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Fig. 1  Spectrum analysis results of oxygen atom
concentration at different depths from surface: (a) Oxygen
atom concentration at different depths from surface; (b)
Spectrogram analysis of oxygen

210
190
5170— . - - ] )
150+
1300 2I0 4IO 6IO 80
x/pm

B 2 PR R EARRIR I, TAL BELBRAR
304

Fig. 2 Hardness change of TA1 hot rolled titanium plate
with increase of depth from surface
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Fig. 3 Relationship between thickness of oxygen rich

layer and holding time of a-titanium at different holding
temperatures: (a) 750 C; (b) 800 ‘C; (c) 850 'C
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Fig. 4 Comparison of thickness of rich oxygen layer
obtained by hardness method and dynamic calculation

method at different holding temperatures
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Table 1 Pre-exponential constants and activation energies for diffusion of oxygen in high temperature a-titanium
No. Temperature/K Dy/(cm’s ") A O/(kJ-mol ™) Method Ref.
I 973-1123 0.00508 2.19 140 Concentration gradient, metallography and microhardness  [19]
2" 923-1148 0.408 5.96 197 Oxidation [20]
3* 973-1223 0.45 7.10 201 Oxidation [21]
4 1023-1323 940 19.8 287 Oxidation, trermogravimetric analysis [22]
5" 1023-1143 16 3.10 218 Oxidation, microhardness and X-ray structure analysis [21]
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Table 2 Diffusion coefficient equation and corresponding thickening dynamic equation

[19-22]
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Kinetic model for thickening of a-titanium rich oxygen layer

CUI Yan', ZHANG Zhi-bo’, CHEN Yu-dong’, SUN Xin-jun’

(1. College of Metallurgy and Energy, North China University of Science and Technology,
Tangshan 063210, China;
2. Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology,
Kunming 650093, China;
3 Institute of Structural Steels, Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: In order to predict and control the thickness of oxygen rich layer of a-titanium in industrial production,
the formation and thickening processes of oxygen rich layer of a-titanium in high temperature air environment
were studied by experiments. The effects of heat treatment temperature and time on the thickness of oxygen rich
layer were discussed, and a kinetic model for the thickening of a-titanium rich oxygen layer at high temperature
(750-850 °C) was established. The results show that when the constant temperature is 750—-850 °C, the thickness
of oxygen rich layer x and holding time #** of a-titanium plate increase linearly, and the increase of heat treatment
temperature can significantly increase the thickening rate of oxygen rich layer. In this temperature range, the
diffusion activation energy of oxygen atom is about 203473 J/mol, and the calculated curves are in good agreement
with the experimental data. Based on the existing diffusion coefficient equation in the literature and the thicknesses
of the oxygen rich layer measured by the experiments, five dynamic equations of oxygen rich layer thickening are
derived, three of which are in good agreement with the experimental data and can be used to predict the thickness
of oxygen rich layer.

Key words: o-Ti; oxygen rich layer; oxygen atom; diffusion; dynamic calculation
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