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Abstract: In this study, MoN coating was deposited on 9Cr18 steel substrate and Si wafer by high power pulsed
magnetron sputtering. The effects of different bias voltages on the microstructure, mechanical properties and tribological
properties of MoN coatings were systematically studied, and the coatings with excellent wear resistance were selected.

The surface and cross-section morphology of the coating were analyzed by field emission scanning electron microscopy.

Received 23 September 2022, revised 27 December 2022, accepted 27 December 2022, available online 29 December 2022.
*Corresponding author. E-mail: suixudong@licp.cas.cn, Tel: +86-18041376636; E-mail: ywan2007@163.com, Tel: +86-
15315328302.

This project was supported by the National Natural Science Foundation of China (51835012, 51975554), the Natural Science
Foundation of Gansu Province (21JR7RAO081), the Basic Research Projects (2020-JCJQ-ZD-155-12) and CAS “ Light of West
China”.

5 Rl 3 42(51835012, 51975554) H i & R iHRI 21JRTRA081). FEREHF 77 1% (2020-JCIQ-ZD-155-12)F1 Pa #8 2.
T H BB,


https://doi.org/10.16078/j.tribology.2022198
mailto:suixudong@licp.cas.cn
mailto:ywan2007@163.com

%10 3

The crystal phase structure of the coatings were analyzed by X-ray diffractometer. The hardness and elastic modulus of
the coating were measured by nanoindenter. The adhesion of coating was analyzed by scratch tester. Three-dimensional
profilometer was used to analyze the wear depth of MoN coating. The friction and wear properties of the coatings were
evaluated by CSM friction and wear tester. The results showed that: in terms of microstructure, the surface of MoN
coating deposited by HiPIMS technology was compact and smooth, and there were no obvious defects such as large
particles and microcracks. With the increase of bias voltage, the ion bombardment on the substrate was enhanced, which
made the grown columnar crystal interrupted, the coating changed from columnar crystal structure to compact and
featureless crystal structure. And the phase structure was dominated by face-centered cubic Mo,N phase, with a small
amount of Mo phase structure. In terms of mechanical properties, with the increase of bias voltage, the ion bombardment
effect increased, and the hardness of the coating gradually increased. When the bias voltage was 160 V, the hardness of
the coating was the highest, reaching 33 GPa. The elastic modulus of MoN coating showed a trend of increasing at first
and then decreasing, when the bias voltage was 120 V, the maximum elastic modulus was 357.7 GPa. The corresponding
increase of H/E and H'/E* values also represented the enhancement of wear resistance of MoN coating. MoN coating
deposited by HiPIMS method all showed good coating-substrate adhesion (about 60 N). However, with the increase of
bias voltage, the residual stress of MoN coating increased, and when the bias voltage was 160 V, the bonding force
decreased to about 58 N. In terms of tribological properties, there was no obvious difference in friction coefficient of
MoN coating deposited under different bias voltages, and the average friction coefficient of coating deposited under 120 V
bias voltage was the lowest, which was 0.24. In terms of wear rate, the wear rate of S120 and S160 samples was two
orders of magnitude lower than that of S40 and S80 samples. This was because the energy bombardment carried by
plasma was weak under low bias voltage, the coating deposited on the substrate had low bonding strength and poor
compactness. Moreover, the columnar loose structure of MoN coating leads to its low hardness, poor crack propagation
resistance and wear resistance, and it was easier to produce microcracks and local spalling during friction. By adjusting
and increasing the appropriate bias voltage, the coating structure was denser, and the coating had no crack defects.
Meanwhile, with the enhancement of ion bombardment effect, the bonding force and hardness of the coating were
increased. The anti-plastic deformation ability of the coating was enhanced, which effectively inhibited the generation
and expansion of cracks, and the abrasive particles peeled off during friction were correspondingly reduced. The wear
marks of the coating were relatively narrow and shallow, among them, the lowest wear rate of S160 was 1.4x
10” mm’/(N*m).
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Fig. 1 Schematic diagram of high power pulsed magnetron sputtering (HiPIMS) deposition system
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Table 1 Deposition parameters of MoN coatings

deposited by HiPIMS

Parameters Specification
Working pressure/Pa 0.33

Bias voltage/V 40/80/120/160
Sputtering power/kW 55
Peak current/A 280
Frequency/Hz 100
Pulse width/ps 300
Duty cycle 3%
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Fig.2 XRD patterns of MoN coatings deposited under
different bias voltages conditions
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Fig. 4 Image of MoN coating deposited on the surface of 9Cr18 steel and silicon wafer
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Fig. 5 Hardness and elastic modulus of MoN coatings deposited under different bias voltages conditions:
(a) hardness; (b) elastic modulus
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coatings deposited under different bias voltages conditions
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Fig. 7 (a) Friction coefficient curves, (b) average friction coefficient and (c) wear rates of the MoN
coatings deposited under different bias voltage conditions
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Fig. 10 Three-dimensional wear scar morphologies of MoN coatings prepared under different bias voltage conditions
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