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I 1. Introduction to Destructive Interfacial Adhesion

In high-performance B2B hardware manufacturing, industrial fluid systems, and automotive assembly
operations, silicone-to-metal overmolding is a vital process used to construct durable multi-material
components. The ultimate engineering benchmark for an overmolded metal-elastomer assembly is achieving
a destructive interfacial bond. A destructive bond dictates that when severe external peeling, shearing, or
torsional stress is applied to the component, the silicone polymer matrix tears apart internally before the
adhesive interface releases from the metal substrate base.

Securing this level of physical integration requires managing several distinct engineering parameters:
complete removal of surface contaminants, controlled mechanical micro-abrasion, precise application of
organofunctional silane coupling agents, and tightly controlled vulcanization cross-linking cycles. When these
parameters are un-optimized, assemblies suffer adhesive failure, allowing fluids to bypass seals, accelerate
substrate corrosion, and lead to catastrophic hardware breakdowns.

Engineering Directive: Achieving true destructive bond thresholds prevents dynamic
delamination, protects internal components from fluid bypass, and ensures Ilong-term
operational reliability for composite assemblies.

2. Substrate Surface Preparation Matrix

Adhesion requires an absolutely clean metal surface free of micro-contaminants. Raw metal inserts arrive
from CNC machining or stamping bays coated in cutting oils, anti-rust petroleum films, and oxidized
passivating top layers. If a chemical adhesive primer is applied over these layers, the bonding agents cannot
contact the true metallic lattice, causing early delamination under low mechanical loads.

To avoid this failure mode, Reemane utilizes a multi-phase surface treatment protocol. First, parts undergo
automated vapor degreasing or ultrasonic solvent baths to remove organic lubricants. Second, substrates are
subjected to controlled grit blasting using white aluminum oxide media. This abrasive impact removes
stubborn inorganic oxides and raises the surface roughness profile (Ra). This texturing creates a dense
micro-interlocking pattern that significantly multiplies the effective bonding surface area per square millimeter.
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Metal Substrate Preparation and Adhesion Metrics

. . . . Adhesion
Substrate Material Degreasing Protocol Blasting Media Target Ra T ¢
arge
] ) ) 100%
Stainless Steel 316 Trichloroethylene Vapor 120-Grit Al203 2.5-3.8um .
Cohesive
- . . . 100%
Aluminum 6061-T6 Ultrasonic Alkaline Wash 150-Grit Al203 1.8-2.8um .
Cohesive

I 3. Chemical Primer Selection and Activation Dynamics

Because silicone rubber is fundamentally non-polar and chemically inert, it will not naturally adhere to clean
metal surfaces during molding. Bridging this chemical divide requires the application of a thin-film
organofunctional silane or titanate-based adhesive primer. These specialized primers contain bifunctional
molecules: one end terminates in hydrolyzable alkoxy groups that bond covalently with the hydroxyl groups
on the metal oxide surface, while the opposing end contains reactive vinyl or hydrosilylation sites that cross-
link directly into the silicone matrix during thermal cure cycles.

Controlling the primer wet-film thickness is a critical operational variable. High-performance specifications
restrict dry-film thickness to between 2 and 5 microns. Exceeding this boundary forms a thick, brittle
crystalline primer layer that acts as a structural shear plane, fracturing easily under external mechanical
stresses. Following application, primers undergo controlled flash-off and thermal baking cycles (typically
120°C for 30 minutes) to drive off volatile solvents and complete the condensation reactions required to
secure the siloxane-to-metal chemical bridge.

I 4. ASTM D429 Adhesion Testing and Failure Mode Analytics

Verifying destructive bond levels requires objective quantitative validation using international laboratory
testing procedures. Reemane utilizes the ASTM D429 standard, evaluating adhesion under two distinct
testing methods: Method A (evaluating absolute tensile pull forces between parallel metal plates) and Method
B (measuring 90-degree peel forces along a linear bonding track). Testing specimens are subjected to
constant displacement loading until structural separation occurs.

Evaluating the resulting fracture surfaces determines process compliance based on three primary failure
modes:

» Cohesive Failure (R): The gold standard for overmolding compliance. The chemical bond at the metal
interface remains perfectly intact, forcing the silicone rubber matrix to tear internally. This demonstrates
that the interfacial adhesion strength exceeds the ultimate tensile boundary limits of the rubber compound.

» Adhesive Failure (RC): The elastomer peels cleanly away from the primer layer, leaving bare metal
exposed. This indicates inadequate surface preparation, expired primer batches, or improper molding
cross-linking temperatures.
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* Primer-to-Metal Failure (CP): The silicone and primer separate cleanly from the metal substrate as a
single unit. This signals a breakdown in the initial metal oxide hydration layer, often caused by delay
intervals between grit blasting and primer spraying.

I 5. DFM Frameworks for Metal Insert Tool Design

To execute high-volume overmolding runs without generating scrap, the mold tooling layout must be
configured around specific Design for Manufacturing (DFM) rules during the initial tool design review. First,
the mold cavity must incorporate positive positioning pins or mechanical register ledges to lock the metal
insert tightly into place. If the metal insert moves even slightly under high-pressure liquid silicone rubber
(LSR) injection or solid compression flow, the silicone will bleed into un-primed zones, ruining dimensional
tolerances and cosmetic quality metrics.

Second, the tool parting line must close against the metal insert using a controlled elastomeric crush seal or a
step-groove configuration. This tight metal-to-metal shutoff creates a positive barrier that prevents pressurized
silicone from flashing across raw, exposed metal functional areas, eliminating the need for expensive
secondary manual trimming or scrap reprocessing.

Secure Zero-Defect Overmolding Integrity

Eliminate interfacial delamination vulnerabilities, maximize seal life, and secure certified ASTM D429

cohesive bond thresholds for your composite industrial components. To coordinate a formal technical

review or request full process validation reports, contact our surface science division at

sales@siliconefactories.com or explore our global engineering resource network at
ili E . .
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