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Abstract: The bias voltage has a significant influence on the microstructure and properties of coatings deposited by physical vapor
deposition. To investigate the effects of bias voltage on the chemical composition, microstructure, mechanical properties, and
high-temperature oxidation resistance of AICrTiN nanocomposite coatings, four different coatings were deposited by direct current
and radio frequency magnetron sputtering at different bias voltages (—30, —60, —90, and —120 V). The coatings were characterized
using X-ray diffraction, scanning electron microscopy, and nanoindentation techniques. The results show that all the AICrTiN
nanocomposite coatings possess NaCl-type fcc-(ALCr,Ti)N phase structure. The bias voltage considerably affects the preferred
orientation and surface morphology of the AICrTiN coatings. At —30 and —60 V, the preferential growth of the coating is along the

(111) crystal plane. Furthermore, convex V-shaped columnar particles are formed on the surfaces of these coatings, with distinct voids
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at the particle boundaries. When the bias voltage is increased to —90 and —120 V, the diffraction peaks of the (111) crystal plane
weaken, and the coatings exhibit no preferred orientation. Fine elliptical particles replace the V-shaped columnar particles, and no
obvious pores are observed on the coating surface, indicating that the coating surface becomes smoother at higher bias voltages. The
grain size decreases with increase in the bias voltage because of enhanced ion bombardment and formation of more defects. These
defects hinder grain growth or serve as nucleation sites, resulting in a decreased grain size. The deposition rate also decreases with
increase in the bias voltage because of possible resputtering of Al, Cr, or Ti atoms that arrive at the substrate surface with high kinetic
energy. In contrast, the residual stress, hardness, and elastic modulus of the coatings rise with increase in the bias voltage. The
improvement in hardness is attributed to the higher residual stress generated in the coating and the smaller grain size, which hinders
the movement of dislocations. After oxidation at 800 and 900 °C for 1 h, a continuous and dense oxide film, predominately consisting
of Al,O;,is formed on the surfaces of all the four coatings. Owing to the relatively high Al content (approximately 31 at%) of the
coatings and the low Gibbs free energy of formation of Al,O3 (compared to that of Cr,0; and TiO,), Al is preferentially oxidized at
high temperatures. The dense oxide film effectively reduces the inward diffusion of oxygen and outward diffusion of the coating
elements; this significantly decreases the oxidation rate of the coatings. The fcc-(Al,Cr,Ti)N phase is retained even after oxidation at
800 and 900 °C for 1 h, implying that all the four coatings possess good high-temperature oxidation resistance. The thickness of the
oxide film decreases gradually with increase in the bias voltage, which indicates that the high-temperature oxidation resistance is
enhanced at higher bias voltages. On the one hand, the voids formed on the surfaces of the coatings at low bias voltages (—30 and —60
V) provide a diffusion path for inward diffusion of oxygen and accelerate the oxidation of the coatings. On the other hand, the
coatings deposited at higher bias voltages (—90 and —120 V) possess smaller grain sizes and more grain boundaries, which accelerate
the formation of a protective oxide layer on the coating surface. Thus, the findings of this study are significant for improving the
properties and applications of AICrTiN nanocomposite coatings.
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Table 1 Mechanical properties of AICrTiN nanocomposite coatings under different bias voltages

Effective elastic

Elastic recovery Residual stress
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—-120 30.814+2.80 398.00+31.32 0.07740.004 9 0.1861+0.035 7 54.96+2.08 —1.368
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