
SEALS: KEEPING FLUIDS,
PRESSURE AND

CONTAMINANTS UNDER
CONTROL

MATERIALS & WHERE THEY
SHINE

DESIGN/PROCESSING
NOTES

Polymers and polymer composites are used in the stratosphere
because they:

Resist corrosion and chemicals - many polymers tolerate fuels,
hydraulic fluids and cleaning chemistries.
Have low friction and wear - ideal for bearings and sliding
seals.

PTFE (and filled PTFE) - Outstanding chemical resistance, low friction and
excellent thermal stability. Good for static seals and piston rings; use filled
grades for improved springback and sealing performance.
PCTFE - Excellent gas barrier and very low permeability, making it ideal
for seals where gas retention or low permeation is critical.
FKM / advanced fluoroelastomers) - Good high-temperature
performance and chemical resistance; commonly used for O-rings and
dynamic seals.
EPDM / Silicone - Useful where low-temperature flexibility is paramount
(silicone) or where resistance to certain weathering/ozone is required
(EPDM), though both must be evaluated for outgassing.
Polyimide elastomers / specialty thermoplastics - Where high
temperature/ radiation resistance is required.

POLYMERS FOR SEALS

Typical Demands

Seals in stratospheric systems must handle:

Low ambient pressure and vacuum exposure (so pumping, extrusion and
permeation are concerns).
Wide temperature ranges (−60°C to +80°C or more, depending on
mission).
Low outgassing to protect sensors and optics.
Long service life with minimal maintenance.

For vacuum/low-pressure systems choose low-permeability materials and
consider backup seals or metal/graphite spring energisers.
Consider PTFE-based spring-energised seals for long life in low-
lubrication environments.
Surface finish and gland tolerances are critical, polymers often need
different groove geometry than metal seals.



Polyimide films - Thin, flexible, excellent dielectric and radiation
resistance; used for flexible heaters, wire wrap, and multilayer insulation
(MLI) layers.
PEEK and PEI - High temperature and excellent dimensional stability;
used for structural insulating supports and connectors.
PTFE & FEP films - Low dielectric constant and chemical inertness—good
for cable jacketing and insulating layers.
Aerogel blankets (polymeric composites) - Extremely low thermal
conductivity for high-performance thermal insulation where volume
permits.
Closed-cell fluoropolymer foams - Lightweight thermal and dielectric
insulation with low moisture uptake.
Conformal coatings (Parylene, fluoropolymer films) - Thin, uniform barrier
layers to protect electronics from moisture, particulates and outgassing
residues.

INSULATION: THERMAL
PROTECTION, ELECTRICAL

ISOLATION AND
CONTAMINATION CONTROL

MATERIALS & THEIR USE

DESIGN/PROCESSING
NOTES

Polymers and polymer composites are used in the stratosphere
because they:

Provide dielectric/thermal insulation - films and foams keep
electronics working in extreme temperatures.
Can meet low-outgassing requirements - choosing the right
grades and processing yields materials that won’t contaminate
optics or sensors.

Typical Demands

Insulation must:

Minimise thermal conduction and radiative heat transfer.
Protect electronics from cold soak and thermal cycling.
Provide dielectric strength and conformal protection.
Avoid shedding particles or outgassing that could contaminate sensors.

For long missions, outgassing testing (e.g., total mass loss and
condensable volatile condensables) should guide material selection.
Use multilayer approaches: structural supports (PEEK/PEI) + thin film
thermal barriers (Kapton/MLI) + conformal coat for contamination
control.
Avoid adhesives with poor vacuum performance; select space-rated
adhesives and tapes.

POLYMERS FOR INSULATION



STRUCTURES: LIGHTWEIGHT,
STIFF AND RELIABLE

MATERIALS & APPROACHES

DESIGN/PROCESSING
NOTES

Polymers and polymer composites are used in the stratosphere
because they:

Save mass - critical on large, long-endurance platforms.
Are machinable & formable - complex geometries and tight
tolerances are possible without heavy tooling.

Carbon-fibre reinforced polymer (CFRP) composites - The go-to for high
strength-to-weight structures (struts, booms, gondolas). Tailor fibre
orientation for stiffness and thermal expansion control.
PEEK, PEI - High-performance thermoplastics used for machined parts,
bearing housings, and components where metal replacement saves
weight and corrosion concerns.
PAI, PPS, polyamide-imide - For applications needing exceptional
mechanical strength at elevated temperature.
Laminated sandwich panels - Polymer face sheets bonded to lightweight
cores (foam, honeycomb) for large, stiff panels.
Thermoplastic composites - Easier to join and repair than thermoset
systems; recyclable options exist.

Typical Demands

Structural components must:

Provide stiffness and load-bearing capacity while minimising mass.
Hold tolerances under thermal cycling (low CTE or matched CTE).
Survive launch/landing or repeated deployment cycles depending on
platform.

Consider hybrid metal-polymer assemblies where metal provides local
attachment strength and polymers provide overall mass savings.
Machining and post-processing (coating, surface treatments) can be
performed in-house for prototypes and short runs - important for rapid
iteration.
Environmental testing (thermal vacuum, UV, radiation) should be done on
full assemblies, not just raw materials.

POLYMERS FOR STRUCTURES


