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Influence of a CuS04 Treatment on 
Atmospheric Steel Rust Formation 
A Mossbauer Spectroscopy Study*

C. SARAGOVI-BADLER, I. A. MAIER, and F. LABENSKI*

Abstract

Mbssbauer spectroscopy has been used to analyze the rust layers formed on a weathering 
steel and a 1010 steel exposed for 10-1/2 months to an urban-industrial atmosphere. No 
significant difference was found comparing the rusts of both steels: they were composed by 
7 -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 ot-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 CuS04 bath. MSssbauer spectroscopy analysis 
showed that the amorphous substance was no longer present In the rusts of those specimens; 
that is, the rusts of both steels were formed only by >-FeOOH and a-FeOOH.

Introduction
Low alloy steel corrosion Is still a not well known field. Par­
ticular interest is focused on the so-called weathering steels 
which show a remarkable resistance to atmospheric corrosion 
once a stable rust Is formed, especially in S02-containlng at­
mospheres. 1

Several analysis of the distribution of alloying elements in 
low alloy steels rust show an increase in copper and chromium 
concentration at the metal-oxlde interface,1'4 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 composition 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 
S042" Ions on the formation of iron corrosion products.8-9

Furthermore, studies of steel corrosion products mor­
phology detected the formation of two different layers when 
observed by reflectéd polarized light.'10'1’ 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.

“Comisión Nacional de Energía Atómica, Buenos Aires, 
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would be responsible for the corrosion rat* decrease of 
weathering steels. According to Miranda,1 the internal rust 
would be a crack- and void-free compact layer, composed 
mainly by a-FeOOH. The presence of SO,2- would seem to 
play an important role in the process of a-FeOOH formation.9 
On the other hand, Missawa et al12 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 sulfate con­
tents on the surface of low alloy and 1010 atMls waa Increas­
ed by immersing in a CuS04 bath. By this method, the copper 
content increment at the metal-oxlde Interface can be obtain­
ed earlier than by the atmospheric weathering procesa. The In­
fluence of this procedure on the weathering ateel patina for­
mation could be studied. Analysis 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 samples Immersed 
in the CuS04 bath were exposed along with low alloy and 10TO 
steels blank specimens in an urban-industrial atmosphere.

Mossbauer spectroscopy was used for th.e analysis of the' 
corrosion products.13 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 ultraflne 
particles (<  100 Á ).14

Experimental
Plates 30 cm long, 10 cm wide, and 0.2 cm thick of low 

alloy steel (see composition In Table 1) and 1010 steel were
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TA B LE  1 —  Low Alloy Steel Composition

Element C Mn SI S________ P_______ Cr Nl Mo Sn Cu Fe

%  Weight 0.11 0.37 0.22 0.023 0.085 0.69 0.11 0.10 0.06 0.38 dlff.

Velocity (irw n H )

FIGURE 1 —  M8asbau*r spectra at L N temperature of 1010 steel rust. (A) external layer; (B) In­
ternal layer. O experimental points, • fitted pointa, + coincident pointa.

used. The samples were pickled with an hydrochloric acid 
solution (100 mL of HCI Inhibited with 2 grams antlmonious ox­
ide and 2  grams stannous chloride per liter); next they were 
sandblasted and afterwards degreased with carbon 
tetrachloride. On half of the specimens, copper was deposited 
on the surface by Immersing the plates In a 0.1% CuS04 solu­
tion for 4 minutes.

The plates 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 those zones during the drying periods. 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 5,Co in a Pd matrix. The iron content of the

Vol. 38, No. 4, April, 1982

powder form samples was approximately 9 mg/cm2. Measure­
ments were carried out with the absorber at room and liquid 
nitrogen temperature. All spectra were analyzed by least 
squared computer fit,15 using a pure Lorentzian shape. 
Parameters were constrained such that each component of a 
doublet as well as each pair of a magnetic sextet haa equal 
width and area. Each spectrum has been fitted with different 
hypothesis and Its quality was checked by test. Thot» 
whose \ 4 values were statistically acceptable and showed 
physical consistency were selected. The corresponding x 2 per 
degree of freedom are quoted In Table 3.

Results and Discussion
Mttssbauer spectra of all the samples showed similar 

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 hyperflne spectrum ap­
pears superimposed with the paramagnetic peaks (Figures 1 
to 4). The MBssbauer 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 —  MSssbauer 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.

FIGURE 3 —  Mossbauer spectra at L N temperature of weathering steel rust. (E) external layer, 
(F) Internal layer. For key see, legend to Figure 1.
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FIGURE 4 —  MBssbauer spectra at L N temperature of weathering steel with CuS04 bath rust 
(G) external layer, (H) Internal layer. For key, see legend to Figure 1.

TABLE 2(a) —  Mdssbauer Parameters of the 
Fitted Spectra at Room Temperature

Steel layer 7 -FeOOH Doublet 
a mm/8 IS*1>mm/s

II Doublet 
Amm/8 IS*1>mnVa

external 0.55(4) 0.22(5) 0.65(6) 0.26(6)
10 10

internal 0.54(4) 0.23(5) 0.65(6) 0.27(6)

10 10  with external 0.54(4) 0.23(5) 0.67(6) 0 .2 2 (6)
CuS04 bath internal 0.56(4) 0.23(5) 0.70(6) 0 .2 2 (6)

external 0.01(4) 0.20(5) 0.64(6) 0.28(6)
Weathering St.

Internal 0.61(4) 0.22(5) 0.65(6) 0.27(6)

Weathering St. external 0.60(4) 0.20(5) 0.69(6) 0 .2 1 (6)
with CuS04 bath internal 0.54(4) 0.23(5) 0.70(6) 0 .22 (6)

^Referred to Pd matrix at room temperature.

doublet I, these values are typical for 7 -FeOOH .18 The cor­
responding line widths are within 0.31-0.35 mm/8. When 
doublet II Is present, the parameters are characteristic of an 
amorphous FeOOH or gel. ’ 7 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 ultraflne particles are

present18 with distributions of sizes centered about 85A and 
finer. The presence of fi does not seem probable because it 
has been shown that /3-FeOOH is the least stable of all types 
of FeOOH. Only conalc)e«pbte concentration of chloride ions 
stablllzee It. 18

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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3. It was assumed that the recoil tree fraction for all compo­
nents are equal. 13 The "f” 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 Op.20 This fact does not invalidate 
the general tendencies 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 
CuS04 treatment, a larger quantity of 7 -FeOOH Is found In the 
internal layers than In the external ones, whereas a-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 10 10  external layar 
contains a somewhat larger amount of a-FeOOH and a smaller 
quantity of the doublet II compounda than tha low alloy steel 
rust, while the 1010 steel Internal layar haa a larger proportion 
of a-FeOOH and a smaller proportion of -y-FeOOH than tha 
othar Internal layar.

A remarkable difference Is obtained for tha rusts formed 
on the platea Immaraed In the CuS04 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 tha amorphous compound In the corrosion products, an In- 
craaae in the proportion of -y-FeOOH Is obaerved, while tha 
amount of a-FeOOH In the rust is similar to that obtained for 
the steels without the CuS04 treatment.

According to the model proposed by Melael,31 it la moat 
probable that the oxidation of Fe° to Fe*+ Initially would lead 
to tha formation of FeO Islands and, by aurface diffusion, to 
tha formation of one or a few monolayers of wustlte. As the ox­
idation prooaaa continues, Fe30 4 and/or "V-Fe^a are formed In 
layers of thlckneaa between 50 and 100 A. These compounds 
have similar atructuraa and little difference between their lat­
tice parameters, and thla fact would allow an epltactlcal 
growth of 10 to 30 atomic layers. The oxides that form thla pro­
tective layer are not stable enough. Under tha Influence of 
water vapor, F «2 0 3 is converted to the orthorhomblc com­
pound 7 -FeOOH. The other producta have a cubic structure. 
This phase transformation la accompanied by a large increaaa 
In molar volume and leads to a disruption of the oxide layer In­
to email 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 a-FeOOH and 
later to a-Fe20 3, 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-FeOOH22 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 
■y-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 similar for the 
1010 and the weathering steels. The eventual influence of the 
mlcroalloylng 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 
a-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 
enrichment1'4 in the metal-oxide interface favors the formation 
of an amorphous layer In the Internal rust.
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TA B LE 3 —  Relative Concentration of Oxyhydroxldes

Steel Layer Magnetic Component 7-FeOOH II Doublet XÜ

external 53% 27% 2 0 % 1.08
10 10

Internal 46% 44% 1 0 % 1.2 2

external 54% 46% — 1.18
10 10  with

CuS04 Internal 48% 52% — 0.95

Weathering St.
external 47%

«
26% 27% 1 .1 1

Internal 40% 50% 10 % 0.98

external 47% 53% __ 1.05
Weathering St.

with CuS04 bath Internal 40% 60% — 1.20

x8 : X2 Per degree of freedom.

In a previous work,23 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 oxyhydroxldes 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 Internal rust layer 
and the proportion of a-FeOOH ultraflne particles was larger 
than in the present samples.

Conclusions
Our results show that there is a larger proportion of 

a-FeOOH to 7 -FeOOH and a greater amount of amorphous 
compounds in the external rust layers of weathering and 10 10  
steels. This fact is in accordance with the models 
proposed21’22 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 
CuS04 bath cannot be considered identical to the effect pro­
duced by the copper enrichment at the metal-oxlde Interface 
of a weathering steel exposed to the atmosphere, our results 
suggest that copper would not favor the formation of an amor­
phous protective layer on the metal surface.
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