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Effect of Co and Ni on the Electrochemical Behavior of Rust Formed on the
Low Alloy Steels in Cyclic Wet and Dry Environment

Toshiyasu NISHIMURA, Hideki KATAYAMA, Kazuhiko NopA and Toshiaki KODAMA

Synopsis : The iron rust phase formed on low alloy steels has been analyzed by using EPMA, XPS, TEM and alternating current (AC) impedance meth-

ods after cyclic wet and dry corrosion test using 0.5 mass% NaCl solution. The steel containing Co or Ni from 1 to 3 mass% showed higher

corrosion resistance than carbon steel in the test. Cobalt was identified as its trivalent state (Co>") in the rust of Co-bearing steel by EPMA
and TEM, which means that Co is incorporated mainly into FEFOOH. On the other hand, nickel was identified as bivalent state (Ni?*) in the
rust of Ni-bearing steel by XPS and TEM, which implies that Ni is involved in the formation of spinel oxide in rust. By AC impedance it is

demonstrated that the resistance of the rust (R, corresponds to the structural factor of the rust of steels. The high value of R, of Co-bear-

ing steel indicated resistance of its FEOOH-type rust against the penetration of Cl ion. The high R, value was observed mainly at the early

stage of corrosion cycles. The R, value of Ni-bearing steel increases with increasing amount of rust on steel, which implies that Ni takes

part in the conversion of spinels into dense and fine structure in the inner layer of rust layer.
Key wards: rust; Co; Ni; weathering steel; NaCl; atmospheric corrosion; EPMA; XPS; TEM; impedance; wet and dry; FeOOH.
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Fig. 1. Plots of corrosion mass gain () of steels versus
cycles in cyclic wet and dry test. A 0.5mass%
NacCl solution was used in wet cycle.
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Fig. 2. Spectra of Co L, and Ly from the rust of Co-bear-
ing steel and standard reference samples (CoOOH,
Co0O, Co) obtained by EPMA.
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Fig. 3. Spectrum of Ni 2P 3/2 from the rust of Ni-bearing
steel obtained by XPS.
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Fig. 4. TEM observations of the rust of (A) Ni-bearing steel and (B) Co-bearing steel (1; bright-field image, 2; electron diffraction

pattern, 3; identification).
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Fig. 5. Polarization curves of (A) steels as surface pol-
ished, (B) 3 mass% Co-steel after corrosion tests.
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Fig. 6. Impedance and phase shift spectra of 3 mass% Co-
steel as a function of cycle of corrosion tests.
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Fig. 7. Plots of impedance parameter (R, and R, in Spinel
oxide) of steels versus corrosion test cycle.
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