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Properties at elevated temperature of cobalt-based superalloys containing TaC or NbC carbides

The two cobalt-based alloys studied in this work demonstrated high refractoriness, as-cast microstructures (dendritic matrix, interdendritic eutectic script-like MC carbides imbricated with the periphery of the dendrites) potentially favorable for high mechanical properties at high temperatures, and interesting creep resistance and oxidation resistance in some cases (the alloy with tantalum carbides). Despite the presence of a eutectic compound in both alloys the melting start temperatures are rather high, more than 1300°C in all cases. Taking into account the level exceptionally high of the aging temperature and the rather long exposure, the MC carbides correctlyresisted dissolution and morphologic evolution, even if one must consider that the script-like character of the TaC and NbC carbides are completelylost after 100h at 1200°C.

Concerning the creep resistance, studied here by performing flexural three-points tests under constant load, one can highlight the good behaviors of both alloys but also the obvious supremacy of the TaC carbides.

Even if these TaC carbides get fragmented and their fractions sensibly decreased, the resistance at 1100°C under 20MPa is initially good and remain correct after a preliminary {100h, 1200°C}-aging treatment. At 1150°C the cobalt-alloy strengthened by TaC is as resistant as the alloy reinforced by NbC but at only 1100°C. But the progress of fragmentation during creep test, extending the one of the aging treatment, induces a progressive acceleration of the deformation. This shows the detrimental influence of the MC fragmentation on the resistance to deformation, and consequently the usefulness of the presence of hard particles imbricated with matrix in the interdendritic spaces. Concerning the oxidation resistance, the TaC-containing cobalt-based alloy appeared superior again to the NbC-containing one. The mass gain rate is much slower than for this other alloy. But this good behavior seems to be itself potentially threatened by the progress of the Ta-fragmentation. The high speed diffusion paths for chromium diffusion seems less efficient when the relative continuity of the carbide network is lost consecutivelyto fragmentation. One can also think to an obstruction to Cr volume diffusion bythe presence of more tantalum atoms in solid solution, enhanced bythe progressing dissociation of the TaC carbides.

The {high temperature properties ↔ MC fragmentation state} dependence suggests that one must now look for other MC carbides with the same initial morphologybut with less evolution in service.

When operating temperatures are very high and lead hot pieces to work at higher than the γ'-solvus, some cast cobalt-based alloys may compete with Ni-based single crystals if they are efficiently reinforced.

Promoting the precipitation, at the end of solidification, of very stable carbides presenting morphologies favorable to good and sustainable interdendritic cohesion, may allow the alloys to correctly resist mechanical stress at elevated temperature on long time. Some MC-type carbides appear particularlyinteresting in this field.

In the present study, focus was done on two families of MC carbides, tantalum carbides (TaC) and niobium carbides (NbC). Tantalum and niobium (columbium) are stronger carbides-formers than chromium, which helps to obtain TaC and NbC carbides instead chromium carbides in alloys enriched in Cr to combat both hot oxidation and hot corrosion. After having verified that TaC and NbC carbides were well obtained for favorable Ta/C and Nb/C molar ratios (equal to 1 or slightly higher) and characterized the refractoriness of these alloys, the resistance of the Chinese-script morphologies of these carbides forming a eutectic compound with the matrix, to possible changes at high temperature was investigated byapplying a rather long (100h) isothermal heat-treatment at elevated temperature (1200°C). 

  just below the central pointCob alt-based superalloys exploiting MCcarb ides can b e of great interest for some of the hottest components of aeroengines. In the specific case of military aircrafts TaC or Nb C carbides may allowhigh mechanical strength at elevated temperatures for resisting sudden increases in temperature and stresses such as in fighting conditions.

  The previous tasks having generated two versions of the alloys (as-cast and 1200°C-aged) creep tests at different high temperatures and oxidation test at 1200°C were carried out to explore the mechanical and chemical behaviour of the alloys by taking into account their possible microstructure evolution. Melting and solidification in a high frequency induction furnace, under 300mbars pure Ar Aging for 100h at 1200°C in a resistive tubular furnace Microstructures examined using a SEM in BSE mode As-cast CoNb Fusion over: 1335 → 1414°C Solidification over: 1315 ← 1384°C Aged CoNb Fusion over: 1344 → 1447°C Solidification over: 1296 ← 1390°C After solidification and solid state cooling for both alloys: -Polycrystalline equi-axed microstructures -Dendritic matrix and MC carbides located in the interdendritic spaces -Chinese-script MC carbides -Solidus temperatures higher than 1300°C After isothermal heat-treatment at 1200°C for 100 hours: -Decrease in volume fraction of MC carbides (almost devided by 2) -Fragmentation of the MC carbides, conversion of the script-like shape in alignments of globules -Solidus temperatures a little increased by comparisation to the as