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Reinforced concrete is widely used for building materials and plays a significant role in economic development. However, the premature 

degradation of reinforced concrete structures due to the reinforcing steel corrosion has become a serious problem in modern society, which 

results in a huge economic loss. Under normal conditions, reinforcing steel in concrete can be protected from corrosion by forming a 

compact passive film on its surface in concrete pore solution with high alkalinity (pH 12.5-13.5). However, the passive film can be locally 

damaged and the localized corrosion of reinforcing steel takes place when pH and/or the chloride concentration at the steel/concrete 

interface reach the critical values for corrosion. Corrosion behaviour of metals and alloys in concrete solution has been investigated in 

presence and absence of inorganic and organic inhibitors. Usually carbon steel and steel rebars have been used. Sometimes galvanized steel 

and SS316L have been used. Organic inhibitors, inorganic inhibitors, and natural products have been used as inhibitors along with concrete 

admixture. Corrosion resistance of metals has been evaluated by weight loss method, electrochemical studies such as polarization study and 

AC impedance spectra. Galvanostatic pulse technique has also been employed. The protective film formed on the metal surface have been 

analyzed by SEM, FTIR spectroscopy, XPS, AFM and EDAX. The protective film consists of metal-inhibitor complex, calcium carbonate 

and calcium hydroxide. Experiments have been carried out at room temperature. Corrosion inhibitors fill up the pores and prevent the 

penetration chloride ion towards the metal surface. Passive films formed on the metal surface also increase the life time of concrete rebars.  
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Introduction 

Corrosion behaviour of metals and alloys in concrete 
solution has been widely studied1–65. In the past, most of the 
design studies in the literature and research in reinforced 
concrete assumed that the durability of reinforced concrete 
structures could be taken for granted. However, many 
reinforced concrete structures are exposed during their 
lifetimes to environmental stress (for example, corrosion 
and expansive aggregate reactions) which attacks the 
concrete or steel reinforcement66. Researchers and engineers 
are continuously in search of cost-effective means to prevent 
the corrosion of reinforcing steel for the duration of a 
concrete structure’s design life. The cement paste in 
concrete is alkaline with a pH typically between 12 and 14. 
This paste forms a passive film surrounding reinforcing steel 
in concrete which further thicken iron oxide layer on the 
steel surface. Many researchers believe this alkaline 
environment facilitates the protective passive film around 
the steel67,68. The passive film is not invulnerable, though it 

can be damaged both chemically and mechanically. Some 
examples of chemical damage are carbonation, chloride 
ingress (seawater, de-icing salt, unwashed sea sand, 
admixtures etc) and sulphate attack. Proper design and 
preparation of concrete in accordance with relevant 
standards and timely maintenance of the structures under 
those conditions would guarantee them a long and efficient 
life in aggressive media. However, these requirements are 
not always met and adhered to. Preventive measures being 
used in the construction industry to salvage the service life 
of steel reinforcement in concrete structures are cathodic 
protection, inhibitors, coatings, penetrating sealers and 
chloride removal69. One of the practiced methods popularly 
used for the control of steel corrosion in concrete is the 
corrosion inhibitors either preventive or curative. 
 

In recent years, the use of these inhibitors in producing 
high performance concrete has increased significantly. 
Inhibitors are chemical substance that decreases the 
corrosion rate when present in the corrosion system at 
suitable concentration without significantly changing the 
concentration of any other corrosion agent70. Many synthetic 
compounds (inhibitors) were developed to combats this 
endemic corrosion problem, but most of them are highly 
toxic to both human beings and environment71. Inhibitors 
toxicity according to ref. [72] is measured as lethal dose 
(LD) and lethal concentration (LC). LD50 is the lethal dose 
of a chemical at which 50% of a group of animals are killed 
for 24 h exposure time, whilst LC50 is lethal concentration in 
air or water which kills 50% of test population. Inhibitor 
biodegradation or biological oxygen demand (BOD) should 
at least be 60%. The BOD is a measure of how long the 
inhibitor will persist in the environment. Hence it becomes 
imperative to review the current inhibitors in order to find 
more appropriate, suitable and sustainable inhibitor. 
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Metals 

Corrosion resistance of various metals in concrete solution 
has been investigated. Corrosion resistance of various 
metals such as Fe3,4,5,6,7,8,10,11,12,13,17, carbon steel9,54,62, mild 
steel1,15,16,18,20,24,25,29,30,31, stainless steel19,40,44,65 and  galvani-
zed steel14,19,22,50,57  has been investigated.  

Inhibitors 

Among various inhibitors which have been used along 
with concrete admixtures, mention may be made of 
trisodium citrate2, phosphate, nitrite37, sodium gluganate4, 
calcium nitrate, calcium nitrite5, sodium molybdate6, di-2 
ethylhexyl sebacate11, and uracil derivatives13. Organic 
inhibitors2,4,8,9,11,12,13,48,61 have been used to control the 
corrosion of various metals and  its alloy in various medium. 

Medium 

The inhibition efficiency of various inhibitor is controlling 
corrosion of metals and its alloys in SCPS medium 
1,2,3,7,8,9,10,11,12,13,14, concrete medium5,15,16,17,19,20,21,22,23,25 and 
alkaline medium3,6,30,34,36,38  have been investigated. 

Methods 

Various methods have been used to evaluate the inhibition 
efficiency of corrosion inhibitors. Usually weight loss 
method1,2,15,30,39,47,52,53,60, Electrochemical studies (polariza-
tion and AC impedance)3,4,5,6,7,8,9,,12,13,14,15,18 and  Galvanosta-
tic pulse technique34, and Gravimetric measurement46 
studies have been employed. 

Surface analysis 

The protective film formed on the metal surface, during 
the process of corrosion protection of various metals by 
inhibitors have been analyzed by various surface analysis 
technique such as SEM3,10,14,62,64, FTIR3,13,51, XPS13,33, 

AFM64, and EDAX14,29. In general it has been observed that 
the protective film consists of the metal-inhibitor complex 
along with CaCO3 and Ca(OH)2. 

Temperature 

The inhibition efficiency of various inhibitors has been 
evaluated at room temperature29.   

Mechanism of enhanced corrosion resistance 

It is observed that when inhibitors are used along with 
simulated concrete pore solution, the corrosion resistances 
of metals increase. In general, it is due to adsorption of these 
inhibitors on the metal surface and forming metal-inhibitor 
complex. It is also due to strengthening of CaCO3 and 
Ca(OH)2 deposits on the metal surface. The inhibitors may 
fill up the pores in the concrete structures, which are formed 
in the absence of inhibitors59. The inhibitors may further 
prevent the penetration of corrosive ions such as chlorides 
and sulphate towards the metal surface59. Organic inhibitors 

are specially used for this purpose. The inhibitors may be 
hydrophobic in nature57 and prevent the water molecules 
reaching the metal surface. However after long time 
exposure (two years) the chloride ions break the protective 
film formed on the metal surface, in presence of phosphate 
and nitrite3. When calcium nitrate is used 3% dosage is 
enough to protect the rebar against corrosion5. When sodium 
molybdate is used passive film is formed on steel rebar5,6. 
The aggressiveness of chloride ion in concrete structures has 
been minimized by addition of inhibitors such as sodium 
nitrite7 and disodium mono fluorophosphate12. The impro-
ved corrosion resistance in presence of uracil derivative is 
due to Langmuir adsorption isotherm of inhibitor on the 
metal surface13. Apart from inhibitors addition of red mud 
along with concrete structures improve  corrosion resistance 
of metals. This has been confirmed by electrochemical 
measurements and electrical resistivity17. 

Zinc coating23, and Epoxy coating on the steel rebar have 
improved the bond strength. Fluoride ion even in very low 
concentration (< 25 ppm) is found to be more corrosive than 
chloride ion30. Hence care must be taken to avoid presence 
of fluoride ion in water used to prepare concrete admixture. 
Zinc phosphate coating considerably reduced the corrosion 
rate of mild steel even in chloride medium36.This has been 
confirmed by electrochemical studies. When sodium nitrite 
is used as inhibitor, the stability of the protective film 
increases37. Among the oxyanions, the use of dichromate has 
been found to be very effective for mild steel43. Corrosion 
resistance of mild steel has been investigated in carbonated 
and non-carbonated concrete, in presence of sodium 
monosulphate46. Use of steel wire mesh reinforcement in 
ferrocement has been investigated. Addition of inhibitors 
such as calcium nitrite and tannic acid improved the 
corrosion resistance. Sodium nitrite has the ability to fill up 
the pits formed during corrosion process, by formation of 
passive films, in carbonated concrete pore solution. This has 
been confirmed by electrochemical noise measurement54. 
The use of inhibitors along with, concrete admixture 
improved the corrosion resistance of metals. Various 
inhibitors and various metals and alloys used in this line are 
summarized in Table 1.  

Conclusion 

Corrosion behaviour of metals and alloys in concrete 
solution has been investigated in presence and absence of 
inorganic and organic inhibitors. Usually carbon steel and 
steel rebars have been used. Sometimes galvanized steel and 
SS316L have been used. Organic inhibitors, inorganic 
inhibitors and natural products have been used as inhibitors 
along with concrete admixture. 

Corrosion resistance of metals has been evaluated by 
weight loss method, electrochemical studies such as 
polarization study and AC impedance spectra. Galvanostatic 
pulse technique has also been employed. The protective film 
formed on the metal surface have been analyzed by SEM, 
FTIR spectroscopy, XPS, AFM, and EDAX. The protective 
film consists of metal-inhibitor complex, calcium carbonate 
and calcium hydroxide. Experiments can be carried out at 
room temperature. Corrosion inhibitors fill up the pores and 
present the penetration chloride ion towards the metal 
surface passive films formed on the metal surface also 
increase the life time concrete rebars. 
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