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ABSTRACT Random and deterministic behaviors in pitting corrosion phenomena are analysed using signal analysis techniques and theory of deterministic chaos. Unpredictability of certain deterministic systems is discussed. Some examples are given for several classes of metallic alloys. It is suggested that the predictability of pitting phenomena depends on the stage of pitting under consideration. Techniques are proposed to separate the deterministic and random components in a given situation. Metallurgical effects, surface effects, and mechanical effects are evidenced. It is also suggested that chaos analysis can be used as a modeling tool for studying pitting mechanisms. Last, this approach open the way for building predictive models (detecting the evolution of chaotic parameters before failure), which may be of practical importance in the future.



INTRODUCTION Pitting Corrosion of passive materials is known to exhibit either deterministic or random behaviors following the case. More, the onset of pitting is a multistep process: typically, passive film breakdown, propagation and repassivation of metastable pits, propagation of stable pits …. And it is not always known which step can be considered as deterministic and which one behaves randomly. In some cases, deterministic chaos (which describes a deterministic process but presents all the characteristics of randomness) was also evidenced (1). It is intended in this paper to present some recent results that we obtained in this field and to shed light on some basic features of random and deterministic processes, suggesting that they are perhaps not so different as it could



appear at a first glance, and additionally to show how the use of signal processing and chaos theory is a powerful tool for investigating, and later modeling, the successive steps of pitting processes. First, we have to consider what is the basic nature of random phenomena in physics. And before that to make sure that the word “determinism” is accepted in the same meaning in Corrosion science as in current life. Determinism (in current life) is considered as the feature of processes leading to a predetermined state, whatever the way that they follow to attain this state. At the opposite, randomness is the state of processes whose result is unknown, at least by the observer. Finally, in the day to day life, random characterizes simply a certain lack of predictability for the system under consideration: will the material corrode and, if yes, which will be the lifetime of the device under consideration. On the other hand, determinism characterizes systems obeying welldefined (known or unknown) physical laws. These laws can be expressed by a set of differential equations operating on a finite number of time dependent observable values. The system time evolution is then definitely predictable, providing that its so-called “initial conditions” are given. However, the chaos theory, and also the practical experience (referencing for instance to weather forecasts…) show that this predictability is limited in the course of time, and that some a priori deterministic behaviors are hardly to be predicted for a time larger than a critical one (depending on available computer resources however). This is the result of the high Sensitivity to Initial Conditions (SIC), which is exhibited by some deterministic systems. More, it is felt that for given computing resources, predictability relates to the number of degree of freedoms of the system. Low dimensional systems (small number of degree of freedom) are much more predictable than high dimensional ones. However, low dimensional subsystems (a simple model experiment for instance) can be immersed in a high dimensional one (the universe), with which it may exchange work or heat: it forms the subject of Thermodynamics, showing that even when physical systems behave randomly, simple deterministic laws can be written, for large enough systems and after a certain time (assuming the ergodic hypothesis). In Chaos Theory, which operates generally on smaller size systems, such an idea has an equivalent: the system’s dimension may strongly decrease with time, leading to a certain degree of predictability, although this predictability is incomplete. Some instances will be given in the following sections, concerning pitting corrosion of aluminum alloys or stainless steels, but it is a rather general concept which has to be considered in the future either from theoretical or practical view point (how to improve our ability to predict the life time of engineering systems?). All the examples given in this paper concern pitting corrosion, and were obtained using an experimental set-up of the type presented on figure 1: two identical electrodes (2) are immersed in a corrosive (chloride containing) aqueous solution. A low impedance ammeter connects them and the electrode potential is measured vs. a reference calomel electrode. When a pit appears on one of the working electrodes, some cations dissolve toward the electrolyte, producing electrons which then flow through the ammeter, giving the first measured quantity I. This negative charge decreases obviously the electrodes potential



and a potential transient is observed. When the pit repassivates, the interface capacitance finally discharges towards the dissolved oxygen in the electrolyte and the electrode potential recovers its stationary value.



FEATURING CHAOS AND INVESTIGATION TOOLS (3) Any dynamic experiment generally provides the values xi (i=1,N) of an observable quantity X at successive times t=i.Δt, where Δt is the sampling time. Undersampling consists in selecting the X values measured at time intervals τ=q.Δt , where q is an integer, and allows to assess the degree of resemblance of the measured signal with itself after a time delay τ. Another way for obtaining this information is to compute the so 1 called “autocorrelation function” C(q)= ∑ x(i).x(i + q) or the “autocorrelation N i =1, N matrix”: Cij = C(|i-j|). The correlation function defines a norm in the n-Hilbert space, the Correlation Matrix giving the associate scalar product. Let us note that in its normalized form the correlation function is the inverse Fourier transform of the power spectral density (PSD) of the signal. One of the simpler instances of time series exhibiting chaotic behaviors is the “logistic map” xi+1=4µxi(1-xi), where µ is a control parameter and x0 the initial condition to be known. Following the values of µ (figure 2), this series converges asymptotically towards a fixed point (µ 
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