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Abstract: To enhance the tribological properties of an as-cast equiatomic NiCoCr medium-entropy alloy (MEA), surface
modification was performed via nitrogen ion implantation. The influence mechanism of N-ion implantation on the wear
resistance of NiCoCr MEAs was systematically investigated by scanning electron microscopy (SEM), X-ray diffraction (XRD),
and X-ray photoelectron spectroscopy (XPS). The results indicate that nitrogen ion implantation introduces the CrN phase
into the NiCoCr MEA surface, significantly increasing its microhardness to 373.1 HV,, (1.69 times greater than that of
the as-cast alloy). Compared with the as-cast state, the modified alloy demonstrates substantially superior wear resistance,
with a reduced wear volume of 6.79 x10? mm’® when sliding against a ZrO, counterpart. The sliding frequency has a
pronounced influence on the tribological behavior: the friction coefficient initially increases and then decreases with increasing
frequency, whereas the wear rate has the opposite trend. In addition, wear mechanisms exhibit frequency dependence: at
low frequencies (1 Hz), oxidative wear and adhesive wear dominate, accompanied by cracking and plastic deformation; at
higher frequencies (2~5 Hz), abrasive wear prevails alongside oxidative wear and minor plastic deformation.
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Fig.1 XRD patterns of as-cast and N-ion-implanted NiCoCr MEA: (a) XRD patterns; (b) amplification of (111) diffraction peaks
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2 N NiCoCr MEA XPS :(a) ;(b) O 1s;(c) N 1s;(d) Ni 2p;(e) Co 2p;
(f) Cr2p
Fig.2 XPS spectral analysis results of the as-cast and N-ion-implanted NiCoCr MEA samples: (a) total spectrum; (b) O 1Is; (¢) N 1s;
(d) Ni 2p; (e) Co 2p; (f) Cr 2p

3 N NiCoCr MEA :(a) ;(b) N
;(0)
Fig.3 Microhardness measurement and analysis results of as-cast and N-ion-implanted NiCoCr MEA samples:
(a) rectangular lattice morphology diagram of the as-cast sample; (b) rectangular lattice morphology diagram of the N-ion implanted
sample; (c) slope of the Weibull curve obtained by fitting the Vickers microhardness
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Fig.4 Comparative analysis results of the tribological properties of the as-cast and N-ion-implanted NiCoCr MEA under friction and
wear conditions of 5 N/1 Hz: (a) evolution law of the friction coefficient; (b) three-dimensional contour morphology of the wear mark
of the as-cast sample; (¢) three-dimensional contour morphology of the wear mark of the N-ion implanted sample; (d) wear volume;
(e) wear rate; (f) two-dimensional contour morphology comparison of the wear mark
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Fig.6 Three-dimensional morphology of the wear marks on NiCoCr MEA samples after N-ion- implantation under different loads and
sliding frequencies: (a) 5 N/1 Hz; (b) 10 N/1 Hz; (c) 15 N/1 Hz; (d) 5 N/2 Hz; (e) 10 N/2 Hz; (f) 15 N/2 Hz; (g) 5 N/5 Hz;
(h) 10 N/5 Hz; (i) 15N/5 Hz
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7 . Zr0O, :(a) 5 N/1 Hz; (b) 10 N/1 Hz; (c) 15 N/1 Hz; (d) 5 N/2 Hz;
(e) 10 N/2 Hz; () 15 N/2 Hz; (g) 5 N/5 Hz; (h) 10 N/5 Hz; (i) 15 N/5 Hz
Fig.7 Three-dimensional morphology of the wear marks on the ZrO, grinding pair after wear under different loads and sliding
frequencies: (a) 5 N/1 Hz; (b) 10 N/1 Hz; (c) 15 N/1 Hz; (d) 5 N/2 Hz; (e) 10 N/2 Hz; (f) 15 N/2 Hz; (g) 5 N/5 Hz; (h) 10 N/5 Hz;
(1) I5N/5 Hz
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8 :(a) 5 N/1 Hz; (b) 10 N/1 Hz; (c) 15 N/1 Hz; (d) 5 N/2 Hz; (e) 10 N/2 Hz;
(f) 15 N/2 Hz; (g) 5 N/5 Hz; (h) 10 N/5 Hz; (1) 15 N/5 Hz
Fig.8 SEM images of the worn surface morphology of N-ion-implanted NiCoCr medium-entropy alloys under different normal loads
and sliding frequencies: (a) 5 N/1 Hz; (b) 10 N/1 Hz; (c) 15 N/1 Hz; (d) 5 N/2 Hz; (e) 10 N/2 Hz; (f) 15 N/2 Hz; (g) 5 N/5 Hz;
(h) 10 N/5 Hz; (i) 15 N/5 Hz

9N NiCoCr MEA :(a) 5 N-1 Hz; (b) 15N-5Hz
Fig.9 Wear mask morphology of N-ion-implanted NiCoCr MEA: (a) 5 N-1 Hz; (b) 15 N-5 Hz

10 N NiCoCrMEA 5N SEM :(a) 1 Hz; (b) 2 Hz; (c) 5 Hz
Fig.10 Cross-sectional SEM images of the worn surface of the N-ion-implanted NiCoCr MEA at a normal load of 5 N: (a) 1 Hz;
(b)2 Hz; (c) 5 Hz
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11 N NiCoCr MEA

:(a) 1/2 Hz; (b) S5 Hz

Fig.11 Mechanistic schematic of wear and friction for N-ion-implanted NiCoCr MEA: (a) 1/2 Hz; (b) 5 Hz
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