FOOD PROCESSING AUTOMATION & THERMAL MATERIALS SCIENCE SPECIFICATION

Food Grade Silicone Belts for Commercial
Baking: Thermal Conductivity and Regulatory

Compliance
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No 1935/2004

Prepared by the Reemane Food Processing Automation & Thermal Elastomers Engineering Group

1. Executive Summary: The Processing and Compliance Dynamics of
Automated Baking

In high-throughput commercial baking lines, conveyor belts operate as a critical mechanical link and a
direct food-contact surface. As continuous dough matrices pass through industrial tunnel ovens at
temperatures ranging from 180°C to 250°C, the conveyor belt must perform dual functions: maintaining
structural tracking alignment and transferring heat efficiently to the product base. Traditional metal wire
mesh belts frequently cause mechanical marking on soft dough, require intensive cleaning protocols,
and suffer from high thermal mass energy losses.

To overcome these processing challenges, industrial bakeries implement food-grade silicone conveyor
belts reinforced with high-modulus internal woven fibers. However, standard polysiloxane polymers
exhibit low baseline thermal conductivity, which can lead to incomplete crust formation or uneven baking
profiles. Engineering a high-performance baking belt requires precise control over the composite's
thermal conductivity tensors, combined with strict adherence to international food safety regulations to
prevent chemical extraction risks.

Thermal Process Axiom: Optimizing heat transfer across an elastomeric processing belt cannot
rely on increasing oven air temperatures alone. True baking efficiency demands optimization of
the belt's internal thermal conductivity to stabilize conduction heating at the product interface.

2. Thermal Conductivity Mechanics: Optimizing Composite Heat
Transfer Tensors

Unfilled polydimethylsiloxane (PDMS) networks function inherently as thermal insulators, possessing a
very low baseline thermal conductivity (A, ~ 0.15 W/m*K). In commercial baking tunnel ovens, where
heat must travel rapidly from the lower burner arrays through the belt to the dough matrix, an un-
optimized belt acts as a thermal barrier, causing prolonged baking cycles and high energy consumption.
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To establish efficient thermal conduction, Reemane introduces high-purity, food-compliant ceramic
micro-fillers, such as aluminum oxide (Al,O4) or synthetic silica spheres, into the high-consistency
rubber (HCR) compound. The thermal conductivity of the particle-filled silicone composite (A;) is
modeled using the Lewis-Nielsen modification of the Halpin-Tsai framework:

7\c=;\m.[(1+A-B-(p)/(1-B'l|J'(p)]

Where A is a coefficient reflecting the geometric morphology of the ceramic particulates, ¢ represents
the volumetric loading factor of the filler, and B is a relative tracking constant derived from the thermal
conductivities of the filler (A;) and matrix (A ,):

B=[(7\f/7\m)-1]/[(7\f/7\m)+A]

The parameter y accounts for the maximum packaging fraction limit (¢,,) of the filler network:

b=1+1(1-9)7/0¢7°1¢¢

By carefully selecting the particle sizing distribution to maximize the packing fraction (¢ — ¢, ) without
causing filler aggregation, Reemane engineered baking belts achieve an optimized thermal conductivity
of 0.65 W/meK to 0.85 W/m+K. This significant increase ensures rapid, uniform thermal delivery to the
dough base, reducing total oven transit times by up to 18% while producing an even, golden-brown
crust profile.

3. Polymer Purity and Kinetics: Platinum Addition-Cure Systems

The manufacturing process for commercial baking belts must eliminate any risk of volatile chemical
migration into food products. Legacy industrial silicone compounds often utilize peroxide-based catalyst
systems, which trigger free-radical cross-linking reactions. However, peroxide decomposition leaves
organic acid residues, such as benzoic acid, within the cured rubber matrix. These byproducts cause
strong odors and volatile outgassing during high-temperature baking cycles, posing contamination risks
for food products.

To prevent contamination, Reemane utilizes exclusively addition-cure, platinum-catalyzed two-
component liquid silicone rubber (LSR) and high-consistency rubber (HCR) formulations. The
hydrosilylation cross-linking reaction involves reacting vinyl-functional polysiloxanes with hydride-
functional siloxane cross-linkers in the presence of a platinum complex catalyst. This addition
mechanism produces zero volatile organic compounds (VOCs) or reaction byproducts. Following
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extrusion and calendering, the reinforced belt structures undergo a strict post-cure heat treatment
program at 200°C for 4 hours within a continuous air-evacuated tunnel oven. This step eliminates trace
cyclic volatile methylsiloxanes (including D4, D5, and D6), ensuring the belt maintains chemical purity
and a completely odor-free profile at peak processing temperatures.

4. Global Regulatory Compliance Framework

Sourcing groups must cross-reference distinct regional regulatory requirements to certify food-contact

safety for continuous baking operations:

Regulatory Core Testing Metric & Extraction Threshold Reemane Compliance
Authority SIENE Limits Status
US FDA (United FDA 21 CFR 177.2600 Distilled water FULLY CERTIFIED
States) (Rubber articles intended extraction < 20 mg/ (Validated via
for repeated use) in2; n-Hexane independent
extraction < 175 mg/ laboratory testing)
in?
BfR (Germany / BfR Recommendation XV Volatile organic matter < FULLY CERTIFIED
Europe) (Silicone Materials for Food 0.5%; Total extractable (Exceeds platinum
Contact) matter < 0.5% addition-cure
standards)
European Union Regulation (EC) No Overall Migration FULLY CERTIFIED
1935/2004 & Framework Limit (OML) < 10 mg/ (Produced under
Reg 2023/2006 (GMP) dm? of food simulant strict cleanroom GMP
surface protocols)

5. Mechanical Integrity under Extreme Thermal Cycling

Continuous thermal cycling between ambient room temperatures and the interior oven environment
(250°C) subjects the conveyor belt to intense mechanical fatigue. Unreinforced silicone sheet material
exhibits a relatively low tensile strength and high thermal expansion coefficient, which can cause belt
sagging, tracking drift, and edge curling under tension.
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To guarantee long-term dimensional stability, Reemane baking belts integrate a high-density, multi-ply
internal reinforcement matrix woven from low-shrinkage E-glass fiberglass or aramid yarns. This
composite architecture delivers exceptional mechanical performance:

* Tensile Stiffness: The high-modulus fiberglass core limits longitudinal belt elongation to < 0.5%
under maximum operational tension, preventing tracking slip across the drive drums.

* Thermal Expansion Suppression: The internal fabric structure mechanically restrains the silicone
matrix, lowering the overall composite coefficient of thermal expansion (CTE) by up to 75%. This
configuration keeps the belt perfectly flat and dimensionally stable, avoiding any curling that could
lead to product tipping or line blockages.

6. Laboratory Quality Assurance: ASTM E1530 Thermal Verification

To ensure consistent quality for high-volume commercial baking operations, every production batch
undergoes destructive testing within a fully accredited metrology laboratory. Testing sequences isolate
specific environmental performance metrics:

+ ASTM E1530 Guarded Heat Flow Meter Evaluation: Finished belt samples are loaded into high-
precision testing chambers to verify that the composite's thermal conductivity remains within the
target range of 0.65 W/m+K to 0.85 W/me«K across the entire surface area.

» High-Temperature Tensile Retention Testing: Belt samples undergo accelerated aging inside hot-
air ovens at 250°C for 500 hours. Post-aging verification requires the composite to retain > 90% of its
original tensile strength and maintain its durometer rating within + 3 Shore A points.

» Automated Migration Testing: Components are exposed to specialized food simulants (including
aqueous, acidic, and fatty simulants) under high thermal profiles to certify complete compliance with
FDA and EU extraction limits.

Enhance Commercial Baking Efficiency with Reemane High-

Conductivity Belting Assets
To coordinate an automated hyperelastic belt tension profile review, receive custom ceramic filler
loading data sheets, or request production-ready custom width samples, contact our food
automation engineering division at sales@siliconefactories.com or inspect our technical facility at
www.siliconefactories.com.
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