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Table 1

The AO fluence of the atomic oxygen exposure test

Exposure time /h

AO fluence /(10%° atoms/cm”)

Equivalent exposure time of 400 km high in LEO/Days

22
43
65
89

5 1.00
10 2.02
15 3.02
20 4.14
0.007
0.006
[
E 0.0051 Composite
20004f ¢
~ Carbon fiber
2 0.003
=}
2 0.002 o
= Phenolic resin
0.001

1 2 3 4 5
AO fluence / (10*°atoms/cm?)

P e 4 B/ T T 52 5 A R I8 I AR A Y
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Fig.1 Mass loss of phenolic resin, carbon fiber and

composites after atomic oxygen exposure
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Fig.2 SEM photographs of the carbon fiber/phenolic resin composites
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Fig.3 SEM photographs of phenolic resin
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(a) KfHE; (b) Shy (c) 10h; (d) 20h

Fig.4 SEM photographs of the carbon fiber (a)before exposure; (b) 5h;(c) 10h;(d) 20h
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Fig.5 FTIR and XPS spectra of phenolic resin before and after exposure (a) FTIR spectra before exposure;
(b) XPS survey spectra; (c¢) XPS Cls spectra before exposure; (d) XPS Cls spectra after exposure;
(e) XPS Ols spectra before exposure; (f) XPS Ols spectra after exposure
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Table 2 Variation of surface chemical compositions of the phenolic resin observed from XPS
Assignment Time C/ % 0/ % Binding energy/eV Relative amount/%
0 86.0 14.0 284.8 66.4
—C—C—
20 77.6 22.4 284.4 40.4
0 86.0 14.0 286.1 33.6
—C—0—R
20 77.6 22.4 286.0 38.2
0 86.0 14.0 287.1 —
—C=0
20 77.6 22.4 287.1 21.4
0 86.0 14.0 531.2 —
—C=0 20 77.6 22.4 531.2 31.2
0 86.0 14.0 532.9 76.3
—C—0—C
20 77.6 22.4 532.8 34.8
0 86.0 14.0 533.4 23.7
—C—0—H
20 77.6 22.4 533.1 34.0

K6 B T4

Fig.6 The molecular structure of phenolic resin
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Fig.7 XPS spectra of carbon fiber before and after exposure (a) XPS survey spectra; (b) XPS Cls spectra before exposure;

(e) XPS Ols spectra before exposure; (d) XPS Cls spectra after exposure; (e) XPS Ols spectra after exposure
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Table 3 Variation of C in carbon fiber observed from XPS

Relative amount/ % Binding energy/eV
Time/h C/% O/%
—-¢—-—C€~— —(C—0—R —C=0 —0—C=0 —C—C— —C—0—R —C=0 —0—C=0
0 87.7 12.3 58.5 8.5 15.0 17.8 284.6 286.0 287.0 289.1
20 68.6 31.4 72.4 — 8.2 19.4 284.1 — 286.9 288.7

F 4 RFGWEETE R O TR ML A K AR & &

Table 4  Variation of O in carbon fiber observed from XPS

Assignment Time Binding energy/eV Relative amount/ %
Oh 530.1 26.2
Oh 532.7 32.4
—C—0—R
Oh 533.2 33.4
Oh 533.6 8.0
20h 529.4 10.1
20h 532.0 49.4
—C—0—R
20h 532.4 40.5
20h — —

Note ; R-alkyl; Ar-aromatic ring.
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(—C—0—R),287. 0eV (—C =0) L) K 289. leV FIUES 2k T, 6 B K ) P i —C—O0—R &
(—O0—C=0)""""" 25 U gb 77 75 1 , 5 B 2T 4 % T 75 TEAE P AR T, HE—0—C=0 f—
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Surface Morphology and Evolution Mechanism of Carbon

Fiber/Phenolic Resin Composites on Atomic Oxygen Irradiation

ZHAN Mao-sheng,

GUO Dan-dan,

WANG Kai

(School of Materials Science and Engineering, BeiHang University, Beijing 100191, China)

Abstract: The carbon fiber/phenolic resin composites were prepared and the atomic oxygen exposure test was conducted in a ground-

based AO effects simulation facility. The effect of atomic oxygen on the composites was studied by scanning electron microscopy

(SEM) , attenuated total reflectance-fourier transform infrared spectroscopy ( ATR-FTIR) and the X-ray photoelectron spectroscopy

(XPS). The results show that the atomic oxygen environment, the mass loss are happened in the phenolic resin and carbon fiber and

carbon/phenolic composite, and the mass loss of carbon/phenolic composite mass loss rate is greater than the total mass loss of phenol-

ic resin and carbon fiber. Its mechanism shows the interaction of atomic oxygen with phenolic resin and carbon fiber agree with Under-

cutting Model. For phenolic resin, the methylene bridges and ether bond both can be oxidized after AO exposure, which result in void

distributed on the surface of phenolic resin. For carbon fiber, the sizing agent is etched first and then the fiber is oxidized into —O0—

C=0 and —C =0 after AO exposure with the result that the size of carbon fiber diminishes and the cylindrical carbon fiber is out of

shape with shallow and broad groove distributed on the surface.
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