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Abstract

The study of corrosion process on metal surfaces has been widely conducted 
for several years, from classical nondestructive electrochemical techniques, such 
as Open Circuit Potential (OCP) and Electrochemical Impedance Spectroscopy 
(EIS). However, these techniques allow only the analysis of the global response of 
the electrochemical system, whereas the regions where localized corrosion occurs 
(pitting, crevice, passive film rupture, etc.) are left without identification. 

One of the localized electrochemical techniques, the latter of these systems, 
named SVET (Electrochemical Technique Vibrating Electrode), allows an im-
proved resolution and lower minimum detectable signal in the evaluation of the 
corrosion phenomena. This technique stands out because it allows mapping the 
exact location at separated sites in the metal/electrolyte interface where the anod-
ic and cathodic processes take place enabling the distinction of the contribution 
of each event.

In this study, SVET technique was used to investigate the corrosion process 
of carbon steel in media containing chloride. Carbon steels are ferrous alloys 
made of iron and carbon, widely used in engineering and industry. The SVET 
results showed the evolution of corrosion process in function of time on steel sam-
ple. This recent electrochemical technique allowed the analysis and differentiation 
of intensity of oxidation reaction in different regions of the sample.
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1. Introduction

According to the World Steel Association, crude steel production has reached 
about 134.1 million tons in August 2016. (https://www.worldsteel.org) The Bra-
zilian steel industry produced 2.8 thousand tons in the same period, of which 
carbon steels represents, approximately, 88% of the amount. (http://www.aco-
brasil.org.br/site/portugues/numeros/estatisticas.asp, 2016). Despite its limited 
corrosion resistance, carbon steels are the most widely used engineering material. 
Its employment occurs among the various industrial branches due to its relatively 
low cost and acceptable mechanical properties, such in marine applications, nu-
clear power plants, transportation, chemical processing, petroleum production, 
pipelines, mining, infrastructure and construction, and metal-processing equip-
ment. Therefore, as can be expected, corrosion of carbon steel is a problem of 
enormous importance and the estimated costs in materials, equipment and ser-
vices involved in the repair, maintenance and replacement can be measured in 
hundreds of millions of dollars per year. (Cramer et al., 2005)

To prevent corrosion or to have the ability to predict the outcome of a cor-
rosion situation it is extremely important to interpret the mechanisms of the cor-
rosion phenomena in which the interactions among many different reactions and 
conditions must be carefully investigated. (Cramer et al., 2005). Considering me-
tallic corrosion as a complex process where corrosive species interact with local 
micro/nanometric cells formed on an active surface of the corroding metal, com-
prehensive understanding of mechanisms involved ideally requires in situ analyses 
in such scales. (Shi and Lyon; Souto et al., 2007)

For many years, the study of corrosion process on metal surfaces has been 
widely conducted from classical nondestructive electrochemical techniques, such 
as the measurement of “Open Circuit Potential” (OCP) (Bierwagen et al., 2010) 
and Electrochemical Impedance Spectroscopy (EIS). (Du et al., 2014) However, 
these techniques allow only the analysis of the global response of the electro-
chemical system and the regions where localized corrosion occur (pitting, crevice, 
passive film rupture, etc.) cannot be identified. (Akid and Mills, 2001) For this 
reason, the uses of local electrochemical techniques have been increasingly con-
sidered in the study of corrosion in metallic materials and have been a powerful 
tool in discovering information at micro/nano scales. (Akid and Garma, 2004)

Among the localized techniques, the latter of these systems, namely SVET 
(Electrochemical Technique Vibrating Electrode), allows improved resolution and 
a lower minimum detectable signal in the evaluation of corrosion phenomena. 
The technique stands out since it allows mapping the exact location where the 
anodic and cathodic processes take place at separate sites in the metal/electrolyte 
interface and, consequently, enable distinguish the contribution of each phenome-
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non. In other words SVET is used to quantify and map localized corrosion by the 
movement of a vibrating probe just above (100 μm or less) the sample surface. 
The analysis allows measuring and mapping the electric fields that are formed in 
the adjacent electrolyte as a result of localized electrochemical or corrosion activ-
ity. (Rossi et al., 2008)

The application of these technique is used to investigate many materials and 
material systems and finds application in studies of self-healing mechanisms in 
coatings (Shi and Lyon), efficiency of a variety of corrosion inhibitors, (Recloux 
et al., 2015) passive film rupture, (Li et al.) weld regions, (Wang et al., 2015) 
among others. Furthermore, SVET is also used in the investigation of different 
mechanisms of corrosion (pitting, crevice, …) in many metallic materials such 
as aluminum alloys, (Moreto et al., 2014) copper, (Kong et al., 2016) stainless 
steel, (Krawiec et al., 2004) and so on. Coelho et al. employed SVET in order to 
evaluate the inhibitive effects of benzotriazole and cerium chloride, combined and 
solely, on the corrosion protection of an Al/Cu galvanic coupling. (Coelho et al., 
2016) SVET technique was used by Yan et al. to evaluate the protection perfor-
mance of the polypyrrole Al flake coating. (Yan et al., 2013) Chen et al. reviewed 
the application of the technique for the detection and monitoring of microbiolog-
ically influenced corrosion. (Chen et al., 1997)

This paper aims to investigate corrosion phenomena ensured by the practice 
of localized electrochemical technique SVET. The technique was used do investi-
gate the corrosion process of carbon steel in media containing chloride. Represen-
tatively, the carbon steel substrate used in the corrosion studies was the AISI 1020 
steel. The equipment used was VersaSCAN, a new electrochemical microscope 
on the market giving independent potential gradient results of the probe-sample 
distance. The SVET results showed the evolution of corrosion process in function 
of the time on steel sample.

2. Experimental procedure
To prepare the sample, plates of carbon steel AISI 1020 were treated with 

grit sand papers from 400 to 1200 mesh grade, sequentially, and then polish with 
alumina suspension 1.0 μm. After the polishment, the sample was rinsed with 
distilled water and dried with nitrogen gas.

Electrochemical microscope to measure the local potential gradient was the 
VersaScan SVET module from Princenton Applied Research (USA), using a Pt/Ir 
microprobe. The active tip was about 2 μm of diameter and inside the head of the 
SVET probe there were two resistors and one capacitor wired. The amplitude of 
vibration was about 40 μm and the vibration frequency was 80 Hz along the Z 
direction. The setup parameters (area of surface analyzed, scan type, number of 
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steps, time, etc.) were controlled by the VersaScan Sofware (Princenton Applied 
Research), which generates the potential gradient values. A video camera was 
used to assist in bringing the probe to the surface. 

All the experiments were performed above the surface in 0.05 M NaCl solu-
tion (pH 6.8 and conductivity 5.18 mS cm-1), at open circuit. A tubular electrode 
of graphite was used as the counter electrode and ground. 

3. Results and discussion
Corrosion reactions produce two distinct regions on metallic surfaces: anodic 

and cathodic zones. (Akid, 2004) These zones could be considered as point charges 
which produce ionic currents and respective electric fields. (Bastos, 2013) The SVET 
technique measures the potential gradient in electric field, as Figure 1 shows.

Figure 1 Principle of SVET measurement of the gradient potential in the corrosion processes.

In this format, the probe is perpendicular to the sample and the current den-
sity can be calculated considering the values of potential gradient (), solution con-
ductivity () and vibration amplitude () from the SVET output as (Bastos, 2013):

 (1)

Therefore, negative and positive gradient potential data represent anodic and 
cathodic sites, respectively.

The signal conditioning values were studied previously to guarantee two 
characteristics in the SVET results: sensitivity and resolution. According to Akid 
and Garma, the sensitivity is the ability to determine very small corrosion cur-
rents originated on localized regions while resolution is the ability to distinguish 
between two anodic sites close to each other. (Akid, 2004) After the signal condi-
tioning, a small opaque region was observed at 30 minutes of sample immersion. 
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Figure 2 presents the potential gradient measurement performed on this region 
along axis X and its respective current density values.
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Figure 2 Potential gradient and respective current density profiles of carbon steel after 30 min  
of immersion in 0.05 M NaCl.

The results showed negative density current values on the analyzed opaque 
region. This region can be associated to the corrosion process that is portrayed by a 
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thin metal oxide film. At pH 6.8, iron oxides are unstable and the oxidation process 
continues to act on the material. (Cramer et al., 2005) Figure 3 shows the image 
of the sample immersed in corrosive media after 3.5 h and respective SVET maps.

(a)

(b)

Figure 3 Image of carbon steel electrode after 3.5 h immersion in 0.05 M NaCl (a) and respective SVET maps (b).

Two distinct areas were visualized on the SVET map. The increase of cathod-
ic currents was observed near to the region covered by the oxide film, as seen on 
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Figure 2, due to the corrosion products acting as a physical barrier to the process. 
(Falcón, 2014) On the other hand, uncovered region of metal showed less nega-
tive values associated to the new active corrosion zone. The semi-reactions related 
to the corrosion process on carbon steel 1020 in this conditions are:

anodic reaction: Fe(s)  Fe2+
(aq) + 2e-

(m)

cathodic reaction: O2(aq) + H2O + 4e-
(m)  4 OH-

(aq)

Futhermore, there are other reactions that could produce the unstable oxides 
at media, as: 

Fe2+
(aq) + OH-

(aq)  Fe(OH)2 (s)

2 Fe(OH)2 (s) + H2O + ½ O2  2 Fe(OH)3 (s)

After 71 h of immersion in corrosive media, it was observed that the sample 
was almost completely covered by oxide products. The SVET results obtained 
after this period are presented by Figure 4.

Figure 4 SVET maps of carbon steel after 71 h of immersion in 0.05 M NaCl.
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An anodic zone was detected by positive density current at the upper portion of 
sample and it is associated to the increase of corrosion activity. On the other hand, 
lower values were observed at the inferior part of the sample, as show on Figure 3, 
confirming the spread of the oxide film along the sample. This fact could be explained 
by the resistive behavior of corrosion products which decelerates the process.

The obtained results agree with behavior presented by others authors (Bas-
tos, 2006) (Falcón, 2014) (Pagotto, 2015). The AISI 1020 steel corrosion process 
is commonly reported by authors that study anti-corrosion coatings or weld heat 
treatment. The current density values observed were smaller, in order of magni-
tude, than the ones found in researched literature. Opposite to the equipment 
used by other authors, the operation mode of the VersaScan do not allow the 
user to determine the exact probe-sample distance. Although the independence of 
the potential gradient measurement in function of the distance, Akid and Garma 
demonstrated that the maximum output potential is found using small probe-sam-
ple distances, for constant vibration amplitude.

4. Conclusion
In this study, by using the SVET technique, it was possible to follow the 

corrosion process on carbon steel 1020 by gradient potential measurements and 
the respective current density values. The corrosion process on carbon steel 1020 
was characterized, proving that the new SVET equipment, even though new on 
the market, can be used for this purpose. This study is important to complement a 
gap on the literature since there are no related reports using carbon steel without 
coating or other anti-corrosion treatment.
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