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ANODICFDISSOLUTION OF NICKEL IN ELECTROLYTES BASED ON
DIMETHYL SULFOXIDE AND ITS MIXTURES WITH WATER k

N. P. Abrashkina, T. R. Agladze, UDC 620.193.01
and G. S. Raskin

The anodic behavior of Ni in acid perchlorate solutions of DMSO were studied. It
was found that the rate of anodic dissolution of Ni (1) in solutions of DMSO is
several orders of magnitude lower than in other solvents (H,0, DMF). It was sug-
gested that the inhibition of the anodic reaction is associated with chemisorption
of solvent molecules. It was established that 1, increases substantially when
chloride ions and H20 molecules are introduced into the solution, which is due to
displacement, of passivating DMSO molecules from the Ni surface by these particles.
When the critical potential is reached, the dissolution of Ni proceeds with the
formation of pitting. Under these conditions an increase in the Cl~ ion and H20
content leads to a stronger activation of the electrode.

The limited number of systematic investigations on the mechanism of corrosion-electro-
chemical behavior of metals in various solvents [l1, 2], the complexity of the nature of the
interaction of molecules of the organic solvent with components of the medium {2, 3] and
surface atoms of solid metals [4-12], as well as methodological difficulties that arise in
conducting correct investigations in many nonaqueous media [13], are causes of the fact that
the theoretical bases of the influence of the nature of the solvent on processes of dissolu-
tion and passivation of metals are as yet largely unformulated.

In this work the role of the solvent was investigated for the reaction of anodic dis-
solution of nickel in perchlorate solutions of DMSO containing various additions of chloride
ions and water.. It was calculated in this case that a comparison of the data on the kinetics
of the ionization of nickel in a nonaqueous aprotic solvent (DMSO), differing sharply from
water in solvating [3] and adsorption [6, 10, 14, 15] properties, with the data obtained in
its mixture with H,0 and in other solvents [17], will permit the detection of certain prin-
ciples of the influence of solvent molecules on the processes of anodic dissolution and
passivation of nickel.
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The method of preparation of the solutions and the performance of electrochemical mea-
surements in nonaqueous solutions was described in [13]. The working samples in the form
of cathodic deposits, possessing a readily reproducible surface, enriched with the face
(100) (Fig. la), were produced by electrodeposition of nickel on a platinum base according
to the procedure described in [16]. Nickel was determined in solution by the method of
atomic-absorption spectrometry. The topography and composition of the surface layer of
nickel were investigated with a scanning electron microscope and by x-ray spectral micro-
analysis. The potentials are presented relative to a' gsaturated aqueous calomel electrode.

An analysis of the solution showed that at all the investigated potentials the anodic
current 1,°is equivalent to the rate of dissolution of nickel with the formation of NiZ+
ions. 1In anhydrous (CH,0 < 0.01 mass %) perchlorate solution at potentials from —0.15 to
+0.10 V, the rate of dissolution 1s low and depends little on the potential. More positive
than some critical potential Op»s the static anodic current density increases sharply (Fig.
2, curve 1). Measurements of the nonstatic current density indicate a change in the nature
of the anodic process. Actually, until this value is exceeded, any sharp increase in ¢ leads
only to a transitory flareup of the anodic ‘current, followed by a fall to low static value,
which is the usual for passive metals. If a potential more positive than o, is set, however,
then' after the initial flareup, a further monotonic rise in the current is observed, approach—
ing the already mentioned limiting static value, which is usually characteristic of a process
of surface activation. In this case the dissolution of the metal loses its uniform character,
and pits are formed (Fig. 1b), which gives a basis for considering ¢p as the potential of
pit formation.*

The introduction of additions of water into the perchlorate solution causes a substan-
tial increase in i,, especially in the range 0.3-3.0 M H20 (Fig. 3, curve 1). At the same
time, a large dependence of the rate of dissolution on the potential appears (Fig. 2, curves
2 and 3). Increasing the H,0 content at a constant composition of the remaiﬁiﬁg components
of the medium leads to a contraction of the region of uniform dissolution of nickel as a
result of a negative shift of ¢_,. At a water concentration from 0.0l to 0.7 M, the following
equation is correct: ¢, = 0.02 — 0.03 log CH,0. As a result, by introducing water into the
solution at a constant value of the potential (9 = —0.10 V), a transition from uniform (at
low value of Cy,p) to local dissolution of nickel (at sufficiently high CH,0) with an already
discribed change in the nature of the curves of 15 vs T can be observed. The passive state
of nickel can be disrupted by the introduction into solution not only of water, but also of
chloride ions. In the latter case the anodic curves (9 vs log 1,) are strongly shifted in
the negative direction along the potential axis. At comparable concentrations, chloride ions
provide for a several orders of magnitude stronger acceleration of the anodic process than
water (Fig. 3), as well as a large negative shift of ¢,. At Cl~ concentrations from 0.001 to
5¢10~? g-ion/liter, the following function is in effect: ®p = —0.34 — 0.12 log Ccy-, which
1s evidence of strong activation of the nickel surface by chloride ifons. °

Thus, in contrast to the cases investigated earlier, of the dissolution of nickel in
dimethyl formamide and acetonitrile solutions [17] and of chromium in methanol solutions [18],
where  the introduction of the critical amounts of water produced a transition of the metal
from the active to the passive state, in' dimethyl sulfoxide solution the introduction of water
leads to a depassivation of the metal. Such an unusual influence of the organic solvent and
water can be explained if we take into consideration the structural peculiarities . of the

. CH, , ‘ B PR
DMSO molecules -0=+§/ [19] and the nature of its interaction with the metallic cations.

CH;
The DMSO molecules are coordinated with most metal cations (including nickel cations) by
means of the oxygen atom, on which the excess negative charge 18 localized [20-22]. The
formation of a Me-0 bond leads to a substantial weakening and loss of the double character
of the bond in the 0-=S% polar group [22]. On the other hand, in a number of studies [5, 6,
10, 14] the possibility of strong chemisorption of DMSO molécules on metallic surfaqes has
been established. ‘ ‘ - '
*In the case of sufficient exposure of the electrode in the region ¢>% ,, pits pass through
the nickel and reach the platinum base (Fig. 1c). 1In these sites the electronic microprobe
and scanning microscope permit the detection of nonmetallic inclusions on the surface of the
substrate — complex compounds of silicon and sometimes aluminum oxides, typical of the plat-
inum used. The possibility of the formation of pits in organic perchlorate solutions has
been noted for a number of metals [5, 10].
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Fig. 1. Electron micrograph of the electrode surface: a) platinum—
_carbon replica of the initial surface (x20,000); b) pitting (x1680)
' formed at @ = 0.15 V, in DMSO + 1 M NaClO, + 1¢10~° M HC10, + 1¢10-2
mass % H,0; c) pitting (%2000) formed at ¢ = 0.10 V, in DMSO + 1 M

NaClO;. + 1410"° M HC104 + 0.5 mass % Hz0.
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Fig. 2. Polarization curves of the dissolution of nickel in DMSO +

1 M NaCl10, + 110™® M HClO., as a function of the water concentration
(mass %): 1) 1¢10~%; 2) 1.0; 3) 5.0.

Fig. 3. Dependence of the anodic current density on the water con-
centration (1) and chloride ion concentration (2) in DMSO + 1 M
NaClO, + 1+10~° M HC10, at ¢ =—0.10 V.
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Considering these data, it can be assumed that the adsorption of DMSO molecules on
nickel is accompanied by a splitting out of an oxygen atom from the molecules of the organic
solvent (or a strong deformation of the O=S bond), as a result of which a compound of the
type of (Me—0),44, responsible for passivation, is formed on the surface. The catalytic
influence of the H,0 molecules and chloride ions in DMSO solutions is evidently associated
with the direct interaction of these particles with nickel atoms with the formation of elec-
trochemically active surface complexes, for example, (NiOH) ,qg and (NiCl),p4g, which partic-
ipate in various stages of lonization of the metal [23-26].*% It should be assumed here that
in the region of potentials in which there is a passivation of nickel on account of its
interaction with adsorbed molecules of the organic solvent, the passivating influence of the
oxygen of water is not yet capable of appearing. Thus, the kinetics of the anodic dissolu-
tion of nickel in the investigated solutions should be entirely determined by competitive
adsorption of molecules of both solvents and the surface-active anion on the surface of the

electrode.

In contrast to DMSO and organic solutions that do not passivate nickel (DMF, AN), the
interaction of the solvent with metal cations occurs in most cases through the nitrogen atom,
on which a certain excess negative charge of the polar group NiC is localized [27]. It can
be assumed that in the adsorption of such solvents, the interaction of the surface nickel
atoms with charged nitrogen atoms does not lead to the formation of particles capable of
retarding the ionization process, and passivation becomes possible only in the presence of a
definite amount of oxygen of water. The competing influence of the passivator (H,0) and
activator (halide ions) in such solvents is manifested in an opposite influence of these
particles on the potential of pitting: with increasing CH,0, the latter becomes more positive,
while with increasing Ccj- it becomes more negative [5, 18, 28, 29]. In DMSO solutions, both
additives catalyze the process of dissolution of nickel, displacing Pp in the negative direc-
tion. A more detailed consideration of the role of the solvent molecules and anions in the
processes of dissolution and passivation of nickel in the investigated media will require an
investigation of the competitive adsorption of the components of the solution on the surface
of nickel. S '

CONCLUSIONS

1. The possibility of passivation of nickel in’anhydrous’diméﬁhyl sulfoxide solutions
was established. It was hypothesized that the passivation;is a codseqpence of ‘adsorption
interaction of the surface atoms of nickel with the oxygen atoms of dimethyl sulfoxide.

2. The passive state of nickel is disrupted in the presence of small quantities of H,0
and chloride ions. On the basis of the dependence of the rate of anodic dissolution on the
composition of the solution, it was concluded that the determining factor in processes of
dissolution is competitive adsorption of solvent molecules and catalysts on the anodic process
(H,0, C17) on the nickel surface. o

3. When a definite potential is reached in anhydrous perchlorate solutions of DMSO,
there is a local activation of passive nickel, which is facilitated in the presence of water
and chloride ions. Pits are formed on the surface of galvanic deposits of nickel primarily
at sites corresponding to nonmetallic inclusions in the platinum substrate.

The authors would like to express deep recognition and gratitude to Ya. M. Kolotyrkin
for aid in setting up and conducting the Investigations, constant interest in them, fruitful
discussion of the results, and for his advice in writing this article.

| LITERATURE CITED
1. E. Heitz, Adv. Corros. Sci., 4 (1975). )
2. In: Electrochemistry of Metals in Nonaqueous Solutions [Russian translation],.Mir, Moscow

1974), p. 305. :
3. A, J. Parker, Chem. Rev., 69, 1 (1969); Q. Rev., 16, 163 (1962).

*The acceleration of anodic dissolution with increasing Cy o cannot be explained by a
stronger solvation of N12* 1ons in water~-rich mixtures of ﬁMSO—Hzo.vahe activity of the
metallic cations in DMSO is several orders of magnitude lower than in H,0 [3], i.e., DMSO
possesses substantially greater solvating capacity in comparison with water.

568



4., W. Jaenicke and P. H. Schweitzer, Z. Phys. Chem., 52, 104 (1967).

5. V. .Shmidt, Zashch. Met., 5, 608 (1969).

6. R. C., V., Piatti, A. J, Arvia, and J. J. Podesta, Electrochim. Acta, 14, 541 (1969)..
7. M. H, Mills and H. Gerischer, J. Electrochem. Soc., 118, 837 (1971).

8. T. Biegler, E. Gonzeberg, and R. Parsons, Colln. Czech. Chem. Commun., 36, 414 (1971).
9. B. Behr, J. Taraszewska, and J. Stroka, J. Electroanal. Chem., 58, 71 (1975).

10. Ya. M. Kolotyrkin, T. R. Agladze, and G. S. Tsurtsumiya, Elektrokhimiya, 11, 1549 (1975).
11. J. Lipkovski and Z. Galus, J. Electroanal. Chem., 58, 71 (1975). '
12. H. L. Bacarella and A. L. Sutton, J. Electrochem. Soc., 122, 11 (1975).

13. T. R. Agladze, G. S. Tsurtsumiya, and N. P. Abrashkina, Zashch. Met., 11, 609 (1975).
14. R. J. Peyne, J. Am. Chem. Soc., 89, 489 (1967). '

15. Neng Ping Jao and D. N. Bennion, J. Electrochem. Soc., 118, 1097 (1971).

16. G. Raichevskii and T. Milusheva, Zashch. Met., 11, 558 (1975).

17. K. Schwabe and W. Schmidt, J. Corres. Seci., 10, 143 (1970).

18, Ya. M. Kolotyrkin and G. G. Kossyi, Zashch. Met., 1, 272 (1965).

19. 0. Bastiansen and H. Viervoll, Acta Chem. Scand., 2, 702 (1948).

20. P. G. Sears, G. R. Lester, and L. R. Dawson, J. Phys. Chem., 60, 1433 (1956).

2l. F. Cotton and R. Francis, J. Inorg. Nucl. Chem., 17, 62 (1961).

22, J. Selbin, W. E. Bull, and L. H. Holwes, J. Inorg. Nucl. Chem., 16, 219 (1961).

23. K. E. Heusler and L. Gaiser, Electrochim. Acta, 13, 59 (1968).

24. G. G. Lopovok, Ya. M. Kolotyrkin, and L. A. Medvedeva, Zashch. Met., 2, 527 (1966).
25. Ya. M. Kolotyrkin, Yu. A. Popov, and Yu. V. Alekseev, Zashch. Met., 9, 624 (1973).
26. G. T. Burstein and G. A. Wright, Electrochim. Acta, 20, 95 (1975).
27. W. Libus and H. Strzelecki, Electrochim. Acta, 15, 703 (1970).
28. A. I. Tsinman, E. P. Kovsman, and V. S. Kuzub, Ukr. Khim. Zh., 31, 923 (1965).
29. A. I. Tsinman, V. S. Kuzub, and A. N. Katrevich, Electrokhimiya, 2, 557 (1966).

SODIUM SALTS OF ORGANIC ACIDS AS INHIBITORS OF THE CORROSION
OF ALUMINUM AND ITS ALLOYS

I. L. Rozenfel'd, Yu. I, Kuznetsov, UDC 620.197.3
I. Ya. Kerbeleva, G. V. Filimonova,
~and V. V. Zhavoronkova

It was shown that sodium oleate in nonalkaline solutions effectively inhibits both
the anodic and the cathodic reactions of aluminum. Its joint use with dinitrobenzo-
ate ensures an effective suppression of pitting corrosion of aluminum.

Pitting on aluminum and its alloys is the main form of corrosion breakdown in neutral
and weakly alkaline solutions. For its prevention, it is recommended that salts of certain
organic acids be introduced into the corrosion medium [1, 2].

In this work we investigated the inhibition of the corrosion of aluminum (AV 000) and
its alloys (AMg6, V95, D16) by salts of benzoic (BN), 3,5-dinitrobenzoic (DBN),
phthalic (PN), and oleic acids.

‘A mechanically polished electrode, degreased with acetone and set up horizontally, with
a working surface of 0.5 cm®, was exposed for 1 h before the beginning of the polarization
measurements to establish the potential Egr. The potentiodynamic curves were taken at a rate
of displacement of the potential 2 mV/sec with a model 170 electrochemical system of the PAR
(United States) and recorded on a two-coordinate automatic recording device. The potentials
were measured relative to a silver chloride electrode and recalculated to the normal hydrogen
scale.

Institute of Physical Chemistry, Academy of Sciences of the USSR. Translated from
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