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Abstract

Generally, impedance spectroscopy, cyclic voltammetry and polarographic 
methods are used to study the pitting corrosion of steel, stainless steel and many 
different alloys. But one can also use linear sweep voltammetry (LSV) to investigate 
the pitting corrosion phenomenon. LSV is having many advantages over other 
traditional methods; but more research should take place in this area to foreshorten 
the lacuna. It is an important electrochemical method that involves solid electrode, 
fixed potential and fast scan rate. The advantage of using LSV in determining the 
pitting corrosion is less time required in the order of few seconds, and there is no 
need of keeping the samples in NaCl or any other electrolytes for many months.
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1. Introduction

Over the few decades, the use of stainless steel has been increased tremendously 
in various fields due to its beneficial properties like high corrosion resistance, low 
thermal expansion, high energy absorption, high strength, good weldability and 
high toughness [1]. The ferritic stainless steel is composed of a lesser quantity of 
expensive Ni and 10–20 wt.% of Cr, and it has body-centred cubic (BCC) lattice 
structure [2]. The properties like high thermal conductivity, low thermal expan-
sion, wear and creep resistance, higher yield strength, excellent high-temperature 
oxidation resistance and less stress corrosion properties had made the ferritic 
stainless steel one of the important grades of stainless steel [3]. Some of its applica-
tions of ferritic stainless steel are fabricating cold water tank, refrigeration cabinets, 
bench work, chemical and food processing, water treatment plant, street furniture, 
electrical cabinets, etc. [4].

However, duplex stainless steel is a combination of equal proportions of austen-
itic and ferritic stainless steel grades. Ferrite phase imparts high strength, while aus-
tenite contributes the toughness and high corrosion resistance [5]. Duplex stainless 
steel possesses amalgamated properties of both ferritic and austenitic stainless steel, 
and hence it is one of the popular and widely applicable stainless steels. Duplex 
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stainless steels have a wide range of applications in various fields like chemical, oil, 
petrochemical, marine, nuclear power to paper and pulp industries [6–8].

Pitting corrosion is a localised hastened dissolution of metal due to the destruc-
tion of the protective passive film on the metal surface. The important steps 
involved in pitting process are breakdown of the passive film, metastable pitting 
and pit growth. The mechanism of pitting corrosion involves the dissolution of 
protective passive film and gradual acidification of the electrolyte caused by its 
insufficient aeration [9]. This increases the pH of the pits by increasing the anion 
concentration. Most of the engineering metals and alloys are useful only because 
of passive films (thickness of nano to micron range) and naturally forming oxide 
layers on the metal surfaces. This will greatly reduce the rate of corrosion of the 
metals as well as alloys [10]. But these types of passive films are more often ame-
nable to localised destruction resulting in accelerated dissolution of the underlying 
metal. This type of localised pitting corrosion results to the accelerated failure of 
structural components by perforation or pitting or by acting as an initiation site for 
cracking. Many researchers all over the world published many research papers on 
pitting corrosion of stainless steel by different electrochemical methods.

Shankar et al. [11] studied pitting corrosion resistance of yttria-dispersed 
stainless steel by cyclic polarisation experiments in 3.56 wt.% NaCl solution. They 
concluded that the addition of Y2O3 did not affect the pitting corrosion resistance. 
Ningshen et al. [12] reported the corrosion resistance of 12 and 15% Cr oxide dis-
persion strengthened (ODS) steels in 3 and 9 M HNO3, respectively. They observed 
that 12% chromium ODS steel exhibits higher corrosion rate than 15% chromium 
ODS steel at both 3 and 9 M HNO3 concentrations. Balaji et al. [13] studied the 
corrosion resistance of yttria aluminium garnet (YAG)-dispersed austenitic stain-
less steel at different concentrations (1, 2.5 and 7.5 wt.%) of YAG. The corrosion 
studies were carried out in 0.1 N H2SO4 using potentiodynamic polarisation, and 
they reported that addition of YAG does not increase corrosion rate appreciably, but 
super-solidus sintering shows higher corrosion resistance than solid-state sintering.

Most of the corrosion studies were carried out using electrochemical methods 
such as impedance spectroscopy [14], polarographic methods [15], cyclic voltam-
metry [16], etc. But very limited literature is available so far on the corrosion study 
of stainless steel samples by linear sweep voltammetry method. Linear sweep 
voltammetry (LSV) is one of the most important methods of electroanalytical 
chemistry [17–19], initiated by Heyrovsky. He was honoured with a Nobel Prize in 
Chemistry in the year 1959 due to his pioneering work on cyclic voltammetry and 
linear sweep voltammetry. LSV is an important voltammetric method in which 
the current at a working electrode is measured, while the potential between the 
working electrode and a reference electrode is swept linearly with time [20]. The 
Randles-Sevcik theory is mainly based on an assumption of diffusion limitation of 
the active species in a neutral liquid electrolyte, driven by fast reactions at the work-
ing electrode [21–23]. In the case of LSV, a fixed potential range is applied similar to 
the potential step measurements.

The scan rate (v) is calculated from the slope of the line. We can easily alter the 
scan rate by changing the time required for sweep. The characteristics of the linear 
sweep voltammogram mainly depend on the following factors:

• The voltage scan rate

• The rate of the electron transfer reaction

• The chemical reactivity of the electroactive species
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But, however, in LSV, the voltage is scanned from a lower limit to an upper limit 
as depicted below (Figures 1 and 2).

This chapter provides an overview of the factors influencing the pitting cor-
rosion of duplex and ferritic stainless steel samples fabricated by spark plasma 
sintering. The detailed information of fabrication, characterisation and consoli-
dation of duplex and ferritic stainless steels was published by the author in his 
previous research articles [26–37]. Both the types of stainless steels are used in 
different fields, and we need to study their corrosion properties before using them 
as engineering materials. The author has explained the effect of composition, time 
and different concentrations of electrolytes on the pitting corrosion of duplex and 
ferritic stainless steels by using LSV.

Figure 1. 
Linear sweep voltammetry curve [24].

Figure 2. 
Linear cyclic voltammetry experimental set-up [25].
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The experimental data explained in this chapter is performed by the author 
himself, and part of it is published elsewhere [38, 39]. The corrosion studies were 
carried out in a well-established three-electrode electrochemical cell using an 
electrochemical work station CHI-660c model by LSV method. Potential scans 
were collected in a freely aerated NaCl and H2SO4 solutions at room temperature. 
The experiments were carried out in an electrochemical cell containing Ag/AgCl-
saturated KCl as reference electrode and stainless steel samples as working electrode 
(20 mm diameter) and platinum counter electrode. Corrosion studies were carried 
out in 0.5, 1 and 2 M concentration of NaCl and H2SO4 solutions at different quiet 
times of 2, 4, 6, 8 and 10 s by LSV method.

2. Mechanism of pitting corrosion in stainless steel

In other words, pitting corrosion is a process of depleting passive layer of the 
stainless steel aroused by an electrolyte rich in chloride and/or sulphides [25]. 
Figure 3 depicts the mechanism of pitting corrosion process in stainless steel. There 
is a formation of protective Cr2O3 passive layer. But in the presence of anions and 
proper voltage, the passive layer breaks, and the voltage required to deplete the 
passive layer is called as pitting voltage. After breaking of Cr2O3 layer, initiation of 
pit starts. This increases the anion concentration (Cl−) in the electrolyte and pit 
grows further. But in some cases, re-passivation of pit takes place, and this partially 
improves the corrosion-resistant properties of stainless steel.

Some of the reactions responsible for corrosion in stainless steel at NaCl electro-
lytes are shown below [38]:

  Anodic reaction :  Fe →  Fe   2+  +  2e   −   (dissolution of iron)   

   Fe   2+  +  2H  2   O →  FeOH   +  +  H  3    O   +   

Formation of FeOH+ is mainly responsible for the sudden increase in current due 
to the dissolution of Fe metal:

  Cathodic reaction :   O  2   +  2H  2   O +  4e   
−
  →  4OH   

−
   

  Main reaction :   Fe   2+  +  2Cl   
−

  →  FeCl  2    

   FeCl  2   +  2H  2   O → Fe   (OH)   2   + 2HCl  

Formation of Fe(OH)2 increases the pH of the electrolyte inside a pit from 6 to 2, 
which induces further corrosion process.

But in the case of H2SO4, re-passivation of passive layer takes place due to the 
following reactions [38]:

  Anodic reaction : Fe →  Fe   2+  +  2e   
−
   (dissolution of iron)   

  Cathodic reaction :   2H   +  +  2e   
−
  →  H  2    
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The main corrosion reaction gives the products iron sulphate and hydrogen gas 
as shown below:

  Main reaction :  Fe +  H  2    SO  4   →  FeSO  4   +  H  2    

There is a formation of FeSO4 thin layer on the stainless steel surface, which acts 
as a passive protective layer for corrosion. But the liberated hydrogen gas scrubs off 
the FeSO4 layer and causes corrosion [40].

3. A corrosion study of duplex and ferritic stainless steels by LSV

3.1 Different concentrations of NaCl electrolyte solution

We studied the effect of reaction time (quiet time) and different concentrations 
of NaCl electrolyte on pitting corrosion. The concentrations 0.5, 1 and 2 M of NaCl 
were prepared in double-distilled water and were used to study the pitting corro-
sion. The spark plasma-sintered duplex and ferritic stainless steel samples were 
polished to 4/0 grade finish and cleaned with distilled water before the experi-
ment. The stainless steel whose pitting corrosion properties to be studied was kept 
inside the electrochemical cell containing NaCl electrolyte, counter electrode and 
reference electrode. LSV was performed by sweeping a potential from 0.9 to 0 V 
(adjusted according to the pitting potential) with different quiet times of 2, 4, 6, 8 

Figure 3. 
Mechanism of pitting corrosion in stainless steel samples [38].

Figure 4. 
Potentiometric graphs of (a) duplex stainless steel and (b) ferritic stainless steel, respectively, at 0.5 M NaCl 
solution [30].



Voltammetry

6

and 10 s. A curve of potential and current was obtained for each individual quiet 
time at specific concentration. Figure 4(a) and (b) depicts the LSV curve of cur-
rent versus voltage variation of duplex and ferritic stainless steel samples at 0.5 M 
NaCl concentrations in different quiet times.

As the potential sweeps from 0.9 to 0 V, the sharp increase in the current takes 
place at a particular potential and that potential is called as pitting potential (EP). 
The sharp increase in the current is due to the availability of more electrons after 
depleting Cr2O3 protective layer. This results in a pit, and it will grow in size if the 
metal is unprotected and leads to pitting corrosion. EP values of duplex and fer-
ritic stainless steel samples were found to be 0.63 and 0.57 V, respectively. Duplex 
stainless steel shows more EP value than ferritic stainless steel due to more amount 
of Cr in duplex than ferritic stainless steel, which imparts maximum strength to 
interfacial bonding and forms strong oxide layer. Hence, more potential is required 
to break the oxide layer; the higher the pitting potential, the better is the pitting 
corrosion resistance [41].

Figure 5(a) and (b) shows the current versus voltage graphs of duplex and 
ferritic stainless steel samples at 1 M NaCl concentration. EP values of duplex and 
ferritic stainless steel samples are found to be 57 and 0.19 V, respectively. Similarly, 
Figure 6(a) and (b) represents the current versus voltage graphs of duplex and fer-
ritic stainless steel samples at 2 M NaCl concentration. The duplex and ferritic stain-
less steel samples at 2 M NaCl show the EP value of 0.24 and 0.18 V, respectively. 
From the graphs it is clear that as the concentration of NaCl electrolyte increases 
from 0.5 to 2 M, then pitting potential of duplex and ferritic stainless steel samples 
decreases due to the accelerated rate of corrosion reactions at higher concentrations.

3.2 Different concentrations of H2SO4 electrolyte solution

The pitting corrosion studies were carried out in a same electrochemical experi-
mental set-up with same experimental condition as the corrosion studies conducted 
for NaCl electrolyte. But we have used H2SO4 here instead of NaCl to study the effect 
of acid electrolyte on corrosion of duplex and ferritic stainless steel samples. We 
prepared 0.5, 1 and 2 M concentration of H2SO4 electrolyte in double-distilled water 
and used to study the pitting corrosion of duplex and ferritic stainless steel samples.

A sweep potential of 0.6–0 V (adjusted according to the pitting potential) 
was applied in LSV with different quiet times of 2, 4, 6, 8 and 10 s, respectively. 
A voltammetric curve was collected for each individual quiet time at a particular 

Figure 5. 
Potentiometric graphs of (a) duplex stainless steel and (b) ferritic stainless steel, respectively, at 1 M NaCl 
solution [30].
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constant concentration. LSV curve of current versus voltage variation in duplex 
and ferritic stainless steel samples at 0.5 M H2SO4 electrolyte after 2, 4, 6, 8 and 
10 s are shown in Figure 7(a) and (b), respectively. There is a sharp and sudden 
increase in the current between the potential 0.6–0 V similar to NaCl electrolyte. EP 
values of duplex and ferritic stainless steel samples are found to be 0.18 and 0.14 V, 
respectively.

We also studied the effect of EP at 1 and 2 M H2SO4 concentrations by maintain-
ing the same procedure as explained above. Figure 8(a) and (b) represents the 
current versus voltage graphs of duplex and ferritic stainless steel samples at 1 M 
H2SO4 solution. EP values of duplex and ferritic stainless steel samples were found 
to be 0.17 and 0.14 V, respectively.

Similarly, Figure 9(a) and (b) shows the current versus voltage graphs of duplex 
and ferritic stainless steel samples at 2 M H2SO4 solution. Duplex and ferritic stain-
less steel samples have an EP value of 0.028 and −0.013 V, respectively, as shown in 
Figure 9.

In the pitting corrosion study during 0.5 and 1 M H2SO4 electrolyte, the formed 
protective FeSO4 layer bounds strongly to the surface of both the stainless steels 
along with Cr2O3 passive layer, and hence hydrogen gas liberated during these 
concentrations is not enough to break the oxide layer to form a pit and to initiate 
corrosion. The pitting corrosion studies at 0.5 and 1 M H2SO4 solution concluded 
with higher pitting potential. But with 2 M H2SO4 solution, the pitting potential is 
very low, as the hydrogen gas liberated is sufficient to scrub off the formed FeSO4 

Figure 6. 
Potentiometric graphs of (a) duplex stainless steel and (b) ferritic stainless steel, respectively, at 2 M NaCl 
solution [30].

Figure 7. 
Potentiometric graphs of (a) duplex stainless steel and (b) ferritic stainless steel, respectively, at 0.5 M H2SO4 
solution [30].
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layer at very low potential. As a result of this, both the stainless steel samples show 
low pitting potential at 2 M H2SO4.

Pitting potential value obtained for H2SO4 electrolyte is very low compared to 
the results obtained for NaCl electrolyte; therefore, duplex and ferritic stainless 
steel samples undergo corrosion easily in the presence of H2SO4 compared to NaCl 
electrolyte. The values of EP and current density with different electrolytes were 
tabulated in Table 1.

Type of stainless 

steel

Concentration of the 

electrolyte (M)

Pitting potential 

(EP) in NaCl

Pitting potential (EP) 

in H2SO4

Duplex stainless 

steel

0.5 0.63 0.18

1 0.57 0.16

2 0.24 0.02

Ferritic stainless 

steel

0.5 0.57 0.14

1 0.19 0.14

2 0.18 −0.01

Table 1. 
The EP values of duplex and ferritic stainless steels at NaCl and H2SO4 solutions.

Figure 8. 
Potentiometric graphs of (a) duplex stainless steel and (b) ferritic stainless steel, respectively, at 1 M H2SO4 
solution [30].

Figure 9. 
Potentiometric graphs of (a) duplex stainless steel and (b) ferritic stainless steel, respectively, at 2 M H2SO4 
solution [30].



9

Investigation of Electrochemical Pitting Corrosion by Linear Sweep Voltammetry: A Fast…
DOI: http://dx.doi.org/10.5772/intechopen.80980

4. Post-corrosion microstructural analysis

Field emission scanning electron microscope (FESEM) images of duplex and 
ferritic stainless steel samples are shown in Figure 10. The grey-coloured regions in 
the FESEM images are due to pitting corrosion.

To study the further characteristics of pitting corrosion, we have used optical 
microscope. The optical image analysis was performed to investigate the microstruc-
ture of pitting-corroded duplex and ferritic stainless steels. Figures 11 and 12 show 
the microstructure and phase analysis of duplex and ferritic stainless steels after 
pitting corrosion. As both the stainless steel samples were consolidated by spark 
plasma sintering method at 1000°C, we can see very less porosity ratios. The black-
coloured region in Figure 11 is pitting-corroded region containing iron oxide. Both 
the stainless steel samples are having black-coloured region in the microstructure, 
confirming the pitting corrosion process during electrochemical measurement. All 
the microstructural analysis was performed to only the stainless steel samples whose 
corrosion studies were conducted by LSV method at 2 M H2SO4 solution.

According to corrosion studies, the rate of corrosion is more in ferritic stainless 
steel than duplex stainless steel, and it was also confirmed by microstructural analysis.

Phase analysis was carried out to study the volume fraction of iron oxide present in 
both the stainless steel samples. The presence of iron oxide volume percentage is more 
in ferritic stainless steel than in duplex stainless steel samples. The volume fraction of 
iron oxide phase is determined by AxioVision Release software attached to an optical 
microscope. In Figure 12, the red-coloured region corresponds to corroded (iron 
oxide) stainless steel part, and green colour corresponds to uncorroded stainless steel.

Figure 10. 
FESEM images of (a) duplex stainless steel and (b) ferritic stainless steel [30].

Figure 11. 
Optical microscope images of (a) duplex stainless steel and (b) ferritic stainless steel [30].
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5. Conclusion of the chapter

In the present chapter, we discussed the pitting corrosion properties of SPS-
consolidated stainless steel samples by LSV method at different concentrations of 
NaCl and H2SO4 solutions. As the concentration of both the electrolytes increases 
from 0.5 to 2 M, then pitting potential of duplex and ferritic stainless steels started 
to decrease due to the accelerated rate of corrosion reactions at higher concentra-
tions. Microstructural analysis by FESEM and optical microscope shows corroded 
regions of stainless steel samples. The presence of iron oxide volume percentage is 
more in ferritic stainless steel than in duplex stainless steel samples. The mechanism 
of pitting corrosion in H2SO4 and NaCl solutions is almost the same; but the only 
difference is the extent of pitting, pitting potential and pitting current values. 
Pitting potential value obtained for H2SO4 electrolyte is comparatively low com-
pared to the results obtained for NaCl electrolyte. From the results, we can conclude 
that duplex and ferritic stainless steel samples undergo corrosion easily in the 
presence of H2SO4 than NaCl electrolyte.

Nomenclature

wt.% weight percentage
MPa megapascal
°C degree in celsius
nm nanometre
μm micrometre
IP pitting current
EP pitting potential
V voltage
J current density
M molar
A ampere
ip peak current
A area of electrode
D diffusion coefficient
Co concentration
υ scan rate

Figure 12. 
Optical image phase analysis of (a) duplex stainless steel and (b) ferritic stainless steel using AxioVision 
Release software (similar to Figure 11, all the images are in a magnification of 50 μm scale bars) [30].
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