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Abstract

In the presence of cations such as Cr3+, Cu2+ and Ni2+, and anions such as SO2�4 and NO
�
3 ,

precipitation of b-FeOOH from Fe3+-solution containing Cl� by hydrolysis have been inves-
tigated by means of X-ray diffraction technique (XRD), Mössbauer spectroscopy (MS) and

transmission electron microscopy (TEM). XRD peaks of b-FeOOH were broadened when
the cations were added as sulfates, and this tendency for Cr3+ was significantly observed.

When the cations were added as nitrates, there was no significant change in XRD peaks.

Inductively coupled plasma (ICP) analysis showed that only Cr added as sulfate was contained

in b-FeOOH. Ni and Cu added as sulfates, and any cations added as nitrates were not con-
tained in it. When b-FeOOH was synthesized with Na2SO4, the XRD peaks were broadened.
XRD-peak broadening was mainly caused by the coexistence of SO2�4 ion. The incorporation

of cations in b-FeOOH is affected by coexistent anions, and the XRD-peak broadening is
caused by not only cations but also anions. This behavior has been discussed in association

with the stability of Fe3+-complexes in the solution.
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1. Introduction

Weathering steels are low alloy steels containing small amounts of Cr, Cu, Ni and

P. They are standardized as G 3114 in Japanese Industrial Standards [1] and A588 in

American Society for Testing and Materials [2], and have been applied for so many

steel structures on land such as bridges because of its superior weatherability. It has

been reported that the corrosion products (rust) are dense and tightly adhere to steel

surfaces and therefore act as protective coatings. Because of the protectiveness of the
rust layer formed on weathering steels, it has been investigated by means of various

techniques to elucidate the mechanism of its superior weatherability [3–23]. It is,

however, well known that under environments where large amounts of sea salt par-

ticles come by air or deicing salts are sprinkled, the so-called protective rust layer is

not formed; that is, even weathering steel does not show its superior performance,

especially under rain-protected conditions or sheltered conditions where salts accu-

mulate. The characteristics of rust layers formed in such environments are coarse,

flaky and less adherent, and therefore they do not show the expected protectiveness.
In such rust layers, b-FeOOH is often contained which is not observed for rust
formed in industrial and rural environments [24]. It has been reported that the mass

fraction of b-FeOOH is proportional to the corrosion loss [25], and these results may
indicate why the rust layer is coarse and flaky, and not protective under the existence

of large amounts of air–borne salts or deicing salts. Recently, Ishikawa�s group has
synthesized FeOOH in the laboratory, and reported the influence of the additional

elements of Cr, Cu, Ni and Ti, which are added to steels to improve weatherability,

on the structures and morphologies [26–30]. However, the formation mechanism of
b-FeOOH is not well understood yet.
Under the environments where chloride ion exists, the steel corrodes, and Fe is

dissolved as Fe2+. FeOOH is formed from the dissolved Fe2+ via various processes

such as oxidation, neutralization, hydrolysis and transformation. It has been re-

ported that the above oxidation process of Fe2+ is strongly affected by the coexistent

cations and anions in the solution [31,32], and therefore we have been focusing on

the effect of cations and anions on the structures of hydrolysis products from

Fe3+-solution. In the present study, we have especially focused our attention on b-
FeOOH. We have synthesized b-FeOOH by a hydrolysis process in the presence
of Cu, Cr and Ni ions, and investigated them to clarify the influence of the existence

of the cations as well as anions on the hydrolysis process.

2. Experimental

b-FeOOH was, as the basic synthetic method, prepared by hydrolysis of 300 mL,
0.1 mol/L FeCl3 solution at temperature of 80 or 100 �C in a capped 500 mL Pyrex
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