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of ASTM A606 Type 4 Steel

Introduction:

ASTM A606 Type 4 steel refers to a high-strength, low-alloy (HSLA) steel commonly known as weathering steel or
COR-TEN steel. Its defining characteristic is its ability to form a protective rust layer, negating the need for painting or other
conventional corrosion protection methods. This memo details the process by which this protective coating forms.

Mechanism of Protective Coating Formation:

The protective layer on ASTM A606 Type 4 steel isn’t simply rust (ferric oxide). It’s a complex, multi-layered structure that
develops through a series of electrochemical reactions driven by exposure to atmospheric elements like oxygen, moisture,
and pollutants.

The process can be broken down into several stages:

1. Initial Oxidation:
Upon exposure to the atmosphere, the steel’s surface begins to oxidize, forming a layer of conventional iron oxide
(Fe203). This initial rust is porous and does not offer significant protection.

2. Formation of Amorphous Iron Oxyhydroxide:
Beneath the initial rust layer, a layer of amorphous iron oxyhydroxide (FeO(OH)) forms. This layer is created through the
reaction of iron with oxygen and moisture in the presence of alloying elements.

3. Development of a Dense Barrier Layer:
The key to A606 steel’s weathering properties is the formation of a dense, tightly adherent inner layer. This layer is
primarily composed of hydrated iron oxides (a-FeOOH and y-FeOOH), often with incorporated alloying elements like
chromium, silicon, copper, and phosphorus. These alloying elements play crucial roles:

« Chromium: Enhances corrosion resistance and promotes the formation of a stable, protective layer. It forms chromium
oxides and hydroxides that contribute to the barrier properties.

« Silicon: Improves the steel’s resistance to atmospheric corrosion and promotes the formation of a dense, adherent
oxide layer. It also influences the morphology of the rust layer.

- Copper: Contributes to the formation of a dense inner layer and enhances resistance to atmospheric corrosion.

« Phosphorus: Reacts with iron to form insoluble phosphates, which contribute to the protective properties of the outer
layer and reduce the rate of further oxidation.

4. Stabilization and Maturation:
Over time, the protective layer undergoes further changes, becoming denser and more stable. This process involves
dehydration and recrystallization of the iron oxyhydroxides, leading to a more compact structure. The incorporation of
alloying elements into the oxide layer also contributes to its long-term stability.

Factors Affecting Coating Formation:
Several factors influence the rate and quality of protective coating formation:
- Environmental Conditions: Exposure to wet and dry cycles is crucial for formation of the protective layer. The

presence of pollutants, such as sulfates and chlorides, can also affect the corrosion process.

- Steel Composition: Specific alloying elements and their concentrations within the steel significantly influence
corrosion resistance and characteristics of the protective layer.

- Surface Condition: Initial steel surface condition can affect the corrosion process. Clean surfaces are essential for
uniform oxide layer formation.
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Properties of the Protective Layer:
The resulting protective layer on ASTM A606 Type 4 steel exhibits several desirable properties:
« Adherence: The layer is tightly bonded to the base metal, preventing it from flaking or peeling

- Impermeability: The dense structure of the layer significantly reduces the penetration of oxygen, moisture, and other
corrosive agents to the underlying steel.

- Self-Healing: If the protective layer is damaged, it can often repair itself through further oxidation.

- Aesthetic Appeal: The characteristic reddish-brown color of the weathered steel is often considered aesthetically
pleasing by architects and designers.

Technical References:

While specific ASTM standards (like ASTM A606 Type 4) define material properties, the underlying scientific principles
are covered in various corrosion science and materials engineering texts. Unfortunately, there isn’t one single definitive
reference solely focused on the A606 weathering process.

However, the following are relevant resources:

« ASTM Handbook, Volume 13A: Corrosion — This handbook provides comprehensive information on corrosion
mechanisms, including atmospheric corrosion and the behavior of various metals and alloys.

« Uhlig’s Corrosion Handbook — Another valuable resource covering various aspects of corrosion science and
engineering.

- Weathering Steel by Frank E. Lorge — While difficult to find and potentially out of print, this book is a potential
resource that may have more specific information.

- NACE International publications — NACE (National Association of Corrosion Engineers) publishes numerous articles
and books on corrosion, some of which may be relevant to weathering steel.

Conclusion:

The protective coating on ASTM A606 Type 4 steel forms through a complex electrochemical process involving the formation
of multiple layers of iron oxides and oxyhydroxides, influenced by alloying elements and environmental conditions. This
layer provides excellent corrosion resistance, making ASTM A606 Type 4 steel a popular choice for various structural and
architectural applications. Understanding the formation mechanism is essential for ensuring the long-term performance

of structures utilizing this material. Further research into specific alloying element interactions and long-term weathering
behavior may be beneficial for specialized applications.
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