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I 1. Executive Summary: The Friction Vulnerability of Polysiloxanes

Silicone rubber features exceptional elastomeric memory, chemical inertness, and thermal stability. However,
raw cross-linked polysiloxane networks exhibit a significant functional drawback: a highly tacky surface profile
with a high coefficient of friction (COF), typically exceeding 1.0. In dynamic sealing setups, wearable smart
electronics, and medical fluid transfer components, this high surface tackiness triggers premature wear,
sticking defects, and high running torque, while attracting ambient environmental dust and micro-particulates.

Traditional surface lubrication alternatives—such as topical silicone oils, talcum dusting powders, or
fluorinated spray lubricants—provide temporary relief but are prone to fluid leaching, wiping migration, and
particulate contamination. Overcoming this limitation requires a molecular-level surface upgrade. Enclosing
cured components within an active Chemical Vapor Deposition (CVD) system allows the application of a
pinhole-free, micro-thin layer of Parylene Conformal Coating, dropping surface friction thresholds while
preserving elastomeric flexibility.

Surface Engineering Principle: Parylene CVD shifts the surface chemistry of flexible silicone
from a high-tack rubber state to an ultra-smooth, low-friction polymer interface without filling or
altering critical dimensional tool tolerances.

2. The Gorham Process: Molecular Mechanics of Vapor Deposition

Unlike standard liquid conformal coatings that rely on manual spraying, dipping, or brush solvent evaporation,
Parylene is applied through a specialized vacuum-based polymerization mechanism known as the Gorham
Process. This molecular process occurs entirely at room temperature within a vacuum environment,
preventing thermal distortion risks for low-durometer, precision-molded silicone parts.

The deposition sequence follows three distinct chemical phases:

« Vaporization Phase: High-purity crystalline dimer material—Poly(p-xylylene)—is placed into the system
inlet and heated under a vacuum to roughly 150°C, sublimating the solid directly into a stable dimer gas.

* Pyrolysis Cracking Phase: The dimer gas flows downstream into a high-temperature furnace operating
between 650°C and 680°C. This intense thermal environment cleaves the symmetrical dimer molecules
into highly reactive, monomeric p-xylylene gas structures.

» Deposition and Polymerization Chamber: The monomer gas enters the ambient-temperature deposition
chamber at room temperature ($23*{\circ}C$). The monomer molecules immediately condense and

Reemane Silicone Technical Library | www.siliconefactories.com Page 1



polymerize onto all exposed surfaces of the silicone components, forming a linear, high-molecular-weight
polymer shell. Because the gas diffuses evenly around all features, it creates a uniform coating across
deep blind holes, sharp knife-edges, and intricate seal lips.

I 3. Comparative Coefficient of Friction (COF) Performance Matrix

The primary engineering goal of utilizing Parylene coatings on custom silicone components is a drastic
reduction in kinetic and static friction margins. Evaluating this behavior under ASTM D1894 protocols reveals
the operational superiority of Parylene C and Parylene N coatings over alternative surface modifications. Thin
coatings ranging from 1 to 3 microns reduce sliding friction by over 70%, completely eliminating stick-slip
mechanical chattering in medical syringe plungers and dynamic automation seals.

ASTM D1894 Surface Performance and Friction Metrics

Static COF (vs. Kinetic COF (vs. Tactile Feel Dust
Elastomer Surface Treatment .
Steel) Steel) Status Resistance
Raw Platinum Silicone ) Poor
1.25-1.50 1.10-1.30 Sticky / Tacky
(Control) (Attracts)
. - - . Critical
Topical Silicone Oil Wipe 0.55-0.70 0.45-0.60 Qily / Greasy

Contaminant

Parylene C CVD Coating (2 Dry | Satin- Excellent
0.28 - 0.35 0.22 - 0.30

pm) Smooth (Repels)

Parylene N CVD Coating (2 Dry I Ultra- Excellent
0.25 - 0.30 0.18 - 0.25 .

pm) Slick (Repels)

I 4. Advanced Environmental Defenses: Solvent Blockade & Biocompatibility

Beyond optimizing friction coefficients, a Parylene conformal shield serves as an exceptional protective
barrier that alters the chemical and environmental limits of the underlying silicone substrate. Although silicone
handles high temperatures, its raw matrix easily absorbs non-polar solvents like toluene, xylene, and
aggressive petroleum fuels, leading to volumetric swelling and loss of tear strength. A pinhole-free layer of
Parylene C blocks solvent diffusion paths, shielding the underlying elastomer from fluid degradation.

Furthermore, Parylene maintains complete biological inertness. Certified to stringent *USP Class VI** and
*SO 10993** biophysical testing standards, it forms an effective barrier that locks in potential trace
compound elements or low-molecular-weight cyclosiloxanes. This makes it an invaluable addition for
wearable healthcare monitors, surgical instruments, and microfluidic components that require continuous skin
contact without triggering allergic reactions or product leaching issues.
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I 5. DFM Frameworks for Parylene Coating Integration

To successfully integrate Parylene surface treatments into mass production workflows, component blueprints
must follow specific Design for Manufacturing (DFM) guidelines. First, because Parylene exhibits excellent
adhesion to clean surfaces, components must be entirely free of raw compound blooming or surface
contaminants. Tools must utilize internal mold release agents or premium **S136 stainless steel hard-tooled
cavities with SPI-A1l diamond mirror polishing** to avoid the use of external greasy release sprays that can
ruin coating adhesion.

Second, masking profiles must be evaluated early during the CAD tool review. If a custom dynamic gasket
requires a low-friction interface along its sliding lip but must preserve high-tack adhesion along its structural
backing for adhesive tape bonding, the backing must be masked using precision laser-cut polyimide tapes or
custom reusable silicone masking fixtures. Defining these boundaries on the 2D drawing block ensures zero-
defect coating control during production scale-up.

Secure High-Performance Low-Friction Surface Integrity

Eliminate stick-slip mechanical chattering, protect assemblies from non-polar solvent swelling, and
secure certified ASTM D1894 satin-smooth surface profiles for your precision elastomer components.
To coordinate a formal surface modification review, plan localized tool masking schemes, or request
certified coating validation data, contact  our engineering office directly  at
sales@siliconefactories.com or visit our surface science network at www.siliconefactories.com.
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