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Chapter 2 

Inhibitor 

 

 

 

 
2.1. Background of Corrosion Inhibitor 

 
A studied topic in the field of corrosion inhibitor is one of the most important 

tools for mitigation of material. Large numbers of books and journals have been 

published on this subject [1-5]. Several seminars and conferences on corrosion 

discuss the development and application of corrosion inhibitor [6-33]. The natural 

products that have been used as corrosion inhibitors for metallic protection could be 

traced to the last half of the 19th century [34]. The first research in corrosion inhibition 

was given to Baldwin [35] which involved the use of molasses and vegetable oils. 

Organic molecules operating as corrosion inhibitors were developed in the petroleum 

industry in the 1950’s and concrete industry in the early 1990’s. Marangoni and 

Stephanelli used extract of glue, gelatin and bran to inhibit the corrosion of metal in 

HCl acid [36-38]. 

 

2.2. Corrosion Inhibitor 

 

Corrosion inhibition is reversible and a minimum concentration (e.g.~10-4M) 

of the inhibiting compound is required to maintain the inhibiting surface film. 

Inhibitors are usually too high to be commercially feasible for the reduction of the 

corrosion rate of the metal [39-41]. Good circulation and the absence of any stagnant 

areas are also needed to maintain inhibitor concentration. While using a corrosion 

inhibitor for a specific problem it is essential to make a proper selection of corrosion 

inhibitor, as no universal corrosion inhibitor exists. Inhibitor being a complicated 

subject may cause potential hazards also. Inhibitor efficiency (IE) is given as: 

 

IE % =
ICorr– I∗Corr

ICorr

x 100 

 

Where ICorr& I∗Corr is the corrosion current with inhibitor & without inhibitor 

respectively. 
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2.3. Importance of Corrosion Inhibition 
 

In India professional organization such as the Central Electrochemical 

Research Institute (CECRI) and other parts of the world National Association of 

Corrosion Engineers (NACE) provide Corrosion Education and Training which 

includes research, Degree programs, Certification program and General 

education. Few National Universities and Colleges offer courses in Corrosion and 

Corrosion Control as part of their engineering curriculum [42-44]. 

There are two important reasons why Scientists and Engineers are interested 

in methods to control or inhibit corrosion by the use of corrosion inhibitor. The first is 

the issue of safety. The second reason is an Economical Impact [45-48]. 

 

2.4.Classification of Inhibitors 
 

 

 
 

Fig. 8. Classifications of Inhibitors 

 

2.5.Environmental Conditioners (Scavengers) 
 

Corrosion can be controlled by removing the corrosive species in the 

medium. Inhibitors that decrease corrosivity of the medium by scavenging the 

aggressive substances are called Environmental Conditioners or Scavengers 

 

O2 + 2H2O + 4e-    4OH- 

 5O2 + 2(NH2-NH2)   2H2O + 4H+ + 4NO2 

 

2.4 Classification of Inhibitors 
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2.6.Interface Inhibitors 
 

 Interface inhibitors control corrosion by forming a film at the 

metal/environment interface. Interface inhibitors can be classified into liquid and 

vapor-phase inhibitors. 

 

2.7.Liquid-Phase Inhibitors 
 

When adsorption occurs (or may occur) at the interface between a fluid phase 

and a solid, the solid is usually called the adsorbent; for gas/liquid interfaces it may be 

in some, but not in all cases useful to call the liquid/gas phase adsorbent as Liquid-

phase inhibitors. This system is classified as anodic, cathodic or mixed inhibitors, 

depending on whether they inhibit the anodic, cathodic or both electrochemical 

reactions. 

 

2.8.Vapor-Phase Inhibitors (VPI) 
 

 The process of vapor-phase inhibition involves two steps: transport of 

inhibitor to the metal surface and interaction of inhibitor on the surface. AVPI may 

first dissociate and then vaporize. Example: dicyclohexylamine. 

 

2.9.Anodic Inhibitors 
 

Anodic inhibitors are usually used in near-neutral solutions where sparingly 

soluble corrosion products, such as oxides, hydroxides, or salts, are formed. Anodic 

inhibitors are often called passivating inhibitors. 

 

 

Fig. 9. Mechanism of Anodic Inhibitor 
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The mechanism of anodic inhibition can be explained using the polarization 

diagram of an active passive metal. In the absence of inhibitors, the metal corrodes in 

the active state at a rate corresponding to point. As the concentration of inhibitor is 

increased, the corrosion rate also decreases until a critical concentration and a critical 

corrosion rate (Fig. 10) are reached. 

 

Fig. 10. Anodic aspects of Corrosion Inhibition 

 

2.10. Cathodic Inhibitors 
 

Cathodic inhibitors control corrosion by either decreasing the reduction rate 

(cathodic poisons example; sulfides and selenides) or by precipitating selectively on 

the cathodic areas (cathodic precipitators Examples arsenic, bismuth, and antimony). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11. Mechanism of Cathodic Inhibitor 

 

The effect of a cathodic inhibitor on the polarization curves is shown in Fig. 12. In 
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this case, the slope of the anodic polarization curve is unaffected, but the slope of the 

cathodic polarization curve is changed [49-50]. 

 

 

 

Fig. 12. Cathodic aspects of Corrosion Inhibition 

 

2.11. Mixed Inhibitors 
 

About 80% of inhibitors are organic compounds that cannot be designated 

specifically as anodic or cathodic and are known as mixed inhibitors. Mixed inhibitors 

protect the metal in three possible ways: physical adsorption, chemisorption and film 

formation [51-56]. 

 

Fig. 13. Mechanism of Mixed Inhibitor 
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Fig. 14. Mixed aspects of Corrosion Inhibition  

 

2.12. Adsorption Studies 

 
The material in the adsorbed state is called the adsorbate. Adsorption is the 

enrichment (positive adsorption) or depletion (negative adsorption) of one or more 

components (or both of the bulk phases and capable of being adsorbed) of the phases 

forming the interface. It is said to form a spread layer (often spread monolayer when 

the layer is known to be only one molecule in thickness). The adsorption theory of 

protective activity has been proposed by most workers, which says that inhibitors are 

absorbed (the term adsorption may also be used to denote the process) on the metal 

surface forming a protective layer.  

 

2.13. Types of Adsorption 
 

The adsorption was considered either as Physical or Chemical adsorption. 

 

2.13.1. Physisorption 
 

Physisorption (or physical adsorption) is an adsorption in which the forces 

involved are intermolecular forces (Vander Walls forces) of the same kind as those 

responsible for the imperfection of real gases and the condensation of vapors, and 

which do not involve a significant change in the electronic orbital patterns of the 

species involved. The term Vander Waals adsorption is synonymous with physical 

adsorption, but its use is not recommended. 

 

2.13.2. Chemisorptions 
 

Chemisorptions (or chemical adsorption) is an adsorption in which the forces 

involved are valence forces of the same kind as those operating in the formation of 

chemical compounds. No absolutely sharp distinction can be made and intermediate 

cases exist. For example, adsorption involving strong hydrogen bonds or weak charge 

transfer. 
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Table 1. Difference between Chemical and Physical Adsorption 

Physisorption Chemisorption 

Forces of attraction are Vander Waals’ 

forces 

Forces of attraction are chemical 

bondforces 

Low enthalpy of adsorption (20-40) 

KJ/mole 

High enthalpy of adsorption (200-400) 

KJ/mole 

This process is observed under 

conditions of low temperature 

This process takes place at high 

temperatures 

Not specific Highly specific 

Multi-molecular layers may be formed 
Generally, monomolecular layer is 

formed 

This process is reversible This process is irreversible 

 

 

2.14. Adsorption from Liquid Mixtures 
  

Adsorption from liquid mixtures is said to have occurred only when there is 

a difference between the relative composition of the liquid in the interfacial layer and 

that in the adjoining bulk phase(s) and observable phenomena results from this 

difference. For liquids, accumulation (positive adsorption) of one or several 

components is generally accompanied by depletion of the other(s) in the interfacial 

layer which is smaller than the adjoining bulk liquid. Negative adsorption may occur 

also in the case of adsorption from highly compressed gas mixtures. For liquid/liquid 

interfaces an arbitrary unsymmetrical nomenclature may not be appropriate [57]. 

 

 

Fig.15. Mechanism of Adsorption 
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2.15. Adsorption isotherm 
 

In this section, different adsorption isotherms are discussed. Isotherms 

describe adsorption using the relationship between the amounts of adsorbate (inhibitor 

molecules) which is adsorbed on the adsorbent (surface of mild steel). The adsorption 

isotherms explored are the Langmuir isotherm, Hasley, Freundlich, Pearson, 

Bockris-swinkless, De Boer, Hills El-Awardy, Dhor-Flory-Huggins, Temkin 

isotherm, Flory-Huggins (FH) isotherm and Frumkin isotherm. From the suitable 

plot, the free energy of adsorption of the organic inhibitor can be obtained [58-61]. 

 

Table 2. Various isotherms and the corresponding equation 

S.No Adsorption Plots 

1 Temkin Isotherm θ versus log C 

2 Frumkin Isotherm Log C versus θ 

3 Langmuir isotherm C/θ versus C 

4 Flory-Huggins Isotherm Log (θ/C) versus log (1- θ) 

5 Freundluich isotherm Log (θ/C) versus θ 

 

2.16. Gibbs Free Energy 
 

The equilibrium adsorption constant (K) is determined from the adsorption 

isotherm and can be used to find the standard Gibbs free energy of adsorption using 

∆Gads = -2.303 RT log (55.5 K) 

Where T is the temperature in Kelvins and R is the universal gas constant. 

 

2.17. Industrial applications of corrosion inhibitors 
 

1. Petroleum Production 

2. Internal Corrosion of Steel Pipelines 

3. Water 

4. Automobile 

5. Paint 

 

2.18. Corrosion behaviour of mild steel in different selective 

media 
 

1. Acidic environment included HCl, H2SO4 

2. Sea Water environment 

3. Base medium 
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