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1. The Thermodynamic Barrier of Low Surface Energy (Dyne Level)

In the high-volume production of consumer electronics, medical monitoring devices, and industrial remote

controls,  the  cosmetic  perfection  of  a  silicone  keypad  is  paramount.  When  an  Original  Equipment

Manufacturer  (OEM)  specifies  screen-printed  logos  or  pad-printed  legends,  the  expectation  is  absolute

permanence. However, sub-optimized manufacturing frequently yields catastrophic visual failures: ink that

flakes off during fingernail scratch testing, logos that smudge under mild abrasion, or legends that completely

wash away upon contact with isopropyl alcohol.

The root cause of this failure is not "cheap ink," but rather a fundamental thermodynamic incompatibility. Raw

Polydimethylsiloxane  (silicone)  possesses  an  incredibly  low  surface  energy  of  approximately  twenty  to

twenty-four dynes per centimeter, making it notoriously hydrophobic and non-stick. Standard commercial inks

—even those marketed for plastics—require a substrate surface energy of at least thirty-eight dynes per

centimeter to wet out. You cannot force a high-tension liquid ink to bond to a low-energy silicone surface

without aggressive chemical or physical intervention.
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2. The Necessity of Silicone-Based Inks

The first step to eradicating print failure is abandoning incompatible ink chemistries. Many generic factories

attempt  to  use  epoxy,  polyurethane,  or  acrylic-based  inks  on  silicone  substrates  to  reduce  costs.  This

violates the cardinal rule of polymer adhesion: "like bonds with like." Because the chemical backbones of

these generic inks are entirely different from the siloxane backbone of the keypad, they can only achieve a

weak, temporary mechanical grip on the surface topography.

Reemane  Silicone  strictly  mandates  the  exclusive  use  of  high-performance,  silicone-based  inks.  These

specialized  inks  are  formulated  from a  liquid  silicone  rubber  base,  heavily  loaded with  extreme-opacity

pigments and catalyzed with platinum or specialized peroxides. When a silicone-based ink is applied to a

silicone keypad, the two materials share an identical chemical affinity, setting the stage for a permanent

covalent bond rather than a fragile mechanical grip.

3. Atmospheric Plasma and Corona Surface Modification

Even  when  utilizing  premium  silicone-based  inks,  the  raw  keypad  surface  must  be  thermodynamically

prepared  to  accept  the  print.  In  modern,  high-reliability  manufacturing,  this  requires  state-of-the-art

Atmospheric  Plasma or  Corona Discharge surface modification  protocols  prior  to  the screen printing  or

spraying phase.

During this physical intervention, the raw silicone keypad is passed beneath a high-voltage plasma nozzle.

The intense electrical corona blasts the silicone surface with ionized gas and free radicals. This high-energy

bombardment  physically  fractures  the  Si-CH3  (silicon-methyl)  bonds  on  the  outer  nanometer  of  the

elastomer, rapidly introducing highly reactive hydroxyl (-OH) and carboxyl groups. This transient oxidation

artificially spikes the surface energy of the silicone from twenty dynes per centimeter up to over fifty dynes

per centimeter. The silicone ink can now instantly "wet out" and penetrate the microscopic surface geometry.

Because the siloxane polymer chains are highly flexible and will eventually rotate to bury these high-energy

groups, the printing process must commence immediately following the plasma treatment.

4. Thermal Kinetic Curing for Covalent Bonding

The final  and most  critical  phase of  permanent  print  adhesion is  the secondary  thermal  cure.  Applying

silicone ink to a plasma-treated silicone substrate establishes the potential for adhesion, but thermodynamic

energy is required to finalize the chemical cross-linking.

Reemane Silicone enforces a mandatory, high-temperature kinetic curing protocol immediately following the

printing or spraying phase. The printed keypads are transferred to a precision convection oven and baked at

one hundred and eighty degrees Celsius to two hundred degrees Celsius for twenty to thirty minutes. This

extreme thermal assault forces the unreacted siloxane chains in the ink to form permanent, unbreakable
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covalent bonds with the siloxane chains of the keypad substrate. The ink literally becomes an inseparable,

fused layer of the keypad itself. The resulting print will effortlessly survive rigorous RCA abrasion cycles,

harsh chemical  wipe-downs,  and the  American Society  for  Testing  and Materials  F1598 (Standard  Test

Method for Determining the Effects of Chemical/Solvent Exposure to a Membrane Switch/Graphic Overlay)

without a single micro-flake.

Print Adhesion Metric Sub-Optimized Factory Sourcing Reemane Precision Printing

Architecture

Ink Formulation Acrylic or Epoxy inks

(Thermodynamically incompatible).

100% Silicone-based inks (Chemical

affinity).

Surface Energy

Preparation

None (Ink bridges over micro-

topography; fails wet-out).

Atmospheric Plasma treatment (> 50

dynes/cm wet-out).

Interfacial Bond Type Weak mechanical grip (Easily

scratched off).

Permanent Covalent chemical

bridging.

Curing Methodology Air drying or low-temp infrared

(Incomplete cross-linking).

Kinetic convection baking (200°C for

absolute fusion).

Guarantee Absolute Permanence for Your Brand Identity

Do not allow thermodynamic incompatibility to destroy the cosmetic and functional integrity of your

interface devices. Partner with Reemane Silicone to deploy advanced plasma surface

modification, premium silicone-based inks, and high-temperature covalent fusion.

Submit your artwork and specifications for a comprehensive printing and abrasion audit:

sales@siliconefactories.com

Review our precision surface finishing and testing capabilities:

www.siliconefactories.com/get-a-quote/
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