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The iron dswlution and passvation mechanism
represents one of the basic corrosion readions. The murnter
readion is either the hydrogen evolution a the oxygen
reduction daminating in strongaddic and reutral solutions,
respedively. These murter readions overlap at pH abou
4. According to the Wagner-Traud theory, the @rrosion
potential and the corrosion rate of the iron mixed eledrode
is determined by the kinetics of the metal disslution and
the murter readion. In addic solutions, the iron dssolution
and the hydrogen evolution are charge transfer controll ed
readions, whereas at higher pH the oxygen reduction is
mainly atransport controlled readion.

It is wel acceted that the dislution and
passvation processs of the iron group metals (iron, cobalt,
and rickel) in addic solutions follow complicaed
medchanisms  involving  dfferent  oxygen-containing
adsorbed intermediates (cf. refs. 1-3 and the literature dted
therein). It was experimentally found that the disslution
and pasdvation rate of iron goup metals grongy depends
on the dedrode potentia, the @mposition o the
eledrolyte, and the pH. On the basis of steady state and
nonstealy state potentiostatic transient measurements, a
first approach of the iron dsolution mechanismus in the
adive range was proposed by the Russan scientists Roiter,
Kabanov and Frumkin et a. at the end d the thirtiesandin
the fourties At the end d the fifties, the German group d
Bonhcaeffer and Heudler observed a different set of kinetic
data. They suggested the so-cdled “cataytic” iron
disolution menachnism. The rate determining charge
transfer controll ed step was asaumed to take place aadive
surfacesites. Later in the beginning d the sixties, Bockris,
Drazc, and Despic in the US studied intensively the iron
disolution mechanism in addic solutions in the adive
range. They oltained kinetic data similar to those of the
Rusdans and proposed the so-cdled “conseautive” iron
disolution mechanism. In that time, several other groups
al over the world confirmed either the data for the caalytic
or those for the mnseautive iron dssoltion mecdhanism. For
more than a decale, these diff erent mechanisms dominated
the ntroversely scientific discussons. However, in that
time the dedrochemicd kinetics was dedt only on the
basis of a quasi-homogeneous surface aproach o the
eledrode. The influences of the substrate substructure and
the substrate surface inhamogeneities on the kinetics of
eledrochemicd readionwere completely disregarded.

Therefore, in the middle of the sixtiees, Lorenz ¢ al.
in Germany started extensive investigations on this topic.
They showed that both sets of experimental data can be
measured depending onthe density of dislocaions of the
substrate. Also, the transition from the cdalytic to the
conseautive iron dsolution medchanism and vice versa was
performed changing the substrate surface structure.
Cathodc measurements on iron and cobalt deposition
suppated the theoreticd asaumptions of the important role
of surface inhamogeneities on the kinetics of
eledrochemicd charge transfer controlled readions.

The development of Eledrochemicd Impedance
Spedroscopy (EIS) by Eppelboin, Morel, Takenoui,
Keddam, Wiart et al. in France in the late sixties and
seventies opened a new windov to study interfadal
phenomena and readions influenced by adsorbates and the
substrate surface structure. In  particular, the iron
disolution mechanisn was intensively studied by the
groups of Eppelboin rt a. and Lorenz & al. using EIS. As
remarkable results, the French colleagues acceted the
existence of a cdalytic charge transfer Stepp, and the
Germans introduced the potential-dependent surface
relaxation d kinks as readion sitesin the discusson o EIS

spedra.

At the same time, Heudler et a. in Gerrmany started
highly sophisticated investigations on the disslution
kinetics and morphdogy o well-defined iron single aystal
faces. Asamain result, the iron dsslution kinetics could
be quantitatively correlated to the density of monatomic
steps and kink sites at the iron surface This gage
represented the start of modern surface éedrochemistry.
Lorenz, Juttner.et al. also used low-index planes of iron
single aystals for iron dsslution studies. Both German
groups agredd to interpret the obtained data on the basis of
an atomistic goproach.

In the eghties, the development of different
Scanning Probe Microscopy (SPM) techniques and their
introdwction as in situ SPM methocs at solid/liquid
interfaces opened a new window to investigate both the
structure of eledrochemicd interfaces and interfadal
readions on an atomic level. Different undersaturation
(underpotential, UPD) phenomena forming so-cdled Low-
Dimensional Systems (LDSs) at surfaceinhomogeneiti es of
foreign singe aystal substrate surfaces could be
quantitatively  interpreted in  terms of atomistic
considerations using in situ SPM results. Consequently, the
oxygen containing readion intermediates in the iron
disolution and passvation medcanisms were recaitly
reconsidered applying this LDS concept (4). Now, one gets
a omplete new insight on an atomic level into the iron
disolution and pasdvation mechanisms, the breskdown of
passvity, and ptting corrosion rocesss.
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