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The corrosion behaviour of mild steel was investigated in acidic acctate buffer solutions using impedance
and potential measurements. Tt was found that there are two dissolution rates resulting from the duplex
nature of the formed oxides. The dissolution rates were found to depend on the dissolving acctate buffer
solution pll and the dissolution temperature. In all cases, the film thickness was found to decrease with
time ol corrosin according to the relation (';‘1 = (('&)'I - l\'dll 2 It was found that addition of sulfide ions
increases the dissolution rate and increases the rate of hydrogen evolution reaction but does not affect the
mechanism of cathodic process. The role of sulfide ions on the corrosion behaviour of steel in acetate bulf-
er solutions is revealed by the complex plane impedance analysis.

Although the corrosion behaviour of iron has been extensively studied in neutral and
alkaline media especially in borate ones! = 1% the effect of sulfide jons on such beha-
viour scems (o have received little attention. The corrosion behaviour of many metals,
such as iron in sulfide ions containing environment, forms the bases of many industrics
problems of considerable significance.

However, little is also known about fundamental processes occurring on the iron
surface in acetate buffer solutions in the absence of sulfide jons'' = 1 The present
work concerns with the study of the corrosion behaviour iron inacetate buffer solutions
over the pH range 3.72 = 5.57 in the absence and presence of sulfide ions by impedance
and potential measurements. The former method may clarify the role of sulfide ions on

the corrosion behaviour of iron in acidic buffer solutions.

EXPERIMENTAL

The clectrode preparation. clectrolytic cell and clectric circuit were described clsewhere! ™1 AL solutions
were prepared from analytical grade chemicals and triply distilled water. The acidic buffer solutions (pl
3.72 = 5.57) were prepared by adding 0.2 M sodium acetate o 10 mlof 0.2 M acetic acid to the desired pll
(ref.!). Mild steel electrodes were manufactured in Company of Steel and Tron, Helwan, Fgypt: with the
following composition: 0.015% € 0.005% Mn, 0.017% S, 0.022% P,

Before cach experiment, the clectrode was abraded using successively finer grades of metallographic

20

emery papers down to 4/0 il the metal acquired a mirror bright surf:

¢ rinsed with triply distilled water

and tranferred 1o acctate buffer solution. Capacitance ¢ and resistance R were measured at 1 kllz, and
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the clectrode potential £ was measured relative to a saturated calomel electrode (SCE). All experiments
were carried out in a double-walled electrically controlled air thermostat at the desired temperature (= 0.2 °C).

RESULTS AND DISCUSSION

During the dissolution process, the electrode potential was found to shift towards more
negative values. As shown in Fig. 1, the decrease in the resistance R, with time appears
to be consistent with that of the clectrode potential E. It was found that the reciprocal
capacitance C;! of steel electrode decreases with time too (Fig. 2). Assuming that the
diclectric constant of the passive layer is almost invariable, C;! is proportional to the
layer thickness?! 2%, and hence the decrease in C;! reflects the dissolution behaviour of
steel in this buffer solution.

Effect of Sulfide lon on the Dissolution Behaviour

[t is obvious from Fig. 2 that the reciprocal capacitance decreases lincarly with the
squarc root of time in acctate buffer solutions indicating oxide thinning according to
the cquation®
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where (C2)!is the reciprocal capacitance at zero time and ky is the dissolution rate
constant. The values of kg in different pH’s are given in Table L. It has become clear
that there are two different dissolution rates of the passive film formed on the electrode
surface reflecting the duplex nature of the passive film. It has been known that the
passive oxide film formed on iron consists of an outer layer of y-Fe,O3 and of an inner
layer of Fe,0, (refs>2*). The dissolution rate of the outer layer is higher than that of the
inner onc. This indicates that once y-Fe,05 was consumed by rapid dissolution in an
acid solution, it was followed by slow dissolution of the magnetite layer and surface
activation.

Figure 3 shows the variation of the reciprocal capacitance with the square root of
time in the presence of sulfide ions. As it can be shown, the dissolution occurs in the
oxide film formed on the electrode surface. The effect of sulfide ions on the dissolution
rate becomes pronounced at concentrations higher than 107 mol 1!, and the relative
dissolution rate can be computed using the following cquation
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attainment of steady state, respectively and £ is time needed to reach the steady state
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values. As it can be seen from Fig. 4, the dependence of the relative dissolution rate v
on the logarithm of sulfide ion concentration fits the relation

V=ua+ blog|ST], (€))

where ¢ and b are constants depending on the medium composition.

The effect of the sulfide ion concentration on the rate of hydrogen evolution is
illustrated in Fig. 5. It is shown that sulfide ions do not affect the mechanism of the
cathodic process, but increase the rate of hydrogen evolution reaction.

Complex Plane Analysis

- 28

Complex plane analysis has been aceepted as a powerful tool in passivity studies™
and analysis of clectrode kinctics. The passive layer ability to retard the charge carrier
flow (i.c. to impede the rate of electrochemical reaction) may be clucidated from the
relation between the real and imaginary parts of clectrode impedance. For this purpose,

Tasre 1
Dissolution rate constants of steel clectrode at 30 °C

T (ko) (kg2
! 1078 )™ min ™ 1078 )™ min
3.72 14.0 10.00
4.27 12.5 8.66
4.80 5.0 3.07
5.57 2.8 -
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the frequency effect on the two vector components of clectrode impedance C and R
was studied in the pH range 3.72 — 5.57 in the absence and presence of sulfide mn.s,
after attainment of steady state values. Figure 6 illustrates the impedance spectra at
different pH values. The line slopes give indications about the insulating propertics of
the passive layer® and the diclectric loss angle & (& = 90 - ©) (ref.*?). The slopes, ©
and diclectric loss angle 6 arc given in Table II including the cffect of sulfide ion
concentration on the complex plane analysis of steel clectrode at pH 3.72. It is obvious
from these data that the insulating properties of the passive layers deteriorate as the
acidity increases. Also, with increasing sulfide ion concentration, the slope and phase
shift © decrease and, at the same time, the dielectric loss angle 8 increases.

Tapie Il
Variation of the loss angle d. phase shift @, and the solution resistance R of steel electrode in acetate

. . . -
buffer solutions in the absence and presence of S

[S7] : . -
phl mol 17! Slope ), 5, R.Q
3.72 - 4.46 77.4 12.6 540
0.010 4.29 76.9 13.1 357
0.005 3.70 74.9 15.1 443
0.001 1.43 55.0 35.0 600
4.27 - 4.27 78.7 1.3 230
4.80 - 5.50 79.7 10.3 165
5.57 - 6.60) 81.4 8.6 90)
240}
1wl ™
a L
120
6. 6 |
Complex plane impedance of a steel
clectrode after 3 h immersion in solutions Lwr
of different pllat 30 °C. pll of solutions:
13722427, 348, 4557 % 20 0 20 30 ‘50 530 550
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Effect of Temperature on the Dissolution Behaviour

The variation of C;! with the square root of time at different temperatures is shown in
Fig. 7. As it can be scen, C;l decreases as the temperature increases. At low tempe-
ratures (s 293 K), the rate of dissolution is very low (sce Table 1I). As the temperature
increases, the rate of dissolution increases. For cach temperature in all measurcments,
an inflection in the C;! versus (2 is obtained. The inflection time decreases as the
temperature increases. The relation between the rate of dissolution, represented by
dC;l7de'? | and 1/T gives straight lines (Arrhenius plot), which correspond to the first
and the second segments of the C;! versus (17 relation at different temperatures (Fig. R).
From the slopes of these lines the activation encrgy of the dissolution process may be

calculated as

R d In(ky),/d(1/T) = 159 kI mol™!

Tavie I
Variation of the dissolution rate with temperature in acetate buffer at pll 3.72

. (ka)y (ka)a
r.K e R
10 ‘pnl' " min " 107 nl U min
203 9.0 -
303 11.0 2.7
313 13.8 6.0
323 17.6 13.6
1 1 T | T
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n Variation of the reciprocal capacitance (.';,‘ of steel
clectrode with the square root of time at pll 3.72
0'180 %0 ’ 11 and different temperatures (°C): A 20, @ 30, O 40,
92 iz 100 as0
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and

~RdIn(k),/d (1/T) = 658 kj mol™".

The two values obtained from the two segments (cf. Fig. 8) arc rather different. This
indicates that the oxide films formed are different in nature, which nceds further

investigation.
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