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Oxidation Behavior of Pure Titanium at High Temperatures

in Air at Reduced Pressures

Kiyoshi KUSABIRAKI, Toshihide SUGIHARA and Takayuki OOKA

Synopsis :

The oxidation behavior of pure titanium at 1000-1400K has been studied in air at 67-2670 Pa using
metallographic and electron probe microanalysis techniques.

Oxidation scales formed at temperatures less than 1200 K (67 Pa) and 1300K (267 and 2670 Pa) and
more than them consisted of periodic multilayers and a single layer of rutile parallel to the reaction inter-

face, respectively.

The growth kinetics of periodic multilayers of scale and the permeation depth oxygen in titanium were

obayed parabolic rate laws.
kJ/mol and 156-183 kJ/mol, respectively.
cussed.

The apparent activation energies for them were estimated to be 248-263
The rate determining diffusion elements for them were dis-
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Table 1. Chemical composition of specimen
(mass% ).

H 0 N Fe C Ti
0.0012 0.058 0.0052 0.021 0.003 Bal.
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Photo. 1. Cross sections of titanium oxidized at
1200 K in air at 67 Pa.

A:18ks B:72ks

Photo. 2. Cross sections of titanium oxidized at
1200 K in air 267 Pa.
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A:18ks B:72ks

Photo. 3. Cross sections of titanium oxidized at
1200 K in air 2670 Pa.
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A:1100K B:1200K
Photo. 4. Cross sections of titanium oxidized for
36 ks in air at 67 Pa.

A:1100K B:1300K
Photo. 5. Cross sections of titanium oxidized for
36 ks in air at 267 Pa.
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A:1100K

Photo. 6. Cross sections of titanium oxidized for
36 ks in air at 2670 Pa.

B:1300K
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Photo. 7. Concentration profiles of O and Ti
across titanium oxidized at 1100 K for 18 ks in air
at 267 Pa.

Photo. 8. Reflective electron image obtained by
EPMA on ‘the fractured scale of titanium oxidized
at 1200 K for 144 ks in air at 2 670 Pa.
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Photo. 9. Concentration profiles of O and Ti
across titanium oxidized at 1300 K for 18 ks in air
at 67 Pa.
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Fig. 1. Relations between layer thickness and in-

terlayer spacing of stratified scale on titanium and
oxidation temperature.
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Fig. 2. Effects of temperature on the thickness of

scale on titanium oxidized in air at 2 670 Pa.
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Fig. 3. Effects of temperature on permeation
depth of oxygen in titanium oxidized in air at 2670
Pa.
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Fig. 4. Arrhenius plots of parabolic rate con-

stants for scale formation of titanium oxidized in
air.
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Fig. 5. Arrhenius plots of parabolic rate con-
stants for permeation of oxygen in titanium oxi-
dized in air.

Table 2. Apparent activation energies for growths
of scale and permeation depth of oxygen in titanium
(kJ/mol).

Pressure/Pa Scale Permeation depth of oxygen
2670 248 183
267 249 156
67 263 170
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