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MAIN ACTIVITIES

Advanced Instrumentation and Methods for Materials Characterization group per-
forms R&D activities within a broad range of topics including laser based spectroscopy,
optics, and X-Ray computed tomography. Our main objectives are focused on providing
insights into current scientific trends and future demands. Research capabilities of the
group have been already demonstrated in fundamental research and also through
a strong cooperation with a variety of industrial partners in applied research.

OUR VISION AND MISSION

Our vision is to transfer technology outputs from high-end science to daily routine.

Our mission is to bridge the gap between technical and bio-science, develop
state-of-the-art instrumentation, commercialize technology and know-how, and
provide professional analytical services.



RESEARCH GROUP IN TIME

The research group was established soon
after estahblishment of CEITEC

LIBS expertise built at Brno University
of Technology since 1998 First micro CT system acquired
. ........................... 7 S . ................. . @ rnnnanttiessssssssnnnantenes

First nano CT system

acquired .
Gold medal - 56" International Third r
Engineering Fair 2014 acquire

Start-up AtomTrace

established
Laboratory became application Second micro CT
laboratory for Rigaku Corporation system acquired

First generation of LIBS
Discovery

Patents: Method and aparatus of analyzing liquids,
using LIBS, and Modular device for remote chemicall

2014 2015 2016



nicro CT system Laboratory received status: EMSLIBS 2019

>d GE testing laboratory organised
Best cooperation Accreditation of two CT laboratories Start-up ° Start-up CactuX
of the year (AFI) according to CSN EN ISO/IEC 17025 Lightigo established established
Patent: Modular device for remote GE workshop Benchmark data set -
chemical material analysis . organised world-wide LIBS contest
‘ Laboratory received status: Application Start-up CactuX
laboratory for Thermo Fisher Scientific LINACTON established
oarticularly liquid suspensions
material analysis
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INDUSTRY COOPERATION
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CEITEC
CTLAB

The laboratory of X-ray micro and nano computed tomography is engaged in research and develop-
ment of tomographic methods and their applications in various scientific and engineering fields. It
deals with the development of uCT technology in cooperation with the world’s leading manufacturers
of CT. The laboratory is accredited according to CSN EN ISO/IEC 17025 and conducts contractu-
al and grant-oriented research with the industrial sector, in which this technology is widely used.
The portfolio of modern CT systems enables the analysis of a wide range of parts and assemblies
for many applications. It is possible to achieve a resolution from hundreds of microns to hundreds of
nanometres and to analyse different shapes, sizes and materials.

MAIN FIELDS OF INTEREST

I Industrial CT Expertize
Basic and Applied Research

More on
ctlab.ceitec.cz






ADVANCED INSTRUMENTATION AND METHODS FOR MATERIALS CHARACTERIZATION

INDUSTRIAL CT EXPERTIZE

Implementing CT to industry
* Non-destructive testing of final and developing products
¢ Characterisation of internal structure of materials
e Porosity/Inclusion Analysis
* Inspection of dimensions, geometric tolerances, shapes of a component and its position in assembly

* Characterization and analysis of fibre reinforced materials, foam structures and soldered joints
* Injection mold correction
* Optimization of additive manufacturing
* Testing of components in working condition
e Temperature
® Pressure

12



ADVANCED INSTRUMENTATION AND METHODS FOR MATERIALS CHARACTERIZATION

BASIC AND APPLIED RESEARCH

* CT metrology
* Determination of spatial resolution and CT measurement uncertainties
* New reference objects development
e Software development for CT devices
¢ Tomographic reconstruction
¢ Artefact reduction methods
* Advanced imaging techniques
* Development of phase contrast imaging
e Dual-energy CT and correlation with 2D analytical techniques
e CT data processing
* Noise reduction
e CT image segmentation
¢ Artificial intelligence and deep learning
* Biology
* 3D reconstruction of rodent organ and quantification of differences
e Contrasting protocols for soft tissue
e Tissue engineering
* 3D characterization of internal structure of new materials
* Geology
* Mapping of pores/inclusions distribution and morphology
* Archaeology
e Study of unique ancient objects

13



CEITEC
L IBSL_AB

The Laboratory of Laser Spectroscopy focuses mainly on the Laser-Induced Breakdown Spectrosco-
py (LIBS) and related reference (based on inductively coupled plasma or X-ray fluorescence) and
complementary techniques (Raman spectroscopy). The Laboratory strives to make progress in the
field of LIBS in basic and applied research, and to excellence therein through the development of
state-of-the-art instrumentation and analytical methodology. Thus, the Laboratory fosters the transfer
of technology to industry and daily use.

MAIN FIELDS OF INTEREST

I Hardware and software development
Basic and Applied Research

More on
libs.ceitec.cz
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HARDWARE AND SOFTWARE DEVELOPMENT

* Development of task-specific instruments
e Optical and opto-mechanical design of laser spectroscopy instruments
*  Mechanical design of robust, on-line systems with remote and/or stand-off detection
*  Development of specialized control softwares and graphical user interfaces.
*  Prototyping and testing of designed instruments and modules
* Implementation of machine learning

* Custom development for the industry
*  Plastic industry (detection of toxic metals; e.g., Cd, Hg, Pb and Cr(VI));
*  Foundry and metallurgy (detection of C, S, P; prediction of material properties);
*  Automotive (characterization of thin surface coatings, selective detection of elements in materials layers);
*  Mining (rock identification, C).
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BASIC AND APPLIED RESEARCH [

e Geology

¢ Plastic industry

L ]
L ]
e Plasma
L ]
L ]

In situ analysis of geological samples
Quantification of trace elements
Classification of minerals

Validation of gemstones

On-line control of production process
Quality check of input / output materials
Heavy metals detection

Clinical and non-clinical research

Detection of NP-tags and metallomes for immunoassays

Elemental imaging of soft and hard tissues

Environmental diagnostics

Toxicology and nanoparticles detection, immunodetectors

physics

Fundamental research and characterization of laser-induced plasmas
Shadowgraphy, plasma imaging and tomography

Modelling of laser-induced plasmas

* Data processing and data mining

Development of machine learning methods for, e.g., transfer library
Implementation of machine learning for sample classification
Correlative spectroscopy

Ybl
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LIGHTIGO

LIGHT UP YOUR ANALYSIS

Research and development company focused on rapid multi-elemental analysis and chemical imaging. Founded
in 2019, Lightigo started its activities with more than 20 years of R&D experience with the Laser-Induced Breakdown Spec-
troscopy (LIBS) in the Laboratory of Laser Spectroscopy of CEITEC. The main mission is to transfer the LIBS technology and its
benefits to the market in the form of fast, accurate, and reliable analytical devices. The core product FireFly is a laboratory
instrument specialized in rapid multi-elemental chemical imaging of solid samples of various types with the emphasis on the
high performance, stability, and user experience. The cooperation with CEITEC enables following the last discoveries in the
field of LIBS, to test cutting edge LIBS applications and to better understand the customers’ needs.
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producing LIBS

instruments

2019

founded

Contact us
www.lightigo.com
info@lightigo.com
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CactuX develops and produces addons for industrial and laboratory X-ray Computed Tomography (CT) systems. CactuX
was founded in 2020 by researchers from CT Lab in order to ensure an efficient technology transfer of selected outcomes
from scientific research to business. The company’s main mission is to provide the market with enhancers that make the CT
analysis easier, faster and more accurate. The product line SaguaroX includes wireless motorized xy translation stages spe-
cifically designed for quick sample mounting and easy sample centering respectively to the X-ray tube in uCT stations. The
product line of special phantoms provides tools for metrological characterization, calibration, and testing of nano and uCT
systems. Further cooperation with the CT Lab allows to connect current scientific research and industry development, which
makes the workflow of a CT technician operating various CT systems more effective.

producing addons
for CT instruments

2020

founded

Contact us
www.cactux.cz
info@cactux.cz
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LINA—CTON

by CACTUX I

Based on a long-term cooperation with industry, the CT system manufacturers themselves as well as on the gained experi-
ence, the research center Central European Institute of Technology (CEITEC BUT) and CactuX LINACTON are joining together
to expand their portfolio with high-energy X-ray computed tomography. For this purpose, a project called LINACTON is being
created. The mission is to build a new center with this technology and make it available for general industrial use. This
technology is going to improve scientific, engineering and technical knowledge in line with current industrial trends such as
automation (Industry 4.0) and electrification (e-mobility).

CactuX LINACTON is a start-up company of CEITEC BUT. CEITEC BUT has been working with CT application and development
for more than 10 years. Working together with selected global producers of CT instrumentation, it managed to establish
several intercooperating laboratories. These laboratories are equipped with complex and complementary state-of-the-art
devices, covering a wide range of tomographic analysis. Besides fundamental research in different fields, the activities focus
on a close cooperation with industry for which these laboratories provide a high- quality level of digital X-ray radiographic
and tomographic expertise.

]

{ New generation

LINAC-BASED

NDT of large scale and
industrial CT

heavy samples




2021

founded

Contact us

www.linacton.com
info@linacton.com
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Laboratory of X-ray micro and nano computed tomography
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Laboratory of Laser Spectroscopy
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RESEARCH GROUP IN NUMBERS

Number of New long term Scientific Q1 Number of
Year contracted contrqgcts Year Outputs Year Papers Year | Ph.D. students
companies (CEITEC stats.) (CEITEC stats.) in 2021
2017 71 17 2017 88 2017 17 LIBS 5
2018 75 25 2018 64 2018 23 CcT 9
2019 85 29 2019 84 2019 20
2020 76 36 2020 95 2020 32

MAIN INSTRUMENTS USED BY RESEARCH GROUP

Main instruments used by CT Lab

Software used by CT Lab

GE phoenix v|tome|x L240

VGStudio MAX

GE phoenix v|tome|x m Avizo
RIGAKU nano3DX MATLAB
Thermo Fisher Scientific Heliscan GOM inspect
Microme [ x microfocus X-ray inspection system MAVI

3D PDF maker Standalone

Main instruments used by LIBS Lab

Software used by LIBS Lab

LIBS Discovery

Lightigo Imagelab

LIBS Scout

Python

Lightigo FireFly

MATLAB




COOPERATION OF RESEARCH GROUP

LIBS Lab CT Lab
Institution / Company Country Institution / Company Country
Crytur Czechia Rigaku Japan
Plastics Cluster Czechia Thermo Fisher Scientific Czechia
Smart Laser & Plasma Systems Japan Waygate Technologies USA
Xi'an Sirupe Photoelectric Technology China SAB Aerospace Czechia
Epina Imagelab Austria PANASONIC Czechia
Vienna University of Technology Austria DENSO Manufacturing Czech Czechia
University of Massachusetts Lowell USA Garrett - Advancing Motion Czechia
University of Jyvéskyld Finland Hanon Systems Czechia
University of Arizona USA Varroc Lighting Systems Czechia
University of Bari Aldo Moro, Dep. of Chemistry ltaly Tenneco Poland
Federal Inst. for Materials Research and Testing Germany Cooper Standard Czechia
Ocean University of China China Mann+Hummel Czechia
Tokushima University Japan Robert Bosch Czechia
Johannes Kepler University Linz Austria Plastics Cluster Czechia
University of Malaga Spain One3D Czechia
Brno University of Technology Czechia Czech Academy of Sciences Czechia
Masaryk University Czechia Pasteur Institute France
HiLASE Czechia Karolinska Institutet Sweden
Elettra Sincrotrone Trieste Italy
Medical University of Vienna Austria
Brno University of Technology Czechia
Czechia

Masaryk University







ABOUT CEITEC

CEITEC (the Central European Institute of Technology) is a unique research centre focusing primarily on the fields of life scienc-
es, advanced materials, nanotechnologies and cybernetics. Since its establishment in 2011, CEITEC has quickly developed into
a cutting-edge infrastructure for research, and performs highly alongside the best institutes in Europe. Among the main prior-
ities of CEITEC are the promotion of a motivating and dynamic international scientific environment, the provision of state-of-
the-art research infrastructure, and the policy of open communication and equal opportunities.

Basic Overview

25,000 m? 62 12 1,437 employees 44 countries
Laboratories Research Groups Core Facilities (511 on CEITEC BUT) (27 on CEITEC BUT)

Organizational Units

Mendel

- BRND Uni ers'ty . @'
e MUNI e 4 L
[

Brno University Masaryk Mendel Univer-  Institute of Veterinary Re- University of Veterinary
of Technology University sity in Brno Physics of Ma- search Institute and Pharmaceutical

terials AS CR Sciences Brno
CEITEC BUT

Advanced Nanotechnolo- 59 . Advanced Materials

Industrial Cybernetics, Instrumen-

tation and Systems Integration

gies and Microtechnologies

CEITEC Nano

CEITEC Nano is one of the 12 core facilities. CEITEC Nano Research Infrastructure provides complex equipment, expertise
and methods for nanotechnology and advanced materials for R&D.

70+ 2,000 m? of clean- 20+ number of 300+ of users per 70,000 instrument
Instruments room area expert stuff year hours per year
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#BRNOREGION

#brnoregion is a project that we are part of. It helps to promote the South Moravian Region and the city of Brno to the whole
world, depicting it as the right address for innovation business, research, and development.

Full of Educated and International People

95.8% of #brnoregion inhabitants About 1.2 million people
aged 30 to 34 are high school, col- living in #brnoregion
lege or university graduates

Region for students

Brno was ranked 6" most popular stu- BUT is the largest technical uni- Every 5™ person in Brno is
dent city in the world. Mainly thanks versity in the Czech Republic a student
to its high concentration of students

Expat-Friendly

21% students in #brnoregion are Expats considers the Czech 50,000+ foreigners
foreigners 60% of them study at the Republic 3 best place in the

faculties of science and technology world in terms of family life

Full of R&D

431 companies with their own R&D 16.5 bilion CZK total expenses 12,000+ researchers

with 22,000 R&D people employed in 2018 22,000 employees



GLOBAL DISCOVERIES FROM #BRNOREGION

MENDEL'S LAWS
OF INHERITANCE

BREN MACHINE GUN

REMINGTON Z TESLA BS 242 TABLE TOP TRANSMISSION
TYPEWRITER ELECTRON MICROSCOPE

34



o AMSTERDAM

.\\\‘\’ e L)
BRUSSELS

PARIS

@
BERN

CONTACTS

Contact Research Group Advanced Instrumentation and Methods for Materials Characterization
Research Group Leader

Prof. Jozef Kaiser, Ph.D.

jozef kaiser@ceitec.vutbr.cz

+420 541 149 700

Central European Institute of Technology

Purkyfiova 123, 612 00 Brno

Contact CT lab Contact LIBS lab

Research Sub-Group Leader Research Sub-Group Leader
Tomds Zikmund, Ph.D. Assoc. Prof. Pavel Pofizka, Ph.D.
tomas.zikmund@ceitec.vutbr.cz pavel.porizka@ceitec.vutbr.cz
+420 541 142 846 +420 541 142 758

ctlab.ceitec.cz libs.ceitec.cz
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www.ceitec.eu
Purkynova 123
612 00 Brno
Czech Republic

CEITEC Brno University of Technology
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