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Abstract: Plasma oxynitriding of TC4 titanium alloy was conducted at 700, 750, and 800 °C. The effects of processing
temperature on the microstructure, surface hardness, and wear resistance of the coatings were investigated, along with
the underlying reaction mechanisms. The results show that a multi-layer composite diffusion structure, consisting of
Ti-0O, Ti-N, and Al-rich layers, forms on the TC4 substrate after treatment. The thickness of these layers increases with
rising temperature. Moreover, plasma oxynitriding enhances the surface hardness of TC4 substrate from 300 HV to
554 HV. The friction coefficients of the co-diffusion layers produced at 700 °C and 750 °C are notably higher than that
of the untreated TC4 substrate. In contrast, the specimen treated at 800 °C exhibits a low initial friction coefficient,
which subsequently rises to 0.65, showing consistency with the specimens treated at 700 °C and 750 °C. Overall,
plasma oxynitriding effectively protects the substrate, improves the wear resistance of the material, and alters the
dominant wear mechanism from abrasive to adhesive wear and oxidation behavior.
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Table 1 Fabrication parameters of plasma oxynitriding

No. V(N,) : (0y) Temperature/°C Time/h

1* 101 700 1

2" 101 750 1

3* 10:1 800 1
1.3 &

KA SUS000 #d7 &G Ao T B8 (SEMD
MBS B T RA LB B R AT RS, I ae ik
1 (EDS) %455 F R A LB E Mo R A gk A7 7047 .
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Fig.1 Surface morphologies of plasma oxynitriding specimens at different temperatures: (a—c) 700 °C; (d—f) 750 °C; (g—i) 800 °C
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Table 2 EDS analysis results of plasma oxynitriding specimens

Area C N O Al Ti \Y Fe

Areal 0.33 2892 7.10 029 63.10 — 0.26
Area2 0.72 2298 12.64 326 5844 130 0.66
Area3 0.75 23.11 14.67 2.15 5746 1.06 0.80
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1.2 um 382, HBES5EAEE REF, FHEmT#
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Fig.2 Cross-section morphologies and EDS element line scan maps of plasma oxynitriding specimens at different temperatures:

(a—c) 700 °C; (d—f) 750 °C; (g—i) 800 °C
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Fig.3 Surface hardness of plasma oxynitriding specimens

at different temperatures
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Fig.5 Wear morphologies of TC4 substrate and plasma oxynitriding specimens at different temperatures:

(a—c) TC4; (d—f) 700 °C; (g—i) 750 °C; (j~1) 800 °C
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Fig.6 EDS eclement surface scan maps of worn area of TC4 substrate and plasma oxynitriding specimens at different temperatures:

(a—c) TC4; (d—g) 700 °C; (h—1) 750 °C; (m—q) 800 °C
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