34 HS W FE # ¢ 7 R Vol 34 No5
2014 49 H Tribology Sept, 2014

/.

PFPE 588 2Cr13 s EERINE S
EEERITARR

AR 3 B RS T g
(L BRI T A BPRRRY: 5 TR, MRIT M/RE 150001
2 WRBETAL K U TR, ST AR 150001)

W OE: AR - A E R PFPE JBVE N 2Cr13 SEEERRIHEAT T AR M 3l B (8] (14 2125 T 5)) B 462 5 451
RS SR AR T R0 (SEM) X SOt HL T RERE L (XPS) FMs B it AR 3 2T P 56 (FTIR) 43 550 %o B 451 2% 1 1)
TEA AL RS AT IR S5 F R AT HEAT T R HT. 45 R W < B 5 V8 sl st [a] (X 385, e S 0 s 0 B0 o
FE 61 1m) 7 B TR b B B R R R AR RV Ak Sk ) R B I R AR RVE S A R IR AR A A EE L R
PFPE V¥ ig R E LI BIR 16 o 3, B 1 A wb S Al g A0 8 700 (00 AR 6 He ) % 2B A8 4. [A] B, PFPE g3 g 55 2Crl3
PTE RS AR h R A A OO, A R A AL VE TG FeF,. fH T TR A Y Fel, s /b, 3F R fd PFPE i ¥ g & 2E
=053

K4§8#1A : PFPE VT8 NG ;2Cr13 Y 25 8% 5 iR fh L3

HE4SES . THIT. 1 SHRERERD A T EHE 11004 —0595(2014)05 - 0561 — 09

Friction and Wear Behavior of PFPE Grease — Lubricated
2Cr13 Steel Friction Pair in Vacuum
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(1. School of Materials Science and Engineering, , Harbin Institute of Technology ,Harbin Heilongjiang 150001 , China
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Abstract: The friction and wear tests of the perfluoropolyether ( PFPE) grease — lubricated 2Cr13 steel friction pair with
different sliding time were conducted on a pin — on — disk type tribometer in vacuum. The morphologies of the worn surfaces
were observed by scanning electron microscopy. The chemical states of typical elements on the worn surfaces and PFPE
grease were examined by means of X — ray photoelectron spectroscopy. The chemical structure of grease before and after
wearing was analyzed by Fourier transform infrared spectroscopy. Experimental results show that the wear mechanisms of
PFPE grease — lubricated 2Cr13 steel showed a transition from a mild wear including a mild cutting and a corrosive wear to
a severe corrosive wear and a mild local delamination, then to a severe mixed wear involving with a severe adhesive wear and
a local delamination with increasing the sliding time. The PFPE grease occurred physical degradation during wearing in
vacuum, namly change in the ratio between the thickener and the base oil of the PFPE grease. Tribochemical reactions
occurred between the PFPE grease and 2Crl3 steel during wearing in vacuum to produce FeF,. The quantity of FeF, as a
catalyst was too low to promote the chemical degradation of PFPE grease.
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Fig.3  Friction coefficient as a function of sliding time
for PFPE grease — lubricated and self — mated 2Cr13 steel
ttribo — pair under a normal load of 70 N and
a sliding velocity of 1.6 m/s in vacuum
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(¢) EDS spectra acquired from A area in (b)

(d) EDS spectra acquired from B area in (b)

Fig.4 SEM micrographs and EDS spectra acquired from a selected area in (b)

(corresponding to A and B indicated by the cross) of worn surfaces of the PFPE grease — lubricated 2Cr13

steel disks after sliding time of 20 min under normal load of 70 N and sliding velocity of 1.6 m/s in vacuum
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Fig.5 SEM micrographs showing worn surfaces of the PFPE grease — lubricated 2Crl3 steel

pin after sliding time of 20 min under a normal load of 70 N and a sliding velocity of 1.6 m/s in vacuum
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Fig.6 SEM micrographs and EDS spectra acquired from the framed zone in (b) of worn
surfaces of the PFPE grease — lubricated 2Cr13 steel disks after sliding
time of 360 min under a normal load of 70 N and a sliding velocity of 1.6 m/s in vacuum
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Fig.7 SEM micrograph showing worn surfaces of the PFPE
grease — lubricated 2Crl3 steel pin after sliding time
of 360 min under a normal load of 70 N and
a sliding velocity of 1.6 m/s in vacuum
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Fig.9 SEM micrograph showing worn surfaces of the PFPE
grease — lubricated 2Cr13 steel pin after lifetime
under a normal load of 70 N and
a sliding velocity of 1.6 m/s in vacuum
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Fig. 10 FTIR spectra of the virgin and used grease taken
from worn surfaces of 2Cr13 disks after different sliding
time under a normal load of 70 N
and a sliding velocity of 1.6 m/s in vacuum
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Table 1 Binding energies and chemical states
of typical elements on the worn
surfaces of 2Crl3 steel lubricated with PFPE grease
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Fig. 11 XPS spectra for worn surfaces of the cleaned 2Cr13 disks lubricated

with PFPE grease after different sliding time in vacuum
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