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Using thermodynamical modelisation to predict the evolution of Co-base superalloys' microstructures at high temperature

 

INTRODUCTION CONCLUSIONS

Good fits were found for five different cobalt-based alloys, especially for the solidus temperatures. Concerning the nature of the phases, the expected carbide types were observed. Moreover, thermodynamical modelisation revealed for some compositions the presence of small quantities of others carbides not evidenced in the synthesised alloys. The rarefaction of carbides with an increasing exposition temperature is also confirmed by the simulation. Nevertheless values of carbides fractions are not similar, but it can be explained, at least for TaC carbides, by geometrical considerations. -homogenized 2h at 1200°C, -aged 10h at 1000°C,and air quenched. Their compositions were chosen in order to represent a large panel of cobalt-base superalloys strengthened by carbides. Nickel and chromium contents are equals for all the alloys, but different carbon and tantalum contents were selected. For the comparisons with the microstructural Thermo-Calc predictions, the alloys were exposed in a muffle furnace at several high temperatures, then quenched by air cooling. Different heat treatment durations were applied to the alloys to be closed to the stable microstructural state: five hours appeared sufficient. Alloys followed different evolutions. For example, at 1300°C, Alloy 1 lost all its MC carbides. At the opposite, MC network remained stationary for the Alloy 3.

CHARACTERISTICS OF THE STUDIED ALLOYS

Except

for 1000°C, which corresponds to the ageing treatment applied initially, all the alloys were exposed during 5 hours to high temperature, then air quenched. It appears that the higher the temperature, the lower the area fraction of each type of carbides. Moreover, for Alloy 5, a change of the nature of chromium carbides takes place at 1100°C and above.

Thermo-Calc calculations were made for all the alloys and three different temperatures. Usually, the mass fraction (or volumic fraction obtained with the following formula) of each type of carbide decreased with temperature, as it can also be seen on alloys.

Surprisingly no beginning of fusion was evidenced at this temperature, despite of the measured or calculated solidus value.

Calculations also showed the M 23 C 6 ->M 7 C 3 change in Alloy 5, and revealed the presence of rare chromium carbides which were not observed in the alloys. The calculated volume fractions' values do not correspond to the surface fractions ones, but it can be explained by a relation that seems exist between the two geometrical fractions: %vol = 1,65 %surf for the TaC carbides Alloy 1 reaching 1300°C after 5 hours at 1300°C 

  were prepared by high frequency induction melting in a cold crucible and under argon gas, then heat treated in two stages :

  exhibit different carbides types and densities. Tantalum carbides (TaC), and/or chromium carbides such as Cr 7 C 3 or (Cr,W) 23 C 6 , are present at grain boundaries. Their density is governed by the carbon content. Experimental results consisted first in a determination of solidus temperatures by Differential Thermal Analysis (DTA), then compared to those issued from Thermo-Calc N version using a completed SSOL database. The calculated solidus values are all located in the interval: [T h ,T c ] where T h is the temperature obtained during heating and T c during cooling].

  Fig. : Experiment : BCo84 Mass (mg) : 51.2 05-31-00 Procedure : Proc edure BCo19 fus ion2 (Seq 1 -4) A tm. : Ar Crucible : Al2O3 100 µl