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Abstract

As studies directed at improvement of a method for estimation of the amount to which
corrosion products and inhibitor films contribute to the total protection effects are being
held, various approaches to express the additivity of superficial protective film components
are considered, along with their influence on the estimation of the partial contributions of
each individual component of a superficial protective film. The latter will be discussed in
our subsequent study.
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Introduction

The key methodological issue in the estimation of partial contributions of a “corrosion
products — inhibitor” superficial protective film, as it is pointed out in [1-3], is in their
definition and taking into account their interactions. It is known that a film of corrosion
products (CP) grows in an inhibited environment under the influence of an adsorbed
inhibitor. At the same time, the emergence, growth, and structural changes which occur in
a CP film with time [4] also influence the features of decelerator adsorption [5]. Taking
into account the fact that a full account of this kind of interference is extremely difficult, a
number of authors [1, 6] concluded that it was feasible to assume an additivity of the
growing inhibitor and CP films (i.e., that there was no interaction).

Meanwhile, in a number of studies [1-3, 7], the additivity of films was estimated on
the basis of a series of assumptions on the additivity of protective effects (Z) of system
components only (in approach 1). However, this mathematical treatment of films additivity
1s highly disputable, thus the approach considering the additivity of protection coefficients
(y) of superficial film components (in approach 2) appears to be more successful [8].

Zg =3 7, (1)
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n
Iy = E V. (2)

where Z and y indicate the inhibitor's protective effect and the corrosion protection
coefficient, respectively; P is the product, while £ and i are interlinear indexes indicating
the total and single indicators, respectively.

Expression (2) can be algebraically deduced on the basis of well-known theoretical
regularities.

The corrosion protection coefficient in the inhibited environment (y;,) is expressed as
follows:

j/in:_oﬁ (3)

where K, and K;, indicate the corrosion rate in the background and inhibited environment,
respectively.

The corrosion rate in the background environment is defined by presence of CP films
on metal surfaces only. Corrosion rate decreases in time if the CP film possesses protective
properties and vice versa, thus K, = Kcp. Arguing similarly, we obtain that K;, = Ky as both
the CP and inhibitor films are present on metal in the inhibited environment (£ = CP + in).
Therefore,

ﬁ = & 4)
K. K

in z

Further, we express the 1/Ky multiplier from formula (4) and then multiply both parts of
the received equality by K:

According to (3), the latter expression represents a special case of equality (2), namely:
Vs =Vcp Vin- (6)
Then one attains the equality (7) expressing y;, from the formula (6):
Vin =Vs!Vce (7)
The attained formula (7) is transformed by substitution of the expression relating y and Z:
1
V=T, (8)

SO one attains in this case:
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After this, we find the Z;, value for y; additivity case:
— Z.—7Z
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From the attained expression (10) it follows that the distinction between the considered
approaches consists of 1/(1—Zcp) multiplier presence at the Z;, calculation only. Therefore,
Zcp Increases eventually on the condition of a protective film formation, while the CP film
1s formed, and, respectively, the Z;, value increases as compared with the approach
considering Z; additivity.

On the other hand, the 1/(1-Zcp) factor tends to 1 if the CP film does not possess
protective functions, leaving a factor which does not influence the change in the Z;, value,
which thus tends to Zs. Both approaches produce similar estimation results only in this
case.

Thus, the subject matter of this research was the definition of the influence of ways of
expression of additivity of the interaction of superficial films towards the distribution their
contributions to the total protective effect.

The above stated influence is studied using the example of the inhibition of hydrogen
sulfide corrosion (HSC) of low carbon steel in the following work. Procedures of the tests
carried out corresponded fully to earlier described techniques [3, 9] and therefore do not
need to be mentioned in the work further. The corrosion tests results used were attained
and analyzed in the corresponding publications in detail [6, 10—11].

Results and Discussion

Comparison of the estimation results was carried out using initial [1] and modified
methods [2, 3] considering reduction of the CP film thickness in the inhibitor environment
and its dissolution with assumptions on the additivity of protective effects, Z, (in approach
1) and corrosion protection coefficients, y, (in approach 2) of a superficial protective film
components.

The results of estimations on surface component contributions for various methods of
additivity conception were calculated using the initial method [1] and are presented in
Fig. 1. As indicated earlier [1, 7], Zcp is, in this case, directly defined from the K, kinetics,
and therefore does not depend on methods of additivity conception. Results attained in this
work (curve 1, Fig. la and 1b) also confirm this. Zs, in its turn, is defined from the Kj,
kinetics and the K value at an initial time point, i.e., it does not depend on methods of
additivity expression, as well (curves 5—7, Fig. 1).
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Figure 1. Corrosion products (/) and inhibitor films contributions (2—4) to total protective effect
(5—7), calculated by means of original method [1] with assumptions of the additivity of protective
effects (a) or corrosion protection coefficients (b) of superficial protective film components. St3
steel grade, H,S continuous flow. Ci, =50 (2, 5), 500 (3, 6), or 2000 mg/L (4, 7).

According to expression (10), Z;, has to be slightly higher in the case of additivity of
y; than that under the assumption of Z; additivity, considering that the polysulfide film is
capable of slowing down HSC (Zcp > 0) [9, 12]. This is proved by the results of the
performed estimation (curves 2—4 in Fig. la and 1b). As one would expect, the Z;, value
increases with an increase in Cj,.

Thus, the contribution of the inhibitor film is the most dominant when estimating
contributions according to the initial method with the consideration of y; additivity, while
CP film has the dominant contribution according to a consideration of Z; additivity.

However, as it is noted in [3], the initial method is not entirely correct in its estimation
of the protective action of CP film in the inhibited environment, equalizing it with Zcp in a
background by their efficiency. Meanwhile, the formed CP film has a smaller thickness in
the inhibited environment due to the delayed mechanism of inhibitor action, and the Z.p
value in the inhibited environment has to be reasonably less than that in the background,
allowing for an absence of superficial film interaction. This phenomenon can be considered
in the contributions estimation using the chart showing the kinetics of specific losses of
metal mass in background and inhibited environments and also the kinetics of the
protective efficiency of sulfide film in background [3].

On the other hand, CP film can be dissolved in a liquid phase, and exfoliate from
metal at the achievement of certain critical film thickness. It is necessary to carry out a
quantitative analysis of the CP maintenance in a solution and contribution (in case of its
existence) for the purpose of Zcp estimation correction. In this case, data from specific
losses of metal mass minus an amount of metal passed into electrolyte, due to film
dissolution, are put on the above described intermediate chart. These calculations, also
given in [2], are the basis of the modified method of estimation of contributions of
superficial protective system components to Zs.
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Results for the estimation of the Zqp and Z;, values at various Cj, using the modified
method with consideration to different approaches to an interpretation of interaction

additivity are given in Figs. 2—4.
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Figure 2. Corrosion products (/) and inhibitor films contributions (2) to the total protective
effect (3), calculated by means of taking into consideration the reduction of CP film
thickness (a, ¢) and its dissolution (b, d) with assumptions of the additivity of protective
effects (a, b) or corrosion protection coefficients (¢, d) of superficial protective film
components. Ci, = 50 mg/L, St3 steel grade, H,S continuous flow.

It is expected, considering that the decrease in the thickness of a CP film and

dissolution of this film have opposite impacts on the Zqp value, that this will affect the
results of contributions estimation. Thus, approach 1 leads to the opposite conclusions on
the dominating contribution for 50 mg/L of inhibitor: Z;, dominates in the case of taking
into account the decrease in CP film thickness only, and, on the contrary, Zcp prevails after
2 hours of exposure in case of an additional control of iron sulfide film dissolution (Fig. 2a
and 2b).

Approach 2 qualitatively changes the situation of contributions distribution, but the
tendencies for distribution change remain the same: Z¢p increases and Z;, decreases with
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accounting for both specified factors, however, the contribution of Z;, dominates in each
case (Fig. 2¢ and 2d).
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Figure 3. Corrosion products (/) and inhibitor films contributions (2) to the total protective
effect (3), calculated by means of taking into consideration the reduction of CP film
thickness (a, ¢) and its dissolution (b, d) with assumptions of the additivity of protective
effects (a, b) or corrosion protection coefficients (¢, d) of superficial protective film
components. Cj, = 500 mg/L, St3 steel grade, H,S continuous flow.

Zs and Z;, naturally increase with Cj, growth to 500 mg/L, and Zcp, on the contrary,
decreases with respect to the values obtained at smaller Cj,, but the tendencies of
contributions change remain the same (Fig. 3). It should also be noted that Z;, = Zs in this
case, 1f the results of contributions estimation are based on method 2. Moreover, the Z;,
contribution continues to grow with a further growth in Cj, and almost completely reaches
the Zs values expressed by means of protective effect value (curves 2 and 3 in Figs. 4c and
4d). 1t i1s logical that when Z, = Zs, it would be more convenient to present the
contributions on a lg y = f(7) chart at such high concentrations of inhibitor (2000 mg/L) as
it is shown in Fig. 5.
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Figure 4. Corrosion products (/) and inhibitor film contributions (2) to the total protective
effect (3), calculated by means of taking into consideration the reduction of CP film
thickness (a, ¢) and its dissolution (b, d) with assumption of the additivity of protective
effects (a, b) or corrosion protection coefficients (¢, d) of superficial protective film
components. Ci, = 2000 mg/L, St3 steel grade, H,S continuous flow.

The Zcp contribution, in its turn, significantly depends on the account of CP film
thickness and its dissolution, and it weakly depends on the way of expression of
component additivity. On the contrary, the Z;, value strongly depends on the approach of
additivity expression, and it more weakly depends on the account of CP film thickness
changes. It should be noted that the approach considering the additivity of y; of protective
film components leads to an increase in the dominating contribution value, and this
influence continues to amplify with a growth in contributions value itself.
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Figure 5. Corrosion products (I—3) and inhibitor films contributions (4—06) to the total
protective effect (7—9), calculated by means of taking into consideration the reduction of CP
film thickness (a) and its dissolution (b) with assumptions of the additivity of corrosion
protection coefficients of superficial protective film components. Cj, = 50 (1, 4, 7), 500 (2, 5,
8) and 2000 mg/L (3, 6, 9), St3 steel grade, H,S continuous flow.

Conclusion

1. A modified method of the estimation of superficial film component contributions to the
total protective effect based on application of approach accounting additivity of films
corrosion protection coefficients is offered. Comparison of the results of several
estimation methods is carried out using the example of hydrogen sulfide corrosion
inhibition of steel in a liquid phase.

2. It is shown that the account of additivity of corrosion protection coefficients of system
components leads to a significant growth in the dominating contribution value, and the
contribution of a corrosion inhibitor film i1s the dominating one in the case of hydrogen
sulfide corrosion inhibition.

3. The Zs value does not depend on the account of the reduction of sulfide film thickness,
its dissolution, and the way of expression of additivity of superficial protective film
components.

4. The Zcp contribution significantly depends on the account of CP film thickness, its
dissolution, and it weakly depends on the way of expression of component additivity.
The Z;, value strongly depends on approach to additivity expression, and it more weakly
depends on the account of CP film thickness changes.
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