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Abstract

In recent years the study of rare earth compounds for the inhibition of
the ajueous corrosion of metals, has been an intensive area of research
around the world™®, Hinton, Mansfeld and co-workers for instance,*®
have reported that Cerium and other rare erth salts effectively decrease
the corrosion rate of aluminum on neutral aqueous lutions. Based on
several experimental observations, they have postulated that the oxygen
or solvent reduction event (coupled to the oxidation of the metal
substrate), increases the locd pH at the metal solution interface which
in turns results in the formation of a hydrated oxide insulating film that
protects the substrate from further corrosion attack. In a similar fashion
to the phenomena studied by these researchers, we have also observed
that Samarium salts excerpt a inhibition effect on the corrosion rates of
sted in aqueous NaCl solutions’. We for instance measured a 20 time
decrease in the corrosion rate of 409L steel samples when these were
previously treated with agueous Sm solutions. We believe that the
protection mechanism by which this compourd decreases the corrosion
rate of sted and other metallic substrates, could be similar to the one
postulated for other rare earth compounds and therefore we decided to
study in detail this subjed.

Cyclic voltammetry measurements of Sm in concentrated NaCl
solutions show that, as expected, the Samarium spedes are esentially
inert in the potential range that defines the solvent stability window.
EQCM studies however, show that a protecting film is formed in the
presence of Sm sats when other species in the dectrolyte are
electrochemically formed. In this way, the reduction of dislved
oxygen, or the reduction of the solvent at more negative potentials,
result in the formation of protedive Sm-based films of specific
morphologies that clearly depend on the current density and on the
nature of the reduction products. Using platinum substrates modified
with Sm films prepared at different potentials, we caried out ESM
studies that alowed us to correlate the film-formation potentials with
the different thicknessand porosity of these films. The obtained results
show that whereas low-thickness dense films are formed as a
consequence of the reduction of oxygen, massve and highly porous
films are synthesized when the solvent is electrochemicaly reduced
(obviously a mmpromise between thickness and low porosity is
required to dbtain goad quality protecting films). The high porosity of
the films is therefore directly related to the formation of gaseous
hydrogen and the anount of hydrated oxide deposited is proportional to
the product of the current density and the deposition time. Additional
experiments with de-oxygenated solutions at different deposition
potentials, further suggest that the film formation mechanism only
obeys to the amount of electrochemicdly generated hydroxyl groups.
Massdeposition curves for solutions electrolyzed at different potentials
in the presence and in the ésence of oxygen, revealed that the mass
deposited during film formation is additive and independent on the
formation of gaseous hydrogen, which seemsto only affect the porosity
of the film. These observations have led us to suggest that, as in the
case of the Cerium films gudied by Hinton, Mansfeld and co-workers,
the dectrochemicdly induced increase in the locd pH at the metal-
solution interface, happens to be the responsible fador for the

precipitation of a non-soluble Sm based film that also seems to be
stable on neutral or basic solutions but pretty easy to remove with
lightly addic solutions.

Although deposition experiments on different metals indicate that the
formation of these films sen to be relatively independent on the
supporting substrate, its formation a1 iron, auminum or other
potentially important metals, depend on an oxidation event that
necessrily is coupled with a reduction process that results in the
formation of a protective film in the presence of aqueous smarium.
Studies on the optimization of the deposit formation from agueous
solutions of Sm for steel, aluminum and other metals, are under way in

our laboratory.
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