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Structure of Rust Layer Formed on Atmospheric
Corrosion Resistant Steels

Masamichi KOWAKA, Jiro SATAKE, Taishi MOROISHI, and Nobukatsu FujiNo

Synopsis: :

The distribution of elements in rust layer formed on low alloy steels after various periods of exposures in in-
dustrial and rural atmospheres was investigated by means of microscopic examination and electron probe mi-
croanalysis. The rust layer in large pits contains Cu, P,and Cr in a localized state. Cr and P concentrate
around such defects in the rust as voids and cracks. The local concentration of Cu seems to diminish as the
exposure period becomes longer. The rust layer on the flat surface surrounding large pits and also the surface
layer above large pits have shown no evidence of localized concentration of Cu and P and are characterized
by the fact that little Cr content is found in the rust. Si, main constituent of dusts, has been found in these
parts of the rust, but none in the pits. It is supposed that Cr, P,and Cu produced by corrosion reaction pre-
sumably form far less soluble compounds than ferrous ion and are likely to precipitate in the pits while ferrous
ion diffuses out from the pits and precipitates on outer surface.
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Table 1. Chemical composition of steels (wt%).
Elements ¢ Si Mn S Cu Ni Cr Ti

Steels
Low alloy steel A l 0-08 065 , 076 0°069 0-019 0:41 | 021 040 | 0-06
Low alloy steel B | 0°10 0-21 0:58 0-087 0:020 0-45 035 | 075 —
Carbon’ steel | 0-08 ‘ 0-01 0-36 | 0-007 0-019 0-06 0-04 1 0-01 l —
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Fig. 1. Weight loss and weight of rust layer of low alloy steel and carbon steel vs time of

atmospheric exposure.
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(a) Carbon steel (b) Low alloy steel A
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Photo. 1. Microstructure of the rust layers formed by 19 months’ atmospheric exposure.
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Photo. 2. EBS images of EPMA showing localized distribution of Cr, P, Cu, and S in the rust
layer of alloy steel 4.
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Fig. 2. Surface profiles of derusted steels.
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Fig. 3. Distribution of alloying elements in the
rust}layer of low alloy steel A.
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Photo. 3. Microstructures of the rust layers formed on

501

low alloy steel 4 by three years’

atmospheric exposure in industial area,upper left: rust ina large pit, upper right:
rust on a part of less pitted surface surrounding large pits, lower two:
polarized light images of the same area as upper two,
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Photo. 4. Scanning electron microphotograph of the rust in a large pit showing various
defects such as voids and cracks. The same area as one in the Photo. 3 left.
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Photo. 5. EBS of EPMA of the rust in a large pit formed on low alloy steel A by three
years’ atmospheric expoure in industrial area. (See Photo. 3 left)
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Photo. 6. EBS images of EPMA of the rust on a part of less pitted surface of low alloy
steel 4 formed by three years’ atmospheric exposure in industrial area. (See

Photo. 3 right)
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Photo. 7. Microstructure of the rust layers formed on low alloy steel 4 by three years’

atmosphsric exposure in rural area, left: rust in a pit. right: rust on less
pitted surface.
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Photo. 8. EBS imgages of EPMA of the rust in a pit of low alloy steel 4 formed by three
years’ atmospheric exposure in rural area (See Photo. 7 left).
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Photo. 9. EBS images of EPMA of the rust on less pitted surface of low alloy steel 4
formed by three years’ atmospheric exposure in rural area (See Photo. 7 right)
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710. EBS images of EPMA the rust formed on low alloy steel B by seven years’

atmospheric exposure in industrial area.
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