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FOREWORD FROM THE VICE RECTOR FOR DEVELOPMENT AT THE WARSAW UNIVERSITY 
OF TECHNOLOGY
Cooperation between academic and business circles is one of the key factors affecting successful knowledge transfer 
opportunities, and thus developing innovative economy which meets the needs of contemporary society and contributes 
to the growth of our country. The construction of a platform for communication between science and business, for 
establishing contacts and exchanging experience, and for transforming needs into real-life solutions, is a vital component 
of such cooperation.

Warsaw University of Technology has unique research infrastructure, as well as a vast potential of research teams 
specialising in engineering sciences. Thanks to them, the Warsaw University of Technology is ranked first among 
technology higher-education institutions in Poland, in particular in application research resulting in patents and 
innovation. The commercialisation of knowledge confirms the use value of research conducted at the University for the 
society, and the funds obtained from these activities are becoming an increasingly important part of financing further 
research and development work.

The Warsaw University of Technology has been ranked among the top higher-education institutions selected in  
the course of a competition called “The Excellence Initiative – Research University”, organised by the Ministry of 
Education and Science. We were granted the status of a research university. It carries enormous prestige and a multitude 
of opportunities for fast development, world-class scientific research, and for the extension of our research services  
for innovative economy based on new technologies.

I hope that the Catalogue of Research Teams at the Warsaw University of Technology will become an inspiration to many 
effective research collaborations, which I wish to you and to myself.

Prof. Adam Woźniak, PhD, 
DSc, Eng., Vice Rector 

for Development for the 
2020–2024 term of office

Prof. Anna Boczkowska, 
PhD. DSc. Eng., 

Dean of the Faculty  
of Materials Science 

and Engineering

FOREWORD FROM THE FACULTY DEAN

The Faculty of Materials Science and Engineering at the Warsaw University of Technology is one of the leading 
research and educational centres specialising in the discipline of materials engineering, both in Poland and abroad.
The research conducted at the Faculty are related to the main trend in contemporary materials science. One of the 
unique characteristics of the Faculty is the interdisciplinary nature of research focused on the relationships between 
macro-, micro- and nano-structures and the properties of materials used in various industries, i.a. in transport, energy 
sector, medicine and environmental protection.

Our research infrastructure and highly-specialised research staff allow the conduct of advanced research in the field 
of materials engineering as part of the activities run by about a dozen research groups within the structures of the 
Faculty.

The Faculty of Materials Science and Engineering has been engaged in extensive cooperation with research units 
and industry, both in Poland and abroad. The cooperation is held not only as part of projects. Our rich research 
infrastructure facilitates the delivery of expert opinions and studies for industry, local government authorities and 
business.

You are invited to cooperate!
ISBN: 978-83-9666792-2

DOI: 10.32062/20221103
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NANOSTAL TEAM
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#PHASE TRANSFORMATIONS IN STEEL 
#HEAT TREATMENT OF STEEL AND CAST IRON
#THERMO-CHEMICAL TREATMENT OF STEEL SURFACE
#NANOSTRUCTURING OF STEEL AND CAST IRON
#HYBRID SURFACE ENGINEERING METHODS

The NANOSTAL Team (technologies of heat and thermochemical 
treatment of nanostructured steels) operates within the Division 
of Surface Engineering at the Faculty of Materials Science and 
Engineering of the Warsaw University of Technology.

The research carried out by the Team deals with the formation 
of microstructure and phase composition of steel with the use 
of phase transformations through the precisely designed heat 
treatment processes, also with the use of surface engineering 
methods. The aim of the research is to optimise the mechanical 
properties of steel, including its surface layer, in order to improve 
the performance parameters of steel products.

Innovative heat treatment processes have been developed on 
the basis of research and development works conducted by the 
Team. The steels processed with the use of new thermal and 
thermos-chemical treatments have a multiphase nanocrystalline 
and gradient structure, which ensures remarkable properties.
Innovative hybrid technologies are developed, combining 
thermochemical treatment methods (carburizing, nitriding, 
boriding and others) with steel nanostructuring processes. 
These technologies allows to obtain in steel a hard and wear-
resistant nanocrystalline surface layer with a gradient transition 
to a submicron, ductile core with high fracture toughness. Such 
properties cannot be obtained by use of conventional heat and 
thermo-chemical treatment processes.

The team cooperates with industrial companies such as: Patentus 
S.A., Warszawskie Zakłady Mechaniczne „PZL-WZM” S.A., Mint of 
Poland (Mennica Polska S. A.), Koelner Łańcucka Fabryka Śrub Sp. 
z o.o., and SECO / WARWICK S.A. In addition, the Team develops 
scientific cooperation with many research centers: Institute 
of Precision Mechanics in Warsaw, Institute of Sustainable 
Technologies - National Research Institute in Radom, Central 
Metallurgical Research and Development Institute - CMRDI 
(Egypt), Spanish National Centre for Metals Research - CENIM 
(Spain), COMTES FHT S.A. (Czech Republic).

CONTACT

Professor Wiesław Świątnicki, Ph.D., D.Sc.
wieslaw.swiatnicki@pw.edu.pl 

(+48) 22 234 81 03 
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/NANOSTAL-technologies-of-heat-and-
thermochemical-treatment

SERVICES OFFERED

 � investigation of phase transitions in steels using the dilatometric 
method

 � design and implementation of conventional heat and thermo-che-
mical treatments of steel (carburizing, nitriding)

 � designing of modern steel heat treatment processes: bainitic nano-
structuring (NB), innovative heat treatments (Q&P, B-Q&P, B-Q&T) 
and others

 � characterisation of microstructure and phase composition using 
transmission electron microscopy, scanning electron microscopy 
and light microscopy

 � basic mechanical tests (hardness, microhardness, impact strength, 
tensile and compressive tests)

 � wear resistance tests
 � corrosion resistance tests
 � material expertise: determining of the causes of machine parts da-

mage and failure of structures made of steel, cast iron and metallic 
alloys

SELECTED PROJECTS

 � Development of an innovative technology for the production of 
gears with hybrid surface layers and a nanostructure basis for po-
wertrain conveyors designed for operation in extreme operating 
conditions - Nano4Gears (NCBR)

 � Development of a new generation of steel with nanocrystalline 
structure with carbides -NanoCarbain (LIDER, NCBR)

 � Shaping of functional properties of steel in the hybrid process 
which combines boroniding and nanostructuring -BoroNite (Ma-
terial Technologies POB, WUT)

 � An innovative technology that combines the process of steel nano-
structuring via heat treatment with surface engineering techniques 
- HardNanoSteel (R&D project, NCBR)

 � Development of innovative hybrid surface layers composed of an-
ti-wear coatings dedicated to gears for conveyor drive assemblies 
working in difficult operating conditions - NanoHybrid (TECHMAT-
STRATEG III, NCBR)

RESEARCH INFRASTRUCTURE

 � Bahr DIL 805L dilatometer
 � NIKON Eclipse MA200 light microscope
 � automatic hardness tester - Zwick / Roell Z2.5
 � Zwick / Roell ZHR hardness tester
 � Zwick / Roell RKP450 Hammer
 � tribotester for wear tests with the „ball + disc” method
 � heat treatment devices: Gas-tight chamber furnace – type 

FCF-V12PrG
 � fluidized bed furnace
 � high temperature hardening bath
 � muffle and chamber furnaces
 � stand for heat and thermo-chemical treatments in ultra clean 

atmospheres
 � ATM Brillant 220 precision cutter
 � transmission electron microscope JEOL 1200EX

PATENTS AND PATENT APPLICATIONS

 � Method of producing a nanocrystalline structure in bearing 
steel (PL 228168)

 � Method of heat treatment of steel (PL 234490)
 � Bainitic alloy steel, method for producing bainitic alloy steel 

and use of bainitic alloy steel (PL 234049)
 � Method of manufacturing of gears (PL 236500)
 � A method of heat treatment of elements made of surface car-

burized steel (PL 425829)

8 9RETURN TO THE TABLE OF CONTENTS

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/NANOSTAL-technologies-of-heat-and-thermochemical-treatment
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/NANOSTAL-technologies-of-heat-and-thermochemical-treatment
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/NANOSTAL-technologies-of-heat-and-thermochemical-treatment
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ELECTROCHEMICAL  
AND CHEMICAL  
TREATMENT LABORATORY
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY
MATERIALS ENGINEERING

#GALVANIC COATINGS 
#COATINGS PRODUCED USING THE REDUCTION METHOD
#CONVERSION COATING #PLASMA ELECTROLYTIC OXIDATION 
#PLASMA ELECTROCHEMICAL ANODIC OXIDATION #NICKEL COATINGS 
#COMPOSITE MATERIALS #NICKEL BASE COMPOSITE COATINGS
#OXIDE COATINGS MADE ON 3D MATERIALS 
#MICROSTRUCTURE RESEARCH #STUDY OF USE PROPERTIES

The Laboratory operates at the Division of Surface 
Engineering at the Faculty of Materials Science and 
Engineering of the Warsaw University of Technology. 
It specialises in the production of nickel coatings, 
nickel-phosphorus and composite matrix nickel (Ni/
Al2O3, Ni/CNTs, Ni/Si3N4, Ni/PTFE, Ni/MoS2, Ni/WS2, Ni/
Ag, Ni/Al2O3/Ag and nickel-phosphorus (Ni-P/ Al2O3, 
Ni-P/Si3N4, Ni-P/MoS2), and TiO2 coatings and oxide 
coatings produced on aluminium alloys obtained with 
the use of the 3D method.

The main purpose of research on galvanic and 
chemical coatings is to ensure the increase of strength 
parameters as well as resistance to corrosion and 
to wear. In turn, the advantage of electrochemical 
anodic oxidation and plasma electrolytic oxidation is 
the possibility of their combination with the plasma 
nitriding process of titanium and its alloys with the aim 
of producing hybrid layers for biomedical applications.

In addition to producing coating, we do research on 
microstructure, surface morphology and topography, 
the amount of dispered phase in the coating (for 
composite layers).  Adhesion of coatings to the 
substrate and measurements of microhardness, friction 
coefficient and wear resistance are investigated. 
Corrosion resistance is also studied using various 
methods and in diverse corrosive environments.

CONTACT

Professor Jerzy Robert Sobiecki, Ph.D., D.Sc.
robert.sobiecki@pw.edu.pl

(+48) 22 234 85 47
https://www.wim.pw.edu.pl/wim_en/Research/Research-

groups/Electrochemical-and-chemical-treatments

RESEARCH INFRASTRUCTURE

 � Atlas EU&IA 0531 potentiostats 
 � Electro-Tech 600V / 5A bipolar rectifier 
 � CLN 15 STD laboratory incubator 
 � HAMEG HM7042-3 power supply (0-32V, 0-5A) 
 � GDS 830 oscilloscope 
 � Elektrotech ETG 600/20 high voltage power supplies and 

Elektrotech ETS 600/5 for electrochemical production of 
surface layers, including Plasma Electrolytic Oxidation 

 � JULABO EcoTemp TW8 thermostats 
 � tribotesters in the following systems: „ball-shield”, „roll 

-block”, „3 rollers-cone” 
 � Nikon Eclipse LV 150N optical microscope 
 � Shimadzu HMV micro hardness tester 
 � Micro Materials nano scratch tester Vantage, that allows 

to perform adhesion measurements of layers and coatings 
using the scratch-test method and nanoindentation 
measurements in the pressure range of 10μN – 500mN

SERVICES OFFERED

 � production of coatings: 
 ◻ electrolytic (nickel, copper) 
 ◻ deposited by chemical reduction (nickel-phosphorus 

and zinc) 
 ◻ conversion (phosphate and coatings produced with 

the use of electrochemical anodic oxidation and 
plasma electrolytic oxidation) 

 � research into: 
 ◻ microstructure (optical and scanning microscope) 
 ◻ corrosion resistance 
 ◻ wear resistance 
 ◻ adhesion of the coatings to the substrate 
 ◻ micro and nano-hardness 
 ◻ roughness

  SELECTED PROJECTS 

 � Development of the mechanism of electrochemical 
oxidation of titanium nitride produced using plasma 
nitriding of titanium alloy in the aspect of producing 
a new generation of titanium biomaterials (NCN, 2012 
–2014) 

 � Composite nanomaterials produces using electroche-
mical method (NCN, 2014–2016)

 � Development of innovative hybrid surface layers 
consisting of anti-wear coatings intended for toothed 
gears for drive units of conveyors operating in difficult 
conditions (TECHMATSTRATEG III, NCBR, 2021–2024)
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LABORATORY OF SURFACE 
ENGINEERING IN LOW 
TEMPERATURE PLASMA   
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#SURFACE ENGINEERING #THERMO-CHEMICAL TREATMENT 
#SURFACE LAYERS #COATINGS #SHAPE MEMORY ALLOYS 
#BIOMATERIALS #STEELS #TITANIUM ALLOYS #WEAR RESISTANCE 
#CORROSION RESISTANCE #MATERIALS CHARACTERISATION

The Laboratory is part of the Division of Surface Engi-
neering at the Faculty of Materials Science and Engine-
ering at WUT. Main scientific activities of the Team are 
centred around developing unconventional methods of 
materials’ surface modification using non-equilibrium 
plasma and environment-friendly reactive gas atmos-
pheres.

Technologies are developed through the combination 
of different treatment methods, like PDT, PVD, CVD and 
electrochemical processes. Surface layers produced in 
such a way belong to the generation of cutting-edge 
anti-wear and anti-corrosion layers and also enhance 
mechanical properties of materials subject to treat-
ment, including steels, titanium, nickel, magnesium and 
aluminium alloys, as well as polymers and composites. 

The Team conducts research on the characterisation 
of produced surface layers, i.e. microstructure, surface 
topography, chemical and phase composition, resi-
dual stress state as well as mechanical and chemical 
properties in the context of industrial applications, and 
the development of new design solutions for the imple-
mentation of the above-mentioned processes.

CONTACT

Professor Jerzy Robert Sobiecki, Ph.D., D.Sc.
robert.sobiecki@pw.edu.pl

(+48) 22 234 85 47
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/Surface-treatments-in-low-
temperature-plasma

SERVICES OFFERED

 � surface treatment of materials using low tempera-
ture plasma, including hybrid processes – selection 
of technological conditions in terms of increasing 
durability and reliability of the processed materials 
to be used in various industries

 � research on the microstructure, phase and chemi-
cal composition (SEM, TEM, OM, XRD, EDS), surface 
morphology and topography (AFM, optical profilo-
metry) of produced surface layers

 � research on the properties of produced materials: 
tribology, corrosion resistance, mechanical proper-
ties, adhesion and wettability

 � design modifications of devices in terms of develo-
ping new technological processes

SELECTED PROJECTS

 � Introduction to clinical practice of original Polish 
implantable centrifugal heart assist pump, remote 
monitoring system and remotely supervised rehabili-
tation of patients using heart assist devices – a rese-
arch task entitled: „Transfer of the Religa Heart ROT 
clinical pump manufacturing technology for a pilot 
production of a clinical version of prostheses and 
creating an information batch for pre-clinical and 
clinical trials” (NCBR, STRATEGMED 2, 2015–2018) 

 � Development and implementation for production of 
low temperature  centrifugal extractor for the phar-
maceutical industry (NCBR, 2020–2022) 

 � Development of innovative hybrid surface layers 
consisting of anti-wear coatings intended forto-
othed gears for drive units of conveyors operating in 
difficult operating conditions (TECHMATSTRATEG III, 
NCBR,  2021–2024)

RESEARCH INFRASTRUCTURE

 � a semi-industrial device for glow-discharge assisted treatment of steels and 
titanium alloys:  nitriding, oxynitriding, and nitrocarburizing processes in 
low-temperature plasma

 � 3 laboratory devices for glow-discharge assisted treatment of steels, 
titanium, nickel and magnesium alloys including so called ‘active screen’ 
processes

 � RF/MW CVD Roth&Rau Microsys 400 Device
 � JEOL Fine Coat Ion Sputter JFC-1100
 � JEOL JEE-4X Vacuum Evaporator
 � magnetron sputtering laboratory device for the production of coatings
 � CSM Instruments Revetest (1-200N) scratch tester
 � Mitutoyo SJ-210N surface roughness tester
 � Micro Materials Vantage nano-scratch tester

SELECTED ACHIEVEMENTS

 � Special Award of the Minister of Economy  – ‘eCO2 innovation’ category in 
the competition entitled Polish Product of the Future 2012 for the project 
„Hybrid Technologies in low-temperature plasma”

 � Construction design of a universal device for plasma diffusion glow-di-
scharge treatment, i.e. plasma nitriding, oxynitriding, carbonitriding as well 
as for the performance of hybrid processes, which was awarded first prize 
in a national competition  ‘The best technical achievement of 2011’ (Award 
of the Association of Polish Engineers and Mechanics 2012)

  PATENTS

 � Method for producing protective surface composite layers on titanium 
alloys for bone implants (PL 200599B1)

 � Method for producing protective surface composite layers on elements 
made of nickel or titanium (PL 207242B1) which was awarded a gold medal 
at the International Warsaw Invention and Innovation Show (Warsaw, 2007)

 � Method for producing bone implant from titanium and/or titanium alloy and 
the hip joint implant (PL 222163B1)

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Surface-treatments-in-low-temperature-plasma
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Surface-treatments-in-low-temperature-plasma
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Surface-treatments-in-low-temperature-plasma
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MATERIALS  
AND POLYMERS
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POLYMER MATRIX 
COMPOSITES TEAM 
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY
MATERIALS ENGINEERING

#POLYMER COMPOSITES #POLYMER NANOCOMPOSITES 
#CONDUCTING COMPOSITES #HYDROPHOBIC COATINGS 
#ICEPHOBIC COATINGS #SMART MATERIALS #LASER TEXTURISATION
#FABRICATION AND CHARACTERISATION #THERMAL PROPERTIES TESTING 
#MECHANICAL PROPERTIES TESTING #AGING TESTS 
#ELECTRICAL CONDUCTIVITY TESTING #MICROSTRUCTURE EXAMINATION 

Polymer Matrix Composites Team belongs to the Division of 
Ceramic Materials and Polymers at the Faculty of Materials 
Science and Engineering at the Warsaw University of 
Technology. Our Team has long-standing experience in 
the fabrication and testing of polymer composites and 
nanocomposites, evidenced by the participation in various R&D 
projects, both on national and international level.

The Team’s area of interest includes polymer matrix composites 
reinforced with fibres (particularly carbon fibres), polymer 
nanocomposites (reinforced with carbon nanotubes, graphene 
or ceramic nanoparticles), smart materials activated by the 
magnetic or electric field and self-healing materials. Research 
is also conducted on the chemical modification and surface 
structurisation of polymer coatings in order to improve their 
hydrophobic and icephobic properties.

Other projects are focused on enhancing thermal or electrical 
conductivity of fibre-reinforced composites. Polymer-ceramic 
composites with percolation of phases and the ability to absorb 
the strain energy are investigated as well. The Team cooperates 
with multiple research centres (located in Poland and abroad). 
Many projects are carried out in collaboration with industrial 
partners. Moreover, the Team often prepares expert opinions 
for companies from different industrial sector. 

PATENTS

 � A method for recovering polymer for printing PETG substra-
tes (EP 2 987 822 B1, 2017)

 � Polymeric composite material and method for producing the 
composite material (PL 228039, 2017)

CONTACT

Professor Anna Boczkowska, Ph.D., D.Sc.
anna.boczkowska@pw.edu.pl

(+48) 22 234 83 99;  22 234 77 62
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/Polymer-matrix-composites

 � Fabrication of fibres and non-woven fabrics doped with car-
bon nanotubes (PL 221848 B1, 2016)

 � Fabrication of urethane-urea composite and urethane-urea 
nanocomposite (PL213337 B1, 2013)

 � Bioresorbable polyurethane, fabrication of bioresorbable poly-
urethane, ceramics-bioresorbable polyurethane composite 
and fabrication of ceramics-bioresorbable polyurethane com-
posite (PL 212636 B1, 2012) 

RESEARCH INFRASTRUCTURE

 � Binder MKF 115 climatic chamber with UV lamp 
 � Anticorr SaltCab 150 salt chamber 
 � Hitachi TM-3000  Scanning electron microscope equipped 

with EDS
 � 5W UV laser station  with a 20W fibre IR laserand 6-axis robot 

arm
 � Sensofar S Lynx Optical profilometer 
 � Mitutoyo SJ-310 Contact roughness tester 
 � DSC Q1000 differential scanning calorimeter (TA Instruments)
 � TGA Q500 thermogravimetric analyzer (TA Instruments)
 � Nicolet 6700 FTIR ATR spectrometer 
 � EXAKT 80E three roll mill 
 � ARES TA rotational rheometer with high temperature 

chamber, Peltier module and magnetic field attachment
 � Ultramicrotome Leica EM UC6 with low temperature chamber 

(-160 °C)
 � CNC machine with a 40 x 40 cm table size
 � digital viscosimeter series DV-II+ by Brookfield
 � Shore A and D Hardness Tester 
 � HAAKE MiniLab II  twin screw extruder 
 � HAAKE 8482 MiniJet Pro Piston injection moulding machine 
 � OCA 15EC Goniometer equipped with lifting table
 � Keithley 6221/2182A nanovoltmeter 
 � DMA Q800 dynamic mechanical analyzer (TA Instruments)
 � Resil 5.5 CEAST charpy impact hammer with a notch cutter 
 � MP 600 plastometer by Tinius Olsen
 � PERME VAC-V1 gas permeability tester 
 � Keithley DMM6500/SMU2450 low resistance multimeter 

SERVICES OFFERED

 � fabrication and characterisation of composite materials
 � tests:

 ◻ analysis of the causes of failures of polymers and 
composites 

 ◻ rheological tests as a function of temperature and 
magnetic field strength

 ◻ thermal analysis (DSC, TGA)
 ◻ thermo-mechanical analysis (DMA)
 ◻ electrical conductivity tests
 ◻ microscopic observations
 ◻ composite degradation tests
 ◻ density measurements
 ◻ impact strength tests
 ◻ hardness measurements
 ◻ wettability 
 ◻ viscosity and flow index analysis
 ◻ coating thickness measurements
 ◻ spectroscopic FTIR analysis
 ◻ corrosion tests in a salt spray chamber
 ◻ aging tests in climatic chamber

 � expert opinions on materials for external entities

SELECTED PROJECTS

 � ICEphobic SURfaces for components based on 
polymER composites (National Centre for Research and 
Development (NCBR, LIDER, 2019–2021)

 � Development of processing technology for aluminum and 
composite primary and secondary structures (NCBR, 2020 
–2023)

 � Polymer composites with improved mechanical and 
electrical properties based on an innovative thermoplastic 
resin (NCBR, LIDER 2021–2023)

 � Innovative composite materials for use in road transport 
(NCBR, POIR, 2020–2021)

 � Development of an intelligent design of a pressure 
composite tank with a tilting bottom (NCBR, 2020–2023) 

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Polymer-matrix-composites
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Polymer-matrix-composites
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POLYMER MATERIALS  
TEAM
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY
MATERIALS ENGINEERING 

#POLYURETHANE ELASTOMERS #FLEXIBLE POLYURETHANE FOAMS 
#RIGID POLYURETHANE FOAMS #POLYMERS FROM RENEWABLE RAW MATERIALS 
#COMPOSITES WITH NATURAL FILLERS #POLYMERS FOR 3D PRINTING 
#POLYMER RECYCLING #MODIFICATION OF NATURAL FILLERS 
#CHARACTERISTICS OF POLYMERS AND FILLERS #THERMAL ANALYSIS 
#SPECTROSCOPIC TESTS #DEGRADATION OF POLYMER MATERIALS

The team operates at the Divisionof Ceramic and 
Polymer Materials at the Faculty of Materials Science and 
Engineering of the Warsaw University of Technology.

The research group specialises in the analysis of the 
relationship between the structure and properties and 
applications of polymer materials. The Team carries out 
research, research and development and implementation 
projects as well as expert opinions on the topics 
described:

 � Polymer materials - description of the structure, 
characteristics of properties, degradation of polymers

 � Composites of polymer thermoplastics with natural 
fillers, including by-products from the agri-food 
industry

 � Polyurethane materials: polyurethane elastomers, rigid 
foams, semi-rigid foams, viscoelastic foams, flexible 
foams, polyurethane composites

 � Polyurethane materials manufactured using renewable 
raw materials

 � Packaging materials made of by-products from the 
agri-food industry

 � Degradable and biodegradable polymers
 � Recycling of thermoplastics and polymer thermosets

CONTACT

Professor Joanna Ryszkowska, Ph.D., D.Sc.
joanna.ryszkowska@pw.edu.pl
(+48) 22 234 57 12; 22 628 19 83 

https://www.wim.pw.edu.pl/wim_en/Research/
Research-groups/Polymers

SELECTED SERVICES

 � analysis using infrared spectroscopy (FTIR)
 � thermal analysis (DSC, TGA)
 � thermomechanical analysis (DMA)
 � analysis and description of polymer structure
 � assessment of the course of degradation
 � assessment of permanent deformations, resilience in flexible 

foams
 � assessment of the brittleness of rigid foams
 � description of the relationship between the structure and 

properties of polymeric materials, including polyurethane
 � description of the structure and properties of WPC and NFC 

composites
 � quantitative and qualitative description of the microstructure of 

WPC and NFC polymers and composites
 � determination of density, impact strength, hardness and abrasive 

wear
 � viscosity marking
 � determination of the melt flow index

RESEARCH INFRASTRUCTURE

 � DMA Q800 TA Instruments dynamic-mechanical thermal analyzer
 � TGA Q500 TA Instruments thermogravimetric analyzer
 � DSC Q1000 TA Instruments differential scanning calorimeter
 � FTIR ATR Nicolet 6700 spectrometer by Thermo Scientific
 � BIOLAR PI polarization-interference X-ray microscope
 � HITACHI TM3000 scanning electron microscope
 � Charpy Resil 5.5 CEAST impact hammer with a notch cutter
 � Brookfield DV-II + PRO viscometer with a thermostat
 � HAAKE 8482 MiniJet Pro Piston injection molding system
 � HAAKE MiniLab twin-screw extruder
 � vacuum dryers up to 200°C
 � single and two-stage vacuum pumps
 � ultrasonic disintegrators
 � mechanical and magnetic stirrers
 � polyurethane synthesis stations
 � glass reactor for chemical syntheses
 � Shore A and D hardness testers

SELECTED PROJECTS

 � Polyurethane eco-foams obtained from raw materials  
of natural origin (NCBR, 2012–2015)

 � Development of methods for neutralising the risk  
of explosion in selected tanks with technical gases, 
including alternative power sources in the fire environment 
for the needs of rescuers participating in rescue and 
firefighting operations (NCBR, 2014–2017)

 � Flame retardancy of flexible polyurethane foams with the 
use of nanofillers (NCBR, 2009–2012)

 � Flexible materials for use in the structures of the 
intervertebral disc implant (NCBR, 2009–2012)

 � Polymer composites with biomass (NCBR, 2009–2012)
 � Development of a system for composing diesel oils based on 

rapeseed oil esters at GRUPA LOTOS S.A. (NCBR 2003–2006)

PATENTS

 � Preparation of integral foams using the environmentally 
friendly method, PL 230383

 � Method for the production of washable viscoelastic foams, 
PL 407875

 � The use of chokeberry expeller as a filler for the production 
of biocomposites of polyurethane foams, PL 233444

 � The use of raspberry seeds as a filler for the production  
of biocomposites of polyurethane foams, PL 234693

OTHER ACHIEVEMENTS 

 � gold medal from the International Federation of Inventors’ 
Associations (IFIA) and World Invention Intellectual 
Property Associations for an innovative solution entitled 
„Protection of cylinders with technical gases from impact  
of thermal radiation”, team award

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Polymers
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Polymers
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BIOACTIVE 
NANOMATERIALS  
TEAM 

MATERIALS ENGINEERING 

CONTACT

Professor Agnieszka Jastrzębska, Ph.D., D.Sc.
agnieszka.jastrzebska@pw.edu.pl 
(+48) 22 324 74 49 
https://www.wim.pw.edu.pl/wim_en/Bioactive-
nanomaterials 

The team operates at the Faculty of Materials Science and Engineering of 
the Warsaw University of Technology, within the structures of the Division of 
Ceramic Materials and Polymers. The research is focused on the bioactive 
properties of nanomaterials with nanocomposite, nanohybrid and two-
dimensional structures. It employs various synthesis and modification methods 
and studies on the mechanisms of nanomaterials’ influence on biological 
and catalytic systems, concerning their chemical composition, morphology, 
structure, and physicochemical properties. The team examines the application 
potential  of nanomaterials and the impact of their modification (including 
two-dimensional materials such as graphene or MXenes) on biological activity, 
biocidal effectiveness (antibacterial, fungicidal, virucidal action), anticancer 
properties as well as broadly understood toxicity (concerning humans and the 
natural environment). Nanomaterials synthesis techniques comprise, among 
others, sol-gel and hybrid methods for producing nanocomposite particles 
enriched with nanosilver and other bioactive nanoparticles. The photocatalytic 
properties of titanium oxide nanoparticles are modified using ion doping, 
decorating with metal nanoparticles, and polymer grafting.

The research team broadly collaborates with numerous institutions in Poland 
(Faculty of Physics of UW, Faculty of Materials Science and Ceramics of AGH 
University of Science and Technology, Institute of High Pressure Physics 
UNIPRESS PAS (Polish Academy of Sciences), Faculty of Chemical Technology 
and Engineering of ZUT West Pomeranian University of Technology in Szczecin, 
Medical Faculty of PUM Pomeranian Medical University in Szczecin, Research 
and Development Center for the Printing Industry in Warsaw) and abroad 
(Drexel University, Tulane University, ICA Research and Development SRL, 
Technical University of Cluj Napoca, North Universitary Center of Baia Mare, 
Babes-Bolyai University of Cluj Napoca) as well as the industry (Fabryka Kart 
Trefl Krakow Sp. z o.o. (Trefl Card Factory), POS Lab Sp. z o.o., Amii Sp. z o.o., 
Paper Cups Factory Sp. z o.o., Linegal Chemicals Sp. z o.o., UST-M Sp. z o.o., 
NANONET, Kancelaria Doradztwa Gospodarczego Milczarek i Maciąg S.C. 
(Economic consulting office), Creo+).

The target collaborators focus their activities on implementing biocidal, 
photocatalytic, or biotechnological nano-solutions while maintaining their 
complete safety.

PATENTS

 � Method of obtaining modified graphene flakes and surface-modified 
graphene flakes (PL 227753)

 � Method of obtaining modified graphene flakes (PL 226568)
 � Method of obtaining modified graphene flakes and surface-modified 

graphene flakes (PL 227754)
 � Method of obtaining modified graphene flakes (PL 225568) 

AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

#NANOPARTICLES #NANOCOMPOSITES #NANOSILVER 
#NANOCOPPER #NANOCERAMICS #METAL NANOOXIDES 
#2D MATERIALS #GRAPHENE #MXENES #CHARACTERISATION 
#BIOCIDAL #ANTIBACTERIAL #FUNGICIDAL #ANTIVIRAL 
#SELF STERILISING #PHOTOCATALYSIS #ANTICANCER 
#TOXICITY #HIPERTHERMY #TOXICOLOGY 
#CYTOTOXIC #ECOTOXIC

SELECTED PROJECTS

 � Research on anticancer properties of 2D nano-crystals of titanium 
carbides and nitrides – MXenes phases (NCN, Sonata Bis 7, 2018 
–2022) 

 � Investigation of anticancer properties of new two-dimensional 
structures of light transition metal carbides (MNiSW, Iuventus 
Plus, 2016–2019) 

 � Advanced research techniques for in situ analysis of bacteria 
sorption phenomenon in water systems on the surface of new 
nano-hybrid graphene sorbents (NCN, Sonata Bis 7, 2014–2017)

RESEARCH INFRASTRUCTURE

 � Zeta Zetasizer Nano ZS particle size and potential analyser by 
Malvern Instruments

 � equipment for the characterisation of the specific surface area 
and porosity Quadrasorb SI byQuantachrome, equipped with a Flo 
Vac degasser

 � SONICS VCX 750 ultrasonic homogenizer
 � laboratory centrifuge: Rotina 420 by Hettich Zentrifugen, and 

MPW-352 by Med Instruments
 � Scan 100 automatic colony counter  by Interscience International
 � reaction system for the synthesis of composite nanopowders 

using the the sol-gel method and LED reactor for testing 
photocatalytic properties in various light ranges

 � Binder laboratory dryer
 � ES-80 Orbital Shaker incubator by Grant Instruments Ltd.
 � Evolution 210 double-beam UV-VIS spectrometer, equipped with 

a xenon lamp (190-1100 nm range) and reflectance system for 
measuring solid samples, byThermo Scientific

 � Nicolet iS5 FTIR spectrometer by Thermo Scientific, equipped with 
DRIFT, ATR (diamond and germanium crystal) accessories

 � Alpha 2-4 LD Plus freeze-dryer by Martin Christ, capacity: 4kg of 
ice per 24 h, up to -85 °C

 � MAGNUM v2 microwave reactor byErtec, 600 W, 2.45 GHz, vol. 110 
mL, with an automatic control system

 � XRF PI 100 spectrometer by Polon-Izot, with a fast SSD detector 
and 125-140 eV resolution 

 � Geneexplorer gradient thermocycler, 4-105 °C range, 96-well block, 
0.2 ml tubes, strips, 96-well plates

SERVICES OFFERED

 � synthesis of nanomaterials and their modification using wet 
chemical methods such as sol-gel, hybrid, hydro- and solvothermal 
methods

 � optimisation of reagent concentration, reaction conditions as well 
as morphology and physicochemical properties of the final product 
in terms of achieving the best bioactivity and selectivity of the 
developed nanoparticles

 � morphological and structural characterisation of the produced 
nanoparticles, analysis of the effectiveness of metal nanoparticle 
dispersion on the surface or in the volume of ceramic particles

 � physicochemical characterisation of produced nanoparticles 
– specific surface area, volume and pore diameter, pycnometric 
density, elemental composition and surface chemical state (atomic 
valence state)

 � microbiological characterisation of the produced materials - tests of 
antibacterial and fungicidal properties concerning selected bacterial 
strains

 � microscopic analysis of preferential sites for the adsorption of the 
tested microorganisms with the assessment of the effectiveness of 
bacterial adsorption

 � analysis of nanocolloids and concentration of chemical compounds 
using UV-VIS spectroscopy as well as electrostatic charge (zeta 
potential) in situ with adsorption process and in a wide pH-range

 � analysis of the influence of the biosorbent properties such as 
surface electrostatic charge, morphology, structure and other 
physicochemical properties on the phenomenon of bacterial 
sorption and electrostatic interactions between sorbent and bacteria

 � analysis of nanomaterials impact on the natural environment (algae, 
beneficial microorganisms isolated from the natural environment, 
higher plants and simple aquatic organisms)

 � comparison of the properties of bioactive nanoparticles obtained 
with the use of various methods and the evaluation of their 
application potential with the addition of bioactive nanoparticles

 � analysis of the specific surface area and porosity for developed 
nanopowders using the physical sorption of nitrogen

 � analysis of photocatalytic and physical properties for developed 
materials

 � analysis of the chemical composition of nanomaterial surfaces using 
infrared spectrometry

https://www.wim.pw.edu.pl/wim_en/Bioactive-nanomaterials
https://www.wim.pw.edu.pl/wim_en/Bioactive-nanomaterials
http://www.wim.pw.edu.pl/Badania-i-nauka/Grupy-badawcze/Tworzywa-ceramiczne-i-kompozyty-z-ich-udzialem 
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NON-NEWTONIAN 
FLUIDS TEAM

MATERIALS ENGINEERING

#NON-NEWTONIAN FLUIDS #SHEAR-THICKENING FLUIDS 
#NANOMATERIALS #COLLOIDAL SILICA #RHEOLOGY 
#CALANDERING #IMPACT FORCE ABSORPTION 
#PROTECTIVE STRUCTURES #FLUID STABILITY #AGEING TESTS

The Team is engaged in the fabrication, characterisation 
and application of Shear Thickening Fluids (STF). Mem-
bers of the Team belong to Division of Structural and 
Functional Materials at the Faculty of Materials Science 
and Engineering. 

The advantage of the shear thickening fluids is their 
abrupt and instant reaction to the rapid impact and the 
ability of energy dissipation. 

The research work, carried out by the Team has so far 
been focused on the development, characterisation 
(rheological properties, stability, impact force ab-
sorption ability) and application of the STFs.

The Team developed a series of demonstrators in the 
form of bullet-proof vest, sheen protectors for football 
players, shields for cylinders with explosive gases, and 
flexible inserts to hats, having parameters of a rigid hel-
met.

CONTACT

Professor Marcin Leonowicz, Ph.D., D.Sc.
marcin.leonowicz@pw.edu.pl 

(+48) 22 234 84 50
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/Non-Newtonian-fluids

AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

RESEARCH INFRASTRUCTURE

 � ARES TA Instruments rotational plate rheometer
 � drop tower for impact force absorption measurements
 � ageing chamber
 � calender
 � Hitachi 5500 Scanning Electron Microscope
 � Turbiscan LAB – structure stability analysis device 

SELECTED PROJECTS

 � Development and validation, in real conditions, of 
technology of smart materials absorbing impacts due 
to application of shear thickening fluids (NCBR, POIR, 
2019–2022)

 � Application of shear thickening fluids in energy absorbing 
systems, (NCBR, “ProTex”, Tango-1, 2015–2018)

 � The development of a method to neutralise the threat 
of explosion of selected containers for industrial 
gases, including alternative energy sources in the fire 
environment, for rescuers taking part in firefighting 
activities (NCBR, DOB-BIO6, 2014–2017)

 � Smart materials for energy absorption and protection of 
human body, (NCBR, PBS1, 2012–2015)

 � Smart, passive body armors with the application of 
rheological nano fluids, (NCBR, POIG,2007–2013)

PATENTS

 � Dilatant ceramic suspension and application PL 231216
 � Modified dilatant suspension of ceramic powders   

PL 226564

SERVICES OFFERED

 � fabrication of shear thickening fluids with tailored proper-
ties

 � rheological studies of fluids in static and dynamic regimes: 
evaluation of the viscosity versus shear rate, measurements 
of rheological parameters

 � studies of impact force absorption ability, in accordance 
with BS 7971-4:2002 UK standard

 � accelerated ageing studies
 � dispersion of particles in a carrier liquid
 � microstructural characterisation with the use of scanning 

electron microscopy
 � structural stability tests in suspensions – coagulation, 

agglomeration of particles etc.

SELECTED ACHIEVEMENTS

 � Gold Medal, European Exhibition of Creativity and 
Innovation Euroinvent 2017 under auspice of International 
Federation of Inventors’ Associations (IFIA) I World 
Invention Intellectual Property Associations, for “Protection 
of cylinders with technical gases from impact of thermal 
radiation”

 � Grand Prix of Prime Minister, Impact’17, Economy 4.0, 
Kraków 2017 for protective caps on the basis of non-
Newtonian fluid

 � Innovation initiator, Newsweek award, Distinction in the 
start-up category for Smart Fluid Ltd, June 2017

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Non-Newtonian-fluids
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Non-Newtonian-fluids
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MAGNETIC MATERIALS 
TEAM

MATERIALS ENGINEERING

#MAGNETIC MATERIALS #MAGNETIC PROPERTIES #MAGNETS 
#RECYCLING OF MAGNETS #HYDROGEN DECREPITATION 
#ULTRASONIC ATOMISATION #3D PRINTING #NDFEB 
#MAGNETOCALORIC MATERIALS

The Research Team is involved in the development, 
characterisation and applications of magnetic materials. 

In its over 30-years history, the Team was involved in the 
development of Alnico alloys and magnets on a basis of rare-
earth-metals, mostly Nd-Fe-B. The materials are processed with 
the use of  powder metallurgy, hot pressing, mechanical alloying, 
hydrogen methods (HD, HDDR), rapid solidification of molten 
alloy and additive manufacturing. Hydrogenation techniques and 
3D printing methods are applied for recycling of scrap sintered 
magnets and fabrication of coercive powders for polymer 
bonding and bulk magnets. 

In addition to the hard magnetic materials the research on 
magnetic shape memory alloys, magnetocaloric materials and 
soft magnetic materials is also carried out.

Cooperation with industrial partners:
 � Evitron sp. z o.o., Police 
 � GUMET Sz. Geneja, Kozłowska, Latos sp. j.

CONTACT

Professor Marcin Leonowicz, Ph.D., D.Sc.
marcin.leonowicz@pw.edu.pl

(+48) 22 234 84 50
https://www.wim.pw.edu.pl/wim_en/Research/Research-

groups/Magnetic-materials

AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

RESEARCH INFRASTRUCTURE

 � Lake Shore VSM 7410 vibrating sample magnetometer 
 � PPMS 9T Quantum Design Physical Property Measuring 

System with the following functions: VSM (magnetometer), 
specific heat, heat conductivity, electrical conductivity, Hall 
and Seebeck effects

 � pulsed field magnetiser –  5T
 � equipment for structural and microstructural characterisation
 � hot pressing system
 � furnace for sintering in protective atmosphere
 � home-made rig for hydrogenation of alloys with rare-earth-

metals

PATENTS AND PATENT APPLICATIONS

 � Method for the fabrication of  magnetocaloric Heusler alloys 
from nickel recyclate (P.435496 WP/07/20/GP)

 � Method for the fabrication of NdFeB hard magnetic powders 
(PL 217615B1) 

SERVICES OFFERED

 � measurements of magnetic parameters
 � structural and microstructural characterisation of 

magnetic materials 
 � developmentof technologies of magnetic materials
 � accelerated ageing studies
 � design of devices with the use of magnetic materials

SELECTED PROJECTS

 � Development of new materials on the basis of NdFeB 
alloys and processes that enable the production of hybrid 
magnetic rotors in technology of injection in a magnetic 
field (NCBR, 2017–2021)

 � Development  of methods for recovery of metals from 
electronic scrap (NCBR, 2013–2016)

 � Miniature new-generation magnets for application in 
microelectronic devices (NCBR, 2009–2012)
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AMORPHOUS  
AND NANOCRYSTALLINE, 
MAGNETICALLY SOFT 
MATERIALS TEAM
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#MAGNETICALLY SOFT MATERIALS #METALLIC GLASS 
#NANOCRYSTALLINE MATERIALS #MEASUREMENTS OF PHYSICAL PROPERTIES 
#COMPOSITE MATERIALS #MEASUREMENTS OF MAGNETIC PROPERTIES 
#CRYSTALLISATION OF METALLIC GLASS #CALORIMETRIC MEASUREMENTS

The Amorphous and Nanocrystalline, Magnetically 
Soft Materials Team runs its activities at the Division 
of Structural and Functional Materials, Faculty of 
Materials Science and Engineering, WUT. The scope of 
activities comprises the design, manufacture as well as 
structure and properties investigations of magnetically 
soft materials.

The Team’s principal area of scientific interest includes 
the alloys with amorphous-nanocrystalline structure, 
obtained by a partial crystallisation of metallic glasses. 
The Team develops non conventional heat treatment 
of metallic glasses and creates nanocrystalline 
alloys characterised by high magnetisation and low 
losses. Moreover, its members have experience in the 
manufacture and investigation of materials exhibiting 
magnetocaloric effect at ambient temperature.

The Group carries out scientific investigations within 
the research projects financed by the National Science 
Centre (NSC), National Centre for Research and 
Development (NCBR) and the European Commission 
(e.g. own projects, Innovative Economy Operational 
Programme (IEOP), EU’s Framework Programmes). It 
cooperates with Polish as well as foreign scientific 
institutions and industry.

CONTACT

ProfessorJarosław Ferenc, Ph.D., D.Sc.
jaroslaw.ferenc@pw.edu.pl 

(+48) 22 234 87 16 
https://www.wim.pw.edu.pl/wim_en/

Research/Research-groups/Amorphous-and-
Nanocrystalline-Magnetically-Soft-Materials-

Group

RESEARCH INFRASTRUCTURE

 � Physical Property Measurement System (PPMS), Quantum 
Design, 2–400 K, 9T, with the following functions: VSM 
(magnetometer), heat capacity, thermal conductivity, 
electric conductivity, Hall effect, Seebeck effect

 � home-built magnetic hysteresis loop tracer, DC and low 
frequency

 � magnetic hysteresis loop tracer Walker AMH 401, up to 1 MHz
 � differential calorimeters: Perkin Elmer DSC 8000 up to 730°C 

and Setaram Labsys DTA/DSC up to 1500°C
 � home-built station for the investigation of metallic glass 

crystallisation with ultra high heating rates
 � Rigaku Mini Flex II X ray diffractometer 
 � Kamika Mini 3D analyser of powder particles size and 3D 

shape 
 � Keyence VHX 7000 digital light microscope 
 � Edmund Bühler GmbH induction melter and melt spinner
 � ball mills for powder milling

SELECTED PROJECTS

 � Novel production technologies of functional magnetic ma-
terials for electro-mobile and medical applications (NCBR, 
2019–2022)

 � Development of high-efficiency and wasteless production 
technology of magnetically soft nanocomposites for high 
frequency conversion of high power (NCBR, 2018–2020)

 � Vitrified Metals Technologies and Applications in Devices 
and Chemistry (EU 7th Framework Programme, 2013–2017)

 � Innovative materials with reduced content of critical ele-
ments for magnetic cooling technology (NCBR, 2013–2017)

 � Innovative materials for energy-saving and green electric 
devices (IEOP, 2009–2015)

SERVICES OFFERED

 � investigation of thermal stability and phase tran-
sitions in various materials

 � investigation of static and dynamic magnetic 
properties

 � characterisation of physical properties of materials
 � characterisation of powder particles size and 3D 

shape, sieve analysis
 � manufacture of alloys with arc melting or induction 

melting and their heat treatment

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Amorphous-and-Nanocrystalline-Magnetically-Soft-Materials-Group
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Amorphous-and-Nanocrystalline-Magnetically-Soft-Materials-Group
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Amorphous-and-Nanocrystalline-Magnetically-Soft-Materials-Group
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Amorphous-and-Nanocrystalline-Magnetically-Soft-Materials-Group
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HIGH ENTROPY  
ALLOYS TEAM
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#HIGH ENTROPY ALLOYS #MULTICOMPONENT ALLOYS 
#HIGH MELTING POINT ALLOYS #MAGNETIC MULTICOMPONENT ALLOYS 
#HIGH ENTROPY BIOMEDICAL ALLOYS #PRECIPITATION HARDENING 
#MICROSTRUCTURE #INDUCTION MELTING #ARC MELTING 
#CASTING #MECHANICAL ALLOYING #THERMAL STABILITY 
#MECHANICAL PROPERTIES #MAGNETIC PROPERTIES

The Research Team operates at the Faculty of Materials 
Science and Engineering, Division of Structural and 
Functional Materials.

Research topics taken up by the Team are related 
to the fabrication of High Entropy Alloys (HEA) and 
the investigation of their structure and properties. 
HEAs are multicomponent alloys revealing simple 
phase composition of solid solution (fcc, bcc or their 
mixture), independently on the elements used for 
the alloys fabrication. HEAs are manufactured either 
by conventional arc/induction melting followed 
by casting, or by mechanical alloying of powders 
and their subsequent consolidation. HEAs show 
good mechanical properties in room and increased 
temperature (strength, hardness), wear resistance, 
thermal stability of structure at high temperature 
and corrosion resistance, depending on the chemical 
composition. Further improvement of selected 
properties of HEAs can be done with the use of their 
heat treatment, plastic deformation or precipitation 
hardening. There are also possibilities to design HEAs 
using ThermoCalc software.

CONTACT

Professor Tadeusz Kulik, Ph.D., D.Sc.
tadeusz.kulik@pw.edu.pl

(+48) 22 234 84 08
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/High-Entropy-Alloys

The Team has performed numerous research works related 
to manufacturing as well as structure and properties studies 
of various types of HEA, depending on different application 
areas, like nuclear energy, aviation, or biomedicine. Scientific 
cooperation with domestic and international research 
institutes has been established with AGH University of 
Science and Technology, Łukasiewicz Research Network 
– Institute of Microelectronics and Photonics, UNIPRESS 
Institute of High Presssure Physics PAS, Erich Schmid 
Institute of Materials Science, and University of Leoben, 
Austria.

RESEARCH INFRASTRUCTURE

 � Heat 300 arc melting device 
 � device for induction melting and casting of alloys 

manufactured by Edmund Buehler GmbH
 � Zeiss AxioVert 40 Mat optical microscope 
 � Keyence VHX-7000 digital optical microscope 
 � Rigaku Mini Flex II X-ray diffractometer 
 � differential scanning calorimeters: Perkin Elmer DSC 8000 

up to 1000 K
 � and DTA/DSC Setaram LabSys up to 1500oC
 � Lake Shore VSM 7410 vibrating sample magnetometer 
 � laboratory furnaces for heat treatment of alloys
 � hardness/microhardness testers
 � Thermo-Calc/Calphad software 

SELECTED PROJECT

 � Multicomponent High Entropy Alloys (NCN, 2015)

SERVICES OFFERED

 � manufacturing of HEAs using arc/induction melting and casting
 � manufacturing of HEAs using mechanical alloying and powder 

compaction
 � phase composition and microstructure studies (XRD, SEM)
 � thermal stability studies
 � mechanical and magnetic properties studies
 � design of HEAs using ThermoCalc software

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/High-Entropy-Alloys
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/High-Entropy-Alloys
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MECHANICAL ALLOYING  
AND POWDER SINTERING 
TEAM 
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#MECHANICAL ALLOYING #MECHANICAL MILLING #AMORPHOUS ALLOYS 
#NANOCRYSTALLINE ALLOYS #METALLIC-CERAMIC COMPOSITES 
#HIGH ENTROPY ALLOYS #POWDER COMPACTION #POWDER SINTERING 
#DENSITY #POROSITY #MICROSTRUCTURE #THERMAL STABILITY 
#MAGNETIC PROPERTIES #MECHANICAL PROPERTIES

The Team runs its activities at the WUT Faculty 
of Materials Science and Engineering, Division of 
Structural and Functional Materials.

The Team’s research focus is related to the fabrication 
of alloys and composites with the use of mechanical 
alloying and powder sintering, as well as, to the study 
of  their structure and properties. Mechanical alloying 
is a technique of high energy milling of powder mixtures 
in various ball mills resulting in the formation of alloys 
or composites with the desired phase composition 
and usually metastable structure (amorphous 
ornanocrystalline structure). The obtained powders 
are subjected to traditional compaction (pressing and 
sintering) or pulse plasma sintering (PPS).  Next, their 
microstructure and properties (thermal, mechanical, 
magnetic, etc.) are studied.  

The Group has a track record of many research projects 
related to the manufacturing of bulk metastable alloys 
(amorphous, nanocrystalline alloys), intermetallics, 
multiferroic materials, soft magnetic materials, solid 
state electrolytes for lithium-ion batteries, and high 
entropy alloys. Scientific cooperation with many 
domestic and international research institutes has 
been established, including the Łukasiewicz Research 
Network – Institute of Microelectronics and Photonics, 
Faculty of Electrical Enginnering and Informatics of the 
Lublin University of Technology, UNIPRESS Institute 
of High Presssure Physics PAS, Łukasiewicz Research 
Network - Institute of Non-Ferrous Metals, University 
of Wollongong (Australia), Keyo University (Japan) and 
University of Sevilla (Spain).

CONTACT

Professor Dariusz Oleszak, Ph.D., D.Sc.
dariusz.oleszak@pw.edu.pl

(+48) 22 234 84 08;  22 848 06 34
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/Mechanical-alloying-and-
powder-sintering

RESEARCH INFRASTRUCTURE

 � ball mills (planetary mills – Fritsch, shaker mills – Spex, 
magnetic mills – Uniball, cryomill  – Retsch)

 � AccuPyc II 1340 helium picnometer 
 � Kamika Instruments Mini 3D particle size distribution 

analyser 
 � Keyence VHX-7000 digital optical microscope 
 � Rigaku Mini Flex II  X-ray diffractometer 
 � Perkin Elmer DSC 8000 differential scanning calorimeter 
 � DTA/DSC LabSys Setaram
 � TestChem Uniaxial hydraulic press  – 50 kN
 � Pulse Plasma Sintering device 
 � Lake Shore VSM 7410 magnetometer with a vibrating sample
 � device for including samples in conductive resin (IPA300 

Remet)
 � Thermo-Calc software

SELECTED PROJECTS

 � Crystalline-amorphous aluminium composites fabricated 
with the use of mechanical alloying and powders 
compaction (NCN, 2014)

 � Nanocrystalline FeAl and NiAl intermetallics reinforced with 
boron (NCN, OPUS 7, 2014)

 � Structure - Function Relationship of Advanced Nanooxides 
for Energy Storage Devices (NCBR, Japan Joint Research 
Program, V4–Japan, 2015–2019)

 � Development of efficient and zero-waste soft magnetic 
nanocomposites technology for high frequency power 
processing (NCBR, TECHMATSTRATEG I, 2017–2022)

  SERVICES OFFERED

 � manufacturing of powder alloys and metallic/metallic-ce-
ramic composites using mechanical alloying/mechanosyn-
thesis

 � compaction of powders by various methods
 � density measurements of powders and sinters
 � particle size distribution determination
 � structural studies of powders and sinters (XRD, SEM)
 � thermal stability studies of powders and sinters
 � mechanical and magnetic properties determination

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Mechanical-alloying-and-powder-sintering
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Mechanical-alloying-and-powder-sintering
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Mechanical-alloying-and-powder-sintering
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METALLIC GLASS TEAM
AT THE WARSAW UNIVERSITY 
OF TECHNOLOGY

MATERIALS ENGINEERING

#ALLOYS PREPARATION #GLASS FORMING ABILITY #METALLIC GLASS 
#BULK METALLIC GLASS #AMORPHOUS ALLOYS #NANOCRYSTALLINE ALLOYS 
#MELT SPINNING #INJECTION MOULD CASTING #THERMAL STABILITY 
#PHASE TRANSFORMATIONS #X-RAY DIFFRACTION PHASE ANALYSIS 
#MECHANICAL PROPERTIES #MAGNETIC PROPERTIES #ULTRA-RAPID ANNEALING

The team is located at the Faculty of Materials Science 
and Engineering WUT, in the Division of Structural and 
Functional Materials. Its members prepare metallic 
glasses (MGs) in the form of ribbons (15-50 μm) as well as 
rods and plates (1-20 mm) and also study their structure 
and properties. The team has been accumulating 
extensive experience for over 50 years, being the first in 
Eastern Europe to undertake and explore this topic.

Magnetic MGs are applied in magnetic cores production 
and flexible magnetic screens and magnetoelastic 
transducers. MGs are used for the production of 
nanocrystalline materials with very good soft magnetic 
properties (Fe alloys) or mechanical properties (Al 
alloys). MGs have a unique set of properties: they are 
mechanically hard and magnetically soft, they show high 
resistivity and good corrosion resistance.

The team is experienced in unconventional nanocrystalli-
sation methods (high and low temperatures). At elevated 
temperature, bulk metallic glasses are superplastic and 
mouldable like polymers. They are a perfect material for 
hard and mirror smooth elements with a complex shape 
for micromechanics, e.g. micro-gears with a sub-millimeter 
diameter.

CONTACT

Professor  Tadeusz Kulik, Ph.D., D.Sc.
tadeusz.kulik@pw.edu.pl

(+48) 22 234 87 19
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/Metallic-Glass-Team

RESEARCH INFRASTRUCTURE

 � Heat 300 electric arc furnace for the preparation of alloys
 � Edmund Bühler GmbH melting device for induction melting, 

melt spinning and injection mould casting
 � Rigaku Mini Flex II X-ray diffractometer
 � Perkin Elmer DSC 7 differential scanning calorimeter (up to 

1000 K)
 � Perkin Elmer DSC 8000 differential scanning calorimeter 

(from 120 up to 1000 K)
 � DTA/DSC LabSys Setaram calorimeter (up to 1800 K)
 � Zeiss AxioVert 40 Mat light microscope
 � Keyence VHX-7000 digital light microscope
 � various furnaces for the thermal treatment of alloys
 � hardness testers
 � high-sensitivity computerised hysteresis loop tracer for 

measuring quasistatic magnetic hysteresis loop of ribbons, 
plates, wires, rods and toroids

SELECTED PROJECTS

 � Cone test as a glass forming ability determination method 
of metallic glass-forming alloys (NCN, OPUS 9, 2016–2019)

 � Development of high-performance and waste-free techno-
logy for the production of soft magnetic nanocomposites  
for high-frequency processing of high powers (NCBR, TECH-
MATSTRATEG I, 2018–2021)

 � Modification of structure and properties of bulk metallic 
glasses in low-temperature plasma (NCN, OPUS 15, 2019 
–2022)

PATENTS

 � A method of producing magnetically soft metallic glass 
(Polish Patent No. 146 424, 1989)

 � Amorphous metal alloy (Polish Patent No. 151 347, 1991)
 � Amorphous metal alloy (Polish Patent No. 154 378, 1992) 

SERVICES OFFERED

 � production of:
 ◻ various alloys at a laboratory scale
 ◻ amorphous and nanocrystalline alloys in the form of thin 

ribbons
 ◻ bulk metallic glasses (rods or plates)

 � plasma modification of bulk metallic glass surfaces
 � crystallisation process of metallic glass
 � research into:

 ◻ glass forming ability using thermal methods (DSC, DTA) 
and casting methods (continuous and discrete methods)

 ◻ structure and microstructure
 ◻ thermal stability and crystallisation kinetics
 ◻ mechanical properties
 ◻ magnetic properties

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Metallic-Glass-Team
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Metallic-Glass-Team
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COMPUTATIONAL 
MODELLING  
OF MATERIALS  
AND STRUCTURES TEAM
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

The Team forms part of the Division of Materials Design at the 
Faculty of Materials Science and Engineering of the Warsaw 
University of Technology. The team’s research is focused on the 
design of modern engineering materials with a particular emphasis 
on the computer modelling of microstructures, properties and 
processes. 

The research methods that are used in the field of numerical 
modelling include: molecular dynamics, DFT, finite element 
method, finite volume method, and Monte Carlo method. As part 
of our activities, research is conducted in the following areas:

 � Nanocrystalline materials,
 � Intercrystalline and interphase boundaries,
 � Group IV semiconductors,
 � Molten carbonate fuel cells materials,
 � Copper/Silver composites with the graphene addition,
 � Structural composites,
 � Porous materials,
 � Shale rocks,
 � Heat recovery from exhaust gasses,
 � Interactions of electromagnetic and mechanic waves with 

materials.

Research in those areas is conducted in cooperation with national 
and foreign institutions, including IPPT PAN, ICM UW, Institute of 
Experimental Physics of the University of Wroclaw, Institute of 
Physics of the Jagiellonian University, Faculty of Metal Engineering 
and Industrial Computer Science of the AGH University of 
Science and Technology, Institute  of  Stochastics of the Ulm 
University (Germany), Fraunhofer Center for Silicon Photovoltaics 
(Germany), Theory and Modelling Department, CCFE (United 
Kingdom), Institute of High Performance Computing, ASTAR 
(Singapore), Department of Mechanical and Industrial Engineering 
of the Concordia University (Canada), Department of Mechanical 
Engineering of the University of Cape Peninsula (Republic of South 
Africa).

CONTACT

Professor Tomasz Wejrzanowski, Ph.D., D.Sc.
tomasz.wejrzanowski@pw.edu.pl

(+48) 22 234 87 42
https://www.wim.pw.edu.pl/wim_en/Faculty/Divisions/

Division-of-Materials-Design/Computer-modeling-in-
materials-design

#COMPUTER MODELLING #MATERIALS DESIGN #DFT 
#MOLECULAR DYNAMICS #FINITE ELEMENT METHOD 
#CELLULAR AUTOMATONS #MONTE CARLO #MULTISCALE MODELLING

RESEARCH INFRASTRUCTURE

 � computer cluster – 360 AMD Opteron 64-bit cores
 � high-performance computing workstations
 � ANSYS/Fluent software
 � Abaqus software
 � LAMMPS software
 � VASP software
 � MicroMeter software

SERVICES OFFERED

 � design of open-porous materials
 � numerical analysis of mechanical properties
 � numerical analysis of flow properties
 � numerical analysis of thermal properties
 � simulations of properties and processes at the atomic scale
 � image analysis and quantitative descriptions

SELECTED PROJECTS

 � Development of high gauge factor piezoresistive MEMS 
sensors for harsh environments via combined high-
throughput simulations and experiments (NCBR, Poland-
Singapore bilateral project, 2018–2020)

 � The influence of microstructure and chemical composition 
on the catalytic properties of open-porous components of 
molten carbonate fuel cells (NCN, OPUS, 2017–2020) 

 � Numerical analysis of the influence of microstructure on 
reactive flow processes in open-porous components of 
high-temperature fuel cells (NCN, PRELUDIUM, 2017–2020)

 � The influence of microstructural parameters on heat 
transfer processes in open-porous materials (NCN, 
SONATINA, 2018–2021)

https://www.wim.pw.edu.pl/wim_en/Faculty/Divisions/Division-of-Materials-Design/Computer-modeling-in-materials-design
https://www.wim.pw.edu.pl/wim_en/Faculty/Divisions/Division-of-Materials-Design/Computer-modeling-in-materials-design
https://www.wim.pw.edu.pl/wim_en/Faculty/Divisions/Division-of-Materials-Design/Computer-modeling-in-materials-design
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TEAM FOR THE 
CHARACTERISTICS  
OF MATERIALS AFTER 
PLASTIC DEFORMATION 
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY
MATERIALS ENGINEERING

#SEVERE PLASTIC DEFORMATION #MICROSTRUCTURE ANALYSIS 
#ELECTRON MICROSCOPY #SEVERE PLASTIC DEFORMATION MECHANISMS 
#X-RAY DIFFRACTION #DEFORMED MATERIAL TEXTURE 
#MECHANICAL PROPERTIES IMPROVEMENT 
#INSTABILITY OF SEVERE PLASTIC DEFORMATION #EBSD

The Team operates at the Division of Materials Design 
at the Faculty of Materials Science and Engineering of 
the Warsaw University of Technology. 

The development of different severe plastic deforma-
tion methods and the design of new routes of deforma-
tions allows a significant improvement of mechanical 
properties, both from the theoretical and practical per-
spective. The research work focuses mainly on the pro-
cesses of severe plastic deformation and the accompa-
nying effects of microstructure and properties changes.
The research includes the description of evolution of 
texture, microstructure and residual stresses as well as 
phase composition. Research is also carried out on the 
influence of severe plastic deformation on thermal sta-
bility of microstructure and its mechanical properties 
(including instability of plastic deformation – Portevin-
-Le Chatelier effect) and the description of degradation 
processes. 

Team members have long-standing experience and also 
take part in research and development work carried out 
as part of domestic and international projects.

CONTACT

Professor Jarosław Mizera, Ph.D., D.Sc.
jaroslaw.mizera@pw.edu.pl 

(+48) 22 234 87 29
https://www.wim.pw.edu.pl/wim_en/Research/
Research-groups/Characteristics-of-materials-

after-plastic-deformation

RESEARCH INFRASTRUCTURE

 � ELECTRON MICROSCOPY LABORATORY (SEM  
and TEM)

 � X-RAY DIFFRACTION LABORATORY (X-RAY dffrac-
tometers)

 � MECHANICAL PROPERTIES LABORATORY (hard-
ness testers and hydraulic universal testing machi-
nes)

 � LABORATORY OF ELECTRON MICROSCOPY SAM-
PLES PREPARATION (precision ion and electrolytic 
thinning machines)

 � LABORATORY OF CORROSION TESTING

SELECTED PROJECTS

 � New generation of cantilever system dedicated for 
lightweight railway and tramway overhead traction 
lines (MABTECH) (TECHMATSTRATREG II, NCBR, 
2019–2021)

 � The influence of orientation of monocrystals with 
different stacking fault energies on strain texture 
formation during drawing (OPUS 11, NCN, 2017 
–2021)

 � Hybrid technology for the production of standard 
gauge rails with improved service life taking into 
account future trends in the development of rail 
transport (PBS 3, NCBR, 2015–2018)

 � Analysis of early stages of recrystallisation in 
selected RSC monocrystals after severe plastic 
deformation (OPUS 5, NCN, 2014–2017)

SERVICES OFFERED

 � elemental analysis using wavelength dispersive X-ray fluorescence 
spectrometry (WDXRF)

 � phase composition, measurements of residual stress, texture  
and thin layers analysis using X-ray diffraction

 � microstructure observations – scanning electron microscopy (SEM), 
transmission electron microscopy (TEM) and identification of crystal-
line materials using the electron back scattered diffraction (EBSD) 
technique

 � electrochemical and stress corrosion resistance tests
 � characterisation of crystallographic orientation of grains and miso-

rientation angle of grain boundaries using the EBSD method
 � analysis of instability of plastic deformation – Portevin-Le Chatelier 

effect
 � analysis of thermal stability of materials after plastic deformation
 � analysis of mechanical properties after monotonic and cyclic  

deformation

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Characteristics-of-materials-after-plastic-deformation
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Characteristics-of-materials-after-plastic-deformation
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Characteristics-of-materials-after-plastic-deformation
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NON-FERROUS METALS  
AND THEIR ALLOYS TEAM 
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#NON-FERROUS ALLOYS #BIOMEDICAL AND AVIATION TITANIUM ALLOYS 
#MICROSTRUCTURE AND PROPERTIES DESIGN #HEAT TREATMENTS 
#THERMO-MECHANICAL TREATMENTS #SURFACE TREATMENTS 
#LARGE PLASTIC DEFORMATION METHODS #MICROSTRUCTURE
#NANOCRYSTALLINE AND ULTRAFINE-GRAINED METALS 
#MECHANICAL PROPERTIES #CORROSION RESISTANCE 
#BIOCOMPATIBILITY #PHYSICOCHEMICAL PROPERTIES OF THE SURFACE

The Non-ferrous Metals and their Alloys Team is part of the 
Division of Materials Design of the Faculty of Materials Science 
and Engineering of the Warsaw University of Technology. Our 
team has long-term experience in metallic materials designing 
and testing, especially titanium and its alloys, which is confirmed 
by the participation in many R&D projects, also international 
ones. The team’s main areas of research include the following 
aspects:

 � designing and characterisation of microstructure and 
properties of titanium alloys for biomedical applications 
by way of mechanical, thermo-mechanical processing and 
surface engineering methods,

 � large and severe plastic deformation processes and their 
ability to obtain nanomaterials and ultrafine-grained 
materials,

 � electrochemical tests of corrosion resistance of metallic 
materials,

 � characterisation of biomedical metals after corrosion and 
biological tests,

 � consolidation of metal chips with the use of plastic 
processing,

 � characterisation of the microstructure and properties of multi-
layered laminates produced using the explosive cladding 
technology,

 � characterisation of the degradation processes of catalytic 
gauzes used in the ammonia oxidation process,

 � diagnostics of artworks and archaeological objects.

The group cooperates with both Polish and foreign research 
centres, such as: the Institute for Sustainable Technologies 
(Radom), the Institute of Physiology and Pathology of Hearing 
(Kajetany), Institute of Optoelectronics, Military University of 
Technology (Warsaw), Friedrich–Alexander University Erlangen–
Nürnberg (Germany), Chalmers University of Technology 
(Sweden), Karlsruhe NanoMicro Facility (Germany), Clemson-
MUSC Bioengineering Program (USA).

CONTACT

Professor Halina Garbacz, Ph.D., D.Sc.
halina.garbacz@pw.edu.pl

(+48) 22 234 87 92
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/Non-Ferrous-Metals-And-Their-Alloys

RESEARCH INFRASTRUCTURE

 � WJ-80s electric rolling mill 
 � WJSM-60 manual rolling mill 
 � Autolab PGSTAT302N potentiostat with impedance test module
 � Sterilclave 18 COMINO autoclave
 � Thermo Scientific™ Midi 40 CO2 incubator with the control  

of CO2 atmosphere
 � UV-VIS AOE spectrophotometer (measuring range of 190-1100 nm)
 � Tribotester T-17 for testing material combinations cooperating 

slidingly in a cyclic reciprocating movement in the pin-plate 
system

 � Zeiss Axio Observer light microscope
 � Hitachi SU70 scanning electron microscope
 � Hitachi 3500N scanning electron microscope
 � TEM JEOL JEM 1200 transmission electron microscope
 � Wyko NT9300 optical profilometer
 � HYSITRON Triboscope 950 nanoindenter 
 � Zwick/Roell Z005 tensile strength testing machine 
 � Struers TenuPol electrolytic thinning machine

SELECTED PROJECTS

 � Development of processing technology for aluminum and com-
posite primary and secondary structures, (Mazowsze/0211/19-00, 
NCBR,  2020–2021)

 � Development of low-waste explosive cladding technology and 
processing technology of multilayer, high strength, light and 
super light materials with reactive and functional layers as well 
as plates cladded explosively with reactive metals and its alloys, 
(TECHMATSTRATEG, NCBR, 2019–2022)

 � Integrated system of tools for the diagnosis and telerehabilitation 
of sensory organs (hearing, eyesight, speech, balance, smell, taste), 
(STRATEGMED1, NCBR, 2014–2018)

 � Influence of severe plastic deformation on the microstructure 
of Ti-29Nb-13Ta-4,6Zr alloy for biomedical applications (OPUS 11, 
NCN, 2016–2021)

 � The influence of low-temperature annealing on the nanostructure 
evolution and the properties of hexagonal Ti with diversified 
amount of interstitial elements (OPUS 15, NCN, 2018–2022)

SERVICES OFFERED

 � flat and caliber rolling of metals at a laboratory scale
 � tribological tests in the pin-plate system carried out in a cyclic 

reciprocating movement
 � electrochemical corrosion tests
 � characterisation of the degradation processes and quality 

of metallic surfaces based on microscopic observations and 
profilometric tests

 � preparation of metallic materials, including thin foils for TEM 
experiments

 � microstructural analysis of metals and their alloys (light and 
electron microscopy)

 � heat treatment of metals and their alloys
 � surface treatments of metals and their alloys, including 

mechanical and chemical treatments
 � deposition of bioactive coatings on the surface of metallic 

biomaterials
 � sterilisation of biomedical materials 

PATENTS

 � Container of a press for plastic forming of metals and their alloys 
(PAT.417874)

 � Method for producing nanocrystalline titanium (PAT.225395)
 � Platinum alloy (PtRe) obtained with the use of the melting and 

casting method or powder mettalurgy, containing platinum, 
rhenium, and unavoidable carry-over, with the weight content 
of rhenium in the range of 0.01-40.00% (PAT.228512)

 � Platinum alloy (PtRhRe) obtained with the use of the melting 
and casting method or powder mettalurgy, containing platinum, 
rhodium (weight content in the range of 0.01-40%), rhenium, and 
unavoidable carry-over, with the weight content of rhenium in 
the range of 0.01- 40.00% (PAT.228514)

 � Palladium alloy (PdAuRe) obtained with the use of the melting 
and casting method or powder mettalurgy, containing palladium 
(weight content in the range of 0.01-30%), gold, rhenium, and 
unavoidable carry-over, with the weight content of rhenium in 
the range of 0.01- 40.00% (PAT.228516)

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Non-Ferrous-Metals-And-Their-Alloys
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Non-Ferrous-Metals-And-Their-Alloys
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MATERIALS DESIGN TEAM  
FOR THE EXTRACTIVE  
AND MINING INDUSTRY
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY
MATERIALS ENGINEERING 

#CERAMIC PROPPANTS #NATURAL GAS #SHALE GAS 
#FRACTURING FLUIDS #HYDRAULIC FRACTURING

Materials Design Team for the Extractive and Mining 
Industry operates at the WUT Faculty of Materials 
Science and Engineering at the Division of Materials 
Design.

The team’s main interest is development of new material 
solutions, e.g. obtaining and testing the properties of 
polymer binders, ceramic proppants and liquids hydraulic 
systems used in mining processes.

Research topics include:
 � the influence of raw materials on the properties of 

ceramic materials in green state and after sintering,
 � influence of the chemical structure of polymers on the 

improvement of the  properties of ceramic proppants,
 � development of ceramic granulates,
 � development of fracturing fluids used in the mining 

industry,
 � influence of hydrogen sulphide and carbon dioxide 

on the corrosion mechanism of structural steels in oil 
and gas transportation systems.

The Team’s partners include PGNiG, Baltic Ceramics, and 
Indygo Minerals.
Its main activities are projects, preparation of expert 
opinions, solutions, and methodologies, and the delivery 
of external orders.

CONTACT

Paweł Wiśniewski, Ph.D.
pawel.wisniewski@pw.edu.pl 

(+48) 22 234 81 57 
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/Materials-for-the-mining-
industry 

SELECTED PROJECTS

 � Optimising the production technology of lightweight 
high strength and low specific gravity ceramic proppants 
while making the maximum use of naturally occuring 
Polish raw materials and fly ash (BALTICPROPP, Blue Gas 
1 Programme, 2013–2016)

 � Electromagnetic method to estimate the penetration  
of proppant in the fracturing process (EMPROP, Blue Gas 2 
Programme, 2014–2017)

RESEARCH INFRASTRUCTURE

 � FLIR T1020 thermal imaging camera with software: FLIR 
TOOLS, ResearchIR 4 Max 

 � Nikon Epiphot 200 light microscope 
 � Carl Zeiss Axio Scope light microscope equipped with 

bright-field (BF) anddark-field (DF) modules, differential 
contrast (DIC) and differential interference contrast in 
circular polarisation (DIC-R) 

 � TM1000 Hitachi scanning microscope 
 � chamber furnace up to 1600°C (Czylok, Poland)
 � stand for drying and heating materials with IR radiation 
 � laboratory dryers
 � Horiba LA-950 particle size analyzer 
 � A200 Retsch Control sieve shaker 
 � MC102 Anton Paar rheometer
 � D-MT1A (POLON-IZOT) tensiometer
 � TurbiDirect_4a turbidimeter
 � device for testing the bulk density of powders

SERVICES OFFERED

 � phase, crystal texture and residual stress analysis using an X-ray 
diffractometer (XRD) 

 � microstructure studies using scanning electron microscopy 
(SEM) 

 � examinations of materials using X-ray microtomography (μCT) 
 � tests of mechanical properties, i.e. crushing tests 
 � selection and study of the influence of powder properties  on 

the parameters of  ceramic granulates used for the production 
of ceramic proppants 

 � preparation and testing of the properties of polymer binders and 
fracturing fluids

 � preparation and testing of the ceramic properties of casting slip 
to obtain ceramic proppants and granulates

 � rheological studies of polymer binders and fracturing fluids 
 � particle size analysis of ceramic powders 
 � studies of the properties of ceramic proppants (according to PN-

EN ISO 13503-2: 2010)
 � surface tension tests 
 � fluid turbidity tests 
 � sieve analysis

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Materials-for-the-mining-industry
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Materials-for-the-mining-industry
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Materials-for-the-mining-industry
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MATERIALS DESIGN TEAM 
FOR THE POWER INDUSTRY
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#ENERGY CONVERSION #THERMOELECTRIC MATERIALS 
#THE SEEBECK EFFECT #THE PELTIER EFFECT #POWDER METALLURGY 
#PULSE PLASMA SINTERING #COMPOSITE MATERIALS 
#FUSION REACTOR MATERIALS #POWER ENGINEERING

The Materials Design Team for the Power Industry 
operates within the Faculty of Materials Science and 
Engineering of the Warsaw University of Technology.

The area of research carried out by the Team covers 
a wide range of issues related to the modelling, 
production and characterisation, as well as the 
practical use of, materials for state-of-the-art energy 
conversion and production systems.

The team implemented numerous projects financed by 
the National Science Centre, the National Centre for 
Research and Development, the Ministry of Science 
and Higher Education and as part of the European 
M-Era.Net and Horizon Europe Euratom programmes.

The tasks carried out by the Team include both research 
and expert activities. The numerous cooperating 
entities include leading research centres in Europe,  
i.e. Culham Centre for Fusion Energy (the UK), Max-
Planck-Institut für Plasmaphysik or RWTH Aachen 
University (Germany), as well as industrial partners: 
THALES Alenia Space (France), ZTW - EXPLOMET  
Sp. J. (Poland) and others.

CONTACT

Professor Łukasz Ciupiński, Ph.D., D.Sc.
lukasz.ciupinski@pw.edu.pl

(+48) 22 234 81 53
https://www.wim.pw.edu.pl/wim_en/Research/
Research-groups/Materials-for-power-industry

RESEARCH INFRASTRUCTURE

 � THERMOLELECTRIC MATERIALS SYNTHESIS LABORATO-
RY:

 ◻ rocking tube furnace
 ◻ vacuum tube furnace
 ◻ MBraun LabStar glove box
 ◻ a stand for quartz ampouling with high purity vacuum

 � THERMOELECTRIC MATERIALS CHARACTERISATION 
LABORATORY:

 ◻ X-Radia XCT400 X-ray microtomograph
 ◻ SeebTest apparatus for the characterisation of thermo-

electric properties as a function of temperature
 ◻ SeebScan apparatus for the characterisation of the 

surface distribution of the Seebeck coefficient
 � the work carried out in the team also widely exploits the 

comprehensive suite of equipment gathered in other 
laboratories at the Faculty of Materials Science and 
Engineering 

SELECTED PROJECTS

 � Research on flexible thermoelectric modules (NCBR, 2019 
–2020)

 � Development of new thermoelectric materials based on 
skutterudites (NCN, 2017–2021)

 � Innovative thermoelectric modules for energy conversion 
(NCBR 2014–2018)

 � Development of a technology of non-destructive diagnosis 
of gas pipelines based on a magnetic non-contact method 
and sensors integrated with the use of machine learning 
algorithms (NCBR, 2019–2022)

 � EUROfusion – Implementation of activities described in the 
Roadmap to Fusion during Horizon Europe through a joint-
programme of the members of the EUROfusion consortium 
(European Commission, 2021–2025)

 � HEATPACK – New generation of high thermal efficiency 
components packages for space (European Commission, 
2019–2022)

SERVICES OFFERED 

 � analysis of the degradation of materials working in fusion 
reactors

 � research on the microstructure of metallic, ceramic and 
semiconductor materials

 � synthesis and characterisation of thermoelectric and 
semiconductor materials

 � development and characterisation of composite materials
 � heat treatment of materials
 � numerical analyses: theory of density functionals, finite 

element method, finite volume method
 � expert opinions on materials (metallic and polymer materials, 

degradation processes, material selection)
 � research on the degradation of materials in a hydrogen 

environment 

SELECTED ACHIEVEMENTS

 � Development of a homogenisation process of a metallic-
ceramic powder mixture for the production of composite 
materials with high thermal conductivity (Pat. 229005, 2017)

 � Gold medal for the invention of the „Copper-diamond 
Integrated Heat Spreader”, INPEX, the Invention & New 
Product Exposition, USA, 2013

 � Development of an alloyed powder for the production of 
tungsten alloys using the powder metallurgy method (Pat. 
234544, 2019)

 � The technology for the connection of diffusion barriers 
and thermoelectric materials with the use of Pulse Plasma 
Sintering powder metallurgy technique (TANGO project)

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Materials-for-power-industry
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Materials-for-power-industry
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MATERIALS DESIGN TEAM  
FOR THE AEROSPACE 
INDUSTRY
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#AEROSPACE INDUSTRY #SURFACE ENGINEERING 
#3D PRINTIN OF METALLIC MATERIALS #3D PRINTING 
#METALLIC MATERIALS #MATERIALS FOR THE AEROSPACE INDUSTRY

The Team is based at the Faculty of Materials 
Science and Engineering of the Warsaw University  
of Technology, in the Division of Materials Design. 

Research work of the Team is focused on development 
of new material solutions including the design and 
manufacturing of heat-resistant and creep-resistant 
layers for the hot sections of the aircraft engines, 
regeneration of the aircraft engines’ hot sections, 
design and manufacturing of corrosion and abrasion 
resistant layers, design and manufacturing of aircraft 
engines’ hot sections with the use of 3D printing 
techniques. 

Team’s main partners include Wojskowe Zakłady 
Lotnicze Nr 2 S.A. (Military Aviation Works) and General 
Electric International S.A., Institute of Fundamental 
Technological Research, Faculty of Mechatronics, 
Armament and Aerospace at the Military University of 
Technology, Chair of Materials Science at the Rzeszów 
University of Technology, Faculty of Non-Ferrous Metals 
at the AGH University of Science and Technology, 
Institute of Ceramics and Building Materials, as well 
as Pratt&Whitney Rzeszów, CPP Polska Sp. z o.o.,  
GE Aviation. Moreover, the Team is engaged in 
cooperation with international centres, such as Osaka 
University (Japan), Institut National de Sciences 
Appliquées (Lyon, France) and Ecole des Mines de 
Saint-Étienne (France).

The Team is experienced in conducting research 
projects and supervising diploma theses. 

CONTACT

Ryszard Sitek, Ph.D., D.Sc.
ryszard.sitek@pw.edu.pl

(+48) 22 234 81 57
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/Materials-for-aviation-and-
transport

SERVICES OFFERED

 � degradation assessment of the aircraft engines’ hot 
sections after operation

 � microstructural analyses, elemental and phase characte-
risation of the of heat-resistant and creep-resistant layers 
used for the hot sections of aircraft engines

 � microhardness and porosity measurements, elemental and 
phase characterisation of the metallic materials obtained 
with the use of 3D printing techniques

 � particle size measurements of the powders for the 3D 
printing

RESEARCH INFRASTRUCTURE

 � EOS M100 3D printer
 � ATOS Core 3D scanner 
 � Carl Zeiss Axio Scope optical microscope 
 � Hitachi TM-1000 scanning electron microscope 
 � Nabertherm chamber furnace up to 1280°C
 � Vario basic sandblaster
 � LPzE-3e sieve shaker 

SELECTED PROJECTS

 � The use of new surface engineering technologies and 
magnetic bearings in the construction of a miniature 
turbine jet engine (NCBR, 2012–2015)

 � Coatings with increased heat resistance on high pressure 
turbine blades of RD-33 engine (NCBR, 2018–2019)

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Materials-for-aviation-and-transport
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Materials-for-aviation-and-transport
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Materials-for-aviation-and-transport
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POROUS MATERIALS  
TEAM
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#POROUS MATERIALS #OPEN POROSITY #FUEL CELLS 
#HEAT EXCHANGERS #CATALYSIS #FILTERS #3D PRINTING

The Team is a part of the Division of Materials Design of the Faculty 
of Materials Science and Engineering at the Warsaw University 
of Technology. Its research is focused on high porosity materials. 
The activities of the team include production, characterisation and 
numerical modelling techniques in order to design the microstructure 
and properties of porous materials and the processes taking place in 
them.

The production of materials is based on such techniques as: 
tape casting, 3D printing, chemical and electrochemical surface 
modification. Characterisation includes advanced material structure 
studies (porosity measurements, electron microscopy, X-ray 
tomography, FIB-SEM and quantitative analysis of 2D and 3D structure 
images). Characterisation also entails electrochemical testing 
(including EIS testing), permeability and electrical conductivity testing. 
An important element of the research is the modelling of structure, 
properties and processes with the use of advanced computer 
modelling techniques, such as DFT, molecular dynamics and FEM. 
The activities of the Team focus especially on such issues as:

 � catalysts,
 � fuel cells,
 � filters and membranes - passive and active,
 � storage of liquids and gases, 
 � heat exchangers, 
 � acoustic barriers, 
 � thermal barriers.

Research in this area is conducted in cooperation with foreign 
institutions, including: Technische Universität (Germany), Ulm 
University (Germany), National Cheng Kung University (Taiwan), 
Nanyang Technological University (Singapore), Hanbat National 
University (South Korea), University of Averio (Portugal), University 
of Oslo (Norway), SINTEF (Norway), University of Cape Peninsula 
(Republic of South Africa).

CONTACT

Professor Tomasz Wejrzanowski, Ph.D., D.Sc.
tomasz.wejrzanowski@pw.edu.pl

(+48) 22 234 87 42
https://www.wim.pw.edu.pl/wim_en/Research/ 

Research-groups/Porous-materials-team

SERVICES OFFERED

 � fabrication of materials for fuel cells, filters, catalysis 
 � 3D printing of porous materials
 � characterisation of the structure, properties and physical, 

chemical and electrochemical processes in high porosity 
materials 

 � quantitative analysis of the structure of porous materials 
 � design of open-porous materials – modelling of their 

structure, properties and processes

SELECTED PROJECTS

 � High temperature molten carbonate fuel cells (NCBR, PBS 
3, 2015–2018) 

 � Innovative electrolyte matrix materials for carbonate fuel 
cells (Poland-Taiwan Cooperation, 2016–2019) 

 � Innovative carbonate-ceramic composite materials as CO2 
capture and disposal technologies for sustainable energy 
(M-ERA_NET 2, 2017–2021) 

 � Improved production of fuel cells aimed at extending the life 
time, improving operating parameters, in particular power 
per unit volume / mass of the cell, and reducing investment 
and operating costs through the use of alternative catalytic 
systems in printing technology (POIR, 2016–2020) 

 � Development of a technology for the recovery of precious 
metals and rare earth metals for the production of carbonate 
fuel cell elements (POIR, 2017–2021)

 � Hierarchical porous structures fabricated by 3D printing 
technology (NCN, 2019–2023)

RESEARCH INFRASTRUCTURE

 � 2x tape caster 
 � Retch PM400 planetary mill
 � Thinky ARV 930 TWIN planetary vacuum homogenizer
 � Czylok FCF-V70C/ R atmospheric furnace
 � NORECS AS electrochemical test stand
 � GAMRY3000 impedance spectroscopy test set 
 � permeability test stand 
 � conductivity test stand 
 � FDM Ultimaker S5 printer 
 � 3Devo extruder

PATENTS AND PATENT APPLICATIONS 

 � Heat exchanger with a cooling system, especially for a 
thermoelectric generator (PL 228521) 

 � Carbonate fuel cell matrix with increased fracture 
toughness (P.415522) 

 � Method for producing a high open porosity carbonate fuel 
cell cathode (P.427754)

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Porous-materials-team
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Porous-materials-team
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ULTRA-FINE GRAINED 
AND NANOCRYSTALINE 
MATERIALS TEAM
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#ULTRAFINE-GRAINED AND NANOCRYSTALLINE METALLIC MATERIALS
#METALLIC NANOCOMPOSITES #CORROSION
#ELECTRON MICROSCOPY FOR MICROSTRUCTURE CHARACTERISATION 
#SEVERE PLASTIC DEFORMATION AND HEAT TREATMENT 

The main research area of the Team, operating at the 
Division of Materials Design of the Faculty of Materials 
Science and Engineering, is the design, manufacturing 
and characterisation of new metallic materials, including 
composites, with ultra-fine-grained and nanocrystalline 
structures (i.e. grain sizes of hundreds or tens of nanometers). 
We focus on their unique properties resulting from their 
extremly structure and the potential for application in various 
industrial branches. The main areas of the Team’s activities 
are:

 � the development of new ultrafine-grained materials, in 
particular hybrid nanocomposite materials: understanding 
the mechanisms of grain refinement and microstructure 
formation in various severe plastic deformation processes;

 � characterisation of the microstructure and understanding 
of phenomena and processes: grain boundaries and their 
influence on properties, precipitation processes in ultra-
fine-grained and nanocrystalline structures, diffusion 
processes, including the formation of diffusion layers;

 � characterisation of the properties of ultra-fine-grained 
materials: mechanical properties, superplasticity and 
deep drawing ability, corrosion resistance, electrical 
conductivity, abrasion resistance, biocompatibility;

 � joining ultra-fine-grained and nanocrystalline materials.

The Team specialises in characterising the structure of 
materials (metals, ceramics and composites) with the use 
of advanced methods of electron microscopy, including 
high-resolution ones. These tests provide the possibility 
to determine the quality of manufactured materials, to 
learn about the influence of structural elements on their 
properties or to improve technological processes. The Team 
also determines the corrosion resistance of these materials 
in various environments.

CONTACT

Professor Małgorzata Lewandowska, Ph.D., D.Sc.
malgorzata.lewandowska@pw.edu.pl 

(+48) 22 234 84 45
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/Nanocrystalline-and-ultrafine-
grained-materials

RESEARCH INFRASTRUCTURE

 � transmission electron microscopes:: 
 ◻ Hitachi STEM HD2700 z Cs corrector, SE, BF-TEM, HAADF, 

EDX 
 ◻ Jeol JEM 1200 z kamerą Gatan Orius, camera, heating holder, 

tensile test holder 
 � scanning electron microscopes: 

 ◻ Hitachi SEM S5500 – 2xSE, ExB, BSE, BF-STEM, DF-STEM, 
EDX 

 ◻ Hitachi SU70 – 2xSE, ExB, BSE, STEM, EDX, WDS, EBSD 
 ◻ Hitachi SU8000 – 3xSE, ExB, BSE, STEM, EDX 
 ◻ Hitachi SEM S3500N – SE, BSE, EDX 
 ◻ Table Top Hitachi SEM TM1000, TM3000, FEI Phenom 

 � ionic microscopes: 
 ◻ Hitachi FIB 2100 
 ◻ Hitachi DualBeam NB5000 
 ◻ Hitachi IM4000 ion milling system

 � corrosion testing: 
 ◻ Autolab 302N potentiostat/galvanostat and Autolab128 

Metrohm potentiostat/galvanostat with impedance mode

PATENT APPLICATIONS

 � Device for determining the limit extrusion ratio for small discs 
(No. P.426254)

 � A method for the processing of bars to ensure their high 
plasticity at low temperatures and the use of bars after 
treatment for elements operating at liquid nitrogen 
temperature (No. P.410537)

SELECTED ACHIEVEMENTS

 � scholarship of the Minister of Science and Higher Education for 
Outstanding Young Scientists

 � START FNP scholarship

SERVICES OFFERED

 � scanning electron microscopy: observations of the 
microstructure at magnifications up to 500kx; surface 
topography; mass contrast imaging of multiphase materials

 � transmission electron microscopy: observations of the atomic 
structure: magnification up to 8,000,000 times; observations 
of microstructure elements such as grain boundaries, 
dislocations, secretions

 � high resolution electron tomography; in situ testing in TEM: 
stretching, heating

 � qualitative and quantitative analysis of the chemical 
composition using X-ray microanalysis (EDS and WDS)

 � analysis of crystallographic orientation: EBSD electron 
backscattered diffraction; diffraction of scattered electrons 
(t-EBSD, TKD, t-FSD) in SEM; convergent beam diffraction in 
STEM, SAED in TEM 

SELECTED PROJECTS

 � Development of low-waste explosive cladding technology and 
processing technology of multilayer, high strength, light and 
super light materials with reactive and functional layers as 
well as plates cladded explosively with reactive metals and its 
alloys (EMuLiReMat, TECHMATSTRATEG, 2019–2022)

 � Ultra-fine grained plates with low anisotropy and the 
capabilities for deep drawing and superplastic deformation at 
high strain rates (NCN, OPUS 12, 2017–2020)

 � Recrystallisation and grain growth in highly deformed 
austenitic steel (NCN, SONATA 8, 2015–2019)

 � Copper with ultra-fine grained structure for use as conductive 
structural components (NCN, Preludium 14, 2017–2021)

 � Optimisation of the microstructure of aluminum alloys in 
terms of the effectiveness of precipitation hardening (NCN, 
SONATINA 1, 2017-2021)

 � Metal matrix composites reinforced with 2D and 3D nano-
particles produced with the use of high pressure twisting 
technique (NCN, OPUS 19, 2021–2024)

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Nanocrystalline-and-ultrafine-grained-materials
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Nanocrystalline-and-ultrafine-grained-materials
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Nanocrystalline-and-ultrafine-grained-materials
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BioMaterials TEAM
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING 
BIOMEDICAL ENGINEERING

#BIOMATERIALS #TISSUE ENGINEERING #3D PRINTING 
#BIOPRINTING #DRUG DELIVERY SYSTEMS 
#ELECTROSPINNING #MATERIALS CHARACTERISATION 

The BioMaterials Team is a part of the Division of 
Materials Design of the Faculty of Materials Science 
and Engineering at the Warsaw University of
Technology.

 Its main area of interests includes:
 � the development of new materials for medicine,
 � tissue engineering and regenerative medicine,
 � 3D printing of polymers and composites (FDM/SLA) 

and metals (SLM),
 � 3D bioprinting – the printing of cells and tissues,
 � 3D melt electrowriting (MEW),
 � electrospinning and encapsulation from solutions,
 � biomaterials characterisation and advanced imaging 

using computed micro- and nanotomography,
 � computer modelling of new biomaterials, tissues 

and tissue engineering products,
 � drug delivery systems –  micro and nanocapsules, 

coatings and 3D printed systems.

CONTACT

Professor Wojciech Święszkowski, Ph.D., D.Sc.
wojciech.swieszkowski@pw.edu.pl

(+48) 22 234 86 88
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/Biomaterials

BioMaterials
Group

RESEARCH INFRASTRUCTURE

 � 3D printers: 3DDiscovery (RegenHU), 3D-Bioplotter 
(EnvisionTEC) (both under laminar flow hoods), 
Bioscaffolder (SYSENG), VShaper MED, Realizer SLM50, 
Form 2 (Formlabs)

 � AFM MFP-3D-Bio (Asylum Research)
 � OCA20 goniometer  (dataphysics)
 � DSC Q2000 differential scanning calorimeter
 � TGA Q5000IR thermogravimeter TGA Q5000IR
 � DMA800 dynamic mechanical analyzer
 � GPC Agilent 1200 gel permeation chromatograph
 � plastometer (Instron CEAST)
 � FTIR Nicolet 8700 Fourier-transform infrared spectrosco-

pe (ThermoScientific)
 � InVia Raman spectroscope (Renishaw)
 � micro i nano X-ray tomographs e.g. micro CT SkyScan 1172 

(Bruker), Xradia XCT-400 (Zeiss)
 � Leica TCS SP8 confocal microscope
 � laboratory of in vitro evaluation/cells studies, equipped 

with laminar flow  hoods, incubators, plate reader, TC-3 
load bioreactor (Ebers), etc.

PATENTS AND PATENT APPLICATIONS

 � Bioactive hydroxylapatite coating with a hierarchical 
nono/microstructure, its production method and 
application (P.434340)

 � Core/shell microcapsules and method of producing core/
shell microcapsules (PL 235870)

 � Method for manufacturing bone implants and bone 
implant (EP 3291850) 

 � Bioactive intra-osseous dental implant (P.425508)
 � Method for obtaining a composite coating on titanium 

implants for tissue engineering (US10053791B2) 

SERVICES OFFERED

 � 3D printing of polymers, composites and metals
 � fabrication of 3D structures with the use of solution electrospin-

ning and melt electrowriting
 � characterisation of materials and products:

 ◻ AFM measurements in air and liquid
 ◻ contact angle and surface free energy measurements
 ◻ TGA, DSC, DMA and GPC measurements
 ◻ melt flow index measurements (mass and volume)
 ◻ FTIR and Raman spectroscopy
 ◻ TGA-FTIR combined analyses 
 ◻ micro- and nano-computed tomography (scans with 3D 

reconstruction, analysis of porosity, in situ mechanical 
testing, etc.)

 � biological evaluation: cytotoxicity tests, cell adhesion, prolifera-
tion and differentiation, cells imaging (with fluorescence, confo-
cal and electron microscopy)

SELECTED PROJECTS

 � 3D biomimetic breast cancer invasion model for testing new 
therapies (NCBR, POLTUR 4, 2021–2024)

 � Method of treatment of large bone defects in oncological 
patients using in vivo tissue engineering approach (NCBR, 
STRATEGMED 3, 2017–2021) 

 � 3D bioprinting of living pancreatic islets or insulin-produced 
cells into scafollds of bionic pancreas (NCBR, STRATEGMED 3,  
2017–2020) 

 � Synthesis and characterisation of novel biomaterials based on 
three-dimensional (3D) multifunctional titanium substrates  
(NCN, OPUS 13, 2018–2021) 

 � Multidisciplinary European training network for development of 
personalized anti-infective medical devices combining printing 
technologies and antimicrobial functionality (H2020-MSCA-ITN, 
2017–2020)

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Biomaterials
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Biomaterials
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LABORATORY OF ELECTRON 
MICROSCOPY SAMPLES 
PREPARATION 
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY
MATERIALS ENGINEERING

#ŚCIENIANIE JONOWE #ŚCIENIANIE ELEKTROLITYCZNE  
#POLEROWANIE ELEKTROLITYCZNE #PRECYZYJNE CIĘCIE 
#PRÓBKI DO BADAŃ MIKROSTRUKTURY #PREPARATYKA TEM 
#CIENKIE FOLIE #PRECYZYJNA ELEKTRODRĄŻARKA 

Laboratory of Electron Microscopy Samples 
Preparation, operating at the WUT Faculty of Materials 
Science and Engineering, Division of Materials Design, 
is specialised in samples preparation for observations 
carried out using advanced techniques of electron 
microscopy. 

The currently used infrastructure enables the 
preparation of specimens from a wide range of 
materials like metals, ceramics and semiconductors. 
The electrolytic thinning process is the most common 
method of preparing specimens for examination in 
an electron microscope. Additionally, the Laboratory 
offers precision ion polishing system as an advanced 
method for preparing of specific materials. The scope 
of techniques includes the comprehensive preparation 
of specimens for microstructure observation, surface 
layers or cross-section of analysed materials and 
sample fracture investigations.

The Laboratory specialises in the precise preparation 
of material for tests with the use of scanning and 
transmission electron microscopy, and searches 
for practical solutions to problems related to the 
specialised preparation of materials for electron 
microscopy observations.

CONTACT

Milena Koralnik, Ph.D.
milena.koralnik@pw.edu.pl

(+48) 22 234 81 51
https://www.wim.pw.edu.pl/wim_en

RESEARCH INFRASTRUCTURE

 � precision ion polishing system with the Ar ion milling of the 
one- or two-sided ion beams (Gatan PIPS)

 � mechanical pre-thinning equipment for precise centering 
and control grinding and pre-polishing (Gatan Dimple 
Grinder)

 � automatic single wheel grinder and polisher for metallo-
graphic sample preparation (ATM Saphir)

 � vibratory polisher to prepare high quality polished surfaces 
and final surface treatment (Buehler Vibromet)

 � electrolytic polishing and etching equipment (Struers 
LectroPol)

 � electrolytic thinning equipment with scanning function for 
reproducibility establishing parameters (Struers TenuPol)

 � wire electro-erosion machine (ZAP-bp)
 � high precision wire saws, ultrasonic cutter and precision cut-

off machine

SERVICES OFFERED

 � comprehensive preparation of specimens for examination in 
a scanning and transmission electron microscopes

 � precision cutting, orientation and production of samples 
for microstructure observation and mechanical properties 
tests

 � development of new sample preparation techniques for 
electron microscopic observations

 � microstructure observation and analysis in collaboration 
with the Laboratory of Electron Microscopy 

SELECTED PROJECTS

 � Hybrid production technology of rails characterised by 
increased durability in operating conditions including future 
trends in the development of rail transport HyPremRail 
(NCBR, 2015–2018)

 � The influence of the manufacture on the microstructure 
and mechanical properties of  Al alloy plates with ultrafine 
grained structure (NCN, PRELUDIUM 10, 2016–2019)

 � The influence of orientation of single crystals with different 
stacking-fault energy on deformation texture formation 
during drawing (NCN, OPUS 11, 2017–2020)

 � Development of a new generation of steel with nanocrystal-
line structure with carbides (NCBR, LIDER IX, 2019–2021)

 � Optimisation of the microstructure of aluminium alloys 
in terms of precipitation hardening effectiveness (NCN, 
SONATINA 1, 2017–2021)

 � Coatings with increased heat resistance on the blades of 
high pressure turbines in RD-33 engines (NCBR, 2018–2019)
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MECHANICAL PROPERTIES  
TESTING LABORATORY  
OF THE FACULTY  
OF MATERIALS SCIENCE  
AND ENGINEERING
AT THE WARSAW UNIVERSITY OF TECHNOLOGY

MATERIALS ENGINEERING

#MECHANICAL PROPERTIES #TENSILE TEST #FRACTURE TOUGHNESS 
#MATERIAL FATIGUE #NON-CONTACT OPTICAL DEFORMATION MEASUREMENT 
#COMPOSITE TESTING #TENSOMETRY #SMALL PUNCH TEST 
#SMALL PUNCH CREEP #MINIATURE TESTING SAMPLES

The Team managed by Prof. Z. Pakieła (Faculty of Ma-
terials Science and Engineering, Division of Materials 
Design), deals with broadly understood research topics 
related to the characterisation of materials in terms of 
their mechanical properties. In addition to conducting 
standard tests, the team is developing research tech-
niques using miniature samples. 

The team actively uses internal and external sources 
of R&D funding and actively cooperates with other re-
search units, enterprises and certification bodies from 
Poland and abroad. 

The team has completed many scientific and applied re-
search projects as well as a significant number of works 
commissioned directly from industrial recipients. The 
level of the team’s R&D work is evidenced by several 
dozen publications in renowned international journals.

CONTACT

Professor Zbigniew Pakieła, Ph.D., D.Sc.
zbigniew.pakiela@pw.edu.pl 

(+48) 22 234 87 44
https://www.wim.pw.edu.pl/wim_en/Research/

Research-groups/Mechanical-properties

SERVICES OFFERED

 � testing of the mechanical properties of metallic materials 
according to the standards PN-EN 6892, ASTM E8, ASTM 
E466, ASTM E606, ASTM E606, ASTM E399, ASTM E1820, 
ASTM E647 and polymer and composite materials according 
to the standards PN-EN ISO 527, PN-EN 2747, ASTM D2344, 
ASTM D3039, ASTM D3410, ASTM D3518, ASTM D7264, ASTM 
D7137, ASTM D790 

 � custom tests of mechanical properties of materials tailored 
to customer requirements

 � research on the mechanical properties of materials in a li-
mited volume

 � tests of mechanical properties of entire elements up to  
approx. 1m in size

RESEARCH INFRASTRUCTURE

 � testing machines with a force measuring range from 2N  
to 250kN and displacement in the range from 0.001mm  
to 1m

 � furnaces for testing in temperatures up to 1200oC
 � Systems enabling non-contact optical measurement of de-

formation (Digital Image Correlation, Video-extensometers)
 � climatic chambers enabling testing at reduced temperatures 

(down to about -196oC)
 � cryostat for mechanical tests in liquid nitrogen and liquid 

helium

SELECTED ACHIEVEMENTS

 � research using miniature samples used in practice to 
analyze the mechanical properties of coatings applied 
with the innovative Warm Spray technology (NIMS) was 
awarded by the Japan Thermal Spray Society as a significant 
contribution to the science of thermal spraying

SELECTED PROJECTS

 � Innovative structural materials with improved parameters, 
used in modular buildings, for users of facilities in various 
climatic conditions (NCBR, POIR, 2019–2022)

 � Development of a technology for high-pressure gas 
quenching of satellite gears of the FDGS epicyclic aviation 
gearbox, made of Pyrowear 53 steel and operating in 
long-term and cyclically variable operating loads (NCBR, 
TECHMATSTRATEG II, 2020–2023)

 � Development of the technology of composite materials 
with increased mechanical and electrical properties 
(subcontracting 4500457246 for Polskie Zakłady Lotnicze 
Sp. z o.o. as part of the NCBR project, 2016–2018)

 � Development of guidelines for the design of an innovative 
technology of shale gas extraction using liquid CO2 through 
numerical analyses and experimental research – Diox4Shell 
(NCBR, BG 2, 2015–2019)

 � Development and application of laser powder micrometal-
lurgy technology for the production of materials with spe-
cial properties modified with rhenium – RenMaTech (NCBR,  
PBS 1, 2013–2016)

PATENTS AND PATENT APPLICATIONS

 � The method of processing material bars to make it plastic 
at low temperatures and the use of the treated material 
for the production of elements working in liquid nitrogen 
(PL229820-B1, 2018) 

 � The method of obtaining a two-layer coating on a 
magnesium alloy and a two-layer coating on a magnesium 
alloy (P.428884, 2019)

 � Method of obtaining a hybrid coating on a magnesium alloy 
and a hybrid coating on a magnesium alloy (P.428473, 2018)

https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Mechanical-properties
https://www.wim.pw.edu.pl/wim_en/Research/Research-groups/Mechanical-properties
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RESEARCH LABORATORY  
FOR INDUSTRY 
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#TECHNICAL DIAGNOSTICS #OPERATION CONTROL PROGRAMME 
#NON-DESTRUCTIVE TESTING #NDT #MATERIALS ENGINEERING 
#MATERIAL PROPERTIES #MICROSTRUCTURE #DEGRADATION 
#FAILURE #ACOUSTIC EMISSION #DEFECTOSCOPY #ULTRASONIC TESTING

The Research Laboratory for Industry (LBP) is part of 
the organisational structure of the Faculty of Materials 
Science and Engineering at WUT. 

The mission of LBP is to increase the level of safety 
by preventing and eliminating threats resulting from 
the operation of technical devices. For many years, 
the laboratory has been successfully connecting the 
scientific community with the industry by providing 
laboratory diagnostic services acrosst Poland and 
abroad. It is a leader in the field of material research and 
a leading laboratory in the field of diagnostics among 
scientific institutions. 

The Laboratory takes an active part in the implemen-
tation of research projects co-financed from public 
funds, in cooperation with industrial partners. At the 
same time, it carries out orders in the field of materials 
engineering and non-destructive testing for industrial 
partners, including such companies as PKN Orlen,  
Orlen Lietuva, Grupa Lotos, Anwil Włocławek, Zakłady 
Azotowe Kędzieżyn-Koźle, Mesko S.A., or Basell Orlen 
Polyolefins Sp. z o. o.

CONTACT

Łukasz Sarniak, Ph.D.
lukasz.sarniak@pw.edu.pl

(+48) 22 234 87 42
https://www.wim.pw.edu.pl/wim_en

SERVICES OFFERED

 � assessment of the technical condition of industrial equipment 
andsystems

 � assessment of the degree of degradation and forecasting of the 
life of materials

 � research on the mechanical properties and microstructure of 
materials

 � development of industrial equipment operation control 
programmes and risk analysis

 � NDT and monitoring of the technical condition of devices
 � development of methodology for destructive and non-destructive 

testing and development of testing procedures
 � post-failure expert opinions and statements in the field of 

determining the causes and evaluation of the mechanisms of 
material destruction

 � numerical simulations of the distribution of stress components of 
the working structure elements using FEM 

RESEARCH INFRASTRUCTURE

 � Vallen AMSY-5 and AMSY-6 acoustic emission system with 191 
measurement channels and the Interunis Uniscope two-channel 
system

 � Olympus Omniscan MX2 ultrasonic flaw detector with Phased 
Array and TOFD systems

 � Olympus Ultrawave LRT long range ultrasonic testing system
 � EXTENDE CIVA software for numerical simulation of ultrasonic 

testing
 � Olympus Nortec 600, Omniscan MX ECA and MultiScan MS 5800 

eddy current flaw detectors
 � VIGOcam v50 thermographic camera
 � Olympus Delta DP-2000 portable X-ray spectrometer
 � Krautkramer MIC 10, MIC 20 and MIC 20 TIV portable digital 

hardness testers
 � Keyence VHX-600 and UHX-100K portable microscopes
 � ESTIM SSSM device for non-invasive sampling
 � PIHT 2000 device for testing mechanical properties using the ABIT 

method
 � Microtest creep resistance test stand

SELECTED PROJECTS

 � Monitoring of operational wear and optimisation of the 
repair process of steam turbine rotors (NCBR, POIG, 
2013–2016)

 � Pilot, integrated, equipment and technological system 
for the production of the continuous pyrolysis of carbon 
black and pyrolysis oil from rubber waste, in particular 
used car tires (NCBR, 2014–2017)

 � Multilateral small-diameter degassing hole for coal 
seams MINE GAS SLIMHOLE DRILLING – MIGASLIDRILL 
(NCBR, POIR, 2019–2021)

 � Development and production of demonstrators of critical 
element technologies for the new generation of 120 mm 
tank ammunition – Bizmut (NCBR, 2016–2021)

 � Automatic line for checking and testing the quality of 
rings and rims with an intelligent system for identifying 
and measuring internal defects using the PA method, 
measuring shape errors using 3D measuring heads and 
testing mechanical properties SMART-HARD (NCBR, 
POIR, 2018–2022)

 � Development of a technology of non-destructive 
diagnosis of gas pipelines based on a magnetic non-
contact method and sensors integrated with the use of 
machine learning algorithms – INGA (POIR, 2019–2022)
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ELECTRON MICROSCOPY 
LABORATORY 
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING

#ELECTRON MICROSCOPY 
#SEM SCANNING ELECTRON MICROSCOPY 
#TEM TRANSMISSION ELECTRON MICROSCOPY 
#EBSD BACK-SCATTERED ELECTRON DIFFRACTION 
#EDS ENERGY DISPERSION MICROANALYSIS #FIB ION MICROSCOPY 
#SEM SAMPLE PREPARATION #SURFACE TOPOGRAPHY OBSERVATION 
#CHEMICAL COMPOSITION ANALYSIS #FRACTOGRAPHY OBSERVATION 
#MATERIAL STRUCTURE ANALYSIS

The Laboratory of Electron Microscopy operates at the 
Faculty of Materials Science and Engineering of the Warsaw 
University of Technology in the Division of Materials Design. 
The laboratory is equipped with a wide variety of electron 
microscopes and auxiliary devices that are used in the 
observation of the structure and the study of mechanical 
properties and chemical composition of materials.

Laboratory staff have extensive experience and specialist 
knowledge, which allows them to perform microstructure 
studies of various materials using advanced electron 
microscopy methods. The following tests are carried out in 
the Laboratory:

 � metals, ceramics, polymers,
 � nanomaterials (nano-powders, nanotubes, graphene),
 � composites, laminates, sandwich materials,
 � fractographic research,
 � 3D reconstruction with atomic resolution,
 � high-resolution observations,
 � diffraction of backscattered electrons - EBSD,
 � cutting out samples for research using ion microscopy,
 � chemical composition testing.

The tests carried out in the Laboratory provide an 
opportunity to determine the quality of manufactured 
materials, to learn about the influence of structural 
elements on properties or to improve technological 
processes.

The laboratory actively participates in the implementation 
of research projects co-financed from national funds 
(NCN, NCBR) and European funds (EURATOM) and closely 
cooperates with industrial partners. The laboratory carries 
out orders for research services both from research units as 
well as from industrial partners.

CONTACT

Tomasz Płociński, Ph.D.
tomasz.plocinski@pw.edu.pl

https://www.wim.pw.edu.pl/wim_en

SERVICES OFFERED

 � scanning electron microscopy (SEM): observation of the mi-
crostructure at magnifications of up to 500,000 times

 � transmission electron microscopy (TEM): observations of atomic 
structure and microstructure at magnifications of up to 8,000,000 
times

 � ion microscopy (FIB): cutting thin lamellae from selected places, 3D 
reconstruction of multiphase materials

 � ion polishing and preparation of cross-sections using ion polisher

Research with the use of dedicated holders and detectors in micro-
scopes:

 � high-resolution electron tomography; in situ testing in TEM:  
tensile test, heating

 � qualitative and quantitative analysis of the chemical composition 
using X-ray microanalysis (EDS and WDS)

 � analysis of crystallographic orientation: EBSD backscattered 
electron diffraction; diffraction of scattered electrons (t-EBSD, TKD, 
t-FSD) in SEM; convergent beam diffraction in STEM, SAED in TEM

RESEARCH INFRASTRUCTURE

 � transmission electron microscopes:
 ◻ Thermo Fisher Scientific (S)TEM Spectra 200 with Cs Corrector 

and Super-X spectrometer 
 ◻ Hitachi STEM HD2700 with Cs Corrector, SE, BF-TEM, HAADF, 

EDX
 ◻ Jeol JEM 1200 with Gatan Orius camera, holder for heating, hol-

der for straining
 � scanning electron microscopes:

 ◻ Hitachi SEM S5500 – 2xSE, ExB, BSE, BF-STEM, DF-STEM, EDX
 ◻ Hitachi SU70 – 2xSE, ExB, BSE, STEM, EDX, WDS, EBSD
 ◻ Hitachi SU8000 – 3xSE, ExB, BSE, STEM, EDX
 ◻ Hitachi SEM S3500N – SE, BSE, EDX

 � ion microscopes:
 ◻ Hitachi FIB 2100
 ◻ Hitachi DualBeam NB5000

 � sample preparation devices:
 ◻ Hitachi IM4000 ion polisher
 ◻ Osmium, Gold, Carbon, Chromium, Carbon etc. sputtering ma-

chines

SELECTED PROJECTS

 � Monitoring and modelling of trichlorethylene and tetrachloroethene 
concentrations in the groundwater environment and in groundwater 
in Ostrowiec Świętokrzyski (Celsa „Huta Ostrowiec” Steelworks, 2009–
2011)

 � Development of a method of injection of geothermal waters for energy 
purposes into selected geological structures - model studies (RPOWM 
2014–2020 – „Geotermia Mazowiecka” S.A., 2017–2018)

 � Metal matrix composites reinforced with 2D and 3D nano-particles, 
manufactured using the high-pressure twisting technique (NCN, OPUS 
19)

 � Thermal stability and deformation mechanisms of hybrid 
nanocrystalline materials produced using high pressure torsion 
techniques (HPT) (Material Technologies POB, WUT)

 � New coatings increasing tool life in forging and extrusion processes 
(TECHMATSTRATEG, NCBR, 2021–2023)

 � Development of the chemical composition and heat treatment of 
a new, precipitation hardened Al alloy with increased mechanical 
strength (NCN, SONATA 17, 2021–2024)

 � Optimisation of the microstructure of aluminum alloys in terms of the 
effectiveness of precipitation hardening (NCN, SONATINA 1, 2017–2021)

 � Technologies for the production of materials and structures for the 
detection of X and gamma rays, using low-defect homogeneous 
crystals (Cd, Mn)Te, with high resistance to the generation of 
defects as a result of irradiation (NCBR, TECHMATSTRATEG I, 2017 
–2022)
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X-RAY DIFFRACTION 
LABORATORY
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING 

#XRD #X-RAY DIFFRACTION #PHASE COMPOSITION 
#STRESS MEASUREMENT #CRYSTALLINE TEXTURE DETERMINATION 
#THIN FILM ANALYSIS #CRYSTALLITE SIZE MEASUREMENT

The X-ray Diffraction Laboratory operates at the Faculty 
of Materials Science and Engineering of the Warsaw 
University of Technology in the Division of Materials 
Design. The team has many years of experience 
in conducting measurements and analysing the 
obtained results, and also participates in research 
and development work carried out under national and 
international projects.

X-ray diffraction is a research technique widely used 
in various fields of science: from solid-state physics 
to materials engineering. As part of the research 
work, team members carry out investigations in the 
determination of crystallographic lattice parameters 
of various substances and the determination of their 
elementary cells and lattice constants. Moreover, 
X-ray diffraction allows the determination of the 
phase composition of solid and powder materials, 
measurements of stresses and crystallographic texture, 
and the analysis of thin films.

X-ray diffraction research is  conducted by the members 
of the  Team for the Characteristics of Materials after 
Plastic Deformation.

CONTACT

Joanna Zdunek, Ph.D., D.Sc.
joanna.zdunek@pw.edu.pl 

(+48) 22 234 84 51
https://www.wim.pw.edu.pl/wim_en

RESEARCH INFRASTRUCTURE

 � Bruker D8 ADVANCE X-ray diffractometer (Cu tube) – operates 
in a linear beam configuration, which is used primarily to 
measure phase composition and size of crystallites and 
lattice constants. The push-plug optics of the diffractometer 
allows a quick change between Bragg-Brentano and parallel 
beam geometries without the need for system rebuilds; 
the diffractometer is equipped with an automatic sample 
changer, LynxEye strip detector, and an in situ chamber for 
high temperature measurements (up to 1600oC) in a vacuum 
or atmosphere

 � Bruker D8 DISCOVER X-ray diffractometer (Co tube) works in 
the spot beam configuration (1mm beam collimator), which 
is mainly used for crystalline texture measurements and 
residual stresses; it is equipped with a high speed Super Speed 
VANTEC-1 detector and a scintillation counter detector

SERVICES OFFERED

 � qualitative analysis of phase composition
 � analysis of thin films using the grazing incidence tech-

nique 
 � phase analysis at high temperature (up to 1600°C)
 � residual stress analysis
 � crystalline texture analysis
 � determination of the degree of crystallinity
 � determination of elementary cell parameters

SELECTED PROJECTS

 � New generation of cantilever system dedicated for 
lightweight railway and tramway overhead traction lines 
MABTECH (TECHMATSTRATREG II, NCBR, 2019–2021)

 � The influence of orientation of monocrystals with different 
stacking fault energies on strain texture formation during 
drawing (OPUS 11, NCN, 2017–2021)

 � Hybrid technology for the production of standard gauge 
rails with improved service life taking into account future 
trends in the development of rail transport (PBS 3, NCBR, 
2015–2018)

 � Analysis of early stages of recrystallisation in selected RSC 
monocrystals after severe plastic deformation (OPUS 5, 
NCN, 2014–2017)

 � Modelling of the process of accessing natural gas 
deposited in shales in selected areas covered by the 
concessions of PGNiG S.A. (INNOTECH, NCBR)

 � Optimisation of the multilayer ceramic casting mold 
technology for the precise casting of critical parts for 
aircraft engine turbines (PBS 1, NCBR, 2012–2015)
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THERMAL IMAGING 
LABORATORY 
AT THE WARSAW UNIVERSITY  
OF TECHNOLOGY

MATERIALS ENGINEERING 

#THERMOVISION #FACILITIES MONITORING 
#INSTALLATION DIAGNOSTICS #BUILDING DIAGNOSTICS

The Laboratory is located at the WUT Faculty of 
Materials Science and Engineering at the  Division of 
Materials Design. 

Thermovision is a non-destructive and non-contact 
object imaging process in the mid-infrared band.  
The thermal-imaging diagnostics of stages of industrial 
processes in a relatively short time facilitates the  
prevention of quality errors e.g. under-soldering, 
macroscopic defects of shell molds obtained in 
the investment casting process etc. The method is 
applicable in industry (monitoring of industrialsystems, 
buildings, etc.).

Thermovision, combined with analysis with the use 
of scanning electron microscope (SEM) and X-ray 
tomography techniques, is becoming a valuable 
tool in application work, and in conjunction with 
other research non-destructive materials, it may 
be part of the system dedicated to the detection of 
manufacturing defects. 

The team’s partners include CPP Polska Sp. z o.o. and 
INNTECH Poland Sp. z o.o. 

Its tasks include project implementation, preparation 
of expert opinions, solutions, and methodologies, and 
delivery of external orders.

CONTACT

Paweł Wiśniewski, Ph.D.
pawel.wisniewski@pw.edu.pl  

(+48) 22 234 81 57
https://www.wim.pw.edu.pl/wim_en

SERVICES OFFERED

 � developing methods of quick drying and heating 
materials using IR

 � studies of drying and cooling processes
 � monitoring of heating and electrical systems
 � assessment of the impact of heating and material 

solutions for the comfort of life and work
 � diagnostics of residential premisesand workplaces
 � building diagnostics (thermal insulation)
 � research and application research
 � laboratory and field tests 

SELECTED PROJECTS

 � The use of spatial, optical digitisation, thermovision 
and tomography for technological evaluationof the 
quality of wax model sets and multi-layer ceramic shell 
molds in an investment casting of critical parts for 
aircraft engines (PBS 3, 2016–2019)

 � Development of manufacturing technology and 
implementation for production of low-pressure air 
turbine steering apparatus (POIR, 2018–2022)

 � Innovative and ecological heating and cooling system 
with composite prefabricated wall elements (RPO WM, 
2019–2021)

RESEARCH INFRASTRUCTURE

 � FLIR T1020 thermal imaging camera with software: FLIR TOOLS, 
ResearchIR 4 Max 

 � Nikon Epiphot 200 light microscope 
 � Carl Zeiss Axio Scope light microscope equipped with bright-field (BF), 

dark-field (DF) modules, differential contrast (DIC) and differential 
interference contrast in circular polarisation (DIC-R) 

 � TM1000 Hitachi scanning microscope 
 � chamber furnace up to 1600°C (Czylok, Poland)
 � a stand for drying and heating materials with IR radiation 
 � maboratory dryers
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