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The Role of Rust Layers on the Corrosion Process of Steels
in the Atmosphere

Hideya OKADA, Yuzo Hoso1, and Hiromitsu NariTo

Synopsis:

An electrochemical investigation has been made of the corrosion process of the steels rusted in the atmos—
phere, in order to reveal the role of the rust in the atmospheric corrosion.

The cathodic reaction of the rusted steel is found to be mainly consisted of the reduction of FeOOH (brown
rust) to Fe O, rather than the reduction of dissolved oxygen, and the anodic reaction is the dissoluticn of
iron.

In the case of low alloy steels alloyed suitably for atmospheric corrosion resistance, both ancdic and
cathodic reactions are remarkably suppressed by the formation of protcective rust layer after exposure to
the atmosphere for more than about 3'5 years. Ancdic reaction is prevented due to masking of active
sites on the steel surface by the formaticn of dense amorpkcus iron oxide layer and cathcdic reaction is
suppressed by increasing difficulty in the reduction of FeOOH.

(Received July 31, 1969)
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Table 1. Chemical compositions of steels used (wt 2).

, C Si Mn P l S ‘ Cu ) Ni Cr T; |Periods of exposure
to the atmosphere
Carbon steel } 007 | 0°0l | 0°35|0°007 | 0022 | 0°03| 0:02| 0°02|<0°005 1, 2, 35, S5y

009 | 020 0°50 | 0-099 l 0-021 | 0-351 0°05| 012} 0°05(1, 2, 35, 5y
Low alloy steel

013 046| 0-37 {07093 | 0-027 | 0'32| 021 | 0'58| 0-01 S5y
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Fig. 4. Anion effect on anodic polarization curve
of low alloy steel exposed to the atmos-
phere for 5 years.
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Fig. 6. Change of corrosion potential with time
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Fig. 7. Effect of immersion time on cathodic
polarization curve of steels exposed to
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394 NaCl solution.
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Fig. 8. Change of current with time during

potentiostatic cathodic reduction of Fe-
OOH on steels at —800mV (vs SCE)
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O.A.L.: Optically active layer, O.1.L.: Optically isotropic layer, St.: Steel.

(2/3)

Immersion 1ime : 100hr

DK E 3% NaCl i iEiRT % &, MLESELERE~
LT . THEMST e, EREFEE PV
FRIZEWT dEEEESIEFITGEVWD T, 100hr 278
TIIT & A ERIEBOLEIIH SV D7c03, 14HH]
DRE TP OTLL TWvic. ZOBRRKIIIBIMOL
AT I VD XS5 THY, Photo2 WHLNE X DI
gg RN iR 100 hr 3335 C EEO FEMEEE AL
BLEINTEDLRY, 5k 4 AMOGETRIST
BAERMSEEBE DTS, ZOZE{LIidze K fnFaig ik
TR D5l 715,
PLoOHEFEIT3 12 TRRLASCREROSL 5 BIORE
SRS R SV A R EORILE IS Ti7e { FeO-

St

Low glloy steel

* 450

Immersion hme : 14doys

Photo. 2. Changze of the rusts during immersion of carbon steel (exposed to the atmosphere

for 5 years)in 3% NaCl solution.

%450 (5/7)

— 137 —



282 g% & i

% 56 £ (1970) 2

Photo. 3. Corrosion profile of low alloy steel (ex-
posed to the atmosphere for 5 years)
in 3% NaCl solution. X80 (4/5)
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Table 2.

Corrosion rate of steels exposed to the atmosphere.

Carbon steel

Low alloy steel

Periods of exposure Corrosion current Corrosion rate Corrosion current | = Corrosion rate
(years) (p¢A/cm?) (mg/cm?.hr) (pA/cm?) (mg/cm?-hr)

0 — — 05 0°0005

1 51 0-053 47 0-049

2 43 0-045 32 0-033

3-5 32 0-033 13 0-014

5 27 0-028 2 0-002
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