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Chapter

Prologue: Coating Technology
Aneeya Kumar Samantara and Satyajit Ratha

1. Introduction

The advanced technological application demands value-added materials of req-
uisite surface properties. In most of the cases, the metallic materials are employed as 
prime part of the instrument/device. But after certain period of repeated use, passiv-
ation/inactiveness of the surface has been realized. This is mainly due to the corrosion 
of the metallic surface. Corrosion is nothing but the physicochemical interaction of 
a metal surface with the surrounding environment leading to change the original 
properties of that metal. Further it impairs the function of the metal as well as the 
environment and the technical equipment of which these form a part. Therefore 
methods/technologies are strictly indispensable to protect the metal surface from the 
detrimental effect of the environment as well as to preserve its integrity. Although 
many technological prospects have been formulated, still now focus is given on the 
development of methods for surface modification/functionalization of materials. The 
definition of surface modification/functionalization directs the employment of a pro-
cedure to introduce new properties to an existing material to fulfil the requirement for 
a particular application. These techniques have been used from the ancient times aim-
ing for an improved response of a material when it interacts with the environment. 
After the evolution of nanoscale materials and nanotechnology, this functionalization 
is performed in either by manipulating the material composition in molecular level or 
by making an optimized coating onto the material surface. Basically the surface modi-
fication is performed by applying advanced coatings onto the material surface. These 
coatings offer an efficient physical barrier clogging the approach of corrosive species 
to the metal surface, thereby lengthening the lifetime of the equipment. Additionally 
these coatings are capable to suppress the corrosion process, if the protective barrier 
is disrupted by any means. Hence these corrosion protective materials require the use 
of anticorrosion pigments or corrosion inhibitors which will protect the underlying 
metallic surface. Further the thickness of coating and optimization of the number of 
layers strictly depends on the application for which it is intended. Generally the thick-
ness varies from micro to millimetres, and the number of layers varies according to 
the targeted application. Each of the layers is designed to aim specific functionalities 
like as adhesive to the metal surface or in between the metal and other coating layers, 
corrosion inhibitor, water-repellent, antifouling/wear resistive agent, etc.

From the heritage of mankind, animal fat, gelatins, beeswax, clay minerals, 
and different vegetable oils have been employed as the coating material to protect 
the surface of metallic articles from corrosion, to retain brightness, for lubrica-
tion, etc. [1]. Later on with the passage of time, the boost on nanomaterials and 
nanotechnology developed many advanced routes for surface coating, but still now 
some of the ancient coating materials are in use. Afterwards the chromate-based 
surface treatments are developed and show efficient corrosion protective proper-
ties; however the use of hexavalent chromium is imposed legislatively (because of 
its carcinogenic properties) in most of the areas excluding the aerospace industries. 
Therefore more focus has been paid to design advanced, nontoxic (low-volatility, 
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organic, hexavalent chromium- and isocyanate-free compounds), and low-cost 
coatings for corrosion protection. In this regard, many of the nanomaterial-based 
coatings (organic, inorganic, or composites) have been formulated and demon-
strated successfully.

2. Materials and processes

These coating materials are applied in various sectors to prevent corrosion and 
to retain the integrity of the metal performance. Generally two main strategies have 
been considered to achieve the required functionalities into coatings: (a) encap-
sulation or loading of the active species in host carriers and (b) manipulation in 
composition of the coating matrix to include bulk or surface functional groups. The 
former one involves the intermixing of carriers of active agents (polymeric capsules, 
nanotubes, mesoporous inorganic particles, clays, etc.) along with the functional 
species (cerium ions, benzotriazole, nitrates, silyl esters, etc.) with the coating 
matrix. These carriers act as the reservoirs that store the active material and release 
at the time of requirement. It is necessary to maintain the compatibility and to check 
the long-term stability of the carrier material with the coating matrix. A number of 
carriers, functional species, and coating matrix have been summarized in Table 1.

In addition to the above-discussed processes, an alternative route is also 
explored and demonstrated successfully for corrosion protection. It constitutes 
the functionalization of the coating surface or bulk matrix by manipulating its 
molecular structure and composition [11–16]. Out of others, the process involving 
the manipulation of cross linking/molecular structure of the polymeric matrixes 
by integrating different additives (like cyclic carbonates, amines, and siloxanes) is 
considered as the greener route to surface functionalization. As a result a thin and 
dense cost-effective coating is formed showing improved protective action with 
better durability. Some examples on the coating materials based on surface modifi-
cation is presented in Table 2.

Substrate Coating Matrix Active agent Carrier Reference

Steel Epoxy polymer Polysiloxanes Urea-formaldehyde 

microcapsules

[2]

Aluminium Sol-gel Cerium (III), Lanthanum 

(III), Salicylaldoxime, 

8-hydroxyquinoline

Hydroxyapatite 

particles

[3]

Steel Primer Silver Silica [4]

Galvanised 

steel

Silane Cerium ions CeO2 nanoparticles [5]

Glass Silane Sodium montmorillonite Sodium 

montmorillonite

[6]

Steel Polyester coating Benzalkonium chloride Mesoporous silica [7]

Aluminium 

and 

Galvanneal

Epoxy Mercaptobenzothiazole Polyelectrolyte 

nanocapsules

[8]

Steel Acrylic paint Silver Polymer 

microparticles

[9]

Al alloys Epoxy Silyl ester Polymeric capsules [10]

Table 1. 
Examples of different active agents, carriers, and coating matrixes used for coatings to protect the metallic 
surface from corrosion.
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3. Conclusion

The encapsulation of coating matrixes with active agents provides an advanced 
route to maintain the properties of metallic materials used in different technological 
applications. Also the functionalization of surface with active materials by manipu-
lating the molecular composition adds another route to prevent corrosion. Further 
the coating thickness and number of layer optimization is strictly needed to achieve 
an efficient coating. Therefore not only on the material development but also focus 
should be given to manage the compatibility among the coating layers and efficien-
cies of carrier material to hold active agents for targeted applications. This book 
aims to present detailed information and current advancements in the coatings 
technology applied to prevent the metallic substrates from corrosion maintaining its 
integrity.

Substrate Coating matrix Active agent References

Al alloys Polyester Various silane [17]

AZ31 Epoxy Various silanes aminosilanes [14]

Steel Acrylics Inorganic fillers [18]

Zinc and 

AA2024

Polyvynilbutyral PANI-emeraldine salt of paratoluene 

sulphonic acid

[19]

AA2024 Epoxy PANI-lignosulfonate [20]

Steel panels Commercial resins Glycidyl carbamate [21]

Steel Silicone rubber Inorganic nanoparticles [22]

Tin Poly(methyl 

methacrylate)

Mixture of silanes [16]

Steel Epoxy-ester dodecylbenzenesulfonic acid polyaniline [23]

Table 2. 
Examples of different active agents used in manipulation of the coating matrix to make effective coatings for 
corrosion protection.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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