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The main features of a new kinetics for the passivation processes are proposed and analyzed. A new model is
advanced which considers a three-species mechanism for the metallic passivation process. A reduced two-
species model is also derived on the basis of the virtual equilibrium assuming a hydrolysis. The nonlinear
behavior of the reduced model was investigated by analytical and numerical techniques. The quantitative and
qualitative behavior is in good agreement with our experimentally reported results.

INTRODUCTION

Oscillatory phenomena encountered in different systems: chemical, electrochemical, biolo-
gical'-® are represented as a special class also by the metal-electrolyte systems.

In a previous paper’ we studied the current oscillations observed during the anode dissolution
of nickel in a medium of sulfuric acid through the dynamic analyses possibilities of the electrochemical
interface.

It is known that the oscillations of the anode current occur when the potential of the Working
Electrode [WE] is bigger than a certain value that corresponds to the passivation potential of the anodic
metal. It is remarkable that the oscillations of the anodic current occur in a point from a domain of the
current-potential characteristic which presents a negative resistance’ as a direct consequence of the
entire-interface-potentiostatic circuit. The analysis of those instabilities leads to deeper results regard-
ing the Kinetics of the interface processes in a passivation or transpassivation regime.

The processes taking place at the interface are far from equilibrium. The Fourier technique fur-
ther developed acquisition and diagnosis methods for the analysis of the anodic or cathodic current in
dynamical regime in the case of processes with large amplitude noise values® !° as well as processes of
interface self-organization. In this way the anodic current was recorded, which was forced to oscillate
by modifying the control parameter: the potential to Reference Electrode [RE].”!!

Starting from our previously reported experimental results when using the real time acquisition
of the anodic current we obtained more accurately than the classical methods: the hysteresis dynamic
characteristics, the temporal oscillation diagrams J-¢ and the temporal oscillation characteristic using
tl}e a.rea change method. In this paper we are proposing a new theoretical model for the Nv/H,SO, pas-
sivation processes.

The main objective of this paper was to find a minimal realistic set of nonlinear reactions for
the passivation processes and to get a new insight by the nonlinear dynamic methods.
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RESULTS AND DISCUSSION ,

1. The three-species model for metal passivation processes

Throughout the whole paper we will use the term metallic passivation to design the loss of the

chemical reactivity of the metallic surface interacting with a gaseous or aqueous chemical environment.
The kinetics described here refers to the corrosion of homogeneous metal. Based on theore-

tical'2-15 and our experimental’ studies we proposed the following system of coupled reactions in order
to describe the passivation of a metal M exposed to an aqueous environment
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where MOH; is adsorbed species, k; are the rate constants for various reactants. Therefore, the corres-
ponding rate equations are

Xy = k(1 —xy) -k = erlz + k%,
Xy = hpxy =k pxy — k(1 - xy) + k_yxy, )
Xy = koxo(1 —x3) — k_pxy

where x, is the concentration of M*, x, is the concentration of MOH,_ and x; is the fractional surface
coverage of MOH_;. One basic statement of the present model assumes that the H concentration is
unaffected by the third equation in (2).

One possible dimensionless form of (2) is
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