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widely used as protective coatings. However, other components of these coatings
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Figure 1: Impact of nitrogen flow on microhardness of CrN films [6].
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Figure 4: TEM micrographs of CrC films containing different carbon
contents: (a) 58 at. %, (b) 62 at. %, (c) 66 at. %
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Figure 3: Friction coefficient of as-deposited films in air/seawater
conditions [31].
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Table 1: Tafel polarization parameters of bare and coated substrates.
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Figure 5: Topographies of (a) CrN, (b) 15.4%-C, (c) 52.6%-C, and (d) 75%-C films.
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Figure 6: OCPs of the coated and uncoated 316 L stainless steal [13].
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Table 2: Results of potentiodynamic polarization tests in SBF.

316L 773 54.2
CrN 352 999.6
CrCN(15.4%-C) 1.79 22782.6
CrCN(52.6%-C) 9.06 3999.4
CrCN(75.0%-C) 7.38 5218.6
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Figure 7: Cross-sectional SEM images of the CrN and CrCN films.
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Figure 9: XPS spectra of the CrCN film [25].
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Figure 8: The hardness of the CrN and CrCN films [25].
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Table 3: Kinetic parameters of CrN and CrCN films in seawater [25].

Samples icorr (10 A) Ecorr (V)
CrN 6.1 -0.47
CrCN 0.95 -0.24
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Figure 10: Variation of average friction coefficients for the CrN and CrCN films under three condition [25].
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Figure 11: Friction behavior of CrSiCN films sliding against SiC
balls in seawater: CrSiCN-10: 2.7%Si, CrSiCN-20: 5.5%Si, CrSiCN-
30: 9.9%Si [26].
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Figure 12: FE-SEM images of (a) TiN (N/T=0.4), (b) TiN (N/T=0.7) and (c) TiN (N/T=1.2) films [34].
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Figure 13: Variation of plastic hardness and Young's modulus of
TixNy thin films [34].
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Table 4: The protection efficiency of the films with different N/Ti
ratios [34].

Protection efficiency (%)

TiN (N/Ti = 0.4) 52.1
TiN (N/Ti = 0.5) 83.9
TiN (N/Ti = 0.7) 9.86
TiN (N/Ti = 1.0) 99.4
TiN (N/Ti = 1.2) 95
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Figure 14: Cross-view TEM images and SAED patterns obtained from (a) TiN, (b) Ti(C, N) and (c) TiC films [1].
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Figure 16: Evolution of the friction coefficient with sliding distance
for TiN, TiC and Ti(C, N) thin films [1].
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Figure 15: The hardness of TiN, TiC and Ti(C, N) films [1].
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Figure 17: The structure of graphite consists of graphene sheets
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Figure 18: FE-SEM image of (a, b) the cross-section and surface of the NbN film and (c) uncoated WE43 substrate [4]
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Table 5: Chemical composition of the NbC films [34].

NbC-1 23 7
NbC-3 42 58
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Figure 19: FE-SEM and AFM images of NbC protective thin films: (a, ¢) NbC-1 and (b, d) NbC-2 [37].
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Figure 20: Variation of hardness of NbC thin coatings with Nb
content [37].
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Figure 21: Variation of COF of NbC thin coatings with Nb content [37].
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Figure 22: The surface SEM and AFM images of WN and WCN
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Figure 23: The surface morphology of WN film
after oxidized at 700 °C [39].
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Figure 24: The surface morphology of WCN film after oxidized at
700 °C [39].
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Table 6: Chemical composition of the NbC films [20].

NbSiN 0:5
NbSi,C;N 1:4
NbSi;C,N 2:3
NbSi,CsN 3:2
NbSi;C;N 4:1
NbCN 5:0
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Figure 25: Schematic illustration of microstructural evolution of NbSICN nanocomposite films with change of the C/Si content ratio: (a) C/Si = 0:5,
(b) C/Si =1:4, (c) C/Si = 2:3, (d) C/Si = 3:2, and (e) C/Si > 3:2 [20].
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Figure 26: Variation of hardness and elastic modulus of the NbCN
nanostructured film with the change of the C/Si [20].
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