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The effects of space atomic oxygen erosion on (T
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epoxy and silicone adhesives in LEO spacecraft @\\
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Abstract: Atomic oxygen (AO) is prevalent in Low Earth Orbit (LEO). Ground-based testing on AO e);p sﬁ&;g@y‘performed to
investigate the effects of atomic oxygen on materials to be used in LEO spacecraft. Two types of adhesive materials, E=32 epoxy and GS414
silicone, were tested in the atomic oxygen testing facility at Beijing Institute of Spacecraft Environment Engin %&%SEE). The equivalent
atomic oxygen fluence in test was approximately 1.4x10?' atom/cm? as determined based on two years’ exp! e%LEO. Significant mass

losses of the epoxy adhesive samples were observed after the exposure to atomic oxygen, but relatively sm fkn\qas/s Jehanges were found in the
silicone samples. The erosion yields of epoxy samples range from 3.2x107* cm*/atom to 3.8x107* cmﬁ?m%eag irig by atomic oxygen was
found in the epoxy samples. The surface on the silicone sample was glossed after AO exposufg. Tﬁeﬁmal appearance of both kinds of
materials was analyzed using Scanning Electron Microscope (SEM) and X-ray Photoelectror Spéetroscopy (XPS). A comparison between
unexposed and exposed samples shows noticeable changes on the surface of materials.
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1 Introduction pump@?@x\“m and other auxiliary instruments. The plasma
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The low Earth orbit (LEO), 200~700 km above the Earth so/llpcé\\g@mates dense low-temperature plasma, which flows
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surface, sees a harsh space environment with hazards such as A 1 (th gnetic field to ionize O, molecules; the oxygen ions
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. . m’'the fl f atomic oxygen.
as well as severe temperature cycling, which may cause ¢ Hlow of atomic oxyge

considerable damages to spacecraft materials. Atomic oxy\gg\n )
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is predominant among those hazards!?. It is form%d (& olar—
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Y (N Y P Fig. 1 Schematic view of AO simulation facility
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Ground-based test is usual /?caméd/ out to evaluate materials
The facility can produce an AO beam of a flux of

selected for space missiqﬁéﬂ%\ the consideration of saving
{ \

time and cost \\\ )) approximately 4x10"atom/(cm”s) with energy of 3~10 eV

Two types of a dﬁg @iﬁéterials were selected in our tests 300 mm away from the center of the neutralizer. The beam is

to study their res \ 'to//:éljtomic oxyeen nearly uniform within an area of (2150 mm at the position,
y PONSES i« ygen.

Lo, thus many test samples and witness samples can be placed on

2 Test f}gﬂ{t\\)y/ ‘ the sample holder and with almost the same amount of AO

The sangp/],éﬁ ;\%re tested in the AO facility of BISEE. exposure at every instant. Kapton HN film is used to monitor
Figure L{gﬁ?@\g\\\a\i%hematic view of the neutral atomic oxygen AO flux and fluence.

source, \ithfg“/;‘)lasma chamber containing a electron cyclotron The ECR source is expected to produce vacuum ultraviolet

rievs(op//e(&é@ R) plasma source, a neutralizing plate, a (VUV) radiation with a center wavelength of 130.4 nm due to
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O, dissociation and ionization during plasma generation. VUV
radiation may also have effects on polymers, so CsTe
photodiodes with MgF, window were used to detect the
radiation in the range from 116 nm to 254 nm.

3 Atomic oxygen test

3.1 Test materials

(1) E-32 Epoxy

Epoxy is a very important class of thermosetting resin
used in engineering due to its outstanding strength of adhesion
with most kinds of surfaces, high mechanical strength, and
chemical resistance. It is used as adhesives, coatings and resin
matrices for advanced compositest. E-32 epoxy is composed
of epoxy oligomer, a kind of propyl curing agent, and acetone
as the thinner. This kind of epoxy is widely chosen as an
adhesive on the surface of spacecraft.

(2) GS414 Silicone

Room temperature vulcanization silicone rubber can be
vulcanized at room temperature without small molecule
emission, heat generation or shrinkage. Silicone rubber enjoys
many excellent properties, such as short setting time, fine
dimensional stability, low compression deformation, and the
vulcanization rate can be easily controlled by temperature. So it
is widely applied in electronics, electric appliances, aerospace
vehicles, and outer space missions. GS414 Silicone is a silicone
adhesive that will be used on spacecraft in future missionst™..

GS414 samples are about 1.0 mm thick and 10 mm i
diameter. They were all cleaned by pure ethanol, and t

placed in a clean vacuum chamber (with vacuum degree<s20'Pa)

for 24 h prior to atomic oxygen experiment.

3.2 Simulated environment

N

The tests were designed to determine atomi ygen
reactivity of the above-mentioned two adhesive
materials, and subsequently, to forecast/th cts of two
years’ AO exposure in LEO on materials‘prapertjcs.

a. Effective flux: 2x10'° atom/(cm®:s)

The beam flux at the sa %@%m was indirectly
obtained by measuring the mass apton HN, whose
in-space erosion yield is 3X12?2>}n% om according to the

I

flight experiment results. O
ﬁ&v

b. Effective fluence: 1

(a) Exposed (500X)

(b) Unexposed (500X)

based on their altitude, life period and other mission parameters™®!.
The fluence is also determined by using Kapton
¢. Work pressure: 2.0x107 Pa w

d. Sample temperature: below 40°C o @

e. Radiation interference: negligible N

In the pre-testing, CsTe photodiodes % day cup
were used to determine the level of backg and ions.
Results show that no VUV radiati@ very little
uncontrolled ions were found at th@e position in the
simulated atomic oxygen enviro t

4 Analysis of results@

4.1 Visual inspection

Epoxy samples are d @ ery reflective, with white
powders clearly visible (¢n ufface.

The surface/0f sili samples is yellowish, raised, and
appears glosse O €xposure.
4.2 Mass loss

Table %be mass loss of the samples.

ble 1 Mass loss of the test samples
Effective AO fluence: 1.4x10%' atom/cm?

< (b/%eﬁal E-32 epoxy GS414 silicone

\I‘B/N/o 1# 2# 3# 4#

\TQtMass Loss/g 0.00778 | 0.00903 0.00003 | -0.00006

With the exposure to atomic oxygen, for epoxy, the mass

s of samples is linearly related with the effective fluence of
atomic oxygen according to the test results; for silicone,
however, the mass of samples changes very little.

4.3 Oxygen erosion

The E-32 epoxy erosion yield is in a range from
3.2x10%* cm’/atom to 3.8x10%* cm’/atom based on the above
mass loss results; but for GS414 silicone, the erosion yield is
significantly smaller.

4.4 SEM analysis

Views of an epoxy sample and a silicone sample are shown
in Fig. 2 and Fig. 3, respectively, using FEI Nova 400. After
atomic oxygen exposure, the surface of the epoxy sample is
roughened, and a three-dimensional network structure is seen in
the erosion area. For silicone, visible cracks are observed on the
sample surface, with many glasslike chippings around surface
cracks. Cracking stress is considered to be developed on the
surface of the material after the atomic oxygen exposure.

(c) Exposed (10 000X)

Fig. 2 Views of exposed and unexposed epoxy samples using FEI Nova 400
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(a) Exposed (500X) (b) Unexposed (500X)

Fig. 3 Views of exposed and unexposed silicone samples using FEI Nova
4.5 XPS analysis appearing on the surface, and \'cal and physical changes

in the exposed area.
2) GS414 silicone has

XPS was used to analyze the changes in the elemental

composition of the materials tested. Table 2 shows the main Qyresistance against atomic

elemental data of two kinds of materials before and after the oxygen erosion. The ery little as shown by a
atomic oxygen exposure. The results indicate that C and O are comparison betwegh t osed and unexposed samples, but
the main elements, and there are a small quantity of N, S, and great changes observed on the surface of the material
Si in the epoxy specimen. After atomic oxygen test, the after atomic oxyg ck, including shiny products, many

contents of C, N and Si on the surface of E-32 epoxy fall off, visible cracmemical changes.

but that of O increases. For GS414 silicone, the content of C This e y provide designers of spacecraft some
increases, but those of O and Si fall off. Mo is also found on food for@ in determining whether, where and how to
the surface of samples after the exposure, but in a very small use tl@ inds of materials in the future mission.

quantity.
Table 2 Main relative elemental compositions of the test samples
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