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Influence of magnetic-coil voltage and frequency on structures, mechanical and
tribological performances of AlCrN coatings deposited by multi-arc ion plating
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The hard Al-Cr-N coatings were synthesized at various voltages and frequencies of

magnetic coil in the multi-arc ion plating (M-AIP) system with Cr targets and Al-Cr

alloy targets under the mixed Ar and N

2

 gases at the temperature of 450 °C. The

relationship between the voltage and frequencyof magnetic coil and properties of the

coatings were investigated. Surface morphology, microstructure, hardness, adhesion

strength and tribological performances at room and 773 K temperatures of the

coatings were analyzed by FESEM, AFM, XRD, XPS, TEM, nano-indenter, scratch

tester, and surface profile-meter.

The XRD, XPS and TEM results all indicated the formation of (Al,Cr)N solid-solution

phase. The hardness of the coating deposited at the voltages of magnetic coil of 30 V

was enhanced by solid solution hardening mechanism to 43 GPa, and the coating

demonstrated better wear resistance due to the lower average friction coefficient,

higher hardness and H/E value.

The XRD and TEM results all indicated the appearance of Cr

2

N phase in the coatings

deposited at magnetic-coil frequencies of 1 Hz and 33.3 Hz. The XPS results revealed

that the coating deposited at magnetic-coil frequency of 33.3 Hz possessed a higher

bonding energy of Al 2p

3/2

, Cr 2p

3/2 

and N 1s than that of coatings deposited at

magnetic-coil frequencies of 1 Hz and 11.1 Hz. The hardness of the coating deposited

at magnetic-coil frequency of 33.3 Hz achieved to 4201 HK due to the appearance of

Cr

2

N phase and a higher bonding energy of Al 2p

3/2

, Cr 2p

3/2 

and N 1s in coating, and

the coating demonstrated better wear resistance due to the higher hardness and

lower average friction coefficient. The coating deposited at magnetic-coil frequency of

11.1 Hz exhibited better adhesion strength in spite of a lower hardness.
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