
Corrosion of Constructional Steels in Marine
and Industrial Environment: A Comprehensive
Guide
Corrosion is a major threat to the integrity of constructional steels in marine
and industrial environments. This type of corrosion is caused by the
combined action of oxygen, moisture, and various corrosive ions present in
the environment. It can lead to significant structural damage, affecting the
safety and reliability of steel structures. This article provides a
comprehensive overview of corrosion of constructional steels in marine and
industrial environments, including its causes, mechanisms, prevention, and
control strategies.

Causes of Corrosion

The primary cause of corrosion in constructional steels is the
electrochemical reaction between the metal surface and the corrosive
environment. This reaction occurs when the metal surface is exposed to
oxygen and moisture, leading to the formation of an oxide layer. The oxide
layer can further react with other ions, such as chloride ions, to form
soluble salts that can be washed away by water, exposing fresh metal
surfaces to further corrosion.
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In marine environments, the presence of seawater, which contains high
levels of chloride ions, accelerates the corrosion process. Chloride ions can
penetrate the oxide layer and react with the metal surface, forming soluble
iron chloride compounds. These compounds are easily dissolved in water,
allowing the corrosion process to continue.

In industrial environments, various corrosive substances, such as acids,
alkalis, and solvents, can also contribute to corrosion. These substances
can attack the metal surface and disrupt the protective oxide layer, making
the metal more susceptible to corrosion.

Mechanisms of Corrosion

The mechanisms of corrosion in constructional steels involve a complex
interplay of electrochemical reactions and physical processes. The
following are the key mechanisms involved:

* Anodic Reaction: During corrosion, the metal surface undergoes an
anodic reaction, where metal atoms lose electrons and become positively
charged ions. This reaction releases electrons into the metal, creating an
electrical current. * Cathodic Reaction: At the same time, a cathodic
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reaction occurs on the metal surface, where oxygen and hydrogen ions
react with electrons to form hydroxide ions. These hydroxide ions can
combine with metal ions to form insoluble hydroxides, which can precipitate
on the metal surface and hinder further corrosion. * Ion Diffusion: The
anodic and cathodic reactions occur at different locations on the metal
surface, creating a concentration gradient of ions. This gradient drives the
diffusion of ions through the electrolyte, completing the electrical circuit.

Prevention and Control Strategies

There are various methods available to prevent and control corrosion in
constructional steels in marine and industrial environments. These methods
include:

* Material Selection: Choosing corrosion-resistant alloys or steels with
appropriate coatings can significantly reduce the susceptibility of steel
structures to corrosion. * Protective Coatings: Applying protective
coatings, such as paints, sealants, or cathodic protection systems, can
provide a barrier between the metal surface and the corrosive environment.
* Cathodic Protection: This technique involves connecting the steel
structure to a sacrificial anode, which corrodes instead of the steel. *
Corrosion Inhibitors: Chemicals known as corrosion inhibitors can be
added to the environment to reduce the rate of corrosion. * Design
Considerations: Proper design can minimize the exposure of steel
structures to corrosive environments and promote drainage of water.

Corrosion is a critical issue for constructional steels in marine and industrial
environments. Understanding the causes, mechanisms, and prevention
strategies for corrosion is essential for ensuring the safety and reliability of
steel structures. By implementing appropriate measures to prevent and



control corrosion, engineers and industry professionals can extend the
lifespan of steel structures and minimize the associated costs and risks.
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