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Rusts of iron and steels have been so familiar to us since the ancient Iron Age. Over the last decades, substantial pro-
gress has been made in understanding the formation of rust and its structure. Techniques for controlling the structures
and properties of rust layers have also been developed that are capable of protecting steel surfaces from atmospheric
corrosion. In this article, we mention first what rusting is, and then the structures including [rust/steel} interfacial struc-

ture and protective ability of rust layers. Latest rust controlling technologies are also shown.
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Table 1 Various rust constituents of iron oxides.

Iron oxide(Mineral) Fe**/(Fe?+Fe*t) Crystal system Density(g/cm®)
Fe(OHR). 0 Hexagonal 34
Fe.O4(Magnetite) 0.67 Cubic 52
or-FeOOH(Goethite) 1.0 Orthorhombic 4.3
fi-Fe OOH(Akaganite) 1.0 Tetragonal 36
y-FeOQOOH(Lepidocrocite) 1.0 Orthorhombic 4.1
§-FeOOH 1.0 Hexagonal 4.2
ot -Fe0(Hematite) 1.0 Trigonal 5.3
y-Fe.OxMaghemite) 1.0 Cubic or Tetragenal 4.9
Green Rust [ 0.33 Hexagonal -
Green Rust II 0.5 Rexagonal -
Amorphous Rust (1.0} Amorphous —
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Fig. 1 Raman spectra at the several points with different dis-

tanees from the [rust/steel] interface, Ad, both in the
inner and outer rust layers formed on the weathering
steel. The Cr-contents measured by EPMA at several
points in the inner layer are also shown.'?
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Fig. 3 Schematic of accelerated formation of the final pro-
tective Cr-goethite rust laver by coexistence of chro-
mium suifate.'”
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Table 2 Characteristics and protective abilily of atmospheric rusts on steels.

Air-borne Steel Characteristics of rust layer Corrosion loss/Exposure period
salt content (Alloying system)
Mild steel Red coarse rust, Mixture of goethite  1.03 mm/26 y”
<0.05 mdd and lepidecrocite
Cr-Cu-P-Ni Dark Cr-substituted goethite 0.36 mm/26 y”
Weathering steel
Mild sieel Red coarse rust, Flake outer rust  0.05~0.14 mm/5 y(0.15 mdd)™
over thin inner layer 0.25~0.75 mm/5 y{0.8 mdd)"*""¥
Cr-Cu-P-Ni Clin both outer and inner layers 0.05~0.10 mm/5 y{0.15 mdd)”
Weathering steel 0.10~0.70 mm/5 y{0.8 mdd)""
Ni-Ca-Cu-P " Ni concentrates at rust/steel inter-  0.05~0.08 mm/S y(0.15 mdd)™"
face, which protects Cl permiation 0.1~0.3 mm/5 y(0.8 mdd}”
>0.05 mdd 5% Ni Cl concenirates in outer layer, Ni in  0.06 mm/3 y(0.8 mdd)*”
inner layer
Ni-Mo-P — 55% of mild steel and 63% of

18]

weathering steel(0.45 mdd)

Weathering steel with
protective rust promo-
tion treatment

Cr-substituted goethite

0.02 mm/2 y(0.4 mdd)"®
0.01 mm/0.5 y(0.5 mdd)"”

mdd = mg NaCl/dm*/d
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Fig. 7 Corrosion rates (1/Rp) of ordinary carbon steel, 1-10
% Ni-containing steels exposed in Okinawa in
1996.2)
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Fig. 8 Time dependence of corrosion potentials, Ecorr, solid

circles, of low-alloy steels under 10 pm-thick layers

of 1 M sodium sulfate solution and of the mixture of

10 vol.92 0.1 M chromium sulfate and 90 vol.% 1 M

sodium sulfate solutions. Goethite/lepidocrocite ratio,

/v, open symbols, and Cr contents in the corrasion

products formed at the end of measurements are also
shown, ™
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