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WELCOME  

 

It is our great pleasure to welcome you to the XVI International Conference on Electron 

Microscopy. The conference series on electron microscopy was initiated by Professor 

Stanislaw Gorczyca in 1963. Currently, they are organized every three years by various Polish 

institutions engaged in the development and application of electron microscopy in 

cooperation with the Polish Society for Microscopy. This year, the conference is being 

organized by the Faculty of Materials Science and Engineering of Warsaw University of 

Technology and held in Jachranka in the luxury WINDSOR hotel located in the beautiful 

surroundings on the Zegrze Reservoir. The aim of the conference is to present latest 

achievements in electron microscopy by Polish community as well as plenary and invited 

speakers respresenting the most prestigious microscopy labs worldwide. 

The scientific program of the conference covers a broad spectrum of topics and contains the 

following sessions: analytical electron microscopy, SEM/STEM imaging, electron 

crystallography and HRTEM, 3D imaging, in-situ microscopy, orientation mapping, electron 

microscopy in materials science, electron microscopy in chemistry and life sciences. There is 

also a special session for young scientists and a poster session. The conference is augmented 

by a plenary session with lectures given by the top scientists in the field and an exhibition of 

products and services of interest to the conference participants. 

The conference would not be possible without the support of the institutions and people of 

the various communities. We would like to take this opportunity and thank our sponsors: 

Gold Sponsors - JEOL, PIK Instruments, LABSOFT and COMEF, Silver Sponsors ς TESCAN and 

MSA System and other sponsors ς the European Microscopy Society and Polish Academy of 

Sciences. A very special word of thanks must be also directed to the members of the Local 

Organizing Committee and the Scientific Committee who contributed enormously to the 

success of the present conference. Let us also thank the Dean and administration staff of the 

Faculty of Materials Science of Warsaw University of Technology for their continuous support 

in the organization of this event.  

Finally, we would like to wish you stimulating and rewarding scientific discussions during the 

conference and the opportunity to make new contacts. Enjoy the coming three days! 

 

Maġgorzata Lewandowska and ElŮbieta Jezierska 

The chairpersons of the conference 
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ORGANIZING COMMITTEE 

The XVI International Conference on Electron Microscopy is organized by the Faculty of 

Materials Science and Engineering of Warsaw University of Technology in collaboration 

with the Polish Society for Microscopy. 

Chairpersons: 

 aŀƱƎƻǊȊŀǘŀ [ŜǿŀƴŘƻǿǎƪŀ, 9ƭȍōƛŜǘŀ WŜȊƛŜǊǎƪŀ 

Members: 

Mariusz Andrzejczuk, Piotr Bazarnik, Janusz Bucki, ²ƛǘƻƭŘ /ƘǊƻƳƛƵǎƪƛ, Agnieszka 

YǊŀǿŎȊȅƵǎƪŀ, Tomasz tƱƻŎƛƵǎƪƛ 

 

 

SCIENTIFIC COMMITTEE 

Aleksandra Czyrska-Filemonowicz, AGH University of Science and Technology, Cracow 

tƛƻǘǊ 5ƱǳȍŜǿǎƪƛΣ LƴǎǘƛǘǳǘŜ ƻŦ tƘȅǎƛŎǎ t!{Σ ²ŀǊǎŀǿ 

Beata Dubiel, AGH University of Science and Technology, Cracow 

Marek Faryna, Institute of Metallurgy and Materials Science PAS, Cracow 

9ƭȍōƛŜǘŀ WŜȊƛŜǊǎƪŀΣ ²ŀǊǎŀǿ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ ²ŀǊǎŀǿ 

[ŜǎȊŜƪ YťǇƛƵǎƪƛΣ Institute of Low Temperature and Structure Research PAS, Wroclaw 

{ƱŀǿƻƳƛǊ YǊŜǘΣ LƴǎǘƛǘǳǘŜ ƻŦ tƘȅǎƛŎǎ t!{Σ ²ŀǊǎŀǿ 

Adam Kruk, AGH University of Science and Technology, Cracow 

aŀƱƎƻǊȊŀǘŀ [ŜǿŀƴŘƻǿǎƪŀΣ ²ŀǊǎŀǿ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ ²ŀǊǎŀǿ 

Jerzy Morgiel, Institute of Metallurgy and Materials Science PAS, Cracow 

¢ƻƳŀǎȊ tƱƻŎƛƵǎƪƛΣ ²ŀǊǎŀǿ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ ²ŀǊǎŀǿ 

Zbigniew Sojka, Jagiellonian University, Cracow 

aŀǊƛŀ {ƻȊŀƵǎƪŀΣ {ƛƭŜǎƛŀƴ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ YŀǘƻǿƛŎŜ 

5ŀƴǳǘŀ {ǘǊƽȍΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ƛƭŜǎƛŀΣ YŀǘƻǿƛŎŜ 

Krzysztof Sztwiertnia  Institute of Metallurgy and Materials Science PAS, Cracow 

Grzegorz Tylko, Jagiellonian University, Cracow 
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SCIENTIFIC PROGRAMME 

Analytical Electron Microscopy 

Chairperson: Aleksandra Czyrska-Filemonowicz  

Analytical electron microscopy gathers simultaneously information about morphology, 

microstructure, crystallography and chemical composition of materials, interfaces, layers and 

nanophases with a spatial resolution down to the atomic level. Nanoprobe diffraction and 

holography become now efficient ways for strain analysis at the nanometer level. STEM-

HAADF, ADF and ς more recently ς DPC (differential phase contrast) bring maps of atom 

columns with quantitative contrasts for light or heavy elements. Based on inelastic 

interactions electron dispersive X-ray spectrometry (EDS) and electron energy loss 

spectroscopy EELS are straightforward methods to measure chemical compositions, binding 

states, valences and electronic levels with recent progress extending analysis toward light 

spectroscopy. Tilting sample or focus sectioning tomography and quantitative analysis of 

HRSTEM images extend investigations to the 3rd dimension. The session focuses on the 

scientific achievements regarding instrumentation, methods, data analysis and application of 

analytical electron microscopy. Novel research related to the topics mentioned above, but 

not only limited to, are welcome to this session. 

Invited speaker: 

Philippe A. Buffat ό9ŎƻƭŜ tƻƭȅǘŜŎƘƴƛǉǳŜ CŞŘŞǊŀƭŜ ŘŜ [ŀǳǎŀƴƴŜΣ {ǿƛǘȊŜǊƭŀƴŘύ 

  

SEM/STEM imaging 

Chairperson: ¢ƻƳŀǎȊ tƱƻŎƛƵǎƪƛ  

Electron Microscopy techniques which are based on the beam scanning including Scanning 

Electron Microscopy, Focused Ion Beam and Scanning Transmission Electron Microscopy are 

very often used for the materials structure imaging. Capability to collecting signals with many 

detectors simultaneously is one of the advantage of these techniques. According to the type 

and location of the detector as well as the microscope parameters, the different contrast can 

be obtained. The specific design and development of the new microscopes is very promising 

ŦƻǊ ǊŜǎŜŀǊŎƘŜǊǎΣ ōŜŎŀǳǎŜ ǘƘŜǎŜ ƳƻŘŜǊƴ ƛƴǎǘǊǳƳŜƴǘǎ Ŏŀƴ ƎŜƴŜǊŀǘŜ ǳƴƛǉǳŜ ƛƴŦƻǊƳŀǘƛƻƴΩǎΦ !ǘ 

the same time, it became more complicated for the users to recognize the capabilities of the 

microscopes made by different companies. The main aim of this this session is to present 

possibilities and examples representative for each techniques. The examples related to 

imaging with SEM/FIB/STEM microscopes like observations at low voltages in SEM, unique 
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contrast acquisition with specific detectors, results comparison obtained from different 

microscopes and any other imaging examples are very welcome. 

Invited speaker: 

Quentin Ramasse (SuperSTEM ς The National Facility for Aberration Corrected STEM, 

Daresbury, UK) 

  

Electron Crystallography and HRTEM 

Chairpersons: 5ŀƴǳǘŀ {ǘǊƽȍ, tƛƻǘǊ 5ƱǳȍŜǿǎƪƛ  

The session is devoted to the characterization of the solid state materials with the use of High 

Resolution Transmission Electron Microscopy combined with electron diffraction and other 

research methods. The following topics will be included: 

o Application of HRTEM imaging techniques for nanomaterials characterization. 

o Advance methods for HRTEM images simulations, 

o Investigation of crystal lattice distortions using HRTEM in conjunction with other 

techniques like DFT or GPA. 

o Development experimental methods for HRTEM/STEM imaging 

o Large-Angle Convergent-Beam Electron Diffraction 

Invited speakers: 

Christoph T. Koch (Humboldt University of Berlin, Department of Physics, Berlin, Germany) 

Włƴƻǎ [łōłǊ (Institute for Technical Physics and Materials Science, Hungary) 

  

3D Imaging 

Chairperson: Adam Kruk 

The aim of this session is to cover the broad range of techniques that are currently used in 

multidimensional imaging of structural elements in material sciences. This session is 

dedicated to advanced techniques including new imaging modes in tomography, new 

algorithms for quantitative and accurate reconstructions. 3D imaging session will include 

applications of tomographic reconstruction methods to achieve 3D volume representations 

of materials, and furthermore include non-tomographic 3D techniques, whether based on 

diffraction, low-depth of focus, or various slicing schemes. The session extends over all 
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radiations and instrumentations with a focus on nanoscale resolutions. An example of these 

applications can be: electron microscopy-, focused-ion beam-, field-ion atom probe- and X-

ray/synchrotron tomographic techniques.  

Invited speakers: 

Wǳŀƴ /ŀǊƭƻǎ IŜǊƴłƴŘŜȊ DŀǊǊƛŘƻ (Facultad de Ciencias, Universidad de Cadiz, Puerto Real 

(Cadiz), Spain) 

Urszula Stachewicz (AGH University of Science and Technology, International Centre of 

Electron Microscopy for Materials Science, Poland ) 

  

In-situ microscopy 

Chairperson: Jerzy Morgiel  

In-situ observations opens a unique possibility to follow the processes of phase 

transformation or just microstructure evolution from the first stages till the very end. The 

above processes are routinely started either by temperature changes realized using cooling 

/heating holders or by subjecting thin foils to stretching forces using straining holders. The 

access to this valued knowledge was usually weighted by loss of resolution caused by image 

drift, problems with recording capability (at times when films were still in use) or sample 

shape (mechanical testing performed on thicker samples called for higher voltage 

microscopes). Nowadays, progress in in-situ observations stems both from probing new 

possibilities (including environmental cells, nano- hardness testing) and greatly improved 

capabilities of microscopes (dedicated cameras allowing to record movies, holders allowing 

to program the time-temperature sequences, etc). Hosting separate session on in-situ 

microscopy should give opportunity to present interesting findings from material research 

field obtained with these established techniques as well as to present new solutions in these 

areas. 

Invited speaker: 

Eva Olsson (Chalmers University, Sweden) 
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Orientation mapping 

Chairpersons: Marek Faryna, Krzysztof Sztwiertnia  

Electron backscatter diffraction (EBSD) enables individual grain orientations, local texture, 

point-to-point orientation correlations, phase identification and distribution to be 

determined either from bulk or thin foils of polycrystalline materials. The former can be 

achieved when a scanning electron microscope (SEM) is employed, the latter when 

transmission electron microscopy (TEM) is used. Recently, a novel technique based on 

orientation mapping of electron transparent TEM specimen analysed in the SEM known as 

transmission Kikuchi diffraction (TKD) is rapidly developed. Also a wide range of in-situ 

heating and tensile experiments for EBSD applications provides insight into the role of 

crystallographic orientation in the dynamic evolution of microstructure. The session will be 

dedicated to a whole range of orientation microscopy techniques mentioned above. 

Invited speakers: 

Nathalie Bozzolo ό/ŜƴǘǊŜ ŘŜ aƛǎŜ Ŝƴ CƻǊƳŜ ŘŜ aŀǘŞǊƛŀǳȄ  CEMEF ς MINES ParisTech, CNRS, 

France) 

Ali Gholinia (University of Manchester, UK) 

  

Electron Microscopy in Materials Science 

Chairpersons: aŀƱƎƻǊȊŀǘŀ [ŜǿŀƴŘƻǿǎƪŀ, [ŜǎȊŜƪ YťǇƛƵǎƪƛ  

Electron microscopy has become an indispensable tool in materials science. It allows studies 

on the mechanisms of basic phenomena in bulk materials (e.g., plastic deformation, 

precipitation, diffusion) and enables complete characterization of nanoscale objects thanks 

to atomic scale visualization of the real structure. This session will focus on the practical use 

of electron microscopy techniques (both scanning and transmission) to characterize 

materials and comprehend the microstructure ς property relationships. The contributions 

concerning all types of crystalline and disordered materials (metals, ceramics, polymers and 

composites) in the form of bulk phases, surfaces, thin films and powders (including 

nanopowders) are welcome. 

Invited speakers: 

Alicja Bachmatiuk ό²ǊƻŎƱŀǿǎƪƛŜ /ŜƴǘǊǳƳ .ŀŘŀƵ 9L¢ҌΣ t[ύ 

Kenji Matsuda (University of Toyama, Japan) 
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 Electron Microscopy in Chemistry and Life Science 

Chairpersons: Zbigniew Sojka, Grzegorz Tylko 

The session focuses on current state and development of microscopic techniques in the field 

of chemistry and life sciences. Recent progress in instrumentation, imaging methodology and 

development of widely available software for advanced data processing and analysis, make 

electron microscopy one of the most powerful research methods for structure studies in 

these research areas. 

Invited speaker: 

Sebastian Glatt, (Max Planck Research Group, Jagiellonian University, PL) 

  

Young Scientist Session 

Chairpersons: aŀǊƛŀ {ƻȊŀƵǎƪŀ, Beata Dubiel 

This session will provide an opportunity for young scientists to give oral presentation of their 

achievements and to establish a supportive community with other researchers. We cordially 

invite PhD students and young scientists below 35 years old to participate in this session. 

During this session the winners of the PTMi awards for the best PhD contribution will present 

their research in front of the EM2017 audience. 
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PLENARY SPEAKERS 

 

Marco Cantoni 

Interdisciplinary Centre ŦƻǊ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅΣ ;ŎƻƭŜ tƻƭȅǘŜŎƘƴƛǉǳŜ CŞŘŞǊŀƭŜ ŘŜ [ŀǳǎŀƴƴŜΣ 

Switzerland  

ά!ŘǾŀƴŎŜŘ CL. ƴŀƴƻ-tomography techniques for materials- and life-sŎƛŜƴŎŜέ  

Dr. Marco Cantoni is an eminent specialist in electron microscopy. He is affiliated with the 

LƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ /ŜƴǘǊŜ CƻǊ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅ /LaŜΣ ;ŎƻƭŜ tƻƭȅǘŜŎƘƴƛǉǳŜ CŞŘŞǊŀƭŜ 5Ŝ 

Lausanne in Switzerland.  Marco Cantoni is the author / co-author of more than 100 articles 

published in scientific journals and  of a chapter Review of FIB-Tomography in the book titled 

Nanofabrication Using Focused Ion Electron Beams (Oxford University Press). Dr Cantoni was 

ŀǿŀǊŘŜŘ ǘƘŜ ǇǊƛȊŜ ƻŦ ǘƘŜ ǘƘŜ wƻŘƻƭǇƘŜ ŀƴŘ wŜƴŞŜ IŀŜƴƴȅ CƻǳƴŘŀǘƛƻƴ ƛƴ нл13. He is a 

member of the Swiss Physical Society, European Physical Society and Swiss Society for Optics 

and Microscopy.  

 

Christian Colliex 

CNRS, Laboratoire de Physique des Solides, Orsay, France 

άNew views on the nano-world offered by the multisignal STEMέ 

Dr. Christian Colliex is presently Emeritus CNRS Research Director, still affiliated with the 

Electron Microscopy group at the Solid State Physics laboratory in Orsay, which he has lead 

over 35 years until 2009. His main fields of interest concern the development of new 

instrumentation and methodologies for local analysis in condensed matter. Relying mostly 

on electron energy loss spectroscopy (EELS) in electron microscopy, these techniques have 

been used to investigate down to the atomic level, the structural, chemical, electronic and 

optical properties of individual nanostructures, nano-objects and defects. He has published 

over 300 papers, delivered more than 100 invited lectures over the past ten years He has 

been co-director with Prof. Sumio Iijima, of an international cooperative programme 

ōŜǘǿŜŜƴ /bw{ ŀƴŘ W{¢Σ ƴŀƳŜŘ ζ bŀƴƻǘǳōǳƭƛǘŜǎ ηΦ όмффс-2002). He has been partner in seven 

EC programmes from 1996 to 2010, in particular in the creation of ESTEEM, the European 

Integrated Infrastructure in Advanced Electron Microscopy (2006-2011). He has been 

laureate of the French Academy of Sciences (in 1995 and in 2005 France-Taiwan grand prize), 

he has been awarded the Holweck prize 2009 (joint French SFP - British IOP award) and the 

DǊŀƴŘŜ aŞŘŀƛƭƭŜ ƻŦ ǘƘŜ CǊŜnch Society for Metallurgy and Materials Sciences in 2010. He has 

served from 2007 to 2011 as President of the International Federation of the Societies for 

Microscopy (IFSM) and as President of the International Conference on Microscopies ICM 17 

at Rio de Janeiro (2010). 
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PLENARY SPEAKERS 

 

Rafal E. Dunin-Borkowski 

Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons, Research Centre Juelich, 

Germany 

ά9ƭŜŎǘǊƻƴ ƘƻƭƻƎǊŀǇƘȅ ƻŦ ǘǿƻ-ŘƛƳŜƴǎƛƻƴŀƭ ǘǊŀƴǎƛǘƛƻƴ ƳŜǘŀƭ ŘƛŎƘŀƭŎƻƎŜƴƛŘŜǎέ  

Prof. Dr. Rafal E. Dunin-Borkowski is Director of the Institute for Microstructure Research 

and the Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons in 

CƻǊǎŎƘǳƴƎǎȊŜƴǘǊǳƳ WǸƭƛŎƘΦ .ŜǘǿŜŜƴ нллт ŀƴŘ нлмлΣ ƘŜ ƭŜŘ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ǘƘŜ /ŜƴǘŜǊ 

for Electron Nanoscopy in the Technical University of Denmark. From 2000 to 2006 he held a 

Royal Society University Research Fellowship in the University of Cambridge. He specializes 

in the characterization of magnetic and electronic materials at the highest spatial resolution 

using advanced transmission electron microscopy techniques, including aberration-corrected 

high-resolution transmission electron microscopy of interfaces, surfaces and defects in 

materials, quantitative image analysis in electron microscopy for determining local 

compositions and site occupancies, electron tomography for determining three-dimensional 

morphologies and defect distributions and off-axis electron holography for characterising 

magnetic and electric fields in materials with nm spatial resolution. In 2009 he was awarded 

the Ernst Ruska Prize of the German Society for Electron Microscopy. In 2012 he was awarded 

an Advanced Grant by the European Research Council.  

 

Randi Holmestad 

Norwegian University of science and Technology, NTNU in Trondheim, Norway 

άtǊŜŎƛǇƛǘŀǘŜǎ ƛƴ ŀƎŜ ƘŀǊŘŜƴŀōƭŜ ŀƭǳƳƛƴƛǳƳ ŀƭƭƻȅǎ ǎǘǳŘƛŜŘ ōȅ ŀŘǾŀƴŎŜŘ ¢9a 

ǘŜŎƘƴƛǉǳŜǎέ 

Randi Holmestad (born in 1967) is (since 99) a professor at Department of Physics, 

Norwegian University of science and Technology,  NTNU in Trondheim, Norway.   She has a 

PhD (Dr. ing.) in materials physics from NTH, Trondheim, in 1994 and a MSc (Siv. Ing.) in 

ǘŜŎƘƴƛŎŀƭ ǇƘȅǎƛŎǎΣ ŦǊƻƳ ǘƘŜ ǎŀƳŜ ǳƴƛǾŜǊǎƛǘȅ ƛƴ мффмΦ IƻƭƳŜǎǘŀŘΩǎ ǇǊŜǎŜƴǘ ǊŜǎŜŀǊŎƘ ƛƴǘŜǊŜǎǘǎ 

are focussed on materials physics; transmission electron diffraction, microscopy and 

spectroscopy (TEM, HREM, EDS, EELS, STEM), materials microstructure and the relation to 

macroscopic properties, modelling and simulations in materials physics. Ongoing projects are 

on aluminium alloys, solar cell materials, electron diffraction and new functional materials. 

She has educated 14 PhD students and 55 MSc students, in addition to co-supervision of 6 

PhD students. Holmestad has had several sabbaticals abroad, latest 6 months in 2005 and 

2012, both at University of Illinois, Urbana-Champaign, IL, USA.  
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PLENARY SPEAKERS 

 

Robert (Bob) Sinclair 

Department of Materials Science & Engineering, Stanford University, Stanford, U.S.A.  

άLƴ {ƛǘǳ IƛƎƘ wŜǎƻƭǳǘƛƻƴ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅ {ǘǳŘƛŜǎ ƻŦ 

Material wŜŀŎǘƛƻƴǎέ 

Prof. Robert (Bob) Sinclair has been a faculty member in the Department of Materials 

Science & Engineering since 1977. He obtained his degrees in materials science at Cambridge 

University, and was a postdoctoral scholar at the University of California, Berkeley for four 

years. His research has focused on the development and application of advanced 

transmission electron microscopy techniques, especially in situ high resolution microscopy, 

to basic materials studies related to semiconductor devices, magnetic recording, 

nanotechnology in cancer research and energy systems. At Stanford, he has been 

Department Chair (2004-2014), Director of the Stanford Nanocharacterzation Laboratory 

(2002-2013), Director of the Big Overseas Studies Program (2010-2012) and Associate 

Director of the Wallenberg Research Link (2013-present). He was Chair of the National 

!ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ /ƻƳƳƛǘǘŜŜ ƻƴ άaƛŘǎƛȊŜ CŀŎƛƭƛǘƛŜǎΥ ǘƘŜ LƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦƻǊ aŀǘŜǊƛŀƭǎ 

wŜǎŜŀǊŎƘέ όнлло-2006), and he received the Distinguished Scientist Award (Physical Sciences) 

from the Microscopy Society of America (2009), the David M. Turnbull Lectureship of the 

Materials Research Society (2012) and the John M. Cowley Distinguished Lectureship, Arizona 

State University (2015).  
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SOCIAL PROGRAMME 

Sunday 10th September 2017 at 19:00 ς Welcome Reception 

After the Opening Session, we would like to invite you to the Welcome Reception held in 

wƻƻƳ hw!bÀ9wL!Φ This will be an opportunity to get together, meet the old and new friends 

as well as start the conference in a good mood. 

 

Monday 11th September 2017 at19:00 ς BBQ Party 

Monday evening will be the least formal. BBQ Party will take place in the green hotel garden. 

Enjoy the beautiful surroundings of the WINDSOR hotel with the clean air, a delicate breeze 

from the lake and hopefully nice autumn weather.  

 

Tuesday 12th September 2017 at 19:00 ς Conference Dinner 

The official Conference Dinner will be held in the Victoria Restaurant where you will have an 

opportunity to taste an exquisite cuisine in a stylish and richly decorated interiors. The 

presentation of the Awards, i.e. PTMi, Best Poster and Image Competition, is foreseen during 

this evenenig.  

Wine served at the Conference Dinner sponsored by COMEF. 

 

 

Lunches are served from Monday to Wednesday from 13:00 to 14:00 in the Victoria 

Restaurant. 

Coffee Breaks are organized twice a day ς in the morning from 10:30 to 11:00 and in the 

afternoon from 15:30 to 16:00 in the Exhibition area. 

Breakfast is offered for the WINDSOR hotel guests from Monday to Wednesday from 7:00 to 

10:00 in the Victoria Restaurant. 
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GENERAL TIMETABLE 

 

09:00 - 09:30

09:30 - 10:00

10:00 - 10:30

10:30 - 11:00

11:00 - 11:30

11:30 - 12:00

12:00 - 12:30

12:30 - 13:00

13:00 - 13:30

13:30 - 14:00

14:00 - 14:30

14:30 - 15:00

15:00 - 15:30

15:30 - 16:00

16:00 - 16:30

16:30 - 17:00

17:00 - 17:30

17:30 - 18:00

18:00 - 18:30

18:30 - 19:00

19:00 - 20:00

20:00 - 21:00

21:00 - 22:00

Plenary Session 3

Coffee Break

In-situ 

microscopy

EM in Materials 

Science

Coffee Break

Plenary Session 2

Coffee Break

EM in 

Chemistry and 

Life Sci

SUNDAY

10th SEPTEMBER

MONDAY

11th SEPTEMBER

TUESDAY

12th SEPTEMBER

WEDNESDAY

13th SEPTEMBER

Plenary Session 1
SEM/STEM 

imaging

EM in Materials 

Science

Opening Session

Welcome Reception

Registration

Orientation 

mapping

SEM/STEM 

imaging

Electron 

Crystalography 

and HRTEM 

Analytical EM
EM in Materials 

Science

Poster Session

BBQ Party

Lunch

Coffee Break

EM in Materials 

Science

Conference Dinner

Coffee Break

Young Scientist 

Session

Young Scientist 

Session

Lunch and Farewell

3D imaging

Lunch
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CONFERENCE PROGRAMME        SUNDAY 10TH SEPTEMBER 2017 

 OPENING SESSION 
Room 1                                                                                                                                        Chairperson: aŀƱƎƻǊȊŀǘŀ [ŜǿŀƴŘƻǿǎƪŀ 

18:00 ς 18:05 Malgorzata Lewandowska  
the Chairperson of the Conference 
Welcome address and introduction to the conference   
 

18:05 ς 18:10 WŀǊƻǎƱŀǿ aƛȊŜǊŀ  
the Dean of the Faculty of Materials Science and Engineering of Warsaw University of Technology 
Welcome address and opening of the conference 
 

18:10 ς 18:15 Jerzy Morgiel  
the President of the Polish Society for Microscopy 
Welcome address  
 

18:15 ς 19:00 Robert (Bob) Sinclair 
Department of Materials Science & Engineering, Stanford University, Stanford, USA 
Opening lecture: άLƴ-situ high resolution and environmental ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ǎǘǳŘƛŜǎ ƻŦ ƳŀǘŜǊƛŀƭ ǊŜŀŎǘƛƻƴǎέ 
 

19:00 ς 22:00 Welcome Reception 
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CONFERENCE PROGRAMME        MONDAY 11TH SEPTEMBER 2017 

 PLENARY SESSION 1 
Room 1                                                                                                                                                               Chairperson: Jerzy Morgiel 

9:00 ς 9:45 Marco Cantoni  
Interdisciplinary Centre for Electron MicroscopyΣ ;ŎƻƭŜ tƻƭȅǘŜŎƘƴƛǉǳŜ CŞŘŞǊŀƭŜ ŘŜ [ŀǳǎŀƴƴŜΣ {ǿƛǘȊŜǊƭŀƴŘ  
ά!ŘǾŀƴŎŜŘ CL. ƴŀƴƻ-tomography techniques for materials- and life-sŎƛŜƴŎŜέ 

9:45 ς 10:30 Rafal E. Dunin-Borkowski 
Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons, Research Centre Juelich, Germany 
ά9ƭŜŎǘǊƻƴ ƘƻƭƻƎǊŀǇƘȅ ƻŦ ǘǿƻ-ŘƛƳŜƴǎƛƻƴŀƭ ǘǊŀƴǎƛǘƛƻƴ ƳŜǘŀƭ ŘƛŎƘŀƭŎƻƎŜƴƛŘŜǎέ 
 

10:30 ς 11:00 Coffee Break 

 PLENARY SESSION 2 ς GOLD SPONSORS 
Room 1                                                                                                                                                        Chairperson: 9ƭȍōƛŜǘŀ WŜȊƛŜǊǎƪŀ 

11:00 ς 11:30 Guillaume Brunetti  
JEOL Europe 
ά!ŘǾŀƴǘŀƎŜǎ ƻŦ /ƻƭŘ C9D ōȅ W9h[Υ eȄǇƭŀƴŀǘƛƻƴ ōȅ ŀǇǇƭƛŎŀǘƛƻƴǎέ 

11:30 ς 12:00 Felix von Cube 
Hitachi High Technologies Europe 
ά{¢9a ŀǘ ол ƪ± ς ŀ ƴŜǿ ŀǇǇǊƻŀŎƘ ǘƻ ŀƴŀƭȅǎƛǎ ŀƴŘ ƛƳŀƎƛƴƎέ 

12:00 ς 12:30 Mathias O. Mossing 
Protochips 
tǊƻǘƻŎƘƛǇǎϰ ƛƴ-situ electron microscopy solutions: capabilities and applications 

12:30 ς 13:00 Dominique Delille  
Thermo Fisher Scientific 
Sub-30 meV energy resolution HR-EELS and novel HR-STEM techniques for materials science in the latest generation of 
Thermo Scientific Themis Z 

13:00 ς 14:00 Lunch 
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CONFERENCE PROGRAMME        MONDAY 11TH SEPTEMBER 2017 

 PLENARY SESSION 3 
Room 1                                                                                                                          Chairperson: Aleksandra Czyrska-Filemonowicz 

14:00 ς 14:45 Randi Holmestad 
Norwegian University of science and Technology, NTNU in Trondheim, Norway 
άtǊŜŎƛǇƛǘŀǘŜǎ ƛƴ ŀƎŜ ƘŀǊŘŜƴŀōƭŜ ŀƭǳƳƛƴƛǳƳ ŀƭƭƻȅǎ ǎǘǳŘƛŜŘ ōȅ ŀŘǾŀƴŎŜŘ ¢9a ǘŜŎƘƴƛǉǳŜǎέ 
 

14:45 ς 15:30 Christian Colliex 
CNRS, Laboratoire de Physique des Solides, Orsay, France 
άNew views on the nano-world offered by the multisignal STEMέ 
 

15:30 ς 16:00 Coffee Break 

 SESSION: Analytical Electron Microscopy 
Room 1 
Chairperson: A. Czyrska - Filemonowicz 

SESSION: Electron Microscopy in Materials Science 
Room 2 
Chairperson: LΦ YťǇƛƵǎƪƛ 

16:00 ς 16:15 Philippe Buffat                                                                     invited 
Present capabilities and limits of EDS for materials science 

Alicja Bachmatiuk                                                               invited 
In-situ HR-TEM observations of 2D materials 16:15 ς 16:30 

16:30 ς 16:45 Joanna Wojewoda-Budka 
Microstructure-phase composition-thermal stability 
correlation of Ni-P and Ni-P-Re coatings electroless 
deposited on copper  

16:45 ς 17:00 Piotr Bazarnik 
Grain boundaries and related phenomena in ultrafine 
grained Al-Mg alloy processed by high-pressure torsion 

_ǳƪŀǎȊ /ƛŜƴƛŜƪ 
Microstructure and selected mechanical and electrical 
properties of Sr doped LaCoO3 perovskite thin films 
deposited by pulsed laser deposition technique 

17:00 ς 17:15 aŀǊǘŀ [ƛǇƛƵǎƪŀ-/ƘǿŀƱŜƪ 
Atomic resolution insights into structure and deformation of 
modern, K-strengthened Fe-Mn-Al-C lightweight steel 

Joanna Lipecka 
The melting behaviour of Al/AlN nanomultilayer system 
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CONFERENCE PROGRAMME        MONDAY 11TH SEPTEMBER 2017 

 SESSION: Analytical Electron Microscopy 
Room 1 
Chairperson: A. Czyrska - Filemonowicz 

SESSION: Electron Microscopy in Materials Science 
Room 2 
Chairperson: [Φ YťǇƛƵǎƪƛ 

17:15 ς 17:30 Bogdan Rutkowski 
Electron microscopy and spectroscopy for characterization of 
Sanicro 25 steel after oxidation in steam at 700C 

{ƱŀǿƻƳƛǊ YǊŜǘ 
The mechanism of plastic relaxation and residual strain in 
core shell II-VI hetero-nanowires 

17:30 ς 17:45 aƛŎƘŀƱ ÀŜƭŜŎƘƻǿŜǊ 
Nano-crystals in the Er/Yb co-doped oxyfluoride glass-
ceramics. The  crystal structure and chemistry examination 

wŀŘƻǎƱŀǿ {ǿŀŘȋōŀ 
Comparative STEM Study of TGO Evolution During High 
Temperature Oxidation of EB-PVD TBCs on Pt and Pd 
Modified Bond Coatings 

   

18:00 ς 19:00 
POSTER SESSION 

wƻƻƳΥ hw!bÀ9wL! 

19:00 ς 22:00 BBQ Party 
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CONFERENCE PROGRAMME        TUESDAY 12TH SEPTEMBER 2017 

 SESSION: In-situ Microscopy 
Room 1 
Chairperson: J. Morgiel 

SESSION: Electron Microscopy in Materials Science 
Room 2 
Chairperson: M. Lewandowska 

09:00 ς 09:15 Eva Olsson                                                                            invited 
Linking atomic structure to properties. In Situ Electron 
Microscopy Studies of Functional Materials 
 

Kenji Matsuda                                                                     invited 
Fine precipitates formed at the early stage of aging in Al 
alloys containing Cu 

09:15 ς 09:30 

09:30 - 09:45 Magdalena tŀǊƭƛƵǎƪŀ-Wojtan 
In situ observations of PtNi solid nanocrystals transformation 
into hollow PtNiSn nanoframes by galvanic replacement 
reaction 

Jan Dutkiewicz 
TEM studies of structure of MgLiAl alloys after various routes 
of severe plastic deformation 

09:45 ς 10:00 Katarzyna Stan-DƱƻǿƛƵǎƪŀ 
Stability of quasicrystalline phases and their approximants in 
Al-alloys investigated by in-situ TEM 

Boris Straumal 
Phase transitions in copper-based alloys under high pressure 
torsion 

10:00 ς 10:15 ²ƛǘƻƭŘ /ƘǊƻƳƛƵǎƪƛ 
In-situ observations of dislocation activities in ultrafine-
grained aluminium extruded to high strains 

YǊȊȅǎȊǘƻŦ .ǊȅƱŀ 
Grain refinement in EZ33A magnesium alloy processed by 
high-pressure torsion 

10:15 ς 10:30 Oleksandr Kryshtal 
Melting process and the size dependence of the eutectic 
temperature of Ag-Ge films 

Maciej Szczerba 
Detwinning and dislocations in a face-centered cubic 
structure 

10:30 ς 11:00 Coffee Break 
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CONFERENCE PROGRAMME        TUESDAY 12TH SEPTEMBER 2017 

 SESSION: Orientation Mapping 
Room 1 
Chairpersons: M. Faryna, K. Sztwiertnia 

SESSION: Electron Microscopy in Chemistry and Life 
Science 
Room 2 
Chairpersons: Z. Sojka, G. Tylko 

11:00 ς 11:15 Nathalie Bozzolo                                                                 invited 
Orientation mapping, an unavoidable tool for studying 
recrystallization phenomena 

Sebastian Glatt                                                                    invited 
The Architecture of the Elongator complex determined by 
Integrative Structural Biology 

11:15 ς 11:30 

11:30 ς 11:45 Ali Gholinia                                                                           invited 
Automated three dimensional broad ion beam milling 
acquisition and analysis 

Joanna Depciuch 
SEM and FTIR investigation of molecular composition 
changes in allergenic common mugwort (Artemisia vulgaris 
L.) and hazel (Corylus avellana ) pollen induced by traffic 
pollution 

11:45 ς 12:00 Joanna Grybos 
Determination of shape and size of Co3O4 nanocrystal 
catalysts from single STEM measurement 

12:00 ς 12:15 YǊȊȅǎȊǘƻŦ YǳŘƱŀŎȊ 
Orientation mapping in TEM part I ς new software 

Oleksii Bezkrovnyi 
Defect structure of cube-shaped Ce1-xEuxO2 nanoparticles 

12:15 ς 12:30 Magdalenia Bieda-Niemiec 
Orientation Microscopy in TEM part II ς case studies 

Paulina Indyka 
Mapping redox states in oxide nanoparticle catalysts 

12:30 ς 12:45 Robert Chulist 
In-situ investigation of the martensitic transformation in Ni-
Mn-Ga alloys 

Ben Lich 
Cryo EM workflows for single particle analysis and 
tomography of hydrated, intact cells 

12:45 ς 13:00  

13:00 ς 14:00 Lunch 
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CONFERENCE PROGRAMME        TUESDAY 12TH SEPTEMBER 2017 

 SESSION: SEM/STEM Imaging 
Room 1 
/ƘŀƛǊǇŜǊǎƻƴΥ ¢Φ tƱƻŎƛƵǎƪƛ 

SESSION: Electron Crystallography and HRTEM 
Room 2 
/ƘŀƛǊǇŜǊǎƻƴǎΥ 5Φ {ǘǊƽȍΣ tΦ 5ƱǳȍŜǿǎƪƛ 

14:00 -14:15 Justyna Grzonka 
Application of low voltage scanning electron microscopy for 
graphene studies 

Janos Labar                                                                           invited 
Local short range order in amorphous materials by ePDF 
analysis 

14:15 ς 14:30 wŀŦŀƱ YƻȊŜǊŀ 
Characterization of self-healing system dedicated for glass 
fibre reinforced composites 

14:30 ς 14:45 Tomasz Tokarski 
Kikuchi patterns - from diffraction to advanced 
microstructure analysis 

Christoph T. Koch                                                                invited 
Practical aspects of simulation of high-resolution TEM 
images 

14:45 ς 15:00 wŀŦŀƱ ²ǊƽōƭŜǿǎƪƛ 
Microstructural characterization of Ni50Mn28Ga22 alloy 
processed by selective laser melting 

15:00 - 15:15 Andrzej Witkowski 
How does use of electron microscopy and related tools 
impacts understanding of unicellular life encased in siliceous 
exoskeleton of diatom (Bacillariophyta) cell? 

9ƭȍōƛŜǘŀ WŜȊƛŜǊǎƪŀ 
Defect recognition using LACBED images 

15:15 ς 15:30  Julita Smalc-Koziorowska 
Basal stacking fault domains as a source of a-type threading 
dislocations in III-Nitride epitaxial layers 

15:30 ς 15:45  Krzysztof Morawiec 
Lorentz electron holography investigation of nano-objects' 
magnetic state 

15:30 ς 16:00 Coffee Break 

  



- 21 - 
 

CONFERENCE PROGRAMME        TUESDAY 12TH SEPTEMBER 2017 

 SESSION: Young Scientists 
Room 1 
/ƘŀƛǊǇŜǊǎƻƴǎΥ .Φ 5ǳōƛŜƭΣ aΦ {ƻȊŀƵǎƪŀ 

SESSION: 3D Imaging 
Room 2 
Chairperson: A. Kruk 

16:00 ς 16:15 Joanna Moneta  
The considerable increase of the state of strain relaxation of 
the (0001) InGaN epilayers achieved by the post-growth 
annealing 

Wǳŀƴ /ŀǊƭƻǎ IŜǊƴłƴŘŜȊ-Garrido                                       invited 
3D nano-metrology of catalytic-based materials by electron 
tomography: qualitative information and beyond 

16:15 ς 16:30 Monika Solecka  
Transmission electron microscopy investigation of Ni-base 
alloys after cladding using CMT technique 

16:30 ς 16:45 tŀǿŜƱ |ǿƛŜŎ 
Analysis of amorphous regions in severely marformed NiTi 
alloy 

Urszula Stachewicz                                                             invited 
3D imaging of polymer nanofibers using FIB-SEM 
tomography 

16:45 ς 17:00 aƛƪƻƱŀƧ Mitka 
Microstructure of the mechanically alloyed Al-Cu-Fe-Si 
quasicrystalline powder 

17:00 ς 17:15 Katarzyna Janik 
Transmission electron microscopy structural investigations of 
crystalline particles in CuZr-based amorphous- crystalline 
composites 

Petr Klimek 
Focused ion beam tomography as a tool for bio-inspired 
structural design 

17:15 ς 17:30 Aleksandra Towarek 
The influence of severe plastic deformation on the 
microstructure of pure aluminum and aluminum ς 
magnesium alloys 

Joanna Karbowniczek 
FIB-SEM tomography in biomaterials research 

17:30 ς 17:45 aŀǊǘŀ [ƛǇƛƵǎƪŀ  
Microstructural characterization of the ultrafine grained 
aluminium plates obtained by ECAP-PC process with 
subsequent upsetting 

YŀǊƻƭ {ȊƭŊȊŀƪ 
Micro-computed tomography images conversion applied to 
a tissue engineering scaffold for finite element models and 
their mechanical properties 
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CONFERENCE PROGRAMME        TUESDAY 12TH SEPTEMBER 2017 

 SESSION: Young Scientists 
Room 1 
/ƘŀƛǊǇŜǊǎƻƴǎΥ .Φ 5ǳōƛŜƭΣ aΦ {ƻȊŀƵǎƪŀ 

SESSION: 3D Imaging 
Room 2 
Chairperson: A. Kruk 

17:45 ς 18:00 aƛŎƘŀƱ DƳƛǘǊȊǳƪ 
Influence of the speed deformation on formation of the adiabatic 
shear bands in steels with various microstructure 

Grzegorz Cempura 
Application of analytical electron microscopy and FIB-
SEM tomographic technique for phase analysis in as-
cast Allvac 718Plus superalloy 

18:00 ς 18:15 Oskar Dziuba 
Effect of postweld heat treatment on the microstructure and 
mechanical properties of as-cast Allvac 718Plus electron beam 
welded joint 

 

   

19:00 ς 22:00 
Conference Dinner 

The Victoria Restaurant 
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CONFERENCE PROGRAMME        WEDNESDAY 13TH SEPTEMBER 2017 

 SESSION: SEM/STEM Imaging 
Room 1 
/ƘŀƛǊǇŜǊǎƻƴΥ ¢Φ tƱƻŎƛƵǎƪƛ 

SESSION: Electron Microscopy in Materials Science 
Room 2 
Chairperson: K. Matsuda 

09:00 ς 09:15 Quentin Ramasse                                                                invited 
High-precision multimodal imaging workflows in the STEM: 
towards nano-metrology with atomic-level precision 

Wŀƴ YǳǎƛƵǎƪƛ 
Microstructure and properties of laser interference 
crystallized amorphous FeSiB (Cu,Nd) ribbons 

09:15 ς 09:30 Wojciech Maziarz 
Microstructural phenomena in NiCuCoMnSn Heusler 
metamagnetic shape memory alloy ribbons 

09:30 - 09:45 Mariusz Andrzejczuk 
Three-dimensional characterization of titania nanotubes 

Krzysztof Ziewiec 
Microstructure and thermal stability of the two-component 
melt spun amorphous/crystalline Fe55Ni20Cu5P10Si5B5 alloy 

09:45 ς 10:00 Grzegorz Moskal 
Application of electron microscopy methods to 
characterization of thermal barrier coatings microstructure 
and phase constituent 

tŀǿŜƱ /ȊŀƧŀ 
Heat treatment effects on the evolution of microstructure 
and atomic order in metamagnetic shape memory alloys 

10:00 ς 10:15 Petr Klimek                                                            Silver Sponsor 
Observation of cracks in austempered ductile cast iron after 
the tensile test using different SEM Tescan microscopes 
 

9Ƴƛƭƛŀ {ƪƻƱŜƪ 
The microstructure of cast steel subjected to austempering 
heat treatment - the time effect 

10:15 ς 10:30  

10:30 ς 11:00 Coffee Break 
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CONFERENCE PROGRAMME        WEDNESDAY 13TH SEPTEMBER 2017 

 SESSION: Young Scientists 
Room 1 
ChairpersonsΥ .Φ 5ǳōƛŜƭΣ aΦ {ƻȊŀƵǎƪŀ 

SESSION: Electron Microscopy in Materials Science 
Room 2 
Chairperson: A. Bachmatiuk 

11:00 ς 11:15 _ǳƪŀǎȊ aŀƧ 
Ti/Al multilayers in-situ TEM heated vs. current pulse treated 

Hans Dijkstra 
Microanalysis of Mo5SiB2 with EDS and WDS 

11:15 ς 11:30 Grzegorz Cios 
High resolution transmission Kikuchi diffraction analysis of 
TiN thin films 

Iwona Wƽȋǿƛƪ 
High resolution SEM characterization of nano-precipitates in 
ODS steels 

11:30 ς 11:45 Anna Kaleta 
Semi coherent nano-precipitations in the core-shell 
semiconductor/intermetallic hybrid nanowires 

Piu Rajak 
Correlation of mean inner potential depths at a SrTiO3 
bicrystal grain boundary annealed at different temperatures 
with thermal roughening transition  

11:45 ς 12:00 aŀǘŜǳǎȊ WťŘǊǳǎƛƪ 
Synthesis and characterization of LaFeO3 thin films for mixed 
potential sensor 

Justyna Grzegorek 
Computer quantitative analysis of porosity of copper powder 
and multi-walled carbon nanotubes composites basing on 
SEM images 

12:00 ς 12:15 !ƴƴŀ ²ƽƧŎƛƪ 
Structure and inverse magnetocaloric effect in NiςCoςMnς
Sn(Si) Heusler alloys 

Marta Gajewska 
Electron microscopy studies of Fe/TiC composite zones 
produced in situ using different forms of carbon 

12:15 ς 12:30 Krzysztof Matus 
Investigation of metal/ceramic interface structure in 
aluminium/corundum composite obtained by gas pressure 
infiltration 

Jan Neuman                                                          Silver Sponsor 
SPM/SEM integration and new Correlative Probe and 
Electron Microscopy (CPEM) tool for nanoscience 

12:30 ς 12:45 Tomasz Ratajski 
Microstructural investigation of SiO2/Ni nanocomposite 
coatings 
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CONFERENCE PROGRAMME        WEDNESDAY 13TH SEPTEMBER 2017 

 SESSION: Young Scientists 
Room 1 
/ƘŀƛǊǇŜǊǎƻƴǎΥ .Φ 5ǳōƛŜƭΣ aΦ {ƻȊŀƵǎƪŀ 

 

 
12:45 ς 13:00 

Piotr Ledwig 
Microstructure characterization of Ni-Fe and nc-TiO2/Ni-Fe 
coatings electrodeposited on copper substrate 
 

 

13:00 ς 14:00 Lunch and Farewell 
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POSTER SESSION         MONDAY 11TH SEPTEMBER 2017 

           18:00 ς 19:00 

 

During the poster session, beer sponsored by PIK Instruments will be served. 

 

1. Adamczyk-/ƛŜǏƭŀƪ .ƻƎǳǎƱŀǿŀ ά¢ƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ŘƛŦŦŜǊŜƴǘ ŘŜƎǊŜŜ ƻŦ ŘŜŦƻǊƳŀǘƛƻƴ ƻƴ 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ƎŀƳƳŀ CŜ ǎƛƴƎƭŜ ŎǊȅǎǘŀƭ ŀŦǘŜǊ I9 ǇǊƻŎŜǎǎέ 

2. Badura Kamil ά²Ŝǘǘŀōƛƭƛǘȅ ŀƴŘ ƛƴǘŜǊŦŀŎƛŀƭ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ 

Zr52Ti24X14Cu10(X=Ni, Pd) alloys on Ti-6Al-п± ǎǳōǎǘǊŀǘŜέ 

3. Bilska Benadetta ά¢ƘŜ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ǎǘǳŘƛŜǎ ƻƴ ǘƘŜ ŀƴǘƛōŀŎǘŜǊƛŀƭ ŜŦŦŜŎǘ ƻŦ 

chemerin-ŘŜǊƛǾŜŘ ǇŜǇǘƛŘŜǎέ 

4. Bobrowski Piotr άо5-EBSD investigation of grain-boundary structures in copper 

subjected to ŎƘŀƴƴŜƭ ŘƛŜ ǇǊŜǎǎƛƴƎέ 

5. Boczkal Sonia έtƘŀǎŜ ŀƴŀƭȅǎƛǎ ƛƴ aƎ¸/ŀ ŀƴŘ aƎ[ƛ/ŀ ŀƭƭƻȅǎ ǿƛǘƘ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ м҈½ƴέ 

6. .ƻǊȅƱƻ Paulina ά{ǳǊŦŀŎŜ ƳƻǊǇƘƻƭƻƎȅ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ȊƛƴŎ ƻȄƛŘŜ ǘƘƛƴ ŦƛƭƳǎ ŘŜǇƻǎƛǘŜŘ 

according to sol-ƎŜƭ ƳŜǘƘƻŘέ 

7. Brzoza Agnieszka άLƴŦƭǳŜƴŎŜ ƻŦ /ǳ ŀŘŘƛǘƛƻƴ ƻƴ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ƳŀǊǘŜƴǎƛǘƛŎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ 

in Ni50Mn25Ga(25-x)Cux (x=1-млύ ǎƘŀǇŜ ƳŜƳƻǊȅ ŀƭƭƻȅǎέ 

8. Cempura Grzegorz άaƻǊǇƘƻƭƻƎƛŎŀƭ ŜǾƻƭǳǘƛƻƴ ŀƴŘ ·-Ǌŀȅ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ʴϥ ǇǊŜŎƛǇƛǘŀǘŜǎ ƛƴ 

bƛ ōŀǎŜŘ ǎǳǇŜǊŀƭƭƻȅ ŘǳǊƛƴƎ ǊŀǇƛŘ ǉǳŜƴŎƘƛƴƎέ 

9. Chlewicka Monika ά¢ƘŜ ŜŦŦŜŎǘ ƻŦ ƳƛƴƻǊ ŀŘŘƛǘƛƻƴ ƻŦ !ƎΣ /ǳΣ {ƴ ƻƴ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ 

alloys from the Mg-Zn-/ŀ ǎȅǎǘŜƳέ 

10. Chmiela Bartosz ά9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ŀŜǊƻ ŜƴƎƛƴŜ ǘǳǊōƛƴŜ ōƭŀŘŜ ƳŀŘŜ ƻŦ 

nickel-ōŀǎŜ ǎǳǇŜǊŀƭƭƻȅ ŀŦǘŜǊ Ƙƻǘ ƛǎƻǎǘŀǘƛŎ ǇǊŜǎǎƛƴƎέ 

11. Chmielewska Agnieszka ά/ŀƭŎƛǳƳ-phosphate coatings fabricated by electrodeposition 

ƳŜǘƘƻŘ ǎǘǳŘƛŜŘ ǿƛǘƘ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇƛŜǎέ 

12. /ƘǊƻƳƛƵǎƪƛ ²ƛǘƻƭŘ άTEM observations of damages in tungsten targets subjected to W+ 

deuterium and W+He irrradiationέ 

13. 5ǊȊȅƳŀƱŀ 9ƭȍōƛŜta ά{ȅƴǘƘŜǎƛǎ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘŜǊƴŀǊȅ ƴŀƴƻŎŀǘŀƭȅǎǘǎ ŦƻǊ ŜǘƘŀƴƻƭ 

ƻȄƛŘŀǘƛƻƴέ 

14. 5ȅƳŜƪ {ǘŀƴƛǎƱŀǿ ά9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅ {ǘǳŘȅ ƻŦ CǊƛŎǘƛƻƴ {ǘƛǊ ²ŜƭŘŜŘ 5ƛǎǎƛƳƛƭŀǊ 

!ƭǳƳƛƴǳƳ !ƭƭƻȅǎέ 
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15. DƽǊŀƭ !ƴƴŀ ά9ŦŦŜŎǘ ƻŦ tƻǿŘŜǊ aƻǊǇƘƻƭƻƎȅ ƻƴ aƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ tǊƻǇŜǊǘƛŜǎ ƻŦ /ƻƭŘ 

{ǇǊŀȅŜŘ bƛ /ƻŀǘƛƴƎǎέ 

16. DǊǳȊŜƱ DǊȊŜƎƻǊȊ ά¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ tǘbƛ ǎƻƭƛŘ ƴŀƴƻŎǊȅǎǘŀƭǎ ƛƴǘƻ tǘbƛ{ƴ ƴŀƴƻŦǊŀƳŜǎ ōȅ 

ƎŀƭǾŀƴƛŎ ǊŜǇƭŀŎŜƳŜƴǘ ǊŜŀŎǘƛƻƴέ 

17. Janusz Marta άaƛŎǊƻǎǘǊǳŎǘǳǊŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǿŜŀǊ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ƴŀƴƻ- 

composites, protective amorphous carbon coatings (a-C:H), implanted by metallic nano-

particlesέ 

18. WŀǊȊťōǎƪŀ !ƴƴŀ ά{9aκ9.{5 ƛƴǾŜǎǘƛƎŀǘƛƻƴǎ ƻƴ ǊŜŎǊȅǎǘŀƭƭƛȊŀǘƛƻƴ ōŜƘŀǾƛƻǊ ƻŦ 

biodegradable low-alloyed ȊƛƴŎ ŀŦǘŜǊ ƘȅŘǊƻǎǘŀǘƛŎ ŜȄǘǊǳǎƛƻƴέ 

19. Kalemba-Rec Izabela άaƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŜǾƻƭǳǘƛƻƴ ƛƴ ǎǘƛǊǊŜŘ ȊƻƴŜ ƻŦ ŦǊƛŎǘƛƻƴ ǎǘƛǊ ǿŜƭŘŜŘ 

ŀƭǳƳƛƴǳƳ ŀƭƭƻȅǎ рлуо ŀƴŘ тлтрέ 

20. YƻǇǊƻǿǎƪƛ tŀǿŜƱ ά!ƴŀƭȅǎƛǎ ƻŦ ǇǊŜŎƛǇƛǘŀǘŜǎ ƻōǘŀƛƴŜŘ ōȅ ƳƛŎǊƻ-additions in technical 

purity aluminium allƻȅ !!млтлΥ ! ǎŎŀƴƴƛƴƎ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ǎǘǳŘȅέ 

21. YƻǇȅǏŎƛŀƵǎƪƛ aŀǘŜǳǎȊ άMicrostructural characterization of friction stir welds of the 6082 

aluminum alloy produced with bobbin tƻƻƭέ 

22. Koralnik Mateusz ά{ƛ/ ōŀǎŜŘ ŎŜǊŀƳƛŎ ǎƘŜƭƭ ƳƻƭŘǎ ƛƴǾŜǎǘƛƎŀǘƛƻƴέ 

23. Koralnik Milenaέ[ƻǿ-cycle fatigue behavior and microstructural evolution in the low 

ŀƭƭƻȅ Ǌŀƛƭ ǎǘŜŜƭέ 

24. Korniewa-Surmacz Anna άaƛŎǊƻǎǘǊǳŎǘǳǊŜ ŜǾƻƭǳǘƛƻƴ ƛƴ ǘƘŜ /ǳ-8%wt. Ag alloy subjected 

ǘƻ It¢έ 

25. YǊŀǿŎȊȅƵǎƪŀ !ƎƴƛŜǎȊƪŀ άaƛŎǊƻǎǘǊǳŎǘǳǊŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƴŀƴƻƎǊŀƛƴŜŘ ǎǘainless steel 

омс[±a ŀƴƴŜŀƭŜŘ ǳƴŘŜǊ ƘƛƎƘ ƘȅŘǊƻǎǘŀǘƛŎ ǇǊŜǎǎǳǊŜέ 

26. Kryshtal Oleksandr άaƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ǇƘŀǎŜ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ǘƘŜ !Ǝ-Al film wear track: 

through-ǘƘƛŎƪƴŜǎǎ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ōȅ ŀŘǾŀƴŎŜŘ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅέ 

27. Kupczyk Aleksandra άaƛŎǊƻǎǘǊǳŎǘǳǊŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǿŜŀǊ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ōƛƻ- 

ǘǊƛōƻƭƻƎƛŎŀƭ ƳǳƭǘƛƭŀȅŜǊ ŎƻŀǘƛƴƎǎ ǇŜǊŦƻǊƳŜŘ ōȅ ¢9aέ 

28. Lachowski Artur άIƛƎƘ-resolution transmission electron microscopy study of GaSb 

ƎǊƻǿƴ ƻƴ όллмύDŀ!ǎ ōȅ ƳƻƭŜŎǳƭŀǊ ōŜŀƳ ŜǇƛǘŀȄȅέ 

29. Lech Sebastian άaƛcrostructure of the oxide scale formed on Allvac 718Plus superalloy 

during oxidation in dry- ŀƴŘ ǿŜǘ ŀƛǊ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ŀƴŀƭȅǘƛŎŀƭ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅέ 

30. [ŜǎȊŎȊȅƵǎƪŀ-Madej Beata άtǊƻŎŜǎǎƛƴƎ ƻŦ ŀƭǳƳƛƴƛǳƳ ōȅ ƘȅŘǊƻǎǘŀǘƛŎ ŜȄǘǊǳǎƛƻƴ ς studies 

of microstructure, ǇǊƻǇŜǊǘƛŜǎ ŀƴŘ ǘƘŜǊƳŀƭ ǎǘŀōƛƭƛǘȅέ 

31. [ŜǿŀƴŘƻǿǎƪŀ aŀƱƎƻǊȊŀǘŀ άaƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŜǾƻƭǳǘƛƻƴ ƻŦ !Ǝκ!ƭb ŀƴŘ !Ǝ-Cu/AlN 

ƴŀƴƻƳǳƭǘƛƭŀȅŜǊǎ ǳǇƻƴ ƘŜŀǘƛƴƎέ 



 

- 28 - 
 

32. [ƛǘȅƵǎƪŀ-5ƻōǊȊȅƵǎƪŀ [ƛŘƛŀ άaƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ ½9пм! ƳŀǘǊƛȄ ŎƻƳǇƻǎƛǘŜ ǊŜƛƴŦƻǊŎŜŘ ōȅ 

nano-SiC prepared by semi-ǎƻƭƛŘ ǇǊƻŎŜǎǎƛƴƎέ 

33. _ǳƪƻǿƛŜŎ 5ŀǊƛǳǎȊ ά{ȅƴǘƘŜǎƛǎΣ ǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ǇǊƻǇŜǊǘƛŜǎ ƻŦ CŜ3S4 and MFe2O4 (M=Sn, Sr, 

aƎ ŀƴŘ {ƴύ ƴŀƴƻǇŀǊǘƛŎƭŜǎέ 

34. Madej Marcin ά¢ƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŀƴŀƭȅǎƛǎ of spark plasma sintered HSS ς iron 

ƳŀǘŜǊƛŀƭǎέ 

35. aŀƱŜŎƪŀ aŀƱƎƻǊȊŀǘŀ ά/ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ŀƴŘ ǘƘŜǊƳŀƭ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ¸ō-doped ceria 

nanoparticles prepared by shape selective methodέ 

36. aƻǎȊŎȊȅƵǎƪŀ 5ƻǊƻǘŀ άLƴςsitu TEM study of recrystallization in Cu ς 8.5%at.Al alloy 

ǇǊƻŎŜǎǎŜŘ ōȅ ƘȅŘǊƻǎǘŀǘƛŎ ŜȄǘǊǳǎƛƻƴ ǇǊƻŎŜǎǎέ 

37. Mukhovskyi Roman ά{9a ǎǘǳŘƛŜǎ ƻŦ ƴŀƴƻǇŀǊǘƛŎƭŜǎ ƭŀȅŜǊǎ ŦƻǊƳŜŘ ōȅ ǳǎƛƴƎ ǳƭǘǊŀǎƻƴƛŎ 

ƳŜǘƘƻŘέ 

38. tƱƻŎƛƵǎƪƛ ¢ƻƳŀǎȊ άMicrostructure of cobalt based coatings fabricated by different 

ǘŜŎƘƴƛǉǳŜǎέ 

39. wƻƎŀƭ _ǳƪŀǎȊ άEffect of Al, Y, Ir and Re addition on microstructure and mechanical 

properties of Hf-Sc-Ti-Zr based high entropy alloyέ 

40. Rozmus-DƽǊƴƛƪƻǿǎƪŀ aŀƎŘŀƭŜƴŀ άaƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ǇǊƻǇŜǊǘƛŜǎ ƻŦ LƴŎƻƴŜƭ снр ǎǳǊŦŀŎŜ 

ƭŀȅŜǊ ƳƻŘƛŦƛŜŘ ōȅ ŀ [ŀǎŜǊ {ƘƻŎƪ tǊƻŎŜǎǎƛƴƎέ 

41. Sobczak Kamil ά99[{ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ 5C¢ ŎŀƭŎǳƭŀǘƛƻƴǎ ƻŦ ǘƘŜ ǘƻǇƻƭƻƎƛŎŀƭ ƛƴǎǳƭŀǘƻǊ 

.ƛн{Ŝо ŘƻǇŜŘ ǿƛǘƘ /ǳέ 

42. {ƻȊŀƵǎƪŀ aŀǊƛŀ ά/ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ƻȄƛŘŀǘƛƻƴ ōŜƘŀǾƛƻǊ ƻŦ 5a± смт ƳƻŘ ǎǳǇŜǊŀƭƭƻȅ 

ōȅ ŘƛŦŦŜǊŜƴǘ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇŜ ǘŜŎƘƴƛǉǳŜǎέ 

43. {ȅǇƛŜƵ !ƴƴŀ άLƴŘǳŎǘƛƻƴ ōǊŀȊŜŘ ¢ƛ-6Al-4V alloy: Microstructure changes and phase 

transformation during annealingέ 

44. Turczyniak Sylwia ά¢ƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ǘƘŜ ƛƳǇǊŜƎƴŀǘƛƻƴ ƻǊŘŜǊ ƻŦ Ŏƻōŀƭǘ ŀƴŘ ǇƻǘŀǎǎƛǳƳ ƻƴ 

the surface state and catalytic performance in the ethanol steam reforming of ceria-

supportŜŘ Ŏŀǘŀƭȅǎǘǎέ 

45. Tylko Grzegorz ά{ŎŀƴƴƛƴƎ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ŀƴŘ ·-ray microanalytical studies on 

ŜƭŜƳŜƴǘŀƭ ŎƘŀƴƎŜǎ ƛƴ ƳǳǎŎƭŜǎ ƻŦ 5ǊƻǎƻǇƘƛƭŀ ŜȄǇƻǎŜŘ ǘƻ ŀŎǊȅƭŀƳƛŘŜέ 

46. Ura-.ƛƵŎȊȅƪ 9ǿŀ ά!ŘǾŀƴŎŜŘ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ŀǎ ŀ ǳǎŜŦǳƭ ǘƻƻƭ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ 

ŎƻǊǊƻǎƛƻƴ ƳŜŎƘŀƴƛǎƳ ƻŦ ŎŀǊōƻƴ ǎǘŜŜƭǎ ǳǎŜŘ ƛƴ ǎƘŀƭŜ Ǝŀǎ ǇǊƻŘǳŎǘƛƻƴέ 

47. Wierzbicka-Miernik Anna άPeriodic layers structure formation in the solid state 

reactionsέ 

48. ²ƛǏƴƛŜǿǎƪƛ tŀǿŜƱ ά9Ǿŀƭǳŀǘƛƻƴ ƻŦ Ŏƻoling time of SiC/Nanoalumina ceramic shell molds 

ǳǎƛƴƎ ǘƘŜǊƳŀƭ ƛƳŀƎƛƴƎ ŎŀƳŜǊŀέ 
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49. ²ƻȋƴƛŀƪ .ŀǊǘƻǎȊ ά{9a ƛƴǾŜǎǘƛƎŀǘƛƻƴǎ ƻŦ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ƻŦ ŦƻǊƳŀǘƛƻƴ ŀƴŘ ƎǊƻǿǘƘ ƻŦ 

ƴŀƴƻƘȅŘǊƻȄȅŀǇŀǘƛǘŜ ƭŀȅŜǊǎ ŎƻŀǘŜŘ ǿƛǘƘ ǳƭǘǊŀǎƻƴƛŎ ƳŜǘƘƻŘέ 

50. ²ǊƽōŜƭ aƛǊƻǎƱŀǿ άaƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ CǊƛŎǘƛƻƴ {ǘƛǊ ²ŜƭŘŜŘ !ƭ{ƛфaƎ /ŀǎǘ ŀƴŘ рлуо 

²ǊƻǳƎƘǘ !ƭǳƳƛƴǳƳ !ƭƭƻȅǎέ 

51. ²ȅǎƻŎƪƛ .ŀǊǘƱƻƳƛŜƧ ά9ƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ /t ǘƛǘŀƴƛǳƳ ŦŀōǊƛŎŀǘŜŘ ōȅ 

{ŜƭŜŎǘƛǾŜ [ŀǎŜǊ aŜƭǘƛƴƎ ό{[aύέ 

52. Yamashita Taiji άhǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ǘƘŜ {9a ƻōǎŜǊǾŀǘƛƻƴ ƻŦ Ǉƭŀƴƪǘƻƴǎ ǿƛǘƘ ǇǊŜ-treatment 

ǳǎƛƴƎ ƛƻƴƛŎ ƭƛǉǳƛŘέ 

53. Zdunek Joanna άLƴŦƭǳŜƴŎŜ ƻŦ ƘȅŘǊƻǎǘŀǘƛŎ ŜȄǘǊǳǎƛƻƴ ǇǊƻŎŜǎǎ ƻƴ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ 

ǘŜȄǘǳǊŜ ƻŦ ǇƻƭȅŎǊȅǎǘŀƭƭƛƴŜ ƴƛŎƪŜƭέ 

54. ½ƛťǘŀƭŀ aƛŎƘŀƱ ά¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ƳƛŎǊƻǎǘǊǳŎǘǳǊe of single- and multilayers specimens 

ƳŀŘŜ ƻŦ омс[ ǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭ ǇǊƻŘǳŎŜŘ ōȅ [ŀǎŜǊ 9ƴƎƛƴŜŜǊŜŘ bŜǘ {ƘŀǇƛƴƎ ό[9b{ύέ 

55. ½ƛťǘŀǊŀ aŀŎƛŜƧ ά!ǇǇƭƛŎŀǘƛƻƴ ƻŦ о5 ƛƳŀƎƛƴƎ ŦƻǊ ǉǳŀƭƛǘŀǘƛǾŜ ŀƴŘ ǉǳŀƴǘƛǘŀǘƛǾŜ 

ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ Ǝŀǎ ǘǳǊōƛƴŜ ōƭŀŘŜ ŀŦǘŜǊ ǎŜǊǾƛŎŜ ŜȄǇƻǎǳǊŜέ 

56. Zubko Maciej ά!ƭ/ƻ/Ǌ/ǳCŜbƛ IƛƎƘ-9ƴǘǊƻǇȅ !ƭƭƻȅ ǎǘǳŘƛŜŘ ōȅ .ŜŀƳ tǊŜŎŜǎǎƛƻƴ aŜǘƘƻŘǎέ 

57. Stachewicz Urszula άMicroscopy analysis of teeth resorption process at cementoenamel 

ƧǳƴŎǘƛƻƴǎέ 
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EXHIBITORS AND SPONSORS 

 

JEOL is a leading global supplier of electron microscopes and other scientific instruments 

used for research and development in the field of nanotechnology, life sciences, optical 

communication, forensics and biotechnology. Utilizing its unique technologies, products, 

services and knowledge, JEOL helps its customers make significant breakthroughs in product 

development and scientific research. For more than 60 years JEOL has been known for its 

wide range of EM solutions tailored to meet the requests of academic, industrial and 

government customers, from routine experiments to advanced research. 

 

 

PIK Instruments is all about your success. We distribute and service an advanced laboratory 

and quality control equipment. Our company consists of young, yet very experienced 

specialists in scanning  and transmission electron microscopy, atomic force microscopy and 

other scientific techniques beyond that. With our dedicated team of product managers, 

application specialists and service engineers, the sky is the limit.  Whenever  you need an 

advanced laboratory equipment,  sample preparation tools  or just our expertise ς we are 

always ready to help you to continuously improve. From science, through technology, to 

industry applications, our goal is to achieve more ς with and for you.  

 

 

LABSOFT is a trustworthy and reliable provider of research and technological equipment 

made by highly-esteemed manufacturers. These tools are indispensable for nanotechnology, 

materials science, and life sciences. In the field of Electron Microscopy we supply market-

leading TEM, SEM and FIB columns by FEI Company and analytical EDS, WDS and EBSD 

detectors by EDAX Inc. For over 25 years, together with our customers and partners, we have 

actively participated in several fascinating technology milestones. Capitalizing on the vast 

experience, we offer a unique customer approach including a complete field-proven service 

and application support. 
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COMEF is a leader in distribution of scientific and research equipment in Poland. We have 

been providing state-of-the-art technologies and solutions for industrial, scientific and 

medical applications for more than 20 years. We offer a wide range of equipment produced 

by leading manufacturers. The largest research institutions, companies and research centers 

worldwide use our devices and experience successfully. We represent the following 

companies: Hitachi High Technologies, Thermo Scientific, Horiba Scientific, Newport, Bruker-

microCT, Cameca, Plasma=Therm, Spectra-Physics, Ultratech, Solartron, Princeton Applied 

Research. We also provide professional technical support and maintenance services. 

 

  

TESCAN is building its reputation and brand name in the field of designing and manufacturing 

scanning electron microscopes and system solutions for different applications. TESCAN 

strives to keep improving continuously their products, which creates a competitive 

advantage for its customers. The TESCAN brand is becoming established thanks to the 

company's participation in top research projects and cooperation with the leading companies 

in the field of electron microscopy and microanalysis. As a result, TESCAN's instrumentation 

and innovative solutions have won a leading position in the world of nano- and 

microtechnology. Over 2500 SEM installations in more than 80 countries prove the highest 

technical solution of TESCAN products. 

 

 

Uni-Export is offering technical and application support, service and sales of specialized 

research equipment. We deliver solutions manufactured by leading companies from Europe 

and the USA but also integrate various systems adapting them to the special requirements 

and applications. We offer Tescan Scanning Electron Microscopes ( with W, LaB6 and FEG 

electron gun), Dual-Beam system based on Ga ions or Xe-plasma source for fast milling. 

Analytical equipment for SEM : EDX, WDX and EBSD. Wide range of detectors and accessories 

for SEM: CL, EBIC, specialized analytical systems SEM-RAMAN, SEM-TOFSIMS, SEM-AFM. We 

are also involved in equipment dedicated to Vacuum Technology, Mass Spectrometry, Mass 

Flow Control, porosity / surface area analyzers and many other. 
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Oxford Instruments provides leading-edge tools that enable materials characterisation and 

sample manipulation at the nanometre scale. Used on electron and ion microscopes, our 

tools include EDS, EBSD, WDS and OmniProbe manipulators, used for R&D across a wide 

range of academic and industrial applications including semiconductors, renewable energy, 

mining, metallurgy, and forensics. Oxford Instruments Eastern Europe is also the official 

representative of GATAN, offering a wide range of systems and techniques for electron and 

ion microscopes including CL, EELS, TEM cameras and sample preparation. 

 

 

MSA system was designed to collaborate with Laboratories and Research Centers in the field 

of high-end solutions of AFM / SPM, AFM-IR, Correlative Probe and Electron Microscopy 

(CPEM). The domain of our company are modern analytical techniques dedicated to the study 

of nanotechnology application in material science, physics, bioscience including biophysics 

and emerging applications in biomaterials. We specialize in the methods of atomic force 

microscopy and SPM techniques combined with the electron microscopy systems. MSA 

System mission is to provide sales, service, technical and application support with the right 

tools for our customers. We are able to offer individual application service to find best 

solution for our Users. 
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The influence of different degree of deformation on microstructure and 

mechanical properties of gFe single crystal after HE process 

 

B. Adamczyk-CieŜlak1, D. MoszczyŒska1 and J. Mizera1 

 
1 Faculty of Materials Science and Engineering, Warsaw University of Technology, Woloska 

141, 02-507 Warsaw, Poland  

Corresponding author e-mail badamczyk@inmat.pw.edu.pl 

 
The aim of this work was to determine the effect of different degree of deformation on 

the microstructure and mechanical properties of the deformed gFe single crystal <100>. The 

high level of plastic deformation was achieved using hydrostatic extrusion (HE) with two 

different total strain values introduced by the processing Ů = 2.2 and Ů = 2.4. Microstructure 

and crystallographic texture investigations were performed by transmission electron 

microscopy (TEM) and electron backscatter diffraction (EBSD). The obtained results indicate, 

that increase of degree of deformation in the extrusion process provide to refinement the grain 

size of the investigated single crystal. Also HE leads to formation of deformation twins. The 

EBSD analysis raveled formation of double fiber texture with different volume fraction 

of <111> and <100> components. The <111> and <100> double fiber texture is characteristic 

for extrusion of fcc materials. 
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Three-dimensional characterization of titania nanotubes 

 

M. Andrzejczuk 

 

Faculty of Materials Science and Engineering, Warsaw University of Technology, Woloska 

141, 02ï507 Warsaw, Poland 
 

 

Nanostructured materials are mostly studied using scanning electron microscopy and 

transmission electron microscopy. However, for characterization of complex, three-

dimensional structures these methods needs to be complemented with specific techniques like 

electron tomography or FIB/SEM sectioning allowing for 3D imaging. Electron tomography 

gives information about the geometry of nano-sized objects with resolution of few nanometers.  

 

In this work, titania nanotubes were analysed using scanning transmission electron microscope 

HD-2700 Hitachi. The titanium oxide nanotubes have become a very attractive material with 

potential applications in biomedicine, photocatalysis, energy etc. Their properties depend 

mostly on morphology which is relatively easy to change by controlling the conditions of the 

anodization like the type of electrolyte used, the voltage and the time of anodization [1,2]. 

Titania nanotubes were obtained by electrochemical oxidation of titanium at voltage of 20 V 

for 2 hours. After anodization the heat treatment was performed at 450oC for 2h to change 

amorphous structure of TiO2 nanotubes into crystalline anatase structure.  

 

Three dimensional characterization was performed using electron tomography method and 

FIB/SEM sectioning. For electron tomography analysis high angle annular dark field scanning 

transmission electron microscopy (HAADF-STEM) tilt series were collected. SIRT algorithm 

was used for reconstruction of the real structure. The results allowed to determine size, shape 

and wall thickness of the nanotubes as well as their geometric surface area and specific surface 

area, which are important parameters in the development of new substrates for example in 

heterogeneous catalysis. Visualization of the real structure is very useful in understanding of 

metal oxide formation process and predicting future properties. 
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Knowledge of the basic properties of materials is essential for developing their use in new 

applications. After grapheneôs discovery and its interesting properties for nanosciences and 

nanomaterials, interest in 2D materials increased due to their unique properties and potential 

applications. However, in the case of 2D materials development, it is difficult to directly 

examine materials properties due to their fragility and instability. Nonetheless, investigation 

of the structural properties of 2D materials and 2D heterostructures is essential for 

understanding their physical and chemical properties. Here, we present in-situ studies on the 

morphology changes of different 2D materials under the influence of an electron beam during 

HR-TEM and STEM observations. We investigate in detail the eǟect of exposure time, 

acceleration voltage and current dose on the structural changes of selected 2D materials.  
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The goal of this study is to determine interaction between the filler metals and the base 

metal Ti-6Al-4V. The main point of interest are changes in wettability after annealing at 

different temperatures and for variable time. Another point of interest is to characterize 

microstructural evolution of the interface between filler metals and titanium alloy substrate. It 

is known that Ni tends to form brittle intermetallic with Ti and their formation negatively 

affects joint integrity [1]. Thus, the two filler metals compositions were investigated to 

determine the effect of Ni substitution by Pd, on wettability and interface microstructure after 

wetting tests. 

The interaction between Zr52Ti24X14Cu10, where X is Ni and Pd, and Ti-6Al-4V 

substrate were studied by sessile drop method. This method allows to obtain both the contact 

angle and assess the processes at the interface. A more detailed study of interfacial 

microstructure was carried out on cross sectioned samples using scanning electron microscope 

(SEM) and transmission electron microscopy (TEM). 
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Solute atoms, such as Mg, play a critical role in the microstructure evolution of 

aluminum-magnesium alloys during deformation, as they interact with other crystal defects, 

especially dislocations and grain boundaries. Severely deformed structures often exhibit a 

segregation to grain boundaries (GB) when the alloy is processed at elevated temperature [1]. 

However, there is almost no literature data describing the phenomenon of solute atoms 

diffusion, when processing is carried out at room temperature.   

In the present work, a special emphasis is given on the specific structure of GB in 

ultrafine grained Al-5Mg processed by High-Pressure Torsion through various number of 

revolutions and on the distribution of solute elements in the microstructure. The investigation 

of the microstructure and GBs characteristics were carried out by scanning transmission 

electron microscopy combined with ASTAR orientation imaging whereas  the distribution of 

Mg atoms was examined by super-EDX analysis. The results show that the microstructure 

evolves with torsional straining so that there is a continuous reduction in the average grain 

size, an increase in the average boundary misorientation angle.  Moreover, a depletion of the 

GBs with Mg atoms was observed in all samples (Fig.1). It was found that such a depletion is 

observed only along high-angle GBs, whereas low-angle GBs were free of any chemical 

disorder.  

 

Fig. 1. Crystallite orientation map of the Al-5Mg alloy after 10 revolutions of HPT 

complemented with EDX analysis from the selected region showing Mg atoms depletion. 
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CeO2 is an important multi functional Red-Ox catalyst. Its activity hinges on reversible 

Ce(IV)/Ce(III) transitions, which are mutually related to the formation of oxygen vacancies, 

particularly at the crystal surfaces. There are two main ways to decrease the energy of oxygen 

vacancy formation in ceria. Shape selective synthesis of cube-shaped   nanoparticles 

(terminated by highly active {100} crystallographic planes) and doping with aliovalent ions. 

The main aim of this work was an attempt to find out if there is the synergy of these two factors 

on the formation and structure of defects in Ce1-xEuxO2 nanoparticles. 

Small (5-20 nm) and large (30-70 nm) Ce1-xEuxO2 nanocubes were synthesized under strongly 

basic conditions by simple microwave-assisted hydrothermal method described in [1]. An 

oxygen depletion at the surface of the nanocubes has been found by STEM-EDS method. 

Moreover, the oxygen vacancies ordering was observed in small Ce1-xEuxO2 nanocubes at x > 

0.2 (Fig.1).  

 

Fig. 1 Typical TEM images and FFT patterns of a high Eu doped nanoparticles (çaè - in [110] 

orientation, çbè - in [100] orientation) showing the superstructure due to ordering of oxygen 

vacancies. 
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Orientation Microscopy is a powerful tool for microstructural characterization of crystalline 

materials. Well-developed in SEM, EBSD technique is applicable to most investigated 

materials. However there is still some areas were TEM Orientation Microscopy is 

indispensable [1]. 

New developed system in TEM based on Kikuchi diffraction patterns and spot patterns was 

applied to deformed materials with large grains refinement and dislocations density  [2,3]. The 

possible applications of the systems were tested on the wide range of the metals. Exemplary 

results were provided for characterization of materials after plastic deformation by means of 

KoBo, cold rolling and hydrostatic extrusion (HE). Statistical analysis of local orientation, 

texture and grain boundaries characterization were considered for chosen materials of different 

symmetry like cubic aluminum and its alloys and hexagonal titanium with spatial and angular 

resolution better than in conventional EBSD. Results were compared to TKD (Transmission 

Kikuchi Diffraction) method in SEM.  
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Chemerin is a small multifunctional protein present in blood but synthesized mainly in liver 

and adipose tissue. Relatively high expression of chemerin is also observed in epidermis where 

the protein plays the role of antimicrobial factor. It was previously found that the small cationic 

fragment of chemerin composed of 20 amino acids (peptide 4; p4) reveals strong antibacterial 

potential [1]. However, the mechanism of chemerin action against bacteria is not known. Thus, 

the aim of the study was to determine the structural changes in bacterial cells exposed to 

synthetic p4 peptide of chemerin. Gram positive (Staphylococcus aureus, S. epidermidis) and 

Gram negative (Escherichia coli) bacteria were chosen and treated for 2 hours with p4 peptide 

followed by their preparation to TEM and SEM imaging. Moreover, p4 peptide distribution 

was assessed in bacterial cells using immunogold labelling approach. 

The treatment of bacteria with p4 peptide revealed severe damages in the structure of bacterial 

envelope in comparison to the cells cultured in phosphate buffer (PBS) (Fig. 1A and B). 

Further, the immunogold labelling method has shown that p4 peptide was present in both the 

cell walls and the protoplasts of the bacteria even after 10 minutes of treatment. It suggests 

that chemerin peptide p4 enhances either permeability of the envelope of the bacteria or 

leakage of their protoplasts. In consequence, the growth of bacterial cells was significantly 

inhibited (Fig. 1C).  

 

Fig. 1. TEM micrographs show E. coli cells cultured in PBS (A) and after their treatment with 

chemerin p4 peptide (B). The results of antimicrobial activity of chemerin p4 peptide against E. 

coli, S. aureus and S. epidermidis (significant changes at ***p< 0.001, **p< 0.01, *p< 0.05 

revealed by KruskalïWallis one-way ANOVA followed by the post hoc Dunnôs test for 

multiple comparisons). 
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Networks of grain boundaries in polycrystalline materials determine several of their 

properties, such as diffusion along the boundaries, crack propagation and grain growth, to 

name a few. The 3D-EBSD technique allows for comprehensive characterization of grain 

boundaries including their geometry and character. The current experiment is aimed at the 

characterization of grain boundary networks in copper subjected to plastic deformation, before 

the recrystallization process occurs. 

A set of samples made of technically pure copper (M1E grade) was deformed in a 

channel die compression machine to thickness reduction in the range from 50% up to 90%. 

Channel die compression resembles a simplified model of the rolling process, however it 

enables a precise control of strain rate and strain level. Subsequently, crystallographic texture 

and grain boundary geometry were investigated using XRD and 3D-EBSD techniques, 

respectively. 

Series of crystallographic orientation maps acquired using the 3D-EBSD technique 

were processed using OIM Analysis and Dream 3D software, as well as, code written óin 

houseô. Crystallographic textures obtained from the XRD technique were used to verify the 

representativeness of the 3D-EBSD data. Basing on the EBSD datasets, geometries of grain 

boundary networks were reconstructed. There reconstructions were further used to calculate 

grain size and shape distributions, as well as, grain boundary geometry distributions. 

The appearance 3D-EBSD technique opened up new possibilities to characterize 

material microstructures. The next step of the research will be aimed at characterizing partially 

recrystallized microstructure of the investigated material. 
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The object of the study were as-cast of Mg-Y-Ca and Mg-Li -Ca alloys with the addition of 

Zn. Phase analysis were carried out using x-ray diffractometer (XRD), electron backscattered 

diffraction on scanning electron microscopy (EBSD SEM) and diffraction pattern on 

transmission electron microscopy (DP TEM). 

In the as-cast structure of Mg-Y-Ca alloy were found two types of precipitates ï CaMg2, and 

Mg24Y5 . After addition of 1% Zn to alloy appeared next two phases Mg3Y2Zn3 and YZn5. The 

phases on the grain boundaries had a spherical and elongated shapes. Inside the grains 

supersaturated dispersoids in the form of needles were observed.  

In Mg-Li -Ca and Mg-Li -Ca-Zn alloys the same CaMg2 and Li3Mg17 phases were identified by 

x-ray diffractometer (XRD) and electron backscattered diffraction (EBSD SEM). The 

differences in the structure of alloys containing Li were due to the morphology of precipitates. 

In the grain boundaries of Mg-Li -Ca alloy, CaMg2 + Mg eutectic was observed, whereas in 

the analogous alloy with 1%Zn added in grain boundaries, uniform elongated CaMg2 phase 

fragments containing Zn trace were visible. 
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Transparent conductive layers (TCL) made of metal oxides are widely used in many 

industrial production facilities. Good examples of TCLs applications can be: LCD displays, 

solar cells, gas microwave and heating layer. The most important properties of TCL are high 

electrical conductivity coefficient of the layer and very good transparency. As an example of 

TCL can be pointed out indium tin oxide (ITO). These layers are characterized by low 

resistance (10-4 ɋ cm) and very high transmittance of visible light (> 85%). Another 

commonly used TCL material is phosphorus-doped tin oxide (FTO). Its properties are similar 

to the popular ITO. Average FTO layer transparency indicator is equal about 82%, and the 

resistance is between 4.0 10-4 and 6.0 Ĭ 10-4 ɋ cm. Another promising material used as TCL 

is zinc oxide (ZnO). It belongs to the semiconductors group. It is characterized by a wide 

energy gap of 3.37 eV and high transparency over 70 %. The resistance of ZnO can be 

controlled over the range 10ī3ï105 ɋ cm. Various methods are used to produce transparent 

conductive layers. For example, traditional ZnO thin films can be prepared using high 

temperature methods like physical vapour deposition (PVD) or chemical vapour deposition 

(CVD). Interesting alternative for CVD and PVD methods seems to be sol-gel technology. 

Compared to the CVD and PVD method, sol-gel technology requires much less complicated 

equipment, is less expensive and depositing process is not carried out in high temperatures 

[1-4]. 

Material used for the study was produced according to the following recipe. 

Zn(C2H3O2)2Ā2H2O (Chempur) was dissolved in the mixture of isopropanol IPA (Sigmaï

Aldrich) and 2-amino-ethanol (MEA) (SigmaïAldrich). IPA was used as a solvent, MEA as 

both a complexion agent and a base. This mixture was stirred for 2 h at 50ÁC. The molar 

ratio of Zn to MEA was 1 and kept constant. Then the prepared solution was spin coated 

with the various spin speed (2000, 3000 and 4000 rpm) on the glass substrates [5]. 

The chemical composition has been inspected by the Energy-dispersive X-ray 

spectroscope EDS. The surface topography was investigated by the atomic force microscope 

AFM and scanning electron microscope SEM. The roughness measurement has been obtained 

in the software XEI Park Systems. Optical parameters (transparency) was measured by the 

spectrometer UV/VIS. 
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Recrystallization phenomena are driven by the consumption of the energy stored in the 

material during plastic deformation, the main contribution to that energy being the storage of 

dislocations. Recrystallization proceeds by the formation and growth of new grains that have 

a much lower stored energy level. As a matter of fact, at the local scale recrystallization 

mechanisms can be seen as grain boundary formation and migration in a heterogeneous 

dislocation density field.  

Dislocations induce local distorsions of the crystal lattice, the cooperative effect of which can 

lead to measurable crystal lattice rotations. Orientation mapping is thus a mean of estimating 

dislocation densities, and of estimating the driving force for recrystallization. On the other 

hand, the properties of the moving boundaries (energy, mobility) are important in the control 

of the recrystallization kinetics; those are dependent on the boundary structure and notably on 

the misorientation between adjacent crystals, which can also be assessed by orientation 

mapping techniques. 

Among all orientation mapping techniques, EBSD is surely the most popular one, since it 

provides a good compromise between a spatial resolution compatible with the microstructure 

scale of most metallic materials and the possibility to get maps wide enough to ensure 

statistical relevancy, and it can be easily implemented onto a scanning electron microscope.  

Several examples where EBSD maps were used for describing recrystallization phenomena 

will be presented, with a special emphasis on advanced EBSD data processing strategies, based 

on two main examples: 

- Characterization of intragranular misorientations and dislocation density fields in deformed 

metallic materials: different strategies for improving the angular resolution of the maps or for 

avoiding artefacts due to the measurement noise 

- Heteroepitaxial recrystallization in ɔïɔ' nickel base superalloys: a new mechanism recently 

discovered thanks to the combined use of EBSD and EDS ; how to go beyond the spatial 

resolution limitation of the EDS technique?
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With Cold FEG, no compromise on the triptych:  

 1) Small probe size with high probe current 

 2) Higher brightness electron source  

 3) Monochromatic energy resolution (0.27 eV) 

 

This specific gun equipped three JEOL TEM: F2, ACCELARM and Grand ARM. 

The F2 (a) is a new concept of 20-200kV TEM equipped with a Cold FEG. This new 

generation of multi-purpose electron microscope is designed specifically to meet today's 

diversified needs. Many features have been developed for this new microscope: Improved 

Cold FEG, Advanced EELS, Dual SDD EDS, Advanced Scan System, Smart Design, 

SpecPorter and Environmentally Friendly. 

The Cs corrected ACCELARM with Cold FEG and the new ASCOR Cs corrector represents 

a radical departure from electron optical technology, achieving unprecedented imaging 

resolution of 78 picometers with an energy resolution of 0.27eV. ASCOR corrector has been 

designed to improve the unique performances from 30 to 200kV.  The higher brightness and 

narrower energy spread enabled by the Cold FEG are optimized by the ultra-stable emission, 

greatly enhancing atom-atom imaging and chemical analysis on a wide high tension range. 

Then the Cold FEG technology has been integrated to the Grand ARM. The combination of 

Cold FEG with JEOL ETA Cs Correctors exceeds atomic resolution boundaries for any 

commercially-available TEMs today. This TEM achieved the worldôs best resolution of 45pm. 

Designed to meet the most advanced materials development requirements for atom-by-atom 

characterization and chemical mapping, the Grand ARM offers the highest level of 

performance in the JEOL line of atomic resolution microscopes. This TEM is available with a 

wide gap pole piece designed especially for analytical and in-situ experiments. 

The talk will present the latest developments of JEOL based on Cold FEG technology and 

applied to low voltage experiments, EDS, EELS, in-situ é 

 

a) F2, b) Annular Bright Field image to see light elements, c) HRSTEM on SiAlON sample 
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Discs of as-cast EZ33A magnesium alloy with an initial grain size of about 60 mm were 

processed by high-pressure torsion (HPT) for 1, 3 and 10 turns under a constant compressive 

pressure of 6 GPa at 300 K with a rotation speed of 1 rpm. After HTP processing, the 

specimens were investigated by FIB technique, as well as SEM and TEM microscopy. 

Microstructure observations were performed in the mid-radius position of the disc for both 

pre- and post-HPT treatments. Hardness measurements were carried out along disc radii.  

Bimodal grain size distribution is observed after 1 turn, which is not perceived after the next 

revolutions. However, the grain size and hardness of the samples subjected to 3 and 10 turns 

is practically the same. The grain refinement takes place through dynamic recrystallization as 

proved by low defect density in the processed material (Fig. 1a). Ultrafine grains up to about 

130 nm were achieved after 10 turns (Fig. 1b). 

 A significant grain refinement was accompanied by an increase of hardness, with the 

increasing distance from the centre of disc. The Vickers hardness of investigated alloy 

subjected to 10 turns increased nearly twice as compared with the as-cast condition.  

 

(a) (b) 

  

 

  

 

  

 

 

 

 

 

 

 

Fig. 1. TEM micrographs with grain structures: (a) after 3 turns, d = 135 nm; (b) after 10 turns, 

d = 127 nm (d ï mean grain size). 
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The Ni-Mn-Ga alloys exhibit a variety of functional properties including the magnetic shape 

memory (MSM) effect. The MSM phenomenon is observed in certain ferromagnetic 

martensites of these alloys, namely those having the five-layered modulated (5M) or seven-

layered modulated (7M) type of crystal structure. The main drawbacks for industrial 

application of Ni-Mn-Ga alloys are low operating temperatures and brittleness. This has led to 

the search for new alloy compositions with enhanced functional properties. Addition of a 

fourth element (Cu) into ternary system gives an opportunity to improve ductility and increase 

the martensitic transformation temperature. Ten alloys of the nominal composition 

ὔὭὓὲὋὥ ὅό (x=1-10 at.%) were produced by arc-melting from high purity elements 

and thereafter re-melted three times under argon atmosphere. The buttons were cut into two 

pieces encapsulated at vacuum conditions and homogenized at 1173K for 48h. Then, the one 

part was furnace cooled while the other was water quenched. Chemical compositions were 

checked by an energy-dispersive spectrometer attached to a scanning electron microscope 

(SEM). The crystal structures at ambient temperature were analyzed by transmission electron 

microscopy (TEM) and X-ray diffraction techniques. The valence electron per atom ratio (e/a) 

and the type of crystal lattice evolved depending on the Cu concentration. SEM and TEM 

analysis revealed that the Cu addition significantly affects the microstructure. The 

characteristic temperatures of the martensitic transformation, i.e. austenite start and finish 

temperature and martensite start and finish temperature increase upon Cu addition. The 

structure evolution as well as the martensitic transformation temperature were further 

correlated with the composition induced changes of the e/a ratio and the unit cell volume. 
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Recently EDS capabilities have improved microanalysis and element mapping with faster 

signal acquisition in the transmission electron microscope. The advent of detectors with a very 

large area diode (X-rays collection angle å1sr) or several diodes arranged around the sample  

(å0.7...0.9 sr), sometimes windowless, increase the signal collection efficiency. Moreover 

field emission electron sources complemented by an illumination optics fitted with a spherical 

aberration corrector increases the probe current density for higher X-rays generation rates 

while retaining a spatial size below the nanometre or even down to the atom column resolution 

on suitably oriented samples.  

These progress extend EDS capabilities to light elements, high spatial (semi-) quantitative 

microanalysis of nanophases, layers or interfaces and element mapping. Moreover EDS does 

not require alignment skill and interpretation is more intuitive than for EELS spectroscopy. 

Therefore it opens elemental analysis to a broader range of researchers with a minimum 

training. 

However this evolution has a price not always recognized. A main concern is the necessary 

thickness correction to account for X-ray absorption as soon the sample thickness exceeds a 

few tens of nanometres. As far as the author is informed, the present software delivered with 

EDS systems is still based on a single X-ray take-off angle (the angle between the sample 

plane and the line joining the investigated area to the centre of the diode). If this approximation 

was acceptable for a 10 mm2 circular diode (å0.1sr) it is no longer the case for 100mm2 (å1sr) 

or even non-circular ones. In the case of the SuperXÈ (FEI) detector, each of the 4 diodes are 

only 30 mm2 and receive X-rays with the same take-off angle as long as the sample is not tilted 

and flat. But once it is tilted the take-off changes from diode to diode and there is no longer 

any reasonable take-off angle value to feed in the software leading to important inaccuracies 

on concentrations. Looking forward one should mention that the day suppliers will be able to 

read independently and simultaneously each diode signal, actual take-off angle including the 

bending of the sample along its thin rim will become measurable and improve the thickness 

correction and quantitative analysis beyond the present capability.  

Second important progress, the transfer from development to market of the "zeta-factor" 

method for quantitative analysis might supersede the widely used Cliff-Lorimer approach in 

the forthcoming years. In principle this method brings more accurate composition 

measurements with the value of the sample thickness times density as a free gift. Standards for 

calibration may be pure or compounds but the accurate knowledge of their thickness is still an 

issue.  
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FIB-tomography is used in materials science for 3D-analysis of nanostructured materials [1] 

and in life science for the analysis of complex structures like brain tissue [2]. This presentation 

summarizes recent technological improvements, which include advancements in detector 

technology for electron imaging and elemental analysis, scan generator technology for high 

throughput imaging, and automated drift correction for reliable 3D reconstruction. New in-

column detectors have a higher sensitivity for low energy electrons, which is the basis for a 

very high resolution down to a few nm voxel size. The quality of the 3D reconstructions can 

also be improved with refined procedures for drift correction based on reference marks. In 

addition, with the new scan generators image acquisition and ion milling can be performed 

synchronously. In this way the acquisition speed increases further. Finally, spectral and 

elemental mapping (XEDS) based on Silicon Drift Detectors (SDD) with higher collection 

solid angles provides higher X-ray count rates. These increased count rates open new 

possibilities in chemical analysis that provide larger data cubes with higher representativeness. 

The latest development of acquisition software allows switching of high tensions in order to 

acquire data sets with small voxel sizes and high resolution using SE and BSE detectors with 

high efficiency at low voltages and to acquire a second data set under conditions that match 

the requirements for EDX Analysis (higher voltages and larger voxel sizes). Several 

applications of FIB Nano-Tomography will be presented in order to give an overview of the 

possibilities.. 

 

 
Fig. 1. 3-D reconstruction of a solid oxide electrolysis cell by FIB-SEM/EDX. 
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The development of materials for extreme conditions and environmentally friendly energy 

systems requires an application of innovative materials and use of advanced techniques for 

characterization of their structure down to the nanoscale. Similarly to the other superalloys, 

the processing route of alloy Allvac 718Plus (herein referred to as 718Plus), especially 

solidification, hot working and heat treatment practices, has to be carefully controlled to 

generate a desirable microstructure and therefore the required mechanical properties. 718Plus 

is a newly developed nickel-based superalloy, high strength, corrosion resistant and has 

improved higher temperature performance compared to the IN718, while retaining the 

excellent processing characteristics of that alloy. The main differences in chemistry between 

718 and 718Plus are the addition of Co and lower Fe as well as a lower ratio of Ti to Al. The 

combination of a different chemistry and heat treatments causes precipitation only the g¡ and 

d or h phases. Superalloys are commonly used in jet engines due to their high temperature 

stability and good endurance. The components found in the engines are of complex shape and 

therefore casting is utilized. One of the problems associated with casting of highly alloyed 

alloys, such as Ni based superalloys, is that partitioning of elements tends to take place upon 

solidification. This might lead to formation of low temperature melting eutectics which further 

will have a negative effect on the weldability.  

The present work concerns the application of SEM and TEM techniques for imaging and phase 

analysis in as-cast 718Plus superalloy. SEM microstructural analysis was performed using 

Merlin Gemini II (ZEISS) scanning electron microscope. TEM investigations were performed 

by application of FEI Cs-corrected Titan G2 60-300 with EDX ChemiSTEMÓ technology. 

The TEM study was conducted on the lamella prepared by FIB technique. Based on SEM/EDS 

analysis results as-cast microstructure of investigated sample consists of a dendrite structure 

with Nb/Ti carbides or carbo-nitride eutectics (MC + ɔ) and Laves (ɔ + Laves) eutectic. Strong 

segregation of Nb in interdendritic regions was observed. Analysis  of phases chemical 

composition was performed using TEM/EDS and SEM/EDS methods. Determination of 

crystallographic structure of selected particles was performed using  TEM/SAED method 

supported by JEMS software. 3D imaging of precipitates in interdendritic region  was 

performed using FIB/SEM tomography technique. The 3D visualization of reconstructed space 

for FIB/SEM tomography was performed using ImageJA 1.45b and Avizo Fire 6.3 software.  
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 The most crucially strengthening phase in nickel based superalloys is ordered Ni3Al 

phase denoted as ɔ'. The ɔ' phase exhibits the L12 crystal structure while the ɔ phase (matrix) 

is disordered and has the face centered cubic (fcc) crystal structure. Lattice parameters of the 

aforementioned phases are quite similar and misfit (ŭ) is generally less than one percent. 

Lattice mismatch has an influence both on virgin microstructure and on its evolution. Internal 

stress distribution, deformation mechanism and shape of precipitates is directly connected with 

the mismatch between ɔ and ɔ' phases [1]. Microstructure during long term service and strength 

of given alloy are strictly dependent upon stability of ɔ' phase, namely volume fraction, particle 

size and composition.  

In the present work rapid quenching of nickel based superalloy strengthened by ɔ' precipitates 

was carried out. Investigation focused mainly on the morphological change of ɔ' particles by 

scanning- and transmission electron microscope equipped with EDS detectors. Calculation of 

the lattice parameter of ɔ and ɔ' phases and then parameter ŭ was performed using the X-ray 

diffractometer. Microscopic and spectroscopic analyses revealed irregular distribution of 

alloying elements between matrix and ɔ' phase in the as received condition. Relatively high 

content of gamma prime formers influenced on substantially high volume fraction of particles 

in dendrite cores and residual eutectic ɔ/ɔ' islands in the interdendritic areas. Increasing of 

mechanical properties was also obtained through addition of Ta and Hf that formed MC 

carbides with different morphology from blocky shaped to Chinese script. As a consequence 

of heat treatment at elevated temperature ɔ' particles were slightly dissolved in the matrix and 

then re-precipitated during rapid cooling. X-ray investigation showed that lattice parameter (a) 

of ɔ phase is higher than that of ɔ' phase which was subsequently influence on negative ŭ 

parameter.  
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The materials microstructure is a broad topic, worth focusing on, while it can be linked to most 

of materials properties. The knowledge of the influence of particular structural elements on 

the behavior of metals and alloys allows us to design and manufacture a product with strictly 

expected characteristics. It also enables a better understanding of the processes occurring 

within the materials.  

In recent years, more and more interest is placed on Mg-Zn-Ca alloys [1-4]. This is due to their 

physical and mechanical properties, which may include: a low density, high strength and high 

ductility [5-6]. High popularity of these alloys is also affected by their biological properties 

such as biocompatibility and bioresorbability [1]. In addition, these materials are characterized 

by a relatively low price.  

In the present work, the effect of alloying elements (X=Ag, Cu and Sn) on the microstructure 

of rapidly solidified Mg-Zn-Ca alloys have been investigated. Mg67Zn29Ca4 based alloy with 

the Ag, Cu and Sn were prepared using high purity elements (99,99%) in a vacuum 

atmosphere.  Rods with 2 mm diameters were obtained using cooper mould casting method. 

Samples were grinded using abrasive papers with grit from 120 to 4000, and then polishing 

and etching with reagent based on picric acid and 3% nital. The microstructure investigation 

has been carried out using scanning electron microscope: Hitachi S-3500.  

The effect of alloying elements on microstructure was determined. According to experimental 

results, the microstructures of the rapid solidified Mg-Zn-Ca-X samples changes with alloying 

elements (Ag, Cu and Sn).  
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Aero engine turbine should be characterized by very good mechanical properties, especially 

high creep resistance and fatigue strength at high temperature. The mechanical properties of 

blades made of nickel-based superalloys depend on the microstructure and porosity resulting 

from the casting process [1, 2]. To decrease the internal porosity generated by investment 

casting, hot isostatic pressing (HIP) can be applied. This paper aims to evaluate the effects of 

hot isostatic pressing on the microstructure of IN713C superalloy blades. 

HIP treatment reveal some microstructural changes. Microstructural investigations performed 

by scanning electron microscopy (SEM) and scanning transmission electron microscopy 

(STEM) after HIP reveal significant changes in the microstructure: (i) the morphology of ɔ' 

particles changed to irregular in dendrites, (ii) the size of ɔ' particles was smaller in the 10 ɛm 

surface layer of the blades, (iii) the dislocation cell structures appear during internal stress.  

Electron backscatter diffraction (EBSD) analysis on the basis of strain contouring maps was 

performed. This analysis provides an estimate of the extent of deformation, or strain, in 

individual grains in a map. Moreover, overlapping of strain contouring maps and orientation 

maps with highlighted grain boundaries reveals that: (i) the most deformed are areas of these 

grains in which the [101] direction was perpendicular to the cross-section of the blade, (ii) 

surface layer of the blade airfoil is characterized by high amount of low angle boundaries 

(LABs), what may facilitate diffusion processes leading to simplify of a heat treatment 

(solution treatment and aging). 
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Biocompatibility of titanium alloys can be highly improved by deposition of thin 

hydroxyapatite (HAP) coatings. The fastest fabrication method of such coatings on titanium 

substrates is electrodepostion where calcium and phosphate ions are deposited directly on the 

cathode forming calcium-phosphates. In this work calcium-phosphates were electrodeposited 

in time bellow 1 hour on titanium solid samples and porous scaffolds 3D printed using 

Selective Laser Melting (SLM) technique. Fabricated coatings where compared with calcium 

phosphates obtained by soaking in Simulated Body Fluid (SBF) substrates fabricated by Laser 

Engineered Net Shaping (LENS). Focused Ion Beam (FIB) microscope was used for 

fabrication of thin foils for Scanning Transmission Electron Microscopy (STEM) 

observations. Scanning Electron Microscopy (SEM) showed calcium-phosphates on the whole 

surface of chemically polished scaffolds. STEM observations showed morphology of 

fabricated coatings which was typical for nanohydroxyapatite ï connected, spherous particles 

sized 20-70nm. The energy dispersive X-ray analysis (EDX) and X-ray diffraction (XRD) 

confirm HAP presence in fabricated coatings. The microtomogrpahy (Õ-CT) revealed some 

porosity between fabricated coating and titanium substrate. Our work confirmed that chemical 

polishing improves calcium-phosphate coatings formation on 3D printed titanium substrates. 

 

 

  

Fig. 1. Fig. 1. Calcium-phosphate coatings manufactured by electrodeposition method; 

a) coating morphology, b) interface between coating and titanium substrate 
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Tungsten is at present the prime choice for plasma-facing components for future fusion power 

plants. It has a very high threshold for sputtering as well as a high melting point and high 

thermal conductivity. Moreover, it exhibits a moderate hydrogen retention which is believed 

to be related to hydrogen trapping by structural defects. Therefore, thorough investigations of 

the trapping mechanisms shall allow for understanding hydrogen transport in this material. 

In this study tungsten targets have been bombarded by two procedures to simulate the fusion 

reactor conditions. The first was a simultaneous irradiation with 10.8 MeV W6+ ions and D3
+ 

ions with 300 eV per D at different sample temperatures. The second was a two-stage 

irradiation with 20 MeV W6+ ions and then with 0.5 MeV He ions. 

Specimens for the analysis were prepared by FIB, with final plasma thinning to limit additional 

damages of sample. TEM observations of irradiation damages were performed with both TEM 

and STEM techniques to reveal different microstructure features.  

STEM observations provided general information about depth of irradiation and overall view 

of damaged layers. More deep analysis was done with TEM diffraction contrast experiments. 

Applied observation procedures allow to distinguish numerous defects like dislocation loops 

and lines, nanobubbles and strong stress fields in He irradiated samples. Results allowed to 

conclude about damages mechanisms and provide information about the nature of damages 

induced by each irradiation procedure. 
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The superior mechanical performance of ultrafine grained materials is caused by the 

high fraction of grain boundaries which are effective in hindering dislocation motion [1]. 

Despite an ongoing progress in understanding their behavior under a mechanical load, details 

of dislocation structures evolution are not fully understood [2,3]. In-situ TEM straining 

experiments can provide missing information by unique opportunity to follow dislocation 

activities with a live view of local deformation [4]. Since severely deformed metals feature 

fine grain size and strong internal stresses, in-situ TEM straining experiments may be 

challenging. 

In this study, pure aluminium hydrostatically extruded to high stains was examined. 

This processing procedure resulted in the formation of relatively simple microstructure with 

two dominant orientations of <001> and <111> parallel to deformation direction. However, 

the grains with two different orientations featured different local microstructures in as-

extruded condition. <001> grains feature dislocation cellular substructure with sizes of about 

1mm and dislocation walls at different stages of development.  <111> grains are finer, size of 

approx .700 nm, and feature well developed low angle grain boundaries. 

Next, in-situ straining was performed to follow their evolution under applied stress. 

Specimens for in-situ experiments were cut perpendicularly to extrusion direction, thus after 

the final thinning, the foils featured exquiaxial microstructure. Sources of new dislocations 

were found close to triple points. Then, different activities were observed depending on the 

grain type. In <111> grains boundary assisted deformation mechanisms were dominant while 

in <001> ones different dislocation interactions were observed.  

Finally, in-situ experiments results were used to explain the microstructure evolution 

during bulk compression deformation. The presence of only two orientations allowed to use 

the same imaging conditions to compare dislocation activities observed in in-situ experiment 

with post-mortem observations of microstructures after bulk deformation. 
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Martensitic transformation in Ni-Mn-Ga was investigated with a scanning electron 

microscopy. Direct observations of austenite/martensite transformations were performed 

employing a heating stage device and an electron back scatter diffraction. The crystallographic 

analysis accomplished at room temperature and at a temperature slightly higher than the 

austenite finish temperature (Af) using orientation mapping has unveiled a strong asymmetric 

distribution of martensitic variants with respect to the cubic orientation of austenite for the 

single crystalline material [1]. Such an observation was fully reproducible and it was in 

disagreement with  the most common models given in the literature.  Such a strong asymmetric 

distribution of martensitic variants is on the other hand consistent with the so-called orthogonal 

shear deformation realized through coordinated secondary twinning [2,3]. This process labeled 

as the M¿llner-King mechanism appears to play a critical role in martensitic transformation 

and twin boundary motion since it defines the transformation path with which the martensitic 

variants reach their final orientation. It also indicates a strong hierarchy in twin formation upon 

martensitic transformation. Interestingly the strong asymmetry of martensitic variants 

gradually decreases with increasing number of grains in polycrystalline materials. This effect 

can be explained by grain boundary constraints and compatibility conditions during 

martensitic transformation. The results are discussed with respect to microstructure, number 

of variants, grain boundary constraints and the exiting models in the literature. 

 

 

 

 

 

Fig. 1. EBSD map of a self-accommodated Ni-Mn-Ga polycrystal 

indicating inter-plate and grain boundaries with black and red lines, 

respectively. 
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This work presents the results of the microstructure investigations and electrical resistance analysis 

of La1-xSrxCoO3 thin films produced by the laser ablation (PLD - Pulsed Laser Deposition) method. 

Thin films were produced on Si and MgO single crystals substrates with [001] orientation by the 

Powerlite Precision II 9010 DLS Nd:YAG solid-state pulsed laser. The microstructure and 

chemical/phase composition of deposited films was investigated by a high resolution scanning 

electron microscope (FEI Nova NanoSEM 450 equipped with EDS detector EDAX and GENESIS 

software), transmission electron microscopes (Jeol 200CX and JEM-2010ARP equipped with 

EDX INCA detector and Oxford Instruments Software) and an X-ray diffractometer 

PANanalytical EMPYREAN DY 1061 with CuKŬ (ɚCu = 0.154 nm) radiation in the Braggï

Brentano and grazing geometry. The surface topography of thin films was analyzed using atomic 

force microscope (Veeco DimensionÈIcon Ê SPM), and surface roughness parameters were 

determined using Nanoscope Analysis software. Adhesion and nanohardness tests were also 

performed by the CSM Instruments NHT-NST apparatus. This analysis allowed to verify the 

quality of prepared La1-xSrxCoO3 thin films and showed that smooth and dense films with 

nanocrystalline structure, preserving the composition of the bulk target, could be obtained by the 

laser ablation technique. Research study showed that by a proper selection of PLD process 

parameters it was possible to deposit films with significantly decreased amount and size of 

undesirably nanoparticulates. In order to determine sensitivity of thin films on a presence of 50 

ppm of NO2 a specialized measuring station equipped with a Keithley 6517 electrometer at 

constant voltage mode was used. The observed resistance decrease of La0,8Sr0,2CoO3 thin films in 

oxidizing gas atmosphere is typical for p-type semiconductor and indicate that the layer exhibits 

sensitivity to this gas. 
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Titatnium nitride films prepared by pulsed laser deposition technique were investigated  by 

means of transmission Kikuchi diffraction technique using field emission gun scanning 

electron microscope FEG SEM. In genereal transmission Kikuchi diffraction offers one order 

of magnitude higher spatial resolution in comparison to standard electron backscatter 

diffraction which opens possibility of nanomaterials analysis. Measurement capabilities and 

parameters of transmission Kikuchi diffraction in comparison to electron backscatter 

diffraction will be discussed. Thin films with various thickness and morphology deposited on 

single crystal silicon wafers (100) were analyzed. For transmission Kikuchi diffraction 

analysis thin lamellae were prepared by focused ion beam milling. Advanced pattern analysis 

has been performed using custom made Hough transform based software.
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In electron microscopy, the information results from the interaction mechanisms between the 

primary beam of electrons and the material under study. Consequently, all efforts and 

successes aimed at improving the instrumentation for signal acquisition and at developing the 

required software for data processing and for theoretical simulation, radically extend the 

domains of application of the newly designed instruments, thus opening wide and unexpected 

fields in many domains of research. In particular, the recent developments of the Scanning 

Transmission Electron Microscope (STEM) pave the way towards a very comprehensive 

characterization of individual objects of the nanoworld, either isolated or in interaction. Major 

progress concern the properties of the incident electron probe delivered from the high 

brightness source and shaped by monochromators, aberration correctors and eventually 

holographic masks. The present contribution will however focus on the multi-detection 

strategy around the specimen, allowing the collection of complementary signals of scattering 

(imaging), absorption (EELS) and emission (EDX, cathodoluminescence) nature. Basically, 

the new generation of instruments combines spatial resolution down to the sub-¡ level (so that 

atomic-level imaging and chemical mapping have become routinely accessible) and spectral 

resolution in the tens of meV range for EELS spectroscopy giving access to plasmonics, 

electronics and even phononics studies. With the support of theoretical tools and computing 

assistance to model structures and to calculate electron states, the impact of these upgraded 

instrumentation and methods will be demonstrated through studies on nano-objects, surfaces 

and interfaces. 

   

 

The global design of a multi-signal STEM instrument providing simultaneous topographical 

(or structural) images together with chemical (and/or optical) maps with atomic (or nm) 

resolution.
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The beam sensitive and low contrast nature of some nanomaterials has driven accelerating 

voltages for TEM/STEM to lower levels, with much work being undertaken at 80kV or lower 

to mitigate knock-on damage effects. Similarly, as nanostructures and 2D materials become 

more important, combining surface information with transmitted electron information 

becomes increasingly critical in order to understand the real-world behavior of materials.  

 

This presentation will examine a novel approach where a SU9000 30kV STEM/SEM has been 

utilized to provide advanced capabilities more commonly associated with TEM, such as EELS 

and diffraction, as well as additional capabilities such as surface imaging not generally 

available in TEM.  

Combining SE/BSE/BF/HAADF/EELS/EDX and diffraction information in one low-kV 

optimized platform provides deeper insights than achievable by TEM alone. Examples will be 

presented demonstrating contrast improvements, damage reduction and increased analytical 

signals resulting from low kV, as well as time-to-data and usability advantages of using a 

dedicated low kV STEM/SEM. 

 

Diffraction, high resolution imaging and EELS acquired at 30 kV: 
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Metamagnetic shape memory alloys (MSMA) based on Ni-Mn-(Sn, In) are exceptional smart 

materials endowed with a number of unique functionalities including magnetic shape memory 

and magnetocaloric effects. Both phenmomena are inseparable from martensitic phase 

transformation (MT)  between the parent - austenite (A) and lower symmetry martensite (M) 

phase showing a variety of intricate, modulated structures. According to the classical theory 

of MT the local free energy balance for the forward AŸM transition is given as: 

Ў‪ ᴼ  + Ў‪ ᴼ  + Ὁ = 0, 

where Ў‪ ᴼ  is the chemical free energy difference between the phases across the MT, 

Ў‪ ᴼ  is the microstructurally stored elastic energy and Ὁ  is the disspated energy. It is 

therefore evident that the microstructure, contributing to the second elastic term, may play a 

critical role in driving the transition. More recent findings show that for instance decreasing 

grain constraint eases the transformation and significantly reduces the critical magnetic field 

required to induce the reverse MT. In general microstructure in MSMA shows hierarchy at 

several distinct levels reflected in a plethora of subtle features, i.a. grain (GB) and twin 

boundaries (TB) (Fig. 1). What more it appears highly susceptible to size effects enatiling 

switching ñonò and ñoffò of ceratin microstructural elements depending on the grain volume. 

This paper investigates the grain size effect on the evolution of microstructure in 

Ni47Co1Mn37.5Sn9.5Al 3 melt spun ribbons subjected to heat treatment and its relation to MT. 

The effects are discussed in conjunction with the changes in atomic order particularly nevralgic 

in the presence of a ferromagnetic phase on the one side of MT.  

 

Fig. 1. Bright Field image taken from as melt spun Ni47Co1Mn37.5Sn9.5Al 3 ribbon with 

indicated GB and TB. 
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In order to address increasing interest of materials science community towards higher 

spatial resolutions, lower working high tensions and innovative STEM imaging methods, 

Thermo Scientific has recently released its latest Themis Z generation. It will be capable of 

answering most of present and future needs in terms of producing fast, sensitive and unrivaled 

quality data from challenging samples.  

With unprecedented TEM and STEM spatial resolutions from 300 kV down to 30 kV, 

Themis Z provides the best resolving power for any materials science specimen. New 

OptiSTEM+ software automatically corrects for STEM defocus and aberrations (up to all 

second order) in a single click, making it possible to get the best out of the microscope at each 

image. Another user-friendly package, OptiMono, automatically excites the monochromator 

for HREELS studies (plasmonics, band gap determination, ELNES) as well as for low kV 

TEM and STEM studies.  

With new iDPC STEM imaging technique (integrated Differential Phase Contrast), 

low- and high-Z atoms are simultaneously imaged at very high S/N ratio, single defocus value, 

and without any contrast reversal. Moreover, iDPC, due to high S/N ratio, is an ideal imaging 

method for low dose STEM studies on beam sensitive specimens (2D materials, zeolites, 

polymers, cryo-sections,...).  

With Thermo Scientific NanoEx in-situ holders, Themis Z itself becomes a well-

equipped nano-laboratory. Furthermore, Ceta camera with speed upgrade providing high-

resolution (4k x 4k) and high-definition movies at a speed of more than 30 fps is able to 

successfully record all sample transformations during dynamic experiments without risking to 

miss any information. 

Extra focus during the speech will be put on pixelated detectors, 4D STEM 

applications, and UHR EELS capabilities. In particular the EELS spectroscopy will see 

a revolution capitalizing on better than 15 meV energy resolution on a millisecond base and at 

60 kV. Such a great performance is available for the very first time in a versatile STEM/TEM 

Transmission Electron Microscope like Themis Z.
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 Nowadays allergies become an increasing problem for human population. The most 

allergenic plants in Europe are: mugwort (Artemisia vulgaris) and hazel (Corylus avellana ) 

[1-3]. The most frequent occurrence of pollen allergies was observed in polluted cities.  

Therefore, the effect of vehicle pollutants on the structure and chemical composition of 

mugwort and hazel pollen were investigated in this study. For this purpose mugwort and hazel 

pollen were collected from three sites with different vehicle pollution levels. To assess the 

structural changes of mugwort and hazel pollen scanning electron microscopy (SEM) and 

Fourier transform infrared spectroscopy (FTIR) were performed. In the SEM images, no 

changes in shape or any physical degradation of the hazel (Fig. A I, II) and mugwort (Fig. B 

I, II) pollen grains independently on the collection site, were visible. However, the FTIR 

spectra of pollen collected in places with the smallest pollution level were different from these 

collected at sites with high traffic pollution. Moreover, in the second derivative of the FTIR 

spectra of the latter pollen, structural changes in proteins were observed. These changes are 

the consequence of mutations occurring in the genetic material of pollen, induced by air 

pollutants [4]. The obtained results suggest, that chemical composition changes caused by air 

pollution in mugwort and hazel pollen may be a good indicator of air quality.  
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Fig. 1. SEM images of: hazel (A) and mugwort (B) pollen grains (I ï polar view, II ï equatorial 

view). The scale bar is the same for all four photographs. The images are artificially colored.  


