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Introduction

Aeronautic and power generation, as well as other industrial processes, need materials which have good mechanical and chemical properties at high temperature. Most alloys used for these applications are the γ/γ' Ni-based ones but these alloys are alumina-forming. However, alumina knows a fluxage phenomenon in molten glasses. Some applications such as glass forming especially require chromia-forming alloys and in order to access high level of mechanical properties, these alloys may be reinforced by precipitation of carbides e.g. of the MC type. Niobium carbides feature among the MC-type carbides able to efficiently strengthen cast superalloys. As other MC carbides (TaC for instance), the NbC carbides may crystallize with eutectic script-like shape, as in cobalt-based alloys for example [1] . The interpenetration of matrix and NbC in the interdendritic areas may allow good mechanical resistance, useful for components working at high temperature [START_REF] Donachie | Superalloys: A Technical Guide[END_REF] . Unfortunately, Nb is also highly oxidable and forms volatile oxides [START_REF] Young | High Temperature Oxidation and Corrosion of Metals[END_REF] . This was, earlier [START_REF] Berthod | [END_REF] , at least partly responsible of the very fast oxidation at 1200°C of a cobalt-based alloy strengthened by NbC carbides. In this work this is the case of an alloy based on nickel which was examined. The behavior in oxidation was studied at 1000°C, 1100°C, 1200°C and 1300°C under air during 46 hours.

Synthesis and microstructure of the Ni25Cr0.5C3.9Nb alloy

• Elaboration: from pure elements (purities > 99.9%) in a high frequency induction furnace under argon in a watercooled copper crucible.

• Composition: Ni (bal.), 25 wt.% Cr, 0.5wt.% C, and 3.9 wt.% Nb in order to have the same molar concentration as carbon to expect forming only MC type carbides.

• Microstructure: image SEM in BSE mode

• Composition of the matrix (EDS analysis):

Cr x C y NbC Matrix

Oxidation tests

The thermogravimetry tests were performed using a TGA 92 thermobalance (SETARAM) and they were carried out at 1000°C, 1100°C, 1200°C and 1300°C during 46h under air. → Spallation obviously favoured by thick oxide scales [START_REF] Berthod | Thermogravimetry and post-mortem study of the oxide scale spallation behavior during post-isothermal oxidation cooling of Cr-rich {Co, Ni or Fe}-based cast alloys with various Hf contents[END_REF] • Metallographic cross sections: • The oxidation of Nb and Cr causes the development of carbide-free zones in the subsurface of the alloy as well as of a Cr-depleted zone.

→
• Compared to a similar alloy but based on Co, the studied alloy oxidizes hundred times slower than the Co25Cr0.5C3.9Nb alloy.

• Compared to a similar alloy but reinforced by TaC instead of NbC, the studied alloy oxidizes twice slower than the Ni25Cr0.5C7.5Ta alloy [START_REF] Berthod | [END_REF] . 

→•

  At all temperatures: parabolic curves (the oxidation kinetics obey the Wagner law) → No break in the curves: no rupture of the oxide layers Scale behavior during cooling: → For 3 cases out of 4: severe oxide spallation → No spallation after oxidation at 1000°C

→→→→•

  An outer layer of NiCr 2 O 4 oxide (except for 1200°C and 1300°C may be removed by spallation at cooling) An intermediate Cr 2 O 3 layer → Presence of an inner layer of NbCrO 4 oxide except for 1000°C All temperatures: internal oxidation (chromia) • Parabolic and volatilization kinetic constants: → From 1000°C to 1100°C: parabolic behavior and chromia volatilization → At 1200°C: kp/kv model not applicable; first part: linear mass loss (volatilization) and second part: loss of the Wagner's regime (linear mass gain) → At 1300°C: kv is negative, the mass gain is the sum of a parabolic contribution and a linear one → Global kinetic behavior depending on the oxidation temperature, linked to the difference of oxides nature formed • Depths of the oxide layers, of NbC-free zone, of Cr x C y -free zone and of the Cr-depleted zone: Existence of carbide-free zones and Cr-depleted zone: impoverishment of the subsurface of the matrix in Nb and Cr due to the formation of niobium and chromium oxides, no respect of the local thermodynamic equilibrium, dissolution of the carbides → No carbide-free zone at 1000°C: no Nb oxide formed Temperature kp (without taking volatilization into account) ( g².cm -4 .s -1 ) Influence of a high temperature stage on the microstructure SEM image in BSE mode illustrating the microstructure evolution during a stage at 1000°C, 1100°C, 1200°C and 1300°C for 46h: Fragmentation of carbides (shape change): induced by the decrease in carbides/matrix interfacial energy → The fragmentation increases with temperature → At 1300°C: the chromium carbides are not stable, they totally dissolve in the matrix There are eutectic niobium and chromium carbides which are present in the as-cast state. These carbides are script-like shaped. • The carbides get fragmented during a high temperature dwell for decreasing the NbC/matrix interfacial energy. The chromium carbides have totally disappeared at 1300°C. • The behavior in oxidation from 1000°C to 1100°C involves both parabolic mass gain and Cr 2 O 3 volatilization. The formed external scale is multi-constituted: NiCr 2 O 4 (outer oxide), Cr 2 O 3 (middle) and NbCrO 4 (inner oxide) except at 1000°C. • For higher temperatures, there are two contributions of mass gain: parabolic and linear. The formed external scale is also multi-constituted but without the outer layer of NiCr 2 O 4.