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Abstract: The corrosion behavior of AISI 304 and AISI 430 

stainless steels was investigated in 3.0 wt. % NaCl solutions 

in the presence and absence of benzimidazole inhibitor. The 

inhibition efficiency was evaluated at six different inhibitor 

concentrations, and for all concentrations, an increase in 

corrosion potential were observed. The AFM measurements 

showed that the average pit depth values with inhibitor were 

at least 8 times lesser than the values obtained in the absence 

of benzimidazole inhibitor for both alloys. Impedance results 

showed that it is possible to calculate the inhibition efficiency 

from Rp-values obtained by EIS measurements. 
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1. INTRODUCTION 
 

Building structures, bridges, and towers worldwide have 

been undergoing relatively advanced corrosion, which 

incurs maintenance cost, including those related to 

protective coatings, and environmental impact [1]-[2]. 

Studies have shown that tackling corrosion processes 

consumes at least 4–5% of the Gross National Product, 

G.N.P., of developed countries and appropriate technolog-

ical control can avoid 20–25% of these costs. Therefore 

developing appropriate processes to control corrosion of 

metal structures is advantageous [3]-[4]. 

Stainless steels are highly resistant to corrosion in a 

wide range of environments which has led to their 

extensive application in several areas. However, the 

stability of stainless steels is appreciably lower in media 

containing bromide or/and chloride ions [5]. Indeed, these 

ions can destroy the passive layer which consists of iron 

and chromium oxide, in certain positions, which culmina-

tes in localized corrosion (pitting) [6]-[8]. The Cl
- 
ions are 

aggressive due to their small size, strong acid anion nature, 

and high diffusivity. The Cl
- 

ions sizes allow them to 

penetrate through the passive film via electrical forces [9]. 

The Cl
-
 ions in the bulk solution migrate to the pit in the 

passivating layer, to achieve electrical neutrality. This 

culminates in hydrolysis of the corrosion products, causing 

acidification and preventing the occurrence of etched 

surface repassivation [10]-[11]. 

The austenitic stainless steel finds application as a 

building material in harsh environments, such as drilling 

platforms, petrochemical industries, heat exchanger syste-

ms, and industrial desalination plants, among others 

[12].Indeed, this type of steel exhibits high corrosion 

resistance, and also the ductility, and weldability [13]. The 

ferritic stainless steel is employed in mills and the sugar 

industries, particularly in water tanks, industrial tanks, and 

oil refineries, because it resists stress corrosion cracking 

and crevice corrosion [13]. 

Several techniques can help to reduce alloy corrosion in 

different aggressive media; for example, anode and 

cathodic [14]. Corrosion inhibition by organic compounds 

has also been extensively investigated and employed over 

the last decades [15]-[17].Organic compounds can protect 

alloys like stainless steels from corrosion via adsorption or 

by chemically binding to the material surface, by 

generation of a protective non-conductive layer on the 

desired surface [15]-[16].Satpati and Ravidran (2008), 

stated that is important to consider aspects such how the 

molecular structure of the inhibitor, the surface charge of 

the material, and the type of electrochemical process 

(cathodic or anodic) affect metal dissolution at steady state 

conditions [17]-[19]. 

Benzimidazole bear a heteroatom and offer low steric 

hindrance, which makes them good inhibitors [20].Amines 

and anilines are highly efficient corrosion inhibitors for 

carbon steel in acidic solutions [21]-[25]. In turn, 

benzimidazole is a bicyclic compound generated from the 

fusion of benzene with imidazole. The use of benzimidaz-

ole derivatives as corrosion inhibitors has been few 

reported. However, computational studies have investiga-

ted the possibility of using this compound to inhibit 

corrosion of carbon steels in acidic environments [25]-

[28]. 

This paper aimed to assess the corrosion behavior of 

AISI 304 and AISI 430 stainless steels in 3.0 wt. % NaCl 

in the both presence and absence of the inhibitor 

benzimidazole. The electrochemical study was performed 

using potentiodynamic polarization curve tests and EIS. 

Stainless steel surface morphology was characterized by 

Atomic Force Microscopy (AFM). Stainless steel samples 

compositions were investigated by Laser-induced plasma 

emission spectroscopy (LIPS). 

 

2. EXPERIMENTAL 
 

All the austenitic AISI 430 and ferritic AISI 304 stainle- 



   

 

Copyright © 2015 IJEIR, All right reserved 

221 

 

 
International Journal of Engineering Innovation & Research  

Volume 4, Issue 2, ISSN: 2277 – 5668 

ss steel samples used in this paper were provided by 

Tecinox industry, located in Espírito Santo, Brazil. The 

samples were prepared in two different shapes, with the 

following dimensions: (i) 10 mm × 10 mm square shape, 

for morphological analysis; and (ii) 30 mm × 10 mm × 4 

mm L-shaped, for the electrochemical analysis. Samples 

were mounted in epoxy resin, to expose an area of 1.0 cm
2 

(10 mm × 10 mm), which served as the working 

electrodes. 

Prior to the tests, the samples were mechanically ground 

with successive grade emery papers measuring up to 1200 

grit (from 220, 320, 400, 600, and 1200). Then, the 

samples were polished with 0.3μm alumina. After each 
procedure, the samples were washed with enough 

deionized water (23.07 μS cm
-1

 at 25°C) and cleaned using 

acetone, to remove grease. 

Laser-induced plasma emission spectroscopy (LIPS) 

using a spectrometer Foundry-Master Pro of the Shimadzu 

equipped with an Echelle optics and ICCD detector of 

Kodak KAF 1001 model allowed us to estimate the 

chemical composition of the alloys. Table I shows the 

chemical composition of these alloys compared to that of 

ASTM values provided by Tecinox industry [29]. 

 

 

Table I. Chemical composition the austenitic AISI 430 and ferritic AISI 304 stainless steels samples. 
Chemical compositions (%) 

AISI C max. Mn max. Si max. P max. Smax. Cr Ni 

304a 0.08 2.00 0.75 0.045 0.030 18.00 - 20.00 8.0 - 10.5 

304b 0.0576 1.18 0.444 0.0378 <0.050 18.4 9.28 

430a 0.12 1.00 1.00 0.040 0.030 16.00 - 18.00 0.75 

430b 0.0592 0.365 0.359 0.0170 0.0024 16.4 0.157 
a
 Data obtained from reference [29]. 

b
 Data obtained from LIPS measurements. 

 

Electrochemical measurements were carried out in a 

conventional one-compartment cell (30 mL) using an 

AUTOLAB potentiostat/galvanostat model PGSTAT302N 

controlled by the GPES software. An Ag/AgCl(KClsat.) 

reference electrode and a carbon (~ 4 cm
2
 geometric area) 

counter electrode were used. 

Potentiodynamic polarization curves were recorded 

between -250  and + 250 mV from the open circuit 

potential after the working electrode had been immersed in 

deaerated 3.0 wt. % NaCl (Impex P.A. – ACS) or 3.0 wt. 

% NaCl + inhibitor (from 5 to 1000 mg/L of Benzimida-

zole  98 %, Sigma-Aldrich) solutions for 2000 s. The scan 

rate was 0.5 mV s
-1

.  All the test solutions were prepared 

from reagent grade chemicals and deionized water (23.07 

μS cm
-1

 at 25 °C). All the tests were conducted at room 

temperature of  21 ± 2 °C, in duplicate. 

Impedance spectra were recorded using the corrosion 

potential obtained by potentiodynamic polarization. Electr-

ochemical impedance spectroscopy (EIS) measure-ments 

were accomplished in the 10 mHz–100 kHz frequency 

interval using the “single sine” method and a sine wave 

amplitude of 5 mV (p/p). A ZVIEW software program was 

used to analyze of the impedance data. 

The microstructure and corrosion morphologies were 

investigated with the aid of an atomic force microscope 

WITEC model 300R alpha confocal equipped with the 

AFM module. The measurements were recorded by 

sweeping an area of 100 μm2
 using a silicon nitride tip at a 

constant force of 42 N/m. All the AFM analyzes were 

performed in different regions of the alloys in triplicates. 

 

3. RESULTS AND DISCUSSION 
 

A. Morphological studies: 
Figure 1 contains the results for the comparative SEM 

surface for AISI 304 and AISI 430 stainless steels in the 

presence of the benzimidazole inhibitor. It observed that 

these materials suffer pitting corrosion in the presence of 

the inhibitors. Also noticed corrosion in AISI 304 stainless 

steels showed a lower diameter than shown in AISI 430. It 

is been comproved by AFM analysis. 

 

 

 
Fig.1. 

Fig. 1. Representative SEM measurements of the stainless steel samples after corrosion process (3.0 wt. % NaCl solutions + 

benzimidazole at 21 ± 2 °C). SEM images of the AISI 304 stainless steel (b) SEM images of the AISI 430 stainless steel.
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Figure 2 contains the results for the comparative AFM 

surface roughness measurements for the AISI 304 and 

AISI 430 stainless steels in the presence of the 

benzimidazole inhibitor. The inhibitor prevents a uniform 

attack, probably because it interacts with the material 

surface, thereby slowing the corrosion process. Moreover, 

the AFM results suggest that the presence of inhibitor 

provokes a decrease in the pit depth for both alloys. In the 

case of benzimidazole the average pit depth is about 35 

nm and 174 nm for the AISI 304 and the AISI 430 stain- 

less steels, respectively. 

Theses pit depth values are at least eight times lower 

than the values obtained in the absence of the inhibitor. 

Martin et al. (2008) investigated the corrosion process in 

the AISI 304 stainless steel: a 20 nm depth pit arose, a 

depth that is 25 times lower than the one obtained in this 

study [30]. Yuan and Pohkonen (2009) also investigated 

the corrosion process in this same stainless steel [31]. 

They observed that the pits had depth profile around 500 

nm. 
 

 
Fig. 2. 

 

Figure.2. Representative AFM measurements of the stainless steel samples after corrosion process (3.0 wt. % NaCl 

solutions + benzimidazole at 21 ± 2 °C). (a) AFM images of the AISI 304 stainless steel, (b) depth profile of the AISI 304 

stainless steel, (c) AFM images of the AISI 430 stainless steel, (d) depth profile of the AISI 430 stainless steel. 

 

B. Electrochemical measurement in the presence and 

absence of the inhibitor: 
Figure 3 reveals the Tafel curves obtained for the AISI 

304 and AISI 430 stainless steel in 3.0 wt. % NaCl 

solutions at 21 ± 2 °C in the presence of different 

concentrations of benzimidazole (from 5 mg/L to 1000 

mg/L). It is possible observe that the current density (icorr) 

decreases with presence of the inhibitor for both alloys. 

This behavior was observed in others studies at the 

literature, for example, Finšgar et al. (2009) investigating 
steel corrosion observed that the current density for the 

polyethyleneimines of different molecular mass was lower 

than that obtained in the absence of inhibitor, ranged from 

10.23 to 0.32 μAcm-2
 in presence of inhibitor and 13.80 

μAcm-2
 in the absence of inhibitor [5]. The similar 

behavior was observed by Satpati and Ravidran (2008), 

that is, the current density is always lower in the presence 

of inhibitor [17]. Moreover, the corrosion potential (Ecorr) 

was shifted to more positive potential regions. The values 

of electrochemical parameter associated with this process, 

i.e. corrosion potential (Ecorr), corrosion current density 

(icorr) and polarization resistance (Rp) were determined by 

extrapolating potentiodynamic curves using GPES softw-

are. Also, the efficiency (n) has been calculated using the 

equation (1) Finšgar et al. (2009) and the values obtained 

are presented in Table II [5]. 

 

n(%) = [(Rp(inhibitor) – Rp)/Rp] x 100        (1) 

 

Where Rp(inhibitor) and Rp are polarization resistance 

values in the presence and absence of inhibitor, respectiv-

ely. 

The polarization resistance values increase in the 

presence of inhibitor. This increase reaches a maximum at 

a certain concentration of the inhibitor. The benzimidazole 

concentration of 50 mg/L affords the highest Rp-values for 

the both stainless steels (Rp = 167.20 kΩ/cm
2
 at 159 mV 

vs. Ag/AgCl(KClsat.) for AISI 304 and Rp = 18.13 kΩ/cm
2
 at 

-198 mV vs. Ag/AgCl(KClsat.) for AISI 430, respectively). 

The inhibition efficiency for AISI 304 and AISI 430 
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stainless steels is 81.4% and 89.3%, respectively, which 

suggests that benzimidazole is potentially applicable as 

corrosion inhibitor. Computational studies carried out by 

Obot and Obi-Egbedi (2010) gave an inhibition efficiency 

of 73.1% for the benzimidazole as inhibitor of mild steel 

corrosion in acid medium, demonstrating that this 

compound can function as a corrosion inhibitor [25]. The 

results clearly show that benzimidazole is more potent 

corrosion inhibitor than pyridine [32]. This is advantag-

eous because pyridine displays relatively higher toxicity 

than benzimidazole. Nevertheless, the benzimidazole 

concentration used here is very low, from 50 to 1000 

mg/L, and LD50 data have shown that the maximum oral 

intake in mice is 2910 mg/kg for benzimidazole which is it 

is much higher than the maximum concentration used in 

this paper (1000 mg/L). As mention earlier in this paper, 

the studied organic compounds inhibit corrosion through 

adsorption or interaction of their heteroatom in the 

material surface. 

 

 

Table II. Results obtained from potentiodynamic polarization curves for the AISI 304 and AISI 430 stainless steel in 3.0 

wt. % NaCl solutions at 21 ± 2 °C in the absence and presence of different concentrations of benzimidazole (from 5 mg/L 

to 1000 mg/L). 
 AISI 304 AISI 430 

Benzimidazole(mg/L) Ecorr (mV) Rp(kΩ/cm2) n (%) Ecorr (mV) Rp(kΩ/cm2) 

0 -239 31.05 - -327 1.94 

5 -200 66.73 53.50 -239 5.32 

25 -166 105.80 70.73 -209 13.83 

50 -159 167.20 81.40 -198 18.13 

100 -173 84.40 63.20 -220 9.62 

500 -187 79.25 60.80 -218 10.06 

1000 -214 59.31 47.60 -248 3.77 

 

 
Fig. 3. 

 

Fig. 3.Tafel plots of the stainless steel samples in 3.0 wt. % NaCl + benzimidazole. The scan rate was 0.5 mV s
-1

 at 21 ± 2 

°C. (a) AISI 304 and (b) AISI 430 stainless steel. 
 

C. Electrochemical Impedance Spectroscopy (EIS): 
We investigated the AC impedance behavior of the AISI 

304 and AISI 430 stainless steels in 3.0 wt. % NaCl 

solutions at 21 ± 2 °C in the presence and absence of the 

inhibitor. Figure 4 and 5 bring the Nyquist diagram (Zreal 

vs. -Zimag) and Bode plots for the stainless steels obtained 

at corrosion potential in the presence of pyridine and 

benzimidazole inhibitors, respectively. In the low frequen-

cy domain, the AISI 304 and AISI 430 stainless steels give 

a deformed semicircle, attributed to the metal/solution 

interface. Moreover, the semicircle in the Nyquist diagram 

increases as a function of inhibitor concentration for both 

stainless steels, although the profile of this increase 

depends on the employed stainless steel and inhibitor. For 

example, the AISI 304 stainless steel presents a larger 

semicircle at 50 mg/L of the inhibitor (pyridine and 

benzimidazole); the AISI 430 stainless steel exhibits a 

larger semicircle at 500 and 50 mg/L of the pyridine and 

benzimidazole inhibitors, respectively. The presence of 

inhibitors may have changed the polarization resistance, i- 

mproving the corrosion resistance. 

An analysis of the Bode plot (-θ vs. log f) indicates that 

the main feature of this system is the appearance of a well-

defined time constant (θ) for both AISI 304 and AISI 430 
stainless steels, characterized by a maximum phase angle 

(55–80
o
) ranging from 10 to 1000 Hz. Such behavior has 

been reported for stainless steels and results from 

interposition of various time constants with respect to 

frequency [14]. 

After testing a number of different equivalent circuits, 

we found that the whole set of data in the double layer 

domain of the system can be fitted by assuming the 

Rs(CPEdlRp) circuit [14]. At low frequencies, the film 

charging process involves the metal/solution interface 

mainly. The (CPEdlRp) components represent the oxide/ 

metal/inhibitor layers (CPEdl) coupled to the polarization 

resistance (Rp). The use of a CPE (constant phase element) 

in the equivalent circuit notation instead of a C (pure 

capacitor) is due to the high porosity and degree of 

roughness of the oxide/metal/inhibitor layers, which 
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contribute to the film inhomogeneity (Roberge, 2000) (Rs 

is the solution resistance). Again, equation (1)furnishes the 

inhibition efficiency (n); Table III summarizes the Rp-

values obtained by EIS as well as other parameters. The 

highest Rp-value for the AISI 304 stainless steel is 

achieved at pyridine concentration of 50 mg/L. These 

results corroborate with the Rp-values observed during the 

potentiodynamic polarization, but the calculated inhibition 

efficiency is 20% lower than that found by potentiody-

namic polarization. Benzimidazole behaves similarly, i.e., 

81.4% and 65.6%. 

In the case of the AISI 430 stainless steel, a pyridine 

concentration of 500 mg/L affords the highest the highest 

Rp-values, which also corroborates data from potentiody-

namic polarization.  On the other hand, the inhibition 

efficiency is close to that obtained by potentiodynamic 

polarization (i.e., 87.3% and 84.5%, respectively). Benzi-

midazole behaves in the same way (i.e., 89.3% and 

88.7%). 

 

 
 

 
Fig. 4. 

 

Fig. 4. (a and c) Nyquist diagram and (b and d) Bode plots of (a and b) AISI 304 and (c and d) AISI 430 stainless steel in 

in 3.0 wt. % NaCl in the presence and absence of pyridine at 21 ± 2 °C. 
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Fig. 5. 

 

Fig. 5. (a and c) Nyquist diagram and (b and d) Bode plots of (a and b) AISI 304 and (c and d) AISI 430 stainless steel in 

in 3.0 wt. %NaCl in the presence and absence of benzimidazoleat 21 ± 2 °C. 

 

Table III. EIS parameters for AISI 304 and AISI 430 stainless steels in 3.0 wt. % NaCl solutions in presence and 

absence of pyridine and benzimidazole inhibitors.* 

Samples 
Inhibitor 

Concentration(mg/L) 

Rp (Ω/cm2) 

Pyridine Benzimidazole 

AISI 304 

0 40321 40321 

25 65096 97406 

50 80532 117160 

100 61830 89813 

500 56946 77830 

AISI 430 

0 2001 2001 

25 3071 15005 

50 4033 17715 

100 15703 14705 

500 5920 13065 

* Chi-square observed for all simulation ranged from 10
-3

 to 10
-4

 and the error for the Rp-values simulation was obtained 

between 0.9 – 5.6 %. 

 

4. CONCLUSIONS 

 

This paper dealt with morphological and electroche-

mical investigation of the AISI 304 and 430 stainless steels 

in 3.0 wt. % NaCl solutions in the absence and presence of 

different concentrations of benzimidazole inhibitors. The 

AFM measurements evidenced that the pit depth values in 

the presence of benzimidazole inhibitor are at least eight 

times lower than the values obtained in the absence of 

inhibitor for both alloys. The inhibition efficiency 

evaluated at six different concentrations of benzimidazole 

inhibitor (5, 25, 50, 100, 500, and 1000 mg/L) attested that 

all the concentrations increase the corrosion potential. All 

the analyzes revealed that higher corrosion resistance is 

achieved at 50 mg/L of benzimidazole for the AISI 430 

stainless steel. 

The equivalent circuit that match our experimental data 

in terms of impedance measurements is Rs(CPEdlRp). In 

the range of potentials investigated here, the impedance 

behavior in the low frequency domain is due to the 

metal/solution interface mainly. On the basis of the 

impedance results, it is possible to calculate the inhibition 

efficiency from Rp-values obtained by EIS measurements. 

Moreover, the EIS results demonstrated that the presence 

of the inhibitors abates the corrosion process in both 

investigated stainless steels, and that benzimidazole at 50 

mg/L is the best inhibitor for both stainless steels (AISI 

304 and AISI 430). 
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