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Abstract  

Metal corrosion is a natural electrochemical process that leads to the gradual degradation of metals 

upon exposure to environmental factors such as moisture, oxygen, salts, and pollutants. This 

irreversible transformation, often described as reverse metallurgy, poses significant challenges across 

industries by compromising structural integrity, increasing maintenance costs, and endangering 

safety. Corrosion contributes to substantial global economic losses, estimated to range from 1% to 5% 

of a nation's Gross National Product (GNP). This review provides a comprehensive overview of the 

different types of corrosion such as uniform, galvanic, pitting, crevice, and microbiologically 

influenced corrosion along with the primary factors influencing their occurrence. The paper critically 

examines existing prevention and control strategies, including protective coatings, cathodic 

protection, material selection, and corrosion inhibitors. Recent advancements in corrosion monitoring, 

smart materials, and predictive modeling are also discussed. This analysis aims to support the 

development of more effective and sustainable corrosion management practices for industrial and 

infrastructural applications. 
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I. INTRODUCTION 

Corrosion is a natural and inevitable process that affects almost all metallic materials 

exposed to environmental conditions. It is defined as the gradual degradation or destruction 

of metals through chemical or electrochemical reactions with their surroundings. Typically, 

this involves the transformation of refined metals back to their more stable oxide forms, 

essentially reversing the process of metallurgy [1]. The most common and visible form of 

corrosion is the rusting of iron, but corrosion can affect all metals and alloys to varying 

extents. From industrial applications to residential infrastructure, corrosion presents a serious 

challenge. It is not only a scientific and engineering problem but also an economic one. It is 

estimated that global corrosion-related losses reach trillions of dollars annually. For 

developed and developing countries alike, these losses account for 1% to 5% of the gross 

national product (GNP), affecting everything from bridges and pipelines to aircraft, 

automobiles, and electronic devices [2-3]. 
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Corrosion can occur in various environments such as atmospheric, aqueous, 

underground, and high-temperature conditions. Each environment poses a different 

mechanism of attack, often necessitating unique strategies for corrosion control. The presence 

of moisture, oxygen, salts, acidic or basic conditions, and temperature variations significantly 

influence the rate and type of corrosion. The consequences of corrosion are multifaceted. 

Structurally, corrosion compromises the integrity of metal components, leading to failures 

that may cause economic disruption, operational downtime, and in severe cases, accidents 

and fatalities. For instance, corrosion-induced pipeline leaks can lead to environmental 

disasters, while failure of structural elements in buildings and bridges can result in 

catastrophic collapses. To combat corrosion, a wide range of strategies have been developed. 

These include material selection (e.g., using stainless steel or corrosion-resistant alloys), 

protective coatings (such as paints or galvanization), cathodic protection, corrosion inhibitors, 

and design modifications to reduce stress and moisture retention. However, selecting the right 

combination of methods requires a thorough understanding of the corrosion mechanism 

involved [4-6]. 

This paper aims to critically analyze the various types of corrosion, their underlying 

mechanisms, and the factors influencing them. By understanding the fundamental principles 

and manifestations of corrosion, engineers and researchers can design more effective 

prevention and control strategies. Furthermore, this review sheds light on modern corrosion 

monitoring techniques and recent advancements in corrosion science to support future 

developments in material engineering. 

II. Types of Metal Corrosion 

Corrosion manifests in several forms depending on environmental conditions, metal 

type, and mechanical stresses. Understanding the different types of corrosion is critical for 

choosing effective mitigation strategies [7-9]. The major types of corrosion include: 

A.  Uniform Corrosion 

This is the most common and predictable type of corrosion, characterized by a 

uniform thinning of the metal surface. It occurs when the entire exposed surface of a metal 

corrodes at a similar rate due to uniform environmental exposure. Although it leads to 

gradual metal loss, it can be easily monitored and managed through coatings or inhibitors. 

B.  Galvanic Corrosion 

Galvanic corrosion occurs when two dissimilar metals are electrically connected in 

the presence of an electrolyte. The more reactive metal (anode) corrodes faster, while the 

nobler metal (cathode) is protected. For example, when aluminum and steel are coupled in a 

saline environment, aluminum will corrode preferentially. Preventive methods include 

electrical insulation between metals and the use of sacrificial anodes. 
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C.  Crevice Corrosion 

This form of corrosion occurs in confined spaces such as under gaskets, washers, or 

lap joints, where stagnant electrolyte can accumulate. The lack of oxygen and changes in pH 

within the crevice accelerate corrosion locally. Proper sealing and design modifications can 

reduce crevice formation. 

D.  Pitting Corrosion 

Pitting is a highly localized form of corrosion that results in the formation of small 

pits or holes on the metal surface. It often occurs in passive metals like stainless steel, 

particularly in the presence of chlorides. Though small in appearance, pits can penetrate deep 

into the metal, leading to structural failure. Monitoring and chloride-free environments help 

in controlling pitting. 

E.  Intergranular Corrosion 

This type occurs along the grain boundaries of an alloy, often due to chromium 

carbide precipitation in stainless steels during improper heat treatment. It weakens the grain 

boundaries, causing disintegration. Use of low-carbon variants and proper annealing 

treatments can prevent this issue. 

F.  Stress Corrosion Cracking (SCC) 

SCC is the growth of cracks in a corrosive environment under tensile stress. Common 

in materials like stainless steel and brass, it combines the effects of corrosion and mechanical 

stress, leading to sudden and catastrophic failure. Avoiding tensile stress concentrations and 

using resistant alloys help mitigate SCC. 

G.  Erosion Corrosion 

When a corrosive fluid flows at high velocity over a metal surface, it removes the 

protective oxide layer, leading to accelerated corrosion. This is common in pump impellers 

and piping systems. Design improvements and the use of harder, erosion-resistant materials 

can reduce this type. 

H.  Microbiologically Influenced Corrosion (MIC) 

MIC is caused by the presence of microorganisms such as bacteria, algae, or fungi, 

which produce corrosive substances like acids or sulfides. It commonly affects pipelines, 

cooling systems, and storage tanks. Biocides and sterilization procedures are common control 

methods. 

III. Factors Influencing Corrosion 

Corrosion is a complex phenomenon that depends on a multitude of interacting factors 

involving the environment, material composition, and operational conditions. One of the most 
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critical environmental factors influencing corrosion is moisture, especially in combination 

with atmospheric oxygen, which accelerates the electrochemical reactions responsible for 

metal degradation. The presence of salts particularly chlorides in marine environments 

intensifies corrosion by enhancing the conductivity of the electrolyte and promoting localized 

attacks like pitting and crevice corrosion. Temperature also plays a pivotal role; higher 

temperatures generally increase the rate of chemical and electrochemical reactions, thereby 

speeding up corrosion. Furthermore, fluctuations in temperature can cause condensation, 

creating conditions for corrosion in confined or protected spaces. The pH of the surrounding 

environment is another influential factor. Acidic conditions (low pH) are typically more 

corrosive to metals such as carbon steel and aluminum, while extremely alkaline 

environments can affect zinc and other base metals adversely [10].  

Electrochemical potential differences between dissimilar metals in contact can lead to 

galvanic corrosion, where the less noble metal corrodes preferentially. In such cases, the 

difference in potential acts as the driving force for the electrochemical reaction, necessitating 

careful selection of compatible materials. Mechanical factors, especially tensile or residual 

stress, can significantly accelerate corrosion in the form of stress corrosion cracking (SCC). 

This type of degradation is particularly dangerous because it can occur without visible signs 

until sudden failure happens. Additionally, cyclic loading or vibrations in corrosive 

environments may result in corrosion fatigue. The microstructure and metallurgical condition 

of the material also influence corrosion behavior. Grain boundaries, phase distribution, and 

inclusions can create sites of localized attack, especially if improper heat treatment leads to 

the precipitation of intermetallic compounds, as in intergranular corrosion in stainless steels 

[11-12].  

Surface condition is another important factor; rough, scratched, or contaminated 

surfaces are more prone to initiate corrosion due to their increased surface area and ability to 

trap corrosive agents. The design and geometry of components also play a role by influencing 

the accumulation of moisture or debris in crevices, joints, or sharp corners, promoting 

localized corrosion. Lastly, microbial activity particularly in water systems and soil can 

contribute to microbiologically influenced corrosion (MIC), where biofilms and metabolic 

byproducts such as sulfides initiate and sustain corrosion processes. Overall, a deep 

understanding of these factors is essential to assess the corrosion risk in any application and 

to implement effective control strategies through appropriate design, material selection, 

surface treatments, and environmental management. 

IV. Corrosion Prevention Methods 

Preventing corrosion is essential to ensure the safety, longevity, and reliability of 

metallic structures and components across various industries. The first and most fundamental 

strategy for corrosion prevention is the appropriate selection of materials. Using inherently 

corrosion-resistant metals and alloys such as stainless steel, titanium, nickel-based alloys, or 

aluminum alloys in environments known to be corrosive can significantly reduce the risk of 

degradation. These materials form stable passive oxide layers that protect them from further 
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attack. In cases where base materials cannot be replaced due to economic or mechanical 

constraints, protective coatings serve as a vital barrier between the metal surface and the 

environment. These coatings include metallic layers like zinc (in galvanizing), chromium, or 

nickel; non-metallic paints, polymers, and enamels; and chemical conversion coatings such as 

phosphating or anodizing. Coatings must be applied with proper surface preparation and 

maintained regularly to ensure their effectiveness over time. Cathodic protection is another 

widely used electrochemical technique, particularly for pipelines, ships, storage tanks, and 

offshore platforms. It involves either attaching a more reactive metal (sacrificial anode) or 

applying an external electrical current (impressed current system) to convert the protected 

metal into a cathode, thereby halting the anodic reaction responsible for corrosion.  

Corrosion inhibitors, often used in closed systems such as boilers, cooling circuits, 

and oil pipelines, are chemical compounds that slow down corrosion reactions by forming 

protective films or scavenging corrosive agents like oxygen and acids. The effectiveness of 

inhibitors depends on the environment, concentration, and compatibility with system 

materials. Another important prevention method is environmental control, which involves 

reducing the exposure of metals to corrosive agents. This includes using dehumidifiers in 

enclosed spaces, controlling the pH of industrial fluids, removing dissolved oxygen, and 

eliminating chloride ions. Good design practices also play a crucial role in corrosion 

prevention. Components should be designed to avoid crevices, sharp corners, and water-

trapping geometries. Easy access for inspection and maintenance should be considered during 

the design stage to prolong the service life of equipment. Welded joints should be stress-

relieved and finished smoothly to avoid localized attack, while dissimilar metals should be 

electrically insulated from each other to prevent galvanic corrosion. Regular maintenance and 

monitoring further enhance prevention.  

Techniques such as visual inspections, ultrasonic testing, corrosion coupons, and 

electrical resistance probes help detect early signs of corrosion, enabling timely corrective 

actions. In recent years, the emergence of smart coatings, nanotechnology-enhanced barriers, 

and predictive corrosion models using artificial intelligence has opened new avenues in 

proactive corrosion management. By integrating traditional methods with modern 

innovations, industries can create comprehensive and cost-effective corrosion prevention 

systems tailored to specific applications. Ultimately, an effective corrosion prevention 

strategy is multi-dimensional, requiring a combination of material science, chemical 

engineering, environmental management, and mechanical design to mitigate the wide-ranging 

impacts of corrosion on performance, safety, and economy. 

V. Recent Advances in Corrosion Science 

In recent years, significant advances in corrosion science have emerged, driven by the 

need for more efficient, reliable, and sustainable methods to monitor and mitigate corrosion 

in increasingly complex industrial environments. One of the most notable developments is 

the rise of smart coatings, which go beyond traditional passive protection by incorporating 

self-healing, self-sensing, and corrosion-responsive properties. These coatings are formulated 

http://www.jnxtgentech.com/


  
 Journal of Next Generation Technology (ISSN: 2583-021X) 

Vol. 5, Issue 5, July 2025 

 

www.JNxtGenTech.com    20 
 
 

with microencapsulated healing agents or corrosion inhibitors that are released when 

mechanical damage or corrosion is detected, thereby autonomously repairing the protective 

layer. Nanotechnology has also played a transformative role in enhancing corrosion 

resistance. By incorporating nanoparticles such as nano-silica, nano-alumina, or carbon 

nanotubes into coatings, researchers have achieved reduced porosity, improved barrier 

properties, and increased adhesion, which collectively prolong the lifespan of coated 

structures. Another significant breakthrough is the development of real-time corrosion 

monitoring systems using wireless sensors, fiber-optic sensors, and electrochemical 

techniques. These tools enable continuous, in-situ monitoring of corrosive conditions and 

material degradation, especially in critical infrastructures like bridges, pipelines, aircraft, and 

offshore platforms. Such systems improve maintenance scheduling and reduce the likelihood 

of catastrophic failures.  

In parallel, advances in computational modeling and machine learning are enabling 

more accurate predictions of corrosion behavior under varying environmental and operational 

conditions. Data-driven models trained on historical corrosion data can now forecast 

corrosion rates and identify high-risk areas, leading to proactive and cost-effective decision-

making. Additionally, the exploration of high-entropy alloys (HEAs) metallic systems 

composed of five or more principal elements has revealed exceptional corrosion resistance 

due to their unique microstructures and stable passive films. These materials are showing 

promise in marine, aerospace, and nuclear applications. Furthermore, bio-inspired materials 

and green corrosion inhibitors derived from plant extracts and biodegradable compounds are 

being developed to replace toxic conventional inhibitors, aligning with environmental 

sustainability goals. Collectively, these recent advancements signify a paradigm shift from 

reactive to proactive corrosion management. They not only enhance the durability and 

reliability of structures but also promote sustainable practices, minimize maintenance costs, 

and improve overall safety in critical sectors. 

VI. Conclusion 

Corrosion is a universal and persistent challenge in engineering systems, impacting 

safety, performance, and economic sustainability. It occurs due to a variety of mechanisms 

including galvanic action, stress-induced cracking, localized pitting, and microbial activity. 

Each form of corrosion is influenced by material properties, environmental factors, and 

operational conditions. 

This paper presented a critical overview of the types of corrosion, underlying causes, 

and various methods employed for its prevention and control. Among the most effective 

strategies are proper material selection, protective coatings, cathodic protection, corrosion 

inhibitors, and thoughtful design practices. Advancements in smart materials, real-time 

monitoring systems, and AI-based predictive models are opening new frontiers in corrosion 

management. 
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Reducing corrosion-related damage not only extends the life of infrastructure and 

machinery but also ensures human safety and environmental protection. Future efforts should 

continue to focus on integrating scientific understanding with technological innovations to 

develop smarter, more sustainable corrosion solutions. By doing so, industries and 

governments can significantly lower maintenance costs, improve reliability, and promote 

long-term resilience. 
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