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Hardness Evolution Mechanism of C-Doped TiAIN Coating
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Abstract: The hardening mechanism of C element doped TiAIN coating is not clear. In order to reveal the effect of element C on the
hardness of the coating, TiAICN coating with C atom ratios of 0%, 3.87%, 9.24%, 14.76%, 20.57% and 25.90% are prepared on the
surface of 316 stainless steel by cathodic arc ion plating technology. The effect of C doping on the hardness of coatings and its
mechanism are expounded from the point of view of atomic scale through experimental research and density functional theory. The
research results show that C atoms replace part of N atoms in TiAIN cell to form TiAICN solid solution phase. With the increasing of
C content, the hardness of the coating increases firstly and then decreases. When the C content is 14.76%, the number of Ti-N bonds
converted into Ti-C bonds in the coating reaches saturation, and the hardness reaches the highest value of 31.60 GPa. When the
content of C atom is higher than 14.76%, the graphite-like structure appears in the coating. With the increasing of C atom content, the
sp” layer structure increases, the graphite layer slips and the hardness of the coating decreases. The results of first-principles numerical
simulation show that with the increasing of C content from 0% to 15.625%, the hardness of the coating increases gradually because of
the increasing of Ti-C bond with strong covalence. Therefore, it is beneficial to guide the deposition process design and production of
superhard coating to clarify the relationship between C element doping and the coating hardness.
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Table 1 Process parameters for preparing coating

Dep 9s1t10nal Working voltage / V. Working current / A Bias / V N1tr03gen ﬂow / Acetygene ﬂ ow/ Dep051t19n time /
coating type (cm’ / min) (cm’/ min) min
TiN 20 160 -100 70 - 10
TiAIN 20 160 —60 100 - 15
TiAICN 20 160 -80 100 0, 20, 25, 30, 35, 40 90
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Table 2 Relative content of elements in coatings deposited by different acetylene flow rates (at.%)

Composition

Sample C2H32 ﬂ°‘f"/

(cm’ / min) Ti Al N C
S1 0 2793423 23.44+1.0 48.63+0.5 0
S2 20 26.04+2.1 2452+1.1 4557404 3.87+04
S3 25 26.94+22 2471£1.3 39.11+0.4 9.241+0.6
S4 30 26.18+2.2 20.70+£1.2 38.3610.6 1476+1.0
S5 35 27.824+2.0 20.70+1.0 3091404 20.574+0.8
S6 40 29.824+23 23.12+0.9 21.16+0.5 2590+1.1

TiAIN/TiIN

(a) S2: 3.87%

TiAIN/TiIN

(b) S4: 14.76%

K2 AR CERMBER SR ZEm S

Fig. 2 Cross-sectional morphologies of gradient composite coatings with different C content
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