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In the high-stakes environment of aerospace engineering, corrosion is an omnipresent threat that compromises
structural integrity and operational safety. For decades, the industry relied heavily on hexavalent chromium
(Chromium V1) for corrosion inhibition. However, due to its toxicity and stringent environmental regulations such as
REACh (Registration, Evaluation, Authorisation, and Restriction of Chemicals), the shift toward chromate-free
alternatives has become a primary technical objective. Among the most significant advancements in this sector is
the development of Aerodur 2100 MgRP (Magnesium-Rich Primer), a patented technology by AkzoNobel. This
article provides an in-depth technical analysis of Aerodur 2100 MgRP, exploring its electrochemical mechanisms,
formulation, application protocols, and compliance with industry standards like AMS 3095A and Airbus SRM.

The Fundamental Challenge: Corrosion in Aerospace Alloys

Aerospace structures predominantly utilize high-strength aluminum alloys (such as the 2000 and 7000 series).
While these alloys offer excellent strength-to-weight ratios, they are highly susceptible to localized corrosion,
including pitting, exfoliation, and stress-corrosion cracking. Traditionally, chromated primers worked by releasing
chromate ions that passivate the metal surface, forming a protective barrier. To replace this without losing
performance, engineers had to turn to cathodic protection, a principle well-established in the maritime and civil
engineering industries but complex to implement in lightweight aerospace systems.

The Electrochemical Mechanism of Magnesium-Rich Primers (MgRP)

The core innovation of Aerodur 2100 MgRP lies in its use of sacrificial magnesium particles. To understand why this
is revolutionary, one must examine the Galvanic Seriesof metals in seawater or an electrolyte. In a galvanic
couple, the more electronegative (anodic) metal will corrode sacrificially to protect the more electropositive
(cathodic) metal.

Comparison of Standard Reduction Potentials

Consider the following standard reduction potentials (E°) at 25°C:

e Magnesium (Mg): -2.37 V
e Aluminum (Al): -1.66 V
Zinc (Zn): -0.76 V

Steel (Fe): -0.44V

While zinc-rich primers have protected steel for a century, zinc is actually more noble than aluminum. This means
that in an aluminum-zinc system, the aluminum substrate might still be at risk. Magnesium, however, is significantly
more anodic than aluminum. When incorporated into an epoxy matrix as a high-density pigment, magnesium
particles act as a sacrificial anode. If the coating is scratched or damaged, the magnesium corrodes first, providing
cathodic protection to the exposed aluminum substrate, effectively "healing" the breach in the protective layer.

Technical Specifications and Regulatory Compliance



Aerodur 2100 MgRP is not merely a laboratory innovation; it is a qualified product that meets the rigorous demands
of global aviation authorities. It is frequently referenced in the Airbus Structural Repair Manual (SRM) under
tasks such as 51-75-12-911-019 and 51-75-12-911-020. Furthermore, it adheres to the AMS 3095Aspecification,
which is the benchmark for high-performance exterior paint systems for commercial aircraft.

Table 1: Technical Compliance and Specifications



Specification / Entity Reference / Status Significance

AMS 3095A Qualified Standard for external aircraft paint
systems.
Airbus SRM Task 51-75-12 Approved for structural repair and

maintenance.

ANAC CML 477200 Listed in the Consumable Material
List for regional compliance.

Chromate Status Chromate-Free Compliant with REACh and OSHA
safety standards.

Formulation and Chemical Composition

Aerodur 2100 MgRP is typically supplied as a multi-component kit. Achieving the correct chemical balance is
critical for the formation of the sacrificial network. The system comprises:

1. Base (2100P003): Contains the epoxy resin and the magnesium pigment.

2. Curing Solution (CS6010): An amine-based hardener that initiates the cross-linking process.

3. Thinner/Reducer (TR-114 or TR-7114): Adjusted based on the desired VOC (Volatile Organic Compound)
levels and environmental conditions during application.

4. Tint (2100P004): Used to provide visual contrast for uniform application.

The Role of the Epoxy Matrix

The epoxy resin acts as the binder that holds the magnesium particles in electrical contact with each other and the
substrate. This is known as pigment volume concentration (PVC). For a MgRP to work, the PVC must be high
enough to reach the Critical Pigment Volume Concentration (CPVC), ensuring that the particles are sufficiently
packed to allow electron flow (percolation) throughout the coating.

Procedural Execution: Mixing and Application

The performance of Aerodur 2100 MgRP is heavily dependent on the precision of the application process. Unlike
standard primers, the high density of magnesium particles requires constant agitation to prevent settling.

Step-by-Step Mixing Protocol

1. Homogenization: Stir the 2100P003 Base thoroughly to incorporate any settled magnesium pigment.

2. Activation: Slowly add the CS6010 Curing Solution to the base while mixing. The typical mixing ratio must be
followed exactly as per the Technical Data Sheet (TDS).

3. Induction: Allow the mixture to stand for a specific "induction time" (usually 15-30 minutes) to allow the
chemical reaction between the epoxy and amine to begin.

4. Thinning: Gradually add the TR-114 Reducer while stirring. This adjusts the viscosity for optimal atomization
in spray equipment.

5. Filtration: Filter the mixed product through a mesh to remove any undispersed particles that might clog the
spray gun nozzle.

Application Parameters

Aerodur 2100 MgRP should be applied using HVLP (High Volume Low Pressure)spray technology. The target
dry film thickness (DFT) is typically between 20 to 30 microns. Excessive thickness can lead to mud-cracking due



to the high pigment loading, while insufficient thickness may result in a lack of cathodic protection connectivity.

Comparative Evaluation: MgRP vs. Traditional Systems

To justify the transition to MgRP, it is necessary to compare its performance against legacy chromated systems and
first-generation chromate-free primers (which relied solely on barrier protection).

Table 2: Performance Comparison Matrix



Feature Legacy Chromated Primer Standard Chromate-Free Aerodur 2100 MgRP

(Barrier)
Mechanism Passivation (Chemical) Barrier (Physical) Cathodic (Sacrificial) +
Barrier
Environmental Impact High (Toxic) Low Low
Scribe Corrosion Excellent Poor (Under-film creep) Excellent (Sacrificial)
Weight Efficiency Standard High (Needs thick film) Optimal
Compatibility Universal Limited Broad (Al-alloys)

Practical Field Guide: Surface Preparation

No coating can perform without adequate surface preparation. For Aerodur 2100 MgRP, the surface must be
meticulously cleaned and pre-treated. The process generally involves:

¢ Degreasing: Removal of oils, hydraulic fluids, and contaminants using approved solvents.

¢ Mechanical Abrasion: Light sanding (e.g., using Scotch-Brite) to increase surface area for mechanical
bonding.

¢ Chemical Pre-treatment: Application of a conversion coating (such as Alodine or a non-chromate alternative
like Pre-Kote) to enhance adhesion and provide secondary corrosion resistance.

Case Studies: Real-World Application in MRO

In Maintenance, Repair, and Overhaul (MRO) operations, Aerodur 2100 MgRP has proven invaluable for structural
repairs. When an aircraft skin is damaged, the technician must strip the area to bare metal. Applying MgRP
ensures that even if the subsequent topcoat is compromised by debris or environmental stress, the structural
aluminum remains protected by the magnesium's sacrificial action. This significantly extends the interval between
maintenance checks (C-checks and D-checks), reducing the Total Cost of Ownership (TCO) for airline operators.

Troubleshooting Common Operational Challenges

Despite its superior protection, MgRP requires technical mastery. Below are common issues and their engineering
solutions:

« Sedimentation: If the paint is not agitated during the spray process, magnesium particles settle in the pot.
Solution: Use a spray pot with a mechanical agitator.

¢ Poor Inter-coat Adhesion: If the MgRP is left to cure too long before the topcoat is applied, the surface
becomes too inert for bonding. Solution: Observe the "re-coat window" (typically 2 to 48 hours) or perform a solvent
wipe/light scuff sand if the window is exceeded.

» Pinholing: Often caused by solvent entrapment in thick films. Solution: Ensure flash-off times between coats
and maintain DFT within the specified range.

The Future of Aerospace Coatings: Beyond 2100 MgRP

The success of Aerodur 2100 MgRP has paved the way for further innovations in "smart" coatings. Research is
currently focused on autonomous healing coatingsthat incorporate micro-encapsulated inhibitors. However, the



cathodic protection provided by magnesium remains the most robust and field-proven alternative to chromates
currently available on the market.

Strategic Implications for the Aerospace Industry

The transition to technologies like Aerodur 2100 MgRP is not merely a regulatory compliance exercise; it is a
strategic move toward sustainability and operational efficiency. By eliminating hexavalent chromium, aerospace
manufacturers reduce the costs associated with hazardous waste disposal, medical monitoring for technicians, and
potential legal liabilities. Furthermore, the enhanced protection offered by the cathodic mechanism ensures that
aircraft can operate safely in increasingly corrosive environments, such as coastal regions with high salinity or
industrial areas with acid rain.

In conclusion, AkzoNobel's Aerodur 2100 MgRP represents a pinnacle of chemical engineering in the aerospace
sector. By successfully adapting the principles of cathodic protection for lightweight aluminum structures, it provides
a viable, high-performance, and environmentally responsible solution to one of aviation's oldest problems.
Engineers and maintenance professionals who master the application and underlying science of this magnesium-
rich primer will be at the forefront of the next generation of aircraft preservation and safety.
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