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Effect of Lanthanum Hydroxide Coating on the High Temperature Oxidation of SUS430 Stainless Steel

Akihiro SAITO, Isao SAEKI and Ryusaburo FURUICHI

Synopsis : Rare earth elements are effective for improving the oxidation resistance of stainless steels and chromia forming alloys at high temperatures.

The reasons for the improvement, however, are not well understood and the effect of the content of rare earth elements is not clear. In this

study, Type 430 stainless steel covered with a lanthanum hydroxide overlayer with various lanthanum contents was oxidized at 1373K in a
1.671X10*Pa 0,-2.026 X 10* Pa H,0-balanced N, atmosphere. It was found that the critical amount of lanthanum atoms, at which reduction
of the oxidation rate becomes obvious, was about 10'® atoms cm™2. This value is similar to published data obtained from studies of Fe—Cr al-

loys coated with different rare earth elements by surface coating or ion implantation.

Observation of the oxide surfaces at the initial stages of oxidation showed that lanthanum oxide does not provide a physical barrier for oxi-

dant migration through oxide films nor preferential nucleation sites for Cr rich oxides. An explanation for the increased oxidation resistance

with lanthanum is a change in the growth mode of the oxide from a predominance of cation to anion diffusion, at the critical amount of lan-

thanum of 10'® atoms ¢cm ™ in the surface oxide film.

Key words: stainless steel; oxidation; corrosion resistance; lanthanum coating.
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Table 1. Chemical composition of Type 430 stainless steel
in mass %.

C Si Mn P S Ni Cr Fe
0.054_0.550_0.090_ 0.022_ 0.004 0.130_16.10 bal.
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Fig. 1. Oxidation curves of Type 430 stainless steels (1)
without and ( 2 ) with a La hydroxide coated layer
oxidized at 1373K. The amount of coated La of
curve 2 was 0.495 mmol m ™.
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Fig. 2. Relation between the amount of coated La species
and parabolic rate constant (open circles), and the
time to breakaway (solid circles) for Type 430
stainless steel at 1373K.

Fig. 3. Surface morphologies of Type 430 stainless steels
with (a) 0, (b) 0.08, (c) 0.24, and (d) 147
mmolm~2 of La hydroxide coated layers oxidized
at 1373K to about AW=1.5gm™~.
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Fig. 4. Cross sections of Type 430 stainless steels with (a)
0, (b) 0.24, and (c) 1.47 mmol m~ of La hydroxide
cogzted layers oxidized at1373K to about AW=1.5¢g
m™ -,
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Fig. 5. X-ray diffraction patterns of Type 430 stainless
steels with (1) 0, (2) 0.05, (3) 0.12, (4) 0.85,
and (5) 1.47mmolm™ of La hydroxide coated
layers oxidized at1373K to about AW=1.5gm™2.
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Fig. 6. Relation between the amount of coated La species
and (1) surface Cr fraction estimated by XPS
(solid circles), and (2) average Cr fraction by
XRD (open circles).
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Fig. 7. Surface appearances of Type 430 stainless steels
without La hydroxide coating layer. Specimens in
(a) to (c) were obtained by stopping heating at (a)
1073K, (b) 1173K, or (¢) 1273K and then cooling
to room temperature. Specimens (d) to (f) were oxi-
dized at 1373K for ¢,_=(d) 0, (e) 15, or (f) 60s be-
fore cooling.
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Surface appearances of Type 430 stainless steels
with La hydroxide coating layer of about 0.2 mmol
m™2. Specimens in (a) to (c) were obtained by stop-
ping heating at (a) 1073K, (b) 1173K, or (¢) 1273K
and then cooling to room temperature. Specimens
(d) to (f) were oxidized at 1373K for ¢, =(d) 0, (e)
15, or (f) 60 s before cooling.
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Fig. 9. Surface appearance and EDS spectra for the speci-
men in Fig. 8(d).
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Fig. 10. Relation between heating time and (a) the surface
Cr fraction estimated by XPS and (b) the lattice
spacing of the (104) plane of corundum type
oxide by XRD. Curve 1 is for the La free speci-
men and curve 2 for the specimen with 0.2 mmol
m~? of La hydroxide coating.
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