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Abstract

The superalloys are extensively applied in aerospace, metallurgy and mechanical
industry because of their fantastic properties, such as remarkable high-temperature
strength and surface stability, high operating temperature, good corrosion resistance
and so on. Co, W, Nb and Cr are widely used as base and alloying elements in many
kinds of superalloys to acquire expected properties. However, it is still under research
on the influence of alloying element added to superalloys and the mechanism of alloy
strengthening. Phase diagram, which is named the ‘map’ of alloy designing, contains
substantial information of physical and chemical interaction among components of
alloys. Thus in the present work, equilibrated alloys are used to experimentally
determine the phase equilibria in the Co-W-Nb, Co-W-Cr, Co-Cr-Nb and Cr-W-Nb
ternary systems. Major research contents and results are listed as follows:

(1) The phase equilibria of the Co-W-Nb system at 1000 °C, 1100 °C and 1200 °C
are experimentally determined. Results show that the melting point of binary CosW
phase extends to 1196 °C from 1093 °C with the addition of Nb in the Co-W-Nb
ternary system. The solubility area of CosW forms an ‘island’ in the isothermal
section of Co-W-Nb system at 1100 °C. The oo Co,Nb and y Co,Nb phases were
identified to possess large solubility of W(19.2 at.% W and 23.2 at.% W at 1200 °C,
respectively). No new ternary compound is found in this system.

(2) The phase equilibria of the Co-W-Cr system at 1000 °C, 1100 °C and 1200 °C
are experimentally determined. The compositional area of the intermetallics R-phase
at 1200 °C is determined(29.8~39.7 at.% Cr), which is parallel to the Co-Cr line(24
at.% W). Large solubility of Cr(46.5 at.% Cr at 1200 °C) is found in the Co;W¢ phase.
No other new ternary compound is found in this system.

(3) The phase equilibria of the Co-Cr-Nb system at 1000 °C, 1100 °C and 1200 °C
are experimentally determined. The compositional area of the CoCrNb phase at 1000

°C, 1100 °C and 1200 °C is determined. The reported isothermal section of the
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Co-Cr-Nb ternary system at 1000 °C has been modified and updated. The Co;Nbg
phase is found to possess large solubility of Cr(28.7 at.% Cr at 1200 °C). No new
ternary compound is found in this system.

(4) The phase equilibria of the Cr-W-Nb system at 1100 °C and 1200 °C are
experimentally determined. No new ternary compound is found in this system.

The obtained results in this work can be applied to establish the phase diagram
database of Co-W-Nb-Cr superalloys, which can provide important theoretical

guidance on compositional design and microstructural control of superalloys.

Keywords: superalloys; phase equilibria; phase diagram; microstructure
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