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T he conditions of space impose a unique set of con-
straints on the technologies that take us there.
Indeed, the rigors of space exploration have often

been the driving force behind many new technological
innovations. Far from the insulating layers of the atmos-
phere, temperatures can reach as low as -200°F in the
shade and as high as 200°F when facing the sun.
Combine this with a vacuum environment and add to it
extremely sensitive electronic and optical devices, and

the challenges are daunting. Yet the successes and fail-
ures of the past have only increased man’s desire to
expand his vision of the stars.

Every single design consideration is important in the
costly endeavor to send an object into space. One of these
considerations, which at first may not appear to be large
but can lead to catastrophic results if poorly considered,
is the choice of adhesive to be used in various compo-
nents of space systems. These adhesives are used for
bonding, insulating, damping, conducting, and a host of
other reasons. They are often used near or directly adja-

cent to electronic optical devices where contamination
would be of major concern. In general, any material used
in space must possess the following characteristics:
• Good resistance against radiation degradation 
• Outstanding atomic oxygen resistance
• Excellent micro-cracking resistance against 

thermal cycling 
• Low outgasing characteristics 

Resin systems that meet some of these
requirements include polyimides, cyanate
esters, silicone, epoxy, polyurethane and
acrylic resins. Among the adhesive polymers
available for an aerospace materials engineer,
silicone stands out as possessing certain obvi-
ous advantages. Phenyl-based silicones are
able to withstand the temperature extremes

that are experienced in space and are able to maintain a
good degree of flexibility at very low temperatures where
other materials would stiffen and crack (see Figure 1).
Special grades of silicones have brittle points below –150ºF.
The elastomeric properties dampen the effects of launch
vibration. Silicone is also used as an adhesive to bond
materials that have dissimilar coefficients of thermal
expansion (CTE). Differences in CTE become a problem
when two bonded surfaces experience the dramatic tem-
perature changes encountered during space flight. These
temperature changes cause one surface to contract or
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expand more than the other. In the case
of circuit boards that are bonded to
metal heat sinks, stresses on the circuit
board could cause solder joint failure
and lead to device malfunction.

Like all other polymers, silicone is
susceptible to radiation which exists in
space due to the absence of any atmos-
pheric gases that would serve as an
obstacle in the path of electromagnetic
waves and subatomic particles. While
radiation can cause changes in the
properties of silicone rubber similar to
those caused by heat aging, certain
specialty silicones possess excellent
resistance against radiation (see Table
1). In addition to radiation, atomic oxy-
gen is another factor with which aero-
space materials engineers must deal.
Atomic oxygen reacts with polymers
causing erosion, which is a threat to
spacecraft durability. Nearly 90% of
the atmosphere from 100 to 350 miles
from the Earth’s surface is comprised
of atomic oxygen. Silicone adhesives
would generally not be exposed to this
form of oxygen, as they would be
encapsulated between two surfaces;
however, silicone has been used as a
coating in some space applications to
protect various polymer substrates. 

The most significant drawback to sili-
cone’s use in space applications has been
outgassing. Untreated silicones generally
contain volatile species that can outgas
and contaminate sensitive optics.  NASA
contamination guidelines use a test
method (ASTM E595) which gives the
maximum allowable amounts for a
material to be considered as low out-
gassing. There are two components to
this specification, the total mass loss
(TML) and the collected volatile con-
densable materials (CVCM). Total mass
loss is simply the amount of material
given off during a 24 hour time period at
125°C and less than 5 x 10-5 torr. CVCM
is the amount of volatiles that will con-
dense on a collector controlled to 25°C.
For aerospace applications, TML must be
less than 1%, while CVCM must be less
than 0.1%. Standard silicones can yield
more than 5% TML and 1% CVCM. 

Figure 1 shows the displacement of a low outgassing silicone at various small loads for tempera-
tures approaching -150°F.  Stiffness is calculated from the slope of the line.  Silicone maintains
some degree of flexibility at -150°F, a temperature at which many other polymers would become
brittle or crack.  [Data obtained from Johns Hopkins APL using ARLON Thermabond®].

Figure 1. Stiffness at Cold Temperatures

An elastic tape that sticks to itself and fuses 
to become one continuous insulator…the uses are endless.

Arlon’s self-fusing silicone tapes are currently used to insulate power generators that provide mil-
lions with their energy needs.

Self-fusing silicone tapes made by Arlon provide an insulative barrier that is resistant to moisture,
oxygen, ozone and corona. They are electrically insulating and stable over a wide temperature
range (-65°F to +500°F). These unique tapes are suitable for applications from insulation for large
motor coils to cable harnessing in aircraft. They are available in an assortment of colors, thick-
nesses, widths, and with or without stretch-controlling reinforcement.

Silicone Technologies Division

Challenge Us!

Tel: 800 635 9333  •  Fax: 302 834 4021  •  Or visit us at www.arlon-std.com

THINK
ABOUT IT:



Outgassing of silicone depends on
what grade of silicone is used. In gen-
eral, the volatiles are low molecular
weight polydimethylsiloxanes, which
are the remnants and products of the
polymerization reaction. Siloxanes
with chain lengths of 4 to 10 siloxy
groups constitute what are commonly
r e f e r r e d t o a s “ t o t a l s i l i c o n e
volatiles.”1 The number of volatiles
that outgas depends not only on the
type of silicone used but also on the
type of non-polymer filler, additives
and curing agents. Processing also
plays a role in determining the final
properties of any given formulation.
Fortunately, the use of special formu-
lation and processing techniques
results in a silicone adhesive that
meets the requirements of NASA out-
gassing specifications and retains all of
the adhesive benefits that silicone pro-
vides.2 Specialty silicones employing
optimized cure cycles have been able
to achieve as low as 0.06% TML and
0.02% CVCM.

Silicone adhesives are currently
being used in a variety of space appli-
cations. Electronics for a satellite con-
structed by the Johns Hopkins
U n i v e r s i t y A p p l i e d P h y s i c s
Laboratory for the NASA Goddard
Space Flight Center required a silicone

adhesive suitable for extremely cold
temperatures in order to bond heat
sinks to PCBs.  This example serves to
highlight another unique condition of
space — for internal devices, conduc-
tion is the only method for heat trans-
fer since there is obviously no convec-
tion of air, and radiation would only
occur at the surface of the spacecraft.
Another example is the use of a sili-
cone adhesive to bond a radiation con-
duction bar to the mount plate of a
charged coupling device (CCD) of a
telescope. The proximity of the silicone
to the CCD required the development
of a very low outgassing formulation
since any volatiles could contaminate
the device and diminish the telescope’s
capability. These and other examples
show that silicone will increasingly be
an adhesive of choice in many aero-
space applications.
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Table 1. Radiation Resistance of Various Materials Used in Space

Arlon Thermabond® products are available
in a variety of versions including:

• Thermal conductivities ranging
between 0.3 W/m·K to 1.8 W/m·K

• No Primer Necessary
• Electrically Conductive
• Electrically Insulating
• Low Outgassing
• Easy Handling

Arlon  is a leader in silicone thermal inter-
face films. Our flexible adhesives com-
bine a low modulus with high bond
strength and excellent thermal conductiv-
ity. Unlike epoxy adhesives, these
advanced silicone adhesives relieve ther-
momechanical stress and give a more
reliable bond than greases, pressure sen-
sitive adhesives, or phase change materi-
als. Arlon is always ready to use its
expertise in developing new solutions to
our customers’ unique requirements. Let
us be your partner.
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