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Effects of Partial Pressure of N, on Microstructure and Mechanical Properties of
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Abstract: Superlattice coatings have been paid extensive attention to the cutting tool industry due to their excellent me-
chanical properties and oxidation resistance. AICrTiSiN coatings were deposited on the surface of high-speed steels by
multi—arc ion plating, and the effects of nitrogen partial pressure on the microstructure and mechanical properties of these
AICrTiSiN coatings were investigated. XRD, XPS and SEM were used out to study the microstructure of these superlat-
tice coatings, and nanoindetation test, scratch tester and pin—on—disk tribo—test were employed to measure the mechani-
cal properties of the coating. The results show that the microstructure of the superlattice coatings are composed of
(Cr,ADN phase, (Ti,ADN phase and (Cr,AD), N phases as well as amorphous Si and Si; N, phases. Compared with the
superlattice coatings deposited with 4 Pa partial pressure of nitrogen, the superlattice coatings deposited at 2 or 3 Pa present
higher hardness, bearing capacity and adhesion strength of the coating to the substrate, as well as lower friction coefficient
and wear rate. Additionally, cutting experiments of 45 steel and iron casting show that the tool with AICrTiSiN coating
reveals much higher cutting property than that of the tool with AICrN coating, and the tool without any coating displays

the lowest cutting property.
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Table 1 Deposition parameters of the AICrTiSiN superlattice coatings

Partial pressure

Current/A Deposition

Procedure  Bias voltage/V Temperature/ C
of N /Pa Cr AICr  AITiSi time/min
1 200 0.8 60 0 0 450 4
2 100 1.5 60 50 0 450 3.3
3 80 3.0 0 75 0 450 90
80 2.0 0 75 75 450 120
4 80 3.0 0 75 75 450 120
80 4.0 0 75 75 450 120
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Fig.5 Surface morphologies of the AICrTiSiN superlattice coatings deposited at different partial pressures of N,
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Table 2 Comparison of cutlery life with AICrTiSiN superlattice coating, AICrN and without coating (Casting iron)

Cutting speed/

Rotating speed/

Sample Coating Cutting material Cutting time/ h Failure
(m + min™") (n e+ min™")

1 No Casting iron 47 1 500 3 Wearing

2 AICrN Casting iron 47 1500 5 Wearing

3 AICrTiSiN Casting iron 47 1500 8 Wearing

£ 3 AICTiSIN BRIERE AICN R EM AR ETENHI Fa et B (P1H] 45 WM TH)
Table 3 Comparison of lifetime of butt mills with AICrTiSiN supperlattice coating, AICrN and without coating (45 steel)

Cutting speed/

Rotating speed/ Cutting time/

Sample Coating Cutting material Failure
(m * min™") (n* min") h

1 No 45 steel 22 715 0.5 Wearing

2 AICrN 45 steel 22 715 2 Wearing

3 AlICrTiSiN 45 steel 22 715 4 Wearing
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Fig. 13 Wearing morphologies of the high—speed steel tools
without coatings and with AICrN and AICrTiSiN coatings
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