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1. Executive Summary: The Extreme Stress State of Airframe Isolation

In  modern aerospace engineering,  structural  airframe seals,  cabin pressure seals,  and fuel  system

interfaces  operate  within  environment  boundaries  defined  by  simultaneously  occurring  atmospheric

extremes. As commercial transport aircraft  and military unmanned aerial vehicles (UAVs) ascend to

flight envelopes within the upper troposphere and lower stratosphere (altitudes ranging from 10,000 to

25,000  meters),  sealing  materials  encounter  severe  thermal  transitions  alongside  high  ambient

concentrations  of  atmospheric  ozone.  Failure  to  maintain  a  hermetic  isolation  barrier  across  these

envelopes  leads  to  immediate  cabin  depressurization,  volatile  fluid  leakage,  and  accelerated

degradation of highly sensitive avionic instrument bays.

To guarantee continuous mechanical  compliance under  these stress states,  aerospace engineering

groups  move  away  from  conventional  organic  elastomers  such  as  nitrile  (NBR),  EPDM,  or

fluoroelastomers (FKM),  which undergo rapid thermal  embrittlement  or  chemical  cleaving.  Sourcing

high-performance  aerospace  seals  requires  precise  control  over  the  polymer's  cross-link  density,

specialized blending of fluorosilicone (FVMQ) and methyl-phenyl-silicone (PVMQ) backbones, and strict

adherence  to  space-qualification  outgassing  requirements.  Optimizing  these  material  structures

establishes robust compression set retention and dimensional stability over deep thermal cycles.

Aerospace Isolation Axiom: Altitude defense cannot rely on high-temperature endurance alone.

True stratospheric reliability demands an elastomer that entirely resists molecular cleaving from

ozone attack while maintaining absolute viscoelastic recovery across instantaneous cryogenic

drops.

2. Chemical Kinetics of Ozonolysis Resistance in Polysiloxane Networks

At cruise altitudes within the stratosphere, environmental ozone concentrations escalate up to 10 parts

per million (ppm), compared to less than 0.04 ppm at sea level. When high concentrations of ozone

interact  with standard organic elastomers,  the ozone molecules actively  attack unsaturated carbon-

carbon  (C=C)  double  bonds  within  the  polymer  backbone.  This  chemical  interaction,  known  as

ozonolysis,  forms  highly  unstable  primary  ozonides  that  rapidly  cleave  the  polymer  chains.  Under
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continuous mechanical tension, this chain-scission mechanism manifests as deep, perpendicular ozone

cracking fields, causing catastrophic structural seal disintegration.

In  contrast,  Reemane  utilizes  an  inorganic  siloxane  backbone  consisting  of  alternating  silicon  and

oxygen  atoms  (Si-O-Si).  The  bond  dissociation  energy  of  the  siloxane  link  is  exceptionally  high,

requiring approximately 460 kJ/mol to break, which is significantly stronger than the 348 kJ/mol binding

energy of typical carbon-carbon backbones. Because the fully saturated siloxane network contains zero

carbon-carbon  double  bonds,  it  remains  completely  unreactive  to  ozone exposure.  To  quantify  the

oxidation reaction kinetics under accelerated environmental conditions, the chemical degradation rate

(k) across ozone exposure matrices is modeled using an adapted Arrhenius activation relationship:

k = A • exp[ -Ea / (R • T) ] 

Where A represents the structural frequency pre-exponential factor, E
a
 is the chemical activation energy

required for backbone oxidation, R is the universal gas constant, and T is the absolute temperature. By

eliminating  vulnerable  organic  segments  and  utilizing  high-purity,  platinum-catalyzed  addition-cure

systems, Reemane formulations raise the effective activation energy barrier. This modification prevents

the chemical cracking channels common in legacy peroxides, maintaining absolute material integrity

under continuous high-altitude ozone exposure.

3. Thermodynamic Formulation Modeling for Extreme Delta-T

Stabilization

Aerospace component interfaces must survive extreme temperature transitions (Delta-T). During rapid

ascent or descent profiles, a seal can experience temperature changes from a ground ambient of +50°C

down  to  a  cryogenic  stratospheric  low  of  -65°C  within  several  minutes.  Standard  dimethylsilicone

polymers (VMQ) undergo structural  molecular  crystallization at  approximately -40°C, which severely

diminishes material elasticity and results in micro-gap leaks along sealing glands.

To  suppress  low-temperature  crystallization  and  extend  the  functional  flexibility  range,  Reemane

incorporates  bulky  phenyl  groups  (C
6
H

5
)  into  the  polysiloxane  chain  structure  to  create  PVMQ

elastomers. These massive phenyl rings disrupt the structural symmetry of the dimethylsiloxane chains,

preventing  tight  molecular  packing  and  inhibiting  crystallization  kinetics  at  low  temperatures.  The

expansion of material free volume as a function of temperature changes relative to the glass transition

state is governed by the free volume expansion framework:

Vf = V0 + α • (T - Tg) 
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Where V
f
 represents the functional fractional free volume, V

0
 is the baseline occupied molecular volume

at  absolute  zero,  α  is  the  volumetric  coefficient  of  thermal  expansion  (CTE),  and  T
g
 is  the  glass

transition temperature. Optimizing the phenyl content lowers the effective T
g
 to an elite temperature limit

of -90°C to -115°C. For systems exposed to aggressive aerospace fluids like jet fuels and synthetic

hydraulic  oils,  Reemane  utilizes  Fluorosilicone  (FVMQ)  bases.  These  compounds  feature  polar

trifluoropropyl side groups that provide robust chemical swelling resistance while maintaining reliable

low-temperature flexibility down to -65°C.

4. Material Performance Comparison: Aerospace Sealing Alloys

Performance

Attribute

Aerospace PVMQ

Phenyl Silicone

Premium FVMQ

Fluorosilicone

Standard Low-Temp

Fluoroelastomer (FKM)

Thermal

Compliance Range

Ultra-Wide (-110°C to

+230°C continuous)

Wide (-65°C to +200°C

fuel resistant)

Restricted (-40°C to

+220°C maximum)

Ozone Cracking

Resistance

Immune (Zero

degradation tracks

over 20k hours)

Immune (Zero

chemical structure

erosion)

Moderate (Vulnerable

under severe dynamic

strains)

Compression Set

(22h @ 175°C)

Elite (≤ 10%; retains

absolute sealing

force)

Low (≤ 15%; superior

elastic recovery)

Poor (Suffers

compression lock

under cold cycles)

5. Precision Tooling DFM and Mold Strategies for High-Vacuum

Cryogenic Seals

Manufacturing custom aerospace profile seals introduces distinct production challenges due to the strict

dimensional tolerances required for high-vacuum and pressure-retention boundaries. Because phenyl

and  fluorosilicone  compounds  feature  a  high  high-temperature  volumetric  coefficient  of  thermal

expansion, the material experiences significant linear shrinkage during cooling from the 175°C molding

state down to 20°C room ambient conditions.

Any errors in calculating shrinkage rates within the mold tool layout will result in undersized profiles that

fail nominal gland compression metrics, leading to fluid bypass leaks during flight operations. To prevent

these deviations, Reemane implements advanced CNC micro-machined tool steel molds featuring non-

linear  shrinkage  scaling  factors  based  on  finite  element  analysis  (FEA)  data.  Tool  geometries  use

custom parting  lines  with  cold-runner  valve  gates  to  ensure  consistent  cavity  pressure.  This  setup
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eliminates flash generation and surface knit lines, delivering cross-sectional profile tolerances within ±

0.05 mm and ensuring a stable process capability index (C
pk

 ≥ 1.67).

6. Laboratory Quality Assurance: ASTM E595 Space Outgassing and

Aerospace Qualification

To meet the qualification standards of Tier-1 aerospace OEMs and space program procurement teams,

every manufacturing lot undergoes intensive testing within an accredited testing facility. The qualification

sequence isolates specific structural and outgassing performance metrics:

ASTM E595 High-Vacuum Thermal Outgassing Validation: Formulated seals undergo thermal

testing inside a vacuum chamber at  125°C for  24 hours under a deep vacuum (10-5 torr).  The

material must achieve space-grade certification parameters: Total Mass Loss (TML) ≤ 1.00% and

Collected  Volatile  Condensable  Material  (CVCM)  ≤  0.10%,  preventing  volatile  outgassing  from

condensing onto sensitive optical surfaces or solar arrays.

ASTM D573 Accelerated Hot Air Aging: Finished component samples are aged in forced-air ovens

at 220°C for 70 hours to verify that the material retains ≥ 85% of its original tensile strength and

maintains its durometer within ± 5 Shore A points.

SAE AMS3260 Fluid Immersion Ingress Testing: Seal components are submerged in Type IV jet

reference fluids and synthetic lubricants at high temperatures to certify chemical stability and ensure

minimal swell performance.

Secure Aerospace Flight Seals with Reemane High-Performance

Elastomer Assets

To coordinate a non-linear free volume formulation engineering review, evaluate automated flashless

injection setups, or request certified ASTM E595 outgassing test data logs, contact our aerospace

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

www.siliconefactories.com. 

• 

• 

• 
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