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Table 1 Chemical compositions of TA2 (mass fraction, %)

Fe Si C N H o Ti

<0.30 - <0.10 <0.05 <0.015 <0.25 Bal.
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Fig. 1 Cross-sectional morphologies of oxide layer of sample pulse oxidation at 700 ‘C for different time: (a) Pulse,
oxidation, 3 h; (b) Pulse oxidation, 4.5 h; (c) Pulse oxidation, 6 h; (d) Continuous oxidation,, 3 h; (¢) Continuous oxidation,,
4.5 h; (f) Continuous oxidation,, 6 h
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Fig. 2 Cross-sectional morphologies of oxide layer of sample pulse oxidation at 800 ‘C for different time: (a) Pulse
oxidation, 3 h; (b) Pulse oxidation, 4.5 h; (c) Pulse oxidation, 6 h; (d) Continuous oxidation, 3 h; (¢) Continuous oxidation,
4.5 h; (f) Continuous oxidation, 6 h
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Fig. 3 XRD patterns of surface characteristic peak of pure titanium sample pulse oxidation for 4.5 h: (a) Pulse oxidation;

(b) Continuous oxidation
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Fig. 4 Elements contents at different depths of pulse
sample at 700 ‘C for 6 h: (a) Cross-sectional morphology;

(b) Element content curves
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Table 2 Oxygen content at different depths of oxide layer

of pulse sample at 700 ‘C for 6 h

Area Distance/um Oxygen content, w/%
A 2.02 38.12
B 591 34.71
C 7.32 30.18
D 8.65 27.17
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Fig. 5 Cross-sectional morphology of oxide layer of pulse
sample at 700 “C for 6 h
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Fig. 6 Diffusion mechanism of oxygen atoms in pure titanium at high temperature: (a) Oxygen enrichment; (b) Oxygen

diffusion; (c¢) Formation of oxygen diffusion layer; (d) Formation of oxide layer
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Fig. 9 Surface friction curves of pure titanium sample after 4.5 h oxygen treatment: (a) Pulse oxidation; (b) Continuous

oxidation
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Fig.10 Surface wear morphologies of pure titanium samples under oxygen infiltration time of 4.5 h: (a) Pulse oxidation,
500 °C; (b) Pulse oxidation, 600 C; (¢) Pulse oxidation, 700 “C; (d) Pulse oxidation, 800 °C; (¢) Continuous oxidation, 500 C;
(f) Continuous oxidation, 600 ‘C; (g) Continuous oxidation, 700 ‘C; (h) Continuous oxidation, 800 C
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Effect of pulse oxidation on friction and wear properties of
industrial pure titanium surface

ZHANG Cong-hui, LIU Ying, XIAO Gui-zhi, ZHANG Jin

(College of Metallurgy Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: In order to improve the wear resistance of industrial pure titanium in the process of application, the
method of pulse oxidation was used under different temperatures and time. X-ray diffractometer (XRD), scanning
electron microscope (SEM), nano indentation tester and friction and wear tester were used to test the characteristic
peak strength, morphology characteristics, indentation hardness, surface friction coefficient and wear scar
cross-sectional area of the wear mark. The results show that oxidation layer and oxygen diffusion layer form on the
surface of industrial pure titanium samples by pulse oxidation. Compared with the continuous oxidation samples
and the original samples, the surface hardness of the pulse oxidation sample at 700 ‘C for 6 h is the largest, being
15.39 GPa, which is about 1.7 times of that of the continuous oxidation sample, 7.3 times of that of the original
sample. The friction coefficient and wear scar cross-section area of the pulse oxidation sample at 800 ‘C for 4.5 h
are the smallest, which are 0.24 and 317.44 um’, respectively. The adhesive wear of the samples is significantly
weakened and the wear resistance is improved.

Key words: industrial pure titanium; pulse oxidation; oxidation layer; oxygen diffusion layer; friction; wear
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