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Dear readers, colleagues, friends
of the Institute of Materials
Research of the Slovak Academy
of Sciences,
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>> 70th Anniversary - A Brief History of the Institute
of Materials Research of SAS

In 2025, it will be 70 years since the establishment of the Institute of Materials
Research of the Slovak Academy of Sciences. 70 years is a respectable age. If a
scientific and educational public institution reaches such an age, it is proof of its
viability and certainly of its ability to contribute to society, to bring value to its
partners and to the scientific and research environment in which it is active.

So let us briefly look back to the history of the Institute of Materials Research of
the Slovak Academy of Sciences:

¢2RI-&0s Institute of Materials Research was established on July 1, 1955 as the
Laboratory of Mechanical and Metallurgical Technology of the Slovak
Academy of Sciences 1y Y2010S o[l 62\l islidy &li2eyi015e I Kdi/M01Se
1SOKy2fs3S {1+) as a detached unit of the laboratory of the same name in
Bratislava.

In 1959 it became independent as the Laboratory of Metallurgical Technology
of the Slovak Academy of Sciences ([I- 02l (slidY” Kdi/015¢ iSOKy2ts3S {1+).
Its activities at that time were related to the work and fate of the then newly
built large heavy industry, metallurgy plant - the East Slovak Ironworks
6+80K2R24(205/41S O STIHy S

On July 1, 1963, it was incorporated into the Faculty of Metallurgy of the
Technical University (1da/f01l 7l {dfil +23215¢ 072 1SOKyI01Se0 ty”Y2010S 14 (KS
Laboratory of Metallurgical Technology ([l 62l islidY” Kdi/j01Se iSOKy2t53S
I1C +~¢).

On January 1, 1971, it was delimited back to the Slovak Academy of Sciences,
this time under the name of the Institute 2F 9ELISIY SylIf aJil-fiiTe ¢ 4il¢
SLSIY SyiktyS Y Sili03NS { 1400 Sazityd (KSmpTnal (KS 200z 2 (KS hyaiildziSa
activity was the progressive direction of powder metallurgy of iron, copper and
aluminum, including the issue of sintered carbides.

In the 1980s, the institute participated in the initiation of basic research in the
field of advanced structural ceramic materials throughout Czechoslovakia.

The 1990s brought serious social and economic changes. For the institute, the
new situation meant a radical reduction, when the number of employees fell by
almost half in a short time. However, the institute reacted flexibly. The
scientific and research orientation was redefined by expanding the areas of
interest and expertise ¢ unconventional and very advanced materials were
added at that time, not only refractory and structural ceramics were
developed, but also functional electroceramics, and later biomaterials,
polymers and complex composites.
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This development was reflected in the change of name to the Institute of
Materials Research ("l 0 YT (SIt f20SK2 (éald¥ dy of the Slovak Academy of
Sciences on 1.6.1992. The changed conditions were also reflected in the change
in the functioning of the institute, when from 1993 the institute switched to a
contributory form of management and secured part of its income through its
own economic activity. The organizational structure is also changing. In the
1990s, the focus shifted to the system of competitive financing through
projects ¢ first financed by domestic grant agencies, then within international
European programs. On the basis of projects solved in this way, new research
teams were gradually profiled and by 2003 a new organizational structure was
established, which lasted until 2015.

An important milestone was the entry of the Slovak Republic into European
structures, when new horizons opened up for scientists and research teams,
which enabled them to enter international consortia and collaborations in a
more significant way.

After Slovakia's accession to the EU, another significant shift took place and the
institute was very actively involved in obtaining funds from the EU structural
funds. Thanks to them, when the institute completed 6 SF projects over the
course of 10 years as a beneficiary/coordinator and participated in 6 as a
partner, it was possible to significantly expand and improve the experimental
infrastructure and thus strengthen and expand the scientific research potential
of the department. The more than 5 million euros raised were used to build a
number of new laboratories, many equipped with new unique methods,
experimental techniques and technologies. Of the larger units, we can mention
several - the joint TEM laboratory, a powerful laser station, an ultrafast
sintering unit, or a laboratory of coating using physical vapor deposition
methods.

This development culminated in 2015-2016, when the IMR, in cooperation with
close partners and colleagues and under the auspices of the Presidium of SAS,
built and equipped a new joint scientific research center for new materials and
technologies PROMATECH.

During the same period, the current and planned changes in the SAS, the
preparation of the transition to the system of public research institutions, as
well as the demands of the new EU planning period required an intervention in
the organizational structure of the institute. Since the beginning of 2016, the
scientific teams have been grouped into three scientific divisions according to
the prevailing material focus -

1. Division of Metallic Systems,
2. Division of Non-metallic and Ceramic systems, and
3. Division of Functional and Hybrid Systems.

(7]
<
w
(e
o
i =
(8]
S
(1]
()
(7]
()
o
=
®
=
()
)
=
(o
o
(<))
-
>
=
e
(2]
=




(%]
<
(7]
(T
o
i =
(8]
S
(5%}
()
(7]
()
(a4
=
.('U
“
Q
-
=
(e
o
()
]
>
5=
=)
(72}
5

This structure was also a logical result of the development of the active
scientific fields and the association of the particular teams with related
scientific topics.
In parallel with this development, the efforts of the SAS management to
objectively assess the position of Slovak science and its institutions in the
international context intensified, and in 2016 the first comprehensive
accreditation of the SAS by an independent international panel took place,
which showed its qualities and weaknesses - the institute was evaluated
positively as visible at the European level.
In 2020-2021, the whole world struggled in the difficult period of the pandemic,
where we had to learn new methods of work. With the contribution of new
technologies and the application of creative organizational procedures, we
were able to achieve very solid scientific results even at that time.
A big change occurred in 2022, when we, together with other institutes and
organizations of the Academy, were legally transformed into public research
institutions, which again required a flexible approach to the implementation of
many activities.
At present, our main research activities generally include areas such as

e modern steels,

¢ advanced powder metallurgy methods and materials,

e modern structural and functional ceramics,

e nanostructured materials;

¢ hybrid metal-ceramic and metal-polymer materials, and

e modern biomaterials.

IMR SAS has been involved in a number of national and international projects.
Presently, it works on 18 projects as part of the calls within the framework of
the Recovery and Resilience Plan, and we are members of two transformational
innovation consortia projects. Demographic and social development has also
brought new challenges, and like the entire scientific community, the IMR is
facing a lack of interest from the younger generation. Therefore, it develops
significant activities towards the internationalization of its activities, it is open
to those interested in scientific work and study from abroad, it hosts scientists
from Ukraine and many other countries from the EU and beyond.

This is related to an increased interest in attracting the scientific "youth™ and to
an active approach to the popularization of science among the general public.
The Institute pays particular attention to working with pupils and students at all
levels, from the youngest, through primary and secondary schools to
universities. The employees of the institute have brought quite original and
fresh ideas and projects to these types of activities several times, and the
employees of the institute have been awarded several times for their
popularization activities.
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Figures: Directors of the IMR SAS: tii20 5 Ly=p Il i24l- @ YdaSti imppp-1969); Prof. Ing.
Widi-2 . -1 /{00 omdTno; thi2Fo Ly &ty ~ESat i1 SI{00 ompTm-1990); Prof. Ing. JdR24)
Parilt 1 /{09 ompn-2006); w5l £SiSH ~Sdc, CSc. (2006-2015); Doc. RNDr. Pavol
1 ITR0L 51I{0¢ 6HAmMp-2025)
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Figures: The conferences organized at IMR SAS and the infrastructure: Then and Now
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>> Organizational Structure

¢KS LyalliniS & I 3208y Y S/l yRy-Nmi 20yiMHRy TiyRSR 68 (iKS
D20SlyY S/ 27 (KS{t201-] wSJizofi0 1yR 68 Tyly0Si Ii2Y 2y32iy3 Li2eSdia0 ¢KSp
IYOtizRS YIii2y1€ 1yR tyliSIyI-ii2y1€ 00S/iT0 lyla dnllli2iiR o8 {2011 Iyl
I-9S/01S8 I'yR 23 yiSy1-ii2y1€ LI2ANI-Ya 14 oSt 14 02fl-0201-ii2yd SiiK (KS
02Y'YSIOIf 40021 IyRazalinf Suil-oflaky Syiar  aydSEinS: yR  ISiSHIOK
IyaliitiSe ¢S LyaiisziS K14 FIN2ENY 1SR map SyLit2eSSir tyOfizRly3 301Sy[ii0
YR ISISHIOK G20 SIEL tK5 iiRSyME 1S0KYI0N-YA IyR IRY hymaill-iigS a1

Scientific Council Management Board Director

Deputy Director for Economics  Deputy Director for Science
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>> IMR SAS in Figures

Overview of the number of employees, projects and publications of IMR SAS in
years 2020-2024.
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>> Division of Metallic Systems

Head:

Ing. Ladislav Falat, PhD.
E-mail: Ifalat@saske.sk
Phone: +421 -55-792 -2443

Members:
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Characteristic of the division
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27 ol-&l0 ISISH0K 14 oSt 1a HILBR ISISHIOK 1yR RPS2UY S/ 21 IRAYIR
Y Si0 Y 1HiSHI-a0 ¢KS02Y Y 2y RSy2Y Iyl 27 (KSISISHIOK 1 iKS&lizRe 2F (KS
WiSNSI-ii2yakile 09i6SSy KS  YiouRalikOlaut  OKMIOiSHai0a 27  (KS
WOSHIHR Y HISIHI 3840SYa 1yR (KSI IiSaoztltyd LN2LSIinSse Ly 1KS L&D p-eS
LSI2RI iIKSRIgEIRY a1-4 RS-y gk ISISHIOK 1-00id1inSs ty iK ST2tt2aly3 IS4y

A: Electrical steels for motors of electric and hybrid vehicles

1 0dNSyl 0K I-6SyAS S ly RIS2LIY3 y20S S2-1S0KyI01 &iSSE (K 1-i 27131 1y
200y’ 1€ ol€1y0S 69163y Y KIyI0H &lNSy3iK 1yR YI-3ySi0 LN2LSiinSse ¢KS
LINY Mg 20:0010S 27 (Kia ISISHIOK 13 (2 LIi2LI23S IyR IHizI-0S 1- ySa 02y0S.i 121
(1KS Y 100246:0000S 1yR adz0a(6:0000S RSTY 27 KIFK-alSyAiK 1a2iN2Li0 SSi2-
10KyI0I 3iSSa ¢KSES YIHSHH HY (2 KIS 620K KIFK &iiSyaik IyR
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B: Thermal degradation and hydrogen embrittlement of metals and alloys
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C: Calculation of phase diagrams and thermodynamic modeling
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D: Gradient materials for engineering applications
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E: Metalhydrides for efficient hydrogen storage
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F: Biocompatible and bioresorbable alloys
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G: Materials for New Generations of Batteries

- HiSNS IS 1y yRiaLISyal-ofS LM 2F 2020 RIER 610Si ¢KS2 HISTRayR Iy LISIE2y14
§0ii2y10 RFN0SH IyR HIS lyOIS-aly3te AR ly (KS 12y 200S tyRaziiee hl
oliiSR NSSH0K 1200:4S8 2y 2231014 1yR 2y2Y10 LS (2 YIS ikS
yEI-IGS tYUI0i 2y (KS SyaliRyY S/ GKIES 1Y Li2dly3 (KS S0k Sy 101
WI2LISINS: 27 oSS &m0k 14 SySiFe RSyaliel f21R OO IyR 080fly3
all-otiie =S aDMOIER 7200 2y 1y2RS YIS 614R 2y KIFK-SyMi2LR 1yR
YRiiY-S/i2le 2BRS SKIOK Kol F0Quii2y1€ 080ty ail-oifiie Rdzity3
OKHElyd IyR RIEOKMEYd &KiS YIHyiHylyd KiFK OO 1yRiKS) 1S
02YL2ySyl 2F oSSt 1& olyRSE SKIOK MIS 21iSy (28100 ¢KSIS2US 242l
ISSHI0K 152 FLERISE Y55 012-01-4R olyRSlE (2 1SR:0S SyilizyY Syl 1y LiI-Oie

2w | 10

' S H i _. 1000 i N ;
: —calc % et e e gt S NS N, ""3
2 p 3 by = 2 :
W = aa S \I\DU'ME Womag ' -
= ) ' a z " = ®
4 ] P - & B0 - 200 mA g £
ol 2 K 3 § E‘ oy 500 ma gt

- 80

“ ‘ g i . £ a0 - = 1000 ma g !

T gt i © ‘ 2 4 - o » Dlscharge capacty

g E . - - " Y i
- i F 3 200 » Charge capacity
Y Y — . BN ST S T :
= Coulombic efficiency
\ . , o
1 2 E 4 & & 7 8 o 2% 50 75 100 125 150

ik Cyehe rumbser

Ci3diSay . I (iSwe (Salty3 adl iy 120 O2ty-(8 L3 0Sfta ol- (T -w5 LBiiShy 2F aly=S-LBl- a5 KIFK-
Sylii2L8 2EIRS 6/llayCS/2bliihj GiK |- 3LY/St allidaids 60T i 1S OF LBoIfile iS4l 21
6/NayCS/2blithj KIFK-Syili2L8 2EIRS 4000

22



H: Metal-ceramic nano-composites for demanding friction applications
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I: Ultrahigh-strength nano-structured steels
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J: “Hybrid” multi-component cast alloys for tribological applications
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K: SLM-fabricated biomedical alloys
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L: Third-generation of Advanced High-Strength Steels (AHSS)
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M: Analytical mechanics of a solid continuum
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Division of Ceramic and Non-metallic Systems
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Characteristic of the division

The scientific activities of the division are focused on the research and
development of advanced ceramics, ceramic composites and nanocomposites,
nano/microfibers, ceramic thin layers and coatings. During the development of
these advanced materials, progressive processing routes are applied as spark
plasma sintering, physical vapour deposition - impulse magnetron
sputtering/high-target utilization sputtering and electrospinning. The
developed systems are characterized using advanced techniques - scanning
electron microscopy, transmission electron microscopy, atomic force
microscopy, Raman spectroscopy, focused ion beam technique, etc. The
fracture - mechanical properties and wear characteristics are measured at
nano/micro/macro level at room and high temperatures. The main attention is
focused on determination of the relationships between the processing route,
microstructural parameters and final functional and mechanical properties of
the systems designated for advanced applications. During the last 5 years the
research activities in the division were realized in strong collaboration with
partners from Slovakia and from foreign countries such as England, Germany,
Hungary, Poland, Czech Republic, Japan, etc. The main research areas were as
follows:

1. Bulk (3D) and coating (2D) high entropy ceramics: carbides, nitrides,
carbonitrides, dual ¢ phase boride/carbides,
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2. Ultra ¢ high temperature ceramics,
3. Advanced ceramic ¢ carbon structure composites,
4. Micro/nano fibers and fiber membranes.

A: High entropy ceramics — carbides, borides, carbonitrides, dual — phase
boride/carbides

Advanced high entropy ceramics with improved room and high/ultra-high
temperature properties suitable for extreme operating conditions as thermal
protection materials on hypersonic aerospace vehicles, specific components for
propulsion, refractory crucibles, etc., requiring excellent thermal stability, super
hard hardness, excellent tribological properties. Systems of interest involving
bulk as well as PVD coating materials are based on transition metal carbides,
borides, nitrides, dual ¢ phase systems, etc., processed using high ¢ tech
processing routes (highg¢energy milling, spark plasma sintering, hot pressing,
etc. for bulk systems and PVD techniques ¢ DC magnetron sputtering, High
Power Impulse Magnetron Sputtering, High Target Utilization Sputtering, etc.
for thin coatings) and characterized using highctech methods such as
micro/nano mechanical testing, high resolution TEM, etc.
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The emerging topic of high entropy ceramics opens up a large new
compositional space, with the possibility of new materials with enhanced
properties and demonstrating new phenomena. At the division, basic research
was realized during the last 5 years with significant results in the following
fields:

w Theoretical prediction of the physical and mechanical properties of high
entropy ceramics.

wPreparation of dense bulk high entropy ceramic materials on the base of
transition metal carbides nitrides, dual ¢ phase boride/carbide with the help of
advanced processing routes as boro/carbide reduction, reactive spark plasma
sintering, rapid hot pressing, etc., with different chemical compositions.

wlinvestigation of the potential of different PVD deposition techniques and their
optimization in the preparation of thin hard coatings involving multiprincipal
transition metal (Ti,Zr,Hf,Ta,Nb,V,Mo,W) nitride and carbonitride systems with
different stioichiometry.

-
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Ci3diSaY Investigating the strength of grains (cca. 8 GPa) and grain boundaries (cca. 4.5
GPa) in reactive sintered equimolar dual-phase high-entropy ultra-high temperature
ceramics using a microcantilever bending experiment and detailed fractography-based

analysis was performed.

w Detailed investigations of the microstructure characteristics and chemical
composition, of prepared bulk and coating systems at micro, nano and atomic

level.

w Measuring physical, mechanical and tribological properties of the sintered
bulk ceramics and PVD coatings using nano/micro/macro mechanical and
tribological tests (nanoindentation, micropillar compression, micro cantilever,
etc.) at room and elevated temperatures.

w Understanding of the relationship between the processing steps,

microstructure and required final physical, fracture/mechanical, thermal and

tribologi

cal properties.
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Ci3adiSaY Microstructure analyses of grains and grain boundaries in reactive sintered non
- equimolar dual-phase high-entropy ultra-high temperature ceramics at
atomic/nano/micro level.
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Ci3diSaY Indentation hardness of TiZrHf+V/Nb/Ta-xN coatings deposited using a -
reactive DC magnetron sputtering and b ¢ reactive High Target Utilization Sputtering
over wide range of nitrogen stoichiometry (x ¢ flow of nitrogen in sccm during
deposition). Apparently, hardness exceeding 40 GPa can be achieved in medium-entropy
stabilized TiZrHf-xN coatings deposited by DC magnetron sputtering at x = 8-10 sccm N,
corresponding to the near-stoichiometric composition.
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CI3diS4Y Scanning transmission electron microscopy and EDS mapping of the distribution
of the elements in the multiprincipal transition metal nitride TiZrHfVNbTa-6N coatings
deposited by the reactive DC magnetron sputtering. Homogeneous distribution of all
transition metals and nitrogen confirms formation of the homogeneous solid solution in
agreement with the concept of structure stabilization by high entropy
(in the metallic sub-lattice).

= : :
Cl3dESaY TEM observation of the columnar growth in reactive HiTUS TiZrHfVNbTa-6N
coatings; single phase composition with the textured fcc structure was confirmed using
selected local area diffraction (SAED and corresponding azimuthal integral SAED.

B: Detailed investigations of nano/microfibers in form of fibrous mats and
cotton-like aerogels for special technical applications

Needle-less electrospinning stands as a versatile technique for the fabrication
of a diverse array of nano/microfibers, encompassing polymers, ceramics,
composites, and carbonaceous materials. These fibers, typically exhibiting
diameters within the submicron range (predominantly 50-700 nm), are
distinguished by their unique one-dimensional (1D) morphology and
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exceptional functional attributes. Research endeavors in this domain are
primarily directed towards the synthesis and in-depth investigation of ceramic
fibers tailored for a broad spectrum of functional applications. This includes,
but is not limited to, advanced gas sensors, next-generation Li-ion and Li-S
batteries, and high-efficiency photocatalysts. Furthermore, their potential as
reinforcing fillers in ceramic matrix composites for structural applications is
being rigorously explored. For instance, TiO, nanofibers and nanofibrous
membranes have demonstrated remarkable efficacy in the photocatalytic
decontamination of wastewater, addressing critical environmental concerns.
Similarly, Nb,Os nanofibers are emerging as promising materials for energy
storage applications, particularly in Li-S batteries, offering a pathway towards
more sustainable energy solutions. A significant portion of the studied fibers
are derived from synthetic polymers and commercially available ceramic
precursors, providing a reliable foundation for material development. However,
the pursuit of sustainability and resource efficiency has spurred investigations
into alternative feedstocks. Moreover, a growing emphasis is placed on the
integration of green approaches, particularly metal recycling, to minimize waste
and promote a circular economy. In this context, ZnO and CuO fibers have been
successfully  synthesized from  solutions obtained through the
hydrometallurgical treatment of industrial waste streams. The production of
electrospun ZnO fibers from waste products is particularly significant, as it
facilitates the acquisition of low-cost input materials while simultaneously
mitigating environmental pollution and creating value-added products.
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>> Division of Functional and Hybrid Systems
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Ing. Lubomir Medvecky, DrSc.
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Characteristic of the division

A: Research and development of new and modified biomaterial systems for
the regeneration of hard and soft tissues
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B: Preparation, characterization and application of compacted soft magnetic
composites
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C: Ferroelectric and multiferroic materials, dielectrics for energy storage
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D: Lanthanide-based luminescent materials
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E: Preparation of a new family of electrocatalysts with different morphologies
for enhanced hydrogen and oxygen evolution reactions.

1 yS5 TIYiR 27 Si0HiIRalE Sla ayIKSITR dalyd RIFSISY/E Y SiK2Ra0 ¢KS
(S 27 (aSI-INS/RE (DKyMjizSs 200K 14 SDiN2aLNyYIy3 20 ALN-E-RIR H2Y T2y
(R 2 RIFASISYE Y20LK2231S giliK 1y IyOiS-aSR aiF1-0S ST LIi2diRly3 Y218
1-0010S @i 12 SyKIy0S (iKS Sil2teaia 21 g1iS) Clam ¢KS KERIZIS 2ty
IyR 2E83Sy Sfiriizy” SH0S/0IS SIS aitRISR dzalyd g26il-Y Y Sid (DKyjizS
&00K 114 08060 d26il-Y'Y Siig 1yR flySH) 4683 g2fll-Y Y Silige 9L{ 09ti20KSY 1014
LYUSRIYOS {US0i2a02L080 1y1fedla ol SYLieR 14 |- LI2Yialyd (22t (2
RSi0MOS IKS 1ySii0a IyR Y KI-yIaY 4 27 31-a F2fizii2y 2y 01-il-i10 aiFI-0Sk ¢KS
Y Hy 3214 27 2d G207 1 (2 LNISING OKMIIOISITS 1-yR lizRe tySELS/aI0S &ll-otS
IyR OG-80 Y IHiSIIA 72U KERI23SY LIiZRe0lR2Y 14 1y HiSiy1-i1dS TS 120 (KS
ThzldS

= £ < g g

'éérB;)h,fibres With Co lames %

CiadiSay SiFSISyl Tioli2di I yRALBSIOK t Y 2ULB223Sa 27 il yaiiizy Y Sil t LB23LBIRSa
LUSLBISR 68 ySSRS-tSaa StSoiN2aLyyty3 | yRaLU: 8-Rigly3 Y Sik2 R0

F: Optimization of synthesis and preparation methods for transition metal
phosphides as efficient electrocatalysts.
w 920K SY IO allidz00601-I Y 20LK2623101€ 1yR (KSIY 2Rey1-Y'10 Slazl-iiy 2F

(KSySs oMl
w 9PIizl-iiR2y 27 iKSall-oifiie 1yR Rizil-ofiie 27 iKSOl-i1-feaia

45



J{mAjen)

0
HER 1.0M KOH

-40
05 -04 03 -02 01 00 01 02 15 18 17 18 19 20 21 22 08 o8 04 02 00 02

E vs RHE (V) E va RHE (V)

‘

Ci3diSaY bi/2t HoSka |- & StSOi201- Gl 24l 121 19w

46



>> Technical and Administrative Support

Members:

DI . HAS

aliS| D2y0

adiy ahill- 10204

ly3 aHiS] Y2611
alliatd YIEY Hi]

adb YHiHy1- hyRIS20+
¢SISTI- who204

2Y 40 {RH

HI-y1- 620720204

Ly30 +EI-RIY W Y111
151 28195241204
100Sil- NISK2l204

Ly 30 YHi2E Y2041 tK50
wl-EiiEf-g aziel

121§ b20#]

ORIl WIRHIGN 1204
~IS 1y {IEAR)

alliily ~i276)1

-
S
(o)
Q.
Q.
>

(70
()

2

)
©
S

)

A

=
S

©
<
©
c
©
©
=
c

i =
]

-

47





















































































































































































































































































































