
l The Department of Composites and 
Carbon Materials focuses on advanced 
composite materials and their basic 
components, which have significant 
potential in two main areas, i.e. healthcare 
applications and applications where high 
temperature resistance is required.

l The team works on biomaterials as 
potential substitutes for both soft and 
hard tissues, and its aim is to be able to 
replace human tissues with materials that 
are as similar as possible to natural tissues 
from the viewpoint of their mechanical 
and structural properties and material 
composition. Concerning hard tissues, the 
team focuses on the main components 
of bone, namely collagen and calcium 
phosphates. Special attention is paid to 
isolating collagen and bioapatite from 
several natural sources (bones, skin, scales, 
etc.). The potential of natural materials and 
their applications as basic constituents 
of biocomposites is investigated, as well 
as methods for their processing. Special 
emphasis is placed on the utilisation 
of the electrospinning process for 
preparing sub-microfibres and nanofibres 
based on collagen and collagen fibres 

incorporating bioapatite nanoparticles or 
active substances as antibiotics. Several 
investigations are carried out, aimed at 
preserving the typical and advantageous 
unique biological properties of collagen 
and at imitating this major part of the 
extracellular matrix.

l The team also specialises in the 
development of unique composites, 
ceramic foams, ceramic matrix composites 
and all-ceramic sandwiches for use at 
elevated temperatures. Such composites 
are produced from a range of fibres, e.g. 
basalt, glass and ceramic fibres, and are 
fabricated using ordinary laminating 
technology, as used, for example, in the 
construction of ships and airplanes. They 
are then subjected to high temperatures 
in an inert atmosphere which significantly 
enhances their properties. The team has 
made particularly significant progress 
with so-called partially-pyrolyzed 
composites which are reinforced with 
basalt fibres. These materials have good 
mechanical properties and, unlike other 
fibre-based composites, they also exhibit 
a high degree of fire resistance.

l The team works primarily with 
instruments that allow it to process 
materials at the nanoscale. The team 
utilizes several devices that are able to 
electrostatically spin fibres from polymers. 
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3D-printed titanium implants and micro-CT image of the implanted titanium 
samples with collagen/hydroxyapatite electrospun layer with antibiotics 
(Vancomycin); the bone tissue is in white, the new bone inside the implant (red) is in 
green

l MODERN FIBROUS, PARTICULATE AND 
HYBRID COMPOSITE MATERIALS ON 
THE BASIS OF NATURAL OR SYNTHETIC 
MATERIALS

l UTILISATION OF COLLAGEN AND CALCIUM 
PHOSPHATES ISOLATED FROM NATURAL 
SOURCES

l COMPOSITE MATERIALS FOR MEDICAL USE

l HEAT-RESISTANT COMPOSITES

These devices are unique in that they 
allow the creation of fibres from natural 
polymers, a process which is far from easy 
given that natural materials rarely exhibit 
uniform properties. The team’s most 
recent significant achievement concerns 
the application of its technology in the 
preparation of nanofibres from collagen, 
i.e. fibres with integrated nanoparticles 
of calcium phosphate which, in material 
terms, effectively imitate real bone 
tissue. These materials can be used, for 
instance, for the surface layers in hip 
and joint prosthetics so as to accelerate 
their growth into the bone tissue. Thanks 
to expert teams, knowledge from the 
fields of analytical chemistry, inorganic 
and organic chemistry, mechanics and 
biomechanics can be combined in the 
preparation of such materials, frequently 
with the involvement of the commercial 
sector. The team has long-standing 
experience of isolating collagenous 
materials and calcium phosphates from 
natural precursors (e.g. bones, skin) and 
their physico-chemical characterisation 
and monitoring of the quality of particular 
precursors using various techniques such 
as FTIR spectroscopy, X-ray diffraction, 
HPLC, chemical analyses, scanning 
electron microscopy, and energy-
dispersive spectroscopy.
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l Collagen-calcium phosphate nanolayers 
with controlled elution of antibiotics 
for orthopaedic implants to be used 
particularly in the case of known 
prosthetic joint infections or as a 
preventative procedure regarding 
primary joint replacement at a 
potentially infected site
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l Laboratory for the production of 

nanofibrous layers fully equipped for 

electrospinning natural and synthetic 

polymers, electrospinning devices 

4Spin (Contipro), Electrospunra ES-

210 (Mikrotools), high-voltage power 

supplies and linear pumps

l Apreo 2 LoVac High Resolution 

Scanning Electron microscope 

(Thermo Fisher Scientific) with SE, 

SED, DBS, STEM 3+ and EDS – Octane 

Elite Plus detectors and Microtest 

Tensile Stage 300N

l Sample preparation workflow –  

Automatic Tissue Processor, Trimmer, 

Ultramicrotom, Sputter Coater (Leica)

l Quanta 450 Scanning Electron 

Microscope (FEI) with SE, BSE Cl, GAD, 

cathodoluminescence and EDS, SDD 

and EDAX detectors

l Nicolet iS50 Advanced and Nicolet 

Protégé 460 E.S.P. Fourier transform 

infrared spectrometers (Thermo-

Nicolet)

l Shimadzu LC10 ADvp high-

performance liquid chromatography 

system equipped with fluorescent 

and UV-VIS detectors

l MarSurf TS 50/4 non-contact surface 

measurement (Mahr)

Collagen-calcium phosphate nanolayers with 
controlled elution of antibiotics can be directly 
deposited on the surface of orthopaedic 
implants (titanium or 3D printed acetabular 
cups)

l Inspekt 100 universal testing machine 

(Hegewald & Peschke)

l Clean room equipped with laminar 

flow boxes, steam and UV sterilization, 

centrifuges, freeze driers (VirTis 

Benchtop 8LZL and 4KZL) and a DH 

CO2 incubator (Thermo Scientific)

l TMA PT 1600 thermomechanical 

analyzer (Linseis)

l Image analysis laboratory equipped 

with a Nikon Optishot 100S (Nikon) 

microscope supplemented with a 

ProgRes colour digital microscope 

camera (JENOPTIK) and NIS-Element 

AR system (Nikon)

l HLV 5.1 hydraulic moulding press 

(Pracovní stroje Teplice)

l HTK 8 GR/22-1Gman high-

temperature graphite furnace (GERO)

l HAAKE R600 polydrive mixer (Thermo 

Electron Scientific)
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Adipose tissue-derived stem cells cultivated for 
7 days in collagen gel reinforced with collagen 
electrospun particles. Cells are stained by 
specific anti-alpha-actin (red) and anti-
calponin (green) antibodies. Cell nuclei are 
stained (blue) by DAPI (E. Filová, FGU CAS).

SEM image of bone mineral (bioapatite) 
particles isolated from human bone (left), 
human osteosarcoma cells (Saos2; middle) and 
human bone marrow-derived mesenchymal 
stromal cells (BM-hMSCs; right) cultivated for 
14 days on polymer layers with bioapatite. 
Cells are stained by specific anti-alpha-actin 
(red) and anti-calponin (green) antibodies. Cell 
nuclei are stained (blue) by DAPI, (L. Wolfová 
IEM CAS).
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SEM image of a growing calcium 
orthophosphate tube on top of the 
commercially pure magnesium wire with 
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degraded for 48 hours in the cell cultivation 
media (αMEM). 

l	Advanced ceramic foams from 
pyrolysed polymer precursors

M. Černý, Z. Chlup, A. Strachota, J. 
Schweigstillová, J. Svítilová, M. Halasová, 
Rheological behaviour and thermal dilation 
effects of alumino-silicate adhesives 
intended for joining of high-temperature 
resistant sandwich structures, J. Eur. Ceram. 
Soc. 37 (2017) 2209–2218. doi:10.1016/j.
jeurceramsoc.2016.12.046.

M. Černý, Z. Chlup, A. Strachota, M. Halasová, 
S. Rýglová, J. Schweigstillová, J. Svítilová, 
M. Havelcová, Changes in structure and in 
mechanical properties during the pyrolysis 
conversion of crosslinked polymethylsiloxane 
and polymethylphenylsiloxane resins to silicon 
oxycarbide glass, Ceram. Int. 41 (2015) 6237–
6247. doi:10.1016/j.ceramint.2015.01.034.

M. Černý, Z. Chlup, A. Strachota, J. 
Svítilová, J. Schweigstillová, M. Halasová, 
Š. Rýglová, SiOC ceramic foams derived 
from polymethylphenylsiloxane precursor 
with starch as foaming agent, J. Eur. Ceram. 
Soc. 35 (2015) 3427–3436. doi:https://doi.
org/10.1016/j.jeurceramsoc.2015.04.032.



MAIN 
COLLABORATING 
PARTNERS
l	University of Vienna, Institute of Materials 

Physics (Vienna, Austria)

l	National University of Singapore 
(Singapore)

l	Indian Institute of Technology Madras, 
Medical Materials Laboratory (Chennai, 
India)

l	AGH University of Science and Technology 
(Krakow, Poland)

l	Institute of Macromolecular Compounds, 
Russian Academy of Science (St. 
Petersburg, Russia)

l	Czech Technical University in Prague 
(Prague, CZ)

l	Technical University of Liberec (Liberec, 
CZ)

l	CEITEC – Brno University of Technology 
(Brno, CZ)

l	Institute of Chemical Technology Prague 
(Prague, CZ)

l	Faculty of Medicine in Pilsen, Charles 
University (Pilsen, CZ)

l	Institute of Pharmacology, First Faculty of 
Medicine, Charles University and General 
University Hospital in Prague (Prague, CZ)

l	2nd Department of Cardiovascular 
Surgery, First Faculty of Medicine, Charles 
University and General University Hospital 
in Prague (Prague, CZ)

l	Institute of Anatomy, First Faculty of 
Medicine, Charles University in Prague 
(Prague, CZ)

l	Institute of Physiology of the CAS (Prague, 
CZ)

l	Institute of Animal Physiology and 
Genetics of the CAS (Liběchov, CZ)

l	Institute of Macromolecular Chemistry of 
the CAS (Prague, CZ)

l	Institute of Experimental Medicine of the 
CAS (Prague, CZ)

l	Institute of Organic Chemistry and 
Biochemistry of the CAS (Prague, CZ)

l	Institute of Physics of Materials (Brno, CZ)

l	Elmarco, s.r.o. (Laiberec, CZ)

l	ProSpon, s.r.o. (Kladno, CZ)

l	Contipro, a.s. (Dolní Dobrouč, CZ)

l	Devro, s.r.o. (Jilemnice, CZ)

l	PrimeCell Advanced Therapy, a.s. (Prague, 
CZ)

l	MEDIN, a.s. (Nové Město na Moravě, CZ)

l	LA Composite, s.r.o. (Prague, CZ)

l	LATECOERE Czech Republic s.r.o. (Prague, 
CZ)

l	National Radiation Protection Institute, 
(Řež, CZ)

Si-O-C ceramic foam prepared from preceramic polymer (left); application of Si-O-C foam as a 
lightweight core of all-ceramic sandwich with increased temperature resistance (right)

Composite reinforced with basalt fibers and 
with a matrix in the hybrid state of polymer/
ceramic conversion. The individual materials 
are indicated by the pyrolysis temperature with 
which they were prepared.
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