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What happens When Iron Becomes Wet?
—Observation of Reactions at Interfaces between Liquid and Metal Surfaces—
Masao KIMURA
Advanced Technology Research Laboratories, Nippon Steel Corporation
Abstract

Synchrotron-radiation has been applied to investigation of interfaces between liquid and metal surfaces, with a special

attention to corrosion. Three topics are shown: (1) nano structures of rusts formed on steel after atmospheric corrosion.

Evolution of ““Fe(O, OH)¢ network’’ is the key to understand how the durable rusts prevent from formation of more

rusts. (2) In situ observation of reactions at the interface has been carried out for localized corrosion of stainless steel. It

is shown that change in states of Cr3* and Br~ ions near the interface is deeply related with a breakout of the passivation

film. (3) A structural phase transformation on a Cu;Au(001) surface was investigated. Ordering remains even at a tem-

perature higher than the bulk-critical temperature, showing surface-induced ordering. These approaches gives us crucial

information for a new steel-product.
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Figure 1. Variety of steel products: Control of their properties for specialized application. (Revised figure from Ref.30))
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Figure 4. TEM observation of rusts formed on WS after exposure
in a rural area for 31 years: (a) a bright field image, (b) and scatter-
ing patterns at spots a in (a).
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Figure 5. Radial distribution functions obtained by XAFS: (from

top) crystalline o—FeOOH, CR15Y, CR2W (dry), and CR2W
(wet), where they are measured at Fe K-edge and symbols such as
““Fe-0O”’ show identification of peak.
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Figure 6. Pair distribution functions of Fe, Fe-2.0Cr, and Fe—1.8Cu alloy for (a) Fe-O, (b) Fe-Fe, and (c) O-O pairs.
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Evolution of Fe(O, OH) ¢ network structure in the process of corrosion. Each octahedron is composed of one
iron atom at the center and six oxygen atoms surrounding it.
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Figure 8. Radial distribution functions obtained by XAFS: (from
top) Cr-foil, WS(bulk), WSHY, WS5Y, WS15Y, where they are
measured at Cr K-edge and symbols such as ‘‘Cr-O’’ show identifi-
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Figure 9. Two types of evolution of Fe (O, OH), network structure in the process of corrosion, and their final morphol-

ogy of rusts.
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Figure 12.

Fourier transforms of XAFS spectra obtained by in situ measurement at (a) Cr-K edge for d(z) =0.3, 0.8

and 1.3 mm, and (b) Br-K edge obtained by in situ measurement for d(z) =0.2, 0.5 and 3.5 mm.
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Figure 13. Schematic illustration of change of ion-complex struc-
tures inside the artificial crevice suggested by this study.
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Figure 14. Temperature dependence of intensities of the bulk
0 0 1 (triangle) and the surface 1 0 0.064 (circle) peaks.
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Figure 15. Counter map of the diffuse intensities in the two-dimen-
sional reciprocal lattice 2k at T=T,+56 K.
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Figure 16. The structure of the Cu;Au(001) surface at T=T,+ 56
K. Au and Cu atoms are represented by large and small circles,
respectively.
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is shown by a solid line.
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