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Corrosion has been the subject of scientific study for more than 150 years. Humans have
been trying to understand, control, and prevent corrosion for as long as they have been
using metal objects. Corrosion never stops but its severity can be controlled by various
methods either by isolating the metal from the aggressive environment or elimination of
any one of the components of electrochemical cells which accelerates the corrosion
process. The general classification of various corrosion prevention methods is
summarized in Figure 1
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Figure 1. Corrosion prevention methods
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1. CORROSION INHIBITORS

Changing the environment by adding corrosion inhibitors (CI) is considered as an
efficient corrosion management method ™! . A corrosion inhibitor is a chemical substance
which when added in a small concentration to the corrosive environment results in a
significant reduction in the corrosion rate either by reducing the rate of attack or by
reducing the probability of its occurrence or by both[?. An efficient inhibitor should be
economical, environment friendly, and inhibit the corrosion process when present in a
small concentration. Corrosion prevention using inhibitors has some noticeable
advantages such as low cost, simple control and operation, and non-requirement of special
instrumentstl. Corrosion inhibition is achieved in two ways. In some cases, the inhibitor
interacts with the metal surface and forms an inhibitive surface film at the

metal/electrolyte interface (Figure. 2).

Q@ @it @sor

Aggressive medium

o002 %0000

Fe Substrate

Figure. 2. Mechanism of Inhibition

In other cases, the inhibitor can alter the corrosive environment into a less corrosive or
noncorrosive environment, e.g. by chemically neutralizing dissolved acidic gases,
chemically scavenging dissolved oxygen, etc. Thus, based on the mode of interaction a

qualitative classification of Cl is presented in Figure.3 I,
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Classification of Inhibitors
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Figure 3. Classification of corrosion inhibitors

Environmental conditioners or scavengers control the corrosion process by decreasing the
corrosivity of the medium through scavenging the aggressive substances. In near neutral
and alkaline solutions, the cathodic oxygen reduction can be controlled by decreasing the
oxygen content using scavengers . In a boiler system, hydrazine is used as a scavenger
to remove traces of oxygen [®l. Interphase inhibitors prevent the corrosion process by
forming a film at metal/environment interphase. Substances having low vapour pressure
with corrosion inhibiting capacity are used as vapour phase inhibitors (VPI) against
atmospheric corrosion, especially in a closed environment. In boilers, VPIs prevent
corrosion in condenser tubes by neutralising the acidic CO2. Volatile inhibitors of this
type transported to the corrosion site and inhibit the corrosion process by maintaining the

atmosphere alkaline [,

LPIs are classified as cathodic, anodic, or mixed type inhibitors, based on whether they
inhibit the anodic, cathodic, or both the electrochemical corrosion process. Anodic
inhibitors develop a protective oxide film on the surface of the metal and causing a large
anodic corrosion potential shift and thereby force the metal surface into the passivation
region and hence commonly referred to as passivators. If the concentration of anodic
inhibitors is not enough to block off all the anodic sites, the oxidising nature of the
inhibitor encourages the anodic reaction and results in pitting corrosion. So, they are

32 ISBN:978-93-5701-222-5



NOVEL AREAS OF CHEMICAL RESEARCH 2023

classified as dangerous inhibitors and chromates, tungstate, molybdates, nitrates, etc are

belonging to this category.

Cathodic inhibitors inhibit the corrosion process by either decreasing the cathodic
reduction rate or by selectively precipitating an insoluble species onto the cathodic sites
to limit the diffusion of reducing species to the metal surface. They are belonging to safe
inhibitors because they do not cause localised corrosion. Zinc ions are used as a cathodic
inhibitor by precipitating Zn(OH): at the cathodic site in the cathodic oxygen reduction

process.

Mixed (adsorption) inhibitors work by reducing the anodic and cathodic corrosion
reactions. Many inhibitors work by adsorption on the metal surface. Adsorption depends
on the surface charge of the metal atom, structure of the inhibitor, and type of the
electrolyte. Adsorption inhibitors offer corrosion inhibition via physisorption,
chemisorption, and film formation. Physisorption by the electrostatic interaction between
the metal atom and the inhibitor is removed from the surface of the metal on increasing
the temperature. Chemisorption due to charge sharing or charge transfer between the
metal and inhibitor molecules is more effective and not completely reversible . The

adsorption can be represented as
0rgsom + XH,0(ads) - orggus + XH,0(soln) (D

The extent of adsorption depends on the nature of the metal, the chemical structure of the
inhibitor, the mode of adsorption, and the type of corrosive medium. The exact nature of
adsorption can be verified from adsorption isotherms which describe the surface coverage

(0) by the inhibitor on the metal surface and the concentration of the inhibitor.

2. SYNERGISM AND CORROSION INHIBITION

Synergism is an adequate method for enhancing the corrosion inhibition performance of
an inhibitor especially at elevated temperatures. It can be defined as the marked
augmentation of the corrosion inhibition performance of one inhibitor by adding a small
amount of another inhibitor, even though the second inhibitor is less effective when used
separately. Co-adsorption of two or more molecules onto the metal surface provide better
inhibition than either of the individual components. Speller et al reported that the
corrosion inhibition performance by phosphate-chromate mixtures is found to be more

effective than their individual performance. The method of using two or more inhibitors
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together via synergistic interaction, is an effective method of enhancing the corrosion
inhibition. Here the quantity of the inhibitors can be considerably reduced without

compromising efficiency of inhibition.

3. CORROSION RESISTANT COATINGS

Corrosion protection by coating has attracted much attention due to its high efficiency

and durability in various aggressive environments P!, The durability and performance of
corrosion resistant coatings depend on many factors such as type of metallic substrate,
pre-treatment of metal, curing, adhesion between the metal and the coating, the thickness
of the coating, etc'®. An effective coating must have intrinsic durability, adhesion with
the metal substrate, toughness to survive cracking and keep its appearance when subjected
to stress, swell, or weathering™!l. An anti-corrosive system for a highly corrosive
environment usually consists of a primer, one or several intermediate coats, and a
topcoat!*?l. The primer ensures good adhesion to the metallic substrate and protects the
metal from corrosion. The function of the intermediate coat is to build up the thickness
of the coating system, resist transport of aggressive ions from electrolyte to the metal
substrate, and ensure good adhesion between the primer and the topcoat. The topcoat is
exposed to the environment and must offer the metallic surface with the required colour,
gloss, and resistance to ultraviolet radiation(*®l. Coatings can be classified into noble
coatings and sacrificial coatings. Noble coatings provide barrier protection. Whereas in
addition to barrier protection sacrificial coatings also provide cathodic protection.

Coatings can be further classified into metallic, inorganic, and organic coatings.

e Metallic coating: metals or their alloys are applied to other metals via electroplating,
hot dipping, thermal spraying, vapor deposition, etc can function as either noble

coating or sacrificial coating.

e Inorganic coating: Non-metallic inorganic coating includes ceramic coating, cement,
silicate, ceramics, conversion coating, and sol-gel coatings. The inorganic material in
the sol- gel coating act as a good barrier against the diffusion of corrosive ions.
Phosphate coating and chromate conversion coating are two usually used inorganic
conversion coatings. Chromate conversion coatings (CCCs) are produced on the metal
surface by chemical or electrochemical treatment of the metal or metallic coating in

solutions containing Cr(VI1) and other components. The porosity and stress-induced
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cracking developed in inorganic coatings limit their use as efficient coatings as the
corrosive species diffuse through the coating to the underlying metal™

e Organic coating: Such as epoxy, plastics, enamel, oils, greases, and paints. In organic
coatings, many different types of fillers and corrosive pigments are used, but the lack
of thermal resistance, flexibility, and relatively less adhesion to metallic surfaces of
organic coatings limit their long-term stability.

e Organic-inorganic hybrids (OIHs): OlHs offer an effective coating on the metal
substrate by linking both inorganic and organic phases covalently on the molecular
scale. In OlHs the capacity of inorganic phase to bond covalently with the metal
increases leading to highly adherent coatings, which impedes the diffusion of
aggressive ions from the electrolyte. The inorganic compound offer scratch resistance,
durability, and adhesion to the metallic substrate. The organic part improves the
flexibility and functional compatibility with the polymer system %, OIHs coating
developed via the sol-gel process is considered as an effective alternative to CCCs for

the metallic substrate.
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