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Abstract This study aimed to address the limitations of traditional plasma nitriding methods by implementing a short-term
plasma oxy-nitriding treatment on the surface of AISI 420 martensitic stainless steel. This treatment involved the sequential
formation of nitride and oxide layers, to enhance surface hardness and corrosion resistance, respectively. The process resulted
in the formation of a 20 um-thick nitride layer and a 3 pm-thick oxide layer on the steel surface. Initially, the hardness increased
by 2.2 times after nitriding, followed by a subsequent decrease of approximately 31 % after oxidation. While the nitriding
process reduced corrosion resistance, the subsequent oxidation process led to the formation of a passive oxide film, effectively
resolving this issue. The pitting corrosion of the oxide passive film started at 82.6 mVssc, providing better corrosion resistance
characteristics than the nitride layer. Consequently, the trade-off between surface hardness and corrosion resistance in plasma
oxy-nitrided AISI 420 martensitic stainless steel is anticipated to be recognized as an innovative and comprehensive surface

treatment process for biomedical components.
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Table 2. Representative oxy-nitriding treatment conditions for AISI 420 stainless steels.

Stage Tirvne Degree of vacuum Temp. Power Gas volume ratio

(min) (Pa) Q) (kW) H, A, N, 0>
1. Preparing 30 26.7 250 (8.3 °C/min) 0 0 0 0 0
2. Cleaning 60 106.7 250 1.6 1 4 0 0
3. Pre-nitriding 60 1333 400 (2.5 °C/min) 1.6 3 0 1 0
4. Nitriding 300 600 400 2.0 3 0 1 0
5. Pre-Oxidation 30 600 400 2.0 3 0 0 1
6. Oxidation 60 600 400 2.0 3 0 0 1
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Fig. 1. Cross-sectional microstructure of AISI 420 specimens subjected to oxy-nitriding heat treatment: (a) optical microscopy image and (b)

FE-SEM image.
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Fig. 2. X-ray diffraction patterns of AISI 420 samples subjected to
tempering, plasma nitriding, and plasma oxidation processes.
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Fig. 3. Micro-Vickers hardness of AISI 420 samples subjected to
solution treatment, tempering, plasma nitriding, and plasma oxida-
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Fig. 4. Potentiodynamic polarization curves of AISI 420 specimens
subjected to tempering, plasma nitriding, and plasma oxidation
processes.

Table 3. Potentiodynamic polarization results of AISI 420 speci-
mens subjected to tempering, plasma nitriding, and plasma oxida-
tion processes.

Alloy Tempered  Nitrided  Oxy-nitrided
AIST 420  AISI 420 AIST 420
Ecor (MVise) -497 -849 -661
icorr (A/cm’) 0.16 65.6 0.91
ipass (LA/cm?) - 995 0.29
Epit (MViie) - 21 82.6
Corrosion rate (um/y)  0.001835  0.752260 0.010435
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