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High Temperature Oxidation of Ferritic Stainless Steels
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I. Transient stage : Ratio of cations in scale approximately same
as that in alloy.

II. Steady state : Oxide morphology and composition determined
by diffusion and thermodynamics of oxide/alloy system.

II. Breakaway : Initiated by mechanical factors : eventually scale
contains alloying components in original alloy ratio.

Fig. 2. Schematic alloy oxidation kinetics showing
different stages in alloy oxidation1®.
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Fig. 3. Schematic growth curves for the oxidation

of pure Fe-Cr and Ni-Cr alloys?,
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Fig. 4. Parabolic oxidation rate constants for
iron-chromium alloys at various temperaturest®.
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Fig. 9. Iron content of scales in iron-chromium
alloys oxidized for 6-18h at 950°C1¥,
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Fig. 10. Formation process of oxide scale
on Fe-Cr alloys®.

Table 1. Selfdiffusion coefficient of metallic ion
in oxide (1 000°C)4~42),

Oxide Selfdiffusion coefficient
FeO 9x10-8
Fe3Oy 2% 109
a-Fes O3 2x10-15
CoO 3x10-9
NiO 1x10-11
Cr;03 3x 10-14
a-Al,03 3x10-17
CoCr;04 Co:1.7x10-12, Cr:1.9%10712
NiCr, Oy Ni:1.4x10-13, Cr:2.8x10°13
NiAl:O4 Ni: 1x10-13
Si0, 0 :1.3x10-18, Si<O
MnO 1% 10-10(Po;=10"16atm)
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(c) Late stages of stratified scale growth
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Fig. 11. Schematic diagrams of the development
of stratified scales!?).
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Fig. 23. Effect of austenitic phase on the oxida-
tion resistance of low C-259,Cr steels heated at
1000°C for 500 thermal cycles in airs?,

Table 2. Chemical composition of representative
new oxidation resisting Cr steel sheets and plates.?

Alloy Chemical composition
R410L 12.5Cr-L.C
R410UL 12.5Cr-UL.C
R409SR 11Cr-1.58i-Ti-L.C
ALTI8 18Cr-3Al-Ti-Nb-UL.C.N
YUS410W 12Cr-L.C
YUS409D 11Cr-Ti-L.C
NSS409M | 11Cr-Ti-L.C
NSS410M 1 12.5Cr-L.C
NCAl 18Cr-3A1-UL.C
NTK4!10L 12Cr-L.C
NTK430UT 17Cr-Ti-L.C
NTK430UC 17Cr-Nb-L.C
NTKNo.4L 18Cr-3AIl-Ti
NAR4I0L 12Cr-L.C
NAR409 11.5Cr-Ti-L.C
NARI160 16.5Cr-Cu-Nb-L.C
NARSN-9 11Cr-2Si-L.C
NARSN-10 17Cr-0.3Zr-L.C (430Zr)
NARFH-11 18Cr-2.5S8i-Nb-L.C
NAS410L 13Cr-L.C
NAS409L 11Cr-Ti-L.C
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