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1. Executive Summary: The Frontline Defense of Solar Assets

In  the utility-scale  photovoltaic  (PV)  industry,  the economic viability  of  a  solar  installation is  strictly

dependent on the 25-year to 30-year operational  lifespan of  the solar modules.  A critical,  yet  often

underestimated,  component  dictating  this  longevity  is  the  edge  sealing  framework.  The  edge  seal

functions as the primary structural and environmental boundary between the anodized aluminum frame,

the tempered glass superstrate, and the internal Ethylene Vinyl Acetate (EVA) or Polyolefin Elastomer

(POE) encapsulants. If the edge seal fails to maintain a hermetic barrier, atmospheric moisture, salt fog,

and oxygen penetrate the module architecture. This ingress triggers accelerated corrosion of the silver

gridlines, degradation of the EVA matrix (forming acetic acid), and severe Potential Induced Degradation

(PID), which irreversibly destroys the module's power output efficiency.

To achieve decades of continuous environmental isolation under extreme thermal cycling and direct

ultraviolet (UV) radiation, Tier-1 PV module manufacturers specify engineered Silicone Edge Sealants

(typically RTV-1 or RTV-2 systems) over legacy polyurethane or butyl rubber alternatives. Deploying

high-performance solar silicone requires an exhaustive understanding of moisture vapor transmission

physics, precise management of fluid rheology for automated robotic dispensing, and exact chemical

formulations to ensure permanent covalent adhesion to highly dissimilar substrates without the need for

secondary primers.

Utility-Scale  Encapsulation  Axiom: Over  a  25-year  lifespan,  mechanical  strength  is

meaningless if the polymer suffers from UV-induced free-radical cleavage. True solar reliability

demands an inorganic siloxane backbone that neutralizes photon degradation while physically

obstructing Fickian moisture diffusion.

2. Moisture Ingress Kinetics and PID Prevention

The primary failure mode of a solar module edge seal is the gradual permeation of water vapor over

thousands of  thermal cycles.  Moisture ingress is driven by environmental  humidity gradients and is

mathematically modeled by Fick's First Law of steady-state diffusion. The moisture vapor transmission

flux (J) across the elastomeric seal is defined as:
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J = -D • (ΔC / Δx) 

Where D represents  the  intrinsic  diffusion  coefficient  of  the  silicone matrix,  ΔC is  the  water  vapor

concentration gradient between the external atmosphere and the internal EVA encapsulant, and Δx is

the geometric width of the silicone edge bead. While standard silicones possess higher baseline gas

permeability  than  butyl  rubbers,  Reemane  engineers  compound  specific  highly  cross-linked,  de-

alcoholized Room Temperature Vulcanizing (RTV) silicones reinforced with specialized platy mineral

fillers (such as treated mica or calcined clay). These high-aspect-ratio fillers create an internal "tortuous

path,"  drastically  lowering  the  effective  diffusion  coefficient  (D)  and  restricting  the  Moisture  Vapor

Transmission Rate (MVTR) to less than 2.0 g/m²•day. This formidable barrier blocks the electrolytic

moisture required to initiate sodium ion (Na+) migration from the cover glass, effectively neutralizing PID

risk at the module perimeter.

3. UV Photo-Oxidation and 25-Year Weatherability

Utility-scale solar modules are subjected to immense, continuous doses of UVA and UVB radiation over

their 25-year service life. Standard organic polymers, such as polyurethane and butyl sealants, contain

carbon-carbon (C-C) backbones with a bond dissociation energy of approximately 348 kJ/mol. High-

energy UV photons carry sufficient energy to easily cleave these bonds, initiating a photo-oxidative free-

radical cascade that causes the seal to chalk, harden, and ultimately crack open, destroying the frame's

mechanical integrity.

Reemane  solar  silicones  rely  entirely  on  an  inorganic  siloxane  backbone  (Si-O-Si).  The  bond

dissociation energy of the siloxane link is approximately 460 kJ/mol, rendering it inherently impervious

to UV photon cleavage across the terrestrial solar spectrum. Furthermore, the material's performance

decay over decades of extreme heat is governed by Arrhenius aging kinetics. Reemane formulations

exhibit exceptionally high thermal activation energies, allowing the edge seal to maintain its nominal

Shore A hardness (typically 35 to 45 Shore A) and elastic elongation (> 300%) flawlessly, even after

thousands of hours under direct 85°C operating temperatures in desert environments.

4. Structural Adhesion: Covalent Bonding to Glass and Anodized

Aluminum

The edge seal must provide long-term structural load transfer, holding the heavy tempered glass and

solar cell matrix securely within the aluminum frame against high-velocity wind loads (up to 2400 Pa)

and heavy snow loads (up to 5400 Pa).  Standard elastomers require labor-intensive,  solvent-based

primers to achieve chemical adhesion, which introduces volatile organic compound (VOC) emissions

and slows down automated manufacturing lines.
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Reemane neutral-cure RTV silicone formulations integrate proprietary built-in silane coupling agents.

During the ambient moisture-curing process, these alkoxy-silane molecules migrate to the boundary

interfaces.  The  alkoxy  groups  hydrolyze  into  active  silanols  (-SiOH),  which  undergo  condensation

reactions with the hydroxyl groups naturally present on the surface of the tempered glass and the oxide

layer of the anodized aluminum frame. This reaction creates irreversible, permanent covalent Si-O-Al

and Si-O-Si bridges across the dissimilar substrates. This self-priming structural adhesion generates

peel  strengths  exceeding  4.0  N/mm,  ensuring  the  module  frame  will  never  detach  under  extreme

environmental wind sheer.

5. Material Matrix Performance Comparison: PV Edge Sealants

Performance

Criteria

Reemane PV-Grade

RTV Silicone

Industrial Polyurethane

(PU)
Butyl Rubber Sealant

25-Year UV

Weatherability

Immune (Zero chain

cleavage or cracking)

Poor (Chalks,

hardens, and

embrittles)

Moderate (Requires

heavy UV stabilizers)

Operating

Temperature Sweep

-55°C to +200°C

(Flawless elasticity)

-30°C to +90°C (Fails

under thermal shock)

Moderate (-40°C to

+100°C; flows when hot)

Structural

Adhesion Profile

Covalent Bonding (>

4.0 N/mm peel)

High (Requires chemical

primers)

Low (Purely

mechanical tack;

risks slip)

6. IEC Qualification Testing and Automated Rheology

Modern solar module assembly lines operate at massive capacities, requiring automated Cartesian or 6-

axis robotic arms to dispense the silicone edge bead within seconds. Reemane engineers precisely

tune the Thixotropic Index of the RTV compound. Under high-shear forces inside the dispensing nozzle,

viscosity drops exponentially,  allowing for high-speed extrusion without cavitation. The instant shear

force is removed, the non-slump edge bead regains stability perfectly.

To  satisfy  the  rigorous  certification  requirements  of  global  EPC  (Engineering,  Procurement,  and

Construction) solar developers, Reemane silicone edge seals undergo extreme accelerated life testing

in accordance with IEC 61215 and IEC 61730 standards:

Damp  Heat  Validation  (DH1000/DH3000): Framed  modules  are  subjected  to  85°C  ambient

temperature at 85% relative humidity for a continuous 1000 to 3000 hours. The edge seal must

• 
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exhibit zero delamination, zero blistering, and completely block moisture ingress to prevent power

degradation.

Thermal Cycling (TC200/TC600): Modules are repeatedly cycled from -40°C up to +85°C. The

massive  mismatch in  thermal  expansion  coefficients  between aluminum and glass  exerts  brutal

shear stress on the silicone bead, which Reemane sealants absorb effortlessly.

UV Preconditioning: Intense exposure to 15 kWh/m² of ultraviolet irradiance validates the silicone's

complete immunity to photo-oxidative degradation.

Guarantee 30-Year Solar Assets with Reemane Photovoltaic Silicones

To coordinate Fickian moisture diffusion modeling, evaluate automated rheology tuning for robotic

dispensing, or request certified IEC 61215/61730 material compliance data logs, contact our

renewable energy materials desk at sales@siliconefactories.com or inspect our technical facility at 

www.siliconefactories.com. 

• 

• 
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