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Microstructure and Tribological Properties of CrN and CrAIN Films Under

Different Contact Conditions
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Abstract: CrN and CrAlN films were deposited on silicon and stainless steel substrates by middle frequency
unbalanced reactive magnetron sputtering. The crystal construction, chemical composition, surface morpholo-
gies, cross—sectional structure and mechanical properties of the resultant films were studied by X-ray diffrac-
tion (XRD), X-ray photoelectron spectroscopy (XPS), atomic force microscope (AFM), field emission scan-
ning electron microscopy (FESEM) and nano -indentation instrument, respectively. The tribological proper-
ties of the studied films under different contact conditions (air, running water, oil-1(TAO-40) and oil -2
(150BS)) sliding against Al, O; balls were investigated by ball-on—disk tribometer (CSM). The results show
that the doping of CrN film with Al element does not change its crystal construction, however decreases its
surface roughness, enhances its compactness, and improves its mechanical properties and tribological behav-
iors under water— and oil-lubricated conditions. As the tribological properties of the CrN and CrAIN films are
strongly dependent on contact conditions, special attention is being paid to the friction and wear mechanisms of
the films under different test environments.
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Fig. 1 XRD patterns of the CrN and CrAIN films

Pl 2 25 B T A il S 174 3 T R BRI TR AOUE
TESRE . W& 2Ca) # 2(b) i, CrAIN [l %
T B0 dvokn 2/ Ho¥ 575 i CeIN i 5 3% 18 245 44
B AR AR AN — 5 32 AR T CrN i,
CrAIN 5 2 T SR B 20 o I 22 i 4 6 28 3 3501
L RS W /0 i LAE Y 2R THDHDEE B2 (RO 2 11 nm,
/NF CrN I % 2 TR RS 2 (23 nm) . B 2(o)
F2Cd) g5 T 7 A T S G DR T 3L T LA
CrN il CrAIN 52y 2 BUHCIR Fh 24540 AN R) 1 )2
CrIN 7 JIE Fr) A R 285 F A B A T Cr AN 3 AT
REEFG A NBUE

F 145 T CeN FI CrAIN Wl 8 (9 7 % Pk e
RAE . b H RO ERE R E 3R 7R vl i v
B, AN 1 iR, CoN I Ay £ J88 0 s P A8 o 43
W2k 11. 35 GPa il 212. 9 GPa, Jfij CrAIN j# i iy fifi
JE RN B R 25 3k 20. 23 GPa 1 246. 43 GPa,ix %
Wl AL TR M5 W 1 TR J)2# PR RE
OEHFHE/NY ALJEFEE ] CeN @A, ff
15 )5 ARy B1-NaCl g5 #4) i CrN i i) dis 4% & A=

b

(a) CrN (b) CrAIN (¢) CrN (d) CrAIN
& 2 CrN #1 CrAIN MG AFM i 1 FESEM W 5 & 51
Fig. 2 AFM and FESEM images of the CrN and CrAIN films
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Table 1 Mechanical properties of the CrN and CrAIN films

Films H/GPa E/GPa H/E H?/E?
CrN 11. 35 212.90 0.05 0.03
CrAIN 20. 23 246. 43 0.08 0.14
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