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This communication presents data on the influence of pH, hydrogen sulfide, and an inhibitor on the
electrochemical reactions and corrosion of iron in deaerated solutions of H,S0,, with concentrations
from 0.01 to 8.0 N at 20° (at H,SO, concentrations less than 1 N, Na,SO, was added up to 1N). The electrode
was zone melted iron and Armco type iron; the pH was measured with a hydrogen electrode in the cell
itself, and with a glass electrode outside the cell. Tribenzylamine (TBzA) was used as a standard cationic
type inhibitor. Instead of H,S, the salt Na,S*9H,0 was added to the solutions, assuming that it is almost
entirely converted to H,S in acid solutions. '

From Fig. 1 it is evident that for zone-melted iron the potential of the cathodic reaction of discharg-
ing of hydrogen ions (¢) is shifted in the positive direction with increasing hydrogen sulfide concentration,
while the potential of the anodic reaction of ionization of iron (¢g) is shifted in the negative direction. Con-
sequently, hydrogen sulfide accelerates both reactions. The static corrosion potential ¢ oopy i shifted
in the negative direction with increasing hydrogen sulfide concentration as a result of the stronger accelera-
tion of the anodic reaction, while the current of self-dissolution(ig) increases. The corresponding coef-
ficients are cited below.

99 /9PNa,s = —19 mV at i, = 1072 A/em?, 894 /dpyg,,g = 22.5 mV at ig = 1073 A/em?, 8@ corr/®Na,s
=13 mV—-aloglo/apNazs = —0,15 at o = —0.35 V, Blogia}BpNazs = —0.40 at g4 = —0.25 V, dlogigorr
/apNazs = —0.21—pyy,g = —log [NaS]. _ ~

A comparison of the curves of Figs 2a and 3a shows that the accelerating effect of hydrogen sul-
fide on the cathodic reaction is stronger in less acid solutions, and on the anodic reaction in more acld
solutions. The decelerating action of the inhibitor, together with hydrogen sulfide, on the cathodic reaction,
on the contrary, is manifested more strongly in more acid solutions, and on the anodic reaction in less acid
solutions (see also Fig. 2b). : ‘ '
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Fig. 1. Cathodic and anodic polarization curves of zone-melted
iron (a) in 1 N H,SO4 (1) and with additions of Na,S (N): 2) 10'6;
3) 10~4; 4) 102, as well as dependence of the electrode poten-
tial on the logarithm of the Na,S concentration in 1 N Hy50;
(b): 1) ¢p; 2) ¢, at 10-2 A/em?; 3) ¢corr; 4) dependence of
log icory on log [Na,S].

The rate of the cathodic reaction decreases, and that of the anodic reaction increases with increasing
pH (Fig. 3b). The rate of self-dissolution of iron is a compromise between the rates of the individual
electrochemical reactions; therefore, the dependence of log icorr on the pH is less pronounced than the
corresponding dependence of the individual electrochemical reactions (Table 1).

In solutions with hydrogen sulfide and without it, the rate of self-dissolution of iron decreases with
increasing pH, while in the presence of additions of TBzA + Na,S it increases somewhat (Table 1). The
acceleration of the corrosion of hydrogen sulfide at all values of the pH is almost the same while the
deceleration of the corrosion on the addition of TBzA + Na,Sdecreases substantially with increasing pH

“(curves of logicorr versus the pH for solutions with and without the inhibitor approach one another
with increasing pH). The latter effect is associated with the lower adsorbability of the inhibitor with in-
creasing pH of the solution, which probably occurs as a result of the competitive adsorption of OH™ fons,
just as in the case of the adsorption of inhibitors on iron in the absence of hydrogen sulfide [1].

The rate of corrosion of iron, determined according to the weight loss of the samples, is very close
to that found from the polarization curves; however, in the case of an addition of TBzA + Na,S, the rate
of corrosion remained appreciably lower than that found from the polarization curves for a long time (220 h),
and, as can be seen from Table 2, increases with increasing acidity of the solutions. It should be noted
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Fig. 2. Polarization curves (a and b): dependence of the anodic
(1-3) and cathodic (4-6) potentials on the pHati = 10-3 A/em?
in a pure solution of 0.1 N H,SO, + 0.9 N Na,SO, (1, 4) and with
additives: (2, 5) 107¢ N Na,S; (3, 6) 1074 N Na,S + 10~¢ M TBzA.
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Fig. 8. Curves of the polarization of iron (a) and dependence

of the logarithm of the current density of the cathodic reac-

tion on the pH (b) in pure solutions of 3 N H,S0, (1, 4) and

with additives: 2, 5) 10~ N Na,S; 3) 107 N Na,S+ 107 M

TBzA at ¢ = —0.4 V for the cathodic reaction and ¢ = —0.2

V for the anodic reaction.

that the inhibitor TBzA in a concentration of 10~¢ M does not prevent embrittlement of iron, arising in the
presence of 10-* N H,S and increasing with Increasing acid concentration and time of corrosion {2].

The acceleration of the cathodic reaction of discharging of hydrogen ions by hydrogen sulfide was
explained by the action of the surface catalyst of HS~ anions adsorbed on iron [3]). The concentration and
activity of the catalyst increases with increasing negative potential and hydrogen sulfide concentration but
drops with increasing pH; therefore the rate of the cathodic reaction decreases with increasing pH more
slowly than in solutions without hydrogen sulfide (see Fig. 3b and Table 1).

The acceleration by hydrogen sulfide of the anodic reaction of ionization of iron is also induced by the
action of the catalyst, in this case of chemisorbed HS™ anions [4, 5]. The increase in the dependence of
dlogi,/8pH on the addition of hydrogen sulfide (see Fig. 3b and Table 1) is associated with an increase in
the adsorption of HS~ ions on iron with decreasing acidity of the solution and the strengthening of their bond
to iron as the potential is displaced in the positive direction, which occurs with decreasing pH. This should

lower the activity and the effect of the anodic catalyst.

The slowdown of the cathodic reaction by a cationic-type inhibitor in the presence of a stimulator,
hydrogen sulfide, occurs, on the one hand, as a result of the disappearance of the action of the cathodic
catalyst in the case of the adsorption of particles of the inhibitor on it in place of protons, and on the other
hand, as a result of the appearance of a positive §j-potential, leading to a slowdown of the reaction of dis-
charging of hydrogen ions [3, 5]. ) :

, The slowdown of the anodic reaction by an inhibitor is caused by blockage of the action of the anodic
catalyst indicated above when particles of the inhibitor are adsorbed on its surface and also as a result of
the appearance of a positive adsorption potential, creating a supplementary barrier in the escape of iron
cations into solution., Thus, inhibitors eliminate the action both of cathodic and of anodic catalysts. The
HS™ anions adsorbed on iron serve as anionic bridges, which substantially promote the adsorption of
onfum-~type inhibitors. The explains the strong synergistic effect of the action of inhibitors together with
hydrogen sulfide on the corrosion of iron in acid solutions [6, 7. ,
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