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Protective Rust Layer Formed on Weathering Steel by Atmospheric Corrosion for a Quarter of a Century

Toshihei Misawa, Masato YamasHita, Yasushi Matsupa, Hideaki Mrvukt and Hiroo Nacano

Synopsis :

The rust layers formed on weathering and mild steels by atmospheric corrosion in an industrial region for a quarter of a

century have been characterized by means of observation of the reflection behaviour of polarized light, scanning electron
microscopy, infrared transmission, X-ray diffraction and Raman spectroscopy, and electron probe microanalysis.

It was found that the protective and stable corrosion product which covered the surface of weathering steel mainly
consisted of a-FeOOH (ferric oxyhydroxide). The protective rust layer contained a considerable amount of Cr, and was
composed of densely packed rust particles in contrast with the rust layer formed on the mild steel. The fact that the
protective rust layer was mainly composed of a-FeOOH can reasonably be interpreted in terms of the transformation
process of a corrosion product formed by the atmospheric corrosion of steels.
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Table 1. Chemical compositions of the weathering and mild steels tested. (mass%)
C Si Mn P S Cu Cr Ni
Weathering steel 0.12 0.49 0.50 0.149 0.020 0.57 1.19 0.49
Mild steel 0.12 0.01 0.09 0.018 0.026 0.01 0.01 0.01
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Fig. 1. Observations of polished cross-sections of the
rust layers formed on the weathering (a) and
mild (b) steels by reflected polarized light.
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Fig. 2. Scanning electron micrographs of the outer (a)
and inner (b) layers formed on the weathering
steel, and that of the rust layer formed on the
mild steel (c).
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Fig. 3. Infrared absorption spectra of the rust layers
formed on the weathering (a) and mild (b) steels.
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Fig. 4. X-ray diffraction patterns of the rust layers
formed on the weathering (a) and mild (b) steels.
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Fig. 5. Raman spectra of the bright (outer) (a) and dark
(inner) (b) rust layers under the observations by
reflected polarized light formed on the weather-
ing steel, and those of the bright (c) and dark (d)
segrilents of the rust layer formed on the mild
steel.
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Fig. 6. EPMA analysis of the rust layer formed on the
weathering steel. Scanning electron micrograph
of the analyzed portion is shown in (a). The
distribution charts of Cr, P, Cu, S, Cl and Si are
shown in (b), (¢), (d), (e), (f) and (g), respectively.
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Table 2. Characteristic features of the rust layers formed on the weathering (W) and mild (M) steels by atmospheric
corrosion in an industrial region for a quarter of a century.

Observation X-ray FT-IR Raman EPMA
by polarized light diffraction spectroscopy (Remarkable characteristics)
P «-FeOOH a-FeOOH y-FeOOH #Si storage
w v-FeOOH y-FeOOH
dark layer FeOOH * Cr enrichment.
(inner layer) > >Fe,0, > >Fe;O, « * little enrichment of P and Cu
bright «-FeOOH a-FeOOH y-FeOOH A oo P and
_________________________ i A * sence of Cr, P an u
M + v-FeOOH y-FeOOH % Si storage
dark > >Fe,0, > >Fe,0, a-FeOOH
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