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Atomic Oxygen Erosion Behavior and Resistance Characteristic of Graphene Film
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ABSTRACT: The paper aims to study the space atomic oxygen (AO) environment adaptability of graphene film, to provide
reference for its space applications. In this paper, the graphene film was fabricated by the blade-coating method. The AO irra-
diation test was conducted with microwave source AO simulation facility containing graphene film material and graphene resis-
tance sensor and the AO fluence was 3.0x10%atoms/cm’ and 7.5x10%° atoms/cm?, respectively. The variations in surface mor-
phology, surface composition, and resistance properties were investigated. It was found that low oxygen content graphene film
can be fabricated by the blade-coating method. The film thickness loss was 5.3 um and the atomic irradiation erosion yield was
no more than 7.14x107% atoms/cm® when the AO fluence was 7.5x10%° atoms/cm?. The intensity of C—O and —COOH peak
significantly decreased, and C=0 peak increased obviously after AO exposure, indicating disorder increase of carbon atom.
The resistance data showed a linear relationship between Ry/R and AO fluence, the maximum AO detect fluence can reach
5x10'"atoms/cm® when the film thickness was 0.8 pm. Increase of film thickness was expected to improve service life of the

sensor. The thickness loss, AO erosion yield, film structure, and resistance characteristic of graphene film are obtained, which
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could provide technical support for the space application of graphene film.
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Fig.1 Graphene atomic oxygen resistance sensor
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Tab.1 Test parameters of graphene film material
atomic oxygen

Samples AO ﬂli);/ L AO fluenc_ez/
(atoms-cm “*s™)) (atoms-cm™)
1# 5.0x10" 0
24 5.0x10" 3.0x10%
3# 5.0x10" 7.5%x10%
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Tab.2 Mass loss and denudation rate of graphene film

AO fluence/(atoms-cm™>)

Properties
3.0x10%° 7.5x10%°
Mass loss/mg 0.60 1.33
Thickness loss/um 2.4 5.3
Erosion yield/ 3.08 714

(x10"cm>-atom ™)
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Fig.2 SEM morphology of graphene film
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Fig.3 Raman spectra of graphene film
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Tab.3 D peak, G peak position and R value of graphene film

AO flux/(atoms-cm )

Parameter
0 3.0x10% 7.5%x10%
D peak/cm™ 1347 1350 1347
G peak/cm™ 1591 1595 1590
R 1.311 1.415 1.672
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Fig.4 XRD spectrum of graphene film
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Tab.4 26 angle and slice thickness of graphene film

AO fluence/(atoms-cm 2)

Parameter
0 3.0x10%° 7.5x10%°
26/(°) 24.19 24.14 24.08
Thickness/nm 0.3677 0.3684 0.3695
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Tab.5 Element percentage of graphene film

AO fluence/(atoms-cm 2)

Parameter
0 3.0x10%° 7.5%10%°
Cls/% 88.36 84.27 62.28
Ols/% 11.64 15.73 37.72
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Fig.5 XPS spectra of graphene film Ols
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Fig.6  Graphene film resistance changing with
irradiation time (0.8 pum)
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