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Abstract

Young's modulus and coefficient of linear expansion are the important physical
properties of metal materials. But experimental data of the binary and
multicomponent alloy solid solution is limited. Therefore, establishing reasonable
theoretical model to calculate young's modulus and linear expansion coefficient is
very important for establishing the property database. In our group, we have achieved
good results in the application of phase diagram calculation technology to establish
the thermodynamic database and to guide the design of the alloy. Hence, in this thesis,
considering temperature and composition, Young's modulus and linear expansion
coefficient are studied based on the phase diagram calculation technology. The main
achievements are summarized as follow:

(1) Calculation models of Young's modulus and linear expansion coefficient for
binary and ternary alloy solid solution were builded.

(2) Parameters of Young's modulus of Fe. Nb. Mo. Ta. W. V. Li. Ni. Ir.
Ag. Al. Au. Pd. Cu. Zn. Mg and Cd were optimized in the semi-empirical model.

(3) Using our theoretical model of Young's modulus for binary solid solution alloy,
parameters of Cu-X(X: Al, Au, Zn, Ga). Ag-X(X: Pd, Zn, Cd, In, Mg). Fe-Ni, Mg-Li
and Ta-Mo binary systems were optimized. The calculated results were in good
agreements with the experimental data.

(4) Combined with the experimental data, calculation by theoretical model of
linear expansion coefficient for binary solid solution alloy was carried out. Parameters
of Mo-X(X: W, V, Nb). Ta-W. Cr-V. Pd-X(X: Ag, Ni) and Ni-Cu binary systems were
optimized. The calculated results were in good agreements with the experimental data.

(5) Based on the parameters in foundamental binary systems, Young's modulus
and linear expansion coefficient were predicted by extrapolation. Young's modulus of
Ta-Nb-W. Ta-Nb-Mo and Cu-Ag-Au were predicted as a function of temperature and
composition. Linear expansion coefficient of Mo-V-X(X: W, Nb, Ta) and W-Ta-X(X:
V, Mo) was predicted as a function of temperature and composition. Both Young's

modulus and linear expansion coefficient of Nbgy7MO02seTazs4Wo73 and



V21Nb2o6MO0,1 7 Tars sWo1.1 Were also predicted by extrapolation. For these elements
are wildly used in superalloys, this work is expected to provide basic information for

establishing mechanical properties database of the superalloy.

Keywords: CALPHAD; solid-solution phase; Young's modulus; coefficient of linear

expansion
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