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Abstract: To investigate the performance of CrN hard coatings working in harsh environment, the CrN films were deposited
onto polished SUS304 substrates using multi-arc ion plating. Friction and wear properties of the CrN films were measured in
different environmental conditions. The phase structure of the films was analyzed by X-ray diffraction (XRD), and their
microscopy morphology were observed by cold field emission scanning electron microscopy (FESEM), and the chemical
compositions of the abrasive particles and wear track were detected by equipped energy dispersive spectroscopy (EDS). The
mechanical properties of the films were tested by nano-indentation instrument and nano-scratch instrument. The friction and
wear properties of CrN films working in different environments were analyzed. The results show that: both the friction
coefficient and the wear rate of the coupled steel ball increased with the increment of the oxygen part pressure when the films
work in dry environment. It can be ascribed to the abrasive friction and oxidation of the abrasive particles in the sliding
process. In vacuum environment, the friction coefficient of the CrN films decreases to 0.3. The friction coefficient of the CrN
films declines with increasing the humidity of the working environment. As the coupled pairs worked under the lubrication of
deionized water, the friction coefficient can be reduced to about 0.1. It can be concluded that CrN films can be used in high
humidity environment or vacuum environment.
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1.1 CrN ERHERGIE

A CrN BEiEAE 5 TE Flexicoat@850 1%
IRESFHEDURR ARG P il 4% . ZEFTARI) (100) 2R HE
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Table 1 Deposition parameters of CrN coating

Parameter Value
Voltage / V 22
Current / A 60

Bias voltage / V 5
Flowrate of Ar : N2 2:1
Pressure / Pa 2
Time /h 3

1.2 SERERAES R

5% 1 BRUKER D8 Advance % X HHER7 51X
SIPTERE AR, X ST SR Cu B4,
JE 45 kV, ML 40mA, iGN 100~90°, &
K 0.1°5 SRA ISM-6710 K37 % 514 o 1 i s
(FESEM) W4 58 1) 2% T SR AW T 50 s R A
K EIRAL (TTX-NHT2) MG 20, £
TSRS HI{E ;2R RST? RIYRALAENZE )7 50 N
BT MR 5 3L A 256 1 KD, TR I
HAEH Lel 2R, &NIAERFEARE 200 pm, £
PINELH A 49 N/min, £ E 5 mm/min,
RPYRATREKE 5 mm, SRH] TRN B A AR 45 5
PRI L SRR AR IR . R RNR R & L B
FKIRBE Y EE R4 MR, SR HVTRB HA A
KBRS S s R . AN A4
FEAEE Al A i BRI AR RE, HA
ZSPEN 5x107° Pa, PEEEXHBERYEEH & 6 mm
GCrl5 Bk, Wem#fr Fn=2 N, Bjaishiieg
S=5 mm, WEWRA 5 Hz, FALRE S EEEERK
4000 s, FEHEIRK G R SEM WLESANER 11 125 B I
S R ERIE SR, X BIR TR T . R
FTEV AR AR T AR A SR
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Fig.1 XRD patterns of the CrN films
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(b) Cross-sectional morphology
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Fig.2 SEM images of the CrN films
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Fig.3 Typical load-displacement curve and nano-scratch test
results of CrN films
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Fig.4 Friction coefficient curves of CrN films at room temperature
under atmospheric environment and vacuum environment
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Fig.6. Wear morphologies and EDS of CrN films in the oxygen environment and nitrogen environment at 500 Pa
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Fig.7 SEM images and wear rate of steel ball in different pressure-

divided oxygen and nitrogen environments
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Fig.8 Friction coefficient curves of CrN films at deionized water
environment and different humidity conditions
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