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1. Executive Summary: The Rheological Demands of Heavy Fluid

Storage

In the petrochemical, food processing, and heavy resin manufacturing sectors, maintaining optimal fluid

viscosity within industrial storage tanks and 55-gallon drums is an absolute operational necessity. When

ambient  temperatures  drop,  high-viscosity  materials  such  as  heavy  fuel  oils  (HFO),  polyurethane

precursors,  and crystallized syrups undergo severe rheological  thickening,  stalling automated pump

systems and causing catastrophic production bottlenecks. Traditional immersion heaters often fail  in

these applications because they induce localized boiling, chemical cracking, and calcification (coking)

directly on the heating element.

To achieve uniform, non-destructive viscosity management, facility engineers specify external Silicone

Heater  Mats.  These  highly  flexible,  surface-mounted  thermal  systems  wrap  directly  around  the

geometric contours of tanks, pipes, and hoppers. However, engineering a heavy-duty silicone heating

jacket requires a precise balancing act: the elastomeric matrix must maximize conductive heat transfer

into the steel drum wall while simultaneously providing absolute dielectric insulation to prevent high-

voltage electrical arcing from the internal resistance circuits. This technical specification outlines the

thermodynamic modeling, etched-foil architectures, and vulcanization protocols required to manufacture

industrial-grade silicone heaters.

Industrial Heating Axiom: Applying massive electrical wattage is useless if the elastomer acts

as a thermal insulator. True surface heating efficiency demands a thermally conductive silicone

matrix  that  drives  heat  instantly  into  the  vessel,  preventing  the  internal  circuit  from reaching

thermal runaway.
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2. Thermodynamics: Fourier's Law and Thermal Conductivity

Optimization

The primary function of a silicone heater mat is to transfer thermal energy (Joule heating) from the

internal resistive element through the silicone boundary layer and into the target vessel. The rate of this

steady-state conductive heat transfer (Q) is governed by Fourier's Law of Heat Conduction:

Q = -k • A • (ΔT / d) 

Where Q is the heat transfer rate (Watts), k is the thermal conductivity of the silicone elastomer, A is the

active surface area of the mat, ΔT is the temperature gradient between the heating element and the

drum surface, and d is the thickness of the silicone dielectric layer. Pure Polydimethylsiloxane (PDMS)

is  naturally  a  thermal  insulator  (k  ≈  0.15  W/m•K),  which  traps  heat  internally  and causes  element

burnout.

To maximize thermal flux, Reemane heavily loads the uncured silicone matrix with calcined aluminum

oxide  (Al
2
O

3
)  or  boron  nitride  micro-powders.  This  topological  reinforcement  elevates  the  thermal

conductivity to > 0.85 W/m•K while retaining extreme mechanical flexibility. By precisely calendering the

internal  dielectric  layer  to  an ultra-thin  0.8  mm profile  (minimizing distance 'd'),  the thermal  energy

instantly passes into the steel drum, ensuring a rapid temperature ramp-up while suppressing internal

element temperatures.

3. Watt Density Optimization: Etched Foil vs. Wire-Wound Architectures

The  internal  resistance  circuit  dictates  the  thermal  uniformity  of  the  mat.  The  critical  metric  for

preventing fluid degradation is Watt Density (W
d
), defined as the total electrical power output divided by

the effective heating area (W/in² or W/cm²). High localized watt densities cause "hot spots" that scorch

sensitive liquids like food-grade oils.

Wire-Wound Architecture: Utilizes a spiraled Nichrome (NiCr) wire layout. While physically robust

and capable of extreme multidirectional flexing, the circular cross-section of the wire minimizes the

contact area with the silicone sheath, resulting in uneven heat distribution and higher localized watt

densities (up to 5 W/in²).

Etched Foil Architecture: Reemane utilizes precision-etched Inconel or constantan alloy foils (0.05

mm thick) with complex meandering trace patterns. The flat, wide profile of the etched foil covers up

to  85% of  the total  mat  surface area.  This  massive surface coverage enables exceptional  heat

transfer efficiency, allowing the heater to deliver massive total wattage while maintaining a low, ultra-

uniform Watt Density (0.5 to 2.5 W/in²), completely eliminating scorching risks.

• 

• 
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4. Material Matrix Performance Comparison: Industrial Surface Heaters

Performance

Criteria

Reemane Composite

Silicone

Polyimide (Kapton) Film

Heaters

Rigid Mica Band

Heaters

Thermal

Conduction /

Conformity

Elite (Wraps tightly

over welds and dents)

High (But easily damaged

by sharp edges)

Poor (Leaves massive

air gaps on drums)

Continuous Max

Temperature

+230°C (Sustained

without

embrittlement)

+200°C (Excellent

thermal stability)

High (+450°C; extreme

heat, poor transfer)

Moisture &

Chemical

Resistance

Absolute

(Hermetically sealed

vulcanization)

Moderate (Adhesive

edges can delaminate)

Poor (Exposed

circuits risk fluid

shorts)

5. Dielectric Strength and High-Voltage Isolation

Industrial drum heaters operate on heavy mains voltages (120V, 240V, or 480V 3-phase). Because the

mat is strapped tightly against grounded conductive steel tanks, any breach in the elastomeric sheath

will result in catastrophic short circuits and lethal electrocution hazards. The silicone boundary must

provide absolute electrical isolation, quantified by its Dielectric Breakdown Strength (E
bd

).

Reemane engineers reinforce the silicone matrix with an internal woven fiberglass (E-glass) cloth. This

composite structure not only provides extreme tensile strength to resist the clamping force of heavy-duty

tension springs but also elevates the dielectric strength to > 20 kV/mm. Even at a minimal thickness of

1.5 mm, the Reemane silicone composite can effortlessly withstand a 2000V AC Hi-Pot (High Potential)

test for 60 seconds without exhibiting current leakage exceeding 1 mA, fully complying with strict UL

499 and IEC 60335-1 safety mandates.

6. DFM: High-Pressure Vulcanization and Void-Free Lamination

The manufacturing process of the silicone heater mat directly dictates its service life. If microscopic air

voids are trapped between the internal foil  circuit and the external silicone layers during lamination,

those air pockets act as localized thermal insulators. Heat cannot escape into the silicone, causing the

internal  alloy foil  to  superheat  and instantly  burn out  the circuit  (a  phenomenon known as thermal

runaway).
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To guarantee a 100% void-free matrix, Reemane employs massive hydraulic platen presses combined

with deep vacuum degassing. The unvulcanized silicone sheets and the internal etched foil circuit are

stacked  and  subjected  to  intense  compression  pressure  (>  1500  PSI)  while  simultaneously  being

heated to 160°C under a vacuum. This process completely forces all trapped atmospheric gases out of

the matrix while the silicone cross-links, forming a single, monolithic composite structure. Integrated

NTC thermistors  and PT100 RTD sensors  are  co-vulcanized directly  into  the mat  body during this

phase, ensuring millisecond-response temperature telemetry for automated PLC control panels.

Optimize Industrial Viscosity Control with Reemane Thermal Systems

Eliminate localized fluid coking, eradicate high-voltage arcing risks, and ensure completely uniform

heat flux across industrial drum boundaries. Reemane provides full Fourier thermal modeling,

automated etched-foil circuit layouts, and certified Hi-Pot dielectric testing logs. Download the specs

directly from www.siliconefactories.com. 
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