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Damage Behavior of Oxide/Oxide Ceramic Composites with
Self-protecting Oxide Layers for Improved Atomic Oxygen
Resistance in VLEO Satellites

Chae-Hwan Lim*, Dong-Jun Hong*, Hanna Jang*, Seung-Hyeon Kang*, Sang-Hoon Lee**
Hyun-Seok Ko**, Won-Ho Choi***, Young-Woo Nam™*****

ABSTRACT: This study investigated the damage behavior of oxide/oxide ceramic matrix composites (CMCs) used in
VLEO satellite structures. The system was used to simulate VLEO environmental conditions—such as AO, high
vacuum, UV radiation, and thermal cycling—in addition to ASTM E595 compliance testing. The composites met the
ASTM E595 standards. During VLEO exposure, additional chemical reactions were suppressed, demonstrating strong
AO erosion resistance. XRD and FTIR analyses showed no significant structural changes, while a localized oxide
barrier formed in specific areas effectively reduced surface degradation. Tensile strength decreased by approximately
10% and 15% after 7.5 and 15 hours, respectively, mainly due to surface degradation. However, after 24 hours, the
reduction was limited to 4%, likely because of the formation of a protective oxide layer. Microstructural observations
revealed that VLEO exposure resulted in localized surface damage due to high-velocity particle impacts, followed by
AO-induced surface swelling and the formation of an amorphous structure, which effectively prevented further
material degradation.
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Fig. 1. Altitude and applications of VLEO and LEO satellites [1]
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Table 1. Environmental factors in VLEO and LEO

Condition LEO VLEO

Altitude 450~2,000 km 160~450 km

AO flux 10"~10"atoms/cm?s | 10*~10"atoms/cm?*s
AD 102 kg/m’ 10°kg/m?

Vacuum 10°~10" Torr 10°~10" Torr

Temperature -150~150°C

Heat cycle 100~127 minutes 88~100 minutes

uv 10~400 nm 10~400 nm
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Table 2. Properties of Nextel™ 610 fabric [38]

Chemical composition (wt.%) AL O, (99%)
Filament tensile strength (MPa) 2,800 (MPa)
Continuous use temperature (°C) 1,000
Dielectric constant @9.5GHz 4.7
Loss tangent @9.5GHz 0.002

Fig. 2. Fabrication of the ceramic matrix
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Fig. 3. Fabrication of the Oxide/Oxide ceramic composites
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Fig. 4. (a) VLEO space environment simulated facility and (b)
schematic of the space chamber

Table 3. Results of space chamber calibration test

Gas flow Density| Area Total mass AO flux

rate Hour (g/em’) | (cm?) loss (1017a;coms
(SCCM) (mg) /cm®-s)

5 18.96 2.36 0.086

10 18.61 11.58 0.43
— 1 1.42

15 19.20 16.40 0.59

20 20.09 38.84 1.35
At ASTM E2089[43] s+ whet w4 A3S XI8Ys)
Aot A Aol AlAE Dupont fitoll A 8502 ol &
11 Q)= Kapton HN polyimide filme €-8-5}5c}. Table 30|

54 AW AT AA = o] ek wYAH A A (1)L 2
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(cm?), £= A]7}(Sec), C= Kapton HN polyimide filmo] 14|
AFAL A FA)Eo|al 2.81 x 10* cm?/atomo|t}. AF Ax}
AbA~ 20 SCCM (Standard cubic centimeters per minute)S
BAIG-S o) 1.35 x 10" atoms/cm?s 4220] YRpAkA Flux
S 2% & Utk o]= NASAY t7]ghd o S rdQl
NRLMSISE-00& EH-85}0] 1% 160 kmojlA] 2] ejoF =t}
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Fig. 5. Total mass loss test

Table 4. VLEO environment simulation conditions

AO flux 1.35 x 10" atoms/cm®s
Temperature -80~150°C
Thermal cycle 90 min

UV light 280~420 nm

Vacuum 10°® Torr

(a)
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Fig. 6. (a) VLEO environment test and (b) thermal cycling inside
the chamber
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