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Abstract: With the requirements of high-speed steel material cutting and machining are increasingly in high advanced manufacturing
fields, there is an urgent need using nitride films to improve the hardness of the substrate materials and wear resistance and other
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comprehensive properties. Meanwhile the service life of high-speed steel materials is extended. The effects of the pulsed bias duty
cycle on the microstructure and properties of TiCrN films were investigated to optimize the deposition process parameters and
improve the properties of TiCrN films. TiCrN films subjected to different pulsed bias duty cycles were deposited onto M2 high-speed
steel (HSS) substrates and Si wafers using the arc ion-plating method. The surface morphology, elemental composition, phase
structure, and nanohardness of the TiCrN films were examined using scanning electron microscopy, energy-dispersive spectrometry,
X-ray diffraction, and nanohardness indentation. The corrosion behaviors and tribological properties of the coated and uncoated M2
HSS samples were examined using an electrochemical workstation and a pin-on-disk tribometer at room temperature.
Potentiodynamic polarization curves were used to calculate the self-corrosion potential and self-corrosion current density of the tested
samples in a 3.5 wt.% NaCl solution. With an increase in the pulsed bias duty cycle from 10% to 60%, the amount of macroparticles
on the TiCrN film surfaces decreased, and the surface quality improved. At pulsed bias duty cycle of 10%, the maximum amount of
macroparticles was 175, whereas at pulsed bias duty cycle of 60%, the minimum amount of macroparticles was 85. The thicknesses of
the TiCrN films ranged from 517.4 to 623.8 nm. The TiCrN film thickness showed a trend of increasing at pulsed bias duty cycles of
10%-30% and decreasing at pulsed bias duty cycles of 30%-60%. At pulsed bias duty cycle of 30%, the thickness of the TiCrN film
reached the maximum value of 623.8 nm. At pulsed bias duty cycle of 60%, the minimum thickness was 517.4 nm. At pulsed bias
duty cycle of 10%, the Cr content reached 33.9 at.%, the grain size of the TiCrN film reached the minimum of 12.692 nm, and the
nanohardness and elastic modulus reached maximum values of 29.22 and 407.42 GPa, respectively. At pulsed bias duty cycle of 30%,
the Cr content reached the minimum of 33.07 at.%, the grain size of the TiCrN film reached the maximum of 15.484 nm, the stable
friction factor was 0.9, and the nanohardness reached the minimum of 25.83 GPa. All TiCrN films deposited under different pulsed
bias duty cycles showed preferred orientations in the (220) crystal plane, and the diffraction peak intensity gradually increased as the
pulsed bias duty cycle increased from 10% to 40%. However, the intensity of the (220) crystal orientation diffraction peak decreased
when the pulsed bias duty cycle exceeded 40%. The nanohardness of the TiCrN films under different pulsed bias duty cycles exceeded
25 GPa, which is more than 2.8 times of that of M2 HSS. Potentiodynamic polarization curves showed that TiCrN films subjected to
different pulsed bias duty cycles exhibited improved corrosion resistance. Compared with the M2 HSS substrate, the corrosion
resistance of the TiCrN films showed that the corrosion potential increased by approximately 0.556-0.642 V, and the corrosion current
density decreased by more than one order of magnitude. Friction factor curves plotted using the pin-on-disk wear test results, as well
as optical microscopy observations of wear trace width and morphologies, indicated that the TiCrN films exhibited significant wear
resistance compared to the uncoated M2 HSS substrate. The wear scars on the TiCrN films were more uniform, and the number of
furrows decreased significantly. At pulsed bias duty cycle of 20%, the factor of friction and the abrasion width of the TiCrN films
reached minimum values of 0.68 and 0.63 mm, respectively. The potentiodynamic polarization curve for the 20% cycle showed that
the self-corrosion potential (E,,) of the TiCrN film reached the maximum of 0.330 V (vs. SCE), and the self-corrosion current density
(icorr) reached the minimum value of 0.255 pA/ cm?. At pulsed bias duty cycle of 20%, the corrosion resistance was the highest, and
the corrosion rate was the lowest. Compared with the M2 HSS substrate properties, the hardness, corrosion resistance, friction, and
wear properties of the TiCrN films with different pulse bias duty cycles improved significantly. The Cr content and ion bombardment
were the main factors that influenced the microstructure and properties of the TiCrN films. These results provide experimental basis
for optimizing the hard films deposition process. TiCrN films have a better application future for the properties improvement of
cutting tool materials.
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Fig. 1 Schematic diagram of arc ion plating system
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Table 1 Elemental composition of M2 high speed steel (wt.%6)

Element Fe C Cr \% Mo w

Content 81.3 0.93 4.22 1.92 5.25 6.38
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Fig. 2 Surface morphologies of TiCrN films with different pulsed bias duty cycles
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Fig. 4 Cross-section morphologies of TiCrN films with different pulsed bias duty cycles
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