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Abstract: The construction industry's shift towards more sustainable materials has led to the
increased adoption of Type 1L cement, also known as Portland-Limestone Cement (PLC). While
offering significant environmental benefits, its differing composition compared to traditional
Type I/1l Portland cement can influence surface characteristics and potentially impact the
adhesion of protective or decorative coatings, particularly acrylics. This whitepaper explores the
nature of Type 1L cement, the mechanisms of acrylic coating adhesion, potential reasons for
adhesion issues on PLC concrete, and recommended best practices for mitigation.

1. Introduction: The Rise of Type 1L Cement

Traditional Portland cement (OPC), typically conforming to ASTM C150 (Type I/Il), has been the
backbone of concrete construction for over a century. However, its production is energy-
intensive and a significant source of anthropogenic carbon dioxide (CO_2) emissions. In
response to environmental concerns and regulatory pressures, the industry has developed and
increasingly adopted Portland-Limestone Cement (PLC), designated as Type 1L under ASTM
C595/C595M.

Type 1L cement allows for the intergrinding of up to 15% limestone with traditional cement
clinker, compared to the maximum 5% allowed in Type I/1l OPC. This substitution reduces the
clinker factor, thereby lowering the embodied CO_2 associated with cement production by
approximately 10% on average. Functionally, Type 1L cement is designed to provide similar
setting times, strength development, and durability characteristics to its Type /1l counterparts,
making it a viable, lower-carbon alternative for most concrete applications.

2. Understanding Acrylic Coating Adhesion to Concrete

Acrylic coatings are widely used on concrete surfaces for various purposes, enhancing
appearance, and providing resistance to abrasion and sure footedness. They are water-based
emulsions of acrylic polymers.

Successful adhesion relies on a combination of factors:

e Maechanical Interlocking: The coating penetrates the pores and irregularities of the
concrete surface, creating a physical anchor upon curing.

e Chemical Bonding: Polar groups within the acrylic polymer chain can form hydrogen
bonds or other weak chemical bonds with the hydrated cement paste components (e.g.,
calcium silicate hydrate - C-S-H, calcium hydroxide - CH).



o Surface Energy: Proper wetting of the concrete surface by the liquid coating is crucial.
This requires the coating's surface tension to be lower than the concrete's surface
energy. Contaminants can lower surface energy, hindering wetting and adhesion.

e Substrate Integrity: The concrete surface itself must be sound, clean, and free from
laitance, efflorescence, curing compounds, form release agents, dust, and other
contaminants that can act as bond breakers.

3. Potential Adhesion Challenges with Type 1L Concrete

While Type 1L concrete is engineered for comparable performance, subtle differences in its
hydration chemistry and surface development could influence coating adhesion compared to
traditional OPC concrete:

o Surface Chemistry and pH: The presence of finely ground limestone might slightly alter
the surface pH evolution during curing compared to OPC. While concrete is inherently
alkaline (pH > 12.5), variations in the rate of pH development or the final surface
alkalinity could potentially influence the initial bonding of certain pH-sensitive acrylic
formulations.

o Porosity and Pore Structure: The limestone particles, while participating somewhat in
hydration reactions, primarily act as fine fillers. This can influence the pore size
distribution and overall porosity at the surface. Some studies suggest PLC can lead to a
finer pore structure, which might affect the penetration depth of higher-viscosity acrylic
coatings. Conversely, improperly cured PLC might exhibit higher initial surface porosity.

¢ Curing and Strength Development: Although designed for similar performance, some
PLCs might exhibit slightly slower early-age strength gain, especially in colder conditions.
Applying coatings prematurely, before the concrete has achieved adequate surface
strength and dryness, is a common cause of adhesion failure for any concrete type, but
sensitivity might be slightly heightened if curing times are not adjusted appropriately for
PLC, particularly under marginal conditions.

¢ Interaction with Surface Moisture: The rate at which bleed water evaporates and the
surface dries can be influenced by the mix design, including cement type. Trapped
moisture vapor attempting to escape through a cured acrylic film can lead to blistering
and delamination. The different pore structure of PLC might affect drying rates.

¢ Presence of Limestone Fines: While interground, there's a possibility of unreacted
limestone particles at the immediate surface. These particles may not offer the same
bonding potential as the hydrated cement paste phases (C-S-H) that acrylics primarily
bond to. Excessive fines could potentially create a weak boundary layer.



It is crucial to note that many reported issues may stem from factors common to all concrete

types, such as inadequate surface preparation or premature coating application, rather than

being inherently unique to Type 1L. However, the compositional difference warrants careful

consideration.

4. Testing and Best Practices for Mitigation

Ensuring good acrylic coating adhesion on Type 1L concrete involves adhering to established

best practices, potentially with increased diligence:

Limiting Free Limestone Content: Engineers, Consultants, and Contractors should
demand that mix designs for athletic concrete surfaces using Type 1L concrete have a
limestone content of less than 10% (5-10%).

Thorough Surface Preparation: This remains the single most critical factor.

o Cleaning: Remove all dirt, dust, oil, grease, and other contaminants (ASTM
D4258).

o Profiling: The surface must have adequate texture (profile) to promote
mechanical interlocking. This is often achieved through methods like acid etching
(ASTM D4260 - use with caution, ensure complete neutralization/rinsing),
grinding, or abrasive blasting (ASTM D4259). A Concrete Surface Profile (CSP) of
2-4, as defined by the International Concrete Repair Institute (ICRI), is often
suitable for acrylics.

o Laitance Removal: Ensure all weak surface laitance is removed.

Proper Curing: Allow the Type 1L concrete to cure adequately. Follow ACI guidelines and
manufacturer recommendations. Consider slightly extended curing times, especially in
cool or damp conditions, before surface preparation and coating. Minimum 28 days is
standard, but moisture testing is key.

Primer Selection: Consider using primers specifically recommended by the coating
manufacturer for new concrete or potentially for PLC concrete if available. Penetrating
primers can help consolidate the surface and improve bonding.

Manufacturer Consultation: Always consult the acrylic coating manufacturer's technical
data sheets and application guidelines.

5. Conclusion and Future Directions

Type 1L (Portland-Limestone Cement) concrete represents a significant step towards more

sustainable construction. While designed for performance parity with traditional OPC, its



different composition necessitates careful attention to surface preparation and coating
application protocols, particularly for adhesion-sensitive systems like acrylics.

While widespread adhesion failures specifically attributed solely to the use of Type 1L are not
definitively documented across the board, the potential for subtle differences in surface
characteristics warrants adherence to best practices. Thorough surface preparation, adequate
curing, and consultation with coating manufacturers are paramount.



