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SYETEXIS

el LR

Figure 2. Rust metalography for 3, 4 and 5 systems, at 10, 20 and 65 days. 100X. Polarized light.

Figura 2. Fotomicrografias de las herrumbres de los sistemas 3, 4y 5 a 10, 20 y 65 dias. 100X. Luz polarizada

product of the possible explosions, could be
considered having a low H,SO4 content. On the
other hand, in outer areas the enrichment in
sulfates due to the explosion, favored goethite
formation, in relatively big nuclei.

As the corrosive phenomenon advances, it is
observed that the black phase goes from nodules to
a homogeneous distribution throughout the metal
surface. It is possible to talk of the formation of an
inner magnetite layer. Rust external part changes
its color, reaching a high lepidocrocite content,
which is confirmed by Méssbauer spectroscopy and
the metallographic observation for 65 d.

The higher amorphous content in these systems
and goethite diminution with time, suggest the
existence of a preferential transformation of the
initial rust to y FeOOH, restraining the sluggish
transformation to magnetite.

It can be say that the nodule preferential growth
towards the rust (no concentration), with the
subsequent distribution throughout the metal surface
(in bands) and a normal conformation of new
sulfates nests and goethite niche, are the processes
that favored oxygen income, increasing lepidocrocite
content and inhibiting magnetite formation.

Group 2, composed by systems 5 and 6, has a
higher chloride content in solution. In this group
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the corrosion rate increasing is reassumed. It was
also observed a black phase growth penetrating the
metal and an inner white phase intrusion, related
to akaganehite formation. As corrosion evolves,
these black concentrations start to transform from
the center into magnetite, with coloration from
dark gray to black.

Chloride higher content favored akaganehite
nucleation, allowing white agglomerations, whose
size increases with chloride in solution. The low
conductivity of this constituent and the shielding
effect generated by oxygen income favored
magnetite formation in a very localized form.
Niche developement is a chloride typical behavior
which origins pitting and alveolar corrosion in
steel.

Metallographic images for 20 and 65 testing d,
show how akaganehite is distributed in the rust.
Initially in small brigth agglomerations and then in
a massive forma, always surrounded by magnetite.
[t could be said that magnetite formation occurred
in many points in the rust, as a result akaganehite
dispersion, which was easily nucleated because
higher chloride contents.

Maéssbauer  spectroscopy  registered  higher
magnetite and lower amorphous contents than in
group 1. This indicates that conditions favored
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magnetite formation and inhibited lepidocrocite
presence.

Preferential nodule growth toward the metal
created attack localization, and the subsequent
akaganehite transformation of the rust into a
massive form impeded oxygen access, electric
conductivity was limited and generated multiple
points which favored magnetite formation,
inhibiting lepidocrocite.

System 4 presented an intermediate
phenomenology between the two already explained
groups, even though systems 3 and 5 presented some
indications of a similar behavior, specially during
the initial exposure periods. The metallographic
analysis of this system showed black nodules, similar
to those in the second group, but covered or
surrounded by a characteristic white phase. On top
of this occurs the formation of an intense red phase,
which is, in general, related to hydroxides.

Over the sulfate nests akaganehite nuclei
appear and salts are formed impeding oxygen (and
water) pass and breaking nest film. That created an
homogeneous distribution of a great quantity of
small places rich in H,SOy, in which the formation
of goethite is promoted.

From the metallographic image is apparent that
the evolution with time represented an
homogeneous distribution of the black phase
nuclei and also of the species related to
akaganehite or salt compounds.

Magnetite was in intermediate quantities
between the proposed groups and goethite and
amorphous (y) compounds increased with time,
showing a linearity which has not been detected in
the other systems. These situations pointed out
some intermediate conditions that favored the
formation of all constituents, a fact confirmed with
constituents percentages, their evolution with time
and the metallographic image for 65 days.

The nest strong explosion due to its membrane
breaking generated multiple points that are
goethite promoters. The presence of akaganehite
distributed in the rust favored magnetite
formation. The relatively easy oxygen access,
because of the homogeneous distribution of the
former constituents, allowed lepidocrocite
formation.

Once those three different behaviors or
evolutions have been described, it is valid to
advance another statement that will be answered,
basically, with the previous concepts.

How and why, every mechanism is reflected in
a different corrosion rate! Following the
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methodology of previous section, each group is
explained separately.

In group 1 nodules growth was towards the rust,
favoring lepidocrocite  formation and an
homogenous sulfate nest distribution. The evolution
of the system generated a uniform magnetite
distribution in the inner layer and good oxygenation
conditions in every point of the rust layer.

This nodule growth towards the rust oriented
the systems for an initial constituents distribution
in the rust layer, not in localized form. On the
other hand, the existence of homogeneously
distributed  lepidocrocite  created  electric
conditions that avoided attack localization or
preferential formation of any constituent.

The above statements are supported by the
preferential growth in the inner rust and a higher
distribution density with time. Logically, a more
compact rust was formed, adherent and isolating,
with a better response to corrosion.

Very localized nodules, which grow towards the
metal, favoring magnetite formation in these
localized points, are characteristic of group 2.
Other rust zones presented favorable conditions for
other constituents.

Because of the localized anodic zones and
formation of different constituents at several sites
in the rust layer, there were earlier coming up to
the surface of the inner layers. This lead to the
formation of an heterogeneous rust layer, with
different capacities for impeding oxygen pass and
different  electrical  conductivities,  thus
autocathalizing macrostructure heterogeneity.

Those outcrops lead to an enrichment of loose
rust, a lesser increasing in layer density and thicker
rust. All this means a layer which is non adherent,
porous and with a high capacity to absorb and
retain electrolyte, in other words a very poor
response to corrosion.

System 4 showed akaganehite, with the already
mentioned implication in magnetite formation.
Also, there were splashings, rich in H;SO,, that
favored goethite formation in several zones in the
rust. The premature distribution of small amounts
of akaganeite in the rust, established conditions
that favored all sort of constituents.

This  proliferation in  various points
homogeneously enriched the three kinds of rust.
Thickness had little increasing, while density
increased at constant rate. The formed rust layer
had good adherence and isolating capacity.

Electrochemical reactions occurred in the inner
layer, without observable localization. In this way,
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there were no concentrations or outcrops, giving,
as a result, the morphology observed in group 2
coupons.

6.
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CONCLUSIONS

This work clearly showed the already studied
phenomenon in which corrosion rate does not
increases, as it should be, when chloride
content increases.

To explain the corrosive mechanism that
promoted the different behaviors, systems were
classified into three groups. The first one,
composed by systems 1, 2 and 3, with the lower
chloride content in la solution, was qualified as
sulfate rich. The second group had the chloride
rich systems 5 and 6. System 4 was analyzed
independently. For group 1 a behavior was
proposed that can be generalized to corrosive
phenomena when sulfates are present. It
favored preferential lepidocrocite and goethite
formation. In group 2 it was pointed out how
chlorides influence saline nuclei or akaganeite
creation, which favored an intensive magnetite
formation and inhibited lepidocrocite. System 4
was taken as a intermediate case, with sulfate
nests morphology of group one, but without the
great concentration of group This
originated a new phenomenon in nests growth
and their dissemination process.

A kinetic path was shown that lead to
protective film formation and the possibility of
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its manipulation. In that way, in low carbon
steels, it is possible to have layers that are
especially resistant to corrosion in marine
environments. It is easy to imagine the
economic implications and the possible new
research lines in atmospheric corrosion.
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