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Ptredpoklady Doporucena znalost fyzikalni chemie a matematiky (naptiklad v~rozsahu

slovn¢ studia na Ptirodovédecké fakulté MU nebo VUT).

Ptedpoklady It is recommended knowledge of physical chemistry and mathematics (for

anglicky example in scope of study on Faculty of Sciences MU or Brno University
of Technology).

Anotace Ptednaska je uréena zejména pro posluchace chemie a materialového

inzenyrstvi. Obsahem jsou zejména nasledujici témata: termodynamika
viceslozkovych neidealnich soustav, podminky nutné pro koexistenci
fazi, fazové diagramy, fazové transformace, kinetika vzniku a zaniku fazi,
diftize v~tuhé fazi, metody vypoctl a predikci fdzovych diagrami a
moznosti kinetickych simulaci. Témata jsou doplnéna o~praktické
piiklady (nap. rektifikace, extrakce, tepelné zpracovani materiald,
separace, mikrostruktura materiald, nukleacni mechanismy, optimalizace
mechanickych vlastnosti a materidlovy design, materidlova Zivotnost, ).

Ziskané znalosti umozuji posluchacim spravné porozumeét a




kvalifikovang fesit vyraznou skupinu praktickych problémi, které se
objevuji v~chemické laboratofi, technologické praxi i pti ptipravé novych
materiali.

Anotace anglicky

The course is especially designed for students of chemistry and material
engineering. The contents consists chiefly of following items:
thermodynamics of non-ideal several-component systems, essential
conditions for phase coexistence, phase diagrams, phase transformations,
kinetics of phase formation and disappearing, diffusion inside solid state,
methods of calculations and predictions of phase diagrams, and potency
of kinetic simulations. The themes are complemented by examples
(rectification, extraction, material heat treatment, separation, material
microstructures, nucleation, optimisation of mechanical properties,
material design, life-time of materials, ). An attained knowledge allows to
understand correctly and to solve a great group of practical problems,
which occurs in chemical laboratory, technical practice or during new
material production qualifiedly.

Osnova

1. Zakladni pojmy. Termodynamické stavové funkce Cisté latky a
viceslozkové smési. Standardni stavy. Fazova terminologie. Gibbsova-
Duhemova rovnice. Gibbsova energie realné soustavy, dodatkové funkce.
2. Uspotadani fazi a jejich krystalova miizka. Mizkové defekty.
Termodynamika stechiometrickych a nestechiometrickych fazi a
chemickych slou¢enin. Zdkony zachovani hmoty, naboje a stechiometrie
v~termodynamickych soustavach. Fazové pravidlo a stabilita fazi. 3.
Gigsova energie soustavy, chemicky potencial a aktivita. Diferencialni
podminka fAzové rovnovahy, integralni podminka fdzové rovnovahy.
Vznik fazové rovnovahy. 4. Matematické feSeni problému fazové
rovnovahy. Vypocty a predikce fazovych diagraml. Metody, programy a
databaze pro vypocty fdzovych rovnovah. Metoda CALPHAD. 5. Fazové
diagramy. Zéakladni typy fazovych diagrami, zndzornéni fazovych
diagramt, mozné priibhy fazovych hranic. Rezy faizovymi diagramy.
Pouziti fazovych diagramti. 6. Metody experimentalniho studia fazovych
rovnovah: Ziskavani fazovych dat, ziskavani termodynamickych dat,
meéftitelné termodynamické veliiny. Zdroje dat a jejich pfesnost. 7.
Realné fazové rovnovahy: jednoslozkové soustavy, binarni soustavy
(koexistence kapalné, plynné a tuhé faze, smési té€kavych kapalin,
destilace, sublimace, roztoky, ). Fazové diagramy viceslozkovych soustav
(koexistence tuhych fazi, extrakce, odstrafiovani necistot, chemické
slouceniny ve fazovych diagramech, intermetalika, ). 8. Ptiklady vypott
fazovych rovnovah a fazovych diagramii v~realnych soustavach.
Souvislosti mezi fAzovymi, fyzikalnimi a mechanickymi vlastnostmi. 9.
Fazové transformace. Stabilni a metastabilni fdzové rovnovahy,
bezdifuzni fAdzové pfemény, role difiize a nukleace pti ustavovani
rovnovaznych stavi. 10. Diftze: Zékladni pojmy. Atomarni mechanismy
diftize. Fickovy zakony. Okrajové podminky. Analytické a numerické
feSeni diftznich rovnic. 11. Difuze v~redlnych soustavach. Atomarni
mobilita, latkové toky, kineticky a termodynamicky faktor difuze. 12.
Difuzné fizené fazové transformace. Heterogenni redlné soustavy. Difuze
a rovnovaha za vysokych a nizkych teplot. Simula¢ni vypocetni programy
(DICTRA). 13. Fazové rovnovahy a difuzi fizené déje v~chemické




laboratofi a technologické praxi: Hrubnuti a rozpousténi fazi,
optimalizace technologického zpracovani materidlti, homogenizace,
nitridace, stabilita svart, ochranné vrstvy, transformanich diagramy,...

Osnova anglicky

1. Basic terms. Thermodynamic functions of pure substance and several
component mixtures. Standard state. Phase nomenclature. Gibbs-Duhem
equation. Gibbs energy of real system. Excess functions. 2. Phase
structures and their crystallography. Lattice defects. Thermodynamics of
stoichiometry and non-stoichiometry phases and chemical compounds.
Conservation laws of mass, charge, and stoichiometry in thermodynamic
systems. Phase rule and phase stability. 3. Gibbs energy of system.
Chemical potential and activity. Differential equations of phase
equilibrium, integral equation of phase equilibrium. Phase equilibrium
formation. 4. Mathematical solution of phase equilibrium. Calculations
and predictions of phase diagrams. Methods, programmes and
thermodynamic databases for phase equilibrium calculations. CALPHAD
approach. 5. Phase diagrams. Fundamental types of phase diagrams,
visualisation, possible phase boundaries, and phase diagram cross-
sections. Use of phase diagrams. 6. Experimental methods of phase
equilibria study. Gain of phase data and thermodynamic data.
Measurements of thermodynamic functions. Data sources and their
accuracy. 7. Real phase equilibria. Unary systems, binary systems
(coexistence of gas, liquid, and solid phases; mixture of volatile liquids;
distillation; sublimation; dissolutions). Phase diagrams of several
component systems (coexistence of solid phases; extraction; purification;
chemical compounds inside phase diagram; intermetallics). 8. Examples
of phase equilibrium and phase diagram calculations for systems.
Relationship between phase, physical, and mechanical properties. 9.
Phase transformations. Stable and metastable phase equilibria. Diffusion-
less phase transformations. Role of diffusion and nucleation at
equilibrium establishing. 10. Diffusion. Essentials. Atomic mechanisms
of diffusion. Fick's laws of diffusion. Boundary conditions. Analytical
and numerical solutions of diffusion equations. 11. Diffusion in real
systems. Atomic mobility. Mass fluxes. Kinetic and thermodynamic
factors of diffusion. 12. Diffusion controlled phase transformations.
Heterogeneous real systems. Diffusion and equilibrium at high and low
temperatures. Simulation programmes (DICTRA). 13. Phase equilibria
and diffusion controlled processes in chemical laboratory and technology.
Coarsening and dissolving of phases, optimisation of material technology
treatment, homogenization, nitriding, weld stability, protective layers,
transformation diagrams, ...
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Informace uditele

Ptednaska je urcena pro posluchace Prirodovédecké fakulty MU. Je vSak
nav§tévovana i posluchac¢i materiadlovych oborit VUT.
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