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1. Introduction

Materials are rather complex systems described by a number of cheraderistic parameters
(CP9, conrvation laws and phenomenologicd equdions togeher with bounday and contad
conditions All these relations are engaged to simulate the development of the material system,
mogly under simplified conditions The extradion of the time evolution of the CPs from the
solution is often impossble. Therefore, we start with the Theemodynamic Extremal Principle
(TEP), proposd by Onsager in 1931 for hea condudion and 1945 for diffuson, which alows a
dired deivation of the evolution equaions for CPs in the case of slow processes at elevated
temperatures, eg. diffusve processes, deding with linea non-equilibrium thermodynamics.

2. The Thermodynamical Extremal Principle (TEP)

The TEP is outlined shortly as following, for details seee.g. [1]. We have CPsdenoted as
q ,(i :],...N), e.g. concetrationsetc., and their rates ¢, Thetotal Gibbsenergy of the system is

. N
suppod to be G(¢,....,q ) withitsrate G=) (0G/dq ) . Linea condraints exist in the form
i=1

N
C. = Za,.kq =0,k=1,..m. We ddineadisdpdion Q, as a pasitive homogeneos fundion of the
i=1
G,,...0, ,h with h being the order homogendy. This disdpaion fundion Qy refleds the power
geneated by theevdution of theinternd varialdes. We look now for a maximum of Qy corstrained
by Q, + G =0 andthe cnstraints C, =0,i =1,..m. The result are evolution equations for the ¢, as
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if Qnisaquadratic function » U, (q,..0) 44 . The B, areLagrange multipliers.
ij=1
It is interesting to note that the TEP may be equivalent to the minimizaion of
G+4(q,..0y; §,...-8,) with 4 being adisspation potential for a wide dassof functions as shown

by Hadl and Fischer [2], yielding for homogeneous functions Q, = h4.

3. Application of the TEP

The first gpplicaion of TEP is demorstrated on grain coarsening both with grain boundry
mation and additionally diffusion in the matrix in the cae of coarsening of predpitates, for detail s
see[3]. If the grain radii are chosen as those parameters, the goplicaion of the TEP reproduces
Hillert's classcd evolution equations for the radii of individual grains (multigrain concept). The
ohserved or cdculated ensemble of grainsis usually classfied by agrain radii distribution function
invalving a cetain numker of parameters. A new @ncept [4] is now represented by the dired
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application of the TEP to the radii distribution function by derivation of the evolution equations for
its parameters (distribution concept). The kinetics of systems with bimodd and different
monomo@l starting distribution functions are cdculated by means of both multigrain and
distribution concepts and the results of simulations are compared and discussed. The disspation of
the grain coarsening processis evaluated, and it is shown that the width of the distribution function
dedsively influences the marsening kinetics.

The seand gpplicaion deds with a chemicdly driven indlastic deformation in systems with
nonided sources and sinks for vacaicies. As thermodyramic forces generalized chemicd
potentials including both chemicd and mechanicd terms gpopea together with an evolution law for
the vacancies, [5]. As a representative example the inelastic deformation state in a Fe-Mn-C
bamboostructured wire is demonrstrated in dependence on the adivity of sources and sinks for
vacancies a disocaionjogsin the bulk. Sources and sinks for vacancies are suppased to beided at
grain boundxries. Fig. 1 shows the aia strain dong a wire with the dimension-freelength 2 and
two grain boundries (X=0.5%=1.5) a a cetain time instant for different jog densities pL*;
detail s cen be taken from[6].
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Figure 1. Chemicadly driven longtudina strain in a wire.
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