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EFFECT OF THE ELECTROLYTE COMPOSITION ON THE RANDOM/DETERMINISTIC BEHAVIORS IN PITTING CORROSION



S. Hœrlé



T. Sourisseau B. Baroux



GSE-RIP/LTPCM Institut National Polytechnique de Grenoble, 38402, St. Martin d'Hères, France



Abstract- Pitting may exhibit either random or deterministic (sometimes chaotic) behaviors following the composition of the corrosive electrolyte with respect to the pitting resistance of the material under consideration. It is shown that transitions from randomness to chaos depend on the corrosive electrolyte composition.



INTRODUCTION Electrochemical noise measurements performed on aluminum alloys in conditions of pitting corrosion have shown previously that metastable pitting is mainly a random process whereas stable pitting exhibits marked deterministic features, which may be studied using the theory of deterministic chaos (1,2). More recent investigations (3) on stainless steels have shown that these alloys may exhibit very similar behaviors as those observed on aluminum alloys. In this paper, we compare the behaviors of aluminum alloys and stainless steels and we discuss the existence of some control parameters - chosen among the different concentrations of species present in the electrolyte - that determine the occurrence (or not) of chaotic behaviors during pitting corrosion on aluminum alloys.



EXPERIMENTAL



Materials Aluminum alloys The specimens studied are cut from sheets (thickness 0.3 mm) of industrial cold rolled unannealed aluminum alloy 3104 (cf. Table I).



3104



Fe



Si



Mn



Zn



Mg



Cu



0.34



0.16



0.99



0.018



0.96



0.142



Table I: 3104 aluminum alloy composition (weight %). This alloy is chosen because the precipitates of Al2Mg3 and Mg2Si in 3104 aluminum alloy are known to favor pitting corrosion. The plates are simply degreased with acetone and ethanol and the surface exposed to the electrolyte is 10 cm² for each electrode. Stainless Steel Samples of 30 mm diameter and 0.8 mm thickness are cut from 17CrNb (AISI 436) alloy sheets (cf. table II). Cr



Ni



C



Si



Mn



Mo



Cu



S



Nb



Ti



17CrNb (AISI 436) 16.68 0.113 0.019 0.398 0.383 0.006 0.007 48ppm 0.509 0.003



Table II: 17CrNb stainless steel alloy composition (weight %). 17CrNb alloy contain alumina and Niobium carbonitride inclusions on which MnS can precipitate. These MnS precipitates are active sites for pit initiation. The samples are polished under water with SiC paper until grade 1200 and rinsed with acetone and ethanol. The samples are then aged during 24 hours at air.



Solutions



Aluminum alloy Electrolytes of NaCl (concentration from 1 to 2 M) with NaNO3 (concentrations from 0 to 1M) at various pH (4 to 7) are tested. The solutions are not deaerated and kept at room temperature. Cl- ions destabilize the passive film and then allows pitting. NO3- ions are pitting inhibitors (4,5) for aluminum alloys and also oxidizing. It has been shown that it is one of the simplest solution allowing chaos to appear (6,7), depending on pH and [Cl-]/[NO3-] ratio as discussed in the following. The experiments last from 1 day up to 15 days. Stainless Steel The samples are first aged during 24 hours in a NaCl 1M, pH 6.6 solution. Electrochemical noise is then measured for 24 hours in NaCl 1M, Na2S2O3 0.025M pH 6.6 electrolyte. The solutions are not deaerated and kept at room temperature. S2O32ions are know to have an anti-repassivating effect on stainless steel, helping the formation of stable pits (8,9,10). Measurements (11) Current fluctuations between the working electrode and an auxiliary electrode (both of the same material to avoid continuous polarization of the samples) are recorded (cf. fig. 1). The corrosion phenomena are not identical on both electrodes, so some current fluctuations can be measured. The ammeter has a low input impedance (~ 100 Ω) face to the surface one. The rest potential is measured between the working electrode and a reference electrode (SCE) with high input impedance voltmeter (1013 Ω). The cell is placed in a Faraday cage and all the setup is made of low noise level components. The potential and current signals are simultaneously digitized (with a sampling frequency of 46.875 Hz) and stored for analysis on a personal computer. Signal processing Some tools of chaos theory are used to process the measured signals. These methods are described in details in other papers (1,2) and we simply give here the general outlines. Singular value decompositions (12) are performed on the signals and the attractors are reconstructed with the delay method (13). The dimensions of the attractors are computed using the Grassberger-Procaccia algorithm (14,15,16) which



gives the so-called correlation dimension, an approximation of the fractal dimension of the attractor. To distinguish between random and chaotic behaviors the correlation dimension of attractors is computed in reconstructed phase-space of increasing dimension (cf. fig. 2). If the correlation dimension tends toward a finite value when the embedding dimension increases then the signal has chaotic features (finite dimension = finite degree of freedom = deterministic). If the correlation dimension increase with the embedding dimension with no saturation, thus the signal is a random one (infinite dimension = infinite degree of freedom = random). In fact, we reconstruct the attractors in space-phases of embedding dimension inferiors to 10, so what we call random behaviors are behaviors with a large number of degree of freedom.



TYPICAL BEHAVIORS In metastable pitting condition, on both aluminum and stainless steel typical transients associated with metastable pits can be observed (cf. fig. 3 ). The first drop of potential can be interpreted as the initiation, the propagation, and repassivation of a metastable pit as detailed in figure 3a. The exponential recovery is likely associated with the discharge of the interfacial capacity. Between the transients, the measured signals have mainly random features. In stable pitting condition, the signals are quite different from those measured in metastable pit condition. Now, the signals exhibit oscillations (cf. fig. 4). Using tools of chaos theory, such as phase portraits or dimension of attractors, it is possible to establish that these behaviors are sometimes chaotic. The shape and the chaotic features of the signals are similar on aluminum alloys and stainless steels, revealing that pit propagation mechanisms on aluminum alloys and stainless steels could be quite close.



CONTROL PARAMETERS (6) The aim of this section is to investigate two possible control parameters of the system: pH (or H+ concentration) and NO3- concentration. We have chosen to pay particular attention to H+ and NO3- because the other species have supposed known actions. Na+ is assumed not to be involved in any reaction, Cl- has a destabilizing effect on the passive film and is responsible for pit initiation, and dissolved O2 is slowly reduced.



For enough low pH, H+ is assumed to be the major oxidizer in the solution (kinetically speaking) and plays an important role in the local acidification of the pitting mechanism. NO3- is known to be a pitting inhibitor of aluminum alloys and acts also as an oxidizer. As an oxidizer, NO3- may enhance the pitting process by consuming electrons produced by the anodic dissolution of the metal. This double comportment of NO3- seems to be quite effective for producing instabilities which can lead to the apparition of chaos. Synergetic effect of Cl- and NO3- was already reported (17,18), and it is here observed that [Cl-]/[NO3-] ratio can fix the occurrence time for the first deterministic behaviors (i.e. time for the first stabilization of a pit). pH effect During two weeks experiments we noted an increase of pH values, likely due to the corrosion process itself. So, to study the effect of pH on electrochemical noise, we limited our experiments to one day. In a one day experiment the pH remains almost the same as the initial pH. Another method could have been the use of a pH buffer, but we wanted to have the simplest electrolyte to clearly identify the role of each constituent. For the same electrolyte (NaCl 1M and NaNO3 0.25M), one tested three different pH for which typical behaviors were obtained. At pH 7 (cf. fig. 6) , the potential time series have the expected behavior for pitting corrosion (19). The signals exhibit global stochastic features, with randomly spaced transients associated with the birth and death of metastable pits. At pH 5 (cf. fig. 7) we noticed the occurrence of oscillations between transients. These oscillations have all the features of deterministic chaos. Chaotic features are investigated by studying the convergence of the correlation dimension with increasing the embedding dimension which proves that the signal are not random. And, eventually, at pH 4 (cf. fig. 8), the time series exhibit either periodic or chaotic features. Periodic signals give a well defined power spectrum that are very different from the large band ones of chaotic signals. pH acts clearly on the occurrence of chaos: the lower the pH, the more chaotic the signal features. It is felt that lowering the initial pH helps the local acidification in the pits and then favors their stabilization. When pH is higher (pH 7), the medium is not very aggressive and all the pits repassivate quickly after initiation (one observes thus standard metastable transients). At the opposite, for low pH (pH 4) the first pits that initiate become stable and produce chaotic signals. At first, there are few pits and the signal is quite deterministic. But when increasing the number of pits (when increasing the exposure time) individual pits signals begin to superpose each other (the system become more complex) and the



global signal appears more and more random. At intermediate pH, some pits are stable and exhibit chaotic behaviors whereas, other unstable pits show transients and the global measured signal is the superposition of transients (due to metastable pits) and of a chaotic component due to stable pits. [NO3- ]/[Cl-]effect Another control parameter investigated is the [Cl-]/[NO3-] ratio. Experiments were performed in NaCl 1M and NaCl 2M with various concentrations of NaNO3 at pH 4. pH was chosen equal to 4 in order to have the more chaotic features as possible (see pH effect subsection). pH 4 is the thermodynamic lower limit of the stability domain of passive films on aluminum, so one has to keep pH above 4 to prevent generalized corrosion. In figure 9, the incubation time for the occurrence of chaotic behaviors is presented. It is evidenced that the incubation time for the occurrence of determinism depends on the [Cl-]/[NO3-] ration and that there is an optimal [Cl-]/[NO3] ratio of 10 at which deterministic comportment occur quickly (i.e. in such solutions, pits stabilize quickly). For high concentrations (1M) the incubation time is far longer and become quite infinite when there is no NO3- in the electrolyte. When [Cl-]/[NO3-] ratio is low, inhibiting effect of NO3- is prevailing and only few transients are observed. If there is no NO3-, the electrolyte is a standard pitting solution, quite aggressive (pH 4), and there are many transients, often superposing. At intermediate ratios, NO3- ions prevent the initiation of a majority of pits, but the few pits that initiate have a large cathodic zone to consume their electrons and then a lot of chance to stabilize, so some stable pits develop, which produce chaotic signals. We don't know if this chaotic comportment is due to composition fluctuations inside the pits or to coupling between stable pits, or to occurrence of new pits inside an existing stable pit (with fractal geometry that could explain the chaotic features of the measured signals (20)). [Cl-]/[NO3-] ratio appears then to be an efficient control parameter as it can be easily maintained constant for the experiment time (or, at least, more easily than pH). But during the experiments we observe spontaneous transitions in the measured signals that should be caused by free variations of other variables that we don't control.



CONCLUSIONS AND FUTURE WORKS Both aluminum alloys and stainless steels exhibit the same kind of behaviors. When changing the electrolyte composition, transitions between random and deterministic behaviors can be observed. Random behaviors are associated with metastable pitting and deterministic behaviors (which sometimes can exhibit chaotic features) are associated with stable pitting. Both aluminum and stainless steel alloys that we tested exhibit random behaviors in neutral NaCl 1M solution. For stainless



steel, the addition of an anti-repassivating agent (S2O32- ions) leads to a transition from random to deterministic behaviors (i.e. occurrence of stable pits). For aluminum alloys, it is the addition of an inhibiting agent that induces such transitions. Moreover, for aluminum alloys, decreasing the pH (i.e. increasing the severity of the solution) leads also to transitions from random to deterministic behaviors. It is likely that the pH of the solution has the same effect on stainless steels. For aluminum alloys we also identified two control parameters for controlling the occurrence of chaos: the solution pH and the [Cl-]/[NO3-] ratio. They are certainly not the ones, since we still observe spontaneous transitions, even when pH and [Cl-]/[NO3-] ratio are kept constant. An in-depth study of these transitions could give better understanding of instabilities of the system that lead to the occurrence of chaotic behaviors. We identified three constituents of the electrolyte which concentrations are determining for the occurrence of chaotic behaviors: Cl- (as activating agent), an inhibiting agent (NO3- for aluminum alloys) and an anti-repassivating agent (S2O32- for stainless steels). Therefore, modeling chaos occurrence needs to take into account a least two of these three control parameters. Such modeling will be done in further works.
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Figure 1: Experimental setup.
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Figure 2: Illustration of the method for distinguishing between random and chaotic behaviors. Theoretical white noises (random) give attractors with dimension equal to the embedding dimension whereas the dimension of chaotic behaviors converge to a finite value when the embedding dimension increases.
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t(s) Figure 3: Typical transients observed during metastable pitting. In neutral NaCl 1M solution, (a) on aluminum alloy 3104 and (b) on stainless steel AISI436.
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t(s) Figure 4: Typical signals observed during stable pitting. (a) on aluminum alloy 3104 in NaCl 1M and NaNO3 0.25M pH 4 solution and (b) on stainless steel AISI436 in NaCl 1M Na2S2O3 0.025M pH 6.6 solution.
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Figure 5: Typical phase portraits obtained with the signals of the figure 4. (a) on aluminum alloy and (b) on stainless steel.
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Figure 6: Potential fluctuations for aluminum alloy 3104 in NaCl 1M, NaNO3 0.25M
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Figure 7: Potential fluctuation for aluminum alloy 3104 in NaCl 1M NaNO3 0.25M at



pH 5.
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Figure 8: Potential fluctuations for aluminum alloy 3104 in NaCl 1M, NaNO3 0.25M at pH 4. In (a) a periodic signal and in (b) a chaotic one.



Incubation time for occurrence of determinitic behaviors (h)



8



Stable Pits Domain / Deterministic



7



6



5



4



3



2



Random to deterministic transitions Metastable Pits Domain / Random



1



0 0 .1



1



10



100



1000



[ C l - ] /[ N O 3 - ]



Figure 9: Incubation time for the occurrence of chaos as a function of [Cl-]/[NO3-] ratio in a solution NaCl + NaNO3 pH 4 for aluminum alloy 3104.



REFERENCES 1 H. Mayet, B. Baroux, Proc. Electrochem. Soc. 95-15, p.368, Chicago 1995. 2 B. Baroux, H. Mayet, D. Gorse, Proc. Electrochem. Soc. "Pits and Pores Symposium" 97-7, Montréal 1997. 3 G. Berthomé, P. Mauger, J. Ragot, B. Baroux, this proceedings volume 4 L.H. Callendar, Engineering, 120, 340 (1925). 5 H. Böhni, H. H. Uhlig, J. Electrochem. Soc. 116, n° 7, pp. 906-910 (1969). 6 S. Hoerlé, B. Baroux, Proc. Electrochem. Soc. 97-26 p.57, Paris 1997. 7 S. Hoerlé, Ph.D. "Deterministic Chaos during Pitting Corrosion on Passive Alloys", INPG, France (nov. 1998) 8 R.C. Newman, Corrosion, 41, p.450 (1985). 9 A. Garner, Corrosion, 41, p.587 (1985) 10 R.C. Newman, W.P. Wong, H. Ezuber, A. Garner, Corrosion, 45, p.282 (1989). 11 J. L. Dawson, D. A. Eden, R. N. Carr, Patent number PCT/GB92/00527, 23/02/92, Publication number WO92/16825. 12 D.S. Broomhead, G.P. King, Physica D20, p.217 (1986) 13 H.D.I Abarbanel, R. Brown, J.J. Sidorowich, L.S. Tsimring, rev. Mod. Phys. 65, p.1331 (1993) 14 P. Grassberger, I. Procaccia, Physica 9D, pp. 189-208 (1983). 15 P. Grassberger, I. Procaccia, Phys. Rev. Lett., 50, n°5, pp. 346-348 (1983). 16 P. Grassberger, I. Procaccia, Physica 13D, pp. 34-54 (1984). 17 A.M. Mc Kissick, A.A. Adams, R.T. Foley, J. Electrochem. Soc. 117, n° 11, pp. 1459-1460 (1970). 18 A.A. Adams, K.E. Eagle, R.T. Foley, J. Electrochem. Soc. 119, n° 12, pp. 1692-1694 (1972). 19 H. S. Issacs, Corrosion Science, 34, p.525 (1993). 20 R. Reigada, F. Sagués, J. M. Costa, J. Chem. Phys. 101, n° 3, pp. 2329-2337 (1994).



























des documents recommandant







[image: alt]





EFFECT OF THE ELECTROLYTE COMPOSITION ON THE 

RANDOM-DETERMINISTIC BEHAVIORS lN PITTING CORROSION. S. HoerlÃ© T. ... Table Il: 17CrNb stainless steel aIloy composition (weight %). 17CrNb alloy ...










 


[image: alt]





Effect of strontium substitution on the composition and ... - CiteSeerX 

Nov 18, 2008 - the oral treatment in this case aims at reducing the risk of a second accident. .... 100(PO4)3 Ã� OH. 2.2 Chemical analysis of HASrx samples.










 


[image: alt]





The Effect of Computerization on the Teaching of Art History 

Specialized software. 4. ... Easier access to specialized information ... Other: Our system is on a server accessible from the Visual Arts and Technology ... There is an open computer lab in this building that students may use at any time and may ...










 


[image: alt]





Effect of Expected Reward Magnitude on the 

man-Rakic, 1987; Fuster, 1995). In a well-studied exam- making a saccadic eye movement to the location of the ple, many neurons have been shown to respond ...










 


[image: alt]





The effect of computerization on the teaching of Art History 

20 How many people use the digital materials available a week ? Teachers. Students. WWW users. Others, please specify. 21 If you have had any feedback, ...










 


[image: alt]





The Effect of the Slipstream 

the wing. In order to visualize the in- fluencing factor and the inter- action of the slipstream with the ... high angle, the decrease and in- ... for having a different span load- ... the best average position will be ... In all cases, the results w










 


[image: alt]





Zhang (?) The effect of external representations on 

Arabic numerals have two dimensions: a base dimension represented by the ... needed to compare two multidigit Arabic numerals is not only in internal ...... G. Deloche & X. Seron (Ed.), Mathematical disabilities: A cognitive ... Journal of Experiment










 


[image: alt]





THE EFFECT OF VELOCITY STRUCTURE ON DOUBLE 

THE EFFECT OF VELOCITY STRUCTURE ON DOUBLE-DIFFERENCE. EARTHQUAKE LOCATION. A. Michelini1 and A. J. Lomax2. 1Istituto Nazionale di ...










 


[image: alt]





Zhang (?) The effect of external representations on 

internal representations in order to be involved in numerical tasks: they can directly ..... 160) = 2.42, p < 0.05), and a significant interaction (F(24, 480) = 1.57, ...










 


[image: alt]





The Puzzling Persistence of the Distance Effect on Bilateral Trade 

Oct 9, 2006 - The answers to many important economic questions depend in large part on how much dis ... as Alvarez and Lucas (2005), could use our mean or explore sensitivity of the simulation ...... Harvard University, manuscript (2006).










 


[image: alt]





The effect of autocorrelation in environmental variability on the 

Sep 21, 2004 - the time of this assessment, and following culling if it took place, the number of .... labels) indicate times at which 50% of the populations had gone extinct. .... 85, 185â€“209. Morales, J. M. 1999 Viability in a pink environment:.










 


[image: alt]





The roughness effect on the frequency of frictional sound - Boyko 

been studied mainly for concentrated contacts like stylus or hemispherical tip pin on a rough surface. ... spatial period of corrugation or string winding and the.










 


[image: alt]





The effect of spillovers and congestion on the endogenous formation 

Apr 3, 2014 - not only on the amounts of local public good provided by its jurisdiction and of the .... assumption is used in many articles, such as [13]. ... the same tax rate, the poorest household of a jurisdiction with a high per capita wealth.










 


[image: alt]





The effect of pimobendan on the renin-angiotensin-aldosterone 

We hypothesized that the inodilator, pimobendan, would not activate the RAAS because its positive inotropic effect would offset the vasodilatory effect.










 


[image: alt]





The effect of chalk on the fingerâ€“hold friction 

Oct 3, 2012 - They hung with only their four fingers (slope grip technique); the thumb was not used to apply a counter force. The inclination of the hang board ...










 


[image: alt]





the effect of tendon viscoelastic stiffness on the dynamic performance 

accounting only for the muscle dynamics. The time dependent properties of the .... National Science Foundation with Grants EET 8613807 and. EET 8820772.










 


[image: alt]





the roughness effect on the frequency of frictional sound - Boyko 

topography (surface roughness in particular), have been studied mainly for ... corrugated bar under frictional excitation and of a guitar string along which a reed ...










 


[image: alt]





Influence of atmospheric convection on the isotopic composition of 

2003. Camille Risi1, Sandrine Bony1 and FranÃ§oise Vimeux2. 2Laboratoire des Sciences du Climat et de l'Environnement/IPSL, Paris (France). 1Laboratoire de ...










 


[image: alt]





THE EFFECT OF AGEING ON PASSIVE FILMS FORMED ON 

Wet annealing results in a better corrosion resistance to acid, but a poorer resistance to pits initiation in neutral chloride solutions, with respect to dry annealing.










 


[image: alt]





Effect of Germination on the Nutritional and Protein Profile of 

ning of the development of seeds into plants. Germina- ... pended in water (1:20 w/v), then adjusted to pH 9.0 with ... were collected for further purification by readjusting the. pH to 7.0 by ..... greatly in the PhD project of Rumiyati. Authors als










 


[image: alt]





Effect of Sequence Length on the Execution of Familiar ... - Research 

Stimulus presentation and response registration the slowing will decrease mean ... Participants were 9 students (7 men and 2 women) from hands. For example, in ...... system uses segmentation and chunking to bypass limita-. Klapp, 1995).










 


[image: alt]





Effect of Aging on the Accuracy of Visually Guided 

rivative of the eye position curve by electronic differentia- tion. The onset and .... saccades were much more variable, ranging from 60 to. 1,200 ms. ... Discussion.










 


[image: alt]





Effect of compressibility on the global stability of ... - Numericable 

Aug 19, 2010 - transition occurs at Reynolds numbers Re & 800 (Tomboulides & Orszag 2000). 2.2. Numerical .... strategy (Ehrenstein & Gallaire 2005).










 


[image: alt]





Effect of screening on the transport of polyelectrolytes through ... - lambe 

May 7, 2008 - ionic strength is that one lowers the electrical conductivity ... iments, where the elution properties of polyelectrolytes ... Materials and methods. â€“.










 














×
Report EFFECT OF THE ELECTROLYTE COMPOSITION ON THE





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



