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Dependent Effects of Particle Size on Erosion Wear Mechanism of TC4 Titanium Alloy
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Abstract: Using a self-developed air jet erosion experiment platform, an erosion experiment on TC4 titanium alloy with quartz
sand in different sizes was performed. The mass loss rate of the erosion, microtography of erosion areas and the stress
were measured and analyzed, using a variety of instruments including electronic balance, scanning electron microscope (SEM)
and X-ray diffraction (XRD). The results show that the erosion mechanism of TC4 titanium alloy surface is significantly
dependent on the particle size and the mechanism changes at 400 um. When the particle size is below 400 pum, the mass loss
rate gets less than 0.4 mg/g and plowing, cutting, shoveling and pitting are the main forms of damage in the surface of TC4
titanium alloy. While the particle size is more than 400 um, ductile-brittle transition occurs on the surface of TC4 titanium
alloy at high strain rate, the mass loss rate suddenly rises above 0.8 mg/g, and cleavage damage and brittle flaking are the main
forms of damage. Furthermore, the dual criterion model of cleavage fracture explains the brittle flaking phenomenon on TC4
titanium alloy when the particle size is more than 400 pum.
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Table 1 Chemical composition of the TC4 titanium alloy used in
the experiment (W/%)

Element Fe V Al C (6] N H Ti
Content 0.10 4.00 5.70 0.02 0.05 <0.01 <0.001 Bal.
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Fig.1 SEM images of erosion particles with different size
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Fig.2 Schematic diagram of sand erosion test equipment
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Fig.5 Mass loss rate of TC4 titanium alloy affected by different
particle size
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Fig.6 Macroscopic morphologies and two-dimensional profiles of
TC4 titanium alloy affected by different particle size at 30°
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Fig.7 Macroscopic morphologies and two-dimensional profiles of
TC4 titanium alloy affected by different particle size at 60°
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Fig.8 Damage SEM images of TC4 titanium alloy affected by different particle size at 30°
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Fig.9 Damage SEM images of TC4 titanium alloy affected by different particle size at 60°
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Fig.10 Cross section SEM images of TC4 titanium alloy affected
by different particle size at 60°
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