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The nature of the “pasdve” oxide film oniron hes been the
subjed of investigation since Schonkein and Faraday (1,2)
first developed the theory of aprotedive oxide skin. It is
now generally accepted that passvity is due to the presence
of athin oxide film 1-4 nm thick which isolates the metal
surfacefrom a @rrosive ajueous environment. This paper
will provide abrief historicd perspedive of the
developmentsin understanding the nature of the passve
oxide film.

Aspointed ou in previous surveys (3-5), ealy work deding
with the dedrochemistry of ironwas dorein add solution,
but over the last 30 yeas gudies have been carried ou
mainly in neutral buffered solution. A major impetus for
work in neutral solutions came from the research of
Nagayama and Cohen (6) using a pH 8.4 sodium borate-
boric add bufer solution. They considered that in the
passveregionironis covered by athin film of cubic oxide
of the y-Fe,0,/Fe,0, type, the same type of film that is
formed bythereadion d clean ironwith oxygen or dry air.
Other compositions and structures were propaosed for the
passve film, some involving the inclusion of hydrogen (7,8)
or the presence of water (9). In fad, the composition d the
passve film oniron depends on the type of eledrochemicd
treament for forming the film and the nature of the solution
in which it is formed. There may even be problems with
passvation d iron in pH 8.4 borate buffer if the anodic
treament all ows the dislution d substantial amounts of
Fe”. In such a situation, F&”* ionsin solution may anodicaly
depasit onthe surfaceto gve an ouer y-FeOOH layer (10).

Some of the most important developments over the past 30
yeasin the study of pasdvity have been the use and
applicaion o surface aalyticd techniques, scanning probe
microscopy and synchrotron radiation studies. For example,
Auger eledron spedroscopy (11, 12), M ésshauer
spedroscopy (13-15), secondary ionmass pedrometry (16-
18), extended X-ray absorption fine structure (4, 19) and
surface @hanced Raman spectroscopy (20) have been used
to oktain detail ed, although sometimes contradictory,
information regarding the compasition d the passve film on
iron. However, taking into accourt the posshbility of Fe**
depasition, and the fad that films formed at lower potentials
areunstablein air (21), the datain general support the
duplex, cubic oxide structure proposed by earlier workers (4,
6, 22, 23).

More recant studies have used in-situ and ex-situ scanning
tunneling microscopy (24) and synchrotron X-ray scatering
and X-ray absorption near-edge spedroscopy to study
passve films (5, 25, 26) and artificial iron oxde films (27) in
borate buffer solutions. In-situ STM at intermediate
potentials after passvating at high potentials srowed the
same latticeon alarge number of areas (24). The structureis
consistent with ay-Fe,0,/Fe,O, structure of the passve film
and the results refute the suggestion d a highly disordered o
amorphous passve film. X-ray scatering deta (5, 25) are
consistent with a spinel oxide (y-Fe,0,,Fe,O,, or related
structure) and inconsistent with other crystalli ne bulk oxides,
hydroxides or oxyhydroxides. However, the data
demonstrate that neither Fe,O,, y-Fe,0,, nor any

combination of these phases can adequately describe the
experimental results. A new spinel phase with afully
occupied oxygen lattice, octahedral site occupancy of
80+10%, tetrahedral site occupancy of 66+10% and an
octahedral interstitial site occupancy of 12+4% is proposed
(5). The passve film acording to this model istherefore
related to Fe;O, and y-Fe,Os, but has notable different
occupancies of octahedral, tetrahedral, and interstitial sites.
This detail ed structure of the oxide formed in borate buffer
underscores the progressthat has been made over the last
160+ yeasto improve our understanding of the nature of
passve films.
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