345 56 FE # ¢ 7 R Vol 34 No6
2014 £ 11 A Tribology Nov, 2014

WS, B/ = R EEENEGHEBER
HEZEFERAR

woEY, ERT, A
(L. AP R B 22 A2 Wy BRI (] A T ) 2 T i S 3, HOE 22 730000
2. ERE R, AL AT 100049)

1 OE: RS EOR KIS T WS, MR, Z5 T WS,/ 2 FURE(815Z) F1 WS,/ R I UL e (P201 ) P A
]/ W5 TR T AR 2R 1 LS R R MR R e T T S e (SEMD) | = 248 3% T 0 SR A ST JES 45 2 T 1) TRl W T SR it A 7
T3NSR X SR RE (A HGE (EDS) 1 X 260 F-REIE (XPS) 4347 T BB W o & AL AL 2R BT T
WA/ 2 A TR R A R I A T LB 45 SR . WS, /8152 B AR R f, A Mg 22 | BE 82
RPN, BRI BB R MBI, WS, WS P201 FAHA R, AUl & GiEE R R R B R H
AR EE R R BB R BB B BT r B R 500

KR WS, Wil ; 2R EE ; RIS IR b ; B/ 2 A TR R 5 B4

hmES XS, THIT.3 SCERAREAD: A T EHE 11004 —0595(2014)06 - 0665 — 08

Tribological Properties of WS, Film /Liquid Lubricants
Composite Lubrication System
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Abstract: The tribological properties of WS, film/ perfluoropolyether (815Z) and WS,/ poly — a — olefin substituted
cyclopentane ( P201 ) composite lubrication systems were investigated by a vacuum ball — on — disk tribometer. The
morphology, element composition and chemical state of the worn surfaces were examined by scanning electron microscopy,
Micro — XAM 3D profilometer, energy dispersive spectrometry and X — ray photoelectron spectroscopy. The friction and wear
mechanisms of the composite systems were also studied. It can be found that P201 showed the synergistic effect with the
WS, film, comparing with the poor compatibility of 8157 with the WS, film. As a result, WS,/815Z lubrication system
exhibited fluctuant friction coefficient and high wear rate, while WS,/P201 lubrication system had steady and low friction
coefficient, and long lubrication life.
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Table 1 Typical

properties and components of two lubricants

Lubricant 8157 P201
Average molecular weight - 1748
Molecular structure CF;0(CF,CF,0) - ﬂﬁimt/
(CF,0),CF, S s
Viscosity at 40 °C/(mm? + s~!) 148 14\-7
Viscosity at 100 °C/(mm?* - s~") 45.0 18.4
Viscosity index 350 140
Density at 20 °C/ (kg - m~3) 1848.0 852.0
Vapor pressure at 20 °C/Pa 5.3x107! 7.5x1077
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BT P Al A, BB S A AR TR 1 42 ik A7 S SR
TR ARAE IR 3R 1T 1 422 f A A DU 4 1 = R
(#4520 C) FikfT.



46 3

FUEE , 45 - WS, L 23 [RDV A 1 70 A2 43 10 2 A 2R PR B~ PR RE T 5 667

1.4 EEEEMaENR R RESH

K CZM - 1A EZs BRI B B AL 43 ) 5 5%
T WS, MRAE T BT | steel/steel JEE4% I 7E
T AT LSRR A 51 3 1A R 1) s E 4
PERE. BEEE IR b, XS ER A ¢8 mm G10 4% 9CriI8
BER IR N =, B T 3.0 x 107 Pa,
PR AT 3 N G AR ER PR [, TR DA
1 000 r/min>] 5% 8l , 55 3242 0 4 mm, PEAN AL
P14 JEE 46 2 ORI T 85 . B MR B AT 3 IR UL
SEREAE AT S5 R BRI AS S, R JSM -
S600LV $14# M1+ 2 1555 ( SEM, fff+i7 EDS 26 ) Wi
P AR BR S B 2 1T A OO 3 R4 T T 4
G343 Hr. iRk PHI -5702 2368 i T RIS 1T T
JERR BT TG AL 2F AR AR # fih = 48 3 1 46 5
A (MicroXAM 3D) Xif ¥ 5% B8 J5 TV 35 TR B L J% s 46t

WP TRAE, 2 AT AR R ERER(W) iR A
.
V
F-L
APV RN R A B AR AR, B mm®, F R
JEE PRI (0 3% (m) g, AR N, L R B K AT
i, FALN m.

2 GRS

2.1 WS, BIRMREER

KRS T BB R AE T WS,
M FEEAETEIESL. 1 45 T WS, 3 A i 32
T AT T SEM BE R, T LA BT 45 v I 22
HH SR (R ST WS, JHESRRAIE , 18 R ARRIR TS, B
] SR BN RERIE A, S5 LR A0 o N R 2514

W=

(a) Surface

(b) Cross — section

Fig.1 Typical surface and cross — section SEM micrographs of RF — sputtered WS, film
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Fig.2 Typical frictional trace of WS, film in vacuum
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Fig.3 Typical SEM micrographs of worn surfaces
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Fig.4 Images of lubricant droplets sitting on the surface of WS, film
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Fig.5 Frictional traces of the solid/liquid composite lubrication systems in vacuum
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Fig.6 Frictional traces of the liquid lubricants under

steel/steel friction pairs in vacuum
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Fig.7 Wear rate of the solid/liquid composite lubrication
systems and WS, film
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Fig.8 3D micrographs of worn surfaces of the solid/liquid composite lubrication systems
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Fig.9 SEM micrographs of worn surfaces for the solid/liquid composite lubrication systems,
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Fig. 10 SEM micrograph and EDS spectrum of the wear track for WS,/815Z lubrication system
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Fig. 11 XPS F1s spectrum of the wear track
of WS,/815Z lubrication system
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(b) After the severe wear

Fig. 12 Schematic model of worn surface of WS,/815Z lubrication system
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