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Understanding and
Mitigating Corrosion in
Engineering Applications

Corrosion poses a significant challenge in engineering and industrial
applications, leading to material degradation, structural integrity issues,
and increased maintenance costs. This whitepaper aims to provide a
comprehensive overview of different types of metallic corrosion, their
causes, symptoms, and effective mitigation strategies. By understanding
the underlying mechanisms of corrosion and implementing appropriate
preventive measures, industries can prolong the lifespan of materials and
improve overall system reliability.

Corrosion is a persistent challenge faced by engineers across various
industries, from aerospace and automotive to infrastructure and
marine applications. The economic and safety implications of corrosion
necessitate a deeper understanding of its types, causes, and effective
mitigation strategies.

Metallic corrosion is the process of deterioration of metals due to various
chemical or electrochemical reactions with their environment. There are
several types of metallic corrosion, each with its own causes, symptoms,
and ways to mitigate. Here are some of the most common types:



Uniform Corrosion:

Causes: This type of corrosion occurs when a metal’s surface is uniformly attacked by an
aggressive environment. It is often the result of exposure to moisture, oxygen, acids, or salts.

Symptoms: Uniform corrosion leads to a general thinning of the metal’s surface, which can
eventually compromise its structural integrity.

Mitigation: Applying protective coatings such as paint, fabricating components from corrosion-
resistant alloys, employing cathodic protection, or controlling the environment’s humidity and
temperature can help mitigate uniform corrosion.

Galvanic Corrosion:

Causes: Galvanic corrosion occurs when two different metals are in contact with each other and
immersed in an electrolyte (such as a corrosive solution). This creates an electrochemical cell,
where one metal acts as an anode and corrodes faster while the other acts as a cathode.

Symptoms: The anodic metal corrodes more rapidly, leading to localized pitting and degradation.

Mitigation: Isolating dissimilar metals using insulating materials or using sacrificial anodes (more
reactive metals that corrode in place of the primary metal) can mitigate galvanic corrosion.

Pitting Corrosion:
Causes: Pitting corrosion is a localized form of corrosion often caused by uneven distribution of

the corrosive environment, presence of impurities, or manufacturing defects.

Symptoms: Small pits or holes develop on the metal’s surface, which can lead to rapid
penetration and failure.

Mitigation: Applying coatings, fabricating components from corrosion-resistant alloys,
maintaining a uniform environment around the metal, and ensuring proper material quality
during manufacturing can help prevent pitting corrosion.

Crevice Corrosion:

Causes: Crevice corrosion occurs in confined spaces or crevices where there is limited access to
oxygen and the stagnant environment promotes the accumulation of corrosive substances.

Symptoms: Corrosion is concentrated in crevices, resulting in localized degradation.

Mitigation: Proper design to minimize crevices, using materials that are resistant to crevice
corrosion, and ensuring good drainage and ventilation can help mitigate this type of corrosion.
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Stress Corrosion Cracking (SCC):

Causes: SCC results from a combination of tensile stress and a corrosive environment. It often
affects materials under load, such as metals in a corrosive solution.

Symptoms: Cracks form and propagate along the metal’s grain boundaries, which can lead to
sudden and catastrophic failure.

Mitigation: Reducing stress levels, using corrosion-resistant alloys, changing the environment
to a less aggressive one, or using cathodic protection can help mitigate SCC.

Intergranular Corrosion:

Causes: This type of corrosion occurs along grain boundaries due to sensitization of the
metal, where the grain boundaries become more susceptible to corrosion.

Symptoms: Corrosion appears as a network of fine cracks along grain boundaries.

Mitigation: Using low-carbon or stabilized stainless steel alloys, heat treatment to restore
sensitized metal, or using corrosion inhibitors can help mitigate intergranular corrosion.

Erosion Corrosion:

Causes: Erosion corrosion is caused by the combined effect of corrosion and mechanical
erosion, often seen in high-velocity fluid flows carrying abrasive particles.

Symptoms: Metal surfaces show signs of both corrosion and mechanical wear, leading to
material loss.

Mitigation: Using erosion-resistant materials, controlling fluid flow rates, and implementing
proper design to minimize turbulence can help mitigate erosion corrosion.

It's important to note that mitigation strategies can vary depending on the specific type of
corrosion and the application. A combination of material selection, proper design, protective
coatings, cathodic protection, environmental controls, and regular maintenance are key to
preventing and mitigating corrosion in various industrial and everyday settings.
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