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Previously [1], on the basis of indirect data we inferred that addition of sufficient amounts of hydrogen
peroxide to 1 N sulfuric acid at 90°C retards anodic solution of iron. We failed to obtain direct data on the
retarding influence of H,0, on the anodic reaction, because under these conditions hydrogen peroxide simul-
taneously accelerated solution by a chemical mechanism, as a result of which the overall rate of solution over
a wide range of potentials was independent of the potential and greatly exceeded the rate of the electrochemi~
cal process. It was also impossible to estimate the rate of the electrochemical reaction from the anodic cur-
rent density, because it was masked by the cathodic current of H,0, reduction.

In [1] we also established that at pH = 2, chemical solution of iron is not accelerated by hydrogen per-
oxide. For this reason, to ascertain the laws of the influence of hydrogen peroxide on the rate of electrochemi-
cal solution of iron, in this investigation the measurements were performed in 0.01 N sulfuric acid. At various
potentials more negative than the passivation potential of iron in sulfuric acid without additives we determined
the rate of solution of iron at 90° in solutions containing different amounts of H,;0,. The procedure was des-
cribed in [1]. The rate of solution was determined analytically using radiometric [2] and atomic-adsorption

[3] methods.

It will be seen from Fig.1 that under the influence of hydrogen peroxide in concentrations of 5-10~2 M.or
above, active electrochemical solutionof ironin 0.01 N H,S80, is retarded; this is expressed in a shift of the
Tafel straight lines toward the positive side, the shift being greater the higher the H,0, concentration. With
a tenfold increase in the latter, at constant potential the rate of electrochemical solution is reduced by more
than two orders of magnitude. This marked retardation may be due to adsorption of H,0, molecules or the
intermediate products of its reduction on the most active sectors of the surface. The theoretical possibility

of such adsorption has been shown, in particular, in [4], ‘ '
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Fig. 1. Potential of overall rates of solution of iron, deter-.
mined analytically, in a 10~2 M sulfuric acid solution with
additions of hydrogen peroxide in the following concentrations
(M): 1) 0; 2) 5-107% 3) 5-107%; 4) 7.8°10%; 5) 1.0-1071; 6)
9.0-10~!; 7) 6.56, The dashed lines are the same curves for
electrochemical solution of iron; ¢©, corrosion potential.
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Fig. 2. Analytically determined
rate of solution of iron vs potential
in solutions: 1) 10~2 N H,S0,; 2)
1072 N H,S0, + 91072 N Na,SO;;
3) 1072 N H,SO, + 8.0° 1072 M H,0y;
4) 10~ N H,80, + 8,0-1072 M H,0, +
9:10"2 N Na,S0,.

The influence of potential and solution composition on the solution kinetics of iron in solutions with con-
stant hydrogen peroxide content shows that the solution mechanism is similar to that observed in sulfate solu-
tions without an oxidant, Thus, after a correction for solution by a chemical mechanism has been made (dashed
lines in Fig.1), when hydrdgen peroxide is added the slope of the anodic Tafel straight lines remains practi-
cally the same (45 + 5 mM) as for pure sulfate solutions [5].

Furthermore, the rate of electrochemical solution of iron in the presence of hydrogen peroxide at con-
stant pH increases with the sulfate ion concentration in the solution (curves 3 and 4, Fig. 2). Admittedly, the
order of the reaction of solution of iron with respect to sulfate ions in the presence of H;O, ions is appreciably
higher than in pure sulfuric acid solutions, in which, according to previous measurements [6, 7] and repeat
measurements at 90°C (curves 1 and 2 in Fig.2), it is equal to unity. This is possibly due to partial desorption
of the oxidant from the metal surface as a result of competing adsorption of sulfate.

Finally, the fact that the laws of solution of iron in sulfuric acid with and without hydrogen peroxide are
the same is manifested also in the dependence of the process rate on the solution acidity. It is known that in
sulfuric acid media the’electrochemical solution rate increases with the solution pH by a first-order law [5].
At constant H,0, concentration, for the pH range from 1,15 to 2.2.* The magnitude of the reaction of OH™ ions
1s equal to 1.2.

Our results agree closely with the ideas developed by one of the authors [8, 9]. According to these, ad-
sorption of the solution components on the metal surface retards its solution if the strength of the bond between
the metal and adsorbate is much higher than that between the particles being adsorbed and the solution,

It can be expected that such adsorption will be observed primarily on the most active centers of the
metal surface and in a particular case may retard the process, all the signs of solution of the metal in the
active state being retained. Like the results in [10], the above data can be regarded as experimental con-
firmation of the ideas developed in [8, 9]. From these data it follows that with passivating adsorption of cer-
tain added components on the metal, solution of the latter may continue by the same mechanism by which the
metal dissolved in the pure initial solution. In this connection, however, solution does not take place over the
whole surface but only on centers of relatively low activity not occupied by adsorbed components acting a8 re-
tarders of the process,

These laws of the influence of hydrogen peroxide on the solution kinetics of iron differ from those estab-
lished for chromium [11]. In the latter case, addition of hydrogen peroxide to a sulfuric acid solution shifts
the metal passivation potential toward the negative side. This difference in the behavior of iron and chromium
is readily understandable if we take account of the different oxygen affinities of these metals.

¥t is difficult to obtain data for a wider pH range, because at pH = 1 iron dissolves predominantly by a chemi-
cal mechanism{1], and at pH = 2.5, in the presence of H,0,, a film of sparingly soluble products is formed on
the electrode during cathodic polarization,
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In the case of iron, which is less inclined to react with oxygen, according to the foregoing, the oxygen
of the hydrogen peroxide molecules blocks only part of the surface atoms of the metal. It seems that there is
attained the potential at which the strength of the bond between the metal and oxygen is sufficiently high for
such blocking to lead to retardation of solution on part of the surface. The kinetics of transfer of the atoms
of the metal not covered by oxidant to the solution remain unchanged. As the H,O, concentration in the solution
increases, new centers are included in the process of passivation adsorption of oxygen, with a resultant regu-
lar increase in the degree of surface coverage. There is a corresponding decrease in the proportion of atoms

dissolving according to the laws of the kinetics of active solution of iron.

A different picture is observed in the case of chromium, At its contact with the H,O,-containing solu-
tion, owing to their high affinity for oxygen practically all the metal atoms are blocked by the oxygen of the oxi-
dant. It is only when we observe attainment of a potential ensuring a bond strength sufficient for a retarding
effect to be manifested by the adsorbed oxygen that active electrochemical solution virtually ceases. Chrom-
fum begins to dissolve by the laws typical of solution of metals in the passive state.
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