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Erosion Simulations and Quantification of the Temperature Effect
by Atomic Oxygen on Polymer Matrix

Jiwon Jung*, Jongkyung An*, Seunghwan Kwon*, Gun Jin Yun*'

ABSTRACT: Satellites operating in low Earth orbit environments (400~700 km) are constantly subjected to severe
thermal cycles, ultraviolet radiation, and collisions with atomic oxygen (AO), which might cause continuous damage.
Particularly, collisions with AO oxidize and erode polymer matrices, reducing surface mass and degradation of
material properties. Therefore, to analyze these effects, Reax-FF molecular dynamics simulations were adopted. More
than qualitative studies of mass loss due to AO interactions between materials in the previous NVE analysis, we
quantified erosion rates as a function of temperature within the operational range of actual satellites (200 K~400 K)
using NVT analysis. We also analyzed changes in reaction patterns occurring on the surface and effects due to
polymer phase transitions.
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Fig. 1. (@) Molecular representation of the Kapton monomer
and (b) scheme to make a 3D periodic amorphous cell
into a slab
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Fig. 3. Temperature change in NVE simulation for different time
step conditions

o
o
f
I
J
/
y
{
/
|
I
A

Normalized Mass
[=]
(2]

e
=
i

——limestep = 0.25fs
02 k|01
0.05fs

M " "

0 10 20 30 40
time(ps)

Fig. 4. Temperature change in NVE simulation for different time
step conditions
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Fig. 5. Mass change of slabs during NVT simulations
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