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Adhesives for Satellites and
Space Applications

Adhesives used in satellite and space applications must perform reliably under extreme conditions, including but not limited
to high vacuum, wide temperature swings, and radiation. Selecting the appropriate adhesive is therefore a critical design
consideration for spacecraft operating beyond Earth’s protective atmosphere. Low outgassing epoxy systems are commonly
used to help maintain performance and reliability in these demanding environments. Artificial satellites and other space-
bound structures encounter operating conditions far more severe than those on Earth, with temperatures ranging from
cryogenic levels—such as those found in spacecraft propulsion systems and certain experiments aboard the International
Space Station (ISS)—to elevated thermal extremes. These conditions impose unique constraints on material selection and
spacecraft design. In addition to vacuum and temperature extremes, the specific orbital environment further influences
adhesive requirements. Understanding how adhesives perform under diverse conditions is essential to ensuring long-term
durability and mission success.

Understanding Cryogenic Temperature Effects on Materials and Adhesives

Cryogenic temperatures may cause severe mechanical and physical stresses on materials, often revealing weaknesses that
are not apparent at ambient conditions. Cryogenics is generally defined as temperatures below approximately -150°C
(123K), though in practice the range can extend from about —50°C (223K) down to the boiling point of liquid nitrogen

at —-196°C (77K) and even lower for liquid permanent gases. At these temperatures, many materials experience a loss of
ductility and tensile toughness, becoming increasingly brittle and susceptible to cracking or fracture. While certain alloys
can benefit from cryogenic hardening to improve strength and durability, most structural and electronic materials must be
carefully selected to withstand the mechanical and thermal stresses imposed by cryogenic operation.

Adhesives face similar challenges at cryogenic temperatures and play a critical role in enabling reliable performance of
assemblies operating in these extreme environments. Adhesives, sealants, and encapsulants are widely used to bond
composite structures, protect sensitive electronics, and hermetically seal optical components, but very low temperatures
can cause some formulations to lose adhesion, stiffen, or become brittle under vibration or impact. Conventional silicone
adhesives typically retain performance only down to about —60°C, with specialized grades extending to roughly =100°C.
However, many cryogenic applications—such as astrophysics and nuclear physics experiments, spaceborne systems, and
platforms cooled with liquid permanent gases—require adhesives that remain robust at much lower temperatures. In these
applications, advanced epoxy systems are engineered to maintain adhesion, accommodate thermal cycling, and resist
fracture across wide temperature ranges, enabling reliable bonding and long-term performance in environments that span
from deep cryogenic conditions to elevated operating temperatures

Space-Critical Applications of Epoxy Adhesives

Epoxy adhesives are essential in satellites and spacecraft systems where materials must withstand extreme thermal cycling,
vacuum exposure, vibration, and radiation. Used for potting, encapsulating, coating, sealing, staking, and bonding, epoxies
protect sensitive components, secure assemblies during launch, and maintain long-term reliability in orbit. Their ability to
be engineered for specific mechanical, thermal, electrical, and optical properties enables performance across temperatures
ranging from cryogenic conditions (as low as 4K) to elevated operating extremes.

In satellites and spacecraft, epoxies support structural, mechanical, and electrical functions, including bonding composite
panels, securing fasteners and connectors, and protecting avionics, power electronics, and sensor systems. They are
employed both within enclosed spacecraft compartments—such as electronics bays and optical housings—and at external
interfaces exposed to vacuum, radiation, and temperature extremes. As previously mentioned, epoxies are used in low-
Earth-orbit satellites, deep-space probes, and instruments aboard the International Space Station to bond dissimilar
materials, manage thermal stresses, and maintain vacuum integrity.

Epoxies also play a critical role in electronic and optical devices, including cameras, telescopes, detectors, and laser
systems, where low outgassing, dimensional stability, and optical clarity are essential. One- and two-part epoxy systems
are selected based on processing and performance needs, with post-cure heat cycles often used to optimize crosslink
density and minimize outgassing. These tailored formulations enable reliable performance in satellite payloads, spaceborne
instruments, and long-duration missions where failure is not an option.
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CASE STUDIES

BONDING HEAT EXCHANGE STRUCTURES IN A SPACE-BORNE PLATFORM"23

Requirements: Coefficient of thermal expansion compatibility

The Alpha Magnetic Spectrometer 2 (AMS-2), launched aboard Space Shuttle Endeavour in May 2011 and mounted
on the International Space Station, is a particle physics detector whose onboard tracker generates 144 W of

heat that must be continuously managed to protect sensitive electronics. To handle this thermal load, engineers
designed a CO:z2-based cooling system using condenser structures that transfer heat to radiators for dissipation
into space. However, power shutdowns can cause the CO: to freeze, and subsequent thawing can induce

internal pressures as high as 3,000 bar — enough to rupture the cooling loop and jeopardize a two-billion-dollar
experiment.

Testing determined that Inconel 718 tubes embedded between aluminum base plates could form a condenser
capable of surviving CO:2 thermal cycling. For this application, the bonding compound needed to provide high
thermal conductivity, exceptional mechanical stability, and the ability to accommodate the difference in coefficient
of thermal expansion (CTE) between Inconel and aluminum. AMS-2 scientists selected Master Bond EP21TDC-2L0,
which passed repeated freeze-thaw cycle testing and was subsequently built into the AMS-2 platform launched on
Endeavour in 2011.

EP21TDC-2LO TWO PART EPOXY

Key Features

EP21TDC-2LO is a two part system widely used

as an adhesive, sealant and encapsulant that
offers remarkable resistance to chemicals, thermal
cycling and mechanical shock.

v' Superb toughness with high elongation
v NASA low outgassing approved

v Excellent electrical insulation

v Superior thermal cycling resistance

Performance Properties of EP21TDC-2LO

Tensile modulus, 75°F 20,000-30,000 psi

Elongation, 75°F 25-35%

Hardness, 75°F 30-40 Shore D

Viscosity, 75°F Part A: 35,000-85,000 cps
Part B: 300,000-800,000

Service temperature range 4K to +250°F [4K to +121°C]

REQUEST A TDS FOR EP21TDC-2LO

Master Bond Inc. | Tel: +1(201) 343-8983 | www.masterbond.com | main@masterbond.com 4



https://www.masterbond.com/tdsrequest?src=TDS-EP37-3FLFAO+Product+Information&prod=EP37-3FLFAO&utm_source=ebook-sens&utm_medium=wl&utm_content=tds-ep37-3flfao&utm_campaign=ebook
https://www.masterbond.com/tds/ep21tdc-2lo

SISTER-BLOCK BONDING FOR SPACE-BASED TELESCOPE STRUCTURES*

Requirements: Low outgassing, cryogenic serviceability

In a study titled Stability of Materials for Use in Space-Based Interferometric Missions, researchers at the University
of Florida examined bonding methods for assembling instrumentation for space-based missions, including a
prototype telescope support structure for the Laser Interferometer Space Antenna (LISA). After fabrication, a
hydroxide-bonded strut was found to be tilted and was easily dislodged following exposure to -70°C, revealing the
limitations of hydroxide bonding alone for cryogenic structural applications.

To improve reliability, the team investigated sister-block bonding using an epoxy adhesive in conjunction with
hydroxide bonding to adhere SiC to SiC struts. After evaluating several epoxy compounds, the researchers selected
Master Bond EP2ITCHT-1 for its combination of low outgassing, low CTE, room temperature cure, high strength,
and cryogenic serviceability. Cured for two days at room temperature, EP21TCHT-1 produced shear strength results
that significantly outperformed hydroxide bonding alone, demonstrating its suitability for sister-block bonding in

space-based structural assemblies.

EP2ITCHT-1 TWO PART EPOXY

Key Features

High strength EP21TCHT-1 is a thermally
conductive, heat resistant epoxy compound
formulated to cure at ambient temperatures.

v' Cryogenically serviceable, high Tg material
v Meets NASA low outgassing specifications

v' Excellent electrical insulation with superior heat
dissipation properties

v' Extremely low CTE

Performance Properties of EP21ITCHT-1

Thermal conductivity, 75°F 10 BTUein/(ft2shre°F) [1.4423 W/(m+K)]
Tensile modulus, 75°F 600,000-650,000 psi
Coefficient of thermal expansion, 75°F 18-21 x 10°¢ in/in/°C
Viscosity, 75°F Part A: Thixotropic paste
Part B: 40,000-90,000 cps
Service temperature range 4K to +400°F [4K to +205°C]

REQUEST A TDS FOR EP21TCHT-1
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BONDING SAMPLES IN A LOW TEMPERATURE SPACE ENVIRONMENT TESTING

SYSTEM?®

Requirements: Electrical conductivity

Electrostatic discharge (ESD) is among the leading causes of electrical and mechanical failures in spacecraft, as
the low temperatures of space prevent excited electrons from moving through insulating materials, causing rapid
charge buildup on surfaces. To study these effects under controlled conditions, a research team at Utah State
University developed a test chamber capable of reproducing the pressure, temperature, and radiation conditions
of space — including temperatures below 40K and pressures of five milliPascals. Within the chamber, material
specimens are mounted on 10 mm copper cylinders fitted into a rotating holder, allowing researchers to study
multiple samples without cycling the chamber back to normal atmospheric conditions between tests. For this
approach to work, a bonding agent must maintain a stable, conductive connection between each specimen and
its copper cylinder through wide temperature and pressure excursions, holder rotation stresses, and high electric

fields generated during testing.

To meet these demands, the research team selected Master Bond EP21TDCS-LO electrically conductive epoxy to
attach material specimens to the copper cylinder mounts. In a series of verification studies, chamber temperature
was cycled from approximately 40K to above 450K over successive four-hour periods while pressure was held
near 5 mPa. At every stage of the experimental sequence, EP21TDCS-LO maintained the mechanical and electrical
integrity of the specimen bonds, enabling researchers to take full advantage of the chamber's capabilities without

interruption.

EP21TDCS-LO TWO PART EPOXY

Key Features

EP21TDCS-LO is a silver-filled conductive epoxy
with a 1:1 mix ratio and nondrip paste consistency
that offers excellent electrical conductivity and
thermal cycling resistance.

v" Low volume resistivity

v' Qutstanding toughness

v" Cryogenically serviceable

v' Passes ASTM E595 for NASA low outgassing

Performance Properties of EP21TDCS-LO

Volume resistivity, 75°F 0.001 ohm-cm

Hardness, 75°F 40-50 Shore D

Tensile lap shear strength, aluminum to aluminum, 75°F 600-800 psi

Viscosity, 75°F Paste

Service temperature range 4K to +275°F [4K to +135°C]

REQUEST A TDS FOR EP21TDCS-LO
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BONDING A COMPOSITE CONICAL REFLECTOR FOR PARTICLE PHYSICS

RESEARCH®’

Requirements: Low CTE epoxy for use in a vacuum environment

To study topics such as the existence of antimatter and the relative abundances of light isotopes and charged
nuclei aboard the Alpha Magnetic Spectrometer (AMS), researchers designed a Ring Imaging Cerenkov Detector
(RICH) capable of precisely measuring the velocity of charged particles based on the Cerenkov effect. When a
charged particle crosses the dielectric radiator at the top of the RICH, it produces a cone of Cerenkov radiation —
however, only about 30% of the resulting photons are directed toward the detector array. To capture the remaining
photons, the team designed a conical reflector to redirect them toward the detector.

The reflector was fabricated in 120-degree composite segments framed with composite ribs along the entire
perimeter of the mirror, using a BRYTE EX-1515/M55J Laminate with Unidirectional Prepreg composite. For
bonding, the team selected Master Bond EP30LTE-LO, chosen for its low coefficient of thermal expansion (CTE),
cryogenic serviceability across a temperature range of 4K to +250°F, and compliance with NASA's low outgassing
requirements for high-vacuum space applications.

EP3OLTE-LO TWO PART EPOXY

Key Features

EP30LTE-LO is a room temperature curing

epoxy used for bonding, sealing, coating and
encapsulation. It offers very low shrinkage upon
cure and is serviceable at cryogenic temperatures.

v' Excellent electrical insulation and high thermal
conductivity

v' Good flow properties; low viscosity
v Meets NASA low outgassing specifications

v' Outstanding dimensional stability

Performance Properties of EP3OLTE-LO

Volume resistivity, 75°F >10"™ ohm-cm

Tensile modulus, 75°F 550,000-600,000 psi

Coefficient of thermal expansion, 75°F 15-18 x 1076 in/in/°C

Viscosity, 75°F Part A: 35,000-70,000 cps, Part B: 290-500 cps
Service temperature range 4K to +250°F [4K to +121°C]

REQUEST A TDS FOR EP30LTE-LO
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OPEN-SOURCE SPACE-TOLERANT ELECTROMECHANICAL PROTOTYPING

SYSTEMS®

Requirements: Thermal conductivity, electrical insulation, and resistance to temperature cycling

Solar System Express sought to develop the first space-tolerant, open-source hardware and software prototyping
solution with their Gravity Development Board (GDB) E-Series, designed to enable inventors and engineers to
create solutions for space-based applications. Unlike terrestrial electronics, space-based devices must withstand
high g-loads, intense radiation, high vacuum, and severe temperature cycling. The bonding compound therefore
needed to provide wide temperature serviceability, controlled CTE, thermal conductivity, electrical non-
conductivity, and compliance with NASA low outgassing standards.

For this application, Solar System Express selected Master Bond EP42HT-2A0-1 Black to mount the GDB's crystal
to the printed circuit board. The epoxy met all critical requirements, offering cryogenic to +400°F (+204°C)
serviceability, high thermal conductivity through mineral filler additions, electrical non-conductivity, and NASA low
outgassing compliance. Thermal vacuum testing of the completed device was successful, achieving a rating of
1x10® ATM across a temperature range of -40°F to 140°F, and the devices demonstrated the radiation resistance
levels of around 100 rad per year expected for orbital environments.

EP42HT-2A0-1 Black TWO PART EPOXY

Key Features

EP42HT-2A0-1 Black features outstanding
temperature and chemical resistance and is widely
used in a variety of potting and encapsulation
applications where thermal conductivity is needed.

v" Very wide service temperature range
v' Good flow properties
v' Castable to thicknesses exceeding 2-3 inches

v Excellent electrical insulation with high thermal
conductivity

Performance Properties of EP42HT-2A0-1 Black

Tensile strength, 75°F 7,000-8,000 psi

Coefficient of thermal expansion, 75°F 18-21 x 10°¢ in/in/°C

Tensile modulus, 75°F 500,000-550,000 psi

Viscosity, 75°F Part A: 50,000-120,000 cps, Part B: 200-1,000 cps
Service temperature range 4K to +400°F [4K to +204°C]

REQUEST A TDS FOR EP42HT-2A0-1 Black
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BONDING OPTICAL COMPONENTS IN SPACE-BASED TELESCOPE ASSEMBLIES®

Requirements: Optical assembly and mechanical strength

Adhesively bonded joints are widely used in space applications to bond dissimilar materials, but they must remain
durable under the extreme thermal cycling, radiation, and vacuum conditions of space — sometimes for decades.
This thesis at Politecnico di Milano evaluated Master Bond EP42HT-2LTE as a candidate for bonding optical fibers
and components within a telescope assembly, using a combination of tensile and shear tests on fused silica, Invar,
titanium, and germanium substrates, along with finite element simulations to assess stresses from CTE mismatch

and adhesive shrinkage during curing.

EP42HT-2LTE performed reliably across all evaluations. In tensile tests on fused silica specimens, it sustained
approximately 20 MPa with a standard deviation of just 1.65 MPa, and shear tests confirmed minimum strength
exceeding 9.5 MPa. Finite element analysis showed that shrinkage-induced stress during curing was well below
acceptable limits for optical fiber, and thermoelastic simulations demonstrated that when bonding materials with
matched CTEs, essentially zero shear stress developed in the adhesive and fiber during temperature changes. The
thesis concluded that EP42HT-2LTE is well-suited for high-precision optical assemblies requiring high mechanical

strength, stiffness, and dimensional accuracy, provided bonded materials have compatible CTEs.

EP42HT-2LTE TWO PART EPOXY

Key Features

Room temperature curing system features superb
electrical insulation. It bonds well to a wide variety
of substrates and features low linear/volumetric
shrinkage.

v' Outstanding dimensional stability

v' Allows precise alignment with minimal fixturing
v Utilizes a specialty negative CTE filler

v' Good electrical insulation properties

Performance Properties of EP42HT-2LTE

Coefficient of thermal expansion, 75°F 9-12 x 10 in/in/°C

Volume resistivity, 75°F >10™ ohm-cm

Hardness, 75°F 85-95 Shore D

Viscosity, 75°F Part A: Paste, Part B: 2,000-6,000 cps
Service temperature range 4K to +300°F [4K to +149°C]

REQUEST A TDS FOR EP42HT-2LTE
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DISCUSS YOUR APPLICATION

Disclaimer: The properties are not meant to be used for specification purposes. Master Bond makes no warranties,
expressed or implied, regarding the accuracy of the information, and assumes no liability regarding the handling and
use of this product.
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