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In the global landscape of adhesive technologies, the synergy between Pressure Sensitive Adhesives (PSA) and
release coatingsrepresents a pinnacle of material science. Whether it is a medical bandage, an industrial label, or
an electronic component, the ability of an adhesive to remain protected and then release cleanly from a substrate
is vital for functionality. This guide explores the intricate chemistry, application methodologies, and performance
metrics of silicone release coatings, focusing on industry-leading solutions from innovators like Dow, Shin-Etsu,
and Evonik.

1.The Fundamental Role of Release Liners and Coatings

A release liner is essentially a carrier for a Pressure Sensitive Adhesive. It consists of a substrate material—
typically paper or plastic film—coated with a highly specialized layer of anti-adhesive material. The most common
and effective material for this purpose is silicone. The primary objective is to provide a surface with extremely low
surface energy, ensuring that the PSA can be peeled away with a specific, controlled force, known as the release
force.

The engineering challenge lies in the dual requirement of the coating: it must adhere firmly to its carrier substrate
(the liner) while offering zero-to-low affinity for the adhesive that sits on top of it. Without this precise balance, the
adhesive might either fail to release (leading to tearing) or the silicone might migrate into the adhesive, poisoning
its bonding properties.

2. Chemical Framework of Silicone Release Coatings

The majority of high-performance release coatings are based on Polydimethylsiloxane (PDMS). The unique
molecular structure of PDMS—characterized by a backbone of alternating silicon and oxygen atoms with methyl
groups attached—results in a highly flexible chain with very low intermolecular forces.

2.1 Molecular Interaction and Surface Energy

The low surface energy of silicones (typically between 20 and 22 mN/m) is the key to their performance. Most PSAs
have a surface tension significantly higher than this. According to the principles of thermodynamics, a liquid (or a
viscoelastic adhesive) will not easily wet or bond to a surface with a much lower surface energy. However, since
PSAs are designed to be "tacky," they do create intimate contact, necessitating a chemical cross-linking structure
within the silicone to prevent physical intermixing.

2.2 The Cross-Linking Mechanism

To transition from a liquid coating to a solid, functional film, the silicone must undergo cross-linking. There are
three primary chemical pathways used in the industry today:

e Addition Cure (Platinum-Catalyzed): This is the gold standard for high-speed industrial production. It involves
a reaction between a vinyl-functional silicone polymer and a hydrogen-functional silicone cross-linker. A platinum
catalyst triggers the reaction. It produces no byproducts and offers excellent stability.

e Condensation Cure (Tin-Catalyzed): An older method where hydroxyl-functional polymers react with silane



cross-linkers. This process releases alcohol or acetic acid as a byproduct and is generally slower than addition
curing.

¢ Radiation Cure (UV/EB): Utilized extensively by companies like Evonik (e.g., TEGO RC series). This method
uses ultraviolet light or electron beams to trigger polymerization. It is ideal for heat-sensitive substrates like thin
films (PET, BOPP).

3. Comparison of Release Coating Technologies

Selecting the right coating system depends on the substrate, the type of adhesive, and the desired production
speed. The following table provides a comparison of the most common silicone systems used in the industry.



System Type

Solventless Silicone

Solvent-Based Silicone

Water-Borne (Emulsion)

UV-Cured Silicone

Curing Mechanism

Addition (Pt)

Addition or Condensation

Addition or Condensation

Free Radical or Cationic

Advantages

Environmentally friendly,
high speed, cost-effective
(SYL-OFF Advantage).

Excellent anchorage to
difficult substrates, very
low release force.

Safe, no VOCs, used for
paper coating in-line.

Low temperature, instant
cure, ideal for heat-

Disadvantages

Requires high-precision 5-
roll coaters.

High VOCs, requires
solvent recovery systems.

Slow drying, potential for
substrate swelling.

Higher raw material costs,
requires UV lamps.

sensitive films.

4.Technical Analysis: Release Force and Peel Profiles

The performance of a release coating is measured by its Release Profile. This is a graph of the release force
versus the speed at which the adhesive is peeled away. Understanding this is critical for high-speed labeling
machines.

4.1 Low-Speed vs. High-Speed Release

In manual applications (like peeling a sticker by hand), low-speed release is relevant. However, in industrial

labeling, machines may operate at speeds exceeding 300 meters per minute. A phenomenon known as
"zippiness" can occur if the release force increases too sharply with speed, causing the liner to jerk or tear.
Engineers use Release Force Modifiers (RFM)to flatten this curve, ensuring consistent performance across all
speeds.

4.2 Factors Influencing Release Performance

1. Silicone Coat Weight: Typically measured in grams per square meter (gsm). Most liners use 0.5 to 1.5 gsm. If
the coating is too thin, the adhesive may touch the raw substrate (causing "pinholing™); if too thick, it is economically
wasteful and may lead to migration.

2. Substrate Porosity: Paper substrates must be "pre-sealed” (using clay coating or glassine processing) to
prevent the silicone from soaking into the fibers.

3. Cure Degree: If the silicone is not fully cured, unreacted silicone molecules can migrate into the PSA,
reducing its subsequent adhesion (tack) to the final target surface.

5. Manufacturing Process and Application Engineering

The application of a 1-micron layer of silicone onto a 100-meter-wide roll of paper moving at 500 m/min is a feat of
engineering. The industry relies on specialized equipment to maintain precision.

5.1 The 5-Roll Coater

For solventless systems, the 5-roll coater is the industry standard. It uses a series of rollers rotating at different
speeds to "split" the silicone film repeatedly until it reaches the desired thickness. Dow's SYL-OFF™ Advantage
Seriesis specifically designed to optimize performance in these high-stress mechanical environments, reducing
misting and ensuring uniform coverage.



5.2 Thermal Curing Ovens

Thermal curing requires long ovens (often 20-40 meters) where high-velocity hot air is blown onto the web. The
temperature must be high enough to trigger the catalyst but low enough to avoid melting plastic films or dehydrating
paper to the point of brittleness.

6. Practical Field Guide: Troubleshooting Common Issues

Even with advanced formulations from Shin-Etsu or Dow, operational challenges arise. Here are common failure
modes and their technical solutions:

6.1 Silicone Rub-Off (Poor Anchorage)

Symptoms: The silicone layer can be rubbed off the liner with a finger.Root Cause: Lack of chemical bonding
between the silicone and the substrate. This often happens on film substrates like PET.Solution: Increase corona
treatment intensity or use an anchorage promoter (primer).

6.2 Poor Subsequent Adhesion (Migration)

Symptoms: The label peels off the liner fine, but won't stick to the final box or product.Root Cause: Incomplete
cure. Unreacted silicone has migrated into the adhesive.Solution:Increase oven temperature, check catalyst
concentration, or slow down the line speed to ensure 100% cross-linking.

6.3 Misting

Symptoms: A fine mist of silicone accumulates around the coating head at high speeds.Root Cause: High-speed
splitting of the silicone film creates droplets.Solution:Use anti-misting additives or polymers with specific
rheological profiles designed for high-speed shear.

7. Market Trends and Sustainability in Release Coatings

As the industry moves toward 2030, several trends are reshaping the market for silicone release agents:

¢ Reduction of Platinum Usage: Platinum is an expensive precious metal. New formulations aim to maintain
high cure speeds with lower platinum parts-per-million (ppm).

¢ Linerless Labels: To reduce waste, some industries are moving toward linerless constructions, where the
silicone is coated directly onto the back of the face stock.

* Energy Efficiency: The shift from thermal curing to UV curing (like Evonik's solvent-free UV systems)
significantly reduces the carbon footprint of manufacturing facilities by eliminating the need for massive gas-fired
ovens.

8. Technical Synthesis and Future Outlook

The chemistry of silicone release coatings is a balance of contradictory requirements: stability vs. reactivity, and
adhesion to the substrate vs. release from the adhesive. Companies like Dow, Shin-Etsu, and Evonikcontinue  to
push the boundaries of what is possible, developing "smart" coatings that can respond to different adhesive
chemistries (acrylic, rubber, or silicone-based PSAS).

For the technical professional, the key to success lies in the holistic understanding of the Liner-Silicone-Adhesive
triad. Optimization of any one component requires a deep dive into the rheology and surface chemistry of the
others. As e-commerce continues to drive the demand for labeling and logistics, the efficiency and reliability of
these thin silicone layers remain the backbone of global trade.



In conclusion, the selection of a release coating system—whether it be a solventless thermal cure for high-volume
paper liners or a UV-cured system for specialized films—must be dictated by the specific technical requirements of
the end-use application. By focusing on cross-linking density, surface energy management, and mechanical
application precision, manufacturers can ensure peak performance and minimal waste in their PSA products.
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