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Effect of Metal Copper under Atomic Oxygen Irradiation
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ABSTRACT: Objective To obtain copper properties data in space atomic oxygen (AO) environment and to enhance
the design level of material space environment adaptability. Methods AO irradiation test of copper was conducted
using a radio—frequency (RF) source AO simulation facility. The flux was 2.5%x 10" atoms/cm” - s and the maximum
irradiation time in test was 300 min. The variations in surface composition, surface morphology and properties with the
increasing irradiation time were investigated in our study. Results After AO exposure, the sample surface became

rough and the copper oxidation layer fell off from the sample surface after 300 min irradiation. The mass and solar
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absorption ratio of copper increased with the increasing irradiation time, the mass increased by 0.035 mg and the

maximum solar absorption increment reached 0.07 after 300 min irradiation. In contrast, the spectrum reflectance

decreased with increasing irradiation time. In addition, AO could also lead to the increase of hydrophobic property and

decrease of friction and wear property. Conclusion AO effect data of metal copper was obtained, which could provide

technical support for the space environment effect protection design of spacecraft.
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Fig.3 Mass change of Cu before and after AO irradiation
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Fig.4 The reflectance spectra of Cu before and after AO irradiation
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Fig.5 Solar absorption ratios of Cu before and after AO irradiation
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Fig.7 Friction coefficient of Cu before and after AO irradiation

3 HFHik

1) a1 R e e, R A A T B JE A
W o ERIR DT SRR RST8] 2 300 min AR i 2 1
BT A v AR (BG5S 3E n T

0.035 mg,

2) R AR PR S B R A DG B R BRI, R
FHIRZ A L3 o B i 4 A RS ] 49 2B, K FH IRz
LLARAb AR R

3) SRR BRSO K
PERERR = o

4) Ji S R 4 SR A Y T B PR R R R, R 4
& el 7E 23 (] 3z ZhAILRS R A A fift ) v 75 ke S R R T
J - SE A

S 3Lk

[1] SHUVALOV V A,PIS’MENNYI N I, KOCHUBEI G S, et al.
The Mass Loss of Spacecraft Polyimide Films under the
Action of Atomic Oxygen and Vacuum Uliraviolet Radiation
[J]. Cosmic Research,2014,52(2) :99—105.

(2] FEI,FZWE R, RS 2 6]k 5 R 7 B
A BT T, 2014,11(3) :35—39.

ZHAI Rui-qiong, JIANG Hai—fu, TIAN Dong-bo, et al. Simu—
lation of Atomic Oxygen Interaction with Space Station[]].
Equipment Environmental Engineering,2014,11(3) :35—39.

[3] AHRAR MUNDATI N D, SRIVASTAVA A K, TOYODA K,
et al. Influence of Atomic Oxygen Exposure on Surface
Resistivity of Silicon Doped Polyimide Affecting Spacecraft
Charging[J]. Vacuum, 2014, 105: 11—16.

[4] 5K, UNAR P, A5, TR0 B R AT HLBT 4 i 2

A ERIRLTL. AR TS~ 41, 2002, 16(3) :273—278.
ZHANG Lei, YAN Chuan-wei, QU Qing, et al. Atomic Oxy—
gen Effects on Naked Ag and Ag with Protective Organic Coat—
ings[J]. Chinese Journal of Materials Research, 2002, 16(3) .
273—278.

(5] Kb, XI55, 25 A, 45, TS8O0 U R AR S R -5 By 4

[J]. WRASHABE TAE,2012,29(2) : 185—190.
ZHANG Lan, LIU Yong, DONG Shang-li, et al. The Effect of
Atomic Oxygen on Spacecraft Materials and the Protection
Measures|J]. Spacecraft Environment Engineering, 2012, 29
(2):185—190.

(6] XU, BT, RFLL, 2. B A P S A i 148 By 37
BRARIIFH S]] A RS T RE ,2009,6(4) : 16—32.
LIU Xiang—peng, TONG Jing—yu, XIANG Shu-hong, et al.
Test and Evaluation of Atomic Oxygen Protective Coating on
Solar Cell Array Substrate[J]. Equipment Environmental Engi—
neering,2009, 6(4):16—32.

[7] HUANG Yong—xian, TIAN Xiu-bo, YANG Shi-qin, et al. A
Ground-based Radio Frequency Inductively Coupled Plasma
Apparatus for Atomic Oxygen Simulation in Low Earth Orbit
[J]. Review of Scientific Instruments, 2007, 78 (103301) : 1—
4.



.74 .

S T 5 < TR RS AR DA 5

201546 )]

8]

91

[10]

[11]

[12]

VAUGHN J A,LINTON R C,FINCKENOR M M, et al. Eval—-
uation of Atomic Oxygen Effects on Metals and Optical Thin
Films on EOIM-3[C]// AIAA Space Programs and Technolo—
gies Conference. Huntsville, 1993.

PETTIGREW P J,RAIKER G N, GREGORY ] C. Determina—
tion of the Reactivity of Copper with Atomic Oxygen[C]/
ATAA Space Programs and Technologies Conference. Hunts—
ville, 1995.

RICART J M, TORRAS J, ILLAS F, et al. Bonding of Atomic
Oxygen to Cu (100) and Ag(100) Surfaces: a Study of the
Interaction|J]. Surface Science, 1994,307-309:107—112.
ZRIHE, 256k, SR BT, 45, BRAE I SR B rh i kAT
M R R ARG TR, 2006,35(7) : 1057—1060.
DUO Shu-wang, LI Mei-shuan, ZHANG Ya-ming, et al. The
Oxidation Behaviour of Polycrystalline Silver Films by Atomic
Oxygen[J]. Rare Metal Materials and Engineering, 2006, 35
(7):1057—1060.

SKAE I L JE DS 5. TiO—KoSiOs LR 2 X 43 [l b4 Rt
Ag H BT 37 47 WS, A7~ i, 2003, 61(9) - 1369—
1374.

ZHANG Lei, YAN Chuan—-wei, QU Qing, et al. Study on the
Protection of Ti0,—K,SiO; Inorganic Coatings for Ag Used in
Space[J]. Acta Chimica Sinica,2003,61(9) : 1369—1374.

[13] ZErpfie 2R, AR, 2. D400 4w A B/ L.

REEHEE TR, 2008,25(1) : 18—21.

LI Zhong—hua, LI Dan—ming, WANG Jing-vyi, et al. The Inter—
action of Atomic Oxygen with Copper{J]. Spacecraft Environ—
ment Engineering,2008,25(1): 18—21.

[14] BRARK, ¥ A K. 4 i 3 i AU A 1 1 5 5K CuO 4K 4

[16

—_

HEELT]. TEHUR R, 2006, 21(3) : 747—752.

QIAN Bai-tai, SHEN Zi—qiu. Super—hydrophobic CuO Nano—
flowers by Controlled Surface Oxidation on Copper[J]. Journal
of Inorganic Materials,2006,21(3) : 747—752.

RUIE 2GR 45, SRR, 55, 45 5 A BRI K M 3R
RIS ] AT 4 (A ARFHERR) , 2009, 6(1)
29—30.

SONG Ming-yu, LI Ji—-jun, WU Yao—-de, et al. A Study of
Shape Control for Thin Walled Structure Based on Laminated
Piezoelectric Actuators[J]. Journal of Yangtze University (Nat
Sci Ed),2009,6(1):29—30

JEIEERR | TEIEETC. H b AR AL W3R 58 UHIVIWPE J) 27 45
FYERERT TSN TSR, 2004,32(8) : 15—18

ZHOU Jian-song, YAN Feng—yuan. Study on Mechanical and
Tribological Properties of Copper and Copper Oxides Filling
Uhmwpe Composites[J]. Engineering Plastics Application,
2004,32(8): 15—18.

B e S S S e et S St S S S S S o i e S e S S S o ot

(E3EF52M1)

(7]

(8]

91

Characterizing Hypervelocity Impact Plasmas on Biased
Spacecraft Materials[J]. Physics of Plasmas, 2013, 20 (3) :
032901-1—032901-9.

ARG NS R i T OB RS D). bt b R
BebF e A= be (S [k S50 I SE L) , 2010.

LI Hong—wei. Research of Small Space Debris Impact Effect
[D]. Beijing: Graduate School of Chinese Academy of Sciences
(Center for Space Science and Applied Research),2010.
O, XUPHRK, 2 75, 4. 48 )N e R AR o 45
RS IHAAIEFELT]. PB4, 2012,61(2) : 571—575.
HUANG Jian—guo, LIU Dan—qiu, GAO Zhu—xiu, et al. Simu—
lation of Cumulated Microimpacts of Micro Debris to Solar
Cells and Function Degradation[J]. Acta Physica Sinica, 2012,
61(2):571—575.

PR LR A SR BE M. JE5T - E R EOR H AL
2011.

PENG Cheng-rong. System Design for Spacecraft{M].Beijing:
Science and Technology of China Press,2011.

[10] 458, 28 A I, PRoOR 55, —Fh IR =0 U U I

AL EEHRT). AURERIRE TR, 2013,30(4) : 426—430.
NIU Jin—chao, GONG Zi-zheng, CHEN Rong, et al. A New
Kind of Velocity In—situ Measuring Technique for Laser—dri—

ven Flyer System[]]. Spacecraft Environment Engineering,

[11

[12

[13

|

|

|

[14]

[15

[

2013,30(4) :426—430.

GB/T 6494—1986 , fit KA BH Lt FEMEREDI AT 125 [S].
GB/T 6494—1986, Measurement Procedures for Electrical
Characteristics of Astronautic Solar Cells[S].

HUANG J G,HAN J W, CAI M H, et al. Study of Space Mi—
croimpacts on Solar Cellsand Evaluation of Resultant Degra—
dation[J]. Journal of Spacecraft and Rockets, 2010, 47 (2) :
380—383.

BB, BBl G, A AR BRGSO B L 1t o H A R
RRICR IR IIBTFL)]. ALK B PRBE TR, 2014,31(2)
182—185.

JIA Wei, HUANG San-bo, NI Jia—wei, et al. Experimental
Study of Dust Removal Efficiency of Transparent Electric Cur—
tain for Solar Array under Lunar Dust Deposition|J]. Space—
craft Environment Engineering,2014,31(2): 182—185.
SRR K8 — SR\ S A8 2 A 55 AR (J]. 48
ALK ,2012,18(1) :1—5.

ZHOU Jian—ping. A Review of Tiangong—1/Shenzhou-8 Ren—
dezvous and Docking Mission[J]. Manned Spaceflight, 2012,
18(1):1—S5.

KESSLER D J,REYNOLDS R C,ANZ-MEADOR P D. Orbit-
al Debris Environment for Spacecraft Designed to Operate in
Low Earth Orbit|R]. Washington DC: National Aeronautics
and Space Administration, 1989.



