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1. The Physics of Stress Relaxation and Polymer Chain Scission

In the realm of high-performance industrial engineering, the integrity of a fluid or pneumatic system relies

entirely on the restorative force of its elastomeric seals. When a silicone component—such as an automotive

engine  head  gasket  or  a  high-pressure  aerospace  O-ring—is  installed,  it  is  mechanically  compressed,

generating a counter-force against the mating metal or engineered plastic surfaces. Over extended periods

of  operational  thermal  cycling,  the  internal  polymer  network  experiences  severe  mechanical  stress  and

thermodynamic degradation. The failure of the material to return to its original dimensional tolerance once

the compressive load is removed is defined as permanent deformation, or compression set.
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At a molecular level, this failure is not merely a loss of "bounciness," but a catastrophic sequence of polymer

chain scission. Under continuous twenty-five percent deflection at temperatures exceeding one hundred and

fifty degrees Celsius, the weaker carbon-carbon or siloxane cross-links break apart. As the seal remains in a

compressed state, free radicals interact to form new, permanent cross-links in the deformed position. When

the system undergoes thermal contraction during a cooling phase, the seal—now locked into a flattened

profile—pulls away from the flange, resulting in immediate loss of containment and system failure.

2. Deconstructing the Testing Imperatives: Beyond Basic Standard

Methods

Quality control engineers must recognize that a passing grade on a generic material datasheet does not

guarantee field reliability.  The industry benchmark, the American Society for Testing and Materials D395

Method B, mandates testing a solid cylindrical specimen (typically twenty-nine millimeters in diameter and

twelve point five millimeters in thickness) compressed to a specified deflection using steel spacer bars.

However, commercial-grade testing often limits exposure to twenty-two hours at one hundred and seventy-

five degrees Celsius. At Reemane Silicone, we engineer compounds to withstand extreme extended audits

for critical  applications—subjecting elastomers to one thousand hours of  continuous compression at  two

hundred degrees Celsius. A material that exhibits a fifteen percent permanent deformation at twenty-two

hours  may  degrade  to  an  unacceptable  sixty  percent  deformation  at  the  five-hundred-hour  mark  if  the

underlying cross-link density and filler morphology are not precision-engineered.

3. Vulcanization Dynamics: The Platinum Hydrosilylation Imperative

The root cause of premature elastic failure almost always traces back to the curing chemistry. Traditional

manufacturing often utilizes peroxide-based free-radical curing systems due to their lower raw material costs

and longer shelf life.

Peroxide vulcanization generates volatile organic compounds, such as dichlorobenzoic acid, as unavoidable

chemical byproducts. If  trapped within the polymer matrix, these acidic residues initiate depolymerization

(reversion) when the seal is exposed to high operational temperatures, literally dissolving the elastomer from

the inside out and skyrocketing the compression set values.

For heavy-duty sealing applications, Reemane Silicone mandates the exclusive use of Platinum-Catalyzed

Addition Curing (Hydrosilylation). This advanced chemical reaction utilizes a platinum complex catalyst to

directly cross-link vinyl-functional siloxanes with hydride-functional cross-linkers. The result is a profoundly

dense, uniform three-dimensional molecular network that produces zero volatile byproducts. The platinum-

cured siloxane bond possesses a significantly higher dissociation energy compared to peroxide-generated

bonds, yielding a seal that maintains a robust restorative force profile even during extreme thermal shock

scenarios.
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4. Filler Morphology: Surface Area and Silane Coupling Agents

Pure silicone gum lacks the mechanical strength required for industrial sealing; it must be reinforced with

microscopic silica particles. However, the exact morphology of these fillers directly dictates the compression

set.

Low-grade  seals  often  utilize  precipitated  silica  or  excessive  amounts  of  extending  fillers  (like  calcium

carbonate)  to  reduce  volume costs.  These  fillers  lack  the  surface  area  to  effectively  entangle  with  the

polymer  chains.  Under  sustained load,  the polymer  chains simply  slide past  the filler  particles,  causing

catastrophic creep and permanent deformation.

High-performance compounding requires hydrophilic fumed silica with a specific surface area (Brunauer-

Emmett-Teller  measurement)  exceeding two hundred square meters per gram. Furthermore,  these silica

particles must be pre-treated with silane coupling agents (such as Hexamethyldisilazane) to prevent filler-to-

filler  agglomeration  (crepe  hardening)  and  ensure  optimal  filler-to-polymer  bonding.  This  precise  micro-

structural  engineering  locks  the  polymer  chains  in  place,  drastically  reducing  slippage  and  ensuring

maximum rebound resilience.

5. Gland Design and Volumetric Thermal Expansion (DFM)

Material science cannot overcome flawed mechanical engineering. Structural engineers must account for the

high coefficient of thermal expansion inherent to silicone elastomers—which is significantly greater than that

of the surrounding steel or aluminum housing.

If  the  engineered  gland  (groove)  design  does  not  provide  adequate  void  space,  the  silicone  seal  will

thermally expand until it reaches one hundred percent gland fill. Once volumetric expansion is constrained,

the internal pressure of the elastomer rises exponentially. This over-pressurization physically fractures the

polymer chains, resulting in a phenomenon known as "compression set by extrusion." Reemane Silicone

engineers  collaborate  directly  with  client  design  teams to  calculate  precise  fill  ratios—typically  targeting

eighty-five to ninety percent gland fill at the maximum anticipated operating temperature—ensuring the seal

maintains optimal contact pressure without self-destruction.
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Engineering Metric Standard Commercial Grade Silicone

(Peroxide Cure)

Reemane Precision Sealing Grade (Platinum

Hydrosilylation)

Cross-Link

Byproducts

Acidic volatile organic compounds (initiates

reversion)

Zero emissions (chemically inert matrix)

Compression Set

(ASTM D395, 22h @

175°C)

25% to 35% permanent deformation < 10% permanent deformation

Long-Term Stability

(1000h @ 200°C)

Catastrophic failure (>70% deformation,

embrittlement)

Maintained elasticity (< 25% deformation)

Secondary

Vulcanization (Post-

Cure)

Requires 4-8 hours @ 200°C to off-gas acidic

residue

Strategically applied for stress-relief and

dimensional locking

Filler Architecture Precipitated silica (low polymer entanglement) Surface-treated fumed silica (maximum

structural integrity)

Eradicate Sealing Failures Before the Manufacturing Phase

Do not allow generic compounding to compromise your high-value engineering assemblies.

Partner with Reemane Silicone for laboratory-grade material analysis, custom platinum-catalyzed

formulations, and rigorous dimensional tolerance control.

Submit your CAD models and material specifications to our engineering review board:

sztylerbest119@gmail.com

Access our full suite of technical capabilities and Request a Quote:

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