Old Dominion University

ODU Digital Commons

Physics Faculty Publications Physics

2000

Quantitative Analysis of Ultra-Fine Goethite in
Rust Layer on Steel Using Mossbauer and X-Ray
Diffraction Spectroscopy

Masato Yamashita

Toshihei Misawa

H. E. Townsend

D. C. Cook
Old Dominion University, dccook@odu.edu

Follow this and additional works at: https://digitalcommons.odu.edu/physics fac pubs
b Part of the Metallurgy Commons, and the Physics Commons

Repository Citation

Yamashita, Masato; Misawa, Toshihei; Townsend, H. E.; and Cook, D. C., "Quantitative Analysis of Ultra-Fine Goethite in Rust Layer
on Steel Using Mossbauer and X-Ray Diffraction Spectroscopy” (2000). Physics Faculty Publications. 215.
https://digitalcommons.odu.edu/physics_fac_pubs/215

Original Publication Citation

Yamashita, M., Misawa, T., Townsend, H. E., & Cook, D. C. (2000). Quantitative analysis of ultra-fine goethite in rust layer on steel
using Mossbauer and x-ray diffraction spectroscopy. Journal of the Japan Institute of Metals, 64(1), 77-78. d0i:10.2320/
jinstmet1952.64.1_77

This Article is brought to you for free and open access by the Physics at ODU Digital Commons. It has been accepted for inclusion in Physics Faculty

Publications by an authorized administrator of ODU Digital Commons. For more information, please contact digitalcommons@odu.edu.


https://digitalcommons.odu.edu?utm_source=digitalcommons.odu.edu%2Fphysics_fac_pubs%2F215&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/physics_fac_pubs?utm_source=digitalcommons.odu.edu%2Fphysics_fac_pubs%2F215&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/physics?utm_source=digitalcommons.odu.edu%2Fphysics_fac_pubs%2F215&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/physics_fac_pubs?utm_source=digitalcommons.odu.edu%2Fphysics_fac_pubs%2F215&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/288?utm_source=digitalcommons.odu.edu%2Fphysics_fac_pubs%2F215&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/193?utm_source=digitalcommons.odu.edu%2Fphysics_fac_pubs%2F215&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/physics_fac_pubs/215?utm_source=digitalcommons.odu.edu%2Fphysics_fac_pubs%2F215&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@odu.edu

(H&)

BALERST F64% 51 5(2000)77-78

AZRNTT7—o3xE XBREFEZHA L
M U EROBHMS —Y 1 FOEEDH

=ERP

W R IE AL

U TRAFE TR T 5

3SHomer Research Laboratories, Bethlehem Steel Corporation

J. Japan Inst. Metals, Vol. 64, No. 1 (2000), pp. 77-78
© 2000 The Japan Institute of Metals

H. E. Townsend3

2P LERF T IR R L5
‘Department of Physics, Old Dominion University

D. C. Cook*

Quantitative Analysis of Ultra-Fine Goethite in Rust Layer on Steel Using Méssbauer
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We have proposed determination procedure of the relative amounts of rust constituents of steel. Mdsshauer spectroscopy
provides the relative amounts of crystalline rust constituents including ultra—fine crystals. A quantitative analysis of ultra—fine
crystals is possible with the resolution of several percent by comparing the Méssbauer results with the relative amounts of rust

constituents determined by X-ray diffraction spectroscopy.
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Fig. 1 Scattering (a) and transmission (b), (¢) Mdssbauer
spectra of the rust layer formed on the weathering steel ex-
posed in Saylorsburg, Pa. for 16 years.
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Table 1 Fraction of each ferric oxyhydroxide in the rust layer
obtained from Méssbauer spectra (a), and that of each rust
constituent obtained from X-ray diffraction spectra (b) and
that calculated (c) by comparing (a) and (b), in mass percent.
The rust layer was formed on the weathering steel coupon ex-
posed in Bethlehem, Pa. for 15 years.
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Goethite (m): magnetic goethite (>15nm)

Goethite(s1): superparamagnetic goethite (<15 nm) exhibiting magnetic
sextet at 77 K

Goethite(s2): superparamagnetic goethite (<8nm) exhibiting super-
paramagnetic doublet at 77 K

Cr-FG: Cr-Substituted Fine Goethite

Cr-UFG: Cr-Substituted Ultra-Fine Goethite
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Fig. 2 Long-term change in relative amounts of rust con-
stituents on weathering steel. The shaded area shows mass
ratio of goethite and y-FeOOH, ax/yx, larger than 2, deter-
mined by X-ray diffraction spectroscopy.
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