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The effect of calcium nitrite (Ca(NO
2
)
2
) was assessed by electrochemical means such as open circuit potential (OCP),

electrochemical impedance spectroscopy (EIS), and potentiodynamic studies in saturated Ca(OH)
2
solution contaminated with

0.99 and 7.91 g/L NaCl. The preliminary results of OCP showed that the potential is shifted towards positive (noble) side as content
of inhibitor increased.The EIS results indicate that Ca(NO

2
)
2
works effectively in reduction and initiation of corrosion of steel rebar

in NaCl contaminated Ca(OH)
2
solution. Potentiodynamic studies revealed the pitting tendency of steel rebar exposed in 0.99 g/L

NaCl at [Cl−/NO
2

−] = 1.2 attributed to low conductivity of passive film which causes interference for Cl− ions attack during anodic
polarization. The 85.75% efficiency is found in 0.99 g/L at [Cl−/NO

2

−] = 1.2. The Ca(NO
2
)
2
inhibitor transformed the unstable

iron oxides/hydroxides into stable and protective oxides/hydroxides due to its strong oxidizing nature. Therefore, this inhibitor is
sufficiently and significantly reducing the corrosion of steel rebar at even its low concentration with 0.99 and 7.91 g/L NaCl solution.

1. Introduction

The major issue for construction of big structures is cor-
rosion. The corrosion of embedded steel rebar in concrete
occurred due to depassivation of it which later causes
expansive corrosion and eventually damages the concrete.
The depassivation of steel rebar may occur by different ways
such as ingress of chloride ions, contaminated aggregates of
concrete, deicing salts, and carbonation which causes reduc-
tion in pH of concrete pore solution through atmospheric
CO
2
[1–11]. Thus, the durability of concrete is depending on

workmanship during casting, water/cement ratio, aggregates,
thickness of concrete cover, and many more factors causing
the health of concrete. Therefore, it is very important to
consider above-mentioned factors during the fabrication and
erection of big structures regarding corrosion of embedded
steel rebar.

The bestmethod tomitigate the corrosion of steel rebar in
concrete is to use inhibitors. Different types of inhibitors are

being used nowadays which are basically organic and inor-
ganic chemicals.The activity of inhibitors derived on the basis
of their use.Three different types of inhibitors such as anodic,
cathodic, andmixed type are popularised to use.The inhibitor
should be in little amount compared to cement in concrete.
Themost important factor for considering the inhibitor must
be cost effective and easy to dissolve in concrete as well
as in water. A considerable research has been out on use
of nitrite based corrosion inhibitor to mitigate or reduce
or increase the onset time of steel rebar corrosion in NaCl
contaminated environment [12–20]. Ca(NO

2
)
2
inhibitor is

being used as an admixture in construction field to mitigate
the corrosion of steel rebar in accelerated condition [21].
There are plenty of literature available regarding the positive
performance of Ca(NO

2
)
2
which mitigate or reduce the

onset time of steel rebar corrosion in chloride contaminated
concrete environment [22–24].

Ca(NO
2
)
2
influences the durability ofmortars under con-

taminated chloride and sulphate environments by reducing
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Table 1: Details about the composition of studied solutions.

[Cl−/NO
2

−] Concentration of
Ca(NO

2
)
2
(g/L)

Concentration of
NaCl (g/L)

0 — 0.99
— 7.91

0.3 2.24 0.99
17.89 7.91

0.6 4.47 0.99
35.77 7.91

1.2 8.94 0.99
71.55 7.91

the penetration of sulphate ions [25]. 4% Ca(NO
2
)
2
inhibitor

reduces the corrosion of embedded steel bars in concrete
and no harmful effect was observed on strength of concrete
after longer duration of exposure in 3% NaCl solution
[26]. Ca(NO

2
)
2
is proven to work effectively in chloride

contaminated Ca(OH)
2
solution and concrete environments

[27–29]. There is contrary statement given by different
researchers regarding the performance of Ca(NO

2
)
2
inhibitor

[30] and some researcher mentioned the beneficial effect of
Ca(NO

2
)
2
which does not affect the properties of concrete

owing to compatibilitywith hydration of cement and concrete
[22, 31]. This inhibitor adsorbs on steel surface and acts
as strong oxidizing agent which enhances the transforma-
tion of unstable ferrous oxides/hydroxides into stable ferric
oxides/hydroxides [32, 33].

Ca(NO
2
)
2
is cost effective than other corrosion inhibitors

and methods to protect the steel rebar embedded in concrete
from corrosion. From the literature research it is found that
most of the researchers have carried out the experimental
studies on high content of Ca(NO

2
)
2
such as more than 2–

4% by weight of cement to mitigate or reduce the initia-
tion of corrosion of steel rebar [34]. Most of the research
of Ca(NO

2
)
2
had carried out the experiment in service

condition as an admixture with cement, sand, aggregates,
and so forth but the performance of Ca(NO

2
)
2
inhibitor in

pore solution at different [Cl−/NO
2

−] molar ratio is scarcely
available. Therefore, in this communication, we assessed
the performance of Ca(NO

2
)
2
inhibitor in 0.99 and 7.91 g/L

NaCl with different molar ratio of [Cl−/NO
2

−] ranges from
0.0 to 1.2 in saturated Ca(OH)

2
solution through different

electrochemical experiments.

2. Experimental Section

2.1. Materials. Ca(NO
2
)
2
inhibitor was added in saturated

Ca(OH)
2

solution with different content of NaCl. The
Ca(OH)

2
simulates the condition of concrete environment.

The details of studied solutions are shown in Table 1. In
present investigation, two concentrations, that is, 0.99 and
7.91 g/L NaCl, were added in without and with different
content of Ca(NO

2
)
2
inhibitor. Different molar ratios of

[Cl−/NO
2

−] = 0 (without inhibitor), 0.3, 0.6, and 1.2 were
taken to study the effect of Ca(NO

2
)
2
inhibitor with 0.99 and

7.91 g/L NaCl.

Detail of the studied steel rebar was mentioned in our
recently published paper [12, 35]. The black milled scale of
16mm steel rebar was descaled by using 10 v/v% of HCl,
ringed with distilled water and dried. After descaling of
milled scale from steel rebar surface, it was cut and mounted
in acid/alkali resistance thermosetting resin. The mounted
steel rebar was abraded with emery paper started from 180
to 1200𝜇m. Thereafter, cloth polished of steel rebar was
carried out and degreased with acetone prior to start the
electrochemical experiments. The chemistry of studied steel
rebar is shown in Table 2.

2.2. Electrochemical Studies. Prior to start the experiments,
the steel rebar was exposed in inhibitor and without inhibitor
containing saturated Ca(OH)

2
solutions to stabilize the

potential with potentiostat. Electrochemical studies were per-
formed by three electrode systems where steel rebar works as
working electrode (WE), platinumwire as a counter electrode
(CE), and silver-silver chloride as a reference electrode (RE).
The schematic diagram of the electrochemical cell used in
this study is shown in Figure 1 [36, 37]. The WE and RE had
been fixed in such a manner that both are close to each other,
since there will be less solution resistance caused. The area
of working electrode was 0.78 cm2 and it was fixed for every
sample.

The electrochemical impedance spectroscopy (EIS) stud-
ies were carried out at open circuit potential (OCP) by
changing the frequency of 10mV sinusoidal voltage from
100 kHz to 0.1 Hz. DC polarization studies were performed at
1mV/s scan rate from −0.3 V to +0.3 V versus Ag/AgCl. The
potentiostat was VersaSTAT (Princeton Applied Research,
Oak Ridge, TN, USA) and data analysis was carried out by
Metrohm Autolab Nova 1.10 software by fitting the experi-
mental data in constant phase element (CPE) model.

3. Results

3.1. OCP Measurements. The OCP was measured after keep-
ing of steel rebar in solution for 30min to stabilize the
potential. The OCP plots are shown in Figure 2. This
plot depicted that as the inhibitor concentration, that is,
[Cl−/NO

2

−], is increased the potential shifted towards nobler
(positive) side compared to that without containing inhibitor;
that is, [Cl−/NO

2

−] = 0.0.This result indicates that Ca(NO
2
)
2

diminishes the penetration of chloride ions. The effect of
inhibitor can be seen fromOCPplots (Figure 2) that inhibitor
reduces the aggressiveness of Cl− ion to break the passive film
which later initiate to cause localized corrosion. The OCP
of without inhibitor, that is, [Cl−/NO

2

−] = 0.0, containing
solution shows −333 and −366mV for 0.99 and 7.91 g/L
NaCl, respectively. As the inhibitor was added in 0.99 g/L
NaCl solution, the OCP shifted towards positive side from
−300, −279, and −254mV at [Cl−/NO

2

−] = 0.3, 0.6, and 1.2,
respectively, compared to without inhibitor solution. This
result implies that [Cl−/NO

2

−] = 1.2 is an effective amount in
0.99 g/L NaCl solution to stifle the reaction on steel/solution
interface. It has been determined by other researchers that
Ca(NO

2
)
2
is an anodic inhibitor owing to shifting of OCP

towards nobler side [21, 38–40]. The Ca(NO
2
)
2
may be able
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Table 2: Chemistry of steel rebar (wt.%).

C Si Mn P S Ni Cr Mo Cu Sn Fe
0.240 0.260 0.950 0.016 0.008 0.030 0.040 0.010 0.020 0.001 Balance

CE: Counter electrode
RE: Reference electrode
WE: Working electrode

Connection terminal Connection cable

Po
te

nt
io

sta
t

RE
CE

W
E CE (platinum) RE (Ag/AgCl)

Corrosion cell

Steel rebar (WE)

Solution

Figure 1: Schematic diagram of electrochemical cell [36, 37].

to transform the unstable iron oxides film into stable and
protective oxides compared to naturally occurring oxides.
As the NaCl content is increased the OCP shifted towards
active side attributed to the fact that the preliminary formed
passive/oxides film was being destabilized [41]. Saraswathy
and Song studied the effect of different inhibitor in durability
of concrete and measured the OCP [42]. They found that as
the concentration of inhibitors had increased the compressive
strength and the threshold potential to break the passive
film is increased and it is −275mV versus saturated calomel
electrode (SCE) in 3% NaCl with inhibitor. Above this
OCP, the steel is susceptible and led to corrosion as time
is increased. In the present investigation, the steel shows
the OCP around −275mV and above in 0.99 g/L NaCl at
[Cl−/NO

2

−] = 1.2. This result indicates that this ratio of
[Cl−/NO

2

−] is sufficient to resist breaking the passive film in
0.99 g/L NaCl and whenever the content of NaCl is increased,
the steel is becoming susceptible to corrosion and not able to
diminish the reaction on steel/solution interface.

3.2. EIS Studies. The EIS studies of steel rebar were carried
out at OCP after 30min of exposure in different above-
mentioned solutions (Table 1). The Nyquist plots of without
inhibitor containing solution are shown in Figure 3(a). From
this figure it can be seen that as the content of Cl− ion is
increased the dimension of semicircle loop decreased which
attributed that steel rebar is susceptible to corrosion [41].The
decrease in dimension of semicircle loops in Nyquist plots
suggests the deterioration of steel in chloride contaminated
Ca(OH)

2
solution. The preliminary formed oxides/passive

filmmight be perturbed and initiate the deterioration of steel
rebar in 7.91 g/L NaCl containing Ca(OH)

2
solution due to

competition of OH− and Cl− ion in solution. High content
of Cl− ions may be dominated over OH− ions and induce
the localized corrosion at steel rebar/solution interface [43].

Concentration of NaCl (g/L)
0.99 7.91

O
CP

 (V
) V

s A
g/

A
gC

l

−230

−250

−270

−290

−310
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−370

−390

[＃Ｆ−/．／2
−] = 1.2

[＃Ｆ−/．／2
−] = 0.6

[＃Ｆ−/．／2
−] = 0.3

[＃Ｆ−/．／2
−] = 0.0

Figure 2: OCP plots of steel rebar exposed in saturated Ca(OH)
2

solutionwith different concentration ofNaCl at differentmolar ratio
of [Cl−/NO

2

−].

The affinity of Cl− ion with steel surface is more than OH−
ion which inhibited the formation of passive film on steel
rebar surface in NaCl containing saturated Ca(OH)

2
solution

[44]. The bigger size of −𝑍image. at y-axes of Nyquist plots
in 0.99 g/L NaCl indicates capacitive properties of oxides
film while 7.91 g/L NaCl exhibit smaller dimension due to
corrosion process. At the same time 𝑍real at x-axes exhibits
almost identical values for both concentrations of NaCl. This
result attributed that 0.99 g/L NaCl is not able to initiate the
corrosion of steel rebar in saturated ca(OH)

2
solution.

The comparative studies of impedance in NaCl contain-
ing solution were performed to measure the polarization
resistance of steel rebar. The log-modulus impedance Bode
plots of steel rebar exposed in NaCl contaminated Ca(OH)

2
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Figure 3: Electrochemical plots of steel rebar exposed in saturated Ca(OH)
2
solution with different concentrations of NaCl.

solution are shown in Figure 3(b). The impedance values
of steel rebar were measured at lowest studied frequency,
that is, 0.1 Hz. 0.99 g/L NaCl containing solution exhibits
higher values than 7.91 g/L NaCl at this frequency. This
result indicates that 7.91 g/L NaCl is more than sufficient
to influence the deterioration of steel rebar than 0.99 g/L
NaCl solution. This result attributed that 7.91 g/L NaCl was
barred to form the passive/oxide films on steel rebar/solution
interface and influences the steel rebar to localized corro-
sion. One another interesting observation can be seen from
Figure 3(b) that as the content of NaCl is increased the
impedance at higher frequency is decreased and this result
is due to the conductivity of studied solution [45]. 7.91 g/L
NaCl containing solution shows lesser impedance at higher
frequency than 0.99 g/L NaCl. It is general hypothesis that
when the content of solute/ions is increased the conductivity
of solution also increased.

The phase-frequency Bode plots are shown in Figure 3(c).
The 0.99 g/L NaCl shifted the phase angle maxima at −73∘
towards lower frequency; that is, 0.5Hz indicates the capaci-
tive properties of passive/oxides films on steel rebar/solution
interface while 7.91 g/L exhibits −69∘ on 1.0Hz. This result
indicates that 0.99 g/L NaCl is not deterring the formation
of capacitive passive film while 7.91 g/L NaCl is attributed
to deterioration of steel rebar. Another shifting of max-
ima towards higher frequency is attributed to corrosion

characteristics of steel rebar. The shifting of maxima is
approximately from 35 kHz to 3.5 kHz for 7.91 g/L NaCl and
from 35 kHz to 0.6 kHz for 0.99 g/L NaCl. This finding is
attributed tomore deterioration of steel rebar in 7.91 g/LNaCl
containing solution [46].

As the inhibitor was added in solution with NaCl, the
dimensions of semicircle loop of Nyquist plots are increased
and this result indicates the positive effects of inhibitor. Bigger
dimension of semicircle loops of Nyquist plots is attributed
to resistance of corrosion. The bigger size in Nyquist plot
covers the active surface area by forming protective oxide
films which reduces the anodic surface area of steel. This
phenomenon can be correlated with 0.99 g/L NaCl that the
dimension of semicircle loops is greater than 7.91 g/L NaCl at
[Cl−/NO

2

−] = 0.3.The 0.99 g/LNaCl solution with Ca(NO
2
)
2

inhibitor forms bigger semicircle loop at 𝑍real and −𝑍


image.
which is attributed to formation of protective oxides film.
It means that the Ca(NO

2
)
2
is able to reduce the anodic

surface area of steel by formation of more stable, adherent,
and protective oxide films.

The impedance values of inhibitor containing solution
are gradually increased compared to without inhibitor con-
taining solution with NaCl (Figure 4(b)). The impedance
value of 0.99 g/L NaCl solution is greater than 7.91 g/L
NaCl containing Ca(OH)

2
solution at [Cl−/NO

2

−] = 0.3.
The enhancement in impedance of inhibitor containing
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(a) Nyquist plots of steel rebar at [Cl−/NO2−] = 0.3
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(b) Impedance-frequency Bode plots of steel rebar at [Cl−/NO2−] = 0.3
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(c) Phase-frequency Bode plots of steel rebar at [Cl−/NO2−] = 0.3

Figure 4: Electrochemical plots of steel rebar exposed in saturated Ca(OH)
2
solution with different concentrations of NaCl at [Cl−/NO

2

−] =
0.3.

solution is attributed to adsorption of it on steel surface and
forming thin protective layer which diminishes the attack
of chloride ions compared to without inhibitor containing
solution (Figure 3(b)). The gradual increment in its value
of impedance is attributed to transformation of unstable
iron oxides/hydroxides into stable iron oxides/hydroxides.
This value is not so much which sustains the protection at
longer duration of exposure.Therefore, the higher amount of
inhibitor is needed and this will be discussed in subsequent
paragraphs.

The significant role of inhibitor can be derived from
phase-frequency Bode plots where shifting in maxima to-
wards higher angle is observed (Figure 4(c)). The capacitive
properties of passive film exhibit that the maxima in 0.99 and
7.91 g/L NaCl containing solution shifted at −82∘ and −79∘,
respectively, at lower studied frequency ranges. Such shifting
is found for both concentrations of NaCl at high ranges from
10Hz to 0.3Hz at [Cl−/NO

2

−] = 0.3.This observation may be
due to the adsorption of inhibitor which reduces the anodic
surface area of steel but not uniformly. Therefore, there is
some chance to attack Cl− ion on passive film which later

may cause defect and initiate deterioration of steel at longer
duration of exposure.

As the concentration of inhibitor is increased the signifi-
cant difference is observed in dimensions and orientation of
Nyquist plots. 7.91 g/L NaCl containing solution Nyquist plot
is suppressed due to larger size of 0.99 g/L NaCl containing
solution at [Cl−/NO

2

−] = 0.6 (Figure 5(a)). Gradual incre-
ment in their value of 𝑍real in Nyquist plot at x-axes of NaCl
containing solution at [Cl−/NO

2

−] = 0.6 indicates that the
film being formed on steel/solution interface is resistant and
gradually decreases the anodic area of steel rebar to reduce
the attack of Cl− ion. This increment may be attributed to
transformation of unstable iron oxides/hydroxides into stable
oxides/hydroxides of iron.

The impedance plots revealed the resistive property
of Ca(NO

2
)
2
inhibitor on formation of passive film. The

impedance values are gradually increased compared to prior
studies content of inhibitor and without inhibitor solution
(Figure 5(b)). 0.99 g/L NaCl containing inhibitor solution
impedance value at lowest studied frequency, that is, 0.1 Hz,
is greater than 7.91 g/L NaCl at [Cl−/NO

2

−] = 0.6. This
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(a) Nyquist plots of steel rebar at [Cl−/NO2−] = 0.6
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(b) Impedance-frequency Bode plots of steel rebar at [Cl−/NO2−] = 0.6
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(c) Phase-frequency Bode plots of steel rebar at [Cl−/NO2−] =
0.6

Figure 5: Electrochemical plots of steel rebar exposed in saturated Ca(OH)
2
solution with different concentrations of NaCl at [Cl−/NO

2

−] =
0.6.

result indicates that higher concentration of inhibitor in low
amount of NaCl is exhibiting positive response in formation
of protective passive film.

The phase-frequency Bode plots at [Cl−/NO
2

−] = 0.6 in
0.99 and 7.91 g/L NaCl solution are shown in Figure 5(c).
The maxima of phase angle of both concentrations of NaCl
are exhibited around −83∘ which is identical as [Cl−/NO

2

−]
= 0.3. This result attributed that the capacitive property of
passive is not altering with amount of inhibitor. This means
that the uniform and homogenised passive film was formed
on steel rebar surface when the little amount of inhibitor
was added in solution. The little amount of Ca(NO

2
)
2
is

sufficient to transform unstable oxides/hydroxides into stable
and protective oxide/hydroxide films. However, to increase
the efficiency and strengthen the passive film, higher amount
of Ca(NO

2
)
2
inhibitor is to be required. Therefore, we have

increased the amount of inhibitor at the same content of
NaCl.

From the above result, it is confirmed that to increase
the efficiency and strengthen the properties of passive film,
it is necessary to increase the amount of Ca(NO

2
)
2
inhibitor

than priorly studied amount. The −𝑍image. values of 0.99 and
7.91 g/L NaCl containing solution at [Cl−/NO

2

−] = 1.2 are
gradually increased as concentration of inhibitor increased

(Figure 6(a)) compared to without inhibitor containing
solution attributed to reduction in capacitive property of
passive film. On the other hand, in these concentrations of
NaCl, the 𝑍real is increased as concentration of inhibitor
increased indicating the more resistance of passive film being
formed on steel/solution interface.This observation indicates
that the passive film is exhibiting less capacitive properties
but more resistance to corrosion. The oxide/passive film is
more protective, less porous which does not allow ingress
of the Cl− ion towards steel surface. This film works as
barrier for aggressive ions. This is evident from Nyquist plots
at [Cl−/NO

2

−] = 1.2 in 0.99 and 7.91 g/L NaCl containing
solution (Figure 6(a)). The dimension and size of Nyquist
plots of 0.99 g/L NaCl are greater than 7.91 g/L NaCl at
[Cl−/NO

2

−] = 1.2. The highest increase in dimension of
Nyquist plot for 0.99 g/L NaCl compared to other studied
amounts of inhibitor and NaCl is found. This result indicates
that the passive film and transformed oxides/hydroxides are
very protective, adherent, and stable with even NaCl present
in solution.

To correlate the Nyquist plots, impedance result is shown
in Figure 6(b). 0.99 g/L NaCl containing solution shows the
highest impedance value than 7.91 g/L NaCl at [Cl−/NO

2

−] =
1.2. This value is greater than priorly studied concentrations
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(b) Impedance-frequency Bode plots of steel rebar at [Cl−/NO2−] =
1.2
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Figure 6: Electrochemical plots of steel rebar exposed in saturated Ca(OH)
2
solution with different concentrations of NaCl at [Cl−/NO

2

−] =
1.2.

of inhibitor in 0.99 and 7.91 g/L NaCl. At this concentration
of Ca(NO

2
)
2
inhibitor, passive film is homogenous and uni-

formly distributed. Therefore, increased impedance values
are observed compared to other studied inhibitors’ content.
Also, such amount of Ca(NO

2
)
2
inhibitor strengthens the

passive film.
There is no significant difference observed in phase-

frequency Bode plots of 0.99 and 7.91 g/L NaCl contain-
ing solution at [Cl−/NO

2

−] = 1.2. The only differences are
observed in range of frequency from 40 to 0.1 Hz compared
to prior content of inhibitor. This result attributed that
the film which had formed is homogenous because the
maxima are shifted towards −90∘. It may be due to homoge-
nous and uniform film deposition of steel rebar/solution
interface enhancing the resistance of passive film against
deterioration of steel rebar in NaCl containing solution
[47].

The electrical equivalent circuit (EEC) is derived for all
EIS plots presented in Figure 7. The steel rebar exposed
without inhibitor in 0.99 g/L NaCl and inhibitor containing
solution at [Cl−/NO

2

−] = 0.3 in 0.99 and 7.91 g/L NaCl are
shown in Figure 7(a). The EEC presented in this figure
contain polarization resistance (𝑅pore) and constant phase
element (CPE) parallel to each other and these are in series
with solution resistance (𝑅

𝑠
).This EEC is common for normal

corrosion process which does not have any complex reaction
on metal/solution interface [48]. On the other hand, the
EEC shown in Figure 7(b) is fitted for [Cl−/NO

2

−] = 0.00
in 7.91 g/L NaCl as well as at [Cl−/NO

2

−] = 0.6 and 1.2
in both concentrations of NaCl, that is, 0.99 and 7.91 g/L
NaCl. This EEC is containing Warburg impedance (W) in
series with 𝑅pore and CPE. The W for [Cl−/NO

2

−] = 0.0 in
7.91 g/LNaCl is attributed to deposition of corrosion products
during exposure of steel rebar in this solution. This may
be because the corrosion products diffuse from steel rebar
surface because this solution did not contain inhibitor which
is susceptible and initiates the corrosion easily. Presence of
W at [Cl−/NO

2

−] = 0.6 and 1.2 in 0.99 and 7.91 g/L NaCl is
attributed to adsorption of inhibitor on steel rebar surface and
forming tiny layer of oxides film which causes diffusion.This
layer is protective and increases the resistance for attack of
Cl− ions on steel rebar surface.

The electrochemical extracted data of inhibitor and with-
out inhibitor containing solution in 0.99 and 7.91 g/L are
shown in Table 3. 𝑅

𝑠
is gradually decreased as amount of

NaCl and inhibitor is increased because the solution becomes
conductive. The conductivity of solution is increased due
to the amount of ions increased. The more content of
inhibitor and NaCl increases the amount of ions in solution
resultant decrease in 𝑅

𝑠
which is observed [45]. On the other
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(a) [Cl−/NO2−] = 0.0 with 0.99 g/L NaCl and
[Cl−/NO2−] = 0.3 with 0.99 and 7.91 g/L NaCl
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(b) [Cl−/NO2−] = 0.0 with 7.91 g/L NaCl and [Cl−/NO2−]
= 0.6 and 1.2 with 0.99 and 7.91 g/L NaCl

Figure 7: Electrical equivalent circuit (ECC) with different concentrations of NaCl and [Cl−/NO
2

−] in saturated Ca(OH)
2
solution.

Table 3: Electrochemical parameters extracted after fitting of EIS plots in suitable EEC of steel rebar exposed in solutions.

[Cl−/NO
2

−] Concentration
of NaCl (g/L)

Rs
(Ω)

𝑅pore
(kΩ⋅cm2)

CPE
𝑌
𝑜
(1 × 10−6)

(Ω−1⋅cm−2s−𝑛)
n

𝑊
(1 × 10−3)
(Ω⋅cm2s0.5)

Efficiency
(E%)

0.0 0.99 180.0 70.8 60.3 0.87 — —
7.91 69.2 58.1 75.9 0.86 0.87 —

0.3 0.99 60.9 219.0 34.4 0.93 — 67.67
7.91 38.0 170.0 45.1 0.91 — 65.82

0.6 0.99 58.3 349.0 31.5 0.94 3.40 79.71
7.91 30.9 268.0 43.5 0.94 10.00 78.32

1.2 0.99 51.6 497.0 30.6 0.94 3.90 85.75
7.91 23.1 347.0 42.6 0.94 11.20 83.26

hand, it can be seen from Table 3 that, as the inhibitor
is added in saturated Ca(OH)

2
solution, 𝑅pore is gradually

increased in both 0.99 and 7.91 g/L NaCl solutions. The
inhibitor reduces the anodic surface area of steel rebar by
mechanism of adsorption and forms oxides/passive film.The
presence of CPE in place of capacitance is attributed to
homogeneous adsorption of inhibitor. This inhibitor makes
the surface uniform and homogeneous without any defect in
films. The admittance (𝑌

𝑜
) is decreased as concentration of

inhibitor increased which correlates with the 𝑅pore results. 𝑌𝑜
is always greater for 7.91 g/L NaCl than 0.99 g/L because in
such concentration, steel is prone to activate the surface for
deterioration. From Table 3 it can be seen that the dispersion
coefficient (n) is becoming 0.9 and above which indicates
that the surface is homogenised [49, 50] when inhibitor was
added in solution.The “n” is less than 0.9 in without inhibitor
containing solution because the surface is inhomogeneous,
defective, and susceptible to corrosion. The presence of W
in 7.91 g/L NaCl at [Cl−/NO

2

−] = 0.0 is due to the formation
of corrosion product (figure is not shown) while in case of
inhibitor in [Cl−/NO

2

−] molar ratio of 0.6 and 1.2 with 0.99
and 7.91 g/L NaCl is attributed to adsorption of inhibitor on
steel rebar surface which causes diffusion of passive film.The
higher value of W for 7.91 g/L than 0.99 g/L NaCl when it
contains inhibitor is caused by initiation of corrosion process
and adsorption of inhibitor simultaneously. Therefore, this
value is high.

The efficiency (E%) of inhibitor is calculated by following
equation [51, 52]:

𝐸% =
𝑅pore − 𝑅

0

pore

𝑅pore
× 100, (1)

where 𝑅pore and 𝑅0pore are polarization resistance with and
without inhibitor, respectively. There is not so much differ-
ence observed in efficiency of 0.99 and 7.91 g/L NaCl solution
while comparing with particular [Cl−/NO

2

−] ratios, that is,
0.3 to 1.2. At [Cl−/NO

2

−] = 0.3, it is 67.67 and 65.82%
for 0.99 and 7.91 g/L NaCl, respectively. Such trend is also
observed at [Cl−/NO

2

−] = 1.2 which exhibited 85.75 and
83.26% for 0.99 and 7.91 g/L NaCl solution, respectively. This
result indicates that the inhibitor significantly reduces the
effect of Cl− ion even when it is in high amount. Once the
Ca(NO

2
)
2
is added in solution, it is adsorbed uniformly and

forms protective oxides/passive film which sustains up to
7.91 g/L NaCl solution.

3.3. Potentiodynamic Studies. The potentiodynamic plots are
shown in Figure 8.The steel rebar exposed in 0.99 and 7.91 g/L
NaCl containing saturated Ca(OH)

2
solution is shown in

Figure 8(a).This figure shows the characteristics of steel rebar
without inhibitor containing solution; therefore, it exhibits
higher current density. During anodic scanning of steel rebar
in 0.99 g/L NaCl solution exhibits lesser current density than
7.91 g/L NaCl solution. It is due to less aggressiveness of
0.99 g/L NaCl which could not be able to deter the properties
of passive film during exposure in saturated Ca(OH)

2
. On

the other hand, the enhanced anodic current density of
7.91 g/L NaCl containing solution causes the localized attack
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(a) Potentiodynamic plots without inhibitor
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(b) Potentiodynamic plots at [Cl−/NO2−] = 0.3
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(c) Potentiodynamic plots at [Cl−/NO2−] = 0.6
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(d) Potentiodynamic plots at [Cl−/NO2−] = 1.2

Figure 8: Potentiodynamic plots of steel rebar exposed in saturated Ca(OH)
2
solution with different concentrations of NaCl and [Cl−/NO

2

−].

on steel rebar resultant increase in its value. One interesting
observation can be seen from anodic plots of 0.99 g/L NaCl
containing solution that it exhibits 4 breakdown potential
which may be attributed to mixed/metastable potential or
formation of another phase of oxides on steel rebar/solution
interface. The 0.99 g/L NaCl is not able to destroy the passive
film but it can perturb the properties of passive film. The
steel rebar generally forms protective oxide film when it is
exposed in pore/saturated Ca(OH)

2
solution without any

impurities. Three breakdown potential of steel rebar exposed
in 0.99 g/LNaCl exhibits nobler than 7.91 g/LNaCl containing
solution.The corrosion potential (𝐸corr) of steel rebar exposed
in 0.99 g/L NaCl is nobler (positive) than 7.91 g/L NaCl which
may be attributed to the formation of different phases of
oxides. The cathodic plots show oxygen reduction reaction
where the cathodic current of 0.99 g/LNaCl is a little bit more
than 7.91 g/L NaCl solution. It may be the prior form oxide
film which gets reduced during anodic scanning deposited
on steel surface [53]. Therefore, the steel rebar exposed in
0.99 g/L NaCl exhibits breakdown potential during anodic
scanning.

Once the inhibitor was added in saturated Ca(OH)
2

with 0.99 and 7.99 g/L NaCl solution at [Cl−/NO
2

−] = 0.3,
the anodic current density is shifted towards lower side

(Figure 8(b)) compared to without inhibitor containing solu-
tion. It means that the Ca(NO

2
)
2
is controlling the deteri-

oration of steel rebar. 𝐸corr is also shifted towards positive
(nobler) side than without inhibitor containing solution in
both studied NaCl (Figure 8(b)). In case of 7.91 g/L NaCl
containing solution a lot of fluctuated breakdown potential
is observed. It may be attributed to adsorption of inhibitor
on steel surface and at the same time the Cl− ions violating
the passive film. Therefore, there is chance of competition
between Cl− ions and priorly formed oxides film resul-
tant fluctuated breakdown potential which is observed. The
anodic current density of 0.99 g/L NaCl containing solution
at [Cl−/NO

2

−] = 0.3 is so far from 7.91 g/L NaCl solution.
This result indicates the positive response of Ca(NO

2
)
2

inhibitor. Thus, it was decided to increase the concentration
of Ca(NO

2
)
2
inhibitor further in present study. The cathodic

current density for 0.99 g/LNaCl at [Cl−/NO
2

−] = 0.3 is lesser
than 7.91 g/L NaCl solution.

The steel rebar exposed in NaCl contaminated Ca(OH)
2

solution at [Cl−/NO
2

−] = 0.6 and their potentiodynamic
plots are shown Figure 8(c). The anodic current density of
0.99 g/L NaCl containing solution is lesser than 7.91 g/L NaCl
solution.The increased amount of Ca(NO

2
)
2
inhibitormakes

the steel surface less conductive due to formation of oxides
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Table 4: Electrochemical parameters were extracted after fitting of potentiodynamic plots in Tafel region.

[Cl−/NO
2

−] Concentration of NaCl (g/L) 𝐸corr (mV) 𝐼corr 𝑅pore Corrosion rate
Vs Ag/AgCl (𝜇A/cm2) (kΩ⋅cm2) (𝜇m/year)

0.0 0.99 −335 1.29 111.10 14.99
7.91 −350 2.94 102.45 34.16

0.3 0.99 −263 0.33 217.77 3.83
7.91 −310 0.29 154.19 3.37

0.6 0.99 −253 0.021 259.66 0.24
7.91 −301 0.16 230.69 1.86

1.2 0.99 −230 0.009 892.59 0.10
7.91 −291 0.14 272.86 1.63

film. The oxide films may have less conductivity; therefore,
the more fluctuated/breakdown potential/current at anodic
polarization is observed in 0.99 g/L NaCl while such type of
observation is not found in 7.91 g/L NaCl. The high amount
of NaCl, that is, 7.91 g/L, increased the conductivity of passive
film being formed on steel rebar/solution interface which
inhibited the formation of protective oxide films [54]. In
case of 0.99 g/L NaCl solution at [Cl−/NO

2

−] = 0.6 whenever
breakdown potential is observed, all are nobler than 7.91 g/L
NaCl 𝐸corr value. The 0.99 g/L NaCl exhibit passive region at
19.2 𝜇A/cm2 from −220 to −190mV applied potential ranges.
Such type of observation is not found in case of 7.91 g/L NaCl
solution. This result indicates that increased concentration
of Ca(NO

2
)
2
inhibitor worked significantly in reduction of

corrosion of steel rebar in NaCl contaminated Ca(OH)
2
solu-

tion. The cathodic current density for both concentrations of
NaCl is almost identical. There is no significant difference
observed in 0.99 and 7.91 g/L NaCl solution at [Cl−/NO

2

−]
= 0.6. Both NaCl concentrations show oxygen reduction
reaction at cathodic scanning.

The significant effect of Ca(NO
2
)
2
can be observed when

its concentration is increased at specified NaCl content. The
molar ratio [Cl−/NO

2

−] = 1.2 is sufficient to reduce the
corrosion of steel rebar in 0.99 and 7.91 g/L NaCl containing
solution. The anodic scanning plots indicate the shifting
of current density towards lower side than other studied
content of Ca(NO

2
)
2
inhibitor in both concentrations of

NaCl (Figure 8(d)). The 0.99 g/L NaCl solution exhibited
nobler 𝐸corr and less anodic current density than 7.91 g/L
NaCl. In both contents of NaCl, steel rebar shows pitting
tendency and it may be due to formation of low conductive
passive film during anodic scanning. The applied potential
perturbs the passive film properties resultant pitting which
is observed. The two passive regions are observed in 0.99 g/L
NaCl solution at different anodic scanning. The interesting
result can be seen from Figure 8(d) that once the passive
film is formed and potential is continuously applied during
anodic scanning, sudden increase in current is observed. It
may be during anodic applied potential that the surface forms
strong passive film but the Cl− ions in solution locally attack
surface and weaken the passive film. Thus, sudden increase
in anodic current is observed after formation of passive film
on steel rebar surface in 0.99 g/L NaCl solution (Figure 8(d)).
There are no significant differences observed in cathodic

polarization studies of steel rebar exposed in 0.99 and 7.91 g/L
NaCl at [Cl−/NO

2

−] = 1.2. It may be due to the formation of
less conducting, stable oxides film after exposure of steel at
[Cl−/NO

2

−] = 1.2 in 0.99 and 7.91 g/L NaCl solution which
does not allow reducing the formed oxide films.

There is competition between Cl− and NO
2

− ions on steel
rebar/solution interface. The NO

2

− ion is strong oxidizing
chemical which transformed the unstable oxide (due to attack
of Cl− ions) into their stable form in chloride contaminated
Ca(OH)

2
solution. Thus, for proper mitigation of steel rebar

from corrosion, sufficient amount of Ca(NO
2
)
2
is required.

In this study, to diminish the corrosion of steel rebar exposed
in 0.99 and 7.91 g/L NaCl solution, [Cl−/NO

2

−] = 1.2 molar
ratio is required for transformation of unstable iron oxides
into their stable form.

The electrochemical parameters are extracted after fit-
ting of potentiodynamic plots in Tafel regions. In inhibitor
containing potentiodynamic plots, it is very hard to identify
the Tafel regions but we try to select the regions and extract
fitted data. The extracted data is shown in Table 4. The NaCl
is aggressive agents for deterioration of steel which locally
attack on steel rebar and initiate corrosion process. Due to
aggressiveness of Cl− ion, it induces the steel for localized
corrosion resultant and 𝐸corr may increase (active). Such type
of observation can be seen from Table 4 that 𝐸corr of without
inhibitor containing solution such as [Cl−/NO

2

−] = 0.0 in
0.99 and 7.91 g/L NaCl is higher than inhibitor containing
solution. The steel rebar exposed in 0.99 and 7.91 g/L NaCl
exhibits their 𝐸corr at −335 and −350mV, respectively. As the
inhibitor added, 𝐸corr is shifted at −230 and −291mV for 0.99
and 7.91 g/L NaCl at [Cl−/NO

2

−] = 1.2, respectively. The steel
rebar exposed in 0.99 g/L NaCl at [Cl−/NO

2

−] = 0.0 and 1.2
exhibits 105mV difference. The steel rebar has difference in
𝐸corr more than ±85mV versus saturated calomel electrode
(SCE) when it is exposed in inhibitor; such type of inhibitor
works as anodic or cathodic inhibitor [55–58]. If difference
is in between ±85mV then it works as mixed type inhibitor.
This result confirms that Ca(NO

2
)
2
works as anodic inhibitor

which correlate the result of earlier published papers which
was stated for acidic inhibitor containing solution [12, 40].
However, the corrosion current density (𝐼corr) of inhibitor
is significantly reduced from 1.29 𝜇A/cm2 to 0.009 𝜇A/cm2
in 0.99 g/L NaCl at [Cl−/NO

2

−] = 0.0 to 1.2. The reduc-
tion in 𝐼corr is attributed to the formation of protective
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oxides/hydroxide film by inhibitor which transformed unsta-
ble oxides into their stable form. The steel rebar exposed
in without inhibitor containing solution exhibited lower
𝑅pore which indicates the deterioration of steel rebar due to
presence of Cl− ion in solution. The Cl− ions attack steel
rebar and enhance the corrosion process. In this solution,
there is no other inhibitive agent which diminishes the effect
of Cl− ion. Thus, initially whenever the OH− ions were
generated from Ca(OH)

2
solution, they react with steel and

form oxides film which becomes susceptible. It may be this
film that is conductive and easily destroyed by Cl− ion. Here,
the Cl− ion may be dominant over OH− ion and initiated
the corrosion process. Therefore, 𝑅pore is very less but as
inhibitor was added and its value gradually increased. The
increased value in 𝑅pore with inhibitor indicates the positive
response of Ca(NO

2
)
2
in formation of protective oxides film

than without inhibitor containing solution. 𝑅pore is increased
from 111.10 kΩ⋅cm2 for 0.99 g/L NaCl at [Cl−/NO

2

−] = 0.0
to 892.59 kΩ⋅cm2 at [Cl−/NO

2

−] = 1.2. The corrosion rate
(𝜇m/y) was calculated by using following equation [59]:

Corrosion rate (𝜇m/y) =
3.27 × 𝐼corr × EW
𝑑

, (2)

where the corrosion rate is micrometer per year (𝜇m/y),
𝐼corr in 𝜇A/cm

2. 𝐼corr was obtained by dividing total surface
area of the working electrode into the corrosion current
(𝜇A), EW represents the equivalent weight (g/mole), and d
is density (g/cm3) of iron. The corrosion rate is significantly
reduced when Ca(NO

2
)
2
is added in NaCl contaminated

Ca(OH)
2
solution due to formation of protective and adher-

ent oxides/hydroxides film on steel rebar/solution interface.
The Ca(NO

2
)
2
block the active site of steel rebar in NaCl

contaminated Ca(OH)
2
solution and reduce the attack of Cl−

ion. The inhibitor may transform unstable oxides (due to
reaction of Cl− ion with steel and forming Cl− bearing iron
oxides/hydroxides) into stable oxides/hydroxides. Therefore,
the corrosion rate of steel rebar is significantly reduced
from 14.99 and 34.16 𝜇m/year in 0.99 and 7.91 g/L NaCl at
[Cl−/NO

2

−] = 0.0 to 0.10 and 1.63 𝜇m/year at [Cl−/NO
2

−] =
1.2, respectively (Table 4).

4. Discussion

The steel rebar exposed in Ca(NO
2
)
2
solution with NaCl

is protected from corrosion. The mechanism of effect of
Ca(NO

2
)
2
inhibitor to mitigate the corrosion of steel rebar

is as follows [42]:

Fe → Fe2+ + 2e− (3)

2H
2
O +O

2
+ 4e− → 4OH− (4)

2Fe2+ + 2OH− + 2NO
2

− → 2NO + Fe
2
O
3
+H
2
O (5)

Initially the Cl− ion reacts with iron and forms ferrous
ion (Fe2+) (3). This is unstable and enhances the corrosion
process but when Ca(NO

2
)
2
inhibitor was added in solu-

tion, it transformed Fe2+ ion into Fe3+ (ferric) ion such as
Fe
2
O
3
(5). A considerable research had been carried out to

mitigate the corrosion of steel rebar by adding Ca(NO
2
)
2
,

that is, nitrite based corrosion inhibitor in saturatedCa(OH)
2

solution [8, 24, 38, 60–65]. Nitrite is a strong oxidizing agent
which transformed Fe2+ into Fe3+ at anodic site of steel. This
Fe3+ ion precipitated out and blocked the active site of steel
and formed passive film [21]. Page et al. have reported the
Ca(NO

2
)
2
works effectively if water/cement (w/c) ratio is less

than 0.5 and [Cl−/NO
2

−] ratio is in between 0.5 to 1 but in
present study it is 1.2 [1, 38]. In this study, we simulated the
pore solution and directly exposed the steel rebar. There was
no onset time required to react the Cl− ion with steel rebar
such as in concrete condition. In case of concrete, time is
required to penetrate the Cl− ion through pores of concrete
and later it initiates the corrosion of steel rebar. The less than
0.5 w/c ratio reduces the porosity of concrete and increases
the strength of it through where there is very little chance of
ingress of the Cl− ion, moisture, and so forth. The Cl− ion
is the main culprit which causes the corrosion of steel rebar
in concrete environment. Therefore, in present study, the
[Cl−/NO

2

−] = 1.2 which is greater than that earlier reported
in concrete environment [1, 38].

5. Conclusions

From the above results and discussion, it is found that
Ca(NO

2
)
2
inhibitor worked significantly in reducing the

initiation of corrosion of steel rebar in NaCl contaminated
Ca(OH)

2
solution. The 85.75% efficiency of inhibitor in

0.99 g/L NaCl at [Cl−/NO
2

−] = 1.2 indicates the nitrite based
corrosion inhibitor reducing the corrosion of steel even
in its low amount in simulated condition. During anodic
polarization studies the inhibitor containing plots exhibited
a lot of breakdown potential because different phases of
protective oxides/passive films had formed which may be
protective and adherent. From this study it is also confirmed
that Ca(NO

2
)
2
inhibitor works as anodic inhibitor in 0.99 g/L

NaCl solution at [Cl−/NO
2

−] = 1.2. As the concentration of
NaCl increased the corrosion rate of steel increased due to
aggressiveness of Cl− ion which locally attacks anodic site of
steel rebar.
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