
EDITORIAL

Thermophysical Properties: Key Input for ICME and MG

•

Published online: 13 March 2017

� ASM International 2017

Over 46 years have passed since Larry Kaufman pub-

lished his famous book entitled Computer Calculation of

Phase Diagrams. Currently, thermodynamic databases for

various materials, such as light alloys (Al, Mg, Ti alloys),

iron and steel, superalloys, and cemented carbides, have

been established by means of the CALPHAD method,

which had its origin in that work. This approach, initially

developed for calculation of phase diagrams, has now been

expanded to describe other phase-based properties (C.E.

Campbell et al., Integrating Materials and Manufacturing

Innovation, 3:12, 2014). It condenses experimentally

measured thermodynamic, kinetic, and physical properties

as well as first-principles or molecular dynamics computed

or empirically estimated properties into a consistent set of

models and parameters for each phase and their relations.

Thermophysical properties are the inherent macroscopic,

phase-based, thermal properties of materials. For example,

the diffusivity, viscosity, thermal conductivity, and inter-

facial energy are several important thermophysical prop-

erties. In view of the fact that the CALPHAD method is

considered to be an important part of the Integrated

Computational Materials Engineering (ICME) and an

essential component of the materials genome (MG) (G.B.

Olson, Scripta Mater., 70, 2014, p. 1), it is urgent to

establish databases for these thermophysical properties by

using the CALPHAD method in order to realize goals of

the ICME and MG. Currently such databases, in particular

for multi-component alloys, are much less established.

Why are thermophysical properties so important in the

framework of ICME and MG? It is because various com-

putational materials science tools utilized in ICME and

MG, such as DICTRA software and phase field codes rely

on accurate databases of many properties for reliable cal-

culations and/or simulations. For example, the reliability of

a DICTRA simulation is dependent on the quality of both

its thermodynamic and diffusivity databases, while phase

field calculations need accurate interfacial energy as well.

FEM calculations for industrial applications involving

thermal cycles need thermophysical properties, such as

heat capacity, thermal conductivity, and elastic properties.

We find that many scientists and engineers world-wide are

using constant values for the thermophysical properties in
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their FEM calculations, but use of such values may lead to

large discrepancies from reality since thermophysical

properties normally depend on both composition and

temperature.

To the best of our knowledge, establishing databases for

thermophysical properties in multi-component alloys is

challenging. For example, some thermophysical properties

(such as diffusivity), require experimental work to measure

representative diffusivities. These are needed to establish

the atomic mobility database for diffusion calculations.

Measuring even ternary diffusivities is extremely time-

consuming since it is generally believed that one can only

measure an accurate diffusivity at an intersection point of

two diffusion couples. As a consequence, the combined use

of key experiments (e.g., using high throughput methods

like diffusion couple multiples), semi-empirical rules,

atomistic calculations (e.g., to obtain the diffusivity in

meta-stable states), and the CALPHAD method is highly

recommended to establish diffusivity databases in multi-

component alloys. In the case of other thermophysical

properties (such as thermal conductivity), which can be

anisotropic, their modeling depends on the detailed

microstructure including grain size, phase distribution,

pores, grain boundary properties (e.g., thermal resistance

across the grain boundaries), grain orientation, and so on.

Consequently, a physically sound model taking into

account microstructural features and contributions from

individual phases needs to be developed.

Currently, CALPHAD-type programs, such as Thermo-

Calc, Pandat, and OpenCalphad can be used to establish

databases for some thermophysical properties (such as

bulk diffusivity and molar volume), which are not sensi-

tive to the microstructure, from related experimental data

and/or first-principles computations when they are avail-

able. Most recently, an attempt within the frame of

OpenCalphad was made to develop Phase Dependent

Databases, which can express thermophysical properties

as functions of temperature, pressure, and composition of

the phases. However, for anisotropic and strongly

microstructure-dependent thermophysical properties, such

as thermal conductivity and electrical resistivity, new

programs need to be developed. It will be an enormous

effort to develop databases for technologically important

thermophysical properties that are as complete as the

thermodynamic databases we have now for many com-

mercial alloys. The problem is the immense difficulty of

measuring these data and the severe challenge of devel-

oping physically sound microstructure-dependent models.

In spite of this, we are convinced that reliable thermo-

physical properties in conjunction with computational

materials science tools will play a more and more

important role in ICME and MG.

Yong Du

Associate Editor, Journal of Phase Equilibria and Diffusion

Professor, State Key Lab of Powder Metallurgy

Central South University, Changsha, Hunan 410083, China

Bo Sundman

Professor, INSTN, CEA Saclay, 91191 Gif-sur-Yvette

Cedex, France

602 J. Phase Equilib. Diffus. (2017) 38:601–602

123


	Thermophysical Properties: Key Input for ICME and MG



