivation film[22].The content of FeOOH in the passivation film increases 

from 31.94% (Fig. 1b) to 45.60% (Fig. 2b) with the addition of CO3
2- in the solution; that is, Fe in the 

passivation film shows obvious hydroxylation.The XPS spectra of Mo in the passivation films formed 

on14Cr12Ni3Mo2VN stainless steel in different solutions are shown in Fig.1c and Fig.2c. 

Because the Mo 3d5/2 and Mo 3d3/2 spin orbitals are coupled, the Mo spectra show bimodal 

peaks. Analysis of the passivation film shows that Mo oxides in the passivation film mainly exist in 

stable Mo+6 but not in unstable Mo+4.In Fig. 1d and Fig. 2d, Ni/852.3 eVis observed in the passivation 

films formed in both solutions, which showed that the Ni in the passivation film is metallic and is in 

good agreement with other research conclusions[23-25]. 

 

 

Table 2. Binding energy of oxidation states of each element 

 
Element Peak Binding energy 

Fe 2p3/2 Fe/706.5eV；FeO/709.9eV；Fe3O4/708.2eV；Fe2O3/711.5eV；FeOOH/712eV 

Cr 2p3/2 Cr /573.8 eV；Cr2O3 /576.0 eV；Cr(OH)3/577.0 eV；CrO3 /573.8 eV； 

Ni 2p3/2 Ni /852.32 eV；NiO/854 eV；Ni(OH)2/855.78 eV 

Mo 
3d5/2 Mo /227.4 eV；Mo4+ /228.8 eV；Mo6+ /232.5 eV； 

3d3/2 Mo /231 eV；Mo4+ /234.2 eV；Mo6+ /235.8 eV； 

 

3.2 Open circuit potentials 
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Figure 3. Open circuit potentials for the 14Cr12Ni3Mo2VN martensitic stainless steel samples in 

solutions with different concentrations of CO3
2-. 
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The open circuit potentials (OCPs) of the 14Cr12Ni3Mo2VN samples in NaCl solutions with 

different concentrations of CO3
2- are depicted in Fig. 3.The open circuit potential of 

14Cr12Ni3Mo2VN stainless steel shifts from -0.332 V to -0.342V with increasing CO3
2- concentration, 

which may be caused by CO3
2- hydrolysing OH- in solution (Equations (1) and (2)). Cl- in solution 

undergoes competitive adsorption on the electrode surface, resulting in more OH- adsorption on the 

electrode surface[26];the above significantly hydroxylates Fe in the passivation film and reduces the 

stable open circuit potential of the working electrode. 

CO3
2-+ H2O= HCO3

-+ OH- (1) 

HCO3
-+ H2O= H2CO3+OH- (2) 

 

3.3 Potentiodynamic polarization 
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Figure 4. Potentiodynamic polarization curves of the 14Cr12Ni3Mo2VN martensitic stainless steel 

samples in solutions with different concentrations of CO3
2-. 

 

 

The potentiodynamic polarization curves of the 14Cr12Ni3Mo2VN samples in solutions with 

different concentrations of CO3
2- are shown in Fig. 2.The potential value corresponding to the current 

density rapidly increasing to 100 μA·cm-2 on the polarization curve was the pitting potential(Epit). The 

potential at the intersection of the polarization curve and the anodic polarization curve was the 

protection potential(Erp).All curves of the cathodic polarization slope in Fig. 4 are very close, 

indicating that there is no obvious effect with the addition of CO3
2- on the cathodic polarization rate of 

14Cr12Ni3Mo2VN stainless steel.The addition of CO3
2- mainly affects the anodic process[27]. 

The corrosion current (Icorr) of the working electrode does not change significantly and 

remainsat approximately 220 nA. However, the corrosion potential(Ecorr) decreases from -0.371 V to -

0.449V, the Epit increases from 0.290 V to 0.831V, and the intersection of Erpwith the anode decreases 

from -0.124 V to -0.312 V due to the addition of CO3
2-.This may be caused by the competitive 

adsorption of OH- from CO3
2- hydrolysis (Equations(1) and (2)) and Cl- on the electrode surface, 

which changes from being dominated by Cl- to being dominated by OH-; the above results in the 

formation of a more protective Cr2O3 passivation film on the working electrode surface[28-30].An 

obvious current peak (approximately 20 μA) appears in the electrodynamic polarization curve at 

0.482V(vs. SCE).After the peak appears, the current does not increase to the Epit with increasing 
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potential but disappears with increasing scanning potential, which may be caused by the 

electrochemical reaction of Cr2O3 in the passivation film being oxidized to CrO4
2-. 

A hysteresis ring and peak current density appear in the dynamic potential polarization curves 

during the reverse scan at different concentrations. For the reverse scan of potential, the current density 

does not immediately decrease, as there is a section where it increases before starting to decrease.This 

is because the passivated film on the surface of the 14Cr12Ni3Mo2VN stainless steel electrode is 

broken down during the forward scan,which leads to pitting corrosion occurring on the surface of the 

electrode[31].A blocking area isformed due to the accumulation of corrosion products in the anodic 

corrosion pit, resulting in an increase in the concentration of metal cations in the occlusion area. To 

maintain electrical neutrality in the corrosion pit, Cl- moves from the outside of the corrosion pit and 

continuously migrates and accumulates inside of the corrosion pit. As a result, the concentration of Cl- 

in the hole constantly increases.Due to the high conductivity of the concentrated salt solution in the 

corrosion area, the internal resistance of the occluded battery is very low, and corrosion is 

ongoing[32,33].At the same time, the solubility of oxygen is very low, and diffusion is difficult, 

leading to the development of pitting corrosion and hindering the repair of the metal passivation 

film.Even the reverse scanin the negative potential direction can not immediately prevent the further 

expansion of pitting corrosion, thus resulting in a continuous increase in current density[34]. 

However, each reverse scan curve intersects the forward scan curve at a certain potential, and 

then the current density remains lower than that of the forward scan, indicating that a protective 

passivation film can be formed on the surface of each sample at this time.Unfortunately, with 

increasing concentrations of CO3
2-, the Erp decreases, as shown in Fig. 4, indicating the increasing 

difficulty of repairing the corroded passivation film. 

 

3.4 Electrochemical impedance spectroscopy 

0.0 4.0x10
4

8.0x10
4

1.2x10
5

0

1x10
5

2x10
5

3x10
5

4x10
5

5x10
5

(a)

Zre (•cm
2

)

-Z
Im

 (

•
cm

2
)

 50 mmol•L
-1

 NaCl

 50 mmol•L
-1

 NaCl+20 mmol•L
-1

 Na
2
CO

3

 

-3 -2 -1 0 1 2 3 4 5 6
1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

(b)

lg(f/Hz)

lg
(

/

•
cm

2
)

 50 mmol•L
-1
 NaCl

 50 mmol•L
-1
 NaCl+

          20 mmol•L
-1
 Na

2
CO

3

0

20

40

60

80

 

θ
/d

eg

 
 

Figure 5. Electrochemical impedance spectroscopy of 14Cr12Ni3Mo2VN in solutions with different 

concentrations of CO3
2-:(a)Nyquistand (b)Bode plots. 
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Figure 6. Equivalent circuit model from electrochemical impedance spectroscopy. 

 

The electrochemical impedance spectroscopy test results for 14Cr12Ni3Mo2VN stainless steel 

indifferent concentrations of CO3
2- solution can be seen (see Fig.5). The system impedance increases 

with the addition of CO3
2-, indicating that the protection of the passivation film on the surface of 

14Cr12Ni3Mo2VN stainless steel becomes better, the corrosion rate decreases, and the corrosion 

resistance is enhanced[35]. 

The electrochemical impedance spectroscopy in different solutions was analysed by the 

equivalent circuit shown in Fig. 6(see Table 3)[36],where Rs is the solution resistance, CPE(Qf) is the 

passivation film capacitance, Rf is the passivation film resistance, CPE(Qdl) and Rt are the capacitance 

and charge transfer resistance of the surface double layer, respectively, and CPE(Q) is generally used 

for the in-uniform distribution of the stainless steel surface current and high surface roughness.The 

CPE impedance value can be calculated by the following formula: 

ZQ = (jω) -n/Y0                       (3) 

where Y0 is the admittance modulus of CPE, ω is the angular frequency, and n is the diffusion 

exponent of the CPE. Its value range is set to 0≤n≤1. When n=0.5, the CPE is considered a Warburg 

impedance.When n=1, the CPE is considered to be anideal capacitor, and when 0.5 < n < 1, the CPE is 

in a middle state between the above mentioned states. 

 

 

Table 3. Parameters of the equivalent circuit 

 
Solution Rs/（Ω·cm2） Qdl Rt/(Ω·cm2) Qf Rf/ 

(Ω·cm2) Y0/(Ω-1·cm-2·Sn1) n1 Y0/(Ω-1·cm-2·Sn2) n2 

50 mmol·L-1NaCl 122.6 3.36×10-4 0.86 735 3.81×10-5 0.94 1.06×106 

50 mmol·L-1 NaCl+20 mmol·L-1 

Na2CO3 
86.47 9.54×10-5 0.91 945 2.92×10-5 0.91 6.02×106 

 

As shown in Table 3, the Rf of 14Cr12Ni3Mo2VN stainless steel is 1.06×106Ω·cm2 and rises to 

6.02 ×106Ω·cm2 with the addition of CO3
2-. With the addition of CO3

2-, the impedance of the 

passivation film becomes larger, and the protection becomes better. This is mainly caused by the 

increase in the content of Cr2O3, which is better protectorin the passivation film.In addition, CO3
2- may 

react with Fe or Cr on the surface of stainless steel to form FeCO3 or CrCO3 protective salt films with 

relatively low solubility[37,38].The corrosion resistance of the material fitted by the equivalent circuit 
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is in good agreement with the test results from the open circuit potential analysis, XPS and dynamic 

potential polarization analysis. 

 

3.5. Mott-Schottky 

According to the point defect model of a passivation film, a passivation film on the surface of 

stainless steel is an oxide film with a high density of doped point defectsand semiconductor 

characteristics.The passivation film formed on the surface of a metal or alloy usually has 

semiconductor properties[39,40]. When the passivation film contacts the solution, a space charge layer 

will be formed on the side of the passivation film, and a Helmholtz layer will be formed on the side of 

the solution.At this time, the solution and the semiconductor film carry opposite charges, and the 

excess charge of the semiconductor film will be distributed in a space charge layer.When the space 

charge layer is in a depleted state, the capacitance of the space charge layer and the measured electrode 

potential can be described and analysed by the Mott-Schottky equation[41].Different anions will be 

competitively adsorbed on the surface of stainless steel in the solutionand increasing the presence of 

CO3
2- in the solution will reduce the adsorption of Cl- on the surface of the stainless steel electrode; 

therefore, the above affects the corrosion characteristics of the material. 

The space charge capacitance has the following relationship with the measured potential: 
1

C2
=

2

εε0eNdA
2 (E − Efb −

kT

e
）  (4)  

1

C2
= −

2

εε0eNaA2
(E − Efb −

kT

e
）(5) 

W = [
2εε0

eNd
(E − Efb −

kT

e
）]

1

2
   (6)  

where C is the space charge layer capacitance of the passivation film, F; E is the scanning 

potential, V; Efb is the flat band potential, V; ε0 is the vacuum dielectric constant, 8.85×10-14 F·cm-1; ε 

is the relative dielectric constant at 15.6; ND and NA represent the donor and acceptor densities for n-

type and p-type semiconductors, respectively, cm-3; A is the sample area, which is set at1 in this paper, 

cm2; K is the Boltzmann constant, 1.38×10-23J·K-1; e is the electron charge, 1.6×10-19C; T shows the 

thermo dynamic temperature, K; and W is the thickness of the passivation film, 10-10 m. Equation (4) 

represents n-type semiconductor characteristics of a passivation film, while Equation (5) shows that of 

a p-type. Equation (6) represents the film thickness. 

Fig. 7 shows the Mott-Schottky curve of the stainless steel samples in different concentrations 

of CO3
2- solutions. It can be seen that the Mott-Schottky curve has roughly the same variation trend 

with 2 intervals. The slope of the fitted straight line is positive, showing an n-type semiconductor. The 

second interval,in which the slope is negative, demonstrates a p-type semiconductor. The main density 

of Nd is one of the important parameters to describe the passivation properties of the stainless steel 

samples. Table 4 shows the Nd values calculated by fitting the Mott-Schottky curve (Equation (4)).  

With increasing CO3
2-, the main density Nd of the passivation film donor decreases from 

1.07×1021cm-3 to 0.81×1021 cm-3, which indicates that the point defects and transmission channels of 

the corrosion medium in the passivation film both decrease with the addition of CO3
2-. Moreover, the 

charge transfer resistance and the difficulty of charge transfer both increase, and the electrode reaction 
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is relatively more difficult[42,43]. The experimental results are in good agreement with the XPS 

results. 

According to Equation (6), when Nd decreases, the thickness of the passivation film W 

increases, and the stability of the passivation film becomes better, which shows that its corrosion 

resistance increases. The above indicates that with the addition of CO3
2-,the adsorption of Cl- at the 

active point on the electrode surface isreduced; thus, the occurrence of pitting is inhibited.Cr tends to 

exist in the form of Cr2O3 in a passivation film formed in a weakly alkaline solution because of the 

hydrolysis of CO3
2-, which increases the corrosion resistance of the material.According to the above 

results, the addition of CO3
2- in solution can promote the reduction of the point defect density of the 

passivated film[44], increase the stability of the passivated film and slow down the occurrence of 

corrosion, which is in good agreement with the electrochemical impedance spectroscopy results. 

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

0.0

2.0x10
9

4.0x10
9

6.0x10
9

8.0x10
9

1.0x10
10

1.2x10
10

1.4x10
10

E
SCE

/V

E
SCE

/V

 50 mmol•L
-1
 NaCl

 50 mmol•L
-1
 NaCl+20 mmol•L

-1
 Na

2
CO

3

 

 

C
2
/(

F
2
•
cm

-4
)

 
Figure 7. Mott-Schottky curves of the 14Cr12Ni3Mo2VN samples in solutions with different 

concentrations of CO3
2- 

 

 

Table 4. Donor density 

 

Solution Nd/(1021 cm-3) 

50 mmol·L-1NaCl 1.07 

50 mmol·L-1 NaCl+20 mmol·L-1 Na2CO3 0.81 

 

3.6. Morphology and composition analysis 

SEM and EDS analyses were conducted on the samples after electropolarization, and the 

results of the pit morphologies on the surface of each sample are shown in Fig. 8. The 

14Cr12Ni3Mo2VN stainless steel surface produces a large number of pits with a diameter of 

approximately 80 μm and a transverse to longitudinal ratio of approximately 1 (Fig.8a) in the solution 

without CO3
2-. Only one pit is formed on the surface of the working electrode, with deep ends and a 

shallow centre,in the CO3
2- added solution (Fig. 8b).The single pit may have formed due to the number 

of metastable active pitting spots generated during the electro dynamic scanning process being reduced 

by the improved corrosion resistance of the surface passivation film; furthermore,the current resulting 

from the potential scanning is concentrated in the pit, which resultsin rapid growth, connection and 

eventual formation of the large pit in Fig. 8b. At the same time, metastable pitting is inhibited in other 

parts of the electrode surface, and no other pits are formed. 
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Typical corrosion pits on the surfaces of the samples were selected for an EDS analysis of 

typical elements, and the results are shown in Fig. 9 and Fig. 10.According to the EDS analysis, the 

corrosion products of stainless steel are mainly composed of Fe, Cr, V and Mo.The products in the 

corrosion pit are mainly composed of Cr, V and Mo, and the relative contents of Cr, V and Mo in the 

corrosion pit are significantly higher than those in the stainless steel matrix, but the content of Fe in the 

corrosion pit is lower than that in the matrix[45].This indicates that after the selective dissolution of 

Fe, Cr, V, and Mo occurs,a pit is formed on the surface of the stainless steel electrode and extendsto 

the interior. Fe quickly migrates from the corrosion pit, while the migration rate of Cr, V and Mo is 

slow and deposition occurs to some extent, which leads to the relative increase of Cr, V and Mo in the 

corrosion pit[46-48].In addition, the oxygen content in the sample corrosion pit is significantly higher 

than that in the substrate, indicating that Cr, V and Mo may be deposited in the corrosion pit as oxides 

or hydroxides in the corrosion products[49,50]. 

 

 
 

Figure 8. Pit morphologies of the 14Cr12Ni3Mo2VN martensitic stainless steel samples in solutions 

with different concentrations of CO3
2-:(a)50 mmol·L-1NaCland (b)50 mmol·L-1NaCl +20 

mmol·L-1 Na2CO3. 

 

 

 
 

Figure 9.EDS of the pits in the 14Cr12Ni3Mo2VN martensitic stainless steel samples in the solution 

without CO3
2-. 

(a) (b) 
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Figure 10.EDS of the pits in the 14Cr12Ni3Mo2VN martensitic stainless steel samples in the solution 

with CO3
2-. 

 

 

 

4. CONCLUSIONS 

A passivation film of 14Cr12Ni3Mo2VN stainless steel in solution is mainly composed of 

oxides and hydroxides of Fe, Cr and Mo. CO3
2- will promote the formation of Cr2O3 in the passivation 

film and the hydroxylation of Fe in the passivation film. 

CO3
2- will reduce the self-corrosion potential of 14Cr12Ni3Mo2VN; improve the pitting 

potential and impedance of the passivation film; reduce the donor density Nd of the passivation film; 

inhibit the number of point defects, metastable pits and activation points in the passivation film; 

increase the corrosion resistance of the material; and reduce the corrosion rate. 

When stable pit corrosion of 14Cr12Ni3Mo2VN occurs, Fe migrates to the solution in the form 

of ions, while Cr, V and Mo aredeposited in the corrosion pit in the form of oxides or hydroxides. 

Thus, CO3
2- has no significant effect on the selective dissolution and migration of elements but 

increases the difficulty of repassivation. 
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