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Effects of Duty Cycle on Thermal Stability and Oxidation Resistance of AICrSiN
Coatings Deposited by Pulsed Arc Ion Plating

ZHONG Xing, WANG Qimin, XU Yuxiang, WU Yiming, MO Jinjun, WU Zhengtao
(School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: AICrSiN coatings were deposited using pulsed and DC arc ion plating, respectively. The effect of the duty cycle on
the structure and properties of the coating were investigated. The growth morphology and chemical composition of the
coatings were analyzed by scanning electron microscopy. Phase composition and chemical bond valence were further
examined by XRD and X-ray photoelectron spectroscopy, respectively. The hardness and elastic modulus of the coatings were
derived from nanoindentation. In addition, AICrSiN coatings were vacuum annealed and oxidized to evaluate their high-
temperature structural/mechanical stability and oxidation resistance, respectively. All AICrSiN coatings exhibit a
nanocomposite structure with nanocrystalline (Al, Cr)N enveloped by amorphous SizNas. Pulsed arc deposition can improve the
surface quality and increase the compactness and hardness of the coatings. With a duty cycle of 1%, the AICrSiN coating has
the smallest surface roughness (47 nm) and the highest hardness (31.5 GPa). Moreover, the AICrSiN coatings have good
thermal stability and can remain a hardness above 30 GPa after annealing at 950 °C. The oxidation resistance of AICrSiN
coatings exceeds 1000 °C, and the oxidation resistance is slightly improved with the increase of the duty cycle
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Fig.1 Power output waveform of pulsed arc ion plating
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Table 1 Deposition parameters of the AICrSiN coatings

Current / A
Coating Frequency /kHz  Duty cycle
Imin Tmax IAvg
AICrSIN. DC 75 75 75 N/A N/A
AICrSiN_1 73 273 75 10 1%
AICISIN_5 66 246 75 10 5%
AICrSiN_10 60 210 75 10 10%
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Fig.2 Surface and cross sectional morphologies of the AICrSiN coatings deposited at different duty cycle

B2 RFE 525 H AICTSIN R AR I 50

Fz2 HIZWAICSINAEHNEEE., BE. Ao BENH BEMHEMEEE

Table 2 Roughness, thickness, composition, residual stress, hardness, and elastic modulus of deposited AICrSiN coatings

Elemental composition, a/%

Coating Roughness /nm  Thickness / um Al c - Residual stress / GP Hardness / GPa  Elastic / GPa
T i
AICrSiN_DC 83+3.3 2.1+0.1 2549 1534 427 5490 —4.05+0.12 27.55+0.51 371.7+6.7
AICrSiN_1 47+0.8 2.440.1 25.68 14.51 440 5541 —4.95+0.10 31.45+0.51 366.6+7.9
AICrSiN_5 68+1.5 2.3+0.1 26.06 14.68 445 54.81 —4.35+0.12 30.71+0.55 367.1+4.0
AICrSiN_10 70+2.5 2.1+0.1 2572 1455 4.56 55.17 —4.26+0.08 28.96+0.37 347.8+4.3
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