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We have shown earlier {1] that passive iron anodically polarized in perchloric acid will become activated as
the result of ClOg ion adsorption. This process is reversible, Activation does not occur in sulfuric acid, but the rate
of increase of the degree of passivation diminishes when a certain definite anodic potential is reached. Activation
is accompanied by a sharp increase in the cumrent at the point corresponding to the activation potential on the poten-

tiostatic polarization curve and by an increase in the time rate of change of the polarization current on the chrono-
amperometric curve.

We have attempted to explain the mechanism of dissolution of iron in anodic activation by determining the ef-
fect of the solution composition on the activation and the valence of the iron which is thrown into solution in anodic
polarization of the active and the passive metal. The activation potential for the polarization of iron in acidified
solutions of sodium perchlorate diminishes linearly with an increase in the logarithm of the perchlorate ion concen-
wation (Fig. 1). This fact is quite consistent with our own theory of the adsorption mechanism of anodic activation.
In fact, we have assumed that activation sets in when the surface concentration of perchloric acid reaches a certain
definite value, Tyqp. If ion adsorption under these conditions follows a logarithmic isotherm (moderate coverage for
a nonuniform surface ) and the surface concentration of anions is proportional 1o the potential drop, ¢, in the double
layer (that is, the double layer functions as a condenser) at fixed anion concentration, Cj, in solution, it is possible
to write the following theoretical equation

ri=ga—0blgC;+ const,,

in which Ty is the surface concentration of anions and a and b are positive constants.
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Fig. 1. Relation between the potential
for anodic activation and the ClOg ion
concentration at [H*] = 0.1 N,

Fig. 2. Relation between the potential
for anodic activation and the H' ion
concentration at [C10g] = 4.2 N.

The experimentally observed relation -ap 50t = b log C + const, (where ¢5¢¢ is the value of ¢ whenT =T 54)

follows from this equation when the conditions are such thatT'; is equal to the constant 'y and ¢4 differs from the
electrode potential by a fixed amount (Figs. 1).

It can be assumed that the adsorption of C10g ions instrongly acidic solutions is determined by the reaction:

Fe,0; -- 6H* — 6CIO; = 3H,0 - [2Fe — (CIOy)slads.
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and therefore proceeds in a single elementary act involving acid

mg/liter _,, dissolution of the oxide. Such displacement of the oxygen atoms
6001 fe —C—— 3 a by Cl1Oj ions with increasing potential is possible because the polar-
6 : izability of the ions is higher than that of the atoms.*

On the other hand, we have shown that ¢ ¢ at fixed C10; ion
concentration is independent of the pH in solutions which are not too
strongly acidic (Fig. 2). Thus, the reversible adsorption of Cl10; ions
in weakly acidic solutions is independent of the dissolution of the iron
oxide in the acid. Only in strongly acidic solutions with H' jon con-
centrations ranging from 1 to 4,2 V is there a displacement of @5¢¢
in the negative direction with an increase in the concentration of the
H* ions, a fact which is consistent with the theory of the passivating
action of the oxide,

Fig. 3. Variation of the Fe content of a 1 N
HCI10Oy solution and its relation to the amount
of current transmitted: 1) Fe*" from an anod-

ically activated electrode; 2) Fedt from an The valence of the iron thrown into solution in polarization
anodically activated electrode; 3) Fe’ ona  was determined colorimetrically. The relation between the Fe* and
passive electrode at a potential, ¢, of 1.3 v, Fe3' ion concentrations in a 1 N solution of perchloric acid, and the
in the presence of added Fe(ClOg),. quantity of electricity passed through the solution is shown in Fig. 3.

It is seen from this figure that more than 99% of the current involved
in the dissolution of anodically act1vated iron in perchlonc acid is expended in the formation of Fe?* and less than
1% consumed in the formation of Fe®*, The Fe—Fe?" reaction proceeds rapidly after anodic activation, the limiting
rate being clearly related in a complex fashion to the Fe?' ion diffusion from the electrode. Thus, the dissolution of
active iron in 1 N HCIO, at a potential, ¢, of 0.0 V and dissolution after anodic activation at a potential of 1.5 V
both proceed with maximum velocity of ~1 amp/ cm?, Reducing the C10g ion concentration also brings about areduc-

tion in the maximum current.

Essentially only wivalent iron is obtained from the passive metal in perchloric acid, the situation in this respect
being similar to that met in sulfuric acid where passivation does not occur at all [5]. In order to determine the extent
to which the various stages of the oxidation of passive iron are independent of one another, ferrous perchlorate
(Fe(Cl10y);) was added to a 1 N solution of perchloric acid to a concentration ot 0.1 N, thereby increasing the concen-
tration of this compound in the neighborhood of the passive iron electrode by a factor of 1000 Expenment showed
that (Fig. 3, 3) there wasalmost no oxidation of the passive iron through the reaction Fe*' > Fe¥ at a potential
near 1.3 v [3], although the metal was oxidized to the tr1va1ent condition rather than the divalent, just as had been
the case prior to the addition of Fe?' to the solution.

This situation could be explained either by assuming that oxidation of the passive iron of the electrode (or an
intermediate univalent surface compound of iron) to the trivalent state takes place in a single step which bypasses
the free divalent state, or that oxidation proceeds in the solid phase [4] and without that considerable overvoltage
which is responsible for the slowness of the reaction in solution, It is possible that the preferential adsorption of the
Fe®' ions [3] prevents the approach of the Fe?" jons to the electrode surface and thereby increases the overvoltage.

Experiments in which Fe?' was added to sulfuric acid showed that there was just as little oxidation of the passive
iron to the divalent state in this solution at potentials in the 1.3-1.4 V interval as in sulfuric acid itself. Thisindi-
cates that the ClO; ions do not promote the oxidation of Fe?" on passive iron. Our work shows that anodic activation
of passive iron does not increase the rate of formation of Fe¥* in perchloric acid.

Reasoning in analogy with the case of plannum [61, it could be assumed that the rate of the Fe?* - Fe* reaction
on a free iron surface would be of the order of 107 amp /cm? at the standard potential of 0,77 V, and several orders
higher still at a potential of 1.3 v. Experiment shows, however, that the current strength for oxidation of Fe?* on an
anodically activated iron electrode is only 10° 2 amp/cm?, It must therefore be concluded either that the C10g ions
strongly retard the Fett.Fe®* reaction or that these ions regroup the oxygen on the surface rather than displacing it,
so that the Fe?" oxidation proceeds on only a small portion of the surface. This last is the more probable.

* An exact comparison of the polarizabilities of the Cl10; ion and the oxygen atom in solution is made difficult by the
lack of data on the effect of cations and water molecules on the oxygen polarizability. A crude comparison of the
polarizabilities of Cl0 ions in solution and of oxygen atoms in the gaseous phase can be had through refraction
measurements [2),and suggests that the polarization of the ClO] ion is considerably greater than that of the oxygen
atom.
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The formation of pits, considered to be an indication of the dissolution of metal in anodic activation {7, 8], was
observed only on those electrodes which had been prepared from rolled Fe. The pits were generally scattered at
random over the electrode surface. As a rule, new pits were not formed in alternate passivation and anodic activation
of such electrodes, but the pits already present continued to grow. The electrodes used in this work were prepared
for the most part from wire; pitting was not observed on these, the surface of the wire dissolving uniformly. It is
possible that this is due to the fact that the surface was smoothed and cold-hardened as the wire passed through the

die.
We wish to express our thanks to D, I. Leikis and B, M. Grafov for participation in a discussion of the experi-
mental results.
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-

cover English translations appears at the back of this issue.
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