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Abstract: Chromium nitride (CrN) and chromium aluminum nitride ( CrAIN) have been used as the protective coatings for sliding
parts in automotive engine. However, the more research is needed to investigate the interaction of CrN and CrAIN coatings with
common used lubricating additives. CrN and CrAIN coatings are deposited by magnetron sputtering technology. The microstructure and
mechanical properties of CrN and CrAIN coatings are studied by X-ray diffraction technique and nano-indentation, respectively. The
tribological performance of CrN and CrAIN coatings under lubrication of molybdenum dialkyldithiocarbate (MoDTC) are investigated.
The action mechanism of MoDTC is investigated by scanning electron microscopy and X-ray photoelectron spectroscopy. The results
show that CrAIN coating has denser structure, smaller grains and better mechanical properties than CrN coating. Moreover, as
compared with CrN coating, CrAIN coating presents better friction-reducing and wear protection performance when lubricated by PAO+

1wt%MoDTC. XPS analysis of the wear scar indicate that tribochemical degradation of MoDTC occurred during the sliding movement of
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steel/CrN and steel/CrAIN tribopairs under boundary conditions, forming a tribofilm containing molybdenum disulfide ( MoS,). A
higher content of MoS, is found on CrAIN than CrN coating, leading to the better tribological performance. The research results are of

great significance to prolong the service life of automobile engine.
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Table 1 Deposition parameters of coatings

Sample N, flow Ar flow Working pressure Target current/A Bias voltage Deposition temperature Deposition time
/(mL/min) / (mL/min) /Pa Cr Al /V /C /min
CrN 55 25 0.5 7 - =50 250 120
CrAIN 55 25 0.5 7 7 =50 250 120

1.2 CrN # CrAIN & EHIR1E

K H X B £ fi7 45 1L ( XRD, Bruker D8
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Fig. 1 Surface and cross-sectional morphology of the coatings
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Table 2 Chemical composition of substrate and coatings

Sample Elemental content/at% Film thickness Roughness Lattice parameter Grain size
Cr N Al /nm /nm /nm
Substrate - - - 40 - -
CrN 23.7 76.3 - 30 0. 546 11.8
CrAIN 30.2 58.3 11.4 25 0. 425 8.4
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Fig. 2 XRD patterns of the coating
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Fig. 3 XPS Spectra of N 1s and Al 2p obtained from the surfaces of the coating
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Fig. 4 Load-displacement curves for CrN and CrAIN coatings
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Table 3 Mechanical performance of substrate and coatings

Hardness Elastic
Sample H/E /B2
/GPa modulus/GPa
Substrate 7.0 208.0 0. 034 0. 008
CrN 12.4 184.3 0. 067 0. 056
CrAIN 23.8 335.6 0.071 0. 120
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Fig. 5 Evolution of coefficient of friction with sliding time
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Fig. 6 Wear rates of substrate and coatings lubricated
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Fig. 7 SEM image morphology for wear scar
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Fig. 8 XPS spectra of Mo3d obtained inside the wear scar
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