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Abstract

The superalloys are widely used in various industrial fields, especially in the
aerospace field due to their high strength, good heat resistance and corrosion
resistance etc.. The aviation industry asks for more and more requirement to the
superalloys, however, it is difficult to research superalloys under the condition of high
temperature. On the other hand, phase diagram has been recognized as an important
tool in the design of new materials. Thus, in order to design new superalloys, improve
the alloy properties, and optimize alloy compositions and processing, it is necessary to
investigate the phase diagrams and thermodynamic data in superalloys.

In this work, thermodynamic assessments of phase diagrams in some superalloys
systems were carried out using the CALPHAD method. Major research contents are
listed as follows:

(1) The phase description of the Ti-X (Ce, Dy, Er, Ir, Nd, Os) and Co-X (Re,
Ru) binary systems have been thermodynamically calculated based on the available
experimental data. A set of self-consistent and reasonable thermodynamic parameters
is obtained for each binary system, which describes the Gibbs energies of the solution
phases and the intermediate phases.

(2) The phase description of the Ni-Co-Re, Ni-Co-Ru, Ni-Cr-Si and Ni-Hf-Si
ternary systems have been thermodynamically calculated based on the available
experimental data. A set of self-consistent and reasonable thermodynamic parameters
is obtained for each ternary system, which describes the Gibbs energies of the solution
phases and the intermediate phases.

(3) The phase description of the Ti-Ni-Cr and Ti-Al-Si ternary systems have
been thermodynamically calculated based on the available experimental data. A set of
self-consistent and reasonable thermodynamic parameters is obtained for each ternary
system, which describes the Gibbs energies of the solution phases and the

intermediate phases.

II



The obtained thermodynamic parameters of each system in this work can be
applied to establish the thermodynamic database of superalloys. In addition, the
calculated results in this work can provide important theoretical guidance on design of

high performance superalloys.
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