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Fig. 1. Spacesuit contaminated by lunar dust during Apollo
mission: (a) Overall pollution of spacesuit; (b) local contam-

ination of spacesuit!’.

FIAT, HAryBr 7 X320 3B 59
P PIA. LB F P BRI R R PR I R
SN B IR IR AAE SRR AR R, W Tk A B
LN | et R A P I e i O/ T 50 N I E 59 N
fE BN 1Rk A AR AE AR A i w6 2 10 14 R A
Bt Sy PSB! S e 9 WANY/RE NS T i /S A S [T
(L) FF) ZRH BT, AT S 308 X A e s e 2 T 2
Ty E AL A AL B, SRR 22 5 A el
M A A AR RSB H Y. E BB iR
HIRBRARCR G, (ARG 2 2 A RE IR S 2 1Y
S5K, EOTSEVEREAR, JF H A5 X s i s .
XHEBEAN B Rk B B9 HOR A3 i A
HARRPBI AR — P AR, T R 517977
U5, A B A R T AT B s B i,

1o LR AR S BT P 00 52 2% A BROAS5 1) 3k B A I 4
KEMRE %

AR E A AR [ N AE A A2 g sh B
T3 AT ST AT [ BRI S25, A S A 42k
BRI BE A 10163 L W BRATL A A0 77 4 B AR i e 5507
1. 5, MOA ARSI £ T A AN R
R R RA B s B3l SR, VAl 2R 2R B
AN B ) BE RS AR RIBURE IR PR A SRR, 2B
T H AR M A AR VLR FLH D S R AR R )
VR RIBILA . SR, 45 A 2 sh B i EoR 1 i
WL, fea, X B B A BRSO S AT i
ZEGARAEE.

2 A AL

HERIAEE rh 22 52 A AS W IO BN TR 28 4800 7™ A
ELR A BUM, BT 2R3 B UTRRMLR, 1 e e H 2
Ei AR A AR 7, X S AR SR ZH AR,
FE A B B P HLEEE F 2. Walton! A H 24211
YIFREEE AT, WF9E T H A 7E H R h 2 38| £
FER J1, ZIA ARk, 228 55%
T REAH G A ZER T, ANyl BC 5 RN e ) 5
M. Berkebile 45 M0 57 T HL25 BB kLB 38 5
AR AR ARG FE I 7, B8 el s B B n A
Bk RS/ TR M E K A B A E
HEL RN 3R 1T BE S P B A .

2.1 ALNFHIEHSSH

A BREG MRS 2 AR KA X, A BRE )
T R b BR TR ) I Y 1/6, 35 A 2SR, K
SR R MR 1Y 1/1012, A A BRERm H— 2
JE IR B e A R 2 T, XS
FEAE T R A ROK O BOK 9 Ry 2 BURL . AR i
NASA Bl % Appllo H EREE S 0400, A 3
Y R BUBURL HARTE 30 pm—1 mm 2], i
Bk /N 2 pm 2425 A S E S 90% LA
b ) Sk SRR R T 43 AT A AN RN AR B A,
& 2 7 (21 s sy o o her ELAG A o Y 3R THT g
TEH BRI B 23 PR35 T BEIA 3 4500 mJ /m2. H BKFR
e FETH A AR BH AL, KB T8 ST M R A =i B
T BT AE AR ST ), HASIT 37 2 2 R RO 2
R up, fEdHUE KN 2.4 —72 km /s, Bk
ok A < 5 Y B e R I RO ZE PR, i
A REE U Sk ARk s o) 7R AR TRk

060501-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 6 (2021) 060501
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Fig. 2. Various surface and shape features of 20 pm lunar dust particles via scanning electron microscope (SEM)['2.
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Fig. 3. Adhesion force of solar glass surface treated in different ways: (a), (b) AFM images of the particle assemblies on the solar

glass surface; (c) adhesion force values on the surface of solar glass pretreated with PDMS, solar glass, and solar glass coated with

nanostructured particle assemblies. Measurements were performed on ten different areas. The error in the values is less than 10%.

The grey areas correspond to the energy required to separate a silica sphere from the surfacel?7,
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Fig. 4. Preparation and surface characteristics of nanostruc-
tured coatings. (a) Preparation of the nanostructured coat-
ings. (b)—(e) SEM images of coatings after phase separa-
tion treatment at 700 °C for 2 h: (b) Image of the surface
after acid pretreatment; (c) low-magnification and (d) high-
magnification images of the surface after acid etching treat-

ment; (e¢) SEM image of the coating after heat treatment/30.

3.1.2 AT ERmAAKE

T THT AOREURE B 2R T R B AR R A AR KA G
R, M okife 5 R MRS A 22 R K, &S
FHBHEA KK, Mk PR, JLT- B b+
PR BR, PR AR/ N, BT R A A A R 1
Amiriafshar 4¢ B BFFY T 2 1 477 Ui FEURE B F0EB B
IK PRI LR S, d ] 17-4PH R85 8041 S 4,
N FHEE LA R 4 T HA R RIE AR R ks 2w, JF
FEVR)ZAT (K 5(a)—(c)) AR ZJE (E 5(d)—(f))
YRR T SEM B, Bl 5(e) NHETIREIE

A 4K s A i,  5(g)—(h) MR SEM
I, KBAEIIG R RSN (4.62 + 0.15) pm
R S P, LR E NS S . 7EH Bk
Fh, ARIRPUREARIARAR /N, 5 4 fk 1 B RNk
FHCKRREE, BLRPRLF5 3R d el i SL b 2 7 bl
TR 8 AN [T AS [, Y R THLRE /T 10 nm
B, W5 2T 2 B P E A 0 RV PUE i
FEAER, B 7 B A KRR B2 f sl I 3 K
I T 25 A K T KRS B2 1 v Sl /N [ AR 2 3
TEBE £ T M EE M. Peillon 45 B2 (i FH 4K 9% . W
TR A — AN () RS R A 32 1o S I 2
1, RIS YR BARE BEETE F 1mAH L, KRS FE Yy
TARA 712 nm B ROREF OB T R T PS5
W B HMERCR R, ZhBE 1 SRR A DA
— AR T AR BE B2 . PR 7R S R R
BER AR R BT, ] A 2 i AR} R AT — E 1Y
AR A B A — S KA R 1) 2 T e D
FLET I BRI, SE T 7 1k AR Y B 25 A AR EE 2

Moutinho %5 33 {iff FHif e Ab BpY: ¥ K 1, IF-7E
AH XTI BE Ry 0 B9 R 8 MG v I AFM 2R I
Si0, BRAAFIUR 55 2 11 42 il () Y 7S FL T Oy, 25 0R
WE 6 Frzs. TLAE Y, FERDRE B AR {2 0 Bl
FELRS B2 () 34 AT/, ELURE RO 5 A A8/ A RS
JEE R R B, I ROREER O, AT ARG T AR AR
AT R G S 3. FE AR 2405 T, W 46 B4 3l i
LI i A T AN ) 2 TDREDRE B2 A AN S AR, 48
KGR 114) 2% T RS 85 7400 1) 40 TR 266 BRI 18k o 7
05 T R A5 T EAEH.

3.1.3 k@i Hl &

AREFER, X T AF i b BTk, AR
b e s KA, HEMSHEES & IR,
FIF B R 25 5 Dl g, A sk ) B BRSO R
IR BERTRI A R T VR AEBOAR b CL MY I,
LI e R b2 L 59 AL
Y. E RS AL S A Ak, W iE A
A e AR 32 1) R T AT LA AT 3 T A5 0 A 85 R
ey S REL R 2 THI PR 308 95 S8 S ) TR 7 T AL B,
N TIAL BN B H R R BRI A T )
FIES 2, BRATHR B R AR, 80 O ok 2 AL
L BRI 5 TS R A OGRS L. AR
BRSO TOT A il R AL BT 3%, H e T

060501-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 6 (2021) 060501

300 pm

25 1m
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Bl 5 () SHCHEML | (b) BERDRE S A () BIFBE AR i 22 11 SEML IR (d), (e), (f) EDX & 7E 0, WEb | BF J FF & 9 SEM KR
(g) WREESRE S () iy A4 1 P B8 0 RL; (h) ¥ Zn TR 28 RO IR A 7 K T ] 1)

Fig. 5. SEM micrographs taken from the surface of (a) as-received, (b) sand-blasted, and (c¢) ground samples. The EDX chemical
concentration maps superimposed on the SEM images of the coated (d) as-received, (e) sand-blasted, and (f) ground surfaces.
(g) Higher magnification SEM mlcrograph of the ground surface shown in (f). (h) SEM image showing the applied Zn coating cross-

sectional view on the ground surfacel®!
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Fig. 6. Adhesion of AFM tip and SiO, ball with different surface roughness values/33.
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Fig. 7. Schematic diagram of etching in capacitively coupled

discharge plasma.
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Fig. 8. Anti-reflective film with self-cleaning and anti-wear[d.
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B9 ARG D 5 i BE Koin BE b Y 2R 15 S e 2% 10 ) K 2 ik R B (a) 7.7 x 100 W/em?, 40%; (b) 7.7 x 10" W/cm?, 60%;
(¢) 7.7 x 10* W/em?, 90%; (d) A #t 1 7.7 x 10* W/cm?, 90%; (e ){ﬁ?}:ﬁ] 7.7 x 10* W/em?, 90%; (f) 1.0 x 106 W/em?, —40%;
(g) 1.0 x 10° W/cm?, 0%; (h) 1.0 x 10° W/cm?, 40%

Fig. 9. Water contact angle of polyimide surface treated with different laser power intensities and overlaps: (a) 7.7 x 10* W/cm?
and 40%; (b) 7.7 x 10* W/cm? and 60%; (c) 7.7 x 10* W/cm? and 90%; (d) advancing angle at 7.7 x 10* W/cm? and 90%; (e) re-
ceding angle at 7.7 x 10* W/cm? and 90%; (f) 1.0 x 10 W/cm? and -40%; (g) 1.0 x 10° W/cm? and 0%; (h) 1.0 x 10° W/cm? and
40%1.

—~
=

Kcts

B 10 REEE M (PT) R mIESIE D (a), (d), (g) LA PTHIKE SEM, AFM, EDS El1%; (b), (e), (h) {#i il KOH T4k 3 5
B PTG SEM, AFM, EDS K% (c), (f), (i) i F§ GA-PEI 3t —#: 40 B A PI B A SEM, AFM, EDS %

Fig. 10. Surface topography of polyimide film/"!: SEM images, AFM images and EDS spectra of (a), (d), (g) original PI film,
(b), (e), (h) pre-modified PI film treated with KOH and (c), (f), (i) PI film further treated with GA-PEL
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Fig. 11. FE-SEM images of ITO (a) and TiO,/ITO (b) co-
ated glass substrates prepared by electrodeposition for

5 min 49,
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Fig. 12. Schematic diagrams of the electrostatic cleaning

systems that use a (a) traveling wave and (b) standing

waveld),
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Fig. 13. STF reduces dust penetration and super-hydro-
phobic treatment of EPG shell fabricl.
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Fig. 14. Lunar dust coating and “purge” process!®!.
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Fig. 15. Several different centrifuge tube structures used to measure particle adhesion .
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Fig. 16. Vacuum centrifugal device for dustproof test!?].
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Fig. 17. Dust adsorption effect on sample surface before and after surface treatment!6!,
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Fig. 18. Dust removal effect of four-phase electric curtain in

air and vacuum environment!™,
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State-of-the-art passive protection technologies of lunar dust

Mu Meng!  Zhang Hai-YanY?  Wang Xiao!)  Li Cun-Hui?f
Zhang Xiao-Ping?  Wang Ming-ZhiV%  Zhu Ying-Min"  Gao Li-Bo "%
Zhao Cheng-Xuan? Lu Yang?®®  Wang Wei-Dong D%*

1) (School of Mechano-Electronic Engineering, Xidian University, Xi’an 710071, China)

2) (Science and Technology on Vacuum Technology and Physics Laboratory, Lanzhou Institute of Physics, Lanzhou 730000, China)
3) (State Key Laboratory of Lunar and Planetary Sciences, Macau University of Science and Technology, Macau 999078, China)
4) (CityU-Xidian Joint Laboratory of Micro/Nano-Manufacturing, Shenzhen 518057, China)

5) (Department of Mechanical Engineering, City University of Hong Kong, Hong Kong 999077, China)

( Received 11 September 2020; revised manuscript received 9 November 2020 )

Abstract

In lunar circumstances, lunar dust has special properties such as conductivity, which can cause lunar dust
to easily adhere to the surface of detection equipment. And this behavior will cause the equipment to fail to
function properly and thus affecting the lunar exploration missions. According to the researches of lunar dust
protection, in this article the passive protection technology of lunar dust is mainly analyzed. Firstly, the lunar-
dust caused adverse factors and effects on detection equipment are analyzed. Then the mechanism of lunar dust
adhesion is studied, and the theoretical basis of the two main forces that cause adhesion is discussed. Secondly,
the main methods of reducing the adhesion of lunar dust particles are systematically explained according to
different adhesion mechanisms, and the latest progress of the passive protection technology of the lunar dust is
introduced in detail. Combined with the different protection methods, the method of testing the adhesion of the
lunar dust is summarized. These studies lay the foundation for effectively protecting the surface of detection

equipment from being affected by the lunar dust.

Keywords: lunar dust, passive protection technology, adhesion mechanism, testing method
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