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The Critical Role of Secondary Vulcanization (Post-

Curing) in Removing Volatiles
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Protocols | Reemane Materials Lab

I 1. Executive Summary: The Kinetic Necessity of Post-Vulcanization

During primary vulcanization-whether executed via high-pressure injection molding (LSR) or thermal
compression molding (HTV)-the primary focus of the operation is to initiate macromolecular cross-linking and
establish geometric shape definition. However, the completion of this initial curing stage does not yield a fully
stabilized polymer matrix. The base silicone compound retains residual byproducts, unreacted cross-linking
agents, and lower-molecular-weight volatile siloxanes within its cross-linked structure.

If these micro-volatiles are left unmitigated, they will gradually migrate out of the material during field
applications, triggering dangerous lens-fogging phenomena in enclosed automotive lighting, cross-
contaminating sensitive biopharmaceutical lines, and resulting in regulatory compliance failures. Secondary
vulcanization, universally termed post-curing, introduces an essential thermal bake-out stage designed to
vaporize these volatile components while maximizing the cross-linking density of the polymer network.

Engineering Axiom: Primary molding fixes shape definition; secondary post-curing drives out
high-risk volatile components and optimizes permanent elastomeric memory constraints.

2. Outgassing Analytics: Volatile Organic Cyclosiloxanes (D4, D5, D6)

The primary target of the thermal post-curing sweep is a specific group of low-molecular-weight cyclical
dimethylsiloxanes, predominantly Octamethylcyclotetrasiloxane (D4), Decamethylcyclopentasiloxane (D5),
and Dodecamethylcyclohexasiloxane (D6). These volatile cycles are natural structural fragments that occur
during base siloxane polymerization. Because they lack active vinyl functional groups, they cannot cross-link
into the primary elastomer network during initial molding, remaining trapped as loose liquid elements.

When custom components operate in hot micro-environments, these unbonded molecules migrate outward
via diffusion kinetics. In precision engineering applications, this outgassing poses major technical issues. For
example, in high-intensity LED matrices or aerospace optics, the outgassed siloxanes condense onto
adjacent lenses, breaking down light transmission curves and fogging reflective arrays. In medical fluid tracks,
these elements dissolve into passing pharmaceuticals, violating pure chemical baselines.

I 3. Structural Enhancement: Compression Set and Cross-linking Optimization

Beyond removing harmful volatile organic content, post-curing significantly advances the mechanical integrity
of the component. During compression molding, peroxide-cured compounds generate acid byproducts (such
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as benzoic acid) that must be driven out to prevent inner structural reversion. Simultaneously, platinum-
catalyzed addition systems frequently carry unreacted hydride and vinyl sites that require additional thermal
energy to complete their cross-linking paths.

Subjecting the elastomer to prolonged, managed thermal exposure allows the remaining reactive chains to
complete their alignment. This optimization yields a dramatic upgrade in compression set resistance-the
measure of an elastomer's ability to retain its elastic sealing force after long-term deflection loads. Without
this secondary bake, seals exposed to cyclical pressures or thermal expansion cycles will flatten permanently,
causing premature system leaks.

Elastomer Performance Profile: Pre- vs. Post-Curing Evaluation

Post-Cured (200°C @

Performance Indicator Testing Standard Post-Molding Only ah)

. . . Internal Thermal < 0.3% (Certified
Volatile Content Weight Ratio ) ) ) 1.5% - 2.8%

Gravimetric Analysis Low)

Compression Set (22h @ ] ] .
175°C) ASTM D395 Method B 45% - 60% Distortion < 15% Deformation
Ultimate Tensile Strength ASTM D412 6.2 MPa 7.8 MPa
Shore A Durometer Hardness ASTM D2240 57 Shore A 60 Shore A

I 4. Regulatory Directives: FDA 21 CFR 177.2600 and LFGB Compliance

For custom silicone parts bound for food-contact items, infant care equipment, or medical diagnostic tools,
post-curing is a strict statutory mandate required to clear international food safety standards. The US Food
and Drug Administration (under code **FDA 21 CFR 177.2600**) mandates strict extractable limits when the
rubber is exposed to distilled water and n-hexane solvents, ensuring no harmful chemical fragments
contaminate food streams.

European standards, notably the German **LFGB (BfR Recommendation XV)**, enforce even tighter
restrictions. LFGB regulations dictate that any elastomeric component designed for food contact must exhibit
a total volatile organic content (VOC) threshold beneath 0.5% by total weight. Meeting this threshold is
impossible with primary molding alone; it requires specialized, high-volume post-cure baking protocols to
ensure complete extraction compliance.

I 5. Industrial Oven DFM Guidelines: Air Change Rates and Thermal Profiles

Executing an effective post-cure cycle requires strict operational controls. Simply loading hundreds of dense
silicone parts into a standard static box oven will trigger processing failure. Because outgassed siloxane
vapors are heavier than air, they settle at the base of the heating chamber. If these vapors are not
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continuously removed, the oven environment hits saturation thresholds, blocking further outgassing and re-
depositing a sticky, white siloxane layer back onto the components.

To avoid this failure mode, Reemane operates high-capacity, cleanroom-compliant forced-air circulation
ovens. These systems enforce a minimum air change rate of 6 to 10 changes per minute, actively purging
outgassed volatiles from the chamber. Parts are loaded onto open wire-mesh stainless steel trays with
deliberate separation offsets, maximizing direct thermal exposure across all surfaces and ensuring uniform
cross-linking across the entire production lot.

Secure Certified High-Purity Elastomer Execution

Eliminate outgassing fogging defects, optimize compression set performance metrics, and guarantee
absolute regulatory compliance with global FDA and LFGB purity benchmarks. To review our certified
post-curing validation protocols or request advanced material datasets, contact our polymer materials
group directly at sales@siliconefactories.com or visit our technical knowledge base at
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