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ABSTRACT: Corrosion is the gradual deterioration of metals resulting from chemical or electrochemical reactions 
between the metal and its surrounding environment. It represents a major challenge in mechanical engineering 
structures such as machines, vehicles, pipelines, bridges, and industrial equipment. The presence of moisture, oxygen, 
salts, and industrial pollutants accelerates the corrosion process, leading to material degradation, structural weakening, 
and increased maintenance and replacement costs. If not properly controlled, corrosion can cause catastrophic failure of 
mechanical components and infrastructure. Therefore, understanding the mechanisms, causes, and prevention 
techniques of corrosion is essential for improving the durability and reliability of engineering systems. This paper 
discusses the major causes and types of corrosion that affect mechanical structures and reviews commonly used 
prevention techniques including protective coatings, galvanization, cathodic protection, corrosion-resistant materials, 
and corrosion inhibitors. Implementing effective corrosion control strategies significantly extends the service life of 
mechanical components and reduces economic losses in engineering industries.  
 

I. INTRODUCTION 

 

Metals play a crucial role in mechanical structures because of their high strength, durability, and ability to withstand 
heavy loads and mechanical stress[1–3]. Materials such as steel, aluminum, copper, and their alloys are extensively 
used in engineering structures including pipelines, machinery, automotive parts, and industrial equipment [4]. However, 
when these metals are exposed to environmental conditions such as moisture, oxygen, temperature fluctuations, and 
chemical pollutants, they tend to undergo corrosion. 
 

Corrosion is essentially an electrochemical process in which metals revert to their thermodynamically stable oxide or 
hydroxide forms. This process leads to the gradual deterioration of metallic materials and reduces their mechanical 
strength and structural integrity [5]. The corrosion process generally involves anodic metal dissolution and cathodic 
reduction reactions occurring simultaneously on the metal surface in the presence of an electrolyte such as water or salt 
solution [6]. 
 

The impact of corrosion is significant in engineering industries. It results in economic losses due to maintenance, repair, 
and replacement of damaged components. According to global corrosion studies, corrosion costs industries billions of 
dollars annually and may also cause severe safety hazards when structural failures occur [7]. 
 

Corrosion in mechanical structures can be minimized through several preventive techniques such as protective coatings, 
galvanization, cathodic protection, alloying, electroplating, and corrosion inhibitors. These techniques prevent direct 
interaction between the metal surface and corrosive agents like oxygen, moisture, and chemicals, thereby reducing 
oxidation and improving the service life of mechanical systems [8]. 
 

II. CAUSES OF CORROSION 

 

Corrosion occurs due to a combination of environmental, chemical, and electrochemical factors that influence reactions 
on the metal surface. Some of the major causes are described below. 
 

2.1 Moisture and Oxygen 

Moisture and oxygen are the primary factors responsible for corrosion in metals such as iron and steel. When metals are 
exposed to humid environments, water acts as an electrolyte and enables electrochemical reactions. Oxygen participates 
in cathodic reactions, resulting in the formation of metal oxides such as rust in iron structures [9]. 
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2.2 Electrolytes 

Electrolytes such as salt water, acids, and alkaline solutions significantly accelerate corrosion processes. These 
substances increase the conductivity of the surrounding environment and facilitate the movement of ions, which 
enhances electrochemical reactions on metal surfaces. Marine environments are particularly corrosive due to the high 
concentration of dissolved salts [10]. 
 

2.3 Environmental Pollutants 

Industrial pollutants such as sulfur dioxide (SO₂), carbon dioxide (CO₂), and hydrogen sulfide (H₂S) can react with 
moisture in the atmosphere to form acidic compounds. These acidic environments accelerate the corrosion of metallic 
materials and cause severe damage to industrial infrastructure [11]. 
 

2.4 Temperature and Humidity 

High temperature and humidity increase the rate of chemical reactions and enhance the corrosion process. Elevated 
temperatures also increase diffusion rates of ions and accelerate oxidation reactions, leading to faster degradation of 
mechanical components [12]. 
 

III. TYPES OF CORROSION 

 

Corrosion can occur in different forms depending on environmental conditions, material composition, and 
electrochemical reactions. Some of the most common types of corrosion affecting mechanical structures are discussed 
below. 
 

3.1 Uniform Corrosion 

Uniform corrosion occurs evenly across the entire metal surface. It results in gradual thinning of the material and is 
considered one of the most predictable forms of corrosion. Although it can cause significant material loss over time, 
uniform corrosion is relatively easier to detect and control through protective coatings and corrosion monitoring 
systems [13]. 
 

3.2 Galvanic Corrosion 

Galvanic corrosion occurs when two dissimilar metals are electrically connected in the presence of an electrolyte. Due 
to differences in electrode potential, one metal becomes the anode and corrodes preferentially, while the other acts as 
the cathode and remains protected. The more active metal undergoes oxidation and dissolves into the electrolyte [14]. 
 

This phenomenon is commonly observed in marine structures, pipelines, and fasteners where different metals are in 
contact. Proper material selection and insulation between dissimilar metals can help minimize galvanic corrosion [15]. 
 

3.3 Pitting Corrosion 

Pitting corrosion is a highly localized form of corrosion that results in the formation of small holes or pits on the metal 
surface. These pits can penetrate deep into the material while leaving the surrounding surface relatively unaffected. 
Pitting corrosion is particularly dangerous because it can cause sudden structural failure even when the overall weight 
loss of the metal is minimal [16]. 
 

Metals that form passive oxide films, such as aluminum, stainless steel, and titanium, are especially susceptible to 
pitting corrosion when the passive layer breaks down. Chloride ions are known to initiate and accelerate pitting 
corrosion in many alloys [17]. 
 

3.4 Crevice Corrosion 

Crevice corrosion occurs in confined spaces or crevices where stagnant solutions accumulate. Examples include areas 
under gaskets, bolts, washers, or deposits on metal surfaces. In such regions, the concentration of oxygen inside the 
crevice becomes lower than outside, leading to the formation of an electrochemical cell [18]. 
 

The oxygen-depleted region acts as the anode and undergoes corrosion, while the oxygen-rich region acts as the 
cathode. This localized corrosion can cause severe damage to mechanical structures if not detected early [19]. 
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IV. METHODS FOR PREVENTION OF CORROSION 

 

4.1 Protective Coatings 

Protective coatings such as paints, polymers, and metallic coatings are widely used to protect metals from corrosion. 
These coatings act as a physical barrier that prevents moisture, oxygen, and corrosive chemicals from contacting the 
metal surface [20]. 
Organic coatings such as epoxy resins and polyurethane are commonly used in pipelines and industrial machinery due 
to their excellent corrosion resistance properties. 
 

4.2 Galvanization 

Galvanization is a widely used corrosion protection method in which steel or iron is coated with a layer of zinc. Zinc 
provides both barrier protection and sacrificial protection because it corrodes preferentially, thereby protecting the 
underlying metal from damage [21]. 
This technique is commonly used in construction materials, roofing sheets, pipelines, and automotive components. 
 

4.3 Cathodic Protection 

Cathodic protection is an electrochemical technique used to control corrosion by converting the metal surface into a 
cathode of an electrochemical cell. In this method, a more reactive metal such as magnesium, zinc, or aluminum is used 
as a sacrificial anode. The sacrificial metal corrodes instead of the protected structure [22]. 
This method is widely used for underground pipelines, storage tanks, offshore structures, and ship hulls. 
 

4.4 Use of Corrosion-Resistant Materials 

The selection of corrosion-resistant materials is another effective method for preventing corrosion. Materials such as 
stainless steel, aluminum alloys, titanium, and nickel-based alloys have excellent resistance to corrosion due to the 
formation of stable protective oxide layers on their surfaces [23]. 
 

4.5 Corrosion Inhibitors 

Corrosion inhibitors are chemical substances added to corrosive environments to reduce the corrosion rate. These 
chemicals form protective films on metal surfaces or modify the electrochemical reactions occurring at the interface. 
Corrosion inhibitors are widely used in cooling water systems, oil pipelines, and industrial boilers [24]. 
 

V. CONCLUSION 

 

Corrosion is a serious problem that affects the durability, reliability, and safety of metal structures used in mechanical 
engineering applications. Environmental factors such as moisture, oxygen, electrolytes, pollutants, and temperature 
variations significantly contribute to the corrosion process. Different forms of corrosion including uniform corrosion, 
galvanic corrosion, pitting corrosion, and crevice corrosion can cause structural damage and mechanical failure in 
engineering systems. 
 

However, effective corrosion prevention strategies such as protective coatings, galvanization, cathodic protection, 
corrosion-resistant materials, and chemical inhibitors can significantly reduce corrosion damage. The proper selection 
and implementation of these corrosion control techniques are essential for extending the lifespan of mechanical 
structures and minimizing maintenance costs in engineering industries [25]. 
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