Mesures autour des couplages oxydation haute température-mécanique
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Mesure d’adhérence ?
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Propagation d’une fissure interfaciale
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Adhesion measurement methods
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Adhesion measurement methods

e SEM in-situ tensile testing

AISI 303 - 50 h —1000 °C - air
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Tensile testing
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Understanding tensile testing pattern

AlSI 304L previously oxidised at 900 °C for 50h air
SEM (SE mode) in-situ tensile testing experiment 0->63% strain
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E. Fedorova et al. Corrosion Science. 103, 145 (2016)
V. Parry et al. Oxid Met 88, 29—-40 (2017) 8
C. Pascal et al. Material Characterization 127, 161-170 (2017)



Understanding tensile testing pattern

SEM Surface view (BES) Optical microscope
£=0.63

. Tensledirection . (after oxide scale polishing)

- Cracks opening in relation with the plastic  -Strings of small SiO, precipitates decorate
deformation of the substrate the substrate grains boundaries

- Some cracks are not open
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Understanding tensile testing pattern

* Internal oxidation of Si plays a key role on the overall mechanical behavior during
tensile testing.
*The cracks are linked to the silica embrittlement of the substrate grain boundaries

Can we predict this failure pattern ?
i.e. oxide scale spallation vs. inclusion debonding
=> Objectives : investigation of the relevant parameters controlling the
silica/alloy interface debonding.
=> Tools : micromechanical modeling using cohesive zone models

E. Fedorova, M. Braccini, V. Parry, C. Pascal, M. Mantel, F. Roussel-Dherbey, D. Oquab, Y. Wouters, D. Monceau, Corrosion Science. 103, 14p (2016)
V. Parry, C. Pascal, M. Braccini, El. Fedorova, M. Mantel, Y. Wouters, D. Oquab, D. Monceau, R. Estevez, G. Parry, Oxidation of Metals. 88, 29 (2017)



Micromechanical modeling

Experiments Model
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Cohesive zone model

Allow accounting for crack initiation and propagation
Traction versus separation law describing interface fracture

behavior

Can include mixed mode dependence
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Results — conditions for interfaces decohesion

Right before oxide scale cracking Right after oxide scale cracking
Normal stress S11 (MPa)

5,511
(Avg: 75%)
B52

- High stress level in the oxide scale - Stress in the oxide scale is relaxed
- Stress concentration in the metal beneath the crack tip.

Applied strain € = 0.26 % Applied strain € = 0.28 %
Equivalent plastic strain € 2

8peq >5%

- The plastic strain in the metal propagates with increasing loading from the stress concentration zone
at crack tip into the bulk and can reach the inclusion



Results — conditions for interfaces decohesion
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What about the other cracks ?...
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- Cracks opening in relation with the plastic
deformation of the substrate
- Cracks not open




What about the other cracks ?...

CZM in the oxide with a random distribution of maximum traction values
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La formation de silice le long des
joints de grains modifie le
comportement mécanique de la zone
affectée par I'oxydation

Mesure d’adhérence de la couche d’oxyde
par essai de traction in-situ sous MEB

Lien entre mesure globale (adhérence) et effet local (microstructure) ??
Quid si sollicitation mécanique différente (e.g. blister test) => Effet d’ancrage ?

Compétition entre décohésion métal/oxyde et métal/silice

=> modele micromécanique
utilisant des CZM pour décrire le
pattern de fissuration. T
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Perspectives

Essai de traction in-situ sous MEB
Oxydation isotherme AISI 304L @1000°C

- Oxydation cyclique AISI 304L
50 nm- 145 cycles (1h) @ 1000°C in air

-

- X . . E. Fedorova et al. Corrosion Science. 103, 145 (2016)
Améliorer les modeles et simulations

en intégrant la géométrie (ondulation)
Quantitatif
Effet thermique 21



