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Understanding Rust Stains on Epoxy or Fluoropolymer Coated Reinforced Concrete
as used in Swimming Pools.

Reinforced concrete structures are widely used in construction due to their ability to combine
the compressive strength of concrete with the tensile strength of mild steel reinforcing bars.
However, despite their durability, these structures can suffer from rusting of the steel
reinforcement. This rusting often becomes evident as stains on epoxy or Fluoropolymer
coatings. This technical overview explains why these stains occur, including the interaction
between rust residues and coatings.

1. Corrosion of Reinforcing Steel

1.1 Electrochemical Corrosion Process
Rust formation in reinforced concrete is primarily due to the electrochemical corrosion process
of the embedded steel. The sequence of reactions involved includes:

« Anode Reaction: Steel bars act as an anode where iron (Fe) oxidizes to iron ions

(Fe?).

o Cathode Reaction: At the cathode, oxygen reacts with water to form hydroxide ions
(OH7)

o Formation of Rust: The iron ions (Fe?*) react with hydroxide ions (OH™) to produce
iron hydroxide (Fe (OH),), which further oxidizes to iron oxide (rust) Fe203

e 1.2 Contributing Factors

The rate and extent of corrosion can be influenced by:
« Moisture Penetration: Water entering through cracks or porous concrete provides

electrolytes necessary for corrosion.

o Chloride lons: Chlorides from “salt” water break down the protective oxide layer on
steel, accelerating rust formation.

o Carbonation: Carbon dioxide can lower the pH of the concrete, compromising the
steel's protective layer and promoting corrosion.

2. Interaction with Coatings

2.1 Properties of Epoxy and Fluoropolymer Coatings
Epoxy and Fluoropolymer coatings are applied to protect concrete surfaces from
environmental damage. However, these coatings are not impervious to failure. They may
experience:

o Cracking: Coatings can crack due to temperature fluctuations or mechanical stress,

allowing moisture to infiltrate.

o Adhesion Issues: Poor surface preparation or application can lead to delamination or
loss of adhesion.
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2.2 Mechanism of Stain Formation
When reinforcing steel corrodes, the rust can migrate through the concrete and appear on
the coating surface. This process involves:

Concrete Cracking and Rust Expansion: Corrosion causes the steel to expand,
leading to cracks in the concrete. These cracks serve as pathways for rust residues to
migrate.

Rust Residue Interaction: Rust products, including iron oxides, can interact
chemically with epoxy or Fluoropolymer coatings. Rust residues may create
compounds that adversely affect the coatings, causing discoloration or staining.

Stain Migration: Once rust residues interact with the coating, they can migrate
through the coating layer. This migration is facilitated by cracks or areas of poor
adhesion, ultimately leading to visible stains on the surface.

3. Preventive Measures and Solutions

3.1 Enhancing Concrete Design and Maintenance

Concrete Mix: Utilise a mix with low permeability and high-quality ingredients to
minimise moisture ingress.

Reinforcement Cover: Ensure sufficient concrete cover over reinforcing bars to
protect them from environmental exposure.

3.2 Coating Application Practices

Surface Preparation: Thoroughly prepare the concrete surface before applying
coatings to ensure good adhesion and seal any existing cracks.

Quality Coatings: Apply high-quality, durable coatings and conduct regular
inspections to detect and address any deterioration early.

3.3 Corrosion Control Strategies

Corrosion Inhibitors: Incorporate corrosion inhibitors into the concrete mix or apply
them as surface treatments to reduce rust formation.

Cathodic Protection: Consider cathodic protection systems for critical structures to
prevent corrosion.

Conclusion

Rust staining on epoxy or Fluoropolymer coatings on reinforced concrete is a complex issue
resulting from the corrosion of underlying steel reinforcement. The interaction of rust residues
with coatings, combined with the migration of these residues through cracks or defective
coatings, leads to visible stains on the surface. Understanding these mechanisms is crucial
for implementing effective design, coating, and maintenance practices to extend the lifespan
of reinforced concrete structures.
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