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Abstract 
Mild steel is relatively less expensive. So in reinforced concrete, mild steel 
can be used. Mild steel in concrete structures may experience corrosion. 
To avert corrosion of mild steel, a number of inhibitors are used along 
with concrete admixtures. In this category of research, saturated calcium 
hydroxide solution is considered as simulated concrete pore solution 
(SCPS). Numerous corrosion inhibitors have been utilized in this field 
along with organic coatings. In the present investigation show case polish 
coated mild steel has been used in concrete. The corrosion resistance 
has been calculated by electrochemical studies such as polarization study 
and AC impedance spectra. When show case polish coated mild steel 
is immersed in SCPS, the corrosion resistance of mild steel increases. 
This is long-established by the facts that in presence of show case polish 
coating, the linear polarization resistance value increases, corrosion 
current value decreases, charge transfer resistance increases, double 
layer capacitance decreases, impedance increases, and phase angle 
increases. The protecting layer functions as anodic inhibitor and controls 
the anodic reaction primarily. The protective coating offers 99.99% inhibition 
efficiency. It implies that the show case polish coated mild steel can be 
used in concrete technology. This will increase the lifetime of the rebars. 
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Introduction
Concrete is a complex material made out of fine 
and coarse combined reinforced along with a liquid 
(concrete glue) that solidifies (fixes) after some time. 
The concrete responds with the water and diverse 
fixings to frame a hard grid that ties the materials 
together into a tough stone-like material that  
has many employments. Reinforced concrete (RC), 
as well called reinforced cement concrete (RCC),  
is a complex material wherein concrete's reasonably 
low rigidity and malleability are made up for by the 
amalgamation of support having higher tensile 
strength or ductility. The reinforcement is normally, 
though not really, steel bars (rebar) and is normally 
inserted inactively in the solid before the solid 
sets. As an alternative of steel mild steel can also  
be used, because, mild steel is comparatively less 
luxurious.30-31

Mild steel in concrete structures may undergo 
corrosion. To stop corrosion, quite a lot of inhibitors 
are used by the side of concrete admixtures.  
In this sort of research, saturated calcium hydroxide 
solution, which is considered as simulated concrete 
pore solution (SCPS) is used. Countless corrosion 
inhibitors have been used in this field along with 
organic coatings.

Nitrate and nitrite-intercalated Mg–Al layered double 
hydroxides have been employed as inhibitors  
to control corrosion of steel in saturated calcium 
hydroxide solution. This is considered as simulated 
concrete pore solution (SCPS). Electrochemical 
impedance spectroscopy (EIS) has been  
used to measure the corrosion resistance  
of steel in SCPS, by Xu et al.18 Inhibition result  
of polyvinylpyrrolidone on corrosion of reinforcing 
steel in simulated concrete pore solutions has been 
investigated by Dong et al.23 The inhibition competence 
of PVP reached 89.1% when its concentration 
was 25 mg/L. PVP. Electrochemical impedance 
spectroscopy and polarization curve measurements, 
scanning electron microscopy, X-ray photoelectron 
spectroscopy and Raman spectroscopy have  
been employed in this study. Lee el al. have 
premeditated corrosion mitigation of steel rebars  
in chloride contaminated concrete pore solution 
using inhibitor by electrochemical investigation.15 
A maximum of 96% inhibition efficiency has been 
achieved.

Effect of diamino methanethiol on the corrosion 
resistance of carbon steel in simulated concrete 
pore solutions has been studied by Ji et al.26 
The inhibitor acted as a mixed-type inhibitor, 
suppressing the anodic and cathodic corrosion 
reaction processes of carbon steel by forming a 
protective film on its surface. Polarization study 
and AC impedance spectra have been used in 
this study. Efficacies of sodium nitrite and sodium 
citrate–zinc acetate mixture to inhibit steel rebar 
corrosion in simulated concrete interstitial solution 
contaminated with NaCl have been studied by 
Maliekkal et al.7 Electrochemical studies and FTIR 
spectroscopy have been utilized in this investigation.  
The effect of functionalized polycarboxylate  
structures as corrosion inhibitors in a simulated  
concrete pore solution has been investigated 
by Fazayel et al.6 The results of SEM, EDS and 
AFM investigations were  in agreement with the 
results of electrochemical studies Mansour et 
al.14 have investigated effect of phosphate-based 
inhibitor on prestressing tendons corrosion in 
simulated concrete pore solution contaminated 
by chloride ions. Acoustic emission evolution was 
recorded along with the anodic polarization. It was 
established that a longer period of time for inducing  
the damage of the specimen when inhibitor is added.  
EDX analysis showed that phosphate ions  
are likely to form compounds that block anodic sites  
which help to delay prestressed steel corrosion 
initiation. The effect of Chamaerops humilis L. 
extract on the behavior of reinforcement steel in a 
carbonated concrete pore solution (pH≈9) has been 
reported by Left et al.13 It was found that the plant 
extract has a beneficial effect on the development of 
a passive layer. Electrochemical studies have been 
used in the investigation.

Unnisa et al. have reported that linear polyesters 
as effective corrosion inhibitors for steel rebars  
in chloride induced alkaline medium.8 Electro- 
chemical studies have been used in this 
study. Tafel plots revealed cathodic inhibition. 
Nyquist plots favoured increased Rct values 
suggesting the formation of barrier film. Efficiency 
of corrosion inhibitors in mitigating corrosion  
of steel under elevated temperature and chloride 
concentration has been reported by Al-Sodani   
et al.12 It has been reported that an increase 
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in the temperature or chloride concentration  
increased the rate of corrosion.

The present work is undertaken to study the corrosion 
resistance of mild steel in simulated concrete pore 
solution (SCPS), before and after the presence  
of showcase polish coating. Electrochemical studies 
such as polarization study and AC impedance 
spectra and have been used in the present study, 
to evaluate the corrosion resistance of mild 
steel coated with show case polish and also the  
uncoated mild steel.

Experimental
Preparation of Simulated Concrete Pore Solution
Saturated solution of calcium hydroxide alone  
is used as simulated concrete pore solution (SCPS) 
(pH = 13.5), in the present study,

Electrochemical Studies
Electrochemical studies such as polarization study 
and AC impedance spectra1, 2, 3, 4, 5, 9, 10, 11, 12, 16, 17, 20, 

21, 24, 25, 27, 28, 29 are useful in measuring the corrosion 
resistance of mild steel in various test solutions.

Polarization Study
To invest igate po lar izat ion s tudy a CHI 
electrochemical work station with impedance 
model 660A was used. A three-electrode cell 
assembly electrode was employed in the present 
study. Working electrode was mild steel. Reference  
electrode saturated calomel electrode (SCE). 
Counter electrode was Platinum electrode.  
From the polarization study corrosion parameters 
such as corrosion potential (Ecorr) corrosion current 
(Icorr) and Tafel slope values (anodic = ba and cathodic 

= bc) and Linear Polarization Resistance (LPR)  
were derived.

Ac Impedance Spectra
The instrument used in polarization study was 
used in recording AC impedance spectra also.  
At  various frequencies, the real part (Z’) and imaginary 
part (-Z”) of the cell impedance were measured.  
The  charge transfer resistance (Rt) and the 
double layer capacitance (Cdl), impedance value  
and phase angle were derived from Nyquist plots  
and Bode plots.

Results and Discussion
To increase the strength of concrete rebars are used 
in concrete technology.

Mild steel can serve as rebar. To defend the 
rebars from corrosion, corrosion inhibitors are 
used along with concrete. In the place of concrete, 
simulated concrete pore solution (SCPS) can  
be used. SCPS is nothing but a saturated solution  
of calcium oxide or calcium hydroxide. Under 
these circumstances the corrosion resistance  
of mild steel in SCPS in the absence and presence  
of inhibitors can be studied. In the place of inhibitors, 
a shielding coating of show case polish may  
be specified. The show case polish coated mild steel 
can be used in concrete. To assess the corrosion 
resistance of mild steel coated with show case polish 
coating the corrosion resistance can be calculated 
electrochemical studies such as polarization study 
and AC impedance spectra. Show case polish has 
been employed as protective coating in the present 
study.

Table 1: Corrosion parameters of mild steel immersed in SCPS in the absence and presence  
of protective coating (show case polish)

System Ecorr bc ba LPR Icorr
 mV vs SCE  mV/decade mV/decade Ohmcm2 A/cm2

mild steel in -923 182 226 89 5.097×10-4

SCPS 
show case  -626 400 180 11557821 4.677×10-9

polish coated 
mild steel in
SCPS
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Analysis of Polarization Curves
To sense the formation of protective film on the metal 
surface polarization study has been used. When  
a protective film is produced on the metal surface, 
the Linear Polarization Resistance (LPR) increases 
and the corrosion current (Icorr) decreases.  
The Polarization curves of mild steel immersed  
in a variety of test solutions are shown in Figures 
1 and 2. The corrosion parameters namely, 
corrosion potential (Ecorr), Tafel slopes (bc= cathodic;  

ba= anodic) Linear Polarization Resistance  
(LPR) and the corrosion current (Icorr) values are 
provided in Table 1.

It is observed from the Table that when mild steel 
is immersed in simulated concrete pore (SCPS) 
solution, the corrosion potential is -923V vs SCE. 
The LPR value is 89 Ohmcm2. The corrosion current 
value is 5.097×10-4A/cm2.

Fig. 1: Polarization curve of mild steel immersed in SCPS

Fig. 2:  Polarization curve of show case polish coated mild steel immersed in SCPS

Influence of Show Case Polish on the Corrosion 
Resistance of Mild Steel Engrossed (Immersed) 
In SCPS
Coating of show case polish shifts the corrosion 
potential from -923  to -626 V vs SCE. The 
corrosion potential is shifted to anodic side (less 
negative). This reveals that the anodic reaction is 
controlled mainly. The LPR value increases from 89  
to 11557821 Ohmcm2 (Table 1) and the corrosion 
current decreases from 5.097x10-4 to 4.677×10-9A/
cm2. This marvelous decrease in corrosion current 
value suggests that a protecting film is formed  
on the metal surface and most likely the protective 

film consists of Fe2+ complex formed between Fe2+ 
and the constituents of the Show case polish apart 
from CaCO3 and CaO. It is observed from Figure 
2 that, the protective film is less stable upto -400 
mV vs SCE. At -400 mV a very stable passive film  
is formed. So corrosion current decreases. This 
film is stable upto -150 mV. Then film breaks and 
corrosion current increases.

Analysis of Ac Impedance Spectra
AC impedance spectra have been used to detect 
the formation of the film on the metal surface  
AC impedance spectra have been used. If a shielding 
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film is formed, the charge transfer resistance 
(Rt) increases and double layer capacitance (Cdl)  
value decreases. The impedance value increases 
and phase angle increases

The AC Impedance spectra of mild steel immersed 
in various solutions are shown 

In Figures 3 to 6 he AC Impedance spectra of mild 
steel immersed in various solutions are shown.

In Figures 3 and 5 The Nyquist plots are shown.  
In Figures 4 and 6 the Bode plots are shown.  
The AC impedance parameters, namely, charge 
transfer resistance (Rt) and double layer capacitance 
(Cdl) are given in Table 2. When mild steel is 
immersed in simulated concrete pore (SCPS) 
solution, Cdl value is 5.65×10-8 F/cm2 and the Rt value 
is 90.13 Ohmcm2. The impedance value is 2.251. 
The phase angle value is 31.58°.

Fig. 3: Nyquist plot of mild steel in SCPS

Fig. 4: Bode plots of mild steel in SCPS

Fig. 5: Nyquist plot of show case polish coated mild steel in SCPS
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When the show case polish coated mild steel 
electrode is immersed in SCPS, the Rt value 
increases from 90.13 to 6925400 Ohmcm2 and 
Cdl value decreases from 5.65×10-8 to 0.736×10-12  
F/cm2. The phase angle increases 31.58 to 115°. 

The impedance value increases from 2.251 to 7.278. 
These observations indicate that the coated film  
is very strong and it is not broken by the ions present 
in SCPS medium.

Fig. 6: Bode plots of show case polish coated mild steel in SCPS

Table 2: AC impedance parameters of mild steel immersed in various solutions  
obtained from AC impedance spectra      

SYSTEM Rt Cdl Impedance Phase angle°
 Ohmcm2 F/cm2 log (Z/ohm)
 
mild steel in 90.13 5.65×10-8 2.251 31.58
SCPS 
show case polish  6925400 0.736×10-12 7.278 115.0
coated mild steel 
in SCPS

Equivalent Circuit Diagrams for the Present 
Study
In the present investigation the AC impedance 
spectra of mild steel immersed in SCPS before 
and after show case polish coating were recorded.  
The equivalent circuit diagram is assigned  
based on the Nyquist plot.

The Equivalent Circuit for Mild Steel Immersed 
in SCPS
The shape of the Nyquist plot indicates that this 
system consists of two processes namely, charge 
transfer process and diffusion controlled process. 
The equivalent circuit for this system is shown  
in Figure7.

Implication
A mild steel rebar coated with show case polish is 
immersed SCPS. It is observed that the corrosion 
resistance of the rebar increases. This is owing to the 
fact that the coating of the film prevents the corrosion 
of mild steel in SCPS. Therefore, it is suggested that 
the mild steel rebars used in concrete technology 
may be coated with the show case polish. 

The conclusions are summarized in Figure 8 and 
Table 3.
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Fig. 7: Equivalent circuit for kinetic and diffusion processes.

Fig. 8: Summary of conclusions
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Table 3: Summary of the main results

Corrosion parameters of show case polish coated mild steel immersed in various test solutions 
obtained from Polarization technique and EIS

Parameters SCPS SCPS + show Inference
  case polish

Ecorr, mV vs  SCE –923 -626 anodic
LPR, Ohmcm2 89 11557821 increases
Corrosion current, A/cm2 5.097x10–4 4.677x10-9 decreases
Rt  Ohmcm2 90.13 6925400 increases
Cdl, F/cm 2 5.65∙10–8 0.736×10-12 decreases
Phase angle, degree 32 115 increases
Impedance 2.251 7.278 increases

Conclusions
Mild steel is relatively less expensive. So in 
reinforced cement concrete (RCC), mild steel can be 
used as rebars. Mild steel in concrete structures may 
experience corrosion. Several inhibitors are used 
along with concrete admixtures to prevent corrosion 
of mild steel. In this sort of research, saturated 
calcium hydroxide solution, which is well thought-out 
as simulated concrete pore solution (SCPS) is used. 
Countless corrosion inhibitors have been used in this 
field all along with organic coatings.

• In the present investigation show case polish 
coated mild steel has been used in concrete.  
In the place of concrete, simulated concrete 
pore solution (SCPS) has been used.

• The corrosion resistance has been calculated 
by electrochemical studies such as Polarization 
study and AC impedance spectra.

• In the presence of show case polish coating 
the corrosion resistance of mild steel 
engrossed in simulated concrete pore solution  
(SCPS) increases. 

• This is established by the details that in 

the presence of show case polish coating  
the corrosion resistance of mild steel immersed 
in simulated concrete pore solution (SCPS), 
the linear Polarization resistance value 
increases, corrosion current value decreases,  
charge transfer resistance increases, double 
layer capacitance decreases, impedance 
increases and phase angle increases. 

• The defensive layer functions as anodic inhibitor 
and reins the anodic reaction principally. 
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