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Abstract The corrosion behaviour of nitrogen-containing

austenitic stainless steel in methanol containing different

concentrations of H2SO4, HCl, LiCl and H2SO4 + HCl has

been investigated using a potentiostatic polarization

method. The cathodic reaction in the H2SO4, HCl and

H2SO4 + HCl solutions was proton reduction whereas in

the neutral LiCl solution, oxygen reduction was the pre-

dominant cathodic reaction. Active, passive and transpas-

sive behaviours were observed only for higher

concentrations of H2SO4 (0.01–2.0 M) due to the inherent

water content. A cathodic loop, characterized by measured

negative current in the anodic region, was also observed in

solutions, in which the concentration of H2SO4 was 1.0 M

or higher. The relative stability of the passive films de-

creased as the H2SO4 concentration increased, and thus the

steel suffered from mild pitting corrosion. In the chloride

environment, the rate of corrosion increased as the Cl– ion

concentration increased. The presence of acid along with

Cl– ions enhanced corrosion, and the corrosion rate in-

creased significantly. The steel suffered from mild inter-

granular corrosion in acidic chloride solutions of methanol.

In the H2SO4 + HCl solutions, passive films were only

formed when the H2SO4 to HCl concentration ratio was

greater than ~10:1.

Introduction

Austenitic stainless steels are extensively used as structural

materials for a wide variety of chemical and industrial

applications due to their high mechanical strength, ductility

and excellent corrosion resistance. The composition of

these steels can be tailored in order to obtain improved

properties and corrosion resistance. Nitrogen is a very

effective alloying addition to obtain an increase in strength

as well as corrosion resistance. It offers excellent resistance

against pitting corrosion due to the formation of protective

nitrogen-rich oxide deposits [1, 2], and prevents the attack

of anions (Cl–). Even in an acidic environment, the seg-

regated nitrogen (N3–) reacts with H+ ions in the solution

leading to a higher pH, and thus retards the extent of

corrosion. Pitting is also hindered by the formation of NO3
–

ions in aqueous solution [3]. Moreover, nitrogen is a very

good austenitic stabilizer [4, 5], so that lower nickel con-

tents can be used and still retain the single austenitic phase.

Reducing the nickel content in stainless steel results in

lower costs of production. Therefore, the new nitrogen-

containing austenitic stainless steels are regarded as one of

the frontier areas of research in the field of metallic

materials.

The corrosion behaviour of nitrogen-containing steels in

neutral and acidic aqueous solutions has been investigated

previously [1, 2, 6–9]. However, very little information

concerning the corrosion behaviour of these steels in non-

aqueous solvents is available in literature. Among non-

aqueous solvents, methanol is the one most widely used in

fuel cells (direct methanol fuel cell) as a source of hydro-

gen and as an alternative fuel for oil in automobiles. There

is growing concern about the corrosion of stainless steels in

methanol, especially in the presence of acids and aggres-

sive halide ions [10], because an acid has deleterious effect

on metal dissolution due to promotion of the cathodic

reaction (proton reduction), and Cl– and Br– ions have

stimulating effects even at very low concentrations on the

dissolution of the metal.
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The aim of this paper is to study the effects of acid and

chloride ions on the electrochemical behaviour of nitrogen-

containing austenitic stainless steel in methanolic solution.

Experimental procedure

The chemical composition (wt.%) of the working electrode

material (steel) is Cr, 14.0%; Mn, 8.75%; Ni, 0.8%; Cu,

1.48%; Si, 0.5%; C, 0.11%; N, 0.14% and balance Fe (M/S

Mehta Alloys Limited, Ahmedabad). The working elec-

trode (steel) was polished mechanically to a mirror finish

using successive grades of emery paper followed by pol-

ishing with alumina powder. It was then washed thor-

oughly with bidistilled water, degreased with acetone and

transferred quickly into the electrochemical cell.

The cell used was a conventional three-electrode all-

glass electrochemical cell consisting of a working elec-

trode, a platinum counter electrode of large surface area

and a saturated calomel reference electrode (SCE). Details

of experimental setup and working procedures are de-

scribed elsewhere [11, 12].

The electrochemical polarization experiments were

carried out using a potentiostat (Wenking POS 73). The

working electrode specimen of 2 cm2 exposed area was

immersed in the experimental solution for 30 min to sta-

bilize the open-circuit potential (OCP). The polarization

was performed potentiostatically by starting at a negative

potential and then moving towards positive potential. The

potential was stepped in 20 mV/min. All measured

potentials were referred to saturated calomel electrode

(SCE). All measurements were performed in aerated

solution at 35 ± 1 �C without any stirring. Stock solutions

of 2.0 M H2SO4, 1.0 M HCl and 0.5 M LiCl, respectively,

were prepared using analytical grades of chemicals in

distilled purified methanol.

After the experiment was completed, the specimens

were rinsed in deionized water in an ultrasonic bath and

were subsequently examined using a scanning electron

microscope (Philips XL-20). For the determination of

metal ions in solution (after electrochemical studies),

spectral analysis was performed using a CARY 2390

spectrophotometer.

Results and discussion

Methanol–H2SO4

The OCP of the alloy in methanol containing different

concentrations of H2SO4 (0.001–2.0 M) ranged between –

150 and –57 mV. The cathodic and anodic polarization

curves of the steel are illustrated in Fig. 1(a). The cathodic

Tafel slopes (bc) in most cases ranged from 120 to

160 mV/dec, which indicated that the cathodic process is

the activation controlled hydrogen evolution reaction. In

0.001 and 0.01 M H2SO4–methanol, the limiting current

was observed at higher negative potentials (–800 mV for

Fig. 1 (a) Polarization curves of nitrogen-containing austenitic

stainless steel in different concentrations of H2SO4 in methanol, at

35 �C. (i) 0.001 M H2SO4, (ii) 0.01 M H2SO4, (iii)O     O

0.1 M H2SO4, (iv) 1.0 M H2SO4 and (v) 2.0 M H2SO4. (b) SEM

micrograph of nitrogen-containing austenitic stainless steel after

polarization in 0.1 M H2SO4 in methanol. (c) Cyclic anodic

polarization curve of nitrogen-containing austenitic stainless steel in

different concentrations of H2SO4 in methanol, at 35�C. (i) 0.01 M

H2SO4, (ii) 0.1 M H2SO4, (iii) 1.0 M H2SO4 and (iv) 2.0 M H2SO4
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0.001 M and –600 mV for 0.01 M H2SO4). Similar results

have been reported for 9Cr–1Mo steel in H2SO4–methanol

solutions [13]. Therefore, the limiting currents were due to

the very low concentrations of H+ ions in the solution.

The anodic polarization curves for the steel in 0.01 to

2.0 M H2SO4–methanol solutions can be clearly divided

into three potential regions: the active region associated

with a large anodic current peak followed by the passive

region with a constant and lower current density, and the

transpassive region, where the current again increases

rapidly. However, an active–passive transition was not

observed in the 0.01 M H2SO4 solution. In the active re-

gion, the critical current density for passivation (icrit) in-

creased as the concentration of H2SO4 in methanol

increased in the order 0.1 M < 1.0 M < 2.0 M (Table 1).

The corrosion current density (icorr) also increased as the

concentration of H2SO4 increased from 0.01 to 2.0 M. The

increase in icrit and icorr were likely due to the increase in

acidity of the solution. In this region, iron presumably

dissolved with a higher current density than in the passive

region. The prepassive region followed; in this region, the

overall anodic reaction was likely to be:

(Fe; Cr)þ H2SO4 ¼ (Fe; Cr)SO4 þ H2 ð1Þ

The prepassive layers appeared to consist mainly of

Cr(OH)3, Cr2(SO4)3 and a minor cationic fraction of Fe(II)

[14], which differed from the passive films in composition.

A remarkable feature was noticed for 1.0 and 2.0 M

H2SO4 solutions: negative currents were observed between

potentials –100 and 160 mV. The negative current ob-

served in the anodic polarization region is described as a

‘cathodic loop’, which is shown in Fig. 1a (dashed lines).

Such a ‘cathodic loop’ had been observed earlier in dif-

ferent solutions [15–19]. Greene [17] and Lee et al. [18]

have interpreted existence of the loop as due to oxygen

reduction even in the helium-saturated solution. Franken-

thal [19] suggested that hydrogen evolution was the cause

for the loop. Therefore, in the present case, oxygen

reduction may be the reason for the presence of such a

cathodic loop. However, the role of copper in this potential

region cannot be ruled out, since the stainless steel contains

1.48 wt.% copper. The surface of the steel undergoes a

selective dissolution of the more active constituents, lead-

ing to the accumulation of copper on the surface, on which

the reduction of hydrogen takes place due to the lower

hydrogen overvoltage [20].

Stable passive films formed in all the methanol–H2SO4

solutions except 0.001 M solution. The passivation poten-

tials (Epass) and breakdown potentials (Ebreak) were roughly

the same irrespective of H2SO4 concentration (Fig. 1a). The

stability of the passive films may be due to the existing water

in H2SO4. Water plays a significant role in the formation and

stability of passive films [21–23]. For the formation of a

stable passive film, a certain minimum concentration of

water is required, known as the ‘‘critical water concentra-

tion’’, which depends on the material. In the present case,

the water contents of the respective solutions were higher

than the critical concentration to render stable passive film

formation. XPS investigations on the passive film formed on

Fe–Cr–Mn alloys have shown that it is a mixture of iron,

chromium and manganese oxides (Cr2O3, Fe2O3, Mn2O3,

etc.) [19, 24, 25]; chromium probably being a hydrated

chromium oxyhydroxide [26]. In fact, it is a bilayer structure

consisting of inner oxide layer and outer hydroxide layer.

When stainless steel is exposed to acidic environments, a

chromium rich oxide-hydroxide film is formed on the sur-

face, which proceeds by solid-state mechanisms as:

4Cr þ 3H2SO4 ¼ 2Cr2O3 þ 3SO2 þ 6Hþ þ e� ð2Þ

Cr þ H2SO4 ¼ CrOOH þ SO2 þ Hþ þ e� ð3Þ

The chromium enrichment is due to the preferential

dissolution of iron and manganese into the solution and low

mobility of chromium in the film. In case of the nitrogen-

containing steel, the passive film also contains nitrogen in

it in the form of CrN [4, 27].

In the present investigation, the passive potential

range was found to be almost the same irrespective of the

concentration of H2SO4 in the solution; but the passiv-

ation current density (ip) increased in the order

Table 1 Corrosion parameters of nitrogen-containing austenitic stainless steel in different concentrations of H2SO4 in methanol, at 35 �C

Conc. of H2SO4

(M)

Ecorr

(mV)

icorr.

(lA/cm2)

icrit.

(lA/cm2)

ip
(lA/cm2)

Epass

(mV)

Ebreak

(mV)

Epit

(mV)

DE (Epit ~ Ebreak)

(mV)

0.001 –340 <0.1 – – – – – –

0.01 150 0.11 – 0.52 240 680 960 280

0.1 –60 4.9 9.6 1.8 240 720 880 160

1.0 –200 12 30 2.5 280 680 880 200

2.0 –340 13 200 4.4 280 720 1080 360

J Mater Sci (2007) 42:8279–8286 8281

123



0.01 M < 0.1 M < 1.0 M < 2.0 M H2SO4, which showed

that the passive films tend to be relatively more unstable

with higher ip as the solution was becoming more and more

acidic. This trend of ip variation was contrary to the find-

ings of Mansfeld [28], where ip was reported to decrease

with increase in H2SO4 concentration. The observed dif-

ference in the effect of H2SO4 on the passive current

behaviour may be ascribed to a different alloy composition.

The breakdown potential (Ebreak) was almost the same

(~700 mV) in all the cases. The breakdown of the passive

film can be associated with: (a) the dissolution Cr(III)

compounds as soluble Cr2O7
2– ions; (b) evolution of a gas,

probably oxygen; and (c) localized attack on the passive

film in the form of pitting. Scanning electron microscopy

(SEM) showed the presence of shallow and small pits with

a width of ~ 40 lm on the alloy surface (Fig. 1b). There-

fore, the film breakdown here was due to pitting corrosion.

This is also evident from the cyclic anodic polarization

curve (Fig. 1c). Though pitting seemed to occur here, the

extent of the attack was very weak. This may be probably

due to the beneficial effect of nitrogen in the steel, which

offers very good resistance against pitting. During the

dissolution and the passivation process, nitrogen was ex-

pected to be enriched at the surface by segregation and

weakened the attack of pitting.

It is noted that at the end of the passive region (i.e.,

between passive and transpassive potentials), where the

anodic polarization curves could be characterized by two

well-defined breaks at two specific potentials. The first

break could be assigned as the breakdown potential (Ebreak)

and the second one as the pitting potential (Epit). The re-

gion between the two potentials (i.e., DE = Epit – Ebreak)

was linear. Therefore, it could be suggested that at Ebreak,

the breakdown of the passive film occured leading to the pit

initiation. Along DE, as the potential is increased, propa-

gation of pits occured, but slowly (as indicated by gradual

increase in the current in this region), and at Epit, the

growing pits became stable. The DE was found to increase

as the concentration of H2SO4 (except 0.01 M) increased,

which indicated that the stable pit formation was delayed as

the concentration of H2SO4 was increased from 0.1 to

2.0 M. Similar results have been reported by El-Naggar

[29] for carbon steel in 0.5 M NaHCO3 containing chloride

ions. According to him, at Ebreak, the adsorption of chloride

ions occurred on the passive film followed by penetration

and chemical interaction leading to the initiation of pitting,

and at Epit, stable pits were formed due to the interaction of

chloride ions with the bare metal surface. As reported

previously [30], the pitting event occurred in the present

case too, though the solution was free from chloride ions.

In the transpassive region at potential >1400 mV, lim-

iting currents were observed due to the mass-transport

controlled reaction and it increased as the concentration of

H2SO4 in methanol increased. In this region, a gas evolved

(most probably the oxygen), which commenced exactly at

the initiation potential leading to a limiting current.

In 0.001 M H2SO4–methanol, only active anodic dis-

solution was observed. From the corrosion potential (Ecorr),

the current increased steeply followed by limiting nature at

a potential >~600 mV which was probably due to the

nucleation and growth of a salt film on the electrode–

electrolyte interface. Such limiting currents have been

observed earlier for copper in strong H2SO4 solutions [31].

No passive film was formed in this case because the con-

centration of H2SO4 (0.001 M) was too low to induce any

passivity.

Methanol–HCl

The OCP of the alloy in methanol containing different

concentrations of HCl (0.001–1.0 M) ranged between –180

and –120 mV. The cathodic and anodic polarization curves

in methanol–HCl solutions are depicted in Fig. 2a. The

cathodic reaction occurring was the reduction of hydrogen

ions and the cathodic current density increased as the

concentration of HCl increased. The anodic curves indi-

cated the active dissolution only where the aggressive

chloride ions (Cl–) prevented the passivation to occur. The

Fig. 2 (a) Polarization curves of nitrogen-containing austenitic

stainless steel in different concentrations of HCl in methanol, at

35 �C. (i) 0.001 M HCl, (ii) 0.01 M HCl, (iii)O     O 0.1 M HCl

and (iv) 1.0 M HCl. (b) SEM micrograph of nitrogen-containing

austenitic stainless steel after polarization in 0.1 M HCl in methanol
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anodic Tafel slopes (ba) in all the concentrations ranged

between 60 and 90 mV/dec. The corrosion current (icorr)

increased in the order 0.001 < 0.01 < 0.1 < 1.0 M. The

icorr for 0.001 M concentration of HCl was 1.1 lA/cm2

whereas it became 190 lA/cm2 in 1.0 M HCl. An increase

in the concentration of HCl increased the chloride ion

concentration and the acidity of the solution. The syner-

gistic effects of the Cl– ions and the acid thus enhanced the

rate of corrosion in higher HCl concentrations. General

activating effect of Cl– ions on metal dissolution has been

reported [32, 33] earlier also.

The nature of the curves was almost similar, where the

current initially increased largely from Ecorr and thereafter

at a more positive potential, it became almost constant

showing limiting nature. This is most likely due to the

formation of a salt film, probably of FeCl2 [34] or CuCl or

any deposited copper on the surface of the material as the

copper content of the steel is 1.48 wt.%. According to the

potential–pH–Cl– diagram of copper [35], copper dissolves

as CuCl2
– or produces CuCl in lower pH solutions con-

taining Cl– ions. The CuCl thus formed at the metal–

electrolyte interface acts as a barrier to the metal ion

entering into the solution for which limiting currents were

observed at higher potentials. It is also possible that pure

metallic copper may get deposited on the surface of the

material [36]. The corrosion products precipitated on the

alloy surface retarded the dissolution process effectively.

SEM studies (Fig. 2b) showed that a powdery corrosion

product formed which covered the entire surface though

the maximum accumulation was at the grain boundaries.

This revealed feeble corrosive intergranular attack. The

corrosion products resembled closely to those of copper in

NaCl + H2SO4 aqueous solution [36]. Thus, the deposits

were most likely either metallic copper or its chloride salt

(CuCl). Usually the copper-containing stainless steels suf-

fer from intergranular corrosion in chloride-containing

acidic solutions of methanol [37]. Spectral analysis showed

the presence of Cr3+ and Fe3+ in the electrolytic solution.

Methanol–LiCl

The OCP of the alloy in methanol containing different

concentrations of LiCl (0.001–0.25 M) lies between –375

and –100 mV. Figure 3a represents the cathodic and ano-

dic polarization curves of the steel in 0.001–0.25 M LiCl in

methanol. The cathodic curves were almost linear and were

associated with well-defined Tafel slopes. The current

density increased steadily as the concentration of Cl– ions

increased from 0.001 to 0.25 M; however, the currents

were much lower than those in the acidic methanol solu-

tions containing the same concentrations of the Cl– ions.

The observed difference can be due to a different cathodic

reaction occurring in acid-free chloride solutions than

hydrogen evolution in acidic methanol solutions and the

expected reaction is the oxygen reduction; the predominant

cathodic reaction in neutral methanol.

Like methanol–HCl system, the anodic curves here also

showed active dissolution only and the anodic Tafel slopes

(ba) ranged from 30 to 75 mV/dec. The corrosion current

density (icorr) increased in the order 0.001 < 0.01 < 0.1 <

0.25 M. The icorr was 0.074 and 0.35 lA/cm2 for 0.001 and

0.25 M LiCl, respectively. Thus, the observed difference in

the corrosion current for the highest and the lowest con-

centration was not very large, i.e., the rate of corrosion did

not differ to a large extent as the concentration of Cl– ions

were increased up to 0.25 M. Further, the Cl– ion con-

centration remaining the same (except 1.0 M HCl and

0.25 M LiCl), the icorr for the acidic solution was always

higher, although it was less prominent in the lower con-

centrations, i.e., a small addition of the acid (0.001 and

0.01 M) did not activate the medium effectively to bring

out any substantial corrosion. However, when the acid

concentration was increased up to 0.1 M, large increase in

the corrosion currents was observed (i.e., icorr was 33 lA/

cm2 for 0.1 M HCl in comparison to 0.25 lA/cm2 in 0.1 M

LiCl). Thus, the rate of corrosion increased by a factor

>100 in higher concentrations of HCl solution in compar-

Fig. 3 (a) Polarization curves of nitrogen-containing austenitic

stainless steel in different concentrations of LiCl in methanol, at

35�C. (i) 0.001 M LiCl, (ii) 0.01 M LiCl, (iii)O     O 0.1 M

LiCl, and (iv) 0.25 M LiCl. (b) SEM micrograph of nitrogen-

containing austenitic stainless steel after polarization in 0.1 M LiCl in

methanol
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ison with acid-free methanolic chloride solutions. The re-

sults clearly indicate the adverse effect of the acid in the

most aggressive chloride solutions. Such effect can be due

to the promotion of proton reduction in acidic media than

the oxygen evolution in neutral methanol solution. In

presence of the acid, methanol gets protonated as:

CH3OH þ Hþ ! CH3OHþ2 ð4Þ

The discharge of CH3OH2
+ may be associated with

lower overvoltage as compared to H3O+ discharge on

cathode [38]. Therefore, it facilitates the cathodic reaction

which results in an accelerating effect on the anodic dis-

solution showing high corrosion rates.

The nature of the anodic polarization curves was quite

similar to those in case of methanol–HCl system indicating

that at a more positive potential the anodic reaction pro-

ceeded under the diffusion control due to precipitation of a

salt film on the electrode surface. The corresponding

scanning electron micrograph of the exposed specimen in

0.1 M LiCl–methanol (Fig. 3b) revealed apparently shal-

low pit like structures on the surface which overlapped on

each other imparting an irregular shape. However, these are

not the real pits as the aggressive chloride ions prevent the

formation of any passive film. Rather, the structures are

due to the spalling of the loosely bound and less protective

corrosion products (salt film) from the surface, formed due

to excessive dissolution in the form of Fe(OH)3 which was

confirmed by chemical analysis.

Methanol–HCl + H2SO4

Figure 4a and 4b illustrates the polarization curves of the

steel in solutions containing HCl and H2SO4 of varying

ratio in methanol. The cathodic curves closely resembled in

nature to those observed in the case of methanol–H2SO4

system and the Tafel slopes (bc) ranged between 90 and

140 mV/dec. Therefore, the cathodic reaction can be the

activation controlled hydrogen evolution reaction. The

current density increased as the acid concentration in-

creased.

The anodic polarization curves present two distinct

features. First, the curves showing active anodic dissolution

only, and second, with distinct active–passive–transpassive

regions. When HCl and H2SO4 were present in equimolar

proportions (0.001 M HCl + 0.001 M H2SO4, 0.01 M

HCl + 0.01 M H2SO4 and 0.1 M HCl + 0.1 M H2SO4), no

passivation was observed and the steel dissolved actively

similar to those observed in the case of methanol–HCl and

methanol–H2SO4 solutions (0.001 M). The corrosion cur-

rent density (icorr) and hence the rate of corrosion increased

as the concentration of acids increased from 0.001 to

0.1 M. The corrosion rates in these cases were even larger

than those containing H2SO4 or HCl alone in methanol. It

appears that combined activating effect of both the acids

enhanced the rate of corrosion significantly.

Fig. 4 (a) Polarization curves of nitrogen-containing austenitic

stainless steel in methanol–HCl + H2SO4 solution, at 35�C. (i)

0.001 M HCl + 0.001 M H2SO4, (ii) 0.001 M HCl + 0.01 M

H2SO4, (iii) 0.001 M HCl + 0.1 M H2SO4, (iv) 0.001 M

HCl + 1.0 M H2SO4. (b) Polarization curves of nitrogen-containing

austenitic stainless steel in methanol–HCl + H2SO4 solution, at

35 �C. (i) O     O 0.1 M HCl + 0.1 M H2SO4, (ii) 0.01 M

HCl + 0.01 M H2SO4, (iii) 0.01 M HCl + 0.1 M H2SO4, and

(iv) 0.01 M HCl + 1.0 M H2SO4. (c) SEM micrograph of

nitrogen-containing austenitic stainless steel after polarization in

0.01 M HCl + 1.0 M H2SO4 in methanol
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Active–passive–transpassive behaviour was observed in

solutions containing 0.001 M HCl with 0.01–1.0 M H2SO4

(i.e., for H2SO4 to HCl concentration ratio 10:1, 102:1 and

103:1) and 0.01 M HCl with 0.1–1.0 M H2SO4 (i.e., for

H2SO4 to HCl concentration ratio, 10:1 and 102:1). This

shows that the passive films are formed only when H2SO4

to HCl concentration ratio is >~10:1, provided the HCl

concentration is below 0.1 M. For a particular HCl con-

centration, both the icorr and the icrit increased in the order

10:1 < 102:1 < 103:1 indicating increasing rate of the

anodic dissolution in the initial active region. Moreover,

similar to those in case of 1.0 and 2.0 M H2SO4 solutions,

‘cathodic loop’ was also observed in this case in potential

regions 40–260 and 80–220 mV for 0.001 M HCl + 1.0 M

H2SO4 and 0.01 M HCl + 1.0 M H2SO4 solutions,

respectively (dashed lines in Fig. 4a and 4b). Thus it is

clear that ‘cathodic loop’ appears only when the concen-

tration of H2SO4 is >~1.0 M. Similar explanation as given

in the case of methanol–H2SO4 solution seems to be

plausible in this case also.

When the H2SO4 to HCl concentration ratio was in-

creased in the order 10:1 <102:1 <103:1, the passivation

current density (ip) also increased. At the same time, the

passivation potential range (Epit ~ Epass) broadened and the

breakdown potential shifted in the noble direction (Ta-

ble 2). The breakdown of the passive film was due to mild

pitting attack (Fig. 4c). The passivity in these cases can be

considered as due to the inherent water content of the

sulphuric acid. However, the shifting of the pitting poten-

tial (Epit) in the noble direction is probably due to the

inhibiting effect of the SO4
2– ions against the aggressive

chloride ions responsible for pitting. Earlier studies [39,

40] have shown that the sulphate ions effectively inhibit the

chloride induced pitting corrosion. In light of this, it can be

extended that the aggressive chloride ions adsorb easily on

the passive film which in turn replace the oxygen positions

forming soluble metal chlorides and thus pitting is initi-

ated. When sulphate ions are present at sufficiently high

concentrations, they get incorporated into the passive film.

As a consequence, a coulombic barrier against the chloride

adsorption is formed leading to high resistance against

pitting. In the transpassive region, limiting currents were

observed with evolution of oxygen after potential 1400 mV

with few exceptions. The solution after the electrochemical

studies developed greenish yellow colour due to the pres-

ence of Fe3+ and Cr3+ ions.

Conclusions

1. The alloy shows active–passive–transpassive dissolu-

tion only at higher concentrations of H2SO4 (0.01–

2.0 M) in methanol, and passivity is due to the existing

water content of H2SO4. However, the passive film

becomes unstable as the H2SO4 concentration in-

creases. The steel exhibits a tendency to suffer from

mild pitting attack.

2. In chloride-containing methanolic solutions, the steel

exhibits active behaviour only and the rate of corrosion

increases significantly as the Cl– ion concentration is

increased. The addition of acid leads to an increase in

the corrosion rate by as much as 100 times compared

to near neutral chloride solutions. Mild intergranular

corrosion occurs in acidic chloride solutions.

3. Even in presence of HCl, passive films are formed

when the H2SO4 to HCl concentration ratio is >~10:1.

SO4
2– ions tend to inhibit the pitting attack by

increasing the pitting potential.
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