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Abstract 

Corrosion behaviour of low-nickel stainless steel (SS), AISI 304 SS and carbon 

steel was studied using cyclic anodic polarization curves and electrochemical 

impedance spectroscopy (EIS). Saturated calcium hydroxide (Ca(OH)2) solution was 

used to simulate a concrete pore solution at room temperature. The effect of up to 5.0% 

sodium chloride (NaCl) concentration in the test solution on the passivity of the alloys 

was studied. Experimental results showed that low-nickel SS exhibits similar behaviour 

to conventional AISI 304 SS, with Ecorr and Rct values of the same order and higher 

corrosion resistance than traditional carbon steel. 
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1. INTRODUCTION 

Steel reinforcements embedded in concrete are protected from corrosion by a 

thin oxide film formed on their surfaces and maintained by the highly alkaline 

environment of the surrounding concrete, usually with a pH of 12-13 [1,2]. However, 

the presence of chlorides can lead to damaging effects on passivity and the appearance 

of pitting corrosion when chloride ions reach the metal/concrete interface. Chloride ions 

are commonly found in construction and building materials and may be due to the use 

of contaminated water in concrete production, contaminated aggregates, or even the 

external environment, as in the case of marine environments, de-icing salts and acid rain 

[3]. 

Together with cathodic protection, corrosion inhibitors and galvanized steel, 

stainless steel (SS) reinforcements are a reliable way to guarantee the durability of 

reinforced concrete structures (RCS) in extremely aggressive environments [4-6]. 

Although SS reinforcements may be the most economical solution in the long term 

[7,8], the initial cost involved has so far limited their use. 

Austenitic SSs are alloys with high corrosion resistance and of great interest in 

technological applications, offering exceptional advantages for certain applications in 

construction by combining intrinsic durability with aesthetics, strength, ductility and 

formability. The stability of the surface oxide (passive film) formed on an austenitic SS 

depends mainly on the alloy composition, temperature, passivation time and working 

environment. Previous studies have revealed that these passive oxide films, formed of 

iron and chromium oxides, are of the order of only 1-4 nm thick [9,10], and their 

corrosion resistance is therefore a challenge. However, the use of SS rebars has been 

limited due to their high cost compared to traditional carbon steel. Nickel is one of the 

alloying elements that significantly increases the cost of austenitic SSs. Its price has 
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risen by 79% in the last five years, reaching a historic high of 38000 euros/t in 2007. 

For this reason, new SSs, in which the nickel content (subject to considerable price 

fluctuations due to stock market factors) is partly replaced by other elements [11,12], 

are being evaluated as possible alternatives to traditional carbon steel [7,13,14]. This 

new low-nickel SS could mean a saving of about 15-20% compared to conventional 

AISI 304 SS. 

Low-nickel austenitic SSs exhibit attractive properties, comparable to those of 

conventional austenitic SSs, such as good corrosion resistance, high strength and 

ductility, and a low tendency towards grain sensitization [15]. Low-nickel SSs can be 

highly nitrogen alloyed and have a well-balanced two-phase structure: 40% ferrite ()-

60% austenite () up to 60% -40% . In their production the addition of manganese 

increases nitrogen solubility in the melt and significantly retards the tendency for nitride 

precipitation, e.g. as chromium nitride (Cr2N). 

Passive film breakdown has been reported to occur non-uniformly on the surface 

of SS rebars, starting from a number of activated sites where the reaction products are a 

voluminous non-protective hydroxide [16]. Several authors have studied the effect of 

manganese on corrosion resistance, noting that it reduces the pitting resistance of 18% 

chromium, 5% nickel, 10% manganese and 0.07-0.35% nitrogen alloy [17,18]. 

Lowering the nickel content, which essentially serves as a -stabiliser to improve pitting 

corrosion resistance [19], can be compensated by increasing the nitrogen content. 

Manganese is also a good -stabiliser and contributes to improving nitrogen solubility 

[11]. It is well-known that both manganese and nickel promote austenitic 

microstructures that are more corrosion resistant in chloride media than ferritic 

microstructures [19]. 
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The different models proposed to describe the mechanisms that lead to 

breakdown of the passive film can be classified into two groups attributing a specific 

role to chloride ions: adsorption of chloride ions on the passive film and migration or 

penetration of chloride ions through the passive film to the metal surface [20-22]. 

Potentiodynamic tests have been as one of the main electrochemical methods 

widely used in the study of corrosion. Although many researchers have used this 

method to study carbon steel and SS in alkaline solutions [5,22], the literature contains 

very little information about the corrosion behaviour of these materials (especially low-

nickel SS) in alkaline saturated calcium hydroxide (Ca(OH)2) simulating a concrete 

pore (SCP) solution. Electrochemical impedance spectroscopy (EIS) has also been used 

to characterize the electrical properties of passive films formed on the surface of these 

alloys. 

The aim of this paper has been to investigate the corrosion behaviour of a new 

low-nickel SS in saturated calcium hydroxide solution (a SCP solution) polluted with 

sodium chloride (NaCl) in order to evaluate its possible use as reinforcement in RCS. 

Conventional AISI 304 SS and carbon steel materials have also been studied for 

comparative purposes, being the most common austenitic SS and the material 

traditionally used in reinforcements, respectively. 

2. EXPERIMENTAL 

The test specimens consisted of 5.0 cm  2.0 cm plates of low-nickel austenitic 

SS, AISI 304 austenitic SS and carbon steel. The decision to use plates instead of 

traditional bars was due to the design of the electrochemical cell. An Avesta type cell 

was used, which allows crevice corrosion to be avoided or minimised [23] by replacing 

the chloride solution in the microcrevice between the specimen and the specimen holder 

with small quantities of distilled water. 
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The low-nickel and AISI 304 SS samples were supplied by ACERINOX SA 

(Palmones, Cádiz, Spain). Table 1 shows the chemical composition of the three 

materials determined by analytical analysis. The specimens were ground using a series 

of silicon carbide (SiC) emery papers down to grade 600, and then ultrasonically 

cleaned with ethanol and rinsed with high-purity water. 

 

Table 1. Chemical composition (wt.%) of the tested low-nickel austenitic SS, AISI 304 

austenitic SS and carbon steel. 

 

A saturated calcium hydroxide solution, pH 12-13, with different NaCl 

concentrations (0.0, 0.4, 1.0, 2.0, 3.0 and 5.0 wt.%), was used to study corrosion 

behaviour in a wide range of experimental conditions. The chemical products used to 

prepare the solutions were laboratory grade reagents: NaCl purisimum CODEX 

supplied by Panreac and Ca(OH)2 for analysis supplied by Merck. All the solutions 

were prepared with distilled water. 

A PARC 273A potentiostat (EG&G Instruments) was used to perform the 

electrochemical experiments. The Avesta cell was used in a three-electrode 

configuration with the sample as the working electrode, a saturated calomel electrode 

(SCE) as reference, and a platinum mesh as counter electrode. All the potentials were 

thus referred to the SCE. 

The corrosion potential (Ecorr) of the samples was monitored for 40 min in each 

test solution. This was the time needed to reach a stable potential. Pitting corrosion 

susceptibility was characterized by means of cyclic anodic polarization curves. A 

potential scan rate of 0.1667 mV s–1 was used [24]. The current limit for reversing the 
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potential scan was 10–3 A cm–2. The pitting potential (Ep) was defined as the potential 

value at which the current density sharply rises. 

EIS measurements were recorded at Ecorr in a frequency range from 105 Hz to 

10–3 Hz with a logarithmic sweeping frequency of 5 points per decade. The EIS method 

involved the imposition of a 10 mV rms amplitude excitation voltage. A 1250 Solartron 

Frequency Response Analyser linked to an EG&G PARC 273A potentiostat was used 

for EIS measurements. All the experiments were performed at room temperature and in 

triplicate. 

3. RESULTS AND DISCUSSION 

Fig. 1 shows Ecorr vs NaCl concentration for low-nickel SS, AISI 304 SS and 

carbon steel. It can be seen that after immersion the potential was negative for all the 

samples. In the absence of chloride ions the three materials presented very similar Ecorr 

values of around –300 mV vs SCE. When chloride was added, the low-nickel and AISI 

304 SSs behaved in practically the same way throughout the studied NaCl concentration 

range. The Ecorr increased with the chloride level until reaching a steady state value of 

−200 mV vs SCE for a NaCl concentration of more than or equal to 1.0%. These 

results are in good agreement with the studies performed by other authors [25]. 

However, carbon steel exhibited an Ecorr threshold at 0.4% NaCl of −300 mV vs SCE. 

At chloride ion levels above 0.4% the Ecorr decreased significantly (~–600 mV vs SCE), 

reaching a stable value. 

 

Fig. 1. Variation in corrosion potential (Ecorr) with NaCl concentration for low-nickel 

SS, AISI 304 SS and carbon steel in Ca(OH)2 saturated solution. 
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Figs. 2-4 show the cyclic anodic polarization curves for low-nickel SS, AISI 304 

SS and carbon steel. For low-nickel SS in the absence of chlorides, no sign of attack 

could be observed using this technique (see Fig. 2). The sudden increase in the current 

density for this material at potentials above 600 mV vs SCE was caused by the 

oxidation of hydroxyl ions in the solution (4OH− → O2 + 2H2O + 4e−) [2]. In the 

presence of chloride ions, the potential where the current density suddenly rose was 

similar to in the absence of chloride ions. This suggests that no Ep was reached, as 

oxygen evolution occurred before any local breakdown of the passive film took place. 

An exception is seen for 5% NaCl (see Fig. 2). In this case the Ep was observed at 500 

mV vs SCE, approximately 50 mV less than the oxidation potential of hydroxyl ions. 

Furthermore, pits were observed on the low-nickel SS surface at the end of the 

experiment for the 3% NaCl concentration. The large hysteresis loop exhibited was 

consistent with the presence of micropits formed during the anodic polarization scan 

and developed during the reverse scan at a NaCl concentration of more than or equal to 

3%. 

 

Fig. 2. Cyclic anodic polarization curves for low-nickel SS in Ca(OH)2 saturated 

solution with different NaCl concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

 

Potentiodynamic results show that the low-nickel SS (Fig. 2), AISI 304 SS (Fig. 

3) and carbon steel (Fig. 4) behaved in the same way in the absence of chlorides. 

Similar Ecorr values were obtained and no Ep was reached before oxygen evolution 

occurred. However, when chloride ions were present in the solution, important 

differences were seen between the two SSs and the carbon steel. Both SSs exhibited 

similar behaviour in the tested NaCl concentration range, with large hysteresis loops at 



 8 

a NaCl concentration of more than or equal to 3%. As observed for low-nickel SS, pits 

at these NaCl concentrations were present on the surface at the end of the experiment. 

This is in agreement with the presence of micropits formed during the anodic 

polarization scan which undergo to stable pits during the reverse scan. Nevertheless, Ep 

potential for AISI 304 SS at 5% NaCl remained similar to those observed at the rest of 

NaCl concentrations, see Fig. 3. In contrast, pitting attack could clearly be detected on 

the carbon steel when anodic polarizations were imposed (see Fig. 4). At higher 

chloride concentrations Ep tended to fall to less noble values, approaching the Ecorr 

value. Thus the Ep−Ecorr difference for the carbon steel became smaller as the chloride 

ion content increased. For a NaCl concentration of more than 1.0%, no Ep was defined, 

indicating that for NaCl concentrations above 1.0% no passivity was shown by the 

carbon steel at any potential. It can also be seen that in accordance with the increase in 

the chloride ion concentration, the current density in the passive region (ip) increased 

gradually until no passivity could be detected (see Fig. 4). No repassivation of the pits 

was observed when the potential scan was reversed in any of the chloride containing 

Ca(OH)2 solutions. 

 

Fig. 3. Cyclic anodic polarization curves for AISI 304 SS in Ca(OH)2 saturated solution 

with different NaCl concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

Fig. 4. Cyclic anodic polarization curves for carbon steel in Ca(OH)2 saturated solution 

with different NaCl concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

 

Fig. 5 shows Nyquist plots for low-nickel SS in Ca(OH)2 saturated solution with 

different NaCl concentrations. Capacitive behaviour can be observed, characterized by a 

well defined depressed semicircle. Diffusion processes were defined at low frequencies. 
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Thus, a Warburg diffusion element was defined. Fig. 6 shows Nyquist plots for AISI 

304 SS observing the same tendency as for low-nickel SS (Fig. 5). In contrast, a lack of 

diffusion processes can be observed for carbon steel, see Fig. 7. 

Impedance data has been modelled using the equivalent circuits (EC) depicted in 

Fig. 8a for carbon steel and in Fig. 8b for low-nickel and AISI 304 SSs. The ECs of Fig. 

8 contain a constant phase element (CPE). A CPE unit is often used instead of an ideal 

capacitor to account for a non-ideal capacitive response from the steel/electrolyte 

interface. This is generally due to dispersion of the time constant caused by 

irregularities on the steel surface, surface roughness, fractal surface and in general 

certain processes associated with an irregular distribution of the applied potential [26]. 

Re is the electrolyte resistance between the reference electrode and the working 

electrode, and Rct is the charge transfer resistance, which may be inversely associated 

with the corrosion process. In addition to these elements, Fig. 8b also contains a finite 

length Warburg diffusion element to describe mass transport processes through the 

diffusion layer. A model like Fig. 8a has been proposed for carbon steel in the literature 

[27]. Although a two time constant EC has been proposed by some authors to describe 

the behaviour of SS in an alkaline medium [28] and in Ca(OH)2 solution with and 

without chloride ions [29], the EC of Fig. 8b was preferred as it provided better fitting 

of the impedance data. A one time constant EC containing a finite length Warburg 

diffusion element has previously been used by other authors to describe the behaviour 

of SS in chloride containing solutions [30]. Table 2 reports the fitting of impedance data 

for carbon steel, AISI 304 SS and low-nickel SS in Ca(OH)2 saturated solution with 

different NaCl additions yielded using the EC of Fig. 8. 
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Fig. 5. Nyquist plots for low-nickel SS in Ca(OH)2 saturated solution with different 

NaCl concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

Fig. 6. Nyquist plots for AISI 304 SS in Ca(OH)2 saturated solution with different NaCl 

concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

Fig. 7. Nyquist plots for carbon steel in Ca(OH)2 saturated solution with different NaCl 

concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

Fig. 8. Electrical circuit (EC) used to fit impedance data, (a) for carbon steel, and (b) for 

low-nickel SS and AISI 304 SS. 

 

Table 2 shows that the Re value decreased as NaCl was added to the solution. 

The conductivity of a water solution is highly dependent on the concentration of 

dissolved salts and other chemical species that ionize in the solution. Thus, as NaCl was 

added to the Ca(OH)2 saturated solution its conductivity grew, leading to a lower Re 

value. This phenomenon was independent on the material studied, as carbon steel and 

both SSs presented practically identical Re values. 

The impedance results for low-nickel SS in Ca(OH)2 saturated solution with 

different NaCl additions presented typical capacitive behaviour, with a semicircle at 

high frequencies. Nevertheless, as can be seen in Fig. 5, the radii of the semicircles 

decreased as the NaCl concentration increased, indicating a less protective passive layer 

and, therefore, a descent in passivity with the presence of chloride ions. This behaviour 

was also shown by AISI 304 SS and carbon steel, although the decrease in the 

semicircle radii was more pronounced for carbon steel than for either SS. The above 

trend can be further supported by the quantified Rct values seen in the fitted data in 

Table 2. It is true that carbon steel was stable in Ca(OH)2 saturated solution without 

NaCl, as its Rct value was similar to the low-nickel and AISI 304 SSs, which according 

http://en.wikipedia.org/wiki/Solution_%28chemistry%29
http://en.wikipedia.org/wiki/Concentration
http://en.wikipedia.org/wiki/Salts
http://en.wikipedia.org/wiki/Ionization
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to the polarization results both presented passivity in the studied potential range. 

However, carbon steel was unstable and corrosion took place when NaCl was added, as 

is indicated by the one order of magnitude decrease in Rct values. These results were 

consistent with the polarization tests, where general corrosion was observed for carbon 

steel from the lowest NaCl concentration studied. Low-nickel SS and AISI 304 SS also 

showed a decrease in Rct values as the NaCl content in the Ca(OH)2 saturated solution 

increased, but less notably than carbon steel. Both SSs were less stable as chlorides 

were added to the Ca(OH)2 saturated solution but still conserved their passivity. 

 

Table 2. Fitting impedance data using EC of Fig. 8a for carbon steel, and EC of Fig. 8b 

for low-nickel SS and AISI 304 SS in Ca(OH)2 saturated solution with different NaCl 

concentrations. 

 

The effect of chloride ions can also be evaluated in terms of Y0 and α, which are 

parameters of the CPE unit. The impedance of a CPE (ZCPE) is defined by the 

expression: 
)(

1

0 jY
ZCPE = , where Y0 is a real frequency-independent constant, j2 = 

(−1),  is the angular frequency, and  is a dimensionless fractional exponent 

(−11). Therefore, the CPE-parameters Y0 and α can reflect the change of a metal 

electrode surface relating to an electrochemical double-layer [26]. A number of studies 

have revealed that these parameters vary with the homogeneity of the electrode surface: 

higher Y0 values and lower α values (α=1 for an ideal capacitor) were characteristic of 

non-homogeneous surfaces [31-33]. For low-nickel SS, Y0 values increased with the 

addition of NaCl. The variation in Y0 values from the non-chloride containing solution 

to the maximum studied NaCl concentration was of the same order of magnitude (see 

Table 2). This may be a sign of the loss of homogeneity on the surface of the electrode 
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due to the effect of chloride ions. Additionally, this could indicate an increase in the 

surface area, induced by the corrosion process which increases the surface roughness. 

However, the small variation in Y0 from chloride-free to the maximum tested chloride 

concentration (~2 units) suggests that low-nickel SS was able to retain its passivity in 

these adverse environments in unpolarized conditions. In terms of the α parameter, low-

nickel SS showed no trend as it varied around 0.90, exhibiting no influence of the 

NaCl concentration in the Ca(OH)2 saturated solution. AISI 304 SS and carbon steel 

showed the same tendency, although it was more pronounced in the latter case. 

Comparing the Y0 parameter for low-nickel SS and AISI 304 SS, very similar values 

were yielded, with the exception of that corresponding to the Ca(OH)2 saturated 

solution without NaCl. With regard to carbon steel, it was worth noting that from the 

maximum studied NaCl concentration the Y0 increased by one order of magnitude (see 

Table 2). This fact means that the double-layer changed and indicates the gradual 

breakdown of the passive film in the presence of chloride ions, even from the lowest 

tested NaCl addition. In terms of the α parameter, the slight decrease as NaCl was added 

to the alkaline solution, showed that the carbon steel surface may become less 

homogeneous due to the chloride attack.  

At low frequencies, diffusion was the controlling process for both SSs (see Figs. 

5 and 6). The Warburg diffusion coefficient (σw) results from mass transport of the 

species through the passive layer. As referred by Burstein et al. [34,35], the ability of a 

corrosion pit to grow is limited by the transport of chloride ions from the bulk 

electrolyte down to the pit channel. The origins of this phenomenon arise from the fact 

that pits in SS grow under diffusion control [35,36]. In the stable growth state, the 

diffusion barrier is provided by the depth of the pit itself, and this condition enables the 

pit anolyte to maintain the saturated metal salt concentration necessary to sustain metal 
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dissolution. As the chlorides increase in the solution, the salt concentration in the pit 

becomes higher. This originates a more effective diffusion barrier, therefore, leading to 

bigger σw values. If the chloride ions concentration is insufficient, the activated sites die 

out by repassivation and no longer proceed to a stable state.  

The σw values yielded from the impedance data fitting showed that low-nickel 

SS exhibited similar values (1.82-1.9010−3  cm2 s−1/2) when the NaCl concentration 

was lower than or equal to 2.0% (see Table 2). The fact that σw values in the solution in 

the absence of chlorides (where it is not possible, therefore, their diffusion) is similar to 

those up to 2.0% NaCl, indicates that a concentration of NaCl lower than or equal to 

2.0% is insufficient for an activated site to achieve stability. However, when the NaCl 

concentration is 3.0% and 5.0%, an increase in the σw values was observed. According 

to these results, for these NaCl concentrations, a diffusion barrier is observed, indicating 

that the activated sites on the surface evolved into stable micropits. This can be seen in 

Fig. 9, where SEM micrographs of low-nickel SS after 15 days of immersion in two 

different test solutions are presented. Samples were immersed that period of time in 

order to achieve significant differences among them. Fig. 9a shows the surface after 

exposure to a no-chlorides containing Ca(OH)2 solution. No pits can be observed. 

However, micropits can be clearly detected after exposure to a 3.0% NaCl solution (see 

Fig. 9b).     

If σw is compared for both SSs, it can be seen that for NaCl concentrations of 

less than or equal to 2.0%, low-nickel SS showed lower σw, values, probably indicating 

a more protective passive film than AISI 304 SS. Nevertheless, when the chloride ion 

concentration increased in the alkaline solution a similar σw value was yielded for both 

low-nickel and AISI 304 SSs. 
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4. CONCLUSIONS 

Electrochemical tests have been performed on a new low-nickel SS in a 

Ca(OH)2 saturated solution (a simulated concrete pore (SCP) solution) polluted with 

sodium chloride. Ecorr tended towards more noble values as the chloride level increased 

in the alkaline solution until reaching a stable state for a NaCl concentration of more 

than or equal to 1.0%. In terms of passivity, low-nickel SS remained in the passive state 

for all the studied NaCl concentrations. EIS results showed that Rct values decreased 

with the addition of NaCl. Nevertheless, Rct values were so high that low-nickel SS 

preserved its passivity at the Ecorr value, exhibiting high corrosion resistance. Diffusion 

processes were observed for low-nickel SS. The w values obtained showed that for a 

NaCl concentration higher than or equal to 3.0% a less protective passive film was 

formed. 

Low-nickel SS presented higher corrosion resistance than carbon steel, and very 

similar corrosion behaviour to conventional austenitic AISI 304 SS. If further 

experimental results obtained in mortar or concrete with the new material in the form of 

ribbed rebars confirm this data, the low-nickel SS presented in this paper may be a 

viable material to be used as reinforcement in RCS in aggressive environments. 
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CAPTIONS FOR ILLUSTRATIONS 

Fig. 1. Variation in corrosion potential (Ecorr) with NaCl concentration for low-nickel 

SS, AISI 304 SS and carbon steel in Ca(OH)2 saturated solution. 

Fig. 2. Cyclic anodic polarization curves for low-nickel SS in Ca(OH)2 saturated 

solution with different NaCl concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

Fig. 3. Cyclic anodic polarization curves for AISI 304 SS in Ca(OH)2 saturated solution 

with different NaCl concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

Fig. 4. Cyclic anodic polarization curves for carbon steel in Ca(OH)2 saturated solution 

with different NaCl concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

Fig. 5. Nyquist plots for low-nickel SS in Ca(OH)2 saturated solution with different 

NaCl concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

Fig. 6. Nyquist plots for AISI 304 SS in Ca(OH)2 saturated solution with different NaCl 

concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

Fig. 7. Nyquist plots for carbon steel in Ca(OH)2 saturated solution with different NaCl 

concentrations: (a) 0.0, 0.4, 1.0%, and (b) 2.0, 3.0, 5.0%. 

Fig. 8. Electrical equivalent circuit (EEC) used to fit impedance data, (a) for carbon 

steel, (b) for low-nickel SS and AISI 304 SS. 

Fig. 9. SEM micrograph for low-nickel SS after 15 days of immersion in Ca(OH)2 

saturated solution with different NaCl concentrations: (a) 0.0%, and (b) 3.0%.  

TABLES 

Table 1. Chemical composition (wt.%) of the tested low-nickel austenitic SS, AISI 304 

austenitic SS and carbon steel. 

Table 2. Fitting impedance data using EEC of Fig. 8a for carbon steel, and EEC of Fig. 

8b for low-nickel SS and AISI 304 SS in Ca(OH)2 saturated solution with different 

NaCl concentrations. 
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Table 1. Chemical composition (wt.%) of the tested low-nickel austenitic SS, AISI 304 

austenitic SS and carbon steel. 

Material C Si Mn P S Cr Ni Mo Cu N 

Low-Nickel 0.082 0.48 7.26 0.027 0.001 16.56 4.32 0.07 0.13 0.075 

AISI 304 0.049 0.32 1.75 0.028 0.001 18.20 8.13 0.22 0.21 0.050 

Carbon Steel 0.450 0.22 0.72 <0.01 0.022 0.13 0.13 − 0.18 − 

The balance was Fe 

 

 

 



 20 

Table 2. Fitting impedance data using EEC of Fig. 8a for carbon steel, and EEC of Fig. 

8b for low-nickel SS and AISI 304 SS in Ca(OH)2 saturated solution with different 

NaCl concentrations. 

 

Material NaCl/% Re/Ωcm2 Rct/106 Ωcm2 Y0/Fcm–2s–(1–α) α σw/10–3 Ωcm2s–1/2 

 0.0 177.3 0.212 2.06×10−6 0.92 − 

 0.4 99.2 0.013 4.44×10−5 0.91 − 

Carbon Steel 1.0 66.3 0.008 4.58×10−5 0.92 − 

 2.0 42.3 0.007 5.08×10−5 0.91 − 

 3.0 29.9 0.006 6.13×10−5 0.88 − 

 5.0 19.9 0.005 7.38×10−5 0.87 − 

 0.0 178.7 0.292 2.57×10−5 0.93 3.57 

 0.4 99.3 0.241 2.97×10−5 0.89 3.86 

AISI 304 1.0 67.1 0.235 3.20×10−5 0.91 3.35 

 2.0 41.9 0.186 3.22×10−5 0.92 3.99 

 3.0 30.5 0.175 3.26×10−5 0.92 4.51 

 5.0 19.9 0.160 3.34×10−5 0.90 4.82 

 0.0 176.9 0.332 1.00×10−5 0.89 1.82 

 0.4 93.8 0.325 2.91×10−5 0.91 1.76 

Low-Nickel 1.0 62,6 0.270 3.00×10−5 0.90 1.54 

 2.0 37.9 0.236 3.08×10−5 0.88 1.90 

 3.0 29.7 0.231 3.25×10−5 0.88 4.75 

 5.0 19.8 0.212 3.28×10−5 0.89 4.32 

 

 


