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EXPERIMENTAL INVESTIGATIONS OF ATOMIC OXYGEN, TEMPERATURE,
ULTRAVIOLET RADIATION EFFECTS ON A SPACECRAFT

MATERIAL-POLYTETRAFLUOROETHYLENE
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Abstract: Spacecraft, running in Low Earth-Orbit (LEO), will react with environmental conditions, such as
atomic oxygen, thermal cycling and ultraviolet radiation, which may severely affect the longevity of space—
craft. Fluorination has lower erosion rate than other materials in space flight exposure tests. So the interac—
tions betw een this kind of material and environment are of great interest to the aerospace engineering commu-—
nity. Polytetrafluoroethylene ( PT FE T eflon) is a commonly used spacecraft material, on which experiment
are constructed in this paper to investigate the atomic oxygen erosion effects, the impact of the temperature
change on the atomic oxygen effects and the ultraviolet radiation effects with atomic oxygen effects ground-
based simulation facility. The sample material before and after the experim ents is compared in mass and sur—
face morphology. The reaction characteristics of the material in the facility and the impact of temperature
change and ultraviolet radiation on atomic oxygen effects were acquired. Through analyzing the reaction
mechanism between atomic oxygen and PTFE T eflon, it was concluded that the collision of energetic particles
may be an important factor of PT FE Teflon mass loss. Optic properties, such as reflectivity and transmissivi—
ty, before and after experiments were measured and compared.
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(LEO) )

’ ’ [5.6]

’ ) 8% (UV,

A 400nm), 100 200nm
LEO (AO) (VUV),
: LEO , 7
(7.8]
LEO ,
- 2000-04-03; - 2000-09-07 0. 03
863 (863-2-2-1-22) 5%10" *em’/ atom' 'Y,

Jhtdp /] v - hich- Aet sent b/ 2001/,63/ 8235/

)

100



236 22
[5,9,10,12]
) 1 IFM
) ) Kapton
, 2.945% 10" *cm’/ atom,
[13 15]
1 2
IFM ’
[11] > ,
,  Kapton ,
" 0. 0dev
. 1 , 10" 1015i0ns/(cm2 -
E o p s) ( 10 20eV)
% 08 et , 5. 5eV
E o6 o C+ ’
i 04 [1516]’
& 0.2} '
g0 el
¥ oof -0
ozl ; - ;
160 200 240 280 320 360 ’
FHAS fam
1 2
Fig. 1 Deuterium lamp and solar energy spetral . 3(a).(b)
line in ultraviolet SEM (
2 7.13x< 1019, 3.07>< 10" atoms/ sz) ,
Kapton , , ,
2.1

1

(p= 2. 75g/ cm’,

t= 10n)

Table 1 Mass loss of samples after A O exposure experiment(exposure time= 10h)

7 15
/g 0. 09410 0. 08085
/g 0. 08320 0.07105
AM2/ ¢ 0. 01090 0. 00980
Kapton AM 1/ g 0. 00515 0. 00560
/(atoms =em™2 -5~ 1) 8.51>=105 9.26>1015
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2 ( t= 4h10min)
Table 2 Mass loss of samples after Ar plasma exposure experiment(exposure time= 4h10min)
Kapton
/Pa 1.0><10""!
/V 120
/mA 160
/(ions - em™2 - s 1) 5.47>10"
/g 0. 08455 0. 02235
/g 0. 08420 0. 02235
/g 0. 00035 0.0
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3 ( t= 10h)

Table 3 Mass loss of samples after AO and temperature synergistic experiment( exposure time= 10h)

6 5 23 22
/ 70 110 70 130
/(atoms - cm~2 - s~ 1) 6.20><105 1.98> 1015
/g 0. 08525 0. 08000 0. 09020 0. 09225
/g 0. 07350 0. 06715 0. 08525 0. 08610
/g 0.01175 0. 01285 0. 00495 0. 00615
4 ( t= 10h)

Table 4 Mass loss of samples after AO and ultraviolet synergistic experiment (exposure time= 10h)

23 22 21
« /) A0 (70) AO (130) AO (130)
1.98> 1015
0. 09020 0. 09225 0. 10030
0. 08525 0. 08610 0. 09410
0. 00495 0. 00615 0. 00620
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