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] JE 2, Influence of a CuSO, Treatment on

Atmospheric Steel Rust Formation
A Mossbauer Spectroscopy Study*

C. SARAGOVI-BADLER, |. A. MAIER, and F. LABENSK!*

Abstract

Mdssbauer spectroscopy has been used to analyze the rust layers formed on a weathering
steel and a 1010 stee! exposed for 10-1/2 months to an urban-Industrial atmosphere. No
significant difference was found comparing the rusts of both steeis: they were composed by
v-FeOOH, superparamagnetic a-FeOOH, and an amorphous or gel-like compound. y-FeOOH
is more abundant in the internal rust layers, whereas the amount of @-FeOOH and the amor-
phous compound increase in the external rusts. Part of the samples received an Initial copper
deposit by immersion of the steel plates in a CuSO, bath. MBssbauer spectroscopy analysis
showed that the amorphous substance was no longer present in the rusts of those spécimens;
that is, the rusts of both steels were formed only by y-FeOOH and a-FeOOH.

introduction
Low alloy steel corrosion is still a not well known fleld. Par-
ticular interest is focused on the so-called weathering stesls
which show a remarkable resistance to atmospheric corrosion
once a stable rust is formed, especially in SO,-contalning at-
mospheres.’

Several analysis of the distribution of alloying elements in
low alloy steels rust show an increase in copper and chromium
concentration at the metal-oxide interface,'* though some
authors report a homogeneous distribution in the bulk rust
with increasing concentration of alloying elements around
pits and voids of the oxide layer.5 Accordingly, it was suppos-
ed that the presence of copper and sulfate produces a change
in the compasition and/or morphology of the corrosion pro-
ducts of low alloy steels which would be responsible for their
good corrosion resistance. This conclusion was reinforced by
results of experimental research on the influence of Cu2+* and
50,2 ions on the formation of iron corrosion products.5®

Furthermore, studies of steel corrosion products mor-
phology detected the formation of two difterent layers when
observed by retlectéd polarized light.»'%1? in low alloy steels,
exposed to the atmosphere for more than a year, an internal
optically isotropic layer was distinguished from an external
optically active layer, while these two layers continued mixed
in the rust of carbon steels, even after several years exposure.
it was concluded that the internal optically isotropic layer

*Submitted for publication March, 1981; revised October,
1981. ‘
*Comision Nacional de Energia Atomica, Buenos Aires,
Argentina.

would be responsible for the corrosion rate decrease of
weathering steels. According to Miranda,! the internal rust
would be a crack- and void-free compact layer, composed
mainly by o-FeOOH. The presence of SO,2- would seem to
play an important role in the process of a-FeOOH formation?
On the other hand, Missawa et af'2 propose that the metallic
surface would be protected by an amorphous ferric oxyhydrox-
ide compact layer with a considerable amount of bound water.
in the preaent work, the initial copper and suifate con-
tents on the surface of low allioy and 1010 ateeis waa increas-
ed by Immersing In a CuSO, bath. By this method, the copper
content increment at the metal-oxide interface can be obtain-
ed earlier than by the atmospheric weathering procesa. The in-
fluence of this procedure on the weathering steel patina for-
mation could be studied. Analysls of the so-treated carbon
steel corrosion products would allow to determine if, at initial
corrosion stages, the effect of the copper deposited on the
steel surface is comparable to that produced by copper as an
alloying element in a weathering steel. The sampies immers
in the CuSOQ, bath were exposed along with low alloy and 10
steels blank specimens in an urban-industrial atmosphere.
MGssbauer spectroscopy was used for the analysis of the
corrosion products.™ This technique can give more informa-
tion compared with other conventional techniques due to the
fact that it is a very suitable tool in the study of crystalline or
amorphous iron oxides and hydroxides in bulk and in ultrafine
particles (< 100 A).14

Experimental
Plates 30 cm long, 10 cm wide, and 0.2 ¢m thick of low
alloy steel (8ee composition In Table 1) and 1010 steel were

0010-9312/82/000067/$3.00/0
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TABLE 1 — Low Alloy Steel Composition

Element (v Mn Si S P Cr NI Mo Sn Cu Fe
% Weight 0.11 0.37 0.22 0.023 0.085 0.69 on 0.10 0.08 0.38 ditf.
Vetocity(mm/s)
10 8 L t L
[ i o o N ' ! T | * e ‘-‘,M. S
) '_.‘:
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£
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FIGURE 1 — MBssbauer spectra at L. N temperature of 1010 steel rust. {A) external layer; (B) in-
temal layer. O experimental points, ¢ fitted points, + coincident points.

used. The samples were pickled with an hydrochloric acid
solution (100 mL of HCI inhibited with 2 grams antimonious ox-
ide and 2 grams stannous chloride per lter); next they were
sandblasted and afterwards degreased with carbon
tetrachtoride. On half of the specimens, copper was deposited
on the surface by Immersing the plates in a 0.1% CuSO, solu-
tion for 4 minutes.

The piates were exposed for 10-1/2 months In the urban-
Industrial atmosphere of Buenos Aires City suburbs, facing
north at a 30° angle. The exposition started at the end of
autumn and finished in the middle of autumn the next year.

The samples of rust were taken from areas of the plates
that were far away from the frames so that no water was
caught in thogse zones during the drying perlods. Samples of
the external rust were taken by slightly scraping the surface
with a razor. Then the bulk of the rust layer was removed by
scraping and samples of the rust next to the metal surface
were taken. The latter were called the internal rust samples.

Mossbauer spectra were measured using a constant ac-
celeration spectrometer operated with a 256 channel analyzer
in the time mode. The source was kept at room temperature
and consisted of ’Co in a Pd matrix. The lron content of the

Vol. 38, No. 4, April, 1982
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powder form samples was approximately  mg/cm?2. Measure-
ments were carried out with the absorber at room and liquid
nitrogen temperature. All spectra were analyzed by least
squared computer fit,'® using a pure Lorentzian shape.
Parameters were constrained such that each component of a
doublet as well as each pair of a magnetic sextet has equal
width and area. Each spectrum has been fitted with ditferent
hypothesis and its quality was checked by x? test. Those
whose x? values were statistically acceptable and showed
physical consistency were selected. The corresponding x2 par
degree of freedom are quoted in Table 3.

Resuits and Discussion

MUssbauer spectra of all the samples showed simiiar
characteristics: at room temperature, they consist of peaks in
the central region and a slight indication of a magnetic hyper-
fine interaction. At 77 K, a magnetic hyperfine spectrum ap-
pears superimposed with the paramagnetic peaks (Figures 1
to 4). The M8ssbauer parameters obtained are summarized in
Table 2, where at room temperature we have indicated only
the values corresponding to the paramagnetic region. For
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FIGURE 2 — Mdssbauer spectra at L N temperature of 1010 steel with CuSO, bath rust. (C) ex-
ternal layer; (D) internal layer. For key, see legend to Figure 1.
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TABLE 2(a) — Mossbauer Parameters of the
Fitted Spectra at Room Temperature

Steel layer v-FeOOH Doublet Il Doublet
Ammis ISmmis Ammis 1ISmmvs

external 0.55(4) 0.22(5) 0.65(6) 0.26(6)
1010

internal 0.54(4) 0.23(5) 0.85(8) 0.27(8)
1010 with external 0.54(4) 0.23(5) 0.67(8) 0.22(6)
CuSO, bath internal 0.56(4) 0.23(5) 0.70(6) 0.22(8)

external 0.61(4) 0.20(5) 0.64(8) 0.28(8)
Weathering st.

internal 0.61(4) 0.22(5) 0.65(6) 0.27(6)
Waeathering st. external 0.60(4) 0.20(5) 0.69(6) 0.21(6)
with CuSQ, bath internal 0.54(4) 0.23(5) 0.70(8) 0.22(8)

(Reterred to Pd matrix at room temperature.

doublet |, these values are typical for y-FeOOH.'® The cor-
responding line widths are within 0.31-0.35 mm/s. When
doublet Il is present, the parameters are characteristic of an
amorphous FeOOH or gel.'” Besides we cannot discard the
presence of a-FeOOH smaller than 40A, but to confirm that, It
would be necessary to analyze the samples at lower
temperature. At the magnetic region, the corresponding
parameters indicate that a-FeOOH ultratine particles are

Vol. 38, No. 4, April, 1982

present'® with distributions of sizes centered about 85A and
finer. The presence of 8 does not seem probable because it
has been shown that 3-FeOOH is the least stable of all types
of FeOOH. Only consigesable concentration of chioride lons
stabllizee It.1® -

The approximate relative concentrations of each oxy-
hydroxide, calculated from the area ratios of the correspond-
ing spectra at liquid nitrogen temperature, are shown In Table
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TABLE 2(b) — M3ssbauer Parameters of the Fitted Spectra at Liquid Nitrogen Temperatures

210

# Doublet

Superimposed Hypertine Spectra

IS mmvs T'miwis

Qs mmve I8 mmis F'mmvs oOLmavs Smmis  Lsmmis IS mmis T'mevs

H Koe

Q8 mmvs

HKoe

0.45

0.37(8)

0.748
0.74®)

0.40¢4)
0.40(4)
0.40(4)

08 0.87(4)
0.29(¢)

0318

0.3%8)
0.3%®)
0.3%®)
0.29®)
0.3%8)
0.3%8)
0.3%8)

~0.12()

-0.11(8)

452(6)
450(8)
449(6)
440(6)

[X]

0.33(3)
0.33(3)
0.3%3)
0.32(3)
0.30(3)

-0.123)
-0.129)
—0.123)

483(3)

ext.

1010

0.45

0.348)

0.57(4)

08

0.4

48703

int.

0.00(4)
0.80(4)

~0.128) 0.8
-0.1%®

-0.129)

-0.08(8)
-0.12¢8)
-0.18)

0.4

483(3)

oxt.

1010 +

0.4

-0.13)
=-0.11(3)

a4
~0.12(3)
-0.11(3)

int.

CuS0,

0.37(4) 0.86(8) 0.37(8) 0.49
0.68(8)

0.82(4)

[:X"]

428(8)

425(8)

0.4

AT703)

oxt.

Waeath.

0.47

0.30(8)

0.30(4)
0.39(4)
0.3%(4)

0.5&4)
0.50(4)
0.50(4)

1.0

04

0.31(3)

4T7(3)

int.

0.9

0.4 449(8)

0.333)
0.32(9)

482(3)

479(3)

ext.

Weath.

0.8

452(8)

04

-0.133)

Int.

+CuSO,

The isomer shifts are referred to Pd matrix at room temperature

e qQ
as = —a-nacos’ay

3. It was assumed that the recoll tree fraction for all compo-
nents are equal.'® The """ values in amorphous materials are
reduced when comparing with their values in the crystalline
state, with a temperature dependence consistent with the har-
monic model and a smaller 8p.2° This fact does not invalidate
the general tendenclies shown in Table 3. The figures cor-
responding to the amorphous compound could be somewhat
greater and In this case, the other figures should be smaller.

For the weathering and 1010 steel plates without the
CuSO, treatment, a iarger quantity of y-FeOOH is found in the
internal layers than In the external ones, whereas o-FeOOH as
well as the amorphous compound are more abundant in the ex:
ternal layers.

Comparing the external layers and the internal ones of
both steels, no significant differences in the composition of
the corresponding rusts are observed; the 1010 external layer
contains a somewhat larger amount of a-FeQOH and a smaller
quantity of the doublet il compounds than the low alloy steel
rust, while the 1010 steel Internal layer has a larger proportion
of a-FeOOH and a smaller proportion of y-FeOOH than tha
othar internal layer.

A remarkable difference is obtained for the rusts formed
on the plates immersed in the CuSO, bath: the doublet cor-
responding to the amorphous oxyhydroxide Is no longer pres-
ent In the rusts of both steels. Along with the disappearance
of the amorphous compound In the corrosion products, an In-
crease in the proportion of v-FeOOH is observed, while tha
amount of a-FeQOH in the rust Iis similar to that obtalned for
the steels without the CuSO, treatment.

According to the model proposed by Melsel,?! it Is most
probable that the oxidation of Fe0 to Fe2+ Initially would lead
to the formation of FeO islands and, by aurface diffusion, to
the formation of one or a few monolayers of wiistite. As the ox-
Idation process continues, Fe;0, and/or y-Fe,0, are formed in
layers of thicknesa between 50 and 100 A. These compounds
have simllar atructures and littie difference between thelr iat-
tice parameters, and this fact would allow an epltactical
growth of 10 to 30 atomic layers. The oxldes that form this pro-
tective layer are not stable enough. Under the influence of
water vapor, Fe,Q, Is converted to the orthorhombic com-
pound y-FeOOH. The other producta have a cubic structure.
This phase transformation Is accompanied by a large increase
In molar volume and leads to a disruption of the oxide layer in-
to smalil particles which behave as amorphous or gel-like com-
pounda. The deatruction of the oxide layer allows the progress
of the oxidation process. On the other hand, the corrosive en-
vironmental conditions provide the activation energy (heat,
radiation) necessary to transform y-FeOOH to o-FeOOH and
later to a-Fe,0,, which are more stable corrosion products.

It should be also considered that the metal surface expos-
ed to the atmoaphare is covered during certain periods by an
electrolyte layer originated by rain water or condensed humid-
ity. Partial dissolution of the corrosion products already form-
ed takes place, which helps in the formation of a-FeOOH2 and
to further metal corrosion.

For the steels studied, our results show that the external
layer of the rust, which is the most exposed to the corrosive
environment, presents a larger proportion of a-FeOOH than
¥-FeOOH and a greater amount of amorphous compounds.
These facts agree with the ideas exposed above.

It should be noted that this behavior Is very simllar for the
1010 and the weathering steels. The eventual Influence of the
microalloylng elements would not be evident yet, as the ex-
posure period Is short and the rust would have not con-
solidated.

A similar tendency, although less marked, for the ratio of
o-FeOOH to y-FeOOH, is observed In the steel plates with the
copper deposit. Another Important fact is the disappearance
of the amorphous substance or gel from both layers. This
result contradicts the hypothesis that the observed copper
enrichment'* in the metal-oxide interface favors the formation
of an amorphous layer In the Internal rust.

CORROSION—NACE



TABLE 3 — Relative Concentration of Oxyhydroxides

Steel Layer Magnetic Component  y-FeOOH Il Doublet x8
external 53% 27% 20% 1.08
1010
Internal 46% 44% 10% 1.22
external 54% 46% — 1.18
1010 with
CuSO, Internal 48% 52°% - 0.95
external 47% 26% 27% 1.1
Weathering st. .
internal 40% 50% 10% 0.98
external 47% 53% — 1.05
Weathering st.
with CuSO, bath internal 40% 680% - 1.20

x§ : X2 per degree of freedom.

in a previous work,® analyzing the rust of the same
weathering steel exposed for 10 months in Buenos Aires
urban-industrial atmosphere, we found a somewhat different
distribution of the oxyhydroxides in the rust layers. The ex-
posure period started in summer and ended in spring, and this
fact might have some influence in the rust formation process.
The composition of the external rust layer of our first samples
was similar to that obtained for the weathering steel in the pre-
sent experiment. The most important difference was observed
comparing the internal layers composition: in the former test,
no amorphous compounds were found in the internai rust layer
and the proportion of a-FeOOH ulitrafine particles was larger
than in the present samples.

Conclusions

Our results show that there is a larger proportion of
a-FeOOH to y-FeOOH and a greater amount of amorphous
compounds in the external rust layers of weathering and 1010
steels. This fact is in accordance with the modeis
proposed?'22 for atmospheric corrosion processes.

The present work also demonstrates that a copper
deposit on low alloy steel and carbon steel surfaces produces
a change in their atmospheric rust composition: the amor-
phous or gel-llke corrosion products present in rusts of blank
plates of both steels, disappears.

Even though the effect of immersing the steel plates in a
CuSO, bath cannot be considered identical to the effect pro-
duced by the copper enrichment at the metal-oxide interface
of a weathering steel exposed to the atmosphere, our results
suggest that copper would not favor the formation of an amor-
phous protective tayer on the metal surface.
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