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Calculation of Internal Oxidation Behavior of Silicon- or Chromium- Containing

Steels
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The internal oxidation rate and the range of the Si or Cr concentration and the partial oxygen pressure
at which the internal oxidation occurs were calculated in order to clarify the formation mechanism
of fayalite scale or chromite scale which can form as a sub-scale in Si- or Cr- containing steels. By
comparing the calculated and measured values, we confirmed that the rate equation determined for

internal oxidation was reasonable.
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Fig. 1 Approximate concentration profiles for oxygen and solute B
in internal-oxide layer of A-B alloy
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Fig. 2 Calculated boundary condition between internal and external
oxidation in Si containing steels at 850C
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Fig. 3 Oxidative conditions on Si containing steels
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Table 1 Chemical compositions of Si or Cr containing steels

(mass%)

Steel c Si Cr Mn P ]
Fe-0.2mass%Si _ 0.10 0.20 <0.01  <0.05 <0.025 <0.025
Fe-0.5mass%Si 0.10 0.50 <0.01 <0.05 <0.025 <0.025
Fe-1.0mass%Si _ 0.10 1.00 <0.01  <0.05 <0.025 <0.025
Fe-2.0mass%Si 0.10 2.00 <0.01 <0.05 <0.025 <0.025
Fe-0.5mass%Cr__ 0.10 <0.01  0.50 <0.05 <0.025 <0.025
Fe-1.0mass%Cr  0.10 <0.01 1.00 <0.05 <0.025 <0.025
Fe-1.5mass%Cr__ 0.10 <0.01  1.50 <0.05 <0.025 <0.025
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Fig. 5 Time dependence of thickness of internal-oxide layer in Fe-
0.2mass%Si alloy specimens in oxygen partial pressures of
P0,=342%10""*Pa at 850C
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Fig. 4 SEM images of internal-oxide layer in Fe-0.2mass%Si alloys heated at 850C under oxygen partial pressures of Po,=342x 10~ "*Pa for 1,800,

3,600 and 7,200 seconds respectively
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Fig. 6 Calculated and measured oxidation states of Si containing
steels at 850C; O exhibiting internal oxidation; @ grain-
boundary oxidation; & exhibiting outer scale formation
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Fig. 7 Examples of oxidation states; (a) @, (b) @ exhibiting grain-
boundary oxidation; (c) 4, (d) & exhibiting outer scale formation
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Fig. 8 Calculated and measured oxidation states of Cr containing
steels at 850C; O exhibiting internal oxidation; @ grain-

boundary oxidation; 4 exhibiting outer scale formation
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