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ABSTRACT: Self compacting concrete is the 

innovative type of the concrete in recent year with 

the environmental friendly structures. The inhibitor 

formulation is used to reduce the corrosion in steel 

with chloride concrete cube size is 100 x 100 

x100mm casted with and without admixtures of the 

inhibitor, and cylindrical concrete is sized 50 x 100 

mm and 12mm diameter and 70mm length of rebar 

are tested with potential Vs time and impressed 

voltage test. After the cotton is surrounded with the 

concrete structures and tested with electro injection 

method. The polarization and impedance behaviour 

of steel in concrete are containing the 

electrochemically injected inhibitors and corrosion 

rate is less and presence of aggressive chloride. 

Keyword: electrical-resistivity, inhibitors, electro-

injection, potential Vs time, impressed voltage test.   

1. INTRODUCTION 

A. General 

Corrosion is that the damaging attack of a 

metal by chemical with its surroundings. 

Deterioration by physical means is called erosion, 

galling or wear. Reddish brown rust on steel, tarnishing 

on copper and silver, white product on zinc are some 

examples of corrosion. Swelling of plastics, decay of 

wood, erosion of granite or leaching away of Portland 

cement is not included in the definition of corrosion. 

“Rusting” refers specifically to the corrosion of iron 

and iron base alloys. Non-ferrous metals corrode but do 

not rust. Concrete is inherently durable under normal 

exposure condition. Corrosion of rebar in concrete 

structures results in the reduction of life of the structure. 

So this problem gives a major threat for offshore and 

coastal structures. In the marine environment corrosive 

salts enter into the pores of the concrete and thus results 

in accelerated rusting of rebars leading to premature 

failure of structures. Corrosion of reinforcing steel in 

concrete structures as a result of exposure to chlorides 

is a common occurrence. It is a 

posh development associated with structural, 

physical, chemical and environmental consideration.  

Much effort has been directed towards the design of 

new structures to reduce and eliminate corrosion 

through increased concrete cover and using reduced 

permeability concrete. Concrete structures exposed to 

chlorides show increased rate of deterioration as 

compared to those structures with no chloride 

contamination of the concrete.  The contamination may 

be due to saline contamination of aggregates or water 

used in the batching of concrete or from direct exposure 

to marine environments. In concrete, the competition 

between chloride and hydroxide ions may result in 

severe corrosion of embedded steel if oxygen is 

available for cathodic reaction [6, 7]. Streicher studied 

the competitive adsorption of aggressive chloride ions 

in the presence of inhibitive ions [8]. ASTM specifies 

the use of chemical admixtures for concrete [9]. 

Inhibitors such as nitrites, benzoates and phosphates are 

studied [10, 11]. According to Tread way and Russell 

sodium benzoate seriously reduced the strength of 

concrete and their use in large quantities are still 

questionable [12]. During the past 15 years, mainly 

calcium nitrite has been increasingly used [13-16]. 

They have gained popularity for protection of 

reinforced and prestressed concrete structures. 

However, there is a considerable debate about corrosion 

inhibiting admixtures [17-19]. Stannous 

chloride seems to be a corrosion matter just for short 

term but it's not been advised that it's been an 

honest corrosion matter. Tensile strength was 

adversely affected by using sodium benzoate. 

Monticello et al. studied over thirty compounds as 

corrosion inhibitors for concrete applications [20]. 

Hansson et al. also studied the principles of corrosion 

inhibitors in concrete [21, 22].  

 All the above studies revealed that no single 

inhibitor will give sufficient protection to the steel in 

concrete. So the inhibitor formulation consisting of two 

or more inhibitors (multi functional type) will give 

sufficient protection to the steel in concrete. 

B. Rebar’s - TMT Bars  

TMT is an acronym for the phrase „thermo-

mechanical treated‟. The Bureau of Indian Standards 

while issuing the code IS: 1786-1985 (reaffirmed 2004) 

used this phrase while making reference to the 

„Technological advances during the last few years in 

the field of deformed bar production have helped in 

meeting all the requirements together. Micro alloying 

with Nb, V, Ti and B in combination or individually.  

The chemical composition of TMT bars is given in the 

following Table. 
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Table.1.0. chemical composition of TMT bars by IS 

and American standards 

Chemical 

Composition 

(%) 

India 

(IS:1786) 

American 

(ASTM A615) 

Carbon 0.30 Max. 0.24-0.33% 

Sulphur 0.060 Max. 0.050 Max. 

Phosphorous 0.060 Max. 0.060 Max. 

S+P 0.110 max 0.120 Max 

C. Corrosion of steel in concrete 

 Corrosion of steel in concrete is influenced 

by varied factors like pH scale reduction, 

carbonation, chloride ingress, etc. Among them, 

chloride ingress plays a very important role in 

decreasing the sturdiness of concrete structures. To 

counteract this corrosion problem, various preventive 

measures such as coating to steel, coating to concrete, 

cathodic protection (CP), addition of super plasticisers 

and corrosion inhibiting admixtures has been reported 

by several authors [1-5]. Corrosion inhibitors are 

compounds that are added or supplied to concrete in 

small proportions, must be compatible with it, and 

should not cause unwanted reactions or negatively 

alter its 

physical properties; besides, they need to contend 

economically with alternative management 

strategies. Inhibitors have an effect on the speed of 

corrosion processes since they influence 

the mechanics of the chemistry reactions that cause 

these processes by at the same time retarding either 

the anodal or cathodic reaction or each. 

Inhibitors area unit wide employed in corrosion 

technology, however their use for dominant steel 

corrosion in concrete has been restricted because 

of the various forms of environments 

to that structures are exposed, and to their effect on 

the mechanical, physical and chemical properties of 

concrete produced by the inhibitor. Corrosion inhibitors 

are presented as an attractive option for preventing the 

corrosion of steel in concrete in the presence of chloride 

ions.   

D. Mechanism of protection  

Reinforcing steel embedded in a chloride – free 

Portland cement concrete exhibits a high degree of 

resistance to corrosion.  The cement paste in the 

concrete provides an alkaline environment that protects 

steel against corrosion. This film is stable in the highly 

alkaline concrete environment that has a pH of 

approximately 12 to 13. In the passive state, steel is 

protected by the naturally high pH and the corrosion 

rate of steel in this state is negligible. 

E. Mechanism of corrosion  

 Corrosion of steel is an electrochemical 

process. Two requirements are necessary for the 

development of a corrosion cell.  Sufficient dissolved 

oxygen is required for reaction at the cathodic sites and 

moisture is required to maintain low electrical 

resistivity in the concrete between the anode and 

cathode.  Anodes and cathodes on either a macro or 

micro scale develop, creating a corrosion cell. Micro 

cells occur within millimeters of each other, while 

macro cells may be up to several meters apart.  In a 

corrosion cell, metallic iron corrodes or oxidizes at 

anodic sites to form ferrous ion with the release of two 

electrons and the reaction is shown as follows: 

  

                  Fe       Fe
2+

 + 2e
-
   

 Electrons flow through the steel to combine 

with oxygen and moisture at the cathode to form 

hydroxyl ions as shown as follows: 

    2H2O   +   O2   + 4e
-
     4OH

-
  

 Hydroxyl ions then combine with a ferrous ion 

at the anode to form ferrous hydroxide as shown as 

follows: 

       Fe
2+

 + 2OH
-
                Fe (OH) 2  

 This ferrous hydroxide can react to form ferric 

hydroxide [Fe (OH) 3] and ferric oxide [Fe2O3] in the 

presence of water along with other species. The effect 

of chloride inclusion in concrete is twofold.  It increases 

the conductivity of the concrete and acts as a catalyst in 

the oxidation of iron.  In the presence of chloride ions, 

intermediate reactions may occur involving iron 

chloride. 

 Chlorides are not consumed in the corrosion 

process but simply act as catalysts at the anode.  The 

corrosion reaction rate is therefore controlled by the 

supply of water and oxygen to the cathode.  Thus, even 

though a concrete deck may be sealed to prevent new 

chloride ingress into the slab, continued chloride-

induced corrosion may occur.  The reaction produces 

hydrogen ions at the anodic site resulting in a lowering 

of the pH and creating more favorable corrosion 

conditions by destroying the passive layer.  Again, the 

ferrous oxides developed may continue reacting to form 

other products such as ferrous and ferric chloride.  

 At the cathode, different reactions may occur 

depending on the availability of oxygen. The balancing 

reaction that occurs at the cathode for corrosion in the 

absence of oxygen is as shown as follows: 

  2H
+
 + 2e

-
  H2    
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 In the presence of oxygen, the reactions at the 

cathode are shown as follows:  

    O2 + 2H2O + 4e
-
        4OH

-
   

  4H
+
 + O2 + 4e

-
      2H2O    

In both instances, steel at the cathodic site is protected 

against corrosion. In these cells, the rate of corrosion 

may be determined by the magnitude of current in the 

reinforcing steel.  This rate is a function of the electrode 

potential between anodes and cathodes, the relative 

sizes of the anode and cathode and the electrical 

resistivity to the concrete.  Greater potential differences 

generally imply a greater reaction rate.   

Table.2. Open circuit potential (OCP) 

measurements in dry condition 

 

 

Fig.1. mechanism of corrosion on steel rebar 

embedded in concrete 

F. pH measurements 

The pH values measured for plain and extracts 

containing chlorides and inhibitor formulation for OPC, 

PPC and PSC are given in Table 1. The pH values o 

plain extracts were found to be between 12.29 and 

12.70 for OPC, PPC and PSC. The pH values for 

extracts containing chlorides and inhibitor formulation 

were found to be between 11.90 and 12.85 for OPC, 

PPC and PSC systems respectively. These data 

indicated that the alkalinity was not much affected by 

adding inhibitor formulation. Hence this inhibitor 

formulation is found to be suitable for using in 

concrete.   

II. Potential-time behavior of various systems 

A. Potential time behavior: 

Tables 2, 3 and Figs.1 show the Open circuit potential 

measurements taken for different systems under wet 

and dry conditions. From the figures it is observed that, 

all the systems have shown more negative potentials 

than -275 mV vs. SCE irrespective of the exposure 

conditions whether it is wet or dry conditions. 

Fig.2. Open circuit potential of various admixed 

systems in dry condition 

B. Impressed voltage test: 

Figures 2, 3 and 4 show the current vs. time behaviour 

of OPC, PPC and PSC concretes with and without 

S.n

o. 

Exposure Period / Days 

1 4 7 10 13 16 

1 

-

0.27

3 

-

0.366 

-

0.216 

-

0.21

7 

-

0.268 

-

0.26

2 

2 

-

0.26

8 -0.35 

-

0.286 

-

0.27

5 

-

0.295 

-

0.31

9 

3 

-

0.34

4 

-

0.369 

-

0.296 

-

0.29

9 

-

0.301 

-

0.29

5 

4 

-

0.36

4 

-

0.378 

-

0.305 

-

0.32

1 

-

0.324 

-

0.28 

5 

-

0.33

5 

-

0.364 -0.31 

-

0.31

2 

-

0.335 

-

0.27

1 

6 

-

0.35 

-

0.385 

-

0.334 -0.3 

-

0.321 

-

0.26

5 

7 

-

0.37

5 -0.37 

-

0.325 

-

0.31

1 

-

0.331 -0.3 
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admixed systems. From the figure it is found that the 

admixed systems are found to perform better than the 

control systems indicating lesser flow of anodic current. 

Among the three cements studied PSC is found have 

better performance when compared with the other two 

systems. This is due to the fact that higher alumina 

present in PSC combines with chlorides forming 

Friedel‟s salt called Calcium chloro aluminates.  This is 

well evidenced by the photographs shown below. 
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Fig.3.Current vs. time behaviour of TMT steel 

embedded OPC in impressed voltage test 
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Fig.4. Current vs. time behaviour of TMT steel 

embedded PPC in impressed voltage test 
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Fig.5. Current vs. time behaviour of TMT steel 

embedded PSC concrete in impressed voltage test 

 

C. Potential-time behaviour of Migrating system 

Fig.6, 7 and 8 represents the potential-time behavior of 

TMT steel embedded in OPC, PPC and PSC concretes 

with and without chloride  ranging from 1% to 3%. The 

potential was monitored for the exposure period of 14 

days. From the figures it is found that as the 

concentration of chloride increases, the potentials were 

found to be shifted to more negative direction. From the 

results it is observed that OPC and PSC concretes are 

found to perform better than the PPC concretes. This is 

due to the fact that, PPC contains 25%  fly ash which 

depleted the OH
- 
concentration which reduced the pH, 

which leads to higher porosity. PSC also contains 70% 

slag and 9% alumina enhanced the complex formation 

of Friedel‟s salt and pore size refinement which 

enhanced the corrosion resistance performance. 
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Fig.6. Potential- time behaviour of OPC concrete in 

migrating system 
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Fig.7. Potential- time behaviour of  PPC concrete in 

migrating system 
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Fig.8. Potential- time behaviour of PSC concrete in 

migrating system 

D. Potential-time behaviour of electro injection 

inhibiting system 

The potential-time behaviour of TMT steel embedded 

in OPC and PPC   concretes admixed with 0%, 1%, 2% 

and 3% NaCl for electro injected specimen are shown 

in shows the potential-time behaviour of TMT steel 

embedded in OPC, PPC and PSC concretes admixed 

with 0% chloride for electro injected specimen. TMT 

steel in all the three concretes shows the potential-time 

behaviour of TMT steel embedded in OPC, PPC and 

PSC concretes for electro injection of inhibitor system 

with 1% chloride. At the end of 7 days, the OCP of 

TMT steel was found -160 mV, -120 mV and -115 mV 

for systems with electro injection. This observation 

clearly brings out the fact that inhibitor formulation is 

able to inject electrochemically into the concrete and 

reached the steel and shifted the potential towards 

anodic direction and protect the rebar‟s from the 

corrosive environments.  
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Fig.9. Potential- time behaviour of electro injection 

of inhibiting system in to concrete for 0% cl 
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Fig.10.Potential- behaviour of electro injection of    

inhibiting system in to concrete for 1% Cl
-
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Fig.11. Potential- time behaviour of electro injection 

of inhibiting system in to concrete for 2% Cl
-
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Fig.12.Potential- time behaviour of electro injection 

of inhibiting system into concrete for 3% Cl
-
 

Potential-time studies indicated that a new novel 

inhibitor formulation was quite suitable for electro 

injection process into concrete even in the presence of 

higher amount of chloride ions. The whole process was 

successfully completed within 7 days which is quite 

reasonable time to repair and rehabilitation of any 

concrete structures. Among OPC, PPC concretes 

studied, PPC performed well in all the three chloride 

levels. 

 

Table 4 Plain OPC Concrete 

S.

no 

I 

corr 

10
-3

 

Corr.r

ate(m

m/y) 

10
-2

 

Corr.

rate(

m/y)1

0
-1

 

Rs.v

alue

10
+3

 

Rct.

valu

e10
+

4
 

Cdl.valu

e10
-5

 

1 2.12

1 

2.458 9.678 9.18

4 

1.23

0 

2.933 

2 0.82

82 

0.9598 3.779 7.19

5 

3.15

0 

4.157 

3 3.41

4 

3.957 0.155

8 

9.82

3 

7.64

1 

8.926 

4 1.94

7 

2.256 8.853 8.37

4 

1.34 5.208 

Table 5 MIGRATION-OPC 

S.

no 

I 

cor

r 

10
-4

 

Cor

r.ra

te(m

m/y) 

10
-3

 

Corr.r

ate(m/

y)10
-1

 

Rs.v

alue

10
+3

 

Rct.v

alue1

0
+4

 

Cdl.va

lue10
-5

 

1 5.8 6.76 2.662 10.9 4.472 3.121 

2 6.2 7.25 2.855 9.60 4.169 3.690 

3 6.1 24.5 9..678 9.18 1.230 2.933 

4 8.3 7.25 2.855 9.60 4.169 3.690 

Table 6 ELECTROINJECTION-OPC 

Sp

.no 

I 

corr 

10
-4

 

Corr

.rate

(mm

/y) 

10
-3

 

Corr

.rate

(m/y

)10
-1

 

Rs.v

alue

10
+3

 

Rct.

valu

e10
+

4
 

Cdl.v

alue1

0
-5

 

1 5.62

6 

6.52

0 

2.56

7 

9.29

2 

4.63

7 

2.356 

2 5.73

7 

6.64

9 

2.61

8 

8.51

2 

4.54

7 

4.821 

3 5.78

2 

6.70

1 

2.63

8 

10.9

8 

4.51

2 

3.969 

4 7.83

9 

9.08

5 

3.57

7 

8.70

9 

3.32

8 

5.926 

B. PPC Concrete: 

The potential dynamic polarization curves for TMT 

steel embedded in PPC concrete without chloride for 

plain, admixed, migrating and electro injection methods 

are shown in Fig.4.18. It was observed from figure that 

the Ecorr values were found to be -357 mV, -276 mV 

and -260 mV for plain, admixed, migrating and electro 

injected specimens respectively. All the inhibited 

specimens showed less Ecorr values when compared to 

plain. Among all, electro injected specimens showed 

more anodic potential value.  The corresponding Icorr 

values are found to be very less for electro injected 

specimens. Here it was interesting to note that there was 

a reduction in the corrosion current values for electro 

injected specimens. There was a 40% reduction in the 

corrosion current values for electro injected specimens 

than plain system. 

III.CONTROLLED-PPC 

A.EJECTION-PPC 

i) Weight loss measurements 

The corrosion rate for TMT steel in OPC and PPC 

concretes containing inhibiting formulations admixed 

with various amounts of chlorides (0%, 1%, 2%, and 

3%) are shown in Table.2 

Table. 7 Comparison of corrosion rate of admixed, 

migrating and electro injection of inhibiting systems 

by Weight loss method 
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System Chloride Corrosion rate  (mm/y) 

(%) Plain Migrating E-

Injection 

  (x10
-4

) (x10
-5

) 

  0 0.0348 0.879 6.06 

OPC 1 0.135 0.053 3.03 

  2 0.1421 0.338 1.099 

  3 0.2011 1.093 0.55 

  0 0.0345 0.655 0.526 

PPC 1 0.0455 0.756 0.53 

  2 0.0589 0.252 0.53 

  3 0.201 0.125 0.526 

The comparison of corrosion rate of plain, migrating 

and electro injection of inhibiting systems obtained by 

weight loss method is given in Tabl-8.  

It was a general observation that E-injection process 

showed lowest corrosion rate when compared to other 

methods. In the case of OPC concrete at 3% chloride 

level without inhibitor (Plain) showed corrosion arte of 

0.0348mm/y. Systems showing less than 0.0348 mm/y 

may be considered as a better inhibiting system in OPC 

concrete. The corrosion rate of steel in OPC concrete 

with 3% chloride level are 0.2011 mm/y, 0.0001mm/y 

and 0.00005 mm/y respectively for plain, migrating and 

E-injection processes.   

In the case of PPC concrete the corrosion rate of steel in 

control specimen was found to be 0.0345 mm/y for 0% 

chloride, 0.0455 mm/y for 1% chloride, 0.0589 mm/y 

for 2% chloride and 0.201 mm/y for 3% chloride. All 

the inhibited systems showed less corrosion rate than 

control systems. At 3% chloride level the corrosion rate 

for various systems follows the order: 

Plain    >     Migrating    >    E-injection 

0.2011 mm/y  >  0.0001 mm/y  >   0.00005 mm/y  

 The reduction in the corrosion rate for various 

inhibiting process follows the order: 

           E-Injection > migrating > admixed 

               74%      >      28%      >     12% 

         The mechanism of inhibition was due to the 

formation of stable and insoluble complex film through 

the process of chemisorptions on the metal surface.  

Complex formation leads to some of the attacking 

anions being rendered inactive.  Thus the combined 

effect of all these matters maintains their perfect 

passivity on the steel surface even in the presence of 

higher concentration of aggressive anions. From the 

weight loss data, it was concluded that the reduction in 

the corrosion rate of steel for various cement extracts 

follows the order:  

PPC < OPC 

IV. CONCLUSIONS 

Two organic bases that are known to acts as an 

corrosion inhibitor for steel in aqueous media; were 

introduced into concrete by admixed, migrating and 

electro injection methods. Amine and ester based 

inhibitors have dual actions in concrete as the amine 

compound act as an inhibitor, whereas, carboxylate 

ester compound has pore-blocking effect which blocks 

the ingress of chloride. The surface applied migrating 

corrosion inhibitor is penetrated in to the hardened 

concrete and is usually proposed for repair systems, 

while admixed inhibitors are commercially available in 

70s, migrating corrosion inhibitors for concrete 

structure were proposed in the last 5-10 years. The 

above two methods the reactions were carried out 

without applying current density, But in electro 

injection method, the inhibitor is applied from the 

external electrolyte under the influence of electrical 

field applied between embedded steel cathode and 

external anode. The cathodic current density was 

galvanostatically controlled at the values in the range 1 

A/m
2
 for period of 1 to 7 days and released free 

chloride was analyzed. The electrochemical 

measurements show the electro injection method has 

high inhibiting efficiency among the other methods for 

protecting the steel from corrosion. 

Electro injection of inhibitors into concrete is 

considered as one of the easy repair and rehabilitation 

strategy for civil infrastructures. In the present study, a 

new multi component inhibitor formulation was 

designed. IR spectra on the surface of the steel 

confirmed the existence of inhibitor molecule on the 

embedded steel. The following broad conclusions can 

be drawn from this investigation: 

 The new multi component inhibitor 

formulation consists of pore-blocking, 

inhibiting ions, passivating ions, transporting 

ions found effective in concrete environments 

for the protection of steel resisting chlorides.  
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 This inhibitor formulation able to injected into 

concrete at the cathode current density of 1 

A.m
-2

.   

 Potential- time studies indicated that within 7 

days of exposure the rebar potential shifted 

towards more positive direction even in the 

presence of chloride.  
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