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This presentation will compare and contrast two
reseach themesin locdized corrosion that have been
prominent during the past 40 yeas. There will be astrong
focus on stainless seds, since the aithor can speak (he
thinks) with some authority on those materials. Aluminum
and ather metals will be introduced where they help to
ill uminate some general theme, or where they reved that
some processoccurring in stainless ged is pedalized to
the FeCr system, or to commercial aloys, and dces not
extend to pure metals.

Thefirst theme isthe initiation of locdized
corrosion, and the role of the passve film and of chloride
ionsin initiation processes. For pitting at plane surfaces,
kinetic laws were proposed based on the induction time
for pit nucleaion, a mnvenient quantity for representing
theinverse “rate” of passivity breskdown. The work of
Hoar and Jaaob, whil e not the first example of this
approach, was notable in that a spedfic complexation
processwas cited on the basis of kinetic relationships.
This was essentially a film-dissolution concept. Other
authors who have extended this approach have mme
under some presaure to justify the use of the induction
timeitself. | personally have difficulty with the kind of
experiment where dnloride isinjeded into the solution
after some period o pre-passvation. Authorsrarely
measure the current sensitively and rarely determine the
acdual pit nucledion rate in the dtered solution. To my
knowledge, no-one has exadly repeaed classca work
(based on induction times) using sensitive instrumentation
that can record metastable pitting events, espedally under
conditi ons where stable pitting is grealy delayed. Such
experiments might counter or confirm the suggestion that
the induction time is smply the inverse of the pit
nucleation rate and has no ather fundamental significance

Theories of pit initi ation based on commercial
alloys are vulnerable to any demonstration that pitting
occurs exclusively at inclusions that provide geometricd,
chemicd (sulfur) and perhaps other congenial conditions
for pitting. In the case of FeCr alloys, it has been shown
(by Ryan and athersincluding the author) that it is
guestionable whether pitting is even possble on smocth
surfaces without inclusions, unless the Cr content is ©
low that atunnel-like mrrosion occurs, leading to the
credion of ocduded cavities on an imperfedly passivated
surface This places the emphasis firmly on the aeaion of
an ocduded cavity within which concentration of
disolution products can occur. An unresolved issue, for
examplein “pure” iron or aluminum, is whether alow
population of particles can gve the observed number of
pitting events (probably not, at least in the case studied by
Bardwell, whereiron was subjeded to paential stepsinto
the pitting region that were terminated after short periods
followed by microscopic examination. Pit densities were
much too highto be ascribed to particle nucledion.).

| have focused on film dissolution, but of course
aproper acaunting of research in this areahasto include
“mechanicd” or “chemicd-mechanical” modes of film
breakdown. Amongst mechanicd aspedsisthe

eledrostriction effed of anion adsorption. Thisisared,
demonstrable effed, and may ad in concert with other,
more aiticd events. A powerful experimental approach
by Burstein and athers has led to the conclusion that the
fundamental event in pit nucleation is the formation of a
(ferrous) chloride salt under the passve film, followed by
rupture of the latter by volume expansion due to the larger
molar volume of the salt. This needsto be @mnfirmed in
systems that are not so sensitive to non-metalli ¢
inclusions as gainless geds. For those seeking the true
origin of pitting, such theories displacethe main mystery
badk one step, to the formation of the salt island under the
passve film. Perhaps the film becomes an anion-selective
membrane locdly, to such an extent that chloride ingress
into a hydrated salt idland is easier than proton egress
Finally, the paint defea theory postulates credion of a
vacacy cluster or small void under the passive film,
which nucleaes film collapse and pit initiation. Thisisa
true nucleaion theory, and probably has not yet been
subjeded to a caeful attempt at falsification. In its most
general form, it does have some dubious aspeds, such as
the daim that all oying elements promote or retard pit
nucleation by altering the point defed population of the
passve film. Thereis no evidencefor this propasition.

Many scientists believe that crevice @rrosion initiation is
amature aea and that mathematicd modeling has
confirmed the notion of passive dislution leading to
gradual addificdion. Thisisnot the cae. It is dill unclea
which crevices obey this “Oldfield and Sutton” or
“Greene” or “Crolet” mechanism, and which are
dominated by metastable pitting or some chance
occurrence of adjacent metastable pitti ng events within
the adevice To my knowledge, no-one has attempted to
initiate aevice orrosion on inclusion-freestainlesssteds,
which might be one test of the importance of pitting.

In contrast to the slight confusion about pit initiation, the
propagation of locdized corrosion is arather mature aea
The main areaof disagreement, and a focus of this
presentation, is the extent to which pit “initiation” is
redly governed by the stability of propagation, but in a
very small cavity. Even before 1960, Edeleanu had shown
the basic features of locdized corrosion chemistry in
aluminum, using a divided cdl approach and microscopic
ohservations of tunnel propagation. It was obvious that
Edeleanu thought stabili ty of propagation was sufficient
to explain locdized corrosion. Modern mathematicd
methods have enabled the alvanced propagation of
crevice mrrosion to be modeled rather acairately, and
understood m several levels. A more controversial claim,
by Galvele (1976 was that pitting at plane surfaces
simply reflected the stabili zation of a aiticd chemistry in
aminute avity such asa aad in the pasdve film. This,
in my view, isthe single most important advancein
corrosion theory in the past 40 yeas. Of course the theory
had flaws, mainly the optimistic assumption that
thermodynamic stability of dissolved products relative to
solid ones was sufficient to explain the passage of
extraordinary anodic current densities. The fad that thisis
not a sufficient condition explains why red pits nucleae
in pre-existing cavities, or perhapsin spedal underfilm
geometries as proposed by Burstein. The author with N.J.
Laycock has made some progressin applying Galvele's
concepts quantitatively to stainless geds: the results tend
to confirm that pradicd effeds of alloying or
environment have nothing to dowith the composition,
structure or eledricd properties of the passive film.



