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The global coatings industry is undergoing a paradigm shift driven by stringent environmental regulations and the
escalating demand for high-performance, sustainable materials. Central to this evolution is the transition from
solvent-borne systems to water-based dispersions. Among these, multiphase acrylic dispersions represent the
pinnacle of modern polymer engineering. ALBERDINGK® AC 2403, developed by Alberdingk Boley, stands as a
premier example of this technology, offering a sophisticated solution for applications requiring super-hydrophobicity,
exceptional barrier properties, and robust adhesion to challenging substrates such as galvanized steel and various
plastics. This technical analysis explores the chemical architecture, mechanical properties, and industrial
applications of AC 2403, providing a comprehensive framework for formulators and materials scientists.

The Evolution of Water-Based Binder Technology

Traditionally, achieving high chemical resistance and moisture barriers necessitated the use of solvent-based
resins. However, the high Volatile Organic Compound (VOC) content of these systems has led to increased
regulatory scrutiny (such as REACH and various national VOC limits). The challenge for polymer chemists has
been to replicate the performance of solvent-based coatings in an aqueous medium. Early water-based acrylics
often struggled with sensitivity to water, poor film formation at low temperatures, and insufficient barrier properties
against oxygen and water vapor.

The development of multiphase acrylic dispersions has effectively bridged this gap. Unlike traditional
homopolymers, multiphase systems consist of polymer particles with a heterogeneous internal structure, often
referred to as core-shell or gradient morphologies. This allows for the combination of diametrically opposed
properties—such as hardness and flexibility—within a single binder system. ALBERDINGK® AC 2403leverages
this multiphase architecture to provide a firm barrier and self-crosslinking capabilities that redefine the performance
expectations for 1K (one-component) waterborne systems.

Technical Profile and Chemical Architecture

Multiphase Morphology and Particle Design

At the molecular level, ALBERDINGK® AC 2403 is characterized by its multiphase acrylic dispersionnature.
During the polymerization process, different monomer compositions are introduced sequentially to create distinct
domains within each latex particle. The harder phases provide mechanical strength, block resistance, and chemical
stability, while the softer phases facilitate film formation and ensure flexibility. This synergy ensures that the coating
can withstand mechanical stress while maintaining an impermeable surface.

Self-Crosslinking Mechanisms

One of the most critical features of AC 2403 is its self-crosslinkingcapability. In traditional systems, crosslinking
often requires the addition of an external hardener (2K system), which introduces complexity in mixing and limits
the pot life. AC 2403 incorporates functional groups that react with each other during the drying phase as water



evaporates and the polymer particles coalesce. This results in a dense, three-dimensional network that significantly
enhances the coating's durability, solvent resistance, and weatherability without the need for additional crosslinking
agents.

Physical and Chemical Properties

The following table outlines the fundamental technical specifications of ALBERDINGK® AC 2403, providing a
baseline for formulation development:



Property Typical Value Unit/Method

Solid Content 46.0-48.0 % (1SO 3251)

pH Value 8.0-9.0 ISO 976
Viscosity 20 - 500 mPa-s (ISO 2555)
MFFT (Min. Film Forming Temp) Approx. 35 °C

Density 1.04 g/cm?3
Appearance Milky Liquid Visual

Mechanisms of Film Formation and Barrier Efficiency

The Coalescence Process

The transition from a liquid dispersion to a solid, continuous film is a complex physical-chemical process. In the
case of ALBERDINGK® AC 2403, this involves the evaporation of the aqueous phase, followed by the close
packing of the multiphase particles. As the capillary forces increase, the particles deform and interdiffuse. Because
AC 2403 is a self-crosslinking system, the chemical reaction begins to accelerate during the final stages of water
loss, locking the polymer chains into a rigid yet resilient matrix.

The "Firm Barrier" Principle

The primary technical advantage of AC 2403 is its ability to form a firm barrier to oxygen, water, and water vapor
. In many standard acrylics, the presence of surfactants and the inherent porosity of the film allow small molecules
like O2 and H20 to permeate the coating, leading to oxidation (corrosion) of the underlying metal. AC 2403 is
engineered with a specific monomer selection that creates a high packing density. This density effectively
minimizes the free volume within the polymer matrix, making it extremely difficult for corrosive agents to penetrate.
Consequently, coatings based on AC 2403 often do not require high levels of fillers or anti-corrosive pigments to
achieve superior protection.

Application Engineering: Metal and Plastic Substrates

Protection of Galvanized Steel

Galvanized steel is notoriously difficult to coat due to its low surface energy and the presence of zinc oxides/
carbonates. Many water-based binders fail to provide adequate adhesion, leading to delamination. ALBERDINGK®
AC 2403 is specifically designed to address these challenges. Its multiphase structure includes functional groups
that promote chemical bonding with the zinc surface, while its super-hydrophobic nature prevents moisture from
reaching the interface and initiating the corrosion cycle. This makes it an ideal binder for Direct-to-Metal (DTM)
applications.

Plastic Coating and Adhesion

In addition to metal, AC 2403 shows remarkable versatility on plastic substrates (e.g., ABS, PC, and treated PP).
The binder’s ability to wet various surfaces combined with its low-bake capability (often referred to as 1K Low Bake
) allows it to be used on heat-sensitive materials. For industrial plastic applications, it provides a high-quality finish



that is resistant to scratches and household chemicals.

Comparative Evaluation Matrix

The following table compares ALBERDINGK® AC 2403 with standard 1K acrylic dispersions and traditional solvent-
based alkyd resins:



Feature

VOC Content

Corrosion Resistance

Hydrophobicity

Crosslinking

Adhesion to Zinc

UV Resistance

AC 2403 (Multiphase)

Very Low

Excellent

Super-hydrophobic

Self-crosslinking

High

High

Standard 1K Acrylic

Low

Moderate

Moderate

None / External

Low

High

Solvent-Based Alkyd

High

Good

High

Oxidative

Moderate

Low (yellows)

Formulation Strategies and Best Practices

Optimizing Film Formation

Given its Minimum Film Forming Temperature (MFFT) of approximately 35°C, AC 2403 requires the careful
selection of coalescing agents (film-forming aids) if the coating is to be applied at room temperature. Formulators
should use slow-evaporating solvents like Dipropylene Glycol n-Butyl Ether (DPnB) or Texanolto  ensure the
particles have sufficient time to interdiffuse before the film becomes too rigid due to crosslinking.

Pigmentation and Dispersing Agents

While AC 2403 provides an inherent barrier, the addition of pigments must be handled with care to avoid
compromising the hydrophobicity. Using hydrophobic-treated pigments and specialized dispersing agents that do
not increase water sensitivity is recommended. Because the binder is self-crosslinking, it is vital to ensure that
additives do not interfere with the crosslinking chemistry, which is typically pH-dependent.

Thickening and Rheology Control

To achieve the desired application properties (e.g., spray, brush, or roller), associative thickeners (HEUR) are
generally preferred over cellulosic thickeners (HEC). HEUR thickeners provide better flow and leveling and do not
adversely affect the water resistance of the final film, maintaining the super-hydrophobicproperties of the AC
2403 binder.

Case Studies: Failure Modes and Troubleshooting

Issue: Flash Rusting on Ferrous Substrates

In water-based DTM applications, flash rusting can occur during the drying phase as water sits on the metal. While
AC 2403 provides excellent long-term protection, the initial drying phase is critical. Solution:Incorporate a small
percentage of a liquid flash rust inhibitor and ensure adequate airflow during the drying process to accelerate water
evaporation.

Issue: Brittle Film or Cracking

If the coating is applied in environments colder than the MFFT without sufficient coalescent, the film may crack or
fail to form a continuous barrier. Solution:Adjust the coalescent levels based on seasonal temperature variations
or utilize a heated drying tunnel (Low Bake) to ensure optimal particle coalescence.



Issue: Reduced Adhesion on Smooth Plastics

Some high-energy plastics may still present adhesion challenges if surface contaminants are present. Solution:
Implement a thorough cleaning process using Isopropyl Alcohol (IPA) or utilize flame/plasma treatment to increase
surface energy before applying the AC 2403-based coating.

Advanced Industrial Applications

High-Quality Adhesive Systems

Beyond coatings, ALBERDINGK® AC 2403 is increasingly used in high-quality adhesive systems. Its ability to
form a water-resistant, firm bond makes it suitable for laminating adhesives where moisture barrier properties are
required. The self-crosslinking nature ensures that the bond strength remains consistent even under thermal stress,
which is a common requirement in automotive interior bonding.

Industrial Varnishes and Plasters

The super-hydrophobic nature of AC 2403 makes it an excellent choice for exterior varnishes and decorative
plasters. It prevents the "whitening" effect often seen in acrylic coatings exposed to prolonged rain (water blushing).
By maintaining a clear, hydrophobic surface, the binder preserves the aesthetic integrity of the substrate while
providing long-term structural protection.

Environmental Impact and Regulatory Compliance

In the context of modern manufacturing, ALBERDINGK® AC 2403aligns with the principles of Green Chemistry.
By providing a high-performance alternative to solvent-based binders, it allows manufacturers to significantly
reduce their carbon footprint and VOC emissions. The absence of heavy metals and the shift towards aqueous-
based polymerization reflect a commitment to worker safety and environmental stewardship. Furthermore, the
longevity provided by the AC 2403 barrier reduces the frequency of re-coating, thereby minimizing material waste
over the lifecycle of the protected asset.

Synthesizing the Technical Advantages

The integration of multiphase morphology with self-crosslinking technology represents a significant milestone in
polymer science. ALBERDINGK® AC 2403 effectively addresses the historic weaknesses of waterborne acrylics,
offering a binder that is not only environmentally friendly but also technically superior in many aspects to its solvent-
borne predecessors. Its ability to act as a firm barrier to oxygen and water vapor, combined with its super-
hydrophobic properties, makes it a versatile tool for protecting metals, plastics, and wood.

For the technical formulator, the success of an AC 2403-based system lies in the balance of coalescence,
pigmentation, and substrate preparation. As industries continue to tighten VOC limits and demand higher durability,
the role of specialized dispersions like AC 2403 will only grow. It facilitates the creation of coatings that are thinner
yet more protective, more complex yet easier to apply as 1K systems, and more sustainable yet economically
viable due to the reduced need for expensive anti-corrosive fillers. The future of industrial protection is undeniably
waterborne, and multiphase dispersions are the catalysts driving this transformation.
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