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  The advanced weathering steel (Fe-3.0Ni-0.40Cu
(mass%)) 1, 2 shows an excellent corrosion resistance
under atmosphere containing air-born salinity.  Here we
show that advanced weathering steel forms protective
rusts which “breath out” chloride ions from rust/steel
interface, resulting in a drastic decrease of the corrosion
rate by a state-of-the-art nanoscopic mechanism.
  Figure 1 compares corrosion properties in a coastal
area of advanced and conventional weathering steel; the
corrosion amount of the advanced one is less than 1/20
of conventional one after 9-years’ exposure.   The rust
is composed of inner and outer layers; concentrations of
Ni and Na are higher in the inner than the outer layer
and Cl shows the opposite trend (Fig.2).
  Both inner and outer layers of the rust are composed of
α-FeOOH , β-FeOOH , γ-FeOOH and Fe3O4 . The inner
layer is composed of fine grains as small as 10-15 nm in
radius, 3 and contains Fe3O4.  X-ray diffraction (XRD)
and X-ray absorption fine structure (XAFS),4

measurements have shown that nickel atoms substitute
Fe-sites of Fe3O4 to form Fe3-xNixO4 (Fig.3).
  Good corrosion resistance of the advanced weathering
steel can be attributed to fine grain-size distributions of
the inner layers and the formation of Fe3-xNixO4 (Fig.4).
When atmospheric corrosion progresses in a wet
condition, its pH becomes low because of hydrolysis.
In conventional weathering steel, the rust made of only
FeOOH is positively charged by attached H+ ions.
However, the inner rust of advanced weathering steel
contains Fe3-xNixO4 and is negatively charged.  The
rusts  “breath out” chloride ions from rust/steel
interface.5
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Figure 1 Penetration curves of advanced and
conventional weathering steel exposed to marine
atmosphere.

Figure 2 Compositional mapping of the cross-section of
the rust in a black (high concentration) - white scale.

Figure 3  XAFS spectra in the form of k3χ(k), where k is
the wave number and χ(k) is the oscillation term: NiO
at Ni K-edge (bottom), α-FeOOH at Fe K-edge, the
inner layer at Ni K-edge, Fe3O4 at Fe K-edge (top).
Some of the spectra were shifted along the x-axis for
comparison.

Fig. 4  Schematic diagram of the interface between a
rust and a solution on it, when pH of the solution is low.
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