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Abstract 

Some aspects of the effect of hydrogen absorption on the anodic ionization of iron in solutions 

of mineral acids, both in the absence and in the presence of corrosion inhibitors, are discussed. 

It is shown that the process of iron anodic ionization in acid media is sensitive to the hydrogen 

content in the metal. The stronger the hydrogen content in the metal, the lower the rate of its 

ionization. In many cases, anodic activation of iron can result from the desorption of adsorbed 

hydrogen which, like an inhibitor, blocks the active centers of the metal ionization from the 

surface. The anodic activation of iron in inhibited acid solutions can be provoked by removal of 

adsorbed hydrogen from the metal surface, partial or complete desorption of the inhibitor, and 

formation of pits. It is noted that in inhibited acid solutions, even at potentials higher than the 

anodic activation potential, an adsorbed inhibitor can not only be partially retained on iron 

surface but also be adsorbed on a newly formed metal surface. The development of pitting upon 

anodic activation of iron results from partial desorption of an inhibitor from the metal surface. 

Pits form on inhibitor-free areas of the steel surface. The possibility of pitting corrosion of iron 

in inhibited solutions of mineral acids in the case of a shift of the corrosion potential by 

inhibitors to the pitting potential is discussed. 
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This article was written in the wake of the review recently published in IJCSI [1] discussing 

the reasons for the anodic activation of steels in inhibited acid solutions. The author of the 

review comes to the conclusion that upon sufficiently strong anodic polarization of steels, 

their surface transforms to a “specific structurally disordered quasi-liquid state with short-

range order characteristic of a two-dimensional adsorption layer in an electrolyte.” Under 

these conditions, desorption of any corrosion inhibitors, regardless of their chemical nature, 

will occur from the metal surface, which causes the anodic activation of steel. This approach 

can certainly be considered as a possible reason for the anodic activation of steels in inhibited 

acids, but we believe that the problem is much broader. 

Anodic activation of iron and nickel is observed in acid solutions that contain no 

corrosion inhibitors. Slowly recorded potentiostatic curves of nickel anode in H2SO4 solution 
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[2] and of iron electrode in H2SO4 and HCl solutions [3–5] have broken line shapes. The 

self-activation of nickel is attributed to the anodic initiation of submicroscopic steps and 

protrusions that serve as mobile centers where a metal reacts with solution components [2]. 

The self-activation of iron upon anodic polarization is largely the result of hydrogen 

absorption in contact with acid solutions [3–5]. Hydrogenated iron contains two forms of 

hydrogen. Absorbed hydrogen is incorporated into the metal bulk, whereas adsorbed 

hydrogen is present on its surface. Both forms exist in equilibrium with each other. The 

hydrogen atoms adsorbed on the surface of iron, similarly to an inhibitor, block the active 

centers of its ionization. 

 
Figure 1. Curves of anodic polarization of iron in positive (without an accent) and negative 

direction (with an accent) in 1 M HCl without additives (1, 1´, 2, 3, 3´) and with addition of 

30 mM PA (4, 4´ – 6, 6´): 1, 1´, 2, 4, 4´, 6, 6´– without preliminary hydrogen absorption by the 

electrode; 2 – repeated polarization increase; 3, 3´, 5, 5´ – after hydrogen absorption; 6, 6´ – 

PA was added after electrode activation at E = –0.18 V. Time of electrode exposure at the set 

potential (min.): • – 3;  – 5;  – 10;  – 20; о – 40 [5]. 

A clear illustration of this statement was obtained in a study on the effect of hydrogen 

absorption on the anodic dissolution of iron in 1 M HCl [5] (Figure 1). The anodic curve of 

iron (curve 1) pre-exposed at the corrosion potential (Ecor) in 1 M HCl comprises three 

sections. Section I corresponds to the process that occurs on the metal “poisoned” with 

atomic hydrogen. Section II corresponds to the anodic activation of iron due to the removal 

of atomic hydrogen from the surface. In section III, the anodic ionization of iron occurs on 
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the metal free of adsorbed hydrogen. The reverse sweep of the anodic curve (curve 1´) also 

characterizes the ionization of iron on the metal free of hydrogen. If the potential (E) of the 

iron electrode is increased immediately after recording curve 1´, then anodic curve 2, like 

curve 1´, will have one linear section, but the recorded anodic currents will be slightly 

smaller due to the slight hydrogen absorption on the metal at E close to Ecor. Anodic curve 3 

of iron that was pre-hydrogenated cathodically also contains sections I–III, but, unlike 

curve 1, section I is characterized by smaller currents and is more extensive due to a higher 

content of hydrogen in the metal. Thus, the anodic activation of iron in acid solutions results 

from the removal of adsorbed hydrogen, which inhibits the anodic ionization of iron, from 

the metal surface. 

The processes occurring during the anodic ionization of iron in inhibited acid solutions 

are more complex. Let us consider them in the case of iron anodic ionization in 1 M HCl 

containing propargyl alcohol (PA). PA adsorbed on iron surface at Ecor significantly inhibits 

the anodic reaction (curve 4), but as the activation potential (Eact) is reached, like in the 

background medium, a sharp current increase corresponding to the anode nonpolarizability 

region occurs. After the non-polarizability region, there is a third region of the anodic curve 

with a smaller Tafel slope than in the first region. Forced cathodic hydrogenation of iron 

(curve 5) shifts Eact to a more positive region. In contrast, the adsorption of PA on non-

hydrogenated metal (curve 6) weakens the inhibition of the anodic reaction by the inhibitor. 

In media inhibited with PA, like in the background, a hysteresis of the forward and reverse 

anodic curve scans is observed. One can see that hydrogen absorption by iron in an inhibited 

medium affects its anodic activation, but anodic activation of the metal occurs even in the 

case of minor hydrogen absorption by the electrode (curve 6). A natural conclusion is that 

the anodic activation of iron in inhibited acid results from the desorption of hydrogen and 

the inhibitor, or only the inhibitor, from the metal surface, but this is true to some extent 

only. In the course of iron anodic activation, the inhibitor is removed only from certain areas. 

Pits develop in these places [5]. It is the growth of pits that is largely responsible for the 

electrode activation. Such pits are visually observable on iron surface. It is interesting that 

PA can heal pits formed on iron in 1 M HCl upon anodic activation. The pattern of variation 

of the anodic current versus time at E = Eact + 10 mV shows that it increases at first, then the 

growth slows down, the current passes through a maximum and starts to decrease. The time 

dependence of the degree of iron protection by PA has the form shown in Figure 2. This is 

possible if pitting goes through the stages of growth and healing by an inhibitor [6]. Thus, at 

E > Eact, not only can the adsorbed inhibitor be retained on the steel surface, but its additional 

adsorption on the newly formed inner pitting surface can also take place. 

In solutions of mineral acids, the anodic activation of iron results from different rates 

of anodic ionization of hydrogenated and non-hydrogenated iron. Hydrogenated iron 

dissolves rather slowly. When Eact is exceeded, the metal surface is freed from adsorbed 

hydrogen and anodic ionization of iron occurs at higher rates typical of the process on non-

hydrogenated metal. 
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Figure 2. Degree of iron protection vs. lg during PA desorption; E = Eact + 10 mV. PA 

concentration: 10 mM [6]. 

The nature of iron activation in inhibited acid media is more ambiguous. It is important 

that this process is sensitive to the hydrogen content in iron [3–5]. The anodic activation of 

iron in inhibited acid solutions can be stimulated by removal of adsorbed hydrogen from the 

metal surface, partial or complete desorption of the inhibitor, and formation of pits. It is not 

always possible to distinguish the contribution of each of these factors to iron activation. 

Moreover, the question of how the anodic polarization of a metal causes the removal of 

hydrogen and inhibitors from its surface remains open. 

In the above example, both in the background and in the inhibited acid, the Eact of iron 

is considerably more positive than its Ecor, in good agreement with the data discussed in the 

review [1]. However, cases where EcorEact on iron in inhibited media were also reported 

[7–9]. This is possible if the inhibitor added to the corrosive environment stimulates the 

cathodic process but efficiently inhibits the anodic reaction of iron. Such an inhibitor shifts 

Ecor to Eact. For example, this situation is observed for iron in 1 M H2SO4 inhibited by PA 

(Figure 3) [7]. When a metal is operated in such an inhibited environment, this is extremely 

dangerous since there is a possibility that pitting corrosion would develop at Ecor. Indeed, 

prolonged exposure of low-carbon steel samples in H2SO4 solutions inhibited by PA gives 

rise to shallow pits on the metal surface. It is extremely important to take this possibility into 

account in the industrial application of corrosion inhibitors [9]. 
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Figure 3. Polarization curves on iron in 1 M H2SO4 (1) in the presence of PA (mM): 2 – 1, 3 – 

5, 4 – 30 [7]. 

Conclusions 

The anodic activation of iron and steels is characteristic exclusively of background or 

inhibited acid solutions. In these environments, the hydrogen uptake by metals and 

especially by their surfaces occurs rather quickly. This indirectly indicates that there is a 

relationship between the metal anodic activation and hydrogen desorption processes. 

Removal of adsorbed hydrogen from the metal surface, partial or complete desorption of the 

inhibitor, and pitting should be considered as the reasons for the anodic activation of iron 

and steels in solutions of mineral acids. However, more specific details of each of the 

possible pathways of iron anodic activation require more thorough experimental and 

theoretical studies. 
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