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Effect of Micro-arc Oxidation on Fretting Wear Behavior of TC4 Titanium Alloy
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(Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: With micro-arc oxidation technique, the high hardness ceramic oxide layer (MAO) was prepared on the
surface of TC4 alloy, and the fretting wear behavior of TC4 alloy substrate and micro-arc oxide ceramic layer under two
different displacement amplitudes was studied. The results show that, when the displacement amplitude increases from
80 pm to 150 pm, the fretting damage mechanism of TC4 substrate changes from adhesive wear and abrasive wear to
fatigue wear and oxidation wear, while the damage mechanism of micro-arc oxide ceramic layer is always dominated by
oxidation wear. When the displacement amplitude is 80 pwm, the wear amount of TC4 substrate and micro-arc oxide
ceramic layer is small, but the friction coefficient is high and fluctuates greatly. When the displacement amplitude is
150 pm, the wear amount increases to different degrees, while the friction coefficient decreases slightly and tends to be
stable. Compared with those of TC4 alloy substrate, the average friction coefficient of micro-arc oxide ceramic layer is
small, the wear profile is shallow, and the wear amount is only 70% of that of titanium alloy substrate. In summary,
the results show that the micro-arc oxide ceramic coating can protect the surface of titanium alloy and effectively
improve the wear resistance of TC4 alloy.
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Table 1 Chemical composition of TC4 and GCr15

Material Ti Al \% 0 Fe C

TC4 Bal. 6.5 4.3 0.08 0.06 0.01

Material Fe Cr C Mn Si Ni

GCrl5 Bal. 1.6 1.0 0.3 0.25 0.2
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Table 2 Main mechanical properties of TC4 and GCrl5

Material R, /MPa R, /MPa HRC E/GPa
TC4 1700 2000 62 210
GCrl5 =825 =895 30 119
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Fig. 1  Friction coefficient variation curves of TC4 substrate and

micro-arc oxide film at different displacement amplitudes

(a) D=80 wm; (b) D=150 pm
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Fig.2 Wear volume(a) and wear rate(b) of TC4 substrate and

micro-arc oxide film at different displacement amplitudes
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Fig. 3 LSCM test results of wear scar at displacement amplitude of 80 um: (a)wear trace morphology of TC4 substrate;

(b) wear trace morphology of micro-arc oxide film; (¢) grinding depth curves
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Fig. 4 LSCM test results of wear scar at displacement amplitude of 150 wm: (a)wear trace morphology of TC4 substrate ;

(b) wear trace morphology of micro-arc oxide film; (¢)grinding depth curves
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Fig. 5 Surface morphologies of TC4 substrate (a) and micro-arc oxide film (b, c¢)
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Fig. 7 Wear morphologies of TC4 substrate (a~c) and micro-arc oxide film (d ~f) at displacement amplitude of 150 pm
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