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Abstract: In view of the problems such as the surface degradation, the density decrease, and the lubrication failure
of organic solid lubrication protective coatings after they have been exposed to the space environment for a long time, a
modified phosphate bonded solid lubricating coating is designed and developed. The structural changes and the vacuum
tribological properties of the modified phosphate bonded solid lubricating coatings before and after long time ultraviolet,
atomic oxygen, high-energy proton, and electron irradiation are analyzed based on ground-based simulation facilities.
The results show that the ultraviolet irradiation and the high-energy particle irradiation have no effect on the mechanical
and vacuum tribological properties of the modified phosphate coatings; the atomic oxygen irradiation has a certain
oxidation effect on the molybdenum disulphide of the coating surface, but does not affect the tribological properties.
After various irradiation, the coatings still have good lubrication. The present developed phosphate coating has a
promising prospect in the lubrication and protection of relevant moving parts of space vehicles.

Key words: phosphate coating; ground-based simulation; atomic oxygen; ultraviolet; high-energy particle;

friction and wear

”5']—:‘?‘ BRSO DA SO R R X S S
L RAT 28 A AL K R R T SPERARS B i b R A 4R b e A, 1 R I L 2 R B
B T BTN A DT ST R A AR R T AT SRR AR . R, TE AR TE AR OGS A B RHR

W5 B #3: 2020-01-11; & H #3 : 2020-04-28
ESE BN R EV(1986—), 5 4, ZEBIE 7 1 0 i 5 F R R h e 2 Ak
BEEE B & (1971—) B 098 0, EZERFSE )5 1] A 4 A 26 791 2 2 BE U )2 44 L o



IRGIIPNEGE ')

46 AEROSPACE SHANGHAI(CHINESE & ENGLISH)

95 37 % 2020 4E45 3

HALBIAT SR T, 0 R I KOG B Az SRR AT AR
T Ak PR HE R FC R A ) PR IS A Y TR R AR
UL B 2 T A BB OR T A A BB BOR W/
e SOMUTAR i BE AR B R 2 HOR 55 IR B IR 2
AR T 2R R AR5 R R A R A
MW Z I

FI R 5 220 T A0 K T AT A 2 TR A T
TR 2, H MRS58 1 AN TR] 32 200 A AL RN O LR Tk
JZ o AHLIEURIZ t T BN 5 B A T el
PEBE DL 5 TR JE ok 25 1 22 00 B T A A2 7 R, A0 R Tt
e B DU IR 2 0 LA R B Tk Tk ) < 28 T AR
HLIE TR 2 A8 I 7 A 0 AR TR 1 T DA B s e 4R 4
URBEE IS i e L O N P T e B 3
A 27 ST 2R 6 T TN R Tl R e e Ll A
AL R AT i AH S BB TP R B R TE B A oK T
TMFHRREGHZER THAS R TR &
G RERL T I, DL R i A S R R RE AR 2 T2
Kk, M L AR RR R E AW IREE N B
N SCAE I R AR A O B R AT
i AH 5% 1z Bl R AR 1B AP U R AN AL ESR B
S F9 225 (0] B 05 3 N T IR G SR AT R Y I B
PEBE , LU AR ¢ i 4 15 25 8] R 8 TP i 4 5 i L
A AEPERE 18 2 AR AU A ] PR LR S B A L R
GEAk 75 B2 W IR £5 JE 45 18 U 1 Uk 2 00 0l e T

(a) RMFESIES

MR IR (UV) b 18] A5 00 52 30 25 1 < 38 30 9 )Y
HL 30 4% 1 7 250 BRR O 60 mW /em®, B2 FHUER B
Fl ok 1256 kI/em®, M4 FAEHIZTT5 a.

{1 AE HL TR B(HE) M i BS80S 50 4570 . R A
T ECR &5 B IAAE S B R 77 A i F-, HL % IR
FL 3 0.1 mA/em”, BFLE F] & 6.5X10"rad (Si) , 4
MFLEPIBAT5 a.

LA L R T L T K IR R 4 60 2%
W2k Rl 52 B0 B 1 G AT I8 B A L
F 4 0 R 2 5 T 0 2 AR S R AT B 1 K 5
TSR B T

1 S5 o

1.1 BBRLEEEEEBRENS &

Z AR R E A EERE
(ACP) Wyl £ 4 RO AT i ilb A7 . HARB B %
T S ot B 5 e o Ay B3 A 0 2 A T T R R R
(MoS,.CeF,.Sb,0,) 55 it i 43 #5150 £ ¥ K fik 46 ¢
M ) TR R R A R LU R AE R O 3 TIR A LM
TR 5 3 50 19 JRORE T W AR 7E & i R Gl
25 °C, A X5 1 B 6026 ) Mm% ¥k 2 A [7] R f Inconel 718
BT (AN 1(a) ) BroR , W% A w4 B 3 T aF 47 g
b PN W P I R WS G 4 R e T S B AT 1
b, AR 5 U )2 )R EE 242 15~20 pm,

1.2 tEEBERIKR

X B il £ 52 5 TR R A A R AR L AR R BT IR
O AR R M TR R AL 25 (8] 255 FR AT AR 8 0 | i A T 5
b T SR RE R A0 TR AR D) s [ PR 85
MR G E AN 1(b) R, HARGR B2 R T .

(b) ML (] 5 A PR R 4
1 EHRMMEENEREEER
Fig. 1 Morphology of the samples and the ground-based simulation equipment
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Fig.2 General characteristics of the phosphate composite coating
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Tab.1 Mass variations of the composite coatings before
and after different irradiation tests
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Fig.3 SEM images of the composite coating surfaces before and after different irradiation tests
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Fig.4 XPS spectra of the Mo3d in the phosphate coatings

before and after different irradiation

o 0'.2 0'.4 ()‘.6 0I.8 1'.0 1'.2 1.I4 1.6
R % 100
(a) PEEEREML

WEET UV HE AO
(c) B

5 FRERAKREE

I T i T O )2 R R 0 R TR AR AN 6 BT
AN HT 6 AT L R A A R R R R T EL O R

T U4 V2% RS O 2 THD A R B A 0 R S 40 . 0 A D

BT I Sl W TR e i 26 4 I A ) T O 2
IR LB R AT A A K A s i A KRR BLis 1y
WP RIS . P, GRAIE BT i U R AR A
7% 25 (6] A MR ER BT T A5 AR B R4 9 L s R A A
AE , & FLAE 75 B0 0 FHT A S B P 7 o g ahg, Xk i T ASE 4
25 [0) R 358 R R B 4 P 23 ) 20 K [E) UV HE Al

AO 58 BB 5 U 2 B9 B 25 BE 22 AT T PREAN AT .
Kl 5(a) i 7E 500 Hz b J1 408 F , i J2 58 BT J5 19 BE

BERBOML A IR 2 1 Y PR R B AE 0.025 42
A, FHo AO 5 BE S U )2 00 1 359 15 45 38 BORY St K
(I 5(h) FroR ), FLJEH TAE AO 48 BUF iR )2 R
BREE 1 MoS, K24 T #8439 S84k BEAR 1 g M fg
A, AO 56 BRS IR 2 0 B 50 2 18 R Can 181 5 () B
N BN S(d) s, B AO fR iif & UV AT HE
I FEIB AT 100 H i T IRIZBIREEZE . it
Ui, & B 28 RURR BT R 2 e 25 IR 2 HL S SR
T B A TR AT AR SR R A i T A

0.030

T

0.020 -

)

8 0015}
% o

2 00101
0.005}

WEHT UV HE AO

(b) “PRIEEH R

X 108

(d) B
BRENEZEFHIE

Fig.5 Tribological properties of the composite coatings before and after different irradiation tests
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Fig.6 3D topographies of the wear scars on the composite coatings before and after different irradiation tests
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