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Nanoscopic Mechanism of Protective-Rusts Formation on Weathering Steel Surfaces
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Abstract

Weathering steel, when exposed outdoors for a few years, forms a protective layer resulting in reduc-
tion of the corrosion rate. The state of rusts is fundamental for understanding its mechanism, but the
structure and its relationship with the mechanism have not been understood. In this study, a new
approach was applied to reveal nano-structure of rusts with using of X-ray synchrotron radiation. It
has been shown that additional elements alter the corrosion process in its early stage, resulting in forma-

tion of protective rusts.
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Schematic diagram showing nanoscopic reaction of rust-formation
The diagram was based on the reference'®.
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Radial distribution functions around Fe atoms obtained by XAFS
From bottom, (1) the colloidal rust formed on Fe-5.0mass%Cr immersed
in artificial seawater for 2 weeks (wet), (2)the dried powder of it (wet)
(8) the rust formed on Fe-5.0mass%Cr exposed to atmosphere for 15
years, and (4) powder of «-FeOOH. Corresponding atomic struc-
tures (network structures) are shown in right.
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The state of chromium in rusts formed on weathering steel
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Network structures of rusts®
(a) the colloidal rust formed on Fe immersed in artificial seawater for
2 weeks, and (b) the rust formed on weathering steel exposed to
atmosphere in a rural area for 31 years
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Process of rust-formations on steel surfaces when exposed to atmosphere: for weathering steel (above) and mild steel (below)
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Penetration curves of the advanced and conventional weathering steel
exposed in a coastal area
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Cross-sections near the surface of the advanced weathering steel
which was exposed in a coastal area for 9 years
Each figure shows concentrations of Ni, Na, and Cl in a gray scale.
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Atomic structures of Fe,NiO, contained in rusts formed in the advanced

weathering steel exposed in a coastal area for 9 years
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