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Abstract

Abstract

Iron-based superalloys are widely used in the field of high-temperature
applications like components for jet engines and gas turbines, including blades, disks,
rotors, and combustor / burner cans, as well as compressor and turbine cases. Phase
diagram is the basis of material design, which has a significance guide to the research
and development of the new material. In this work, phase equilibria of part Iron-based
superalloys ternary systems were studied using a combined method of experimentally
determined and thermodynamic assessment. Major contents are listed below:

(1) the phase equilibria of the Fe-Mo-Nb ternary system at 1000 °C, 1200 °C and
1300 °C were experimentally determined using a combined method of electron probe
microanalysis and X-ray diffraction on the equilibrated alloys. The obtained
experimental results show that the existences of several three-phase equilibria (i.e.,
BCC(Mo,Nb)+uFe;Nbgt+eFe;Nb, BCC(Fe)t+eFe,Nb+uFe;Mog and BCC(Mo,Nb)+
eFe,Nb+uFe;Mog) are identified in all studied isothermal sections. Based on the
experimental data, the phase equilibria of Fe-Mo-Nb ternary system were also
thermodynamically optimized using CALPHAD method. And the calculated results
are in good agreement with the experimental investigations in the Fe-Mo-Nb ternary
system.

(2) the phase equilibria of the Fe-Ta-Nb ternary system at 1100 °C, 1200 °C and
1300°C were experimentally determined. The investigations lead to following
conclusions: (1) the pFe;Tag anduFe;Nbg phases form a pFe;(Ta,Nb)s monophase; (2)
the laves €Fe,Ta and eFe,Nb phases also form a eFey(Ta,Nb) monophase in the
current work. A consistent thermodynamic data set for Fe-Ta-Nb ternary system was
obtained using CALPHAD method. And the calculated phase diagrams are in

satisfactory agreement with the experimental investigations of the Fe-Ta-Nb ternary

I



Abstract

system in this work.

(3) In the present work, the phase equilibria of the Cr-Mo-Nb ternary system at
1000 °C and 1200 °C were experimentally determined using a combined method of
electron probe microanalysis and X-ray diffraction on the equilibrated alloys. The
existence of three-phase equilibria BCC;+BCC,+Cr,Nb is identified in all studied
isothermal sections. Based on the experimental data of phase equilibria, the Cr-Mo-
Nb ternary system was also thermodynamically optimized using the CALPHAD
method. The BCC phase separation of the Cr-Mo system with different Nb additions
also was calculted, which is in good agreement with the experimental investigations

in the Cr-Mo-Nb ternary system.

Key words: Iron-based superalloys; CHALPHAD; Phase diagrams; Thermodynamic;

Phase equilibration
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