The weak interaction between zinc and alumina is responsible for a poor performance of anti-corrosive galvanic zinc coatings on modern advanced high strength steels. In this context, we report a theoretical study on the eect of realistic multi-component metal buers on the adhesion strength of a model -alumina(0001)jzinc interface. Relying on results of ab initio calculations on relevant individual oxidejoxide, oxidejmetal, and metaljmetal interfaces (separation and interface energies), we determine by Monte Carlo simulations the thermodynamically preferred sequence of components in a multicomponent buer, as a function of buer composition and oxygen conditions. We nd that stainless steel buers considerably enhance the overall strength of the aluminajzinc interface. Most importantly, we show that a partial oxidation of multi-component buers, which is unavoidable under realistic conditions, does not degrade their performance. This advantageous property relies on the separation of metal and oxide components in the buer and on the resulting suppression of weakly interacting oxidejzinc, and moderately strong aluminajmetal interfaces. More generally, owing to the possibility of selective oxidation and component segregation, multi-component buers appear as promising solutions for adhesion improvement at weakly interacting metaljoxide interfaces.

Introduction

Many fundamental studies have been dedicated to the understanding and optimization of the adhesion strength of transition and noble metals on oxide surfaces in view of applications in microelectronics, in engineering of thermal coatings, or for the formation of protective scales. More recently, the adhesive characteristics of metaljoxide interfaces have also been addressed in the context of galvanic zinc coatings, traditionally used for anti-corrosive protection of steels. [START_REF] Marder | The Metallurgy of Zinc-Coated Steel[END_REF] Indeed, strengthening elements, such as Al, Si and Mn, which are purposely alloyed into advanced high strength steels (AHSS), 2{5 oxidize selectively during the re-crystallization annealing of cold-rolled steel strips before galvanization. The resulting oxides segregate at the steel surface and reduce dramatically the adhesion of the anti-corrosive Zn protection. [START_REF] Marder | The Metallurgy of Zinc-Coated Steel[END_REF][START_REF] Drillet | Selective Oxidation of High Si, Mn and Al Steel Grades During Recrystallization Annealing and Steel/Zn Reactivity[END_REF] Typically, an enrichment of steel with more than 1wt.% aluminum, may lead to the formation of a quasi-continuous alumina lm at the steel surface. This replaces the conventional reactive FejZn interface [START_REF] Marder | The Metallurgy of Zinc-Coated Steel[END_REF][START_REF] Guttmann | Diusive Phase Transformations in Hot Dip Galvanizing[END_REF] by a non-reactive interface between Zn and a wide band-gap alumina, eventually impeding zinc adhesion in the standard hot-dip galvanization process.

Despite such a strong applicative interest, the widespread use of sapphire in the growth of epitaxial zinc oxide layers, [START_REF] Triboulet | Epitaxial Growth of ZnO Films[END_REF] and a variety of studies on the interaction of metals with alumina surfaces, 9{18 the adhesion of zinc has received relatively little attention in the past. 19{24 In a previous theoretical study, we have shown that the weak interaction of zinc with the most stable, stoichiometric -Al 2 O 3 (0001) surface can only be enhanced by a net surface charge, due either to surface polarity or to an excess of surface hydroxyls. [START_REF] Cavallotti | Role of Surface Hydroxyl Groups on Zinc Adsorption Characteristics on Al 2 O 3 (0001) Surfaces: First-Principles Study[END_REF][START_REF] Le | Tuning Adhesion at Metal/Oxide Interfaces by Surface Hydroxylation[END_REF] Alternatively, the introduction of a simple buer, made of a single more strongly interacting metal such as Cr, Fe, or Ni, at the aluminajZn interface has been shown to enhance adhesion due to the formation of strong interfacial metal-oxygen and metal-zinc bonds. However, since buer oxidation systematically reduces the number of such strong interfacial bonds, it produces in most cases a detrimental eect on adhesion. [START_REF] Le | First-Principles Study on the Eect of Pure and Oxidized Transition-Metal Buers on Adhesion at the Alumina/Zinc Interface[END_REF] Since a (partial) buer oxidation cannot be avoided under realistic oxidizing conditions, the goal of the present study is to investigate the performance of a multi-component buer.

By tuning its oxidation characteristics, it may be possible to accommodate an oxygen excess without degrading the overall adhesion. To this end, we focus on a typical stainless steel buer and consider the selective oxidation of its Cr and/or Fe components under increasingly oxidizing conditions. The sequence of metal and oxide components within the buer is determined by a Monte Carlo (MC) Metropolis optimization, based on interface energies of individual oxidejoxide, oxidejmetal, and metaljmetal interfaces obtained from dedicated Density Functional Theory (DFT) calculations. Such an approach enables to account for separation, alloying or segregation of the buer components, to determine the thermody-namically favored sequence of components and interfaces within the buer, and to identify the least adhesive interfaces.

Besides an adhesion enhancement by the metallic stainless steel buer, we show that its partial oxidation, associated to the formation of chromium and/or iron oxides, does not degrade its performances. This is principally due to the thermodynamically favored separation of metal and oxide components in the buer which results in the suppression of weakly interacting oxidejzinc and moderately strong aluminajmetal interfaces. Besides their direct interest for the optimization of industrial buers, our results show that an explicit account for selective oxidation and component segregation in a buer is necessary for a correct estimation of its adhesion characteristics. Our proposed DFT-based multi-component buer model provides a robust but simple and ecient tool to tackle this complex situation.

The paper is organized as follows. After presenting the details and settings of ab initio calculations and Monte Carlo simulations in Sec. 2, in Sec. 3 we report the values of interface and adhesion energies at all relevant individual oxidejoxide, oxidejmetal, and metaljmetal interfaces obtained from DFT. Sec. 4 provides and analyzes the composition proles in metallic or partially oxidized stainless steel buers, at thermodynamic equilibrium. It highlights the trends in mixing or segregation of their components, and the consequences for the overall interface strength. The discussion in Sec. 5 oers preliminary results to understand the consequences of interfacial diusion and of Cr-or Ni-enrichment of the buer.

Computational methods and settings

The complex equilibrium structure and composition of a realistic multi-component buer Y , such as stainless steel, at the aluminajzinc interface are approximated by a sequence of interfaces involving its metal (Fe, Cr, Ni) and oxide (Fe 2 O 3 , Cr 2 O 3 ) components X i : Y = X 1 jX 2 jX 3 j:::jX N . Assuming that the interaction between individual interfaces is negli- gible, the formation energy (with respect to the corresponding bulk materials) of the entire aluminajY jzinc system is equal to the sum of the interface energies of the successive individual interfaces: aluminajX 1 , X 1 jX 2 , ..., and X N jzinc, which can be obtained from dedicated small-scale ab initio calculations. The global structural optimization of Y is then reduced to a search for an optimal sequence of its components X i and the strength of the entire system is determined by the weakest (the least adhesive) individual X i jX i+1 interface.

The computational approach thus involves calculations at two dierent levels. First, a DFT-based method is used for a precise estimation of interface and adhesion energies associated to all relevant interfaces. Then, a Monte Carlo Metropolis optimization of the component sequence in the multi-component buer is performed.

Ab initio calculations. All calculations on individual interfaces were performed within the DFT implemented in VASP (Vienna ab initio simulation package). [START_REF] Kresse | Ecient Iterative Schemes for ab initio Total Energy Calculations Using a Plane-Wave Basis Set[END_REF][START_REF] Kresse | Ab initio Molecular Dynamics for Liquid Metals[END_REF] The interaction of valence electrons with ionic cores was described within the projector augmented wave (PAW) method, [START_REF] Bl Ochl | Projector Augmented-Wave Method[END_REF][START_REF] Kresse | From Ultrasoft Pseudopotentials to the Projector Augmented-Wave Method[END_REF] the Kohn-Sham orbitals were developed on a plane-wave basis set with a cuto energy of 400 eV. The dispersion-corrected GGA (optB88-vdW) 29{31 exchange-correlation functional was used to improve the description of adhesion characteristics, especially at weakly interacting metal/alumina interfaces, such as between Zn and the stoichiometric alumina(0001) termination. [START_REF] Cavallotti | New Routes for Improving Adhesion at Metal/Al 2 O 3 (0001) Interface[END_REF] Since it has a relatively small eect on the energetic trends, we did not employ the GGA+U approach to correct the electronic structure of the oxides under consideration. [START_REF] Cavallotti | New Routes for Improving Adhesion at Metal/Al 2 O 3 (0001) Interface[END_REF] All calculations were spin-polarized and the relative stability of simple non-magnetic, ferro-and antiferro-magnetic solutions was systematically tested. The self-consistent iterative solution of the electronic Hamiltonian was converged until energy dierences became smaller than 10 6 eV. The above settings assure a satisfactory agreement between calculated and experimental characteristics of the bulk materials as demonstrated in Figure 1, which displays the oxygen conditions under which the metals under consideration and their oxides are stable.
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As to represent a realistic composition prole of the buer and to enable mixing and/or separation of each of its components, the latter were represented by several replicas each and the position of each replica was independently optimized. Typically, the stainless steel buer was represented by 12 Fe, 2 Cr, and 2 Ni replicas, which corresponds to its typical composition 75%Fe, 12.5%Cr, and 12.5%Ni. Each oxide component was represented by two replicas. The possible diusion of Zn into the buer was accounted for by the addition of one replica of Zn. The convergence of the results was tested by simulations in which the number of replicas of each component was doubled.

Results: Energetics of individual interfaces

In this section, we report the results on interface and adhesion energies at the individual interfaces, obtained from ab initio calculations. All relevant oxidejoxide interfaces (Al 2 O 3 , Cr 2 O 3 , and Fe 2 O 3 ), metaljmetal (Cr, Fe, Ni and Zn) and metaljoxide interfaces are considered. Oxidejoxide interfaces. Interface energies of all oxidejoxide interfaces are found to be small and positive (< 0.5 J=m 2 ), Tab.1. This is consistent with the fact that no change in the number of metal-oxygen bonds or in the cation oxidation state occurs when the interface is formed from the two bulk materials. Interface energies of Al 2 O 3 jM 2 O 3 (M = Cr and Fe) are the largest due to a larger structural mismatch and to a noticeable dierence in the cation-oxygen bond iono-covalent character between Al 2 O 3 and the transition metal oxides. Conversely, the interface energy of the Cr 2 O 3 jFe 2 O 3 interface is the smallest owing to the structural and bonding similarities of the two oxides. Since the interface energies are small, the adhesion energies roughly scale with the sum of the surface energies of the two components: W AjB A + B . As a consequence, we nd a strong adhesion (3-4 J =m 2 ) at all oxidejoxide interfaces upon consideration, Tab. 1. 2 ) at nearly all metaljmetal interfaces, Tab. 2. The only ex- ception is the ZnjZn interface, with a particularly small adhesion energy ( 1 J=m 2 ), which originates from the small surface energy of Zn. Representative for the strength of the zinc lm itself, we will refer to this value in the following discussion. Adhesion energies at oxidejmetal interfaces are moderate to large (2-5 J=m 2 ), except in the cases of M 2 O 3 jZn, where large interface energies and small zinc surface energy lead to a weak adhesion, of the order of 1 J=m 2 only. In particular, zinc adhesion at the alumina (0001) surface is very weak (0.65 J=m 2 ) and representative for the observed bad adhesion of anti-corrosive zinc coatings at the surfaces of advanced high strength steels. We will refer to this value in the following discussion.

We stress that the discussed qualitative dierences in interface energetics of oxide/oxide, metal/metal, and oxide/metal interfaces reect the very dierent nature of these objects and go well beyond eects due to either a choice of exchange-correlation functional or an approximate treatment of interface strain eects.

To summarize, ab initio results allow drawing an early picture of the expected behavior of the various components of a multi-component buer. On the one hand, the negative E int obtained at metaljmetal interfaces suggest a systematic tendency for alloying of the metallic components. On the other hand, positive values for most oxidejoxide and oxidejmetal interfaces will lead to a reduction of the number of such interfaces and will drive a separation of the oxide and metal components. As far as the strength of individual interfaces is concerned, adhesion energies obtained for oxidejoxide and for most metaljmetal interfaces (except ZnjZn) are systematically large. Oxidejmetal interfaces (except oxidejZn) are also characterized by relatively large adhesion energies, especially in the case of Fe 2 O 3 jmetal. Since the overall junction strength is determined by the weakest interface formed in the buer, these results suggest that any attempt to strengthen the interface has to aim at eliminating all oxide jzinc interfaces.

Results: Equilibrium structure of multi-component buers

In this section, we determine the component sequence in a multi-component buer at thermodynamic equilibrium, by MC optimization. We consider a typical stainless steel buer of average composition 75% Fe, 12.5% Cr, and 12.5% Ni, under three dierent oxidizing conditions, Figure 1: a) oxygen-lean conditions under which the buer remains metallic, b) oxygen-moderate conditions under which Cr is partially oxidized, and c) oxygen-rich conditions under which the Cr component is fully oxidized and Fe is partially oxidized. The possibility of zinc diusion from the coating towards the buer is accounted for by adding a Zn component in the buer. In all cases, the spatial distribution of the relevant metal and oxide components and the probability of formation of individual interfaces are determined and the weakest adhesive interface is identied. We rst consider a self-standing stainless steel buer, which is subsequently inserted at the aluminajzinc interface. Self-standing stainless steel buer. Figure 3 displays the spatial distribution of components in a self-standing stainless steel buer under the three considered oxidizing conditions. In all cases, in the buer center (right-hand side of the diagrams), the metallic components (Fe, Cr, and Ni) form an alloy with a composition close to that expected from the average buer one.

In an oxygen-lean environment (buer composed only of Fe, Cr, and Ni), Fig. 3 (top), the surface gets enriched in Fe, although Cr and Ni have lower surface energies. This comes from the fact that these two metals have a strong preference to alloy with Fe, Tab. 2, which makes them more stable in the buer core, as long as Fe is largely in excess.

In an oxygen-moderate environment (buer composed of Fe, Cr, Ni, and Cr 2 O 3 ), Fig. Stainless steel buer at the aluminajzinc interface. The spatial distribution of components in a stainless steel buer introduced at the alumina jzinc interface under the same three oxidizing conditions is shown in Fig. 4. With respect to the previous description, the main modications take place at the interfaces with Zn and alumina, while the distribution of components in the core of the buer remains nearly unchanged. with the Al 2 O 3 substrate, which strengthens the system. In order to quantify the eect, the distribution of the individual interfaces formed within the buer, ordered by their adhesion energy, is given in Fig. 5 (pink line). The least adhesive interface under oxygen-lean environment is the Al 2 O 3 jFe one, with an adhesion energy of about 1.9 J=m 2 , which is much larger than that of Al 2 O 3 jZn (0.65 J=m 2 ). It is also larger than the adhesion at the ZnjZn interface (1.06 J=m 2 ), which is representative for the strength of the anti-corrosive coating itself.

Under oxygen-moderate conditions, Fig. 4 (middle), Cr 2 O 3 tends to segregate at the interface with alumina, without a noticeable impact on the remaining buer sequence Al 2 O 3 jCr 2 O 3 jFejFe,Cr,N The weakest interfaces become the Cr 2 O 3 jFe and FejZn ones, with an adhesion energy of about 3.0 J=m 2 , Fig. 5 (green line), larger than that obtained for the fully metallic buer. Further oxidation of the stainless buer, Fig. 4 (bottom), adds the Fe 2 O 3 component, which is found to mainly segregate at the oxidejmetal interface. The buer sequence thus becomes Al 2 O 3 jCr 2 O 3 jFe 2 O 3 jFejFe,Fe 2 O 3 ,Cr,Ni,ZnjFe,NijZn. Owing to a good adhesion at the Fe 2 O 3 jFe contact, the weakest interface is the FejZn one, with an adhesion energy close to 3.0 J=m 2 , Fig. 5 (blue line). Under such oxygen-rich conditions, some of the iron oxide also appears in the central part of the buer, due to the low Fe 2 O 3 jFe interface energy.

Under oxidizing conditions, the separation of oxide and metal components in the buer is driven by small interface energies of the oxidejoxide interfaces and negative E int of the metaljmetal ones, as compared to large positive E int found for metaljoxide contacts. Interestingly, the segregation of Fe to the metal/oxide interfaces whether the interface energetics is favorable (Fe 2 O 3 jFe and Cr 2 O 3 jFe) or not (Al 2 O 3 jFe) is mainly due to iron excess in the stainless steel buer.

Accordingly, let us stress that the buer characteristics are relatively insensitive to the precise values of E int and W. On the one hand, the separation of oxide and metal components is driven by the fact that most E int (oxidejmetal) are much larger than oxidejoxide and metaljmetal interface energies. Beyond the computational accuracy, this dierence of inter-face energies is due to the very dierent nature of metal jmetal, oxidejoxide, and metaljoxide interfaces. On the other hand, Fe excess in the stainless steel buer rather than precise interface energy values is responsible for the Fe segregation at metal joxide interfaces and for the suppression of weakly adhesive zinc joxide contacts. Thus, our conclusions should not be altered by either a dierent choice of the exchange-correlation functional, or by renements in the structural description of the interfaces.

In summary, our results show that stainless steel buers, when fully metallic, substantially improve the strength of alumina jzinc junctions, by replacing this particularly weak oxidejmetal interface by a much more adhesive alumina jiron one. Interestingly, a (partial) oxidation of the buer, associated with the formation of chromium and/or iron oxides, does not degrade the good buer performance. This is assigned to a clear separation of all oxide and metallic components (i.e., to the reduction of the number of thermodynamically less stable oxidejmetal interfaces), and to the segregation of Fe towards the oxide jmetal interface (i.e., suppression of any Znjoxide interface). When increasing the oxidizing conditions, these eects move the weakest individual interface from alumina jiron to chromiajiron and (metaljmetal) FejZn interfaces.

Discussion

We have developed a simplied model which accounts for the interactions which take place when a multi-component stainless steel buer is introduced between an alumina substrate and a zinc coating. The comparison with the case of a single-component buer which follows shows that the adhesion performance under realistic oxidizing conditions is greatly improved.

We will then analyze how these performances are modied by either atom inter-diusion at the interface or by a change of the Cr/Fe or Ni/Fe concentration ratios in the stainless steel.

Comparison between single-and multi-component buers. We have shown in the past that, while single-component metallic buers improve substantially the adhesion at an aluminajzinc interface, their oxidation has a strong detrimental eect due to the weakness of either aluminajoxide or oxidejzinc interfaces. [START_REF] Le | First-Principles Study on the Eect of Pure and Oxidized Transition-Metal Buers on Adhesion at the Alumina/Zinc Interface[END_REF] The present results show that, at variance, multi-component buers are much less subject to such deciencies, thanks to their selective oxidation and to a favorable component separation. On the one hand, any weak oxide jzinc interface is eciently replaced by much more adhesive oxidejFe ones, owing to a strong thermodynamic tendency for iron segregation at the oxidejmetal interfaces. On the other hand, the presence of transition metal oxides which result from the partial buer oxidation and their segregation towards the alumina substrate eciently suppress the somewhat weaker aluminajmetal interfaces. As a consequence, with respect to a well-performing purely metallic buer (oxygen-lean conditions), the partial buer oxidation (oxygen-moderate and oxygen-rich conditions), which is unavoidable under realistic oxidizing environments, tends to additionally improve the performance of a multi-component buer, while it drastically reduces that of a single-component one. pigure TX snitil @iA nd nl @fA ongurtions representing n tioni exhnge t oxidejoxide @A nd oxidejmetl @A interfesF
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In summary, cation inter-diusion at oxide joxide and at some oxidejmetal interfaces may be expected under realistic conditions, but it will not substantially modify the buer structure and will not degrade the buer performance. Modication of stainless steel composition. In order to estimate how the performance of the stainless steel buer may be modied by a change of composition, we now consider a progressive increase of the Ni/Fe or Cr/Fe concentration ratios.

Whatever the oxygen conditions, an increase of the Ni content is found to mainly affect the composition of the contact between stainless steel and the zinc coating. At low Ni concentrations the contact is Fe-rich, but Fe becomes progressively replaced by Ni as the concentration of the latter increases. Such an enrichment of the junction in Ni is thermodynamically favored by the more negative interface energy of the NijZn interface, Tab. 2. Fig. 7 (top) illustrates this eect in the case of oxygen-rich conditions. Interestingly, since W(NijZn) > W(FejZn), Tab. 2, the Ni-enrichment is predicted to additionally improve the adhesion of the zinc coating to the stainless steel buer.

When changing the Cr/Fe concentration ratio, the metaljzinc contact progressively switches from FejZn to NijZn and CrjZn. Fig. 7 (bottom) illustrates this eect in the case of oxygenmoderate conditions. An increase of adhesion of about 0.2-0.3 J=m 2 results, Tab. 2. However, since W(NijZn) > W(CrjZn), an excessive enrichment in Cr may be not optimal for the buer performance. Before concluding, it is worth pointing out the two main limitations of our present multicomponent buer model. On the one hand, we have assumed that the buer structure may be represented by a stacking of perfect two-dimensional layers. In that way, we transformed the complex three-dimensional buer structure into a one dimensional stack of components.

This enabled a signicant reduction of the structural complexity and made its optimization computationally treatable. However, in realistic buers, the various components (e.g., oxides) may form nite size crystallites terminated by facets of dierent orientations. We note however that, by assuming a layer geometry, our present model tends to over-estimate the detrimental role of the individual weak (and high energy) interfaces. For example, the presence of nite size oxide crystallites embedded in a metal matrix instead of an innite oxide lm is expected to reduce the contribution of weak metaljoxide interfaces to the overall buer strength.

On the other hand, our study is based on thermodynamic considerations only and the eects driven by the kinetics of ion diusion are neglected. We note that while the high temperature of the hot-dip galvanization may reduce to some extent the possibility of kinetic hindrance, an extension aiming at an explicit account for ion diusion is necessary for a sound description of buer oxidation at ambient temperatures. For example, we nd that a strong thermodynamic bias makes chromia segregate at the alumina interface, while, under the actual fabrication conditions, the consecutive deposition of the stainless steel buer and of the zinc coating may result in the formation of a protective chromia lm on the buer surface before zinc is deposited. To get some insight into its consequences, we have modeled an isolated buerjzinc system under moderate oxidizing conditions, Fig. 8. We nd that, despite the presence of chromia, the contact with the zinc coating is composed uniquely of Fe and Ni, similarly to the results discussed in Sec. 4. The eect is driven by the high Cr 2 O 3 jZn interface energy and shows that even if chromia component cannot, for kinetic reasons, entirely segregate at the alumina surface, the Fe and Ni components will eciently eliminate it from the buerjzinc junction.

Conclusions

In summary, relying on DFT calculations of the energetic characteristics of individual interfaces, we have investigated how the presence of a multi-component buer impacts the adhesion characteristics at a weak aluminajzinc interface, and we have identied the key factors responsible for its strength. To this goal, interface and adhesion energies of a variety of oxidejoxide, metaljmetal, oxidejmetal interfaces have been quantied at the ab inito level, and rationalized by analyzing the number and type of interfacial metal-oxygen bonds.

Thermodynamic equilibrium structures of multi-components buers under various oxidizing conditions were then determined by a MC Metropolis approach and their least adhesive parts, relevant for the overall system performance, have been identied.

By considering stainless steel buers composed of iron alloyed with chromium and nickel, we have broadened our earlier predictions which only applied to single-component buers.

We have shown that adhesion is improved thanks to the iron segregation at the oxide jmetal interface, resulting in the replacement of the particularly weak alumina jzinc contact by a much more adhesive aluminajiron one. Even more interestingly, we have demonstrated that the formation of chromium and iron oxides, which may be unavoidable under realistic oxidizing conditions, does not degrade the performances of such multi-component buers. This eect, which contrasts with the predictions made for single-component buers, is mainly due to the separation of the oxide and metal components.

Additionally, we have shown that tuning the composition of the stainless steel may further improve its performances. Both an increase of the Ni concentration and a moderate increase of Cr concentration may be benecial to adhesion owing to strong Ni-Zn and Cr-Zn interactions. Besides their direct interest for the optimization of industrial adhesive buers, our results show that an explicit account for selective oxidation and component segregation in a buer is necessary for a correct estimation of its adhesion characteristics.
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  J=m 2 ) due to a change of both the number/type of bonds and of the cation oxidation state upon interface formation. Indeed, the formation of a M 2 O 3 jM 0 interface involves breaking M O bonds and forming M 0 O ones. The trend for a progressive increase of E int along each line and its decrease along each column in Tab. 3 are well accounted for by the changes of the enthalpies of metal oxidation, Figure 1. In particular, the largest positive E int are obtained when strong bonds (Al O) are replaced by weaker ones (M O). Conversely, the most negative value corresponds to a replacement of relatively weak (Fe O) bonds by stronger (Cr O) ones, actually highlighting the instability of the Fe 2 O 3 jCr interface with respect to the Cr 2 O 3 jFe one. Finally, a close to zero E int value is found at the Fe 2 O 3 jFe interface where no change of the number/type of bonds or cation oxidation state takes place.

Figure 3 :

 3 Figure 3: Spatial distribution of components in a self-standing stainless steel buer in oxygenlean (top), -moderate (middle), and -rich (bottom) environments.

3 (

 3 middle), the Cr 2 O 3 component segregates to the surface, thus limiting the number of chromiajmetal interfaces, as expected from their relatively large E int , Tab. 3. This separation corresponds to the known sacricial Cr oxidation which prevents oxygen diusion into the stainless steel and thus protects it from further corrosion. Below the supercal chromia lm, the buer is enriched in Fe which ensures a good adhesion to the protective oxide lm.In an oxygen-rich environment (buer composed of Fe, Ni, Cr 2 O 3 , and Fe 2 O 3 ), Fig.3(bottom), the situation remains similar, but since most Fe 2 O 3 segregates at the chromiajFe interface the oxidejbuer interface switches from Cr 2 O 3 jFe to Fe 2 O 3 jFe, which strengthens the entire system even more [W(Cr 2 O 3 jFe) = 3.0 J=m 2 ) and W(Fe 2 O 3 jFe) = 3.5J=m 2 ]. We note that the Fe 2 O 3 does not signicantly segregate to the surface despite the fact that its surface energy is smaller than that of Cr 2 O 3 , but tends to form a strong Fe 2 O 3 jFe interface.

  Under oxygen-lean conditions, Fig. 4 (top), a segregation of Fe takes place at the interface with Al 2 O 3 , while Fe and Ni move to the interface with Zn. The resulting component sequence is Al 2 O 3 jFejFe,Cr,Ni,ZnjFe,NijZn. Driven by its excess in the buer, Fe segregates at the contact with Al 2 O 3 , as it does at the surface of a self-standing buer. At the Zn interface, the enrichment in Ni is due to a favorable alloying thermodynamics between these two metals. Thanks to the presence of the stainless steel buer, Zn avoids a direct contact

Figure 4 :

 4 Figure 4: Same as Figure 3 for a buer sandwiched between alumina and zinc.

Figure 5 :

 5 Figure 5: Distribution of individual interfaces in stainless steel buers with respect to their adhesion energy in the three oxidizing environments: oxygen-lean (a), oxygen-moderate (b) and oxygen-rich (c), and their corresponding adhesion energies (red line, right-hand side scale). For clarity, (b) and (c) diagrams have been vertically shifted with respect to (a).

Figure 7 :

 7 Figure 7: Consequences of a change of buer composition: (a) proportion of Fe jZn and NijZn interfaces as a function of the Ni/Fe concentration ratio (oxygen-rich conditions); and (b) proportion of CrjZn, NijZn, and FejZn interfaces as a function of the Cr/Fe concentration ratio (oxygen-moderate conditions).

Figure 8 :

 8 Figure 8: Spatial distribution of components in the stainless steel buer coated with zinc under oxygen-moderate oxidizing conditions.

Table 1 :

 1 Interface E int (J=m 2 ) and adhesion W (J=m 2 ) energies at individual oxidejoxide interfaces.

	Al 2 O 3 Cr 2 O 3 Fe 2 O 3 Al 2 O 3 0.00 0.38 0.43 E int Cr 2 O 3 0.38 0.00 0.17 Fe 2 O 3 0.43 0.17 0.00
	W Al 2 O 3 3.88 3.57 3.02 Cr 2 O 3 3.57 4.02 3.35 Fe 2 O 3 3.02 3.35 3.04

Table 2 :

 2 Interface E int (J=m 2 ) and adhesion W (J=m 2 ) energies at individual metaljmetal interfaces.

		Cr	Fe	Ni	Zn
	E int				
	Cr	0.00	-0.50	-0.36	-0.51
	Fe	-0.50	0.00	-0.51	-0.30
	Ni	-0.36	-0.51	0.00	-0.73
	Zn	-0.51	-0.30	-0.73	0.00
	W				
	Cr	4.14	4.69	4.44	3.11
	Fe	4.69	4.24	4.64	2.95
	Ni	4.44	4.64	4.02	3.27
	Zn	3.11	2.95	3.27	1.06
	Metaljmetal interfaces. Metaljmetal interfaces are also characterized by relatively small
	interface energies (jE int j 0:7 J=m 2 ), Tab. 2, which is consistent with the absence of sub-
	stantial structural (bond number) or chemical (oxidation state, bond iono-covalent character)
	changes upon interface formation. However, contrary to the case of oxide joxide interfaces,
	negative values of E int are found, which indicate a tendency for alloying, especially well pro-
	nounced at the NijZn interface. Similarly to the case of oxide joxide interfaces, the adhesion
	energies roughly scale with the sum of the surface energies of the two components, resulting
	in a strong adhesion (3-4 J=m				

Table 3 :

 3 Interface energies E int (J=m 2 ) and adhesion energies W (J=m 2 ) at individual oxidejmetal interfaces.Oxidejmetal interfaces. The energetics of oxidejmetal interfaces qualitatively diers from that of oxidejoxide and metaljmetal ones. In most cases, jE int j values are large(1- 

	Cr	Fe	Ni	Zn
	E int			
	Al 2 O 3 2.01 2.16 2.10 1.82
	Cr 2 O 3 1.72 1.13 1.42 1.52
	Fe 2 O 3 -1.21 0.15 0.51 0.79
	W			
	Al 2 O 3 2.00 1.90 1.85 0.65
	Cr 2 O 3 2.36 3.00 2.60 1.02
	Fe 2 O 3 4.79 3.48 3.01 1.25

Table 4 :

 4 Change of interface ¡i int (t=m 2 ) and adhesion ¡W (t=m 2 ) energies due to a cationic exchange at oxidejoxide and oxidejmetal interfaces, and resulting adhesion 0 and interface i 0 int energies (t=m 2 ).

	snterfe	int ¡i int ¡ i 0	0
	el 2 y 3 jgr 2 y 3 HFHI HFRP HFQW QFWW el 2 y 3 jpe 2 y 3 HFPU HFWH HFUH QFWP gr 2 y 3 jpe 2 y 3 HFQP EHFIT HFRW QFIW
	el 2 y 3 jgr el 2 y 3 jpe el 2 y 3 jxi	HFVR HFSP PFVS PFSP IFRQ HFVV QFSW PFUV IFVI IFWI QFWI QFUT
	gr 2 y 3 jpe gr 2 y 3 jxi	HFIV HFTS IFQI QFTS HFVW HFUI PFQI QFQI
	pe 2 y 3 jgr pe 2 y 3 jxi	EHFRW EHFSV EIFUH RFPI
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