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Microstructural Analysis of Rust Layers on Weathering Steels Exposed at Rural and Coastal Areas

Masahiro YAMAMOTO, Hideki KATAYAMA and Toshiaki KODAMA

Synopsis : Weathering steel has been widely used for the bridge materials because of its superior atmospheric corrosion resistance. It has been, however,

pointed out that the amounts of corrosion are greater used in coastal area than rural area. In order to clarify the differences of corrosion resis-

tance between rural and coastal area, rust layers were analyzed in details by combining with FIB (Focused Ion Beam) and electron micro-

scope. Analytical results indicate as follows:

Inner layer of the rust exposed in rural area consists of multiple layers and thickness of each layer is less than 2 um. These layers have dif-

ferent composition and degree of enrichment in alloying elements, especially chromium. Though these layers consist of mainly FeOOH fine

particles, crystalline FEOOH layer exists between fine particle layers. Rust layer exposed in coastal area did not show such multiple-layer

structure. The layer consists of crystalline B-FeOOH and FeOOH fine particles. The crystalline B-FeOOH is not a single crystal but is an ag-

gregation of ordered fine rust particles. A size of the fine particles of rust exposed in coastal area is not much different from that exposed in

rural area. Major differences existed are structure and packing state of fine rust particles.

Key words : atmospheric corrosion; rust; weathering steel; microstructure; electron microscope.
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Fig. 2. Cross-section of rust layers of exposed samples.
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Fig. 1. Appearances of exposed samples.
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Fig. 3. X-Ray diffraction patterns of rust layers.

Fig. 4. TEM image of rust layer exposed in rural area.
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Fig. 5. Diffraction pattern and TEM high resolution image
of portion B.

Fig. 6. Diffraction pattern and TEM high resolution image
of portion G.

Fig. 7. TEM high resolution image of rust particles of por-
tion B.
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Fig. 8. TEM image of rust layer exposed in coastal area.

50nm

Fig. 9. Diffraction pattern and TEM high resolution image
of portion H.
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Fig. 10. TEM high resolution image of rust particles at
portion L.

Table 1. Composition of rust identified by diffraction pat-
terns and Cr/Fe ratio of observed portion.

Portion Structure Cr/Fe Ratio %

A @ Fe(120) 1.48

B aFeOOH 2.25

C a + v FeOOH 1.07

D a+ v FeOOH 0.88

E a+ v FeOOH 4.87

F Magnetite + v FeOOH 1.61

G a(-5,1,6)+ 7(1,0,00FeO0OH 0.83

H 8 FeOOH -

1 a+ 7+ 8FeOOH
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Table 2. Summary of analytical results.

E’X’;‘f’d XRD | Portion TE;»;I’(!)Iggge zlliohé’:)%g: Dig'i:i:zg: Cr Enrichment

E Uniform layer (1 4 m) Fine particles (~~10nm) | Ring, @,7 1
Rural D | Uniform layer (2 £ m) Fine particles (~10nm) | Ring, @,7 4
! oy C Uniform layer (1 £ m) Fine particles (~10nm) Ring, @,7 {
[lmm} ’ G | Crystals (0.5 £ m<) Crystals (0.1x0.6 & m<) Spot, @, 7 i
Layer B Uniform layer (2 ££ m) Fine particles (~10nm) Ring, ¢ 1

F Uniform layer Fine particles (~10nm) Ring, M, 7 +0

A Crystalline Fe - Spot, aFe *+0

Crystals consist of fine
Coastal (:’ R fq , H Crystal (1 £ m>) partices (~1nm) Blurred spot, 3 N.D.
> 1 Uniform layer (2 £ m>) | Fine particles (~20nm) Ring, @, 7 N.D.

583 I

@ ; aFeOOH, B ; BFeOOH, 7 ; TFeOOH, M; Fe30, XRD: X-ray diffraction
Cr Enrichment ; t Enriched, | Decreased, =0 Same as balk composition, N.D. Not detected
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