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Abstract: To investigate the tribological properties of AlCoCrFeNiCu high — entropy alloy in hydrogen peroxide with strong
oxidizability, a series of pin — on — disk tribo — tests were carried out using AlCoCrFeNiCu as pin and three types of
engineering ceramics ( ZrO,, SiC and Si;N, ) as disk in a 90% hydrogen peroxide. The characterization techniques,
including white light confocal microscope (CM) , scanning electron microscopy (SEM) and energy dispersive spectrometer
(EDS), were employed to analyze the worn surfaces, and the wear mechanism of AlCoCrFeNiCu/ ceramic tribo — pairs was
discussed. The results showed that when sliding against SiC and Si;N, ceramics, the AlCoCrFeNiCu pins had mild wear and
low friction coefficient. The wear mechanism of AlCoCrFeNiCu/ZrO, tribo — pair was a combination of adhesive wear,
abrasive wear and oxidative wear. Both AlCoCrFeNiCu/SiC and AlCoCrFeNiCu/Si;N, tribo — pair exhibited polishing oxide
wear and three — body abrasive wear. The effect of boundary lubrication was found for AlICoCrFeNiCu/Si;N, tribo — pair.
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Fig. 1 SEM micrographs of as — cast AlCoCrFeNiCu high — entropy alloy
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Table 1 Chemical composition of as — cast

AlCoCrFeNiCu high - entropy alloy ( atomic fraction)

Element Al Co Cr Fe Ni Cu

Nominal 16.67 16.67 16.67 16.67 16.67 16.67
ID 15.66 18.45 20.17 18.70 15.02  12.00
DR 12.04 5.42 2.93 4.59 10.02  65.01

ID ;interdendrite ; DR ; dendrite

*2 %7 AlCoCrFeNiCu &1 =R E4HERE
Table 2 Room temperature
compressive properties of AICoCrFeNiCu alloy

Alloy E/GPa
AlCoCrFeNiCu 46.67

o,/MPa o, /MPa &,/% HV

1500.0  1890.0 5.8 475.345

4 AlCoCrFeNiCu i &5 & T LA 1A, R1
8 mm x 15 mm; XHE AR 3 Fh TREFEE, 2
%Uﬂ‘j Zroz(Yzos i—ﬁﬁ) \SiC ﬂ:ﬂ Si3N4 ’RTJ*:V‘LJ%&I\XJX:
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Table 3 Physical and mechanical properties of the ceramics

Material Density/ Hardness, Young's Fracture toughness Coefficient of thermal Thermal conductivity/
atena (g+em™?) HR45N modulus/GPa /(MPa - m"?) expansion x 10 ¢ /K ™! (W-m™' K1
70, 5.8 84 225 7.13 10.2 2.5
SiC 3.1 93 441 4.65 4.8 58.6
Siz Ny 3.2 87 294 4.71 3.2 12.6

x4 HBAZTELSHYEER
Table 4 Physical properties of H,O,
Concentration Density Melting Boiling Viscosity Thermal conductivity Active oxygen content
© /(kg-dm™),25C  point/C  point/’C  /(MPa-s),20C /(W-em™'-C"") 20<C /(g kg™")
90% 1.39 -10.9 141.0 1.256 5.69 >329
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Fig.2 Illustration of the pin — on — disk tester and the plane — on — plane configuration
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Fig.3  Frictional traces of AlCoCrFeNiCu/ceramic pairs
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Fig.4  Average friction coefficients of AlCoCrFeNiCu/
ceramic pairs and wear height of AlCoCrFeNiCu pins
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Fig.5 Three — dimensional morphologies of the worn surfaces of AlCoCrFeNiCu/ceramic tribo — pairs
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(a) Worn surface of AlICoCrFeNiCu
Fig. 6 SEM micrographs and EDS analysis of the worn surfaces of AlCoCrFeNiCu/ZrO, tribo — pair
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Table 5 EDS analysis of the selective region in Fig. 6

Atomic percentage

Tribo — pairs -
0 Al Ir Cr Fe Co Ni Cu
AlCoCrFeNiCu 23.92 15.36 5.22 10.29 10.85 9.35 9.23 15.77
70, 4.03 4.83 41.14 10.92 10.84 10.20 9.47 8.57
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Fig.7 SEM micrographs and EDS analysis of the worn surfaces of AlCoCrFeNiCu alloy
7 AlCoCrFeNiCu BB F A SEM IR F 1 EDS 434
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(b) Worn surface of SiC
Fig.8 SEM micrographs and EDS analysis of the worn surfaces of AlCoCrFeNiCu/SiC tribo — pair
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Table 6 EDS analysis of the selective region in Fig. 8

Atomic percentage

Tribo — pairs

0 Al Cr Co Ni Cu C Si
AlCoCrFeNiCu 16.55 13.75 16.65 15.30 14.78 12.93 10.06 0.00 0.00
SiC 0.00 0.00 0.00 0.00 0.00 0.00 42.21 57.79
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(a) Worn surface of AlCoCrFeNiCu
Fig.9 SEM micrographs and EDS analysis of the worn surfaces of AlCoCrFeNiCu/ Si;N, tribo — pair
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Table 7 EDS analysis of the selective region in Fig. 9

Atomic percentage

Tribo — pairs

0 Al Cr Co Ni Cu N Si
AlCoCrFeNiCu 15.32 14.63 15.72 14.84 14.69 13.68 11.12 0.00 0.00
Siz Ny 0.00 0.00 0.00 0.00 0.00 0.00 33.11 66. 89
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