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Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

1) Podana patentova prihlaSka s podacim &islom 1000033549, Cislo prihlasky PP50062-
2019 zo dna 2.12.2019.

2) Podany uzitkovy vzor s podacim ¢islom 1000033599, €islo prihlasky PUV50110-2019 zo
dna 4.12.2019.

3) Udeleny uzitkovy vzor s &islom 8935 a osvedéenim vydanom 16.10.2020 UPV SR.

Najvyznamnejsie publikacie (knihy, €lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

Knihy:

1) ABC Janek M. Bioanorganické materialy. (2020) (v Ondrejkovi¢ova I., Berkes D.,
Brandeburova P., Cagardova D., Hajovska P., Haz A., Hrouzkova S., Izakovi¢ M.,
Jandovicova V., Janek M., Klein E., LukeS V., Mackulak T., Machkova M., Minarovicova L.,
Skulcova A., émogroviéové D., Vizarova K., Prirodné vedy pre farmaceutické a medicinske
gplikécie. 185 s. Bratislava, FCHPT STU, 2020. 87-110. ISBN 978-80-8208-043-1.

Clanky:
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1) ADM Janek M., VeteSka P., Randova K., Hajduchova Z., Tomanova K., Feranc J., Plavec
R., Omanikova L., Smrckova E., Alexy P. and Baca L. (2019) Ceramic architectures as
models for 3D printed tissue engineering applications. Clinician and Technology Journal,
49(1), 31-35. ISSN 0301-5491 (Print), ISSN 2336-5552 (Online).
https://ojs.cvut.cz/ojs/index.php/CTJ/article/view/5309 (Open Access)

2) ADC Janek M., Zilinska V., Kovar V, Hajduchova Z, Tomanova K., Peciar P., Veteska P.,
Gabosova T., Fialka R., Feranc J., Omanikova L., Plavec R., Ba¢a L. (2020) Mechanical
testing of hydroxyapatite filaments for tissue scaffolds preparation by fused deposition of
ceramics. J. Europ. Ceram. Soc. 40, 4932-4938. DOI: 10.1016/j.jeurceramsoc.2020.01.061.
(IF 2019: 4.495 Q1 - JCR)

3) ADC Orlovska M., Chlup Z., Ba¢a L., Janek M., Kitzmantel M. (2020) Fracture and
mechanical properties of lightweight alumina ceramics prepared by fused filament
fabrication. J. Europ. Ceram. Soc. Sl 40, 4837—-4843. DOI:
10.1016/j.jeurceramsoc.2020.02.026. (IF 2019: 4.495, Q1 - JCR)

4) ADC Vete$ka P., Hajduchova Z., Feranc J., Tomanova K., Milde J., Kritikos M., Ba¢a L.,
Janek M. (2021) Novel composite filament usable in low-cost 3D printers for fabrication of
complex ceramic shapes. Applied Materials Today, Accepted. (IF 2019: 8.352, Q1 - JCR)

5) ADC Furka D., Furka S., Naftaly M., Simon E., Tomanova K., Caplovi¢ova M., Janek M.
Effect of Gallium and Boron doping on dielectric and conductivity properties of ZnO sintered
from nanoparticles of different morphology in THz region. Colloids and Surfaces A
Physicochemical and Engineering Aspects, 2021, vol. 611, p.125896
https://doi.org/10.1016/j.colsurfa.2020.125896 (IF 2019: 3.99, Q2 - JCR)

6) ADC Furka D., Furka S., Naftaly M., Rakovsky E., Caploviova M., Janek M. ZnO
nanoparticles as photodegradation agent controlled by morphology and boron doping.
Catalysis Science & Technology, 2021, accepted manuscript.
https://doi.org/10.1039/D0CY01802C (IF 2019: 5.721, Q2 - JCR)

Prednasky — konferencie a workshopy:

1) Orlovska M. et al. Casted alumina ceramics as a model for sintering of 3D printed objects
prepared by FFF. In Processing and Properties of Advanced Ceramics and Glasses, 29.-
31.10.2018, Stara Lesna, Slovensko: Conference Proceedings. 1. vyd. KoSice : SAV,
Kosice, 2018, S. 59-63. ISBN 978-80-89782-10-9.

2) Randova K. et al. 3D printing of oxide ceramics from polymer composites using FDM
technology. In Processing and Properties of Advanced Ceramics and Glasses, 29.-
31.10.2018, Stara Lesna, Slovensko : Conference Proceedings. 1. vyd. KoSice : SAV,
KoSice, 2018, S. 110-114. ISBN 978-80-89782-10-9.

3) Janek M. et al. Fused deposition of ceramic architectures as models for 3D printed tissue
engineering applications. In YBERC 2018 [elektronicky zdroj] : The 8th young biomedical
engineers and researchers conference. KoSice, Slovakia. October 3-5, 2018. KoSice :
Technicka univerzita v KoSiciach, 2018, S. 4. ISBN 978-80-8086-271-8.

4) Baca L.: Technoldgie vhodné pre 3D tla¢ anorganickych materialov. (pozvana prednaska)
2018-11-22 |. Odborny seminar aditivnej vyroby. FChPT STU Bratislava [online]. [cit. 2021-
01-16]. https://www.fchpt.stuba.sk/buxus/docs/Oksc/OSAV_A4.pdf

5) Janek M. et al. Mechanical testing of hydroxyapatite based filaments applicable in FDC
3D printing for tissue scaffolds development. In Fractography of Advanced Ceramics, FAC
2019, 8.-11.9.2019, Smolenice : Book of Abstracts. 1. vyd. KoSice : Institute of Materials
Research, SAS, 2019, S. [24]. ISBN 978-80-89782-12-3.

6) Baca L. et al. Influence of printing parameters on the fracture behaviour of dense alumina
ceramics. In Fractography of Advanced Ceramics, FAC 2019, 8.-11.9.2019, Smolenice :
Book of Abstracts. 1. vyd. KoSice : Institute of Materials Research, SAS, 2019, S. [1]. ISBN
978-80-89782-12-3.

7) Baca L. et al. Microstructure and mechanical properties of Ti64-B4C composites prepared
by additive manufacturing. In. XVI ECERS Conference, 16.-20.6.2019, Torino : Book of
Abstracts. Torino, Italy : Politecnico di Torino, 2019, S. [23].

8) Janek M. et al. Hydroxyapatite based materials for FDC 3d printing filaments applicable in
tissue scaffolds development. In Preparation of Ceramic Materials : Proceedings of the 13th
International Conference. 1. vyd. KoSice : Technicka univerzita v KoSiciach, 2019, S. 115-
122. ISBN 978-80-553-3314-4.

9) Orlovska M. et al. Sintering of 3D printed alumina ceramics. In Processing and properties
of advanced ceramics and glasses : Book of extended abstracts. 1. vyd. Bratislava : Institute
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of Inorganic Chemistry, SAS, 2019, S. 11-15. ISBN 978-80-971648-8-1.

10) VeteSka P. et al. Thermal processing of composite material for 3D printing of ceramics.
In Processing and properties of advanced ceramics and glasses : Book of extended
abstracts. 1. vyd. Bratislava : Institute of Inorganic Chemistry, SAS, 2019, S. 5-10. ISBN
978-80-971648-8-1.

11) Galisova I.: Additivna vyroba v medicinskych aplikaciach. (pozvana prednaska) 2019-
11-14 1l. Odborny seminar aditivnej vyroby. FChPT STU Bratislava [online]. [cit. 2021-01-
16]. https://www.fchpt.stuba.sk/sk/ustavy-a-pracoviska/ustav-anorganickej-chemie-
technologie-a-materialov/oddelenie-anorganickych-materialov/odborny-seminar-aditivnej-
vyroby.html?page_id=3133

Popularizaéné prispevky:

1) Janek M.: Tajomstva tkanivového inzinierstva. 2018-05-28 Veda na dosah CVTI SR
[online]. [cit. 2021-01-16]. Dostupné na: https://vedanadosah.cvtisr.sk/tajomstva-
tkanivoveho-inzinierstva

2) Orlovska M.: 3D tla¢ keramickych komponentov s pouzitim oxidu hlinitého. 2018-06-10
Veda na dosah CVTI SR [online]. [cit. 2021-01-16]. Dostupné na:
https://vedanadosah.cvtisr.sk/3d-tlac-keramickych-komponentov-s-pouzitim-oxidu-hliniteho
3) Janek M.: Keramické kompozitné filamenty pre FDC aplikacie. (pozvana prednaska)
2019-11-15 3D-Expo, Bratislava [online]. [cit. 2021-01-16]. https://www.3d-
expo.sk/vystavovatelia/

4) Janek M.: Aditivna vyroba. (pozvana prednaska) 2020-01-10 European Institute of
Innovation and Technology, Workshop EIT Manufacturing Hub Slovakia. [online]. [cit. 2021-
01-16]. Program na: https://www.uvptechnicom.sk/sk/2020-10-01-eit-manufacturing-hub-
slovakia-workshop/

Uplatnenie vysledkov projektu

O komercéné uplatnenie vysledkov projektu ma zaujem priemyselny partner projektu,
spolo¢nost Fillamentum s.r.0. O spb6sobe uplatnenia stale rokujeme s touto spoloénostou.
Vyhladovo vysledky projektu bude mozné vyuzit’ aj zaloZenim univerzitného start-upu, ktory
ich bude méct zuzitkovavat aj komerénym spdsobom.

Koncom roka 2020 sme ako FChPT STU podpisali NDA zmluvu so spolo¢nostou VPM
Research Inc. Canada, na vyvoj komozitnych filamentov obsahujucich kovy, vhodné pre 3D
tla¢ kovovych Casti technolégiou FDM. Technologicky postup spracovania kompozitov
obsahujucich kovové Castice vhodné na spekanie pri zvySenych teplotach je totiz identicky s
postupom spracovania keramickych materialov, z ¢oho pramenil zaujem spolo¢nosti o
vyskum tohto typu filamentov.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
Pri identifikacii vhodnych polymérov na pripravu zelenych telies keramickych kompozitov,
boli overované polyméry, ktoré predstavuju nizku zataz pre zivotné prostredie. Overovali sa
predovsetkym biodegradovatelné jednozlozkové systémy s kyselinou polymlieCnou (PLA) a
polyvinylalkoholom (PVA) a ich vzajomné kombinacie. Kritériom bola ich vzajomna
mieSatelnost’ a reologické vlastnosti pri pracovnych teplotach pouzivanych v FDM
tlaCiarnach. Ako velmi vhodné, s ohfadom na funkénost kompozitnych filamentov mozno
oznacit zmesy obsahujuce PVA resp. kombinacie PVA s réznymi molekulovymi
hmotnostami. Systémy obsahujuce PLA su pouZitelné, av8ak ich uplatnenie vyzaduje
vyuzitie Specifickych zmak&ovadiel. Pri identifikacii vhodnych ¢astic HAp sme potvrdili
moznost vyuZitia polydisperznych systémov Castic. Tieto dosahuju velmi priaznivé vlastnosti
v oblasti kontaktnej cytotoxicity, predovSetkym po ich tepelnom spekani pri zvySenych
teplotach, v désledku rozkladu HAp a vzniku biologicky fahSie dostupného beta-
Trikalciumfosfatu. Rozklad HAp je mozné potvrdit' v jeho vysokoteplotnych fazach pomocou
RTG difrakénych zaznamov a IC spektier. Pouzitie filamentov v technoldgiach FDM suvisi s
ich vhodne optimalizovanymi mechanickymi vlastnostami, €ast' vysledkov na tuto tému bola
publikovana v prestiznom eurépskom keramickom ¢asopise. Pre dalSie zlepSenie
biokompatibility, mechanickych a chemickych vlastnosti sme sa zamerali aj na moznosti
vyuzitia novych systémov obsahujucich biosklo a hydrotermalne syntetizované nanocastice
ZnO, ktoré vyustili do publikovania spolusuvisiacich publikacii a podania nového projektu
vyskumu a vyvoja, priamo nadvazujuceho na rieSeny projekt. Optimalizacia obsahu tuhej
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fazy v kompozitoch ukazala, Zze pre kazdy kompozitny systém existuje limitna koncentracia
tuhej fazy, ktord mozno v prisluShom kompozite dosiahnut. Napriklad, pre systém HAp bolo
dosiahnuté limitné plnenie na urovni 50%, pri konvenénej mulitovej keramike 70% a
korundovej keramike 80% hmotnostnych tuhej fazy. Napriek rozdielnym hodnotam v obsahu
tuhej fazy v kompozite, je mozné organické spojivo odstrafiovat’ aj pomocou vypalu so
Specifickym nizkym gradientom zahrevu zelenych telies, v oblastiach teplét sprevadzajucich
oxida¢nu degradaciu pritomnych organickych zlu¢enin. Takymto spésobom je mozné
pripravit keramické telesa s rozdielnou porozitou a pevnostou, ktora je ovplyvnena
predovsetkym kone¢nym obsahom tuhej fazy vo filamente ako aj teplotou a ¢asom vydrze
pri vypale. Obsah tuhej fazy vo filamente ovplyviiuje zarover zmrstenie keramického telesa
s ohfadom na konecnu teplotu vypalu. Vysledky mechanickych vlastnosti testovacich
teliesok ziskanych po vypale v zavislosti od parametrov tlace nastavitelnych na FDM
zariadeni, boli rovnako uverejnené v prestiznom eurépskom keramickom €asopise, pricom
tato praca bola od uverejnenia citovana 3x. Technolégia depozicie flamentov obsahujucich
HAp sa ukazala byt perspektivnou na generovanie $pecifickych skeletov kostnych nahrad,
pretoze pri filamentoch tlaéenych pomocou trysiek s priemerom 400 um, mozno dosiahnut
odstupy medzi jednotlivymi vidknami na urovni 100-1000 pm, pri¢om sa tieto rozmery
vplyvom vypalu mézu zmenSsit’ aj na polovicu. Uvedené rozmery su prave priaznivé na
mimikovanie biologickych makroporov kosti. Ziskané vysledky naznacuju spinenie ciefov
projektu, priCom v oblasti vyroby konvenénej mulitovej keramiky formovanej pomocou FDM
technoldgie doslova prekrocili pdvodné oCakavania. Material vyvinuty v ramci projektu
umoznuje 3D tla¢ rézne tvarovanych keramickych suciastok v malych sériach ako aj vyrobu
jedineénych kusovych experimentalnych zariadeni ako napr. mikroreaktory, nosice
katalyzatorov, vysokoteplotné krystalizatory a pod. Zaroven je vhodny na vyrobu estetickej a
uzitkovej keramiky, réznych dizajnovych vyrobkov a makiet.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

The identification of suitable polymers for the preparation of green bodies of ceramic
composites included polymers that represent already verified low burden on the
environment. Biodegradable one-component systems with polylactic acid (PLA) and
polyvinyl alcohol (PVA) and their combinations have been tested. The criteria were their
miscibility and rheological properties at the operation temperatures used in FDM printers.
Regarding to the functionality of composite filaments, as very suitable can be considered
mixtures containing PVA resp. combinations of PVA with different molecular weights.
Systems containing PLA are useful, but their application requires the use of specific
plasticizers. During identifying suitable HAp particles, the possibility of using polydisperse
particle systems was confirmed. These achieved very favourable properties in the field of
contact cytotoxicity, especially after their thermal sintering at elevated temperatures. This
was due to the decomposition of HAp and the formation of more readily available beta-
tricalcium phosphate. The decomposition of HAp can be confirmed as the high-temperature
phases using powder X-ray diffraction and IR spectra. The use of filaments in FDM
technologies is related to their suitably optimized mechanical properties, some of the results
on this topic was published in a prestigious European ceramic journal. Further, to improve
biocompatibility, mechanical and chemical properties, we also focused on the possibility of
using new systems containing bioglass and hydrothermally synthesized ZnO nanoparticles,
which resulted in the submission of related papers and new research and development
project, directly following the project. Optimization of the composites solid phase content has
shown, that for each composite system, there is a limiting concentration of solid phase, that
can be achieved in the respective composite. For example, for the HAp system, a limit of
50% was achieved, for conventional mullite ceramics 70% and corundum ceramics 80%
filling by weight of the solid phase. Despite the different values in the solid phase content in
the composite, it was also possible to remove the organic binder by firing of green bodies
with a specific low heating gradient, in the temperature ranges accompanying the oxidative
degradation of the organic compounds present. In this way, it is possible to prepare ceramic
bodies with different porosity and strength, which is influenced by the final solids content of
the filament as well as the temperature and the holding time during firing. The solids content
of the filament also affects the shrinkage of the ceramic body, that is kept with respect to the
final firing temperature and time constant. The results of the mechanical properties of the
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test specimens obtained after firing, as function of the printing parameters adjustable on the
FDM device, have also been published in a prestigious European ceramic journal. The
technology of deposition of filaments containing HAp has been proven to be promising for
the generation of specific skeletal bone scaffolds, because the filaments printed with nozzles
with a diameter of 400 um, may achieve spacing between individual fibers at the levels of
100-1000 um. However, these dimensions can be reduced to about half by firing.
Therefore, the dimensions are just favourable for mimicking the biological macropores of
bones. The results obtained indicate the fulfiiment of the project's goals, while in the field of
production of conventional mullite ceramics formed using FDM technology they literally
exceeded the original expectations. The material developed within the project enables 3D
printing of variously shaped ceramic components in small series as well as the production of
unique piece experimental equipment such as microreactors, catalyst supports, high-
temperature crystallizers, etc. At the same time, it is suitable to produce aesthetic and utility
ceramics, various design products and scale models.
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