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A comprehensive description of Ph.D. Studies

The PhD program in the Institute of Metallurgy avidterials Science, Polish Academy
of Sciences, is organized into four main areas, i.e
1. Environmental-friendly materials and technologies
- Lead-free solders
- Multicrystalline silicon solar cells
- Biocompatibile coating in blood contacting maaési
2. Knowledge-based multifunctional materials
- Gradient materials produced using different meésho
- Light alloys of new generation with improved manltal properties
- Production and optimization of intermetallics pedties
- Bulk metallic glasses
3. Nano- and microcrystalline materials
- Mechanical alloying and hot-pressing of interniets
- Severe plastic deformation and fabrication ofadfine grain materials
4. Development of modern research tools and diagnostinethods
- Crystallographic orientation mapping in respectiiagnosis and prognosis of mechanical
properties of metallic, ceramic and composite niaebasing on the scanning and
transmission electron microscopy examinations cdllgrain orientations
- Data processing of local crystallographic oriéiotas; orientation distribution function,
orientation topography, quantitative descriptiomoérostructure
- Complex characteristics of advanced materialsgusew transmission electron

microscopy techniques.
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The above fields are only roughly defined. Each imemof the Institute scientific staff
works in at least two of these fields and a nundiesubjects appear simultaneously on the
lists of research subjects. There is a great daateraction between the fields.

Students are expected to learn fundamentals of theisen field and to develop a deep
understanding of one their significant aspectsd&tts are required to take further subjects
designated by their academic advisor. A full ranfi@dvanced-level subjects is offered in
each field, and arrangements can be made for ohaillly planned study of any topic. Oral
examinations in the academic programs for the dattegree are designed accordingly.
Participation in all Institute seminars is obliggto

Presently, a large research program on the steictmd properties, preparation, and
processing of materials, with emphasis on ceramietals and biomaterials, is conducted in
the Institute. Students choose research projeats feveral possibilities that exist within the
Institute and work closely with its scientific supsor. The results of the thesis must be of
sufficient significance to warrant publication hetscientific periodicals.

The Institute of Metallurgy and Materials Scien@es la number of well-equipped research
laboratories. There is a close interaction betwlem including the sharing of experimental
facilities and equipment. Most of experimental lities are extensively used in the frame of
Testing Laboratories authorized by Polish CentreT&sting and Certification in accordance
with ISO standards. The certificate of conformanati Polish and European standards PN-
ISO/IEC 17025:2001 for testing methods in the ranigeechanical and structural properties

of metals and alloys is valid till the next auaitd012.
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Year 1:

Lecture:Introduction to materials science

(Semester Il, 15 h, exam)
Thelecture coversthe following topics:
1. Engineering materials
2. Atomic bonding and crystallography
3. Mechanical properties
4. Crystal defects of crystalline structure
5. Phase diagrams
6. Structure changes
7. Metals and alloys
8. Ceramic materials and glasses
9. Polymers
10. Composites
11.Intermetallics
12. Amorphous and nanocrystalline materials
13.Porous materials
14.Smart materials
15. Biomaterials
16. Processing of metals, ceramics, polymers, composte
17.Surface engineering
18.Nanomaterials and nanotechnologies

19.Basis for materials design
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A short description of the course

The lecture includes an introduction to materialersce and engineering focused on
science-led approach however it gives little emgh@msdesign-led. Guiding learning on
materials and their structure and properties, atliggjraphy, phase diagrams and phase
transformations, processing, diagnostics and agpbic is given. Some information are
presented on fundamentals and understanding, ¢affpooperties at a different scale as well
as materials selection and design. The lectur&videt! into parts comprising: a basing
knowledge, possible application and diagnosticettogy with examples of chosen
experimental results. The lecture is dedicatedudents motivating their understanding of the
nature of modern material design and developinidsski

Thelectureis based on the following literature:

* M.Ashby: Materials; engineering, science, procasgsind design, Elsevier 2010
¢ R.Pampuch: ABC of Contemporary Ceramic Materiaéshiha Group, 2008

¢ M.Blicharski: Wstp do inzynierii materiatowej, Wyd. Nauk.-Techn. 2003

* L.A.Dobrzaiski: Metalowe materiaty itynierskie, Wyd. Nauk.-Techn., 2004

¢ Mazurkiewicz: Nanonauki i Nanotechnologie, Wyd.lfischnol.Ekspl., Radom 2007

Lecture:Configurational Thermodynamics — engineering approah

(Semester Il, 15 h, exam)
The course covers the following topics:
1. Foundations of statistical thermodynamics.
2. Description of atomic configuration in a multicompament crystalline system:

atomic short- and long-range ordering (LRO and SRO)decomposition.
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3. Ising model in configurational thermodynamics. Chagcteristics of necessary
approximations.

4. Cluster Variation Method (CVM).

5. Bragg-Williams method as the “zeroth” CVM approximation.

6. Basic conditions controlling the occurrence of atoms ordering and
decomposition processes.

7. Chemical ordering: characteristics of “order-disorder” transitions

8. Decomposition: lever rule, miscibility gap, kinetis of spinodal decomposition.

9. Monte Carlo techniques in configurational thermodyramics: simulation of
Markov chains as a key for the simulation of equibrium states and relaxation
phenomena.

10.Metropolis-type and “residence time” algorithms for atomic ordering simulation.

11.Monte Carlo simulation of phase equilibria

Questions concerning phase equilibria and strulcpinase transitions in multicomponent

crystalline systems are discussed. The lecturersdaath static and kinetic aspects of the

phenomena.

Thelectureisbased on the following literature:

R.H. Fowler, E.A. Guggenheim “Statistical Thermodgmcs” Cambridge 1956
R.E. Smallman “Modern Physical Metallurgy” Buttemtits 1985
D. de Fontaine, Solid State Physics, Vol. 34, 1970)

R. Kozubski, “Metody Monte Carlo w badaniach przemstrukturalnych w stopach i
zwiazkach m¢dzymetalicznych w skali atomowejlnzynieria MateriatowaNr 2, XXX,

108-117, (2009).
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Seminarswith Supervisor (Semester I/1l, 30 h, credit)

Seminars showing the progress of PhD thes{Semester I/11 30 h, credit)

Total: 90 h (30 h in winter semester, 60 h in summesemester)
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Year 2:

Lecture Advanced scanning electron microscopy in materialscience

(Semester I, 10 h, exam)
The course covers the following topics:
1. Electron Beam —Specimen Interaction (part I)
scope: Elastic and inelastic scattering, interactiolume, Monte Carlo simulation,
electron range.
2. Electron Beam Specimen Interaction (part II)
scope: Imaging signals from interaction volume Ksaatter electrons, secondary
electrons).
3. Scanning Electron Microscope (part 1)
scope: Introductory remarks about spatial resatugiod depth of field (focus), electron
probe diameter versus electron current, how the SBkks, electron guns and their
characteristics.
4. Scanning Electron Microscope (part Il)
scope: Electron optics, lenses and their abermgtiglectron detectors, the role of
specimen and detectors in contrast formation.
5. Energy Dispersive Spectrometry
scope: Generation of X-Rays production, continuwiRa§ production
(Brehmsstrahlung), characteristic X-Ray productatepth of X-Ray production, X-Ray
absorption, X-Ray Fluorescence, Energy dispersirayXxSpectrometer - operating
principles, detection process, artefacts.

6. Wavelength Dispersive Spectrometry
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scope: Introduction, basic principles, diffractimonditions, diffraction crystals, X-ray
proportional counter, comparison of Wavelength Bisjye Spectrometers with
Conventional Energy Dispersive Spectrometers.

7. Quantitative X-ray Microanalysis

scope: Introduction, Quantitative analysis proceduthe approach to X-Ray
Quantification: the need of matrix correction, gieysical origin of matrix effects, ZAF
factors in Microanalysis, calculation of ZAF factppractical aspects.

8. Variable Pressure/Environmental Scanning Electron Mcroscopy

scope: General principles of VP-SEM: utilizing & ganaging and analysis in VP-SEM:
the influence of a gas, imaging uncoated specirmetie VP-SEM, X-Ray microanalysis
in low vacuum conditions.

9. Electron Backscatter Diffraction (part I)

scope: Theoretical framework for electron backseatiffraction, fundamentals of
automated EBSD, the influence of microstructure 8BM settings on quality of
diffraction pattern, phase identification.

10. Electron Backscatter Diffraction (part II)

scope: Advanced software capabilities for autom&®8D, EBSD from non-conductive
specimens, special EBSD techniques: 3 dimensidBSLE EBSD at elevated
temperatures.

Thelectureisbased on the following literature:

¢ Scanning Electron Microscopy and X-Ray Microanay3ihird Edition), Joseph
Goldstein, Dale Newbury, David Joy, Charles Lymatrick Echlin, Eric Lifshin,

Linda Sawyer and Joseph Michael, Kluwer Academlesfiiim Publishers, 2003
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* Electron Microscopy and Analysis, (Third EditioRgter Goodhew, John Humphries,

Richard Beanland, Taylor & Francis, London, 2001

* Electron Microprobe Analysis, (Second Edition),.B.Reed, Cambridge University

Press, 1993

¢ Electron Probe Quantification, K.F.J. Heinrich ahé. Newbury, Plenum Press, New

York, 1991

* Principles and Practice of Variable Pressure/Emwvirental Scanning Electron

Microscopy, Debbie Stokes, John Wiley &Sons, 2008

Lecture Fundamentals of solidification

(Semester | 10 h, exam)

The course covers the following topics:
1. Fundamentals of solidification
Description of typical structures appeared in tlassive ingot.
Structure formation under positive and negativertia gradients.
Space-time-structure map for the massive steel/cast roll as it results from the
temperature field analysis.
Columnar - equiaxed structure transition (CET) due to therrtta¢ gradient field
calculated numerically for the solidification of asave ingot.
Scheil’s theory for the non-diffusive non-equililom solidification/micro-segregation.
Equilibrium solidification as it results from theass balance (so-called Lever Rule).
New theory for solidification based on two phenoaresolute partitioning and solute

redistribution after back-diffusion.
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Perfect mathematical reduction of the new theorythe Scheil's model and to the
equilibrium solidification.

Development of the Scheil’s theory for the multripectic systems and multi-peritectic /
eutectic systems.

Principle of unidirectional solidification — the iBgman’s system

2. Theory of diffusion soldering/brazing

Description of phenomena which occur during soltghrazing like: dissolution,
solidification, solid/solid transformation.

Diffusion zones within the substrate.

Application of the Umeda-Okane-Kurz criterion testjfy the occurrence of technology
under meta-stable conditions.

Application of the new theory for solidification $&d on partitioning and solute
redistribution after back-diffusion and accompanibg the undercooled peritectic
reactions.

Development of the new theory for the multi-petii@c systems and multi-
peritectic/eutectic systems.

Calculations of the phase diagrams for the metalestaquilibrium (Thermocalc
Softaware): a/ for dissolution, b/ for solidificati accompanied by the peritectic reactions
resulting in the intermetallic phases/compoundmédion.

Experimental justification for the non-influence d&ime and non-influence of real
temperature on the average solute concentratidnnatiie interconnection.

Determination of the solidification path, solidliig interface path and solute

redistribution path for the diffusion soldering/birzg.

1C
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Simulation of the diffusion joint formation (repraction of a ratio of the sub-layers

thicknesses and the solute concentration profitessa the given joint sub-layers).

Mass balance within the diffusion interconnection.

3. Model for the solute micro-field ahead of the solidiquid interface of a growing
lamellar eutectic

Improvement of the Jackson-Hunt's theory for thred#dar eutectic growth.

Replacement of the ideally coupled growth by thepted growth with differentiated

undercooling of both eutectic phases.

New solution to differential diffusion equation.

New boundary condition for the solution to diffusiequation.

Localization of mechanical equilibrium, thermodynamquilibrium and protrusion of the

leading eutectic phase over the wetting eutectasph

Application of the calculation of the entropy pration due to the new description of the

solid/liquid interface.

Total mass balance and local mass balance.

The relationship between growth rate and protrusion

4. Theory for the lamella 2rod transformation in some eutectic alloys

Critical discussion of the Jackson-Hunt’s theorytfte prediction of the lamellar or rod-

like structure formation within the eutectic alloys

Model for the irregular eutectic structure formatibased on both a/ criterion of the

entropy production minimum and b/ concept of thegmal stability.

11
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Transformation irreguladregular eutectic structure shown on the parababbidntropy
production on which trajectory of local minima oftepy production for stationary states
and trajectory of marginal stability are drawn solécally.

Oscillation of the structure parameters.

Growth laws for the lamellar structure formatiorddor the rod-like structure formation
of regular eutectics developed due to the apptinatf the criterion of the minimum
entropy production.

Experimental determination the threshold rate goetating range of growth rates for the
lamella—> rod transformation of the Al-Si eutectic.

Simulation of the lamella> rod transformation by the selection of lower minm of
entropy production (minimum at which rod-like stiwe formation occurs or minimum of

entropy production at which lamellar structure fatian is observed).

Lecture Characterization of materials structure by X-ray diffraction

techniques

(Semester Il, 15 h, exam)
The course covers the following topics:
1. Nature and sources of the X-rays
scope: Natural sources, inducing, X-ray tubes, lssotoons, characteristic and fluorescent
radiation, absorption
effect.

2. Diffraction phenomenon of X-ray. Part |

12
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scope: Diffraction phenomenon and related phygjealhetrical laws, diffraction on
crystal lattices. Laue

equations, intensity of diffracted beam, theoriediffraction, Bormann effect,
polarization.

3. Diffraction phenomenon of X-ray. Part Il

scope: Elementary cells of crystallographic laftmgstallographic indexing, reciprocal
lattice and interpretation

of diffraction effects, detection techniques, piositsensitive detection technique, Si-strip
detector.

4. Crystallography and diffraction

scope: Symmetry in the nature, Basic definitionapplied crystallography, stereographic
projection, pole

figures.

5. Crystallographic texture. Part |

scope: Crystallographic orientation, texture congmis, texture analysis, orientation
distribution function and its

interpretation.

6. Crystallographic texture. Part I

scope: Modern quantitative texture analysis, catoah of orientation distribution
function, demonstration of the

LaboTexsoftware, examples and practical remarks.

7. Texture analysis of polycrystalline materials ad X-Ray Texture Tomography

13
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scope: Metals, polymers, rocks, bio-materialsgtagiwear, effects of changing
deformation router,

investigations of metals after severe plastic de&dron, EBSD, topography of texture.
Texture inhomogeneity,

X-Ray Texture Tomography — principles and applaati

8. Using X-ray diffraction in materials engineering

scope: Methods of registration the diffraction efée(modes6—-20, -2, ®, 20), WAS,
SAXS, phase

transformation monitored by high/low temperatutactiments, high-resolution x-ray
diffractometry, perfectness

of crystal,Laue- and Debye’a-Schepatterns, indexing the X-ray pattern.

9. X-ray phase analysis

scope: Line profile analysis (progrddAMfit), identification of superstructure, X-ray
phase analysis (qualitative

and quantitative), texture in X-ray quantitativeabysis, structure refinement by Rietveld
method.

10. Other useful methods and the newest achievementstime field of X-ray

diffraction

scope: Estimation of stacking fault energy by X-d#fraction technique, stress analysis,
size of crystallites and

lattice distortions, future of X-ray diffractiorrefe electron laser and high-energy photon
beams.

11. Demonstration of the X-ray Laboratoryand a final colloquium

14
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scope: Demonstration of measurement procedures adguisition and data processing.

Examples.

Lecture:Transmission electron microscopy in materials sciere

(Semester Il, 10 h, exam)
A short description of the course

The course is divided to several parts, i.e. otasgransmission electron microscopy
(TEM) techniques, advanced techniques includingh higsolution and energy filtering,
sample preparation. The course will be finish veitamples of application of TEM method to
advanced materials characterization.

The classical transmission microscopy will coveffrdction and mass-thickness
contrast problems. The description of diffractienttniques would include setting microscope
for obtaining Selected Area (SA) diffraction, midaldfraction and Convergent Beam
Electron Diffraction (CBED). Next, formation of Higresolution images at two beam
condition and on axis orientation will be discuss€bde part of analytical microscopy will
concentrate on EDS systems, i.e. interaction oftele beam with a thin foil, proper
condition to acquire EDS spectra, its qualitatived aquantitative processing as well as
possible artifact. The separate time will be assgyenergy filtering techniques including
and Gatan Image Filtering (GIF). The analyticaltpail be finished with presentation
concerning some special application from that fiekde Atom Location by Channeling
Enhanced Microanalysis (ALCHEMI).

The examples of problem solving with TEM will coveano-composite CrN/g,

coatings, multilayers of Ni/Al, Ni/Cu and Fr/Cr tgpas well as bulk Alxxxx/Saffil fibers

15
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nano-composites. They all were chosen to show peprnay, how to plan such experiments

starting from sample preparation stage and fingsloim choosing a proper TEM technique.

Lecture Advanced materials for special applications

(Semester Il, 15 h, exam)

The course covers the following topics:

1.

Historical view of constructional materials and sunmary of carbon steels and
alloyed steels (3 hours)

Light alloys and new aluminum and magnesium alloy$3 hours)

Metallic and ceramic biomaterials (2 hours)

New titanium alloys for construction and biomaterids including shape memory
applications (3 hours)

Nanomaterials including methods of grain refinementcharacterization and
application (2 hours)

Composites, production, properties, structure and pplications (3 hours)
Amorphous materials, manufacturing, characterization, properties and
application using uniqgue mechanical and magnetic mperties (2 hours)
Ceramic materials for high temperature use and hkrd with good wear properties,

new materials with high toughness, manufacturitrgcture and properties (3 hours)

Seminars with Supervisor (Semester I/11, 30 h, creit)

Seminars showing the progress of PhD thesis (Sem&sV/Il 30 h, credit)

Total: 120 h (50 h in winter semester, 70 h in sumen semester

1€
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Lecture Chemical and kinetic characterization of diffusiond phase

transformations

(Semester I, 10 h, exam)

Thelecturewill cover the following problems:

1. Fundamentals of diffusion processes in metals andlays

2. Principles of high resolution chemical analysis omanalytical electron microscopy

(activated volume of X-ray signal; spatial resolutdn; relation between specimen
geometry, incident electron beam and location of ER detector in microanalysis
of lamellar structures; detectability limit, signal convolution)

Fundamentals of interface migration during solid-sate discontinuous reactions
(principles of nucleation and growth of discontinuais precipitation, coarsening,
dissolution, ordering, diffusion induced grain bourdary migration)
Characterization of the kinetics of dif-fusion proess at migrating interface of dis-
continuous precipitates (global characterization,dcal characterization via AEM,
determination of grain boundary diffusivity)

Determination of interdiffusion coefficient (diffusion couple, precipitation of
grain boundary allotriomorphs, diffusion soldering)

Determination of growth mechanism during phase trasformation (solute

partitioning in intragranular ferrite, bainitic tra nsformation in CuzZnAl alloys)

Thelectureisbased on the following literature:

17
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Zigba P.: Recent Progress in the Energy Dispersivay>XSpectroscopy Microanalysis
of the Discontinuous Precipitation and Discontinsi@issolution Reactions, Materials

Chemistry and Physics 62, (2000) 183-213

P. Zieba, Local Characterization of the Chemistrgt Kinetics in Discontinuous Solid

State Reactions, Cracow 2001

Lecture:Selected problems of microstructure and texture trasformations in

deformed metals

(Semester I, 10 h, exam)

1.

2.

Plasticity and work hardening: 2 h

Instability of isotropic/anisotropic materials in tensile test and under biaxial
stresses: 2 h

Softening mechanism: recovery, recrystallizatiomnd grain growth: 2h

Textural developments during thermo-mechanical ppcessing. Deformation vs.
recrystallization textures: 2 h

TEM and SEM methods of experimental investigatios of texture changes in fcc

metals after different deformation modes: 2h

A short description of the course

A series of lectures briefly recalls the basic deson, definitions and elementary

constitutive laws used to describe plastic defoiomatThen it covers a description of work

hardening at relatively low temperatures (wherantadly activated processes do not play a

key role) followed by the analysis of some impottdeatures of plastic deformation

significant for large strains (Lecture 1 & 2).

18
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Softening processes (recovery, recrystallizationd agrain growth) and associated
microstructural changes will be discussed basedriving force and involved mechanisms.
This part provides an overview of several essem#bhmeters including: stored energy of
deformation, surface energy and the movement d¢i-aiggle boundaries (Lecture 3).

Lecture 4 will be dedicated to the description amtdrpretation of crystallographic textures.
After an introduction to the ‘world’ of graphicaépresentation of texture data, a short survey
of the most important cold deformation and recijigtgion textures will be presented.

Lecture 5 will be dedicated to techniques of lomaéntation measurements based on TEM
and SEM techniques. The influence of band likeirstithomogeneities of deformation, their
crystallographic nature and role in texture transftion in fcc metals will be thoroughly

discussed.

Lecture:Novel technologies in surface engineering

(Semester Il, 15 h, exam)
The course covers the following topics:
1. Scope of ,surface engineering”
2. Modern methods of fabrication of technological surdce layers
3. Pressure units
Vacuum
4. Mechanical methods of surface modification
5. Chemical methods of surface modification CVD (chensal vapour deposition)
6. Solidification from the gaseous phase

7. Plasma

18
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8. Physical methods of surface modification PVD (physal vapour deposition)
9. lon-electron interaction with solid surface
10.Laser beam-solid surface interaction
11.Magnetron discharge in plasma processing
12. Surface modification by ion interaction
13. Surface modification by plasma ion implantation
14. Surface modification by low-energy and high-currentelektron beam
15. Surface modification by laser remelting and alloyirgy
16.Laser rapid prototyping
17.Pulsed laser deposition using laser ablation
18. Surface cleaning by laser ablation
19. Surface modification by thermal plasma
20. Arc evaporation
21.Methods of surface diagnostics
a. spectroscopic method
b. structural (AFM, SEM, TEM)
c. residual stress and methods of measurements
d. micro-mechanical properties
22.Hard and super hard coatings on the basis of: nitdes, carbides, borides and
nano-composites
23. Surface thermal barriers
24.Polymer coatings fabricated by plasma polymerizatin

25.Trends in surface engineering in the world

2C
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A short description of the course

Multicomponent, nanostructured and functionally dgéh coatings or thin films may
exhibit unique physical, mechanical, chemical props ensuring remarkable degradation
resistance where the surface protection of maseaghinst wear, corrosion, friction is a key
issue. A broad overview on modern coating and fimm-deposition technique is presented.
The major aim of these lectures is to show andudsovarious problems of physics and
chemistry involved in the production, charactei@atand applications of coatings and thin
films, which can be variously hard and wear resistattention is paid at the bio-medical
coating for tissue contacting materials. A balaisc®und between fundamentals aspects and
experimental results illustrating various modelgchanisms and theories. New trends and
new results are also evoked to have an overlootdhture developments and applications.

Thelectureis based on the following literature:
* M.Ashby: Materials; engineering, science, procasgsind design, Elsevier 2010

* Y.Pauleau: Materials Surface Processing by DireEtgergy Techniques, Elsevier

2006
e T.Burakowski, T.Wierzch@ Inzynieria powierzchni metali, Wyd.nauk.-Techn. 1995
* M.Blicharski: Wstp do inzynierii materialowej, Wyd. Nauk.-Techn. 2003
* L.A.Dobrzaiski: Metalowe materiaty trynierskie, Wyd. Nauk.-Techn., 2004

* Mazurkiewicz: Nanonauki i Nanotechnologie, Wyd.Imschnol.Ekspl., Radom 2007

Lecture:Commercialization of scientific research

(Semester I, 15h, exam)
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Seminars with Supervisor(Semester /11, 30 h, credit)
Seminars showing the progress of PhD thes{Semester I/1l, 30 h, credit)

Foreign language(Semester I/11, 60 h, credit)

Total: 170 h (80 h in winter semester, 90 h in sumen semester)

* X %
*

*

* ok

*
*
*
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Lecture:Structural effects of phase transformations

(I Semester, 10 h, exam)

1.

Principles of solidification (2 h)

scope: Homogeneous nucleation; heterogeneous tinalgaucleation and growth in
solid-state reactions

Transformations in solids (2 h)

scope: Description of overall transformation; titeeperature-transformation

diagrams

3.

Transformation to stable phases (2 h)

scope: The Fe-BE phase diagram; isothermal transformations instee
Transformation to stable phases (2 h)

scope: The eutectoid reaction; phases and compositipearlite; hypo- and
hypereutectoid steels; spinodal decomposition

Transformation to transient phases (2)

scope: Controlling the eutectoid reaction; the ibaineaction; the martensitic reaction

and tempering

Lecture:Crystal diffraction and diffraction based methods d orientation and

strain determination

(I Semester, 10 h, exam)

The course covers the following topics:

1. Elements of geometric crystallography

2. Geometric theory of diffraction
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3. Kinematic theory of diffraction

4. Dynamic theory of (electron) diffraction

5. Indexing of diffraction patterns

6. Example methods of local strain determination (CBEDand Kossel

microdiffraction)

Lecture:Introduction to computations in crystallographic textures

(I Semester, 5 h, exam)
The course covers the following topics:
1. Parameterizations of orientations
2. Geometry of the orientation space
3. Statistics in the orientation space
4. Impact of symmetries
5. Standard (mis)orientation distributions

6. Example application: effective elastic properties opolycrystals

A short description of the course

The field of crystallographic textures is an aréanaterials science concerned with
orientations of crystallites in polycrystalline raaals, distributions of orientations,
orientation differences and their impact of matsroperties. The field relies heavily on
computations.

The main objective of the course is to convey dsaamotions, concepts and computational

methods of analysis of crystallographic textures.
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Thelectureis based on the following literature:

A.Morawiec, Orientations and rotations, Springe®£20

Lecture:Introduction to economy - selected issues

(I Semester, 30 h, exam)
Seminars with Supervisor (Semester I/1l, 30 h, creit)

Seminars showing the progress of PhD thesis (Sem&sV/ll, 30 h, credit)

Total: 115 h (85 h in winter semester, 30 h in sumen semester)



