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Abstract: TiAIN coating has found a wide application in the tool field as its excellent mechanical properties. However, more research
is still needed to optimize the processing parameters to enhance mechanical properties of TiAIN coating. Moreover, it is urgent to
develop green lubricants which are compatible with TiAIN coating. Based on magnetron sputtering technology, the effect of Al target
sputtering current on the microstructure and mechanical properties of TiAIN coatings was studied, and the tribological properties of
TiAIN coatings under glycerol lubrication conditions were evaluated. The action mechanism of glycerol on TiAIN coating was explored
by using X-ray photoelectron spectroscopy. The results showed that TiAIN-3A coating obtained at 3 A has the densest crystalline
structure and the best mechanical properties. The friction coefficient of TiAIN-3A coating was only 0. 007, and its wear rate was 2. 62
%107 mm’N™'m™" under lubrication of glycerol. XPS analysis indicated that the degradation reaction of glycerol occurred during the
sliding of the steel ball against the TiAIN coating, and a new product FeOOH was formed on the surface. Due to the hydrophilicity of

FeOOH, glycerol molecules and its degradation products were adsorbed on the surface of the contact area to form a fluid lubricant
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layer, providing excellent friction-reducing and wear resistant properties.

Keywords: TiAIN coating; magnetron sputtering; glycerol lubrication; friction degradation; fluid lubrication layer
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Fig. 1 XRD image of TiAIN coatings
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Table 1 EDS results of the TiAIN coating surface (w/ %)

Coatings Ti Al N
TiAIN-1A 73.02 8.12 18. 86
TiAIN-3A 55.18 19. 06 25.76
TiAIN-7A 45.21 27.03 27.76
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Fig. 2 Cross-section and surface morphology of TiAIN coatings
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Table 2 Mechanical properties of TiAIN coatings

Coatings Roughness/nm Hardness/GPa Elastic modulus/GPa H/E H/E?
TiAIN-1A 4.81+0. 15 21.68+2.01 284.2+16.3 0. 076+0. 003 0. 126+0. 021
TiAIN-3A 2.12+0.13 25.91+3.10 305.0+13.2 0.085+0.018 0. 187+0. 054
TiAIN-7A 8.46x0. 18 18. 11x1.47 265.5+20.7 0. 068=0. 004 0. 084+0. 008
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Fig. 3 Adhesion test results of TiAIN coatings
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Fig. 4  Friction and wear results of steel and TiAIN-coated samples lubricated by glycerol
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Table 3 EDS results of TiAIN coating inside wear
scar under glycerol lubrication corresponding
to the white box in Fig.5 (w/ %)

Coatings Ti N Al C (0]

TiAIN-1A 67.31 22.86 6.23 2.33 1.27
TiAIN-3A 57.12 21.35 15.17 2.86 3.5
TiAIN-7A 57.71 21.45 11.97 3.78 5.09
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Fig. 6 Comparison curve of friction coefficient with time of

TiAIN-3A coating samples deposited at different lubrication
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Fig. 7 XPS spectra of Fe2p, Al2p,Cls,N1s,Ti2p and Ols inside and outside the wear track of TiAIN-3A coating
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