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Introduction to Thermodynamics
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It is the aim of the course to give a comprehensible introduction into the field of thermodynamics. Starting from the principles, the fundamental concepts and their mathematical formulations will be introduced: integral quantities like various forms of exchanged energies, partial molar quantities like chemical potentials, activities etc.. The emphasis will be placed on chemical thermodynamics dealing with multi-component systems of solid, liquid and gaseous phases. The thermodynamic description of multi-component solution phases is presented and applied to obtain  stable and metastable multiphase equilibria, driving forces for reactions etc... Various types of diagrams will be introduced and their use for solving practical problems will be illustrated. The illustration of examples will be based on numerical techniques that are nowadays available and are being used both in academic research and in industry. 
GS-2:
Kinetics of phase transformations in multi-component systems
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The mechanical properties of materials are controlled by the microstructure, which is obtained by an adequate heat treatment. This treatment determines a first time scale which, in the case of steels, is often too short to yield equilibrium. If the material is then subjected to long - term service conditions at higher temperatures, the microstructure changes, leading to a deterioration of the mechanical properties. It is thus important to know about the kinetics of these reactions. Furthermore, it is by no means granted that only those phases have to be considered which are present at equilibrium. Metastable phases may kinetically be favoured in comparison to stable phases such that, at intermediate stages, metastable phases also appear in the microstructure. These phases will eventually disappear, but their temporary existence influences strongly the kinetics of formation of the microstructure. It is thus important to know about their occurrence and their life time in the microstructure.

The various thermodynamic aspects of growth kinetics of stable and metastable phases in steels will be treated. Particular emphasis will be placed on criteria for fast and slow reactions which can be used either to solicit the appearance of wanted precipitates or to inhibit the precipitation of unwanted phases. In this context, the thermodynamic aspects of the growth conditions of phases like M23C6, M7C3, M3C, M6C and Laves phase will be discussed with model alloys based on Fe-Cr-C-X. With computer simulations it is possible to provide quantitative information on the transformation kinetics, in particular for long-term applications. The results show remarkable effects on the growth kinetics due to competition of stable and metastable phases during simultaneous growth.

