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Abstract

In this research, a nitride layer on tool steel was synthesized using a plasma-assisted nitriding process at
low temperatures. Before nitriding, the SKD61 tool steel was cleaned with a hydrogen plasma for half an hour.
Then, it was heated in a vacuum with 450 °C for half an hour and followed by plasma nitriding for 4 hours. The
nitrogen flow rate was kept at 1000 sccm and mixed with the hydrogen as a different flow rate of 0, 300, and 500
sccm. The operating pressure was held at 149 Pa. The plasma was generated using a 10 kHz power supply with an
average power of 53 W. The optical emission spectra during the plasma nitriding process were analyzed. The
atomic nitrogen species were detected at the wavelengths of 427.33 and 585.57 nm. The atomic hydrogens at the
wavelengths of 434.05, 486.14, and 656.28 nm also were founded. The energy-dispersive X-ray spectroscopy was
used for the elemental analysis of a sample. The atomic nitrogen concentration decrease with the increase of
hydrogen flow rate. The structural property of the nitrided specimens was examined using the X-ray diffraction
technique. The &-Fe,N phase was found corresponding to the 26 of 41.17, and the y'-Fe,N phase was also detected
at 47.97 and 70.2. Moreover, the CrN phase arising from the precipitation was identified at 63.30. The thickness
of the nitrided layer was estimated from the SEM image. It appears that the nitrogen can diffuse into the
specimens up to 184, 93, and 77 um. The Vicker hardness of the nitrided samples was increased from 5.43%0.63
GPa to 11.36£1.20, 12.1740.35, and 7.42%0.62 GPa that is corresponding to the hydrogen flow rate of 0, 300, and

500 sccm, respectively.
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Parameters Plasma cleaning Preheating Plasma nitriding Cool down
Operate pressure (Pa) 16 0.7 149 0.7
Voltage (V) 475%15 - 220, 240, 340 -
Average power (W) ~175 - ~53 -

H, flow rate (sccm) 500 - 0, 300, 500 -
N, flow rate (sccm) - - 1000 -
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