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The anodic behaviour of 18Cr/10Ni stainless steel in de-aerated solutions of 0.5 M H2SO4, in the presence of various 

concentrations of 2
4SO ,−  Cl ,−  Br ,−  I−  and 3NO−  anions was studied by means of the potentiostatic polarisation curves. 

These anions influence in different modes the passivation electrochemical parameters of stainless steel, depending on 

their nature and concentration as well as on their role in the corrosion process. The sulphate anion (≥ 0.5 M) determined 

a significant decrease of the critical current, but also an increase of the passive current. The halogen anions had an 

inhibitor effect both in the active and in the passive regions, at low concentrations, determining the decrease of the 

critical current and of the passive current density. At high concentrations, Cl−  and Br−  had an unfavourable effect on 

the corrosion resistance of 18Cr/10Ni stainless steel, Cl−  (≥ 0.1 M) and Br− (≥1 M) determined the increase both of 

the critical current density and of the passive current density and also the reduction of the passive domain owing to the 

development of the pitting corrosion. In the active region, the I−  anion had an inhibitor effect at all tested concentrations, 

but in the passive region, the iodide oxidation reaction occurred. Nitrate ions act as depolarizers in the corrosion 

process and determine the self-passivation of stainless steel if their concentration is ≥ 1 M. 

INTRODUCTION 

The corrosion behaviour of the stainless steel in aqueous solutions is characterised by a marked 

tendency of the alloys to exhibit passivity. The anodic polarisation measurements under potentiostatic 

conditions, including the primary passive potential, the passive critical current density and the passive 

current density are very important for the evaluation of the corrosion resistance of steels. These parameters 

are significantly influenced by the nature of the various anions existing in the corrosion medium.1–9 

The electrochemical behaviour of the metallic materials is modified by the presence of the anions both 

in the active and in the passive state.1,2,7–10 Two are the factors that influence the corrosion resistance of the 

metallic material: the adsorption order of the anions and the tendency to form stable complex compounds 

with the metal. In function of these properties, the anions may have inhibitory or stimulating effects on 

metal corrosion. 

The specific adsorption is considered by Bockris to be due to the formation of covalent bands between 

the adsorbed anions and the superficial atoms of metal.11 The direct participation of the anions in the anodic 

process takes place only over a critical potential, at which the strength of the covalent bond between the 

superficial atom of metal and the adsorbed anion becomes equal to those corresponding to one individual 

compound. Over this critical value, which depends on the anion and metal nature, the metallic ions pass into 

solution as complex compounds with adsorbed anions. 
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In the active state, the formation of stable complex compounds accelerates the corrosion rate. If these 

do not form, the adsorption of anion reduces the corrosion.12–14 In the passive state the destruction of the 

film is accelerated both by the preferential adsorption of anions and by the formation of stable complex 

compounds with the metal.7,15–20 

Although there are many studies of the effects of the various anions (especially of chloride ions) on 

stainless steel corrosion, none of them show comparative studies made in the same conditions. 

In this paper a systematic study was carried out on the anodic behaviour of 18Cr/10Ni stainless steel in 

de-aerated 0.5 M H2SO4 solutions in the presence of various concentrations of anions: 2
4SO − , Cl− , Br− , I−  

and –
3NO .  

EXPERIMENTAL 

The measurements were performed in a conventional three-compartment electrochemical cell separated by fretted glass disks. 

The working electrodes, having the geometrical area of 2 cm2, were made of 18Cr/10Ni stainless steel (18%Cr; 10%Ni; 0.04%C; 

0.33%Si and Fe). The stainless steel band was homogenised at 1050°C for one hour and water-quenched. Specimens were polished 

with emery paper, washed with carbon tetrachloride, followed by pickling for 5 minutes in a solution containing 15%HNO3 and 2% 

HF (vol.) at 60°C. A standard activation was adopted for all specimens: this consisted of cathodic polarisation at –0.8 V/SCE for five 

minutes. The electrode assembly was made of Teflon. A platinum sheet with an area of 4 cm2 was used as counter electrode and a 

saturated calomel electrode (SCE) as reference electrode. 

As polarisation instrument a PS 2 potentiostat was employed, using the stepwise technique of 40 mV/ 5 minutes. The corrosion 

potential was monitored until the change was less than 5 mV / 15 minutes. 

The solutions were prepared using chemically pure reagents and doubly distilled water. The anions were added as potassium 

salts. Before starting measurements the solutions were de-aerated for 1 hour using purified nitrogen. All measurements were made at 

room temperature (23±1°C). 

RESULTS  AND  DISSCUSION 

Influence of the 2–

4
SO  anion 

Fig. 1 shows the anodic polarisation curves obtained in 0.5 M H2SO4 de-aerated solution and in the 

presence of various concentrations of the 2
4SO −  ion. The corrosion and passivation electrochemical 

parameters, corresponding to these solutions: corrosion potential, Ecor, primary passivation potential, EP, 

critical current density, iCR and passive current density, iP, are presented in Table 1. 

The corrosion potential shifts easily to positive values with the increase of the sulphate ion 

concentration and the passivation potential remains unchanged. The critical current density is practically the 

same in solutions containing ≤ 0.1 M 2
4SO −  and decreases from 1090 µA/cm2 in the fond solution to 

812 µA/cm2 in the presence of 0.5 M 2
4SO − . In the presence of 0.01 and 0.1 M 2

4SO −  the passive current 

 

Table 1 

The passivation parameters of 18Cr/10Ni stainless steel in 0.5 M H2SO4 de-aerated 

solutions, in the presence of various concentrations of the 2
4SO − ion (from Fig. 1) 

Conc. 2
4SO −  

M 

Ecor 

V/SCE 

EP 

V/SCE 

iCR 

µA/cm2 

* iP 

µA/cm2 

without –0.440 –0.360 1090 2.1   

 0.01 –0.438 –0.360 1042 1.54 

0.1  –0.436 –0.360 1083 1.54 

0.5  –0.428 –0.360   812 3.1   
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* iP- measured at 0.4 V/SCE. 
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Fig. 1 – Anodic potentiostatic polarization curves (40 mV / 5 min.) of 18Cr/10Ni stainless steel in  

0.5 M H2SO4 de-aerated solution (1) and in the presence of various concentrations of the 2
4SO −  ion:  

 2 − 0.01; 3 − 0.1; 4 − 0.5 M. 

density decreases, but if the sulphate ion concentration becomes 0.5 M, it increases. These results show that 

in the presence of high sulphate concentrations, the corrosion resistance of 18Cr/10Ni stainless steel, in 

0.5 M H2SO4 de-aerated solutions, increases in the active state, and the stability of the passive state decreases. 

The anodic polarisation curve obtained in the fond solution – 0.5 M H2SO4 – was maintained in all the 

diagrams for comparison. 

Influence of the Cl– anion 

Fig. 2 and Table 2 illustrate the anodic behaviour of 18Cr/10Ni stainless steel in 0.5 M H2SO4 de-aerated 

solutions in the presence of various concentrations of Cl− . 

The influence of the Cl−  ions is more significant than the influence of the 2
4SO −  ions, both in the 

active and in the passive potential regions. Thus, the corrosion potential shifts to negative values with the 

increase of the Cl−  concentration. The passivation potential shifts to the positive direction, with 0.120 V in the 

presence of 1 M Cl− . The critical current density, iCR, decreases easily at low Cl− concentration (≤ 0.01 M) 

and then it increases, being five times more in the solution containing 1 M Cl−  than in the blank solution. 

Table 2 

The passivation parameters of 18Cr/10Ni stainless steel in 0.5 M H2SO4 de-aerated  
solutions in the presence of various concentrations of the Cl−  ion (from Fig. 2) 

Conc. Cl−  

M 

Ecor 

V/SCE 

EP 

V/SCE 

iCR 

µ/cm2 

iP 

µA/cm2 

 0.01 –0.443 –0.360 917  1.16 

0.1  –0.444 –0.360 1186  1.25 

0.5  –0.448 –0.320 2542 16.67* 
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 0.75 –0.450 –0.320 3792 28.33* 

1     –0.455 –0.280 5125 68.75* 

* Minimum current density in the passive region. 
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Fig. 2 – Anodic potentiostatic polarization curves (40 mV / 5 min.) of 18Cr/10Ni stainless steel in  

de-aerated 0.5 M H2SO4 (1) in the presence of various concentrations of the Cl−  ion: 2 − 0.01;  

 3 − 0.1; 4 − 0.5; 5 – 0.75; 6 − 1 M. 

The passive current density decreases at low Cl−  concentrations (≤ 0.1 M). At concentrations  

≥ 0.5 M Cl− , the passive current densities increase significantly and the passive region decreases owing to 

the pitting corrosion of stainless steel (4–6 curves from Fig. 2). 

Influence of the Br– anion 

Fig. 3 shows the anodic polarisation curves of 18Cr/10Ni stainless steel in de-aerated 0.5 M H2SO4 

solutions in the presence of various concentrations of the Br−  ion. The corresponding electrochemical 

parameters are presented in Table 3. 

Table 3 

The passivation parameters of 18Cr/10Ni in de-aerated 0.5 M H2SO4 solutions in the presence  

of various concentrations of the Br– ion (from Fig. 3) 

Conc. Br−  

M 

Ecor, 

V/SCE 

EP, 

V/SCE 

iCR, 

µA/cm2 

iP 

µA/cm2 
Obs. 

  0.01 –0.425 –0.320 417 1.08  

0.1 –0.400 –0.280 217 0.71  

1    –0.388 –0.280 750   7.71* pitting 

* Minimum current density. 
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The corrosion and passivation potentials of stainless steel shifts to the positive direction with the 

increase of the Br−  concentration. The critical current density decreases, having the minimum value in the 

presence of 0.1 M Br ;−  after that it starts to increase again. At low concentrations (≤ 0.1 M), the Br−  

anions have a favourable effect on the stability of the passive state of stainless steel, determining the 

decrease of the passive current density over three times versus the fond solution. In the presence of 1 M 

Br ,−  pitting corrosion of stainless steel occurs at about 0.2 V/SCE, reducing thus the passive region of the 

stainless steel. 
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Fig. 3 – Anodic potentiostatic polarisation curves (40 mV / 5 min.) of 18Cr/10Ni stainless steel in de-aerated 

0.5 M H2SO4 (1) in the presence of various concentrations of  the Br−  ion: 2 − 0.01; 3 − 0.1; 4 − 1 M. 

Influence of the I– anion 

Fig. 4 and Table 4 show the anodic behaviour of 18Cr/10Ni in de-aerated 0.5 M H2SO4 solutions in the 

presence of various concentrations of the I− ion. 

The shape of the anodic polarisation curves of 18Cr/10Ni in the presence of the I−  ion is very 

different versus of those previously obtained, especially in the passive region. 
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Fig. 4 – Anodic potentiostatic polarisation curves (40 mV / 5 min.) of 18Cr/10Ni in de-aerated 

0.5 M H2SO4 (1) in the presence of various concentrations of the I− ions: 2 − 0.01; 3 − 0.1;  

4 − 0.5 M. (The dot line represents the cathodic currents that form the so-called “negative inlet”). 

Table 4 

The passivation parameters of 18Cr/10Ni in de-aerated 0.5 M H2SO4 solutions in the presence  

of various concentrations of the I−  ion (from Fig. 4) 

Conc. I−  

M 

Ecor 

V/SCE 

EP 

V/SCE 

iCR 

µA/cm2 

* Ep 

V/SCE 

* ip 

µA/cm2 

0.01 –0.370 –0.280 167 0.600     21 

0.1   –0.380 –0.240 258 0.600   200 

0.5   –0.400 –0.320 771 0.560 2667 

* Peak potential and current corresponding to the oxidation reaction of I−  at I2. 

In the active state, low concentrations of the I−  ion (0.01 M) determined the shift of the 18Cr/10Ni 

corrosion potential to positive values with 70 mV and the decrease of the critical current density by about 

one order of magnitude. If the I−  ion concentration increases at 0.5 M, the corrosion potential shifts to the 

negative direction and the critical current density increases again, remaining however much lower than in 

the blank solution. 

In the passive region a “negative inlet” (dot line) appears, due probably to the reduction of the small 

quantity of I2, resulted from iodide ion oxidation by dissolved oxygen before the de-aeration of the 

solutions. The increase of the anodic current in the passive region is determined by the reaction: 

2I I 2e;− → +  the formation of I2 at the working electrode was observed owing to its brown colour. 

Influence of the –
3NO  anion 

The anodic potentiostatic polarisation curves of 18Cr/10Ni stainless steel in 0.5 M H2SO4 de-aerated 

solutions, in the presence of various concentration of nitrate are shown in Fig. 5. The corresponding 

electrochemical parameters are presented in Table 5. 
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Fig. 5 – Anodic potentiostatic polarisation curves of 18Cr/10Ni stainless steel in de-aerated 

solutions 0.5 M H2SO4 in the presence of various 3NO− concentrations: 1 – without; 

  2 – 10–3; 3 – 10–1; 4 – 1 M.  

(The dot line represents the cathodic currents that form the so-called “negative inlet”). 

Table 5 

The passivation electrochemical parameters of 18Cr/10Ni stainless steel in 0.5 M H2SO4 de-aerated  

solutions in the presence of various concentrations of 3NO−  (from Fig. 5) 

3NO .−  conc. 

M 

Ecor 

V/SCE 

EP 

V/SCE 

iCR 

µA/cm2 

 iP 

µA/cm2 

without –0.440 –0.360 1087 2.2 

10–3 M KNO3 –0.440 –0.360 792 1.5 

10–1 M KNO3 –0.388 –0.360 458 1.5 

1 M KNO3 –0.310 Self-passivation 2.2 

In the presence of 3NO−  ions, at concentrations ≥ 0.1 M, the corrosion potential shifts to positive 

values the more the higher the nitrate concentration. At the same time the critical current densities decrease. 

In the presence of 1 M 3NO− , 18Cr/10Ni stainless steel is self-passivating, the corrosion potential being 

situated in the passive region. At the shift of the potential in the positive direction, a ”cathodic inlet” (dot 

line) appears, due to the nitrate ion reduction on the passive electrode surface. After transition to the passive 

state, the anodic current of the metal dissolution decreases very much and the measured current passes in the 

cathodic domain. The rate of nitrate ion reduction being higher than the dissolution rate of stainless steel in the 

passive state, the result of its algebraic sum has a negative value. Thus, on the anodic polarisation curve a 

“negative inlet” appears. This behaviour is specific to the anions that act as oxidant agents in the corrosion 

process.8 
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CONCLUSIONS 

The experimental results show that the presence of some variable amounts of anions: 2
4SO − , Cl− , 

Br− , I−  and 3NO−  in de-aerated 0.5 M H2SO4 solutions influences in different modes the electrochemical 

parameters of corrosion and passivation of 18Cr/10Ni. 

The halogen anions, at low concentrations, have favourable effects on the corrosion resistance of 

stainless steel in 0.5 M H2SO4. 

In certain concentrations, the 2
4SO − , Br− , I−  and 3NO−  ions have an inhibitory effect on 18Cr/10Ni 

corrosion in the active state, determining a significant decrease of the critical current density. The nitrate 

ions act as oxidant agents in the corrosion process and determine the self-passivation of 18%Cr/10%Ni, if 

their concentration is ≥ 1 M in de-aerated solutions of 0.5 M H2SO4. 

In the presence of Cl− , the critical current densities increase the more the larger the concentration. 

In the passive state, at low concentrations, all studied anions have small effects on the passive current 

density. At higher concentrations, the values of the passive current density increased in all the cases. That 

means that at high concentrations of these anions, their adsorption reduces the oxygen (OH–) adsorption 

required by the consolidation of the passive film. 

In the end, in the presence of 0.5 M Cl− , respectively, 1 M Br ,−  the pitting corrosion of 18Cr/10Ni 

stainless steel occurred. At a certain concentration, these ions are capable to eliminate the oxygen of the 

passive film and to form soluble compounds with the metal at local positions. 
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