450

Chimia 23 - 1969 - Dezember

Kinetics of Charge and Discharge of the Film on Superpassive Iron

By G. H. CARTLEDGE *

Chemistry Division, Oak Ridge National Laboratory, Oak Ridge (Tennessee, U.S.A.)

Dedicated to Professor Walter Feitknecht

Summary

In well-inhibited solutions, passivated iron acquires a small
charge when anodically polarized some-what above the poten-
tial of incipient activation. The rates of charge and discharge
have been determined potentiostatically, and have been found
to follow a kinetic equation derived on the assumption of an
activation-controlled process with an activation energy which
varies with the extent of charge or discharge. The results are
interpreted by application of the concept that the character-
istics of the passive state derive from a small concentration of
positive holes injected into the film. When the potential is
suddenly lowered, the high mobility of electrons permits them
to set up a space charge by which the activation energy for the
slower influx of protons is initially diminished.

In the study of passivation and activation of iron in
inhibiting solutions of the molybdate ion, it was observed
that the transition between active and fully passive
states proceeds in clearly defined steps.! The potentials

* Research sponsored by the U.S. Atomic Energy Commission under
contract with Union Carbide Corporation.
1 G.H.CARTLEDGE, Corrosion 24 (1968) 223.

at the inflections designated as X;, X,, and X; were
shown to have a definite pH dependence. In addition,
when anodic polarization was carried to 200 mv (or
more) noble to the potential, X,, of incipient activation,
a state was produced which had the property of reacting
with iron (II) ions in solution to produce a pseudo-
equilibrium potential on open circuit, The value of this
potential was shown to be a function of pH, pFe** and
pMo-VI, and its discharge to potentials only slightly
noble to X, involved a charge which is very small in
relation to the charge represented by formation of the
passivating film itself.

When the “supercharge” was removed by lowering
the polarizing potential, rather than by reaction of the
film with iron (II) ions on open circuit, it was clearly
seen that the rates of charge and discharge are much too
slow to correspond merely to an electrostatic capacitance
arising from displacement of electronic charge alone.
Hence the kinetics of these processes has been investigat-
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reversed during the process of discharge. It may be
significant that Reppy, Rao, and BockRris® reported
the refractive index of the film on passive nickel to
decrease rather abruptly when the potential was raised
beyond the passivating potential. Since the values of
Jo/ 9oo for different conditions gave no indication of any
significant dependence on pH, it may be concluded that
the aqueous side of the film is so amply saturated with
the source of protons that their concentration is not a
limiting factor in the rate. The source could be either
(H;0)* or H,0O adsorbed on the film.

The experiments may be taken to support the view
that the peculiarities of the superpassive condition of
iron are, in fact, associated with the small amount of
charge maintained by the high applied potential or by a
vigorous electron acceptor like HNO,; or 0sO,. Once
this supercharge has been neutralized, further addition
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of electrons reduces the cations to the Fe (II) state and
passivity is lost. The Flade potential, or X, in the molyb-
date system, would then represent the potential at
which this occurs. In contrast to some other views, the
suggested picture of the passive iron electrode is not one
of equilibrium, but of tension—a condition that involves
both the electrical and chemical properties of the film.
That such metals as aluminum, titanium, and zirconium
are naturally passive under atmospheric conditions may
similarly be due to the fact that their oxide lattices
already have a high interionic field strength and conse-
quent low solubility, without withdrawal of extra
electrons beyond those corresponding to a normal,
stable valence.
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