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 showing a debonding of the scale localized at the metal/oxide interface, the decohesion in the present conditions occurs inside the oxide. Specifically, the separation of the scale takes place at the interface between an internal equiaxed subscale and an external columnar subscale. Thanks to theirs semiconducting properties (conduction and bandgaps) these subscales have been studied with photoelectrochemical techniques at macro-and micro-scales.

Introduction

Pure chromia scales properties and pure chromium oxidation have been studied extensively during the decades of 1970 to 1990 [START_REF] Kofstad | Defects and transport properties of metal oxides[END_REF][START_REF] Hagel | Cation Diffusion in Cr2O3[END_REF][START_REF] Kofstad | Chromium transport through Cr2O3 scales I. On lattice diffusion of chromium[END_REF][START_REF] Kofstad | Chromium transport through Cr2O3 scales. II. Changes in scale morphology during high vacuum treatment of oxidized chromium specimens[END_REF][START_REF] Holt | Electrical conductivity and defect structure of Cr2O3. I. High temperatures[END_REF][START_REF] Holt | Electrical conductivity and defect structure of Cr2O3. II. Reduced temperatures (<∼1000°C)[END_REF][START_REF] Lillerud | On High Temperature Oxidation of Chromium: I . Oxidation of Annealed, Thermally Etched Chromium at 800°-1100[END_REF][START_REF] Atkinson | Diffusion along grain boundaries and dislocations in oxides, alkali halides and carbides[END_REF][START_REF] Atkinson | Transport on Nonstoichiometric Compounds[END_REF][START_REF] Hoshino | Cation Self-Diffusion in Cr2O3[END_REF][START_REF] Sabioni | Self-diffusion in Cr2O3 I. Chromium diffusion in single crystals[END_REF][START_REF] Sabioni | Self-diffusion in Cr2O3 II. Oxygen diffusion in single crystals[END_REF][START_REF] Kofstad | High Temperature Corrosion[END_REF][START_REF] Young | High temperature oxidation and corrosion of metals[END_REF]. These works concern primarily tracer experiments and electrical conductivity studies. Since the beginning of the 21 th century, a very limited number of papers have explored the question [START_REF] Henry | Characterisation of chromia scales grown on pure chromium in different oxidising atmospheres[END_REF][START_REF] Michalik | Effect of water vapour on growth and adherence of chromia scales formed on Cr in high and low pO2-environments at 1000 and 1050°C[END_REF][START_REF] Arnold | High temperature isothermal oxidation behaviour of an Oxide dispersion strengthened derivative of IN625[END_REF][START_REF] Dorcheh | Factors affecting isothermal oxidation of pure chromium in air[END_REF]. Nowadays, despite the considerable effort deployed to understand this system, relatively little is known about chromia but main lines can be extracted from the literature. Ionic disorder as well as conduction and growth direction of the scale depends on oxygen activity and temperature. Associated to this dual character (n & p-type semiconduction, inward & outward growth direction), several studies report a duplex morphology with equiaxed, basaltic or columnar grains which can be strongly influenced by the nature of the oxidizing atmosphere and in particular the presence of water vapor [START_REF] Holt | Electrical conductivity and defect structure of Cr2O3. II. Reduced temperatures (<∼1000°C)[END_REF][START_REF] Arnold | High temperature isothermal oxidation behaviour of an Oxide dispersion strengthened derivative of IN625[END_REF]. In recent years, several works from our research group [START_REF] Ledoux | Oxide Growth Characterization During Short-Time Oxidation of a Commercially Available Chromia-Forming Alloy (HR-120) in Air at 1,050[END_REF][START_REF] Latu-Romain | Advanced STEM/EDX investigation on an oxide scale thermally grown on a high-chromium iron-nickel alloy under very low oxygen partial pressure[END_REF][START_REF] Latu-Romain | The role of oxygen partial pressure on the formation of the oxide scale thermally grown on a NiCr model alloy[END_REF][START_REF] Latu-Romain | Duplex n-and p-Type Chromia Grown on Pure Chromium: A Photoelectrochemical and Microscopic Study[END_REF][START_REF] Latu-Romain | Towards the growth of a stoichiometric chromia on pure chromium by the control of temperature and oxygen partial pressure[END_REF] have also reported a duplex morphology on chromia scales grown under controlled pure oxygen atmospheres. An internal equiaxed subscale growing inwards exhibits a n-type conduction with a bandgap of ~ 3 eV and an external columnar subscale growing outwards shifts from n-type to insulator and finally to p-type conduction when p(O2) is increased from 10 -14 to 10 -12 atm with a bandgap of ~ 3.5 eV for the p-type contribution. More recently, 2 papers [START_REF] Latu-Romain | Chromia scale thermally grown on pure chromium under controlled p(O2) atmosphere: I. Spallation investigation using photoelectrochemical techniques at a meso scale[END_REF][START_REF] Latu-Romain | Chromia scale thermally grown on pure chromium under controlled p(O2) atmosphere. II. Spallation investigation using photoelectrochemical techniques at a micro scale[END_REF] at 900 °C and p(O2) ~ 10 -12 atm have proposed a scenario of decohesion of the scale which can be regularly observed during the cooling of the samples. In particular, it has been shown that decohesion occurs at the metal/oxide interface. The present paper continues this work at the same temperature but at higher oxygen partial pressure (p(O2) ~ 0.2 atm) with the implementation of the photoelectrochemical techniques at macro and micro scales. Taking advantage of the dual character of bandgaps and conduction of the scale, it is hoped to elucidate when and where the spallation phenomenon occurs.

Experimental section

Pure chromium (Table 1) was supplied by Goodfellow (SARL, France) and was oxidized at 900 °C and a p(O2) ~ 0.2 atm during 30 min. Before oxidation, Cr samples were cut from a plate to the dimension 10 × 10 × 1 mm and were SiC ground up to the grade 320. Oxidation tests have been carried out in a horizontal furnace in synthetic air. In these conditions, oxide scale thickness has been estimated in the micrometer range, the value required to perform adequate photoelectrochemical analysis.

Table 1.

Composition of the Cr in mass ppm

Cr

Ag Al Ca Cu Fe Mg Mn Si 999900 < 1 < 1 5 3 1 < 1 < 1 < 1
Photoelectrochemistry (PEC) is an ex-situ non destructive method which uses the photon as a probe and has been extensively described elsewhere [START_REF] Latu-Romain | Towards the growth of a stoichiometric chromia on pure chromium by the control of temperature and oxygen partial pressure[END_REF]. The setup of the localized photoelectrochemical technique used in this work so-called microPEC in the rest of this paper has been presented in [START_REF] Latu-Romain | Chromia scale thermally grown on pure chromium under controlled p(O2) atmosphere. II. Spallation investigation using photoelectrochemical techniques at a micro scale[END_REF].

Results and discussion

Previous work [START_REF] Henry | Characterisation of chromia scales grown on pure chromium in different oxidising atmospheres[END_REF] has shown that the oxide scale grown on pure chromium in the present conditions (900 °C, p(O2) ~ 0.2 atm, t = 30 min) was made of pure chromia with sub micronic grains. XRD has confirmed the presence of a single crystalline structure: the eskolaite (JCPDS Card 38-1479). Sometimes, after cooling, spalled zones can be observed on the samples. Fig. 1a and b presents a classical example of a spalled zone of several hundreds of square micrometers in area. On the spalled zone as well as non-spalled zone the oxide scale presents a morphology oriented along polishing lines, from top left to bottom right. The position of the secondary electron (SE) detector in the SEM chamber (fig. 1b) resp. at the bottom of the image, reveals by a shadow effect that the scale is probably debonded in a few micrometer band in length all around the spalled zone. It can be also observed presence of several fractures in the oxide scale, most of the time again oriented along polishing lines. Fig. 1c presents the non spalled zone at higher resolution with a tilt angle of 30°. The scale appears locally buckled with zones of 3-50 µm in diameter. A fractography analysis focuses on a buckled zone of a few micrometer in diameter in fig. 1d with a cross-sectional-view SEM. This analysis reveals the presence of the classical duplex morphology previously described in the introduction with an internal equiaxed subscale (~ 200 nm) and an external columnar subscale (~ 1 µm). In addition, the external subscale appears debonded from the internal subscale, itself debonded from the Cr substrate. Debonding at high temperature seems excluded because no regrowth of a new layer can be observed on the Cr substrate but at this point of the study, it remains difficult to conclude if the debonding between the internal subscale and the Cr substrate has been occurred during the cooling or is the result of the fractography preparation. Fig. 1e presents a non-buckled zone where the duplex morphology can be again observed. Fig. 1f presents a spalled zone with a thin oxide scale that could correspond to the internal equiaxed subscale. 

MacroPEC

MacroPEC experiments have been conducted on a surface area of 5 mm in diameter (i.e. ~ 80 mm²) and include several tens of spalled zones previously described in figs. 1a and b. The energy spectra presented in fig. 2a reveal the presence of 2 contributions: C1 and C2 with an inversion of the photocurrent sign as evidenced by the dephasing angle ( ) evolution of about 180°, from -60° to 120° (fig. 2b). Typically, this inversion is due to a change of conduction from one contribution to another. For each contribution, according to the Gärtner and Butler model [START_REF] Gärtner | Depletion-Layer Photoeffects in Semiconductors[END_REF][START_REF] Butler | Photoelectrolysis and physical properties of the semiconducting electrode WO2[END_REF], the photocurrent can be expressed as: equation 1

Where q is the elementary charge of the electron, the incident photons flux, A a constant, the Planck's constant, the light frequency, the bandgap, & is equal to 1/2 (direct transition) or 2 (indirect transition), ' is the dielectric permittivity of the oxide, ' the vacuum permittivity, ( ) the concentration of the major carriers, V the applied potential and Vfb the flat band potential of the oxide. The modeling concerns an ideal semiconductor and does not take into account the recombination phenomenon of electron hole pairs. However, on an energy spectrum, the photocurrent decreases after a certain extent due to the recombination phenomenon but also due to the density of available states in the conduction band. If the energy spectrum presents more than one contribution, the total photocurrent * does not correspond to the algebraic sum of each contribution. We must take into account the fact that the signal is measured under modulated light conditions and is thus a complex number. Therefore, when analyzing the energy spectrum, the real and imaginary parts of the photocurrent must be considered simultaneously, rather than its modulus (|* |) only. The overall complex photocurrent, * , is thus written [START_REF] Loucif | Semiconducting behaviour and bandgap energies of oxide films grown on alloy 600 under PWR simulated primary water conditions with different dissolved hydrogen contents[END_REF][START_REF] Petit | Photoelectrochemistry of oxidation layers: A novel approach to analyze photocurrent energy spectra[END_REF]: where K is a constant. This transform applied to the energy spectra presented in fig. 2a leads to the determination of 2 bandgaps; ~ 3.0 eV for C1 and 3.3 < < 3.7 eV for C2 strongly depending on the applied potential. By extracting the photocurrent of C1 and C2 at energies corresponding to their maximum; 3.15 eV for C1 (fig. 3a) and 4.46 eV for C2 (fig. 3c), it can be observed on potential spectra that C1 conduction is mainly n (the photocurrent increases with the applied potential, is stable ~ -60°) while C2 conduction is mainly p (the photocurrent decreases with the applied potential, is stable ~ + 120°). In addition, the flat band potential of each contribution can be estimated; Vfb ~ -1000 mV/MSE for C1 and Vfb ~ 0 mV/MSE for C2. At the specific value of 3.53 eV, a V-shaped spectrum can be observed (fig. 3b) with a clear evolution of about 180° of the dephasing angle corresponding to the minimum of the spectrum. Typically, this shape is associated to an insulator but can also, in the present case, be understood as the non algebraic sum of the 2 contributions C1 and C2 (see equation 2). This point is discussed later in the paper. In others words, at this energy, both contributions can be observed. 3.53 eV is not a random choice and corresponds to one of the available laser lines in UV making it possible to envisage a microPEC study in the next section. 2 summaries the results obtained with macroPEC and indicates the conduction, the bandgap Eg, the flat band potential Vfb and the typical dephasing angle . It should be noted about that its numerical value depends on many parameters like the positioning of the optic light modulator and others components of the optical bench but also electronics parameters which can induce a phase delay. Its absolute value is consequently not important but one must observe its evolution. Moreover, the location in the scale of the PEC contributions previously studied [START_REF] Ledoux | Oxide Growth Characterization During Short-Time Oxidation of a Commercially Available Chromia-Forming Alloy (HR-120) in Air at 1,050[END_REF][START_REF] Latu-Romain | Advanced STEM/EDX investigation on an oxide scale thermally grown on a high-chromium iron-nickel alloy under very low oxygen partial pressure[END_REF][START_REF] Latu-Romain | The role of oxygen partial pressure on the formation of the oxide scale thermally grown on a NiCr model alloy[END_REF][START_REF] Latu-Romain | Duplex n-and p-Type Chromia Grown on Pure Chromium: A Photoelectrochemical and Microscopic Study[END_REF][START_REF] Latu-Romain | Towards the growth of a stoichiometric chromia on pure chromium by the control of temperature and oxygen partial pressure[END_REF] 

* +* + cos + 0+* + sin ∑ ,

MicroPEC: dephasing angle images

The dephasing angle fluctuates in the range -180° / + 180°, where -180° is equivalent to + 180°. Because of this discontinuity, it is therefore appropriate to applied the following transform to :

> ∑ 1 @ @A sin B 2D + 1 E 2 6 + 90HI 2D + 1 equation 5
Where > is a triangular waveform signal. This classical transform allows to plot a continuous signal correlated to a grey scale and to reduced the noise level. Light (resp. dark) areas correspond to a signal close to 0° (resp. close to +/-180°) in the dephasing angle images. MicroPEC results obtained in this section are interesting but difficult to interpret. In order to go further, it is proposed to build a new PEC image so-called Conduction Image (CI).

From the series of photocurrent images presented in fig. 4 the local potential spectrum * J can be extracted at every coordinate (x,y). From each spectrum, the potential V at which the photocurrent reaches its minimum is identified. This particular value is so-called onset potential (Vonset). In the case of a pure n-type (resp. p-type) chromia, Vonset is normalized to zero (resp. 1). Between these 2 situations, Vonset shall be between 0 and 1, depending on the ratio of n and p-type contribution. At every coordinate (x,y), the value of Vonset can be calculated and plotted on the CI. This process is schematically presented in fig. 9. Fig. 10 presents the CI. Spalled zones exhibit a pure n-type conduction (light areas), ROIs i1 and i2 exhibits a pure p-type conduction (dark areas). In the rest of the non-spalled zone, one can observe several pure n-type regions (light) of a few µm in diameter which appear oriented along the polishing lines and represent new ROIs noted j. The density and size of these regions are in good agreement with the buckled zones previously observed by SEM in figs. 1c and 1d. In between these regions, the scale exhibits a combination of n and p-type conduction. At this point of the discussion, the microPEC results obtained at E = 3.53 eV, schematically presented in fig. 11, can be discussed in several points: -Chromium oxidation in the present work gives duplex oxide scale with an internal n-type Cr2O3 and an external p-type Cr2O3.

-Spalled zones correspond to the places where the separation of the external p-type Cr2O3 from the internal ntype Cr2O3 has occurred, assumption consistent with the measurement of a pure n-type conduction. The debonding takes place probably during the cooling of the sample. Indeed if that one had occurred during the isothermal oxidation, one would observed again a duplex n and p chromia scale, which is not the case here.

-Non-spalled zones correspond to a duplex oxide scale with some well-adherent regions (ROIs i1 and i2) exhibiting a pure p-type conduction, some buckled regions (ROIs j) exhibiting a pure n-type conduction and some others where the local debonding of the external p-type Cr2O3 from the internal n-type Cr2O3 has more or less begun and exhibiting a combination of n and p-type conduction. The reasons why microPEC highlights sometimes the n-type Cr2O3, sometimes the p-type Cr2O3 remain very complex but one must remember that E = 3.53 eV corresponds to the energy value where both subscales can be observed. Concerning the adherent zones (ROIs i1 and i2), for some reason, not well understood at this point, only the external p-type Cr2O3 can be viewed in these conditions. Concerning debonded zones (ROIs j), electron hole pairs photogenerated in the external p-type Cr2O3 can probably no longer diffuse to the metallic substrate considering the high diffusion length. Consequently, only internal n-type Cr2O3 can be viewed. This hypothesis can also explain why spalled zones are not well described in CI (in fig. 10b, the n-type area largely exceeds the real spalled zone observed with SEM in fig. 1b). This is probably the result of the local debonding of the external subscale all around the spalled zone. Concerning other regions where the beginning of buckling has started, the observation of a combination of n and p-type conduction corresponds probably to a mixed situation between ROIs i and j. One must also remember that the microPEC point spacing (i.e. microPEC probe) of 2 µm could explain why micro-buckled zones could not be observed in this study. The presence of buckled regions of different sizes and at different stages of developments is consistent with a phenomenon occurring during the isothermal oxidation.

At this point, it can be concluded that, contrary to what can be observed at lower oxygen partial pressure (10 -12 atm) [START_REF] Latu-Romain | Chromia scale thermally grown on pure chromium under controlled p(O2) atmosphere: I. Spallation investigation using photoelectrochemical techniques at a meso scale[END_REF][START_REF] Latu-Romain | Chromia scale thermally grown on pure chromium under controlled p(O2) atmosphere. II. Spallation investigation using photoelectrochemical techniques at a micro scale[END_REF] where decohesion occurs at the metal/oxide interface and where no buckling phenomenon can be observed, at high pressure (p(O2) ~ 0.2 atm), the decohesion seems to occur in the oxide scale itself. The origin of the mechanical stress in oxide scales has already been discussed in a previous paper [START_REF] Latu-Romain | Chromia scale thermally grown on pure chromium under controlled p(O2) atmosphere: I. Spallation investigation using photoelectrochemical techniques at a meso scale[END_REF], in particular as the result of the high Pilling and Bedworth Ratio (PBR) which is equal to the value of 2.07 [START_REF] Pilling | The oxidation of metals at high temperatures[END_REF]. It was underlined that the PBR acts probably as a minor effect concerning the outward growth of the external subscale (which is the case of the external p-type Cr2O3). However, in 1988, Kofstad [START_REF] Kofstad | High Temperature Corrosion[END_REF] underlines that large growth stress can be induced by the counter-current chromium and oxygen diffusion as well as the formation of oxide within the scale. In this paper, the origin of buckling could be the result of this last phenomenon even if this one remains not well understood. PEC techniques are based on the existence of point defects in the lattice of oxide but one may wonder on what becomes a point defect, for example a chromium vacancy, at a grain boundary (GB). At this point of the discussion, two schools of thought must be recalled. The first school thinks that when a point defect generated in the bulk reaches a GB, it simply disappears. In opposition, the second school thinks that point defects continue to exist and to diffuse along GBs. In 1985, Vitek et al. [START_REF] Vitek | Multiplicity of grain boundary structures: vacancies in boundaries and transformations of the boundary structure[END_REF] wrote that it is generally assumed that vacancies exist in GBs as well defined point defects. They play, in the diffusional processes, a similar role as in the bulk of the crystals. In 2000, Monte Carlo simulations undertaken by Sorensen et al. [START_REF] Sorensen | Diffusion mechanisms in Cu grain boundaries[END_REF] demonstrated that GBs support both vacancies and interstitials. To conclude on this point, if the discussion is still open, there are good arguments in a favor of the existence of point defects at GBs. In this case, PEC techniques would remain a relevant tool by probing the overall scale, inside grains and at GBs.

Conclusions

Spallation and buckling phenomena occurring on chromia scales thermally grown at 900 °C under synthetic air (p(O2) ~ 0.2 atm) have been studied at a micro scale with photoelectrochemical techniques. It is concluded that the separation of the external part of the oxide scale from its internal part takes place during the cooling of the sample and generates spalled zones of several hundreds of square micrometers in area. This phenomenon is possibly initiated during the isothermal oxidation with a series of local debondings occurring themselves inside the oxide scale and leading to the development of buckled zones. 

Fig. 1 .

 1 Fig. 1. Microscopic observations of a chromia scale thermally grown at 900 °C and a p(O2) ~ 0.2 atm during 30 min: (a) topview Optical Microscopy, (b) top-view SEM (SE detector), (c) top-view SEM (SE detector) of the non-spalled zone (tilt angle = 30°), (d) cross-sectional-view SEM of a buckled zone (in the non-spalled zone), (e) cross-sectional-view SEM of a non-buckled zone (in the non-spalled zone), (f) cross-sectional-view SEM of a spalled zone. (SE detector from d to f).
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 25 and 5 represent the modulus and the dephasing angle, respectively, of the photocurrent from the ith semiconducting component of the oxide layer. From equation 1, classical linear transform can be written as:

Fig. 2 .Fig. 3 .

 23 Fig. 2. MacroPEC analysis of of a chromia scale thermally grown at 900 °C and a p(O2) ~ 0.2 atm during 30 min: (a) photocurrent (Iph) and (b) dephasing angle ( ) vs. incident light energy (E) recorded at several applied potentials (V) varying from -800 mV/MSE to 0 mV/MSE -with a 100 mV step-. E (eV)

Fig. 4 Fig. 4 .

 44 Fig.4presents a series of 10 photocurrents images recorded at the same place that one observed in fig.1aand at the specific energy of 3.53 eV. Calculations show that the resolution, essentially conditioned by the numerical aperture of the objective is of the order of λ, i.e. approximately 350 nm at λ = 351.1 nm (E = 3.53 eV) and allows to set the point spacing of this image (2 µm). These series have been recorded at different applied potentials from -800 mV to + 100 mV. The spalled zone (observed in figs.1a and b) is more or less highlighted by the presence of photocurrent. * increases when the applied potential increases showing that this region corresponds to a n-type semiconductor, i.e. the contribution C1. In the spalled zone (underlined in white on the last bottom-right photocurrent image), one can observe some regions of several tens of micrometers in diameter where the photocurrent is higher. No clear correlation seems possible when observing the SEM picture presented in fig.1band this fact is not well understood. At this step, the rest of the images does not reveal any information, especially about the non-spalled zone.

Fig. 5 .

 5 Fig. 5. Photocurrent images presented in fig. 4 after logarithmic filtering.

Fig. 6

 6 Fig.6presents a series of 10 dephasing angle images corresponding to phocurrent images presented in fig.4. Dephasing angle in spalled regions appears stable near 0° (in white). In the non-spalled region, the ROIs i1 and i2 can be again detected and appear stables near + 120°. This observation is supported by distributions of which one typical example is presented on fig.7ain the case of the image recorded at V = -500 mV/MSE. The contribution centered near 0° consists of approximately 16 000 points i.e. a surface area of ~ 65 000 µm², value consistent with the surface area of the spalled zone. This assumption is confirmed when observing the binarized image (range -10/+18°) in fig.7c. The second contribution in a large range of angle (-180/-80 & +100/+180) corresponds to the non-spalled zone and exhibits a shoulder near + 120° which can be principally associated to ROIs i1 and i2 again confirmed when observing the binarized image (range +110/+135°) in fig.7b.

Fig. 6 .

 6 Fig. 6. Dephasing angle images 600 × 600 µm (point spacing: 2 µm), performed on pure Cr oxidized at 900 °C during 30 min at a p(O2) of ~ 0.2 atm, E = 3.53 eV, recorded at several applied potentials (V) varying from -800 mV/MSE to + 100 mV/MSE -with a 100 mV step-.

Fig. 7 .

 7 Fig. 7. (a) distribution from the dephasing angle image recorded at V = -500 mV/MSE, (b) binarized image (range +110/+135°), (c) binarized image (range -10/+18°).

Fig. 8

 8 Fig. 8 presents potential spectra extracted from figs. 4 (* ) and 6 ( ) in 3 specific regions. The spectrum in fig.6a (resp. 6b) corresponds to the spalled zone (resp. to ROIs i1 and i2) and exhibits a pure n-type (resp. p-type) conduction. The third spectrum in fig.6cis typical of the rest of the non spalled zone and exhibits a dual semiconducting property (V-shaped spectrum). In particular, one can observe that the minimum photocurrent does not reach zero and reinforce the hypothesis of a non algebraic sum of the 2 contributions C1 and C2 and of a non-insulating behavior.

Fig. 8 .

 8 Fig. 8. MicroPEC analysis of of a chromia scale thermally grown at 900 °C and a p(O2) ~ 0.2 atm during 30 min. Photocurrent vs. V-Vfb, n: (a) extracted from the spalled zone, (b) from ROIs i1 and i2, (c) from other regions.

Fig. 9 .

 9 Fig. 9. Schematic view of the construction of Conduction Image (CI).This scenario needs to be compared with a limited number of other works on that subject.Michalik et al. in 2005 [18] have studied the effect of oxygen and water vapor contents in the oxidizing atmosphere on the adhesion of chromia scales grown between 1000 and 1050 °C. The authors report after 72 h oxidation at 1000 °C in Ar-20%O2 a large number of pores and cracks parallel to the metal/oxide interface and the decohesion of the external part of the oxide scale from its internal part. The thermogravimetric study indicates that spallation occurs during the cooling. In contrast, the same oxidation in Ar-4%H2-2%H2O gives an adherent chromia scale. More recently, Dorcheh et al.[START_REF] Dorcheh | Factors affecting isothermal oxidation of pure chromium in air[END_REF] have detected cracking and buckling with acoustic emission (AE) during pure chromium oxidation at 1050 °C in synthetic air but also during cooling. If the place of decohesion reported in the present work is consistent with the literature, the discussion remains open about the time of the decohesion. One can assume that the spallation occurs during the cooling of the sample and is probably initiated during the isothermal oxidation with the development of buckled regions.

Fig. 10 .

 10 Fig. 10. MicroPEC analysis of of a chromia scale thermally grown at 900 °C and a p(O2) ~ 0.2 atm during 30 min. (a): Conduction Image (CI), (b) schematic view highlighting spalled zone and ROIs i and j.

Fig. 11 .

 11 Fig. 11. Schematic interpretation of microPEC results obtained at E = 3.53 eV.

Table 2 .

 2 Semiconducting properties of PEC contributions obtained at a macro scale.

	PEC contribution conduction	(eV)	Vfb (mV/MSE)	(°)	subscale location
	C1	n	~ 3.0	~ -1000	~ -60	internal
	C2	p	3.3 <	< 3.7 ~ 0	~ + 120 external
	MicroPEC: photocurrent images		

are recalled in table 2. As already discussed macroPEC experiments have been conducted on a surface area including several tens of spalled zones and several thousand of buckled zones. Consequently several questions can be discussed. This includes, what is the PEC signature of spalled and buckled zones? The main goal of the next section is to understand how PEC answers work at a local scale.
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