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Abstract 

Corrosion represents a spontaneous physicochemical transformation in which metals revert to their 

more stable thermodynamic state, typically oxides, hydroxides, or sulfides, as a result of interaction 

with environmental elements. Rather than being a simple surface reaction, corrosion is a complex 

electrochemical phenomenon that significantly influences the durability, reliability, and performance of 

metallic structures across industrial, marine, and domestic sectors. The consequences extend beyond 

material degradation, contributing to substantial economic losses, environmental risks, and potential 

safety failures. The study also highlights the major factors affecting corrosion, including temperature, 

humidity, pH of the environment, and presence of salts. The effects of corrosion on different metals such 

as iron, aluminum, copper, zinc, and stainless steel have been examined to understand their behavior 

in different environments. Various methods of corrosion prevention, including protective coatings, 

galvanization, electroplating, alloying, cathodic protection, and the use of corrosion inhibitors, have 

been described. The project also discusses the importance of corrosion studies in industries such as 

construction, oil and gas, transportation, and marine applications. The study concludes that proper 

understanding and control of corrosion are essential for increasing the life of metal structures, reducing 

maintenance costs, and ensuring safety. Corrosion studies play an important role in material science 

and industrial development by helping in the selection of suitable materials and effective protection 

methods. 
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INTRODUCTION 

Metals and alloys gradually deteriorate owing to chemical or electrochemical interactions with their 

surroundings, a natural process known as corrosion. 

It is among the most prevalent and expensive issues 

faced by industries worldwide. Metals such as iron, 

steel, copper, and aluminum are widely used in 

construction, transportation, manufacturing, and 

infrastructure; however, they are vulnerable to 

corrosion when exposed to air, moisture, chemicals, 

or salts.  

 

In simple terms, corrosion is the tendency of 

metals to return to their original stable forms, such 

as oxides, hydroxides, or sulfides. A common 

example of corrosion is the rusting of iron. 

Commonly referred to as rust, hydrated iron oxide 

*Author for Correspondence 
Anita Gaur 
E-mail: sandhalithakur@gmail.com 
 
1Student, Department of Chemistry, Lajpat Rai College, Shyam 
Park Main, Rajendra Nagar, Sahibabad, Ghaziabad, Uttar 
Pradesh, India 
2Associate Professor, Department of Chemistry, Lajpat Rai 
College, Shyam Park Main, Rajendra Nagar, Sahibabad, 
Ghaziabad, Uttar Pradesh, India 
 
Received Date: February 25, 2026 
Accepted Date: February 26, 2026 
Published Date: March 25, 2026 
 
Citation: Sandhali, Anita Gaur. Electrochemical Evaluation of 
Corrosion Behavior in Industrial Alloys Under Acidic and 
Marine Conditions. Journal of Thin Films, Coating Science 
Technology and Application. 2026; 13(1): 24–36p. 



 

 

Electrochemical Evaluation of Corrosion Behavior in Industrial Alloys                      Sandhali and Gaur 

 

 

© STM Journals 2026. All Rights Reserved 25  
 

is formed when iron combines with oxygen and water. This weakens the metal structure and reduces its 

strength, durability, and appearance.  

 

Corrosion is primarily an electrochemical process involving oxidation and reduction reactions. It 

generally occurs in the presence of an electrolyte, such as water containing dissolved salts.  

 

During this process, certain areas of the metal surface act as anodes, where oxidation occurs, whereas 

other areas act as cathodes, where reduction occurs. This leads to a gradual loss of metals over time. 

Environmental factors, such as temperature, humidity, pH level, and pollutants, significantly influence 

the corrosion rate [1]. 

 

Corrosion science aims to understand the mechanisms of corrosion and develop effective methods to 

prevent or control it. Techniques such as protective coatings, galvanization, cathodic protection, and the 

use of corrosion inhibitors are commonly employed to reduce corrosion damage. 

 

Therefore, corrosion studies are essential for ensuring the safety, reliability, and longevity of metal 

structures and industrial equipment components. A proper understanding and control of corrosion can 

help minimize economic losses and enhance sustainable development.  

 

HISTORY OF CORROSION  

Corrosion has been known to humans since ancient times. When early humans started using metals 

such as iron, copper, and bronze for tools, weapons, and construction, they noticed that these metals 

slowly got damaged when exposed to air and moisture. Iron objects would develop a reddish–brown 

layer called rust, whereas copper turns green over time. However, people do not understand the 

scientific reasons behind this change.  

 

In ancient civilizations, such as Egypt, Rome, and India, metals were widely used in buildings, 

statues, ships, and weapons. Over time, these metal objects become weak because of corrosion. For 

example, old iron structures often show signs of rusting. Although people have tried to protect metals 

by applying oils, paints, or coatings, the actual cause of corrosion remains unknown [2]. 

 

The scientific study of corrosion began in the 18th and 19th centuries. The connection between food 

and electricity was established by scientists such as Galvani and Volta. Faraday subsequently clarified 

that corrosion is an electrochemical process that involves oxidation and reduction reactions. His work 

helped in understanding how metals lose electrons and react with their environments. 

 

In the 20th century, corrosion engineering became an important field of study. With the growth of 

industries such as construction, transportation, and oil and gas, the need to control corrosion has become 

very important. Engineers and scientists have developed new methods, such as galvanization, cathodic 

protection, and corrosion inhibitors, to reduce metal damage [3]. 

 

Corrosion studies are an important part of material science and engineering. Modern research focuses 

on improving corrosion resistance, developing better protective coatings, and reducing the economic 

losses caused by corrosion. Understanding the history of corrosion helps appreciate how scientific 

knowledge has improved metal protection over time. 

 

TYPES OF CORROSION  

Corrosion occurs in different forms depending on the nature of the metal, its microstructure, and the 

surrounding environmental conditions, such as moisture, temperature, pH, and the presence of 

electrolytes. Based on the mode of attack and underlying electrochemical mechanisms, corrosion is 

generally classified into several main types, including uniform, galvanic, pitting, crevice, stress 

corrosion cracking, and intergranular corrosion. 
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Uniform Corrosion 

Uniform corrosion is the most common form of corrosion, in which the metal surface deteriorates 

uniformly over the entire exposed area. In this type, a chemical or electrochemical reaction occurs 

evenly, leading to a gradual and consistent reduction in the thickness of the metal. Because the material 

loss is predictable and spread across the surface, uniform corrosion is comparatively easy to detect, 

monitor, and control using protective coatings, inhibitors, or material selection. A typical example is the 

rusting of iron, where the metal reacts with oxygen and moisture to produce iron oxides. 

 

Galvanic Corrosion 

Galvanic corrosion occurs when two dissimilar metals are in direct electrical contact in the presence 

of an electrolyte, such as water or moisture. Due to the difference in their electrochemical potentials, 

one metal acts as the anode and corrodes preferentially, while the other acts as the cathode and is 

protected from corrosion. This results in the accelerated corrosion of the more active metal. Galvanic 

corrosion is commonly observed in pipelines, marine structures, and other environments in which 

metals are exposed to saline or humid conditions [4]. 

 

Pitting Corrosion 

Pitting corrosion is a localized form of corrosion that leads to the formation of small holes or pits on 

metal surfaces. Unlike uniform corrosion, it occurs in specific areas, whereas the rest of the surface may 

remain relatively unaffected. This type of corrosion is particularly dangerous because it is difficult to 

detect in its early stages and can penetrate deeply into the metal, causing sudden and catastrophic 

failures. Pitting corrosion is commonly observed in saltwater environments, where chloride ions 

accelerate the breakdown of protective surface films on metals. 

 

Crevice Corrosion 

Crevice corrosion is a localized form of corrosion that occurs in confined spaces or small gaps where 

the access of a working fluid is restricted. It commonly develops under bolts, nuts, joints, washers, 

gaskets or lap joints. The primary cause is the accumulation of trapped moisture combined with limited 

oxygen availability inside the crevice, which creates a differential aeration cell. This leads to the 

establishment of anodic and cathodic regions, accelerating metal dissolution within the crevice. 

 

Stress Corrosion Cracking (SCC) 

Stress corrosion cracking (SCC) is a failure mechanism that occurs when a metal is simultaneously 

subjected to tensile stress and a corrosive environment. Stress can be applied externally or exist as 

residual stress within the material. Under these combined conditions, cracks initiate and propagate 

through the metal, often with minimal overall material loss. Stress corrosion cracking is particularly 

dangerous because it can lead to sudden and brittle fractures of components without significant prior 

deformation or warning [5]. 

 

Intergranular Corrosion 

Intergranular corrosion is a localized form of corrosion that occurs along the grain boundaries of a 

metal, whereas the grains themselves remain relatively unaffected. This selective attack weakens the 

internal structure of the material and reduces its mechanical strength and ductility. Although the external 

surface of the metal may appear normal, the integrity of the material is severely compromised, which 

can lead to unexpected failure under service conditions.  

 

ELECTROCHEMICAL THEORY OF CORROSION 

The electrochemical theory of corrosion explains the mechanism by which corrosion occurs through 

redox (oxidation–reduction) reactions involving electron transfer. According to this theory, corrosion is 

fundamentally an electrochemical process that occurs when a metal reacts with its environment in the 

presence of moisture or an electrolyte, such as water containing dissolved salts. 



 

 

Electrochemical Evaluation of Corrosion Behavior in Industrial Alloys                      Sandhali and Gaur 

 

 

© STM Journals 2026. All Rights Reserved 27  
 

When a metal surface is exposed to such conditions, it develops tiny electrochemical cells consisting 

of anodic and cathodic regions. At the anode, oxidation occurs: the metal loses electrons and is 

converted to metal ions. This is the region where actual metal dissolution occurs; therefore, corrosion 

occurs at the anodic site. The general anodic reaction can be represented as 

Metal → Metalⁿ⁺ + ne⁻ 

Reduction occurs at the cathode. Electrons released at the anode flow through the metal to the 

cathodic region, where they are consumed in reduction reactions. No corrosion occurred at the cathode. 

In neutral or alkaline environments, a common cathodic reaction involves oxygen reduction, as follows: 

O₂ + 2H₂O + 4e⁻ → 4OH⁻ 

The continuous flow of electrons from the anode to the cathode through the metal, along with ionic 

movement through the electrolyte, completes the electrochemical circuit and sustains corrosion. The 

presence of oxygen and water significantly accelerates corrosion by enhancing the cathodic  

reaction [6]. 

 

A classic example of this theory is the rusting of iron, where iron undergoes oxidation and forms 

hydrated iron oxides (rust) in the presence of oxygen and moisture. 

  

FACTORS AFFECTING CORROSION  

Several factors influence the corrosion rate, including the nature of the metal, environmental 

conditions, temperature, pH, presence of salts, and oxygen concentration. The corrosion rate depends 

on several factors related to the metal and the environment.  

 

Main Factors Affecting Corrosion 

The rate and extent of corrosion depend on several material and environmental factors. These factors 

influence the electrochemical reactions involved in the deterioration of metals. 

 

Nature of Metal 

The composition and purity of metals significantly affect their corrosion behavior. Pure metals 

generally corrode less than impure metals because impurities can create micro-galvanic cells that 

accelerate corrosion. Some metals, such as aluminum and chromium, form stable and protective oxide 

layers on their surfaces, which act as barriers and reduce further corrosion. 

 

Moisture (Humidity) 

The presence of water is essential for most corrosion processes because it acts as an electrolyte. 

Increased humidity enhances the conductivity of the environment and accelerates the electrochemical 

reactions. High humidity levels significantly accelerate the rusting of metals, particularly iron. 

 

Presence of Oxygen 

Oxygen participates in cathodic reduction reactions and promotes corrosion of the metal. Higher 

oxygen concentrations generally increase the corrosion rate, particularly in aerated environments. 

 

Temperature 

An increase in temperature accelerates the chemical and electrochemical reaction rates. As the 

temperature increases, the corrosion rate usually increases owing to enhanced reaction kinetics and 

faster diffusion processes [7]. 

 

pH of the Environment 

Acidic conditions (low pH) increase corrosion because hydrogen ions promote the dissolution of 

metals. In contrast, neutral or alkaline environments often reduce corrosion rates, particularly for metals 

that form protective oxide films. 
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Presence of Salts and Impurities 

Dissolved salts increase the electrical conductivity of water, facilitating ion movement and 

accelerating corrosion. For example, chloride ions are particularly aggressive and can promote localized 

corrosion in metals. 

 

Surface Area of Metal 

A larger exposed surface area increases the extent of corrosion because a larger area is available for 

electrochemical reactions. Additionally, rough surfaces tend to corrode faster than smooth surfaces 

because they may trap moisture and create localized anodic and cathodic sites. 

 

EFFECTS OF CORROSION  

Corrosion has significant technical, economic, and safety implications in both daily life and industrial 

applications. Its impact extends beyond material deterioration and often results in structural, 

operational, and environmental effects. 

 

The major effects include damage to metal structures, such as bridges, buildings, pipelines, storage 

tanks, and industrial equipment. Continuous metal loss reduces the mechanical strength, load-bearing 

capacity, and overall durability of components, thereby increasing the risk of structural failure. 

Corrosion can also cause leakage in pipelines and storage vessels, particularly in the oil, gas, and 

chemical industries, leading to product loss and contamination. 

 

From an economic perspective, corrosion results in substantial financial losses owing to maintenance, 

repair, replacement of damaged components, and production downtime. It also creates serious safety 

hazards, as weakened structures or leaking systems may lead to accidents, fires, explosions, or 

collapses. 

 

Corrosion also negatively affects the aesthetic appearance of metal objects, causing discoloration, 

rust formation, and surface degradation. In severe cases, it may contribute to environmental pollution 

through the release of harmful substances into the soil and water systems [8]. 

 

METHODS OF CORROSION PREVENTION 

Corrosion can be prevented or controlled using various protective techniques designed to interrupt 

the electrochemical process and extend the service life of metals. One of the most widely used 

approaches is the application of protective coatings, which act as physical barriers between the metal 

surface and its surrounding environment. 

 

Protective Coatings 

Protective coatings prevent direct contact between metals and corrosive elements, such as moisture, 

oxygen, and salts. 

 

Paints and Varnishes 

These coatings form a protective barrier layer on the metal surface. They are commonly used on 

bridges, buildings, vehicles, and industrial structures to prevent exposure to atmospheric conditions. 

 

Metallic Coatings 

In this method, a layer of another metal is applied over the base metal to provide protection against 

corrosion. 

• Galvanization involves coating the steel with zinc. The zinc layer not only acts as a barrier but 

also provides sacrificial protection, meaning that zinc corrodes preferentially to protect the steel. 

• Electroplating deposits metals such as chromium, nickel, or tin onto the surface through an 

electrochemical process, improving the corrosion resistance and surface appearance. 
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Powder Coating 
A dry powder is electrostatically applied to the metal surface and cured under heat to form a hard, 

durable protective layer. Powder coatings are generally more resistant to wear, chemicals, and corrosion 

than conventional paint. 
 

Plastic Coating 

Coatings such as PVC and epoxy are applied to pipes, tanks, and other industrial equipment. These 

materials provide excellent resistance to moisture, chemicals, and corrosive environments [9]. 

 

Cathodic Protection 

Cathodic protection is an electrochemical method primarily used for buried or submerged metallic 

structures, such as underground pipelines, storage tanks, and ship hulls. The principle is to convert the 

entire metal structure into a cathode, thereby preventing oxidation (corrosion) of the metal. 

• Sacrificial Anode Method: In this method, a more reactive metal, such as zinc, magnesium, or 

aluminum, is electrically connected to the structure that requires protection. The more active 

metal acts as the anode and corrodes preferentially, whereas the main structure becomes the 

cathode and remains protected. This technique is simple and widely used for pipelines, water 

heaters, and in marine structures. 

• Impressed Current Method: In method, an external direct current (DC) power source is used to 

supply electrons to the metal structure. Inert or semi-inert anodes are placed in the electrolyte, 

and the supplied current forces the structure to behave like a cathode. This method is suitable for 

large-scale installations, such as long-distance pipelines, offshore platforms, and large storage 

tanks, where higher protective currents are required. 

 

Alloying 

Alloying involves adding corrosion-resistant elements to a base metal to improve its durability. The 

added elements enhance passivation and reduce susceptibility to electrochemical attacks. For example, 

stainless steel contains chromium, which forms a thin, stable, and self-healing chromium oxide (Cr₂O₃) 

layer on the surface, providing excellent corrosion resistance. 

 

Environmental Control 

Corrosion can be minimized by modifying the environmental conditions. Reducing exposure to 

moisture, oxygen, and salt decreases the likelihood of electrochemical reactions. Dehumidifiers are used 

to control humidity in storage areas, whereas industrial systems often regulate pH levels to maintain 

less corrosive conditions. 

 

Corrosion Inhibitors 

Corrosion inhibitors are chemical substances added in small concentrations to corrosive 

environments to reduce corrosion rates. They function by forming protective films or interfering with 

anodic or cathodic reactions. These inhibitors are commonly used in cooling systems, boilers and 

closed-loop water systems. Examples include chromate and phosphate. 

 

Proper Design 

Engineering design plays a crucial role in preventing corrosion. Structures should avoid water-

trapping areas, crevices, and sharp corners where moisture can accumulate to prevent corrosion. Proper 

drainage must be ensured to prevent the accumulation of stagnant water. Additionally, corrosion-

resistant materials should be selected for use in aggressive environments [10]. 

 

Anodizing 

Anodizing is an electrochemical surface treatment that is mainly applied to aluminum. This process 

thickens the natural oxide layer on the metal surface, enhancing its corrosion resistance, surface 

hardness, and aesthetic appearance. 
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Regular Maintenance 

Routine inspections and maintenance significantly reduce corrosion-related damage. This includes 
periodic cleaning, repainting, replacing damaged components, and removing rust at an early stage 

before it progresses. Proactive maintenance extends the service life of metallic structures and 
equipment. 

 

CORROSION IN DIFFERENT METALS  

Different metals exhibit different corrosion behaviors. Iron undergoes rusting, aluminum forms a 
protective oxide layer, and copper develops a green patina. Corrosion varies depending on the type of 

metal and the environment to which it is exposed.  
 

Below is an overview of corrosion in different metals, including how and why it occurs.  

 

Iron (Fe) 

Type of Corrosion: Rusting 
Iron rusts when it is exposed to oxygen and moisture. In this process, iron reacts with oxygen in the 

presence of water to form hydrated iron(III) oxide, commonly known as rust. 
 

Simplified Reaction 

Iron + Oxygen + Water → Rust 

Rust is porous and non-protective; therefore, it does not stop further corrosion. Consequently, the 
metal continues to deteriorate over time. Rusting is commonly observed in bridges, pipelines, tools, and 

other iron structures exposed to air and moisture. 
 

Prevention 

Painting, galvanization (zinc coating), and alloying such as stainless steel. 

 

Aluminum (Al) 

Type of Corrosion: Oxidation 
Aluminum reacts with oxygen to form aluminum oxide (Al₂O₃) on its surface. Unlike rust on iron, 

this oxide layer is thin, hard, adherent, and highly protective in nature. It acts as a passive film that 

prevents further contact between the metal and the environment, thereby significantly reducing 
corrosion. 

 
This protective behavior makes aluminum suitable for use in aircrafts, kitchen utensils, window 

frames, and structural components. Improvement method: Anodizing, which thickens the natural oxide 
layer to enhance corrosion resistance and surface durability, was used. 

 

Copper (Cu) 

Type of Corrosion: Patina Formation 
Copper reacts slowly with oxygen, carbon dioxide, and moisture in the atmosphere. Over time, it 

forms a green surface layer known as patina, which is mainly composed of basic copper carbonate. 
 

This green coating is stable and protective, preventing further corrosion of the underlying metals. 
Owing to its protective nature, copper is widely used in roofing, statues, and architectural structures. A 

well-known example is the Statue of Liberty, whose characteristic green color is due to patina formation 
on its copper surface. 

 

Silver (Ag) 

Type of Corrosion: Tarnishing 

Silver undergoes tarnishing when it reacts with sulfur-containing compounds in the air. This reaction 

forms silver sulfide (Ag₂S), which appears as a thin, black layer on the surface. 
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Tarnishing is commonly observed in silver jewelry, decorative items and cutlery. Although tarnishing 

mainly affects the appearance rather than the structural strength, it reduces the aesthetic value of silver 

objects. 

 

Prevention 

Silver should be stored in dry conditions, using anti-tarnish strips or cloth, and limiting exposure to 

air and sulfur-containing environments. 

 

Zinc (Zn) 

Type of Corrosion: White rust. 

Zinc undergoes corrosion in moist environments, forming a whitish layer commonly referred to as 

white rust. This layer mainly consists of zinc oxide (ZnO) or zinc carbonate (ZnCO₃), depending on the 

environmental conditions. 

 

In most cases, the corrosion products form a relatively protective and adherent layer that slows down 

further corrosion. Owing to its sacrificial properties, zinc is widely used to protect iron and steel through 

galvanization, where zinc corrodes preferentially and shields the underlying metal from rusting. 

 

Magnesium (Mg) 

Type of Corrosion: Rapid oxidation 

Magnesium is a highly reactive metal that undergoes rapid oxidation, particularly in the presence of 

moisture. It readily reacts with oxygen and water, leading to the rapid formation of magnesium oxide 

and other corrosion products. However, the protective film formed is not very stable in moist or saline 

environments; therefore, corrosion can continue. 

 

Owing to its very low density, magnesium is used in applications where light weight is more 

important than corrosion resistance, such as in certain aerospace and automotive components. 

 

Stainless Steel 

Type of Corrosion: Passivation 

Stainless steel contains chromium, which reacts with oxygen to form a thin, stable, and self-healing 

chromium oxide (Cr₂O₃) layer on the surface. This passive film protects the underlying metal from 

further corrosion and gives the stainless steel its high resistance to rusting. 

 

However, stainless steel is not completely immune to corrosion. However, it can still suffer from the 

following: 

• Pitting corrosion, especially in chloride-rich environments such as saltwater. 

• Crevice corrosion, in confined spaces where oxygen supply is limited. 

 

Owing to its corrosion resistance and hygienic properties, stainless steel is widely used in medical 

instruments, kitchen equipment, food processing units, and chemical industries. 

 

CORROSION INHIBITORS  

Inhibitors are widely used in industrial systems, such as cooling towers and pipelines. Corrosion 

inhibitors are chemicals that reduce the corrosion rate when added to the environment. They work by 

forming protective films on metal surfaces.   

 

Types of Corrosion Inhibitors 

Corrosion inhibitors are chemical substances added in small amounts to corrosive environments to 

reduce the rate of metal degradation. They are classified into different types based on their mechanism 

of action. 
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Anodic Inhibitors 

Anodic inhibitors (passivating inhibitors) primarily reduce metal oxidation at anodic sites. They work 

by forming a stable and protective oxide layer on the metal surface, thereby promoting passivation and 

limiting the further dissolution of metal ions. Common examples include chromates, nitrites, and 

phosphates. However, these inhibitors must be used at the proper concentration because insufficient 

amounts may lead to localized attack and, in some cases, accelerate corrosion instead of preventing it. 

 

Cathodic Inhibitors 

Cathodic inhibitors function by slowing cathodic reduction reactions, such as oxygen reduction or 

hydrogen evolution. They often form insoluble precipitates that deposit on cathodic areas, reducing the 

effective surface available for reduction. Examples include zinc salts and polyphosphates, which 

decrease the overall corrosion rate by limiting the cathodic activity. 

 

Mixed Inhibitors 

Mixed inhibitors simultaneously influence both anodic and cathodic reactions. By controlling both 

sides of the electrochemical process, they provide balanced and effective protection against corrosion. 

These inhibitors are commonly used in industrial cooling water systems, where complex corrosion 

conditions exist. 

 

Organic Inhibitors 

Organic inhibitors contain heteroatoms, such as nitrogen, oxygen, sulfur, or π-bonds, which enable 

adsorption onto metal surfaces. They form a protective molecular film that blocks active corrosion. 

Examples include amines, imidazolines, and benzotriazole (particularly effective for copper corrosion). 

Organic inhibitors are widely used in oil and gas pipelines, acid pickling operations and boiler systems. 

 

Vapor Phase Inhibitors (VCIs) 

Vapor Phase Inhibitors (VCIs) release protective vapors that condense on metal surfaces and form a 

thin corrosion-resistant layer. They are particularly useful for protecting internal metal surfaces during 

packaging, transportation, and storage, where the direct application of liquid inhibitors may not be 

feasible. 

Applications  

 

Corrosion Inhibitors are Widely Used in 

• Cooling water systems  

• Boilers  

• Oil & gas pipelines  

• Automotive cooling systems  

• Reinforced concrete structures  

• Marine environments  

 

Example: Oil & Gas Industry  

 

In pipelines, inhibitors are injected continuously to protect steel from 

• CO₂ corrosion  

• H₂S corrosion  

• Saltwater attack  

 

Advantages  

• Cost-effective corrosion control  

• Easy to apply  

• Extend equipment lifespan  

• Reduce maintenance costs  
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Limitations  

• Require monitoring and correct dosing  
• May cause environmental concerns  
• Some (e.g., chromates) are toxic.  

 
INDUSTRIAL APPLICATIONS  

Corrosion studies play a vital role in industries such as oil and gas, chemical processing, automobile 
manufacturing and construction.  

 
Proper corrosion control ensures safety, reliability, and economic efficiency of the equipment. 

Corrosion inhibitors are widely used in industries to protect metal equipment, pipelines and structures 
from damage. Below is a clear explanation of the major industrial applications:  
 

Cooling Water Systems  

In industries, water is used to cool machines and heat exchangers. Water contains dissolved oxygen, 
salts, and minerals that can cause corrosion. 
 
Inhibitors are Added to 

• Prevent rust formation 
• Reduce scaling 
• Protect heat exchanger tubes 

 

Common in 
• Power plants 
• Chemical industries 
• HVAC systems 
• Boilers  

 
Boilers operate at high temperatures and pressures. Dissolved oxygen and carbon dioxide in water 

cause severe corrosion.  
 
Inhibitors 

• Remove oxygen (oxygen scavengers)  

• Maintain proper pH  

• From protective film inside boiler tubes  
 
This increases boiler life and prevents tube failure.  
 

Oil and Gas Industry  

Pipelines carry crude oil and natural gas.  
 
These fluids may Contain  

• CO₂  

• H₂S  

• Saltwater  
 
These cause severe internal corrosion.  

 
Corrosion Inhibitors are Injected Continuously into Pipelines to  

• Form a protective coating on pipe walls  

• Prevent leaks and pipeline rupture  

• Reduce maintenance cost  
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Petroleum Refineries 

Refineries handle acidic and high-temperature chemicals.  

 

Inhibitors 

• Protect distillation columns  

• Protect storage tanks  

• Reduce acid attack during processing  

 

Automobile Industry  

• Prevent rust inside radiator and engine block  

• Protect aluminum and iron parts  

• Increase engine life  

 

Metal Pickling and Acid Cleaning  

Metals are cleaned using acids before coating or plating.  

 

Problem 

Acid can attack the metal itself.  

 

Inhibitors 

• Reduce metal loss  

• Allow cleaning without damaging the surface  

 

Marine Industry  

Ships and offshore structures are exposed to saltwater.  

 

Inhibitors 

• Protect hulls  

• Protect ballast tanks  

• Protect seawater cooling systems  

 

Reinforced Concrete Structures  

Steel bars inside concrete can corrode due to moisture and chlorides.  

 

Inhibitors 

• Added directly to concrete  

• Protect steel reinforcement  

• Increase building and bridge life  

 

Importance in Industry  

• Prevents equipment failure  

• Reduces downtime  

• Saves repair costs  

• Improves safety  

• Extends service life  

 

CASE STUDIES 

Several real-life case studies highlight the importance of preventing corrosion. Pipeline failures, 

bridge collapses, and ship corrosion are examples of significant damage caused by the lack of corrosion 

control.  
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These case studies emphasize the need for regular maintenance and monitoring of the structures. Case 
studies help us understand how corrosion damages structures and why its prevention is important.  
 

Silver Bridge Collapse (1967)  

• The Silver Bridge was built over the Ohio River in the United States.  

• The bridge collapsed in 1967 due to corrosion of a metal component.  

• Rust weakened the structure over time.  

• The accident caused loss of lives and property.  

• This case showed the importance of regular inspection and corrosion control.  

 

Québec Bridge Failure 

• The Québec Bridge in Canada faced structural problems due to corrosion and design issues.  

• Corrosion weakened the metal parts of the bridge.  

• It highlighted the need for proper material selection and maintenance.  

 

Pipeline Corrosion in Oil and Gas Industry  

• Many oil and gas pipelines suffer damage due to corrosion.  

• Moisture and chemicals react with metal pipelines.  

• Corrosion causes leakage of oil or gas.  

• Leads to economic loss and environmental pollution.  

• Cathodic protection and coatings are now used to prevent this.  

 

Ship and Marine Equipment Corrosion  

• Ships are constantly exposed to salt water.  

• Salt water increases corrosion of metal surfaces.  

• Corrosion weakens ship structures and machinery. 

• Protective coatings and special alloys are used to control corrosion.  

 

Corrosion in Buildings and Structures  

• Steel reinforcement in concrete buildings may corrode over time.  

• Moisture and air cause rusting of steel. 

• This weakens the structure and reduces safety.  

• Proper design and protective methods help prevent damage.  

 

Corrosion studies have great importance in the future for improving technology and protecting 

materials.  

 

Main Points 

• Development of new corrosion-resistant materials.  

• Improvement in protective coatings and surface treatments.  

• Use of advanced technology for corrosion detection.  

• Development of eco-friendly corrosion prevention methods.  

• Better corrosion control in oil and gas industries.  

• Use of nanotechnology for corrosion protection.  

• Improvement in corrosion monitoring systems.  

• Reduction of economic losses caused by corrosion.  

• Increase in safety of buildings, bridges, and pipelines.  
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• Better protection of marine structures and ships.  

• Research on sustainable and long-lasting materials.  

 

Importance in Future 

• Helps in increasing life of metal structures.  

• Supports industrial development.  

• Reduces maintenance cost.  

• Protects environment from leakage and pollution.  

• Ensures safety of infrastructure. 

 

CONCLUSION 

Corrosion is a natural process that causes the gradual deterioration of metals through chemical or 

electrochemical reactions with the environment. It is a major problem that affects industries, 

infrastructure, and daily lives. Metals such as iron, copper, aluminum, and steel are widely used in 

different fields, but they are easily affected by corrosion when exposed to air, moisture, and chemicals. 

 

From this study, it is clear that corrosion can occur in different forms, such as uniform, galvanic, 

pitting, and stress corrosion. The corrosion rate is influenced by several variables, including 

temperature, humidity, oxygen, and environmental pH. If corrosion is not controlled, it can reduce the 

strength of metals, cause structural damage, and lead to serious economic losses and safety risks. 

 

Different methods, such as protective coatings, galvanization, alloying, cathodic protection, and 

corrosion inhibitors, are used to prevent or reduce corrosion. These methods help increase the life of 

metal structures and improve their performance. Corrosion studies also help industries select suitable 

materials and maintain equipment. 

 

Therefore, the study of corrosion is important in materials science, engineering, and industrial 

chemistry. A proper understanding and control of corrosion can help protect metal structures, reduce 

maintenance costs, ensure safety, and support sustainable development. 
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