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Abstract: Corrosion is the destruction of materials usually metal owing to electrochemical reaction with
the environment which result in a failure of component. Corrosion is a reverse of the process of
extractive metallurgy and depends on the several factors such as environment, stress, erosion and the
temperature. Every nation faces major economic losses ranges from 1% to 5% of GNP per year due to
corrosion. Additionally, corrosion not only increases the costs of component but it also responsible for
life losses and safety hazard. Hence, the aim of this review paper is to provide an overview of different
types of corrosion and their preventive method. Corrective prevention action may be taken to minimize
the effect of corrosion related problems.
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I. INTRODUCTION

Corrosion is an irreversible destruction of metal surface caused by chemical or electrochemical action of the
surrounding environment. Corrosion is generally viewed as a universal phenomenon [1]. The most Common example
of corrosion includes rusting, discoloration and tarnishing. The corrosive environment may be of any type i.e., may be
solid, liquid or gas. These environments are generally known as electrolytes. These electrolytes allow the transfer of
ions (cations and anions) and form two reactions (anodic and cathodic). If suppose, we have two different types of
metals in a given electrolyte, then the less noble metal acts as anode and gets corroded whereas the more noble metal
acts as cathode and gets protected. The electron flow is from anodic metal to cathodic metal. Among the two different
metals present in a given environment, the metal with higher reduction potential (having higher position in
electrochemical series) or less noble metal gets corroded. Corrosion is a surface phenomenon i.e.; it occurs at the
surface of the materials. Corrosion takes place in several forms. First, an overall surface attack slowly reduces the
thickness of the metal. Secondly, instead of an overall surface attack, only isolated areas are affected. Third, it also
occurs along the grain boundaries or other lines of weakness because of a difference in resistance to corrosive
environment [2]. It is a slow process that damages industrial machines, metallic equipment, and reduces the overall
value of that product. On annual basis, total economic loss due to various types of corrosions in India is nearly US$
6500 million. In the US, total direct wastage is estimated about 3.2% of domestic product [3]. The key to control the
corrosion is its proper awareness and by adapting suitable and timely measures [4].

A. Causes of Corrosion

Most of the metals found in nature are in the form of their compounds except the noble metals such as gold and
platinum. This is due to the fact that the metals in their compound state are thermodynamically more stable than their
elemental state [S]. As most of the metals exists in the form of oxides so during their extraction into free state, a lot of
energy is provided to them. This provided energy enables them to rebound back to their combined state when they are
exposed to external environment like moisture, oxygen etc. For example: when iron is exposed to external conditions, it
undergoes corrosion and produces brown coloured hydrated ferrous oxide. This shows that corrosion is a process which
is contrary to metal extraction [6].
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B. Factors Affecting Corrosion

The rate of corrosion mainly depends on two factors:

1) Nature of metal

2) Nature of corroding environment. Many other factors that affect corrosion are purity of metal, nature of surface film,
nature of corrosive product, humidity of air, temperature and pH of electrolyte.

Nature of metal: It further depends upon:
(a) Purity of metal

(b) Position in galvanic series

(c) Nature of surface film

(d) Nature of corrosive product.

(a) Purity of metal:

The rate of corrosion increases with increase in addition of impurities. This is so because; impurities form tiny
electrochemical cells where the anodic part gets corroded. For example: Zn containing impurities like Fe or Pb corrodes
faster.

(b) Position in galvanic series:

When we have two metals of different types and they are connected electrically in a given electrolyte, the metal which
is present at a higher level in galvanic series or the metal with higher oxidation potential is corroded whereas the rest is
protected. Further, the rate of corrosion also depends upon the difference of the positions of the two metals. Rate of
corrosion is directly proportional to the difference of the position of the two metals i.e., more the difference, faster is
the rate of corrosion.

(¢) Nature of surface film:

All the metals get covered with a thin surface film of the metal oxide in an aerated atmosphere. The ratio of volumes of
metal oxide to the metal determines the effect of surface film. It is known as “specific volume ratio”. Greater the ratio,
lesser is the oxidation rate.

(c) Nature of corrosive product:

The corrosion comparatively proceeds at a faster rate if the product formed, is soluble in the corrosive medium. Also, if
the corrosive product is volatile, it evaporates as soon as it is formed, thereby metal surface is exposed for further
attack. In this way, corrosion further exceeds.

Nature of corroding environment:
It further depends on:

(a) Temperature

(b) Humidity of air

(c) Effect of pH

(a) Temperature:

The rate of corrosion increases with the rise in temperature. The rate of corrosion is expected to be almost double for
every 100 rises in temperature [7]. This increase is usually represented by an exponential curve. However, one
encounters not only the simple dependence upon temperature given by exponential curves.
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(b) Humidity of air:

It also plays a great role in deciding the rate of corrosion. The rate of corrosion increases sharply above a special point
of relative humidity. This is called critical humidity. The reasons for this increase of corrosion with humidity are that
the oxide film has the tendency to absorb moisture thus creating another electrochemical corrosion. Also, the moisture
present in the atmosphere will furnish water to the electrolyte which is essential for setting up of an electrochemical cell
and corrosion to occur.

(c) Effect of pH:
It is the most important factor to determine the rate of corrosion. Generally, lower is the pH, greater is the corrosion.
This shows that acidic media having pH less than 7 are more corrosive than alkaline or neutral media.

C. Corrosion Cost To Society
Corrosion as being one of the most serious problems in our society is resulting into losses each year in hundreds of
billions of dollars [8]. Some major losses due to corrosion are enlisted below:

1. It damages industrial machines and unpredictable machinery failure, which could lead to loss of life.
il. It damages metallic equipment such as boiler tubes in thermal power plants [9-11].
iil. It reduces the overall value of that product and wastes the valuable resources.
iv. Some metallic properties such as conductivity, ductility, malleability, luster etc. are lost due to corrosion. (v)
About 20% of the total production of iron is wasted annually every year due to corrosion.
v. It also contaminates portable water. Hence, to minimize the effects of corrosion, we must carefully observe its
mechanism.

D. Effect Of Corrosion On Human Health

Exposure to extreme pH values result in irritation to the eye, skin and mucous membrane. Eye irritation and
exacerbation of skin disorder have been associated with pH values greater than eleven. In addition, solutions of pH 10-
12.5 have been reported to cause hair fibres to swell. Exposure to low pH values can also result in similar effect. Below
2.5 pH can affect the degree of corrosion of metals as well as dissection efficiency, it may have an indirect effect on
health. All material compounds are toxic and they affect many organ systems both during pre-metal and post metal
development and in adulthood. Mercury compounds are neurotoxic. Same are immunologically active. The main
toxicity stems from the binding of mercury to salt dry groups of enzymes and other proteins, there by disruption their
structure and function. This interferes with basic cellular process and damages or kills cell. The different forms of
mercury differ in their ability to penetrate membranes and gains the neuron toxicity, that is of greatest importance
although same forms of mercury damage the kidneys and same compounds are highly corrosive to skin and mucous
membrane [12].

II. CORROSION MECHANISM

Corrosion involves exchange of electrons from anode to cathode in a given conductive electrolytic solution. The metal
at anode undergoes liberation of free electrons (oxidation) whereas the cathodic metal accepts the electrons (reduction).
The metal which has the higher reduction potential acts as anode whereas the other at lower potential acts as cathode,
so the anodic metal gets corroded. For corrosion, these conditions must be fulfilled: 1. There must exist separate
regions (cathodic and anodic) between which current might flow through conducting medium. 2. At anode, oxidation of
metal occurs due to which the metal surface is depleted due to combination with oxygen. Hence, corrosion always takes
place at anode.

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/568 437

(=] =]
"

| 2581-9429 |1
R\ 1JARSCT /3
& <




IJARSCT

International Journal of Advanced Research in Science, Communication and Technology
1J ARSCT)nal Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
ISSN: 2581-9429 Volume 6, Issue 7, May 2026 Impact Factor: 8.2

@ Fe = Fe?t + 2e-
Fe atom at metal surface
dissolves into moisture film,
leaving negative charge in
metal.

(2) Corrosion continues as a
depolarizer removes
electrons from metal.
Common depolarizers are:

oxygen:
0, + 4H,0 » 4e” + 40H"

acid: 2H* + 2e™— H,
cation of more-noble metal:
Cu?* + 2e =+ Cu

Fig.1 Mechanism of Corrosion

water

A. Types of Corrosion
The various types of corrosion are classified into following categories as shown in Figure. 2

Forms of corrosion

Uniform corrosion Pitting corrosion Environmental induced cracking
Crevice corrosion Inter-crystalline corrosion Galvanic corrosion

Fig.2 Forms of Corrosion

1. Uniform Corrosion

It is also known uniform corrosion or dry corrosion; it is the type of corrosion which perishes the barren metal surface
more or less, uniformly. It can also be defined as a type of corrosion which proceeds at same rate over the entire surface
area. Oxygen acts as a main cause of this corrosion. The most common materials which show general corrosion are cast
iron and steel. When they are exposed to moist atmosphere, they give rust-like appearance.

2. Pitting Corrosion
Pitting corrosion is well known type of localized corrosion. This type of corrosion initially occurs in a comparatively
small area on a material. After sometime, the area gets larger and deeper, which forms pits in the surface. In this type of
localized corrosion, pits (or holes) are established on the surface of material. The growing rate of pitting depends upon
the corrosivity of the surrounding environment. An area covered by impurity or water has lower concentration of
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oxygen so it acts as anode while the other acts as cathode. It is supposed that electrochemical mechanism is responsible
for the dissolution of the metal [13]. Till now, two theories are widely used: One is suggested by Hoar. He linked the
emergence and growth of the pits with the effect of increase of acidity level of the solutions at active sections [14-15].
Another is suggested by Russian investigators. They linked the formation of pits with the displacement from the metal
surface by anions [16-18]. The ratio of deepest pit to the average penetration is known as pitting factor. Pitting factor
can be used to check the intensity of pitting corrosion. It is much harmful type of corrosion as it is strenuous to detect,
foretell and design against. It is usually observed in passive materials. The presence of non-uniformities adds fuel to the
rise of this corrosion.

3. Crevice Corrosion

Crevice corrosion usually occurs in crevices, splits, and gaps or cracks present in metal structures. It mainly affects
Stainless Steels. Presence of chloride adds more difficulties while handling with crevice corrosion [19-21]. It is a
restricted space corrosion to which the approach of working fluid from the corrosive environment to the space
(crevices) is inadequate. The joint area has comparatively lower content of oxygen as compared to the outer area, so
joint area acts as anode whereas the outer area acts as cathode. This corrosion is started by concentration gradients. The
grouping up of chlorides ions inside a crevice will begin it. It occurs at comparatively lower temperature than pitting
corrosion. Various factors that impact crevice corrosion are as follow. (i) The type of material i.e. alloy, metal. (ii)
Geometric characteristics of crevices such as surface roughness (ii) Environmental conditions such as pH level,
temperature, etc.

4. Inter Granular Corrosion

It is also called Inter granular attack (IGA) this corrosion occurs when the margins of the metal surface are more prone
to corrosive environment than at the core. This corrosion helps to veil the material's corrosion resistance under many
circumstances. This is known as IGA Test. The Inter granular corrosion of aged Al-4%Cu alloys has been the subject of
numerous investigations. Inter-granular Corrosion is not affected with the addition of impurities like C, N, O, Mn and S
whereas addition of Si and P affects the corrosion [22]

5. Galvanic Corrosion

According to electrochemistry, the galvanic corrosion reaction is caused at discrete portions on the metallic surface by
an anodic part and a cathodic part [23]. The preferential corrosion of one metal (in presence of a suitable electrolyte)
over the other, when both are having an electrical contact is known as galvanic corrosion. It is also known as bimetallic
corrosion. It is an electrochemical phenomenon of two unlike metals electrically connected and placed in a suitable
electrolyte. The metal at cathode is protected while the metal at anode is corroded. Only unlike metals show galvanic
corrosion. The less reactive metal is assigned as cathode while the other is assigned as anode. The rate of galvanic
corrosion is directly proportional to the potential difference between the two metals. It increases with the increase in
potential difference between the two metals. The reaction of galvanic corrosion is represented.

B. Factors Affecting Corrosion

I. Nature of the Metal

Purity of metal: Impurities form local galvanic cells — faster corrosion.
*  Electrode potential: Metals higher in the electrochemical series corrode more easily.
»  Surface condition: Rough surfaces corrode faster than smooth ones.
»  Passivity: Metals like Al, Cr form protective oxide films that reduce corrosion.
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I1. Nature of the Environment
Moisture (humidity): Presence of water accelerates corrosion.
*  Oxygen concentration: Differential aeration leads to localized corrosion.
*  pH of medium: Acidic environments increase corrosion rate.
»  Salts & electrolytes: Presence of NaCl, acids, etc., increases conductivity and corrosion.
*  Temperature: Higher temperature generally increases corrosion rate.

II1. Galvanic Effects
¢ Contact of dissimilar metals: The more active metal corrodes faster when in contact with a noble metal.
*  Arearatio: Small anodic area + large cathodic area = severe corrosion.

IV. Nature of Corrosion Products
*  Protective film (e.g., Al,O3) — slows corrosion.
*  Non-protective film (e.g., rust on iron) — allows continuous corrosion.
.
V. Mechanical Factors
o Stress: Tensile stress promotes stress corrosion cracking.
»  Crevices: Stagnant solutions in crevices accelerate corrosion.

VI. Biological Factors
*  Microorganisms: Bacteria (e.g., sulfate-reducing bacteria) can accelerate corrosion.[5-7]

II1. CONCLUSION
In conclusion, Corrosion is the natural phenomena that cause degradation and failure of component. Although, the
general or uniform attack leads to maximum destruction of metal component. However, other types of corrosion such
as intergranular or stress corrosion are very destructive for industrial components. All types of corrosion have impact
on environment, economy and human life. It has been concluded that timely preventive measures could resist corrosion.
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