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Oxidation Behaviors of Pure Titanium at High Temperatures in Ar-H,O

Atmospheres

Kiyoshi KUsSABIRAKI, Toshihide SUGIHARA and Takayuki QOOKA

Synopsis :

The oxidation behaviors of pure titanium were investigated in the temperature range of 1000K to 1300 K
in Ar-H;O gas mixtures which contented 1 or 10 percent of water vapor.

Optical microscopy, electron probe microanalyses and powder X-ray measurements on the oxide scales
formed during oxidation indicate that their structures were nearly independent of temperatures and atmos-
pheres employed; the scales consisting of two layers, external one and internal one, have the rutile struc-

ture.

The parabolic rate laws are confirmed on growths of scale layers and the permeation depth of oxygens in
titanium with the apparent activation energies, 238-261, 260-261 and 209 kJ/mol, respectively. The rate
determining diffusion species in these oxidation-processes were discussed.

Key words : oxidation ; titanium; rutile; scale; high temperature; kinetics.
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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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Cross sections of titanium oxidized at
1 200K in Ar-10%H,0.
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A : 1000K B:1100K

C:1200K D :1300K

Photo. 2. Cross sections of titanium oxidized in Ar-10%H,0 for 36ks.

A : 18ks B: 72ks

Photo. 3. Cross sections of titanium oxidized at
1 200K in Ar-1%H,0.
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A :1000K B :1100K

C:1200K

D : 1 300K

Photo. 4. Cross sections of titanium oxidized in Ar-1%H,0 for 36ks.

M :Matrix P:A permeated region of oxygen in matrix
I: Internal scale E : External scale S:A part of supporting
mullite tubes

Photo. 5. Cross sections of titanium oxidized in

Ar-10%H,0 at 1 250K for 72ks.
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Photo. 6. Concentration profiles of O and Ti
across titanium oxidized in Ar-1%H,O at 1 300K
for 18ks.
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Fig. 1. Effects of temperature on the thickness of
external scale on titanium oxidized in Ar-10%H-O.
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Fig. 2. Effects of temperature on the thickness of
internal scale on titanium oxidized in Ar-10%H,O.
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Fig. 3. Effects of temperature on permeation
depth of oxygen in titanium oxidized in
Ar-10%H,0.
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Temperature / K Table 2. Apparent activation energies for growths
-10—1400 13100 12’00 1001000 of external scale, internal scale and permeation
depth of oxygen in titanium(kJ/mol).
\ External scale | Internal scale [ Permeation depth of oxygen
-11F 2 Ar-1%H,0 238 261 209
_ \ Ar-10%H,0| 261 260 209
- \\O
£ oA IR .
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Fig. 4. Arrhenius plots of parabolic rate con- Tit+ - N X .
stants for scale formation and permeation of oxygen DILBOWEBRAL T 7V F— (Z 1 Zh 251 kd/mol
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