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ABSTRACT 

A corrosion inhibitor is an admixture that is used in concrete to keep the metal embedded in the concrete from corroding. 

The theory of and types of inhibitors as well as a method for evaluating inhibitors are discussed. Real life situations 

revealing results of inhibitors; corrosion resistance; mix proportioning; reinforced concrete. Inhibitors against chloride 

induced corrosion of reinforcement in concrete have been briefly reviewed with emphasis on anodic inhibitors. A 

program designed to compare the performance of the common anodic corrosion inhibitor calcium nitrite, Ca(NO2)2, with 

the more recently discovered anodic inhibitor calcium nitrite, Ca(NO3)2, is discussed in detail. The methods that were 

used for the evaluation of the reinforcement corrosion in concrete, included half-cell potential measurements, 

polarization curves of reinforced rebars and mass loss of the reinforcement. Finally, the durability of concrete after the 

use of corrosion inhibitors was also examined. This paper provides information on the corrosion mechanism in cement 

concrete using inhibitors.  
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1.INTRODUCTION 

Corrosion of steel in concrete is a worldwide problem. It is influenced by various factors such as carbonation, 

chloride ingress, etc., 

In general, reinforced concrete has proved to be successful in terms of both structural performance and 

durability. However, there are instances of premature failure of reinforced concrete components due to 

corrosion of the reinforcement. The two factors provoking corrosion are the ingress of chloride ions from 

deicing salts or sea water or the reaction of the alkaline pore solution with carbon dioxide from the 

atmosphere, a process known as carbonation. The use of these “corrosion inhibitors” is of increasing interest 

as they can be used in reinforced concrete wither as preventive measure for new structures or as surface 

applied inhibitors for preventive and restorative purpose.  

The application of inhibitors on the concrete surface requires the transport of the substance to the rebar where 

it has to reach a sufficiently high concentration to protect steel against corrosion or reduce the rate of the 

ongoing corrosion. 

1.1 Corrosion inhibitors 

 Corrosion processes are responsible for numerous losses mainly in the industrial scope. It isClear that 

the best way to combat it is prevention. Among the various methods to avoid or prevent destruction or 

degradation of metal surface, the corrosion inhibitor is one of the best know methods of corrosion protection 

and one of the most useful on the industry. This method is following stand up due to low cost and practice 

method. Historically, inhibitors had great acceptance in the industries due to excellent anti-corrosive 

proprieties. However, many showed up as a secondary effect, damage the environment. Thus the scientific 
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community began searching for friendly environmentally inhibitors, like the organic inhibitors. The inhibitor 

is chemically adsorbed (chemisorption) on the surface of the metal and forms a protective thin film with 

inhibitor effect or by combination between inhibitor ions and metallic surface; The inhibitor leads a formation 

of a film by oxide protection of the base metal; The inhibitor reacts with a potential corrosive component 

present in aqueous media and the product is a complex. 

 

2. METHODOLOGY 

 The work flow of the project starts with the study of various literature reviews. For this is the different 

journals related to the proposed work are to be collected. From those collected journals the progress of the 

work, materials to be used are understood.After the electric connection was confirmed to be appropriate, 

electrochemical treatment was started at a constant current density of 5.0 A/m2 of the embedded steel surface. 

The period of treatment was 4 days (equivalent to a total charge of 480 A h/m2) for half of the area of each of 

the circuits and 7 days (840 A h/m2) for the other half. The changes in the current and voltage over time 

applied to each circuit were monitored. 

 

3. MATERIAL PROPERTIES  

3.1 Cement 

Care has been taken to see that the procurement made from a single batch and is stored in airtight containers 

to prevent it is being affected by atmospheric, monsoon moisture and humidity. The cement confirms to 43 

grades. The ordinary Portland cement is selected for this experiment.  

3.2 Course aggregate  

Machine crushed angular granite metal of maximum size of 20mm retained on 4.75mm I.S sieve confirming 

to IS 383-1970 was used in the present investigation. It is free from impurities such as dust, clay particles and 

organic matter etc. the coarse aggregate is also tested for its various properties. The rock crushed coarse 

aggregate. 

3.3 Fine aggregate  

Natural river sand is used as fine aggregate for casting conventional concrete and fiber reinforced concrete 

specimens.  

3.4 Water  

The water, which is used for making concrete should be clean ad from harmful impurities like oil, alkalis, 

acids etc. in general, the water which is fit for drinking should be used for making concrete. 

3.5 Fly ash  

Fly ash is the finely divided residue resulting from the combustion of powered coal and transported by the flue 

gases and collected by electrostatic precipitator. Fly ash possesses pozzolanic property. 0.5% of fly ash is 

added with cement slurry for preparing SIFCON laminate. The use of fly ash in concrete for the following 

technical benefits:  

1. Reducing bleeding and segregation  

2. Improving finish ability and segregation  

3. Reducing heat of hydration  

4. Increasing resistance to crack  

5. Increasing durability  

3.6 Micro silica  

The silica fume is a by-product of the manufacture of silicon, ferrosilicon or the like from quartz and carbon 

in electric arc furnace. Silica fume can be used as partial replacement for cement. Silica fume rises as an 

oxidized vapour. It is further processed to remove impurities and to control particle size. Silica fume is used in 

the concrete for the following reasons:  
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1. Improving the binding strength between the aggregates and cement matrix  

2. Reducing bleeding and segregation  

3. Improving finish ability and segregation  

4. Increasing cohesiveness leading to excellent pump ability  

5. Improving durability  

6. Reducing the shrinkage cracks in the concrete.  

3.7 Corrosion inhibitors 

Organic compounds used as inhibitors, occasionally, they act as cathodic, anodic or together, as cathodic and 

anodic inhibitors, nevertheless, as a general rule, act through a process of surface adsorption, designated as a 

film- forming. Naturally the occurrence of molecules exhibiting a strong affinity for metal surfaces 

compounds showing good inhibition efficiency and low environmental risk. These inhibitors build up a 

protective hydrophobic film adsorbed molecules on the metal surface, which provides a barrier to the 

dissolution of the metal in the electrolyte. They must be soluble or dispersible in the medium surrounding the 

metal. 

 

4. LITERATURE REVIEW 

 E. Velivasakis et al (1998) have investigated Chloride extraction and realkalization are 

nondestructive, electrochemical treatments to halt and prevent corrosion in chloride-contaminated and 

carbonated concrete, respectively. The process actually removes chloride ions from the contaminated concrete 

by the principle of ion migration while at the same time raising the pH of the carbonated concrete through 

electro-osmosis. When an electric field is applied, chloride ions migrate away from the rebars and towards the 

externally attached electrode, eventually ending up in the temporary electrolytic media, which is then 

discarded. They have concluded that the quantity of chloride removed is significant. This is particularly 

evident in the concrete cover and in the concrete in the vicinity of the rebar. Chlorides between the rebar are 

removed much more slowly due to the lower electromagnetic force (gradient) in these areas.  

B. S. Haran et al (2001) have studied carbon steel rebar samples under different pH conditions and in the 

presence and absence of chloride ions in solution. A known amount of calcium nitrite was added as an 

inhibitor and the mechanism of inhibition was studied by tracking both the thermodynamic and kinetic 

properties of the system. The studies indicate that there is a competition between the corrosion and passivation 

reactions, and the resulting open-circuit potential depends on the relative strength of the corroding and 

passivating environments. The authors concluded that carbon steel rebar samples under different pH 

conditions and in the presence and absence of chloride ions in solution indicate that there is a competition 

between the corrosion and passivation reactions.  

A.N. Lashari et al (2003) have investigated four types of corrosion inhibitors (calcium nitrite at two dosages, 

calcium nitrate at three dosages and two organic inhibitors at their recommended dosages) were evaluated at 

five different levels of contamination, i.e., 0.8% chloride; 0.8% chloride plus 1.5% SO3; seawater; brackish 

water; and unwashed aggregates. The objectives of this investigation, plain and reinforced concrete cylindrical 

specimens, 75 mm in diameter and 150 mm high, were prepared using ASTM C 150 Type V Portland cement. 

The compressive strength of the concrete specimens incorporating all the inhibitors investigated in this study 

was more than that of the control specimens.  

L. Holloway et al (2004) have studied Inhibitor concentration depth profiles for concrete samples treated with 

a proprietary migratory corrosion inhibitor (of the Cortec MCI range) were presented. The treated concrete 

was cored and these cores were then sectioned and crushed before being immersed in distilled water to extract 

the available inhibitor. Inhibitor was painted on the top surface of the SA + EM samples and a sponge 

containing the MCI2005 Ca(OH)2 solution was placed on top. A maximum extraction efficiency of 7% is 

observed after 7 days immersion. They are concluded that the extraction method is time dependent and yields 

a maximum effectiveness of less than 10% for an immersion period of 7 days in contrast to the 40% 

effectiveness achieved for a related inhibitor MCI2020.  
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H. E. Jamil et al (2004) have investigated Electrochemical impedance measurements were performed in 

order to obtain information on the corrosion behaviour of reinforcing steel in the presence of a penetrating 

amino alcohol corrosion inhibitor. The investigation was performed in solutions contaminated with chlorides, 

in the presence of inhibitor. The author study the penetration of the inhibitor into mortar two different 

electrochemical cells were used. The first consisted of two cylindrical containers separated by a disk of 

mortar. The second electrochemical cell consisted of only one container filled with the cement extract 

solution. The mortar disk (1cm thick) was mounted on the top of this compartment with one face in direct 

contact with the solution contaminated with 2g/l NaCl. In this study Electrochemical impedance spectroscopy 

(EIS) measurements were performed using a three-electrode arrangement, consisting of the working electrode. 

The conclusion of this paper amino alcohol based corrosion inhibitor tested in this work decreases the 

corrosion rate of the reinforcing steel.  

Shriri. A et al (2004) have investigated the electrochemical behaviour of amino alcohol-based inhibitors 

currently used to prevent (preventive inhibitors) and to control (curative inhibitor) corrosion of steel in 

concrete, respectively. The investigation was performed in the presence of chloride ions, using extract 

solutions simulating the concrete interstitial electrolyte. Electrochemical measurements allowed to compare 

the protective efficiency of these inhibitors. The aim of this work is to assess the electrochemical behaviour of 

two amino alcohol-based organic inhibitors in solutions simulating concrete interstitial electrolyte in the 

presence of chloride ions. The inhibition effect of the preventive inhibitor was also investigated by the use of 

electrochemical impedance spectroscopy. The organic inhibitors studied in this work reduce the corrosion rate 

of the reinforcing steel in solutions simulating concrete interstitial electrolyte contaminated with 2 g/l of NaCl 

and 4% (v/v) of inhibitor.  

M. Ormellese et al (2005) have studied about Chlorides were added in the concrete mixture or penetrated 

from outside by „„ponding‟‟ cycles with a 3.5% sodium chloride solution. They are provided Carbon steel 

reinforcements in concrete structures are in passive conditions, that is they are protected by a thin oxide layer 

promoted by the concrete alkalinity. Four commercial corrosion inhibitors were tested both in solution and in 

concrete; three Organic Compound Inhibitor Admixtures (OCIA) and one nitrite based inhibitor (N), only for 

comparison purposes. The three OCIA are amine-esters (C), aminoalcohols (D) and alkanolamines (E) based. 

The tests were performed in saturated Ca(OH)2 solution, pH=12.6 both potentiodynamic and potentiostastic. 

A carbon steel rebar was placed in each concrete specimen: 10 mm in diameter and 270 mm length. 

Potentiodynamic polarisation solution tests showed an increase on the cathodic current in nitrite containing 

alkaline solution, confirming its anodic oxidising mechanism.  

Mark Richardson et al (2007) have studied the effectiveness of two generations of amino alcohol (AMA) 

based surface-applied corrosion inhibitors (SACI) is investigated. The inhibitors were applied on the surface 

of the hardened concrete. The results showed that the new generation of the SACIs was effective in keeping 

the corrosion rate low compared to the control samples despite high chloride content at the level of the 

embedded steel and the effectiveness increased with chloride concentration. Concrete slabs of size 

280×280×75 mm, which were reinforced by two horizontally placed and fixed reinforcing bars were used for 

corrosion testing. They have concluded that the new-generation amino alcohol-based inhibitor was effective 

against corrosion when it is applied before the chloride application or just after the first chloride ponding 

cycle. It kept the Icorr at 1 μA/cm2, which can be accepted as a threshold value for corrosion initiation, 

despite high chloride content at the level of the embedded steel.  

Mohamed Al-Mehthel et al (2008) have investigated about three proprietary and one generic corrosion 

inhibitors were evaluated for their performance in inhibiting reinforcement corrosion in the silica fume cement 

concrete specimens contaminated with 0.4%, 1%, and 2% chloride concentration, by weight of cement. The 

common protection measures against corrosion of the reinforcing steel include: the application of fusion 

bonded epoxy coating on the steel bar, use of supplementary cementing materials, such as silica fume, fly ash, 

etc., or chemical inhibitors. The scope of their work was to determine the effect of calcium nitrate on both the 

chloride-binding and chloride-induced reinforcement corrosion. They concluded that addition of 3.85% 

calcium nitrate to 1:3 mortars, with and without silica fume, tends to reduce the 1-day strength, but increases 
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the compressive strength from 8 until 56 days of curing. The corrosion rate of embedded steel was, however, 

five times lower than that in an identical mortar without calcium nitrate.  

Shiyuan Qian et al (2008) have studied nine commercially available corrosion-inhibiting systems for use in 

concrete structures exposed to corrosive environments were evaluated on bridge barrier walls and in 

electrochemical cells. The results of this study are presented in two companion papers reporting on a five-year 

field evaluation and an accelerated laboratory investigation. The concentrations of the corrosion-inhibiting 

admixtures used in the electrolytes were: 1.1%, 35%, 4.2%, 1.2%, and 7.8% for admixtures B, C, E, F, and H, 

respectively. The electrochemical measurements included half-cell potential, linear polarization, cyclic 

voltammetry, and AC impedance, which were carried out using a computer-controlled electrochemical 

interface coupled with a frequency response analyzer. They have concluded that Coatings A, D, and G 

provided good performance in the saturated CaOH2 solution by increasing the chloride threshold and reducing 

the corrosion rate of the reinforcing bars when compared to the control coating.  

SHI XianMing et al (2009) have studied admixed corrosion inhibitors in the processes of cement hydration 

and rebar corrosion. The admixing of NaCl and the corrosion inhibitors in fresh mortar was found to alter the 

morphology and microstructure of the hardened mortar at the steel- mortar interfacial region. An ASTM 

specification C150-07 Type I/II low-alkali Portland cement (ASH Grove Cement Company Clancy, MT) was 

used in this study. The fine aggregates used were river sand sifted with a 250 μm sieve before proportioning 

and admixing. Steel plates (C4130 carbon steel) were purchased from Metal Samples, Inc. (Munford, AL). 

Deionized water was used in the experiment. For each mortar sample, a platinum mesh was placed in the pond 

as the counter electrode and a saturated calomel electrode (SCE) was used as the reference electrode. They 

have concluded that the admixing of all three inhibitors was found to increase the polarization resistance of 

steel, indicating reduced corrosion rate of the steel over 48-day exposures to salt ponding.  

Omotosho O. A et al (2010) have investigated that the performance of potassium dichromate and potassium 

chromate inhibitors on the corrosion of steel rebar in concrete partially immersed in sulfuric acid and sodium 

chloride medium. In the inhibitor concentrations used, the statistically analyzed experimental results identified 

0.145 M potassium chromate as exhibiting the best inhibiting quality in sulfuric acid whereas the synergetic 

admixture of 0.032 M potassium dichromate and 0.097 M potassium chromate was predicted as showing the 

lowest probability of corrosion risk in sodium chloride solution. Concrete blocks used for the experiment were 

made of water and a mixture of Portland cement, sand, and gravel in a mix ratio of 1:2:4. The formulation 

used for the reinforced concrete specimens in kg/m3, was cement-320, water-140, sand-700, and gravel-1150. 

The water/cement (w/c) ratio was 0.44. They have concluded that weibull distribution has modeled statistical-

based performance evaluation of potassium dichromate, potassium chromate, and their synergetic combination 

on the corrosion of steel rebar in concrete.  

Jin jie shi et al (2012) have investigated Corrosion inhibitors for steel, such as sodium phosphate (Na3PO4), 

sodium nitrite (NaNO2), and benzotriazole (BTA), in simulated concrete pore solutions (saturated Ca(OH)2). 

The author tests carried out chemical composition (wt%) of steel is C 0.20, Si 0.55, Mn 1.42, P 0.02, S 0.02, 

and balance Fe. The electrodes were ground with silicon carbide papers in the sequence of grade 150, 280, 

320, and 600. Subsequently, they were cleaned in ethanol solution, rinsed with deionized water, and finally 

dried in vacuum atmosphere. In this study uniform corrosion products are observed on the steel surface 

immersed in blank solution with NaCl, while localized corrosion is the main reaction affecting the corrosion 

behavior of steel immersed in other three solutions with different inhibitors. The authors concluded that 

NaNO2 and Na3PO4 are anodic inhibitor and cathodic inhibitor, respectively. However, BTA is a possible 

mixed corrosion inhibitor. As a whole, compared with the common nitrite-based inhibitor, Na3PO4 is not a 

quite effective corrosion inhibitor.  

Okeniji J O et al (2013) have studied using non-destructive electrochemical techniques and analysed for 

studying inhibition effectiveness by different concentrations of Na2Cr2O7 on the corrosion of concrete steel-

rebar in NaCl and in H2SO4 media. For these, specifications of ASTM G16-95 R04 were combined with the 

normal and the Gumbel probability density functions as model analytical methods for addressing issues of 

conflicting reports of inhibitor effectiveness that had generated concerns. In this study Steel reinforced 

concrete samples were partially immersed, longitudinally, in plastic bowls containing respective test solution 
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of aggressive agent. The authors concluded that reinforced concrete samples admixed with concentrations 

having 4 g (0.012 7 mol), 8 g (0.025 4 mol) and 6 g (0.019 1 mol) Na2Cr2O7 exhibited, in that order, high 

inhibition effectiveness, with respective efficiency, η, of (90.46 ±1.30)%, (88.41±2.24)% and (84.87±4.74)%, 

in the NaCl medium. These exhibit good agreements within replicates and statistical methods for the samples.  

Pedro Faustino et al (2013) have investigated the performance of corrosion inhibitors in reinforced concrete 

structures. The size of the cylindrical specimen with 100 mm diameter and 50 mm of thickness and the 

specimen immersed in a solution of calcium hydroxide for vacuum treatment, the specimens were subjected to 

14 days of drying at 20 _C and 50% of RH. The proportion of clinker and other constituents (limestone filler, 

silica fume, fly ashes, pozzolans, blast furnace slag, etc.). The cement (binder) types used in the four concrete 

compositions with various water cement ratio. They have concluded that there was a significant improvement 

in the design service life when this is modeled considering the effect of corrosion inhibitors.  

Rakanta. E et al (2013) have studied to examine the protective effect of N, N‟dimethylaminoethanol (DMEA 

– organic corrosion inhibitor) against rebar corrosion in the presence of chloride ions. The inhibiting 

properties of DMEA based corrosion inhibitor were evaluated in artificial concrete pore solution and in 

cement mortar specimens. In this study cylindrical specimen 100 mm in height and 40 mm in diameter. One 

steel rebar was axially embedded in each cement mortar as shown in Cement, sand and water were mixed in a 

mortar mixer for approximately 5 min until a uniform consistency was achieved. Methods used to assess 

cement mortar specimens‟ performance included the measurement of corrosion potential, corrosion rate and 

mass loss. The authors concluded that addition of N, N‟dimethylaminoethanol to the artificial concrete pore 

solution as well as into the concrete contaminated with chloride ions decreases the corrosion rate of steel 

reinforcement.  

Yuji Tanaka et al (2013) have studied about application of aqueous solutions of organic base corrosion 

inhibitors onto the concrete surface with controlled current densities passed between anodes placed within the 

inhibitor solutions and the embedded steel bars acting as cathodes. There are several approaches have been 

used in the remedial treatment of such structures; they include partial replacement of concrete cover, 

electrochemical re-alkalisation, cathodic protection, and surface application of corrosion inhibitors. In this 

electrochemical treatment embedded steel (13 mm) that would act as the cathode and a cementitious mortar 

patch was applied to reinstate the concrete that had been removed. The other end of the wire was connected to 

a stainless steel anode mesh (13 mm and 100 mm grid). After the treatment, no generation of new cracks or 

defects was observed on the concrete surface even for beams that were temporarily exposed to higher voltage 

than other parts. The author described above, the electrochemical injection of the organic base corrosion 

inhibitor, ethanolamine, into an existing aged carbonated concrete railway viaduct was found to allow 

penetration of an adequate concentration of the inhibitor in the vicinity of the steel for passivation of the steel 

under the conditions studied.  

G.Mangayarkarasi et al (2014) have investigated about Electrochemical protection of steel is one of the 

method adopted to protect and minimize the rebar corrosion both for existing and new concrete structures. The 

objective of the present investigation is directed towards the evaluation of a designed multi component 

inhibitor injection solution consists of thiosemicarbazide, tri-ethanolamine, guanidine and ethyl acetate were 

used as electrolyte formulation for the corrosion of steel in different types of concrete (OPC, PPC & PSC) 

with varying chloride levels through the electro injection process. A cubical concrete specimen of size 100 

mm X 100 mm X 100 mm and concrete slab specimen of size 1 m X 1 m X 0.1 m were cast using OPC, PPC 

and PSC with 3% NaCl by weight of cement. In this paper Potentiodynamic polarization studies proved that 

the corrosion rate of embedded steel was drastically reduced for systems with electro injection. The multi 

component inhibitor injection showed more than 95% efficiency in terms of reduction in corrosion rate 

irrespective of chloride levels in different concretes.  

Joshua Olusegun Okeniyi et al (2014) have studied electrochemical techniques were employed to study 

performance of different concentrations of Anthocleista djalonensis leaf-extract admixtures on the corrosion 

of steel-reinforcement in concrete immersed in 3.5 % NaCl, for simulating saline/marine environment. 

Anthocleista djalonensis (A. djalonensis) A. Chev Loganiaceae leaves were collected from Papa–Shagamu 

road in Ogun State, Nigeria. A length of 150 mm of each steel-rebar was centrally embedded in 100 x 100 x 
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200 mm3 specimen of concrete. Steel reinforced concrete slabs for the electrochemical experiments were 

partially immersed, longitudinally, in plastic bowls containing 3.5 % NaCl solution. The authors concluded 

that djalonensis it is needful to recommend, for future research works, the further testing of the effect of this 

plant leaf-extract on concrete properties, which are beyond the scope of non-destructive electrochemical test-

techniques on which this study is based.  

Marva Angela Blankson et al (2014) have studied organic and an inorganic corrosion inhibitor in self-

compacting concrete (SCC). The inorganic corrosion inhibitor that was used in the study is a nitrite-based 

compound. It is formulated with calcium nitrite (30%), and calcium nitrate. An organic corrosion inhibitor 

was also used and it is designed as a migrating corrosion inhibitor. Two types of coarse aggregates and two 

types of fine aggregates were blended and used for the production of the SCC samples. The rheology tests 

were used to characterize the fresh concrete mixtures. The slump flow, V-funnel and sieve segregation tests. 

The authors concluded that the organic MCI inhibitor contributed to high workability retention in the SCC. At 

60 min after mixing, SCC with the organic inhibitor exhibited deformability that meets self-compatibility 

requirements. Contrastingly, the inorganic inhibitor suppressed workability and had slump flow value that was 

less than 500 mm at 60 min. 

 

CONCLUSION 

 The use of corrosion inhibitors could be a promising technique in restoring reinforced concrete 

structures offering benefits as reduced costs and inconvenience of repairs. It has however to be taken into 

account that the use of corrosion inhibitors in repair systems is far well-established then their applications as 

admixtures in new structures. The overall performance of surface applied organic and inorganic corrosion 

inhibitors intended to stop or at least reduce chloride induced corrosion cannot be considered positive, for the 

case of corrosion due to carbonation there remain at least some doubts. The concrete repair industry should 

specify the required inhibitor concentration at the reinforcement and define methods to measure this 

concentration. Engineers and contractors working in the area of concrete maintenance should be aware of the 

fact that the performance of proprietary corrosion inhibitors in repair systems marketed different trade names 

is not yet documented by independent research work. 
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