l ' ﬁ PV v Agentira na podporu vyskumu a vyvoja
v

Formular ZK
Zavereéna karta projektu
Nazov projektu Evidenc¢né cislo projektu APVV-15-0124
Izokonverzné metody - teéria a aplikacie
Zodpovedny riesitel prof. Ing. Peter Simon, DrSc.
Prijemca Slovenska technicka univerzita v Bratislave - Fakulta chemickej a

potravinarskej technolégie

Nazov pracoviska, na ktorom bol projekt rieSeny

1. Fakulta chemickej a potravinarskej technolégie STU, Radlinského 9, 812 37 Bratislava
2. VIPO, a.s., Gen.Svobodu1069/4, 958 01 Partizanske

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

1. Univerzita Toma3e Bati ve Zling, Fakulta aplikované informatiky, Nad Stranémi 4511, 760
05 Zlin, Ceska republika

2. UJV Rez, a. s., Hlavni 130, Rez 250 68, Husinec, Ceska republika

3. Universita degli Studi di Roma “La Sapienza”, Department of Basic and Applied Sciences
for Engineering (SBAI),Via Antonio Scarpa 16, 00161 Rome, Lazio, Italy

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

Patenty:

1. Pévodcovia: Ing. MatyaSovsky Jan, PhD., Ing. Jurkovi¢ Peter, PhD, Ing. Duchovi¢ Peter.
Patent €. 288363, Nazov: Spdsob odchrémovania pevnych garbiarskych odpadov.
Prihlasovatel: VIPO, a.s. Partizanske.

Uzitkové vzory:

1. Pédvodca: MARTINKA, J., SIMON, P., BALOG, K., RANTUCH, P. Meracia zostava s
kénickym kalorimetrom na meranie poZiarneho rizika horlavych kvapalin. Cislo UV: 8203
2. Pbévodca: Ing. Pavol MELUS, PhD., Ing. Jan ORAVEC, CSc., Ing. Jozef PRETO, Ing.
Luboslav TOMEK, Ing. Miroslav SLIM, Ing. Peter JURKOVIC, PhD. Zafizeni k Gprave
povrchu dratu plazmovym vybojem. Uzitkovy vzor v zahraniéi - rok 2018, datum evidencie
platby 28.5.2019. Spisova znacka prihlasky: PUV 2018-35423, poradové Cislo D18093880.
Podany: URAD PRUMYSLOVEHO VLASTNICTVi Praha, Antonina Cerméaka 2a, 160 68
Praha 6, Prihlasovatel: VIPO a. s., Partizanske

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

Clanky v CC &asopisoch:

1. Matyasovsky J., Sedliacik J., Novak ., Simon P., Jurkovi¢ P., Duchovi¢ P., Kleinova A.
Modified smart collagen biomaterials for pharmacy and adhesive applications. The Journal
of the American Leather Chemists Association Vol. 111, no. 10, 2016, p. 365-376
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3. Cibulkova, Z., Vykydalova, A., Chochulova, A., Alexy, P., Omanikova, L. Thermooxidative
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Hydrolysates Studied by DSC. Journal of the American Leather Chemists Association, 114,
2019, p. 20-28.
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beeswax by NOx pollution and UV light studied by DSC and FTIR measurements.
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Sedlia¢ikova M., Cibulkova, Z., Mi¢usik, M., Kleinova, A. Antioxidation activity of cysteine
and cystine prepared from sheep wool. The Journal of the American Leather Chemists
Association 115(5), 2020, 166-175

11. Pavilek, B., Kozisek, J., Zalibera, M., Lu$pai, K., Cibulkova, Z., KoziSkova, J., Végh, D.
Ortho-substituent-controlled regioselective cyclisation of 1,4-phenylenediacrylic acid to a
linear benzo[1,2-b:4,5-b "ldithiophene derivative as a building block for semiconducting
materials. Tetrahedron Letters 61(11-12), 2020, Article No. 151608

12. Slany, O., Klempova T., Marcingak S., Certik, M. Production of high-valued bioproducts
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using soild state fermentations. Annals of Microbiology, 70(5), 2020, article No. 5, 1-11;
Corrections: Annals of Microbiology, 70(17), 2020, article No. 17, 1
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state fermentation using agro-industrial waste. Journal of Biotechnology, 311(3), 2020, 1-10
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Simon, P. Stability of materials applied in preservation of cultural heritage. Scientific and Art
Journal, 9(2), 2020

2. Vykydalova, A., Cibulkova, Z., Dubaj, T., Simon, P. A Simple Degradation Model for
Materials in Combined Thermal and Radiation Environments. In TRNIK, A. MEDVED,
I.CEST 2019: proceedings of the Central European Symposium on Thermophysics 2019.
Banska Bystrica, Slovakia, 16-18 October 2019 [elektronicky dokument]. 1. vyd. Melville, NY
: AIP Publishing, 2019, ISBN 978-0-7354-1876-9.

3. Simon, P., Dubaj, T., Cibulkova, Z. & Vykydalova, A.: Thermoanalytical Study of the
Kinetics of Processes Occurring in Materials. In TRNIK, A. MEDVED, |. CEST 2019:
proceedings of the Central European Symposium on Thermophysics 2019. Banska Bystrica,
Slovakia, 16-18 October 2019 [elektronicky dokument]. 1. vyd. Melville, NY : AIP Publishing,
2019, ISBN 978-0-7354-1876-9.

4. Simon, P., DUbaj, T., Cibulkova, Z., Vykydalova, A., Sladkova, A., Strizincova, P., Surina,
I. Biomass thermal decomposition described by thermoanalytical kinetics. 7th International
Scientific Conference on Renewable Energy Sources (OZE), Tatranské Matliare, Slovenska
republika, 5.-7. Jun 2018, Renewable Energy Sources 2018, 2018, p. 45-47.

5. SameSova, D., Dzurenda, L., Jurkovi¢, P. Kontaminacia kondenzatu produktmi hydrolyzy
a extrakcie z tepelného spracovania bukového a javorového dreva pri modifikacii farby
dreva. Trieskové a beztrieskové obrabanie dreva, |. vydanie, 2018, ISSN 2453-904X, p.
277-282.

Vedecké prace publikované v recenzovanych vedeckych ¢asopisoch v zahranici:
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1. MatyaSovsky, J., Sedliacik, J., Novak, I., Jurkovi¢, P., Duchovi¢, P. Collagen biomaterial
as a modifier of thermoplastic adhesive. Annals of Warsaw University of Life Sciences.
Forestry and Wood Technology. No. 95, 2016, ISSN 1898-5912, p. 258-263.

2. . Novak, P. Jurkovig, O. Zigo, J. Prachar, J. Matyasovsky; Study of thermal conductivity
of polymer composites. Annals of Warsaw University of Life Sciences. Forestry and Wood
Technology. No. 95,2016, ISSN 1898-5912, p. 292-296

3. Matyasovsky, J., Sedliadik, J., Smidriakova, M., Novak, I., Jurkovi¢, P., Duchovig, P.
Lowering of formaldehyde emission from wood based panels by modification of
polycondensation adhesives with natural fillers, additives and activators. Annals of Warsaw
University of Life Sciences: Forestry and Wood Technology 98, 2017, p. 76-82.

4. Novak, I., Jurkovic, P., Zigo, O., Prachar, J., Matyadovsky, J. Study of thermal
conductivity of polymer composites. Annals of Warsaw University of Life Sciences: Forestry
and Wood Technology, 98, 2017, p. 83-87.

5. Matyasovsky, J., Sedliagik, J., Jurkovi€, P., Duchovig, P., Soltés, L. Modification and
Application Possibilities of Bio-Composites Based on Thermoplastic Collagen. Applied
Chemistry and Chemical Engineering, Volume 2, 2017, New York: Apple Academic Press,
ISBN 978-1-77188-558-4, p. 73-83.

6. MatyaSovsky, J., Sedliadik, J., , Duchovi¢, P., Jurkovi€, P. Environmentally friendly
natural polymers for modification of wood adhesives. Annals of Warsaw University of Life
Sciences. Forestry and Wood Technology. No. 104, 2018, ISSN 1898-5912, p. 174-181.

7. MatyaSovsky, J., Sedliacik, J., JJurkovi€, P., Duchovig, P., Soltés, L. Modification and
Application Possibilities of Bio-Composites Based on Thermoplastic Collagen. Applied
Chemistry and Chemical Engineering, Volume 2., 2018, Apple Academic Press, Hard ISBN:
978-1-77188-558-4, p. 74-82

8. MatyaSovsky, J., Sedliacik, J., Novak, I., Jurkovi¢, P., Duchovi¢, P. Influence of collagen
modifications on qualitative parameters of thermoplastic adhesive mixtures and its
microbiological stability.In Annals of Warsaw University of Life Sciences. Forestry and Wood
Technology. No. 105, 2019, ISSN 1898-5912 p. 54-61.

9. MatyasSovsky, J., Sedliacik, J., Novak, I., Jurkovi€, P., Duchovi¢, P. Influence of collagen
modifications on qualitative parameters of thermoplastic adhesive mixtures and its
microbiological stability. In 4th International conference on wood composites modification
and machining : conference proceedings. Warsaw : Warsaw University of Life Sciences,
2019, p. 15-16.

10. Novak, |., Sedliacik, J., Chodak,l., Micusik M., MatyaSovsky, J., Jurkovi¢, P. Modification
of wood by radio-frequency discharge plasma. In Annals of Warsaw University of Life
Sciences. Forestry and Wood Technology. No. 105, 2019, ISSN 1898-5912., p. 85-90

11. Novak, I., Chodak, I., Sedliacik, J., MatyaSovsky, J., Jurkovi¢, P. Antibacterial
modification of poly(lactic acid) veneers by barrier cold plasma. In 4th International
conference on wood composites modification and machining : conference proceedings.
Warsaw : Warsaw University of Life Sciences, 2019, s. 6-7.

12. Novak, 1., Sedliacik, J., Chodak, I., Kleinova, A., Matyasovsky, J., Jurkovic, P.
Modification of various wood species by barrier and radio-frequency cold plasma. In 4th
International Conference on Wood composites modification and machining : conference
proceedings. Warsaw : Warsaw University of Life Sciences, 2019, s. 24-25

13. Matyasovsky, J., Sedliacik, J., Bekhta, P., Duchovi¢, P., Jurkovi¢, P. Keratin as
environmentally friendly natural polymer for antimicrobial conservation of and reducing
formaldehyde emissions from wood-based panels. In 3rd international scientific conference
Wood - science - economy 2019, p. 53: proceedings Poznan : Wood Technology Institute.

Uplatnenie vysledkov projektu

A. Teoreticka Cast

Boli aplikované nearrheniovské teplotné funkcie vo vSetkych predpovediach stability
materialov a bolo dopracované softwarové vybavenie na popis termoanalytickej kinetiky
inkrementalnymi izokonverznymi metédami. Softwarové vybavenie je volne Siritelné, aby ho
mohla vyuzivat svetova vedecka komunita. Nearrheniovské teplotné funkcie poskytuju
ovela realnejSie predpovede stability materialov ako Arrheniova teplotna funkcia. Pouzivali
sme bud Berthelot-Hoodovu teplotnu funkciu alebo teplotnu funkciu odvodenu v naSom
laboratériu na zaklade experimentalnych dat. Obe teplotné funkcie poskytuju porovnatelné
predpovede stability. V spolupraci so Sapienza University v Rime sme sa pokusili o
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predpoved stability materialov degradujucich pocas topenia, ale tato tedria este nie je
dopracovana.

B. Aplika¢na Cast:

Na rozdiel od vacsiny teoretickych vyskumov, rozvoj izokonverznych metdd a nami vyvinuté
teoretické nastroje maju tu vyhodu, ze moézu byt prakticky okamzite aplikované v mnohych
oblastiach zakladného i aplikovaného vyskumu. V sulade s Eurépskymi trendmi zrychleného
vyuZivania poznatkov zakladného vyskumu, v tomto projekte sme sa sustredili na oblasti,
kde by aplikacia vyvinutej teérie mohla mat realny dopad v praxi.

Vysledky projektu maju perspektivnu uplatnitelnost v nasledovnych oblastiach:

1. Jadrovy priemysel:

Ako vidno z naSich ¢lankov ,Influence of gamma radiation and temperature on the ageing of
EVA cable insulation studied by DSC* a , A predictive model for polyethylene cable
insulation degradation in combined thermal and radiation environments®, nase metody
hodnotenia stability mozno aplikovat pri vybere vhodnych plastov elektrickych kablov v
jadrovych elektrarfiach, kde je kombinovana termooxida¢na degradacia s degradaciou
gama ziarenim.

2. Priprava polymérnych nanokompozitov:

V ¢&lanku , Thermooxidative stability of polypropylene/TiO2 and polypropylene/layered silicate
nanocomposites” sme popisali vplyv dvoch typov nanoc&astic na termooxida¢nu stabilitu
polypropylénu (PP). Napr. TiO2 sa pouziva ako fotostabilizator PP, avSak zhor3uje jeho
termooxidacnu stabilitu. ZloZzenie nanokompozitov preto treba optimalizovat' s ohfadom na
ich dané pouzitie. Uvedeny clanok poskytuje metédu hodnotenia termooxidacnej stability
nanokompozitov.

3. Gumarensky priemysel:

V ¢lanku ,Performance of antioxidants for rubber matrices evaluated by differential scanning
calorimetry.“ sme zhrnuli hodnotenie antioxidantov pouzivanych do gumarenskych zmesi,
ich antioxida¢nej u€innosti a hodnotenie synergie/antagonizmu v zmesi antioxidantov
pomocou nami navrhnutych kritérii. Postup je aplikovatelny pre hodnotenie vplyvu réznych
aditiv na termooxidacnu stabilitu réznych polymérov.

4. Potravinarstvo, kozmetika, farmacia:

Zo zoznamu nasich &lankov vidno, Ze nami navrhnuté metédy mozno vyuZit na posudenie
termooxidacnej stability krmiv pripravenych fermentaciou. Tieto krmiva obsahuju
polynenasytené mastné kyseliny, ktora su velmi nachylné na oxidaciu. Antioxidacné
vlastnosti keratinu, kolagénu, cysteinu a cystinu ich predur€uju na vyuzitie v kozmetike a
farmacii ako prirodné antioxidanty.

5. Obnova a ochrana kulturneho dedi¢stva:

Materialy pouZivané na konzervovanie a re$taurovanie kultirneho dedi¢stva musia spinat
naroéné poziadavky, medzi nimi je vysoka termooxidacna a svetelna stalost. V nasich
¢lankoch sme sa venovali stabilite v€elieho vosku, z ktorého je zhotovenych vela artefaktov
a ktory je nedostato¢ne preskumany z hladiska stability. Nacrtli sme, ako mozno nase
metddy vyuzit pri hodnoteni ozarovania, termooxidaéného namahania a znedistenia
atmosféry oxidmi dusika na stabilitu vosku. Metédu mozno pouzit’ vSeobecne pri vytypovani
vhodnych materialov na obnovu historickych artefaktov. Modifikované termoreaktivne UF
lepida s nizkou emisiou formaldehydu vyvijanych vo VIPO a.s. mozno aplikovat pri
speviiovani poréznych, makkych, fahko degradujucich hornin, napr. pieskovca, v minulosti
Casto vyuzivany ako stavebny material. Lepidla tiez mozno vyuzit' pri obnove historického
nabytku, pripadne aj v nabytkarskom priemysle.

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

Projekt sa sklada z teoretickej a aplikanej Casti. V teoretickej Easti sme sa zaoberali
rozvojom izokonverznych metéd na popis kinetiky degradacie a transformacie réznych
materialov, predpovedami Zivotnosti materialov a kritériami pre hodnotenie ich stability.
Rozvinuli sme tedriu inkrementalnych izokonverznych metéd pre nearrheniovské teplotné
funkcie. Zdokonalili sme prislusné softwarové vybavenie na popis termoanalytickej kinetiky
inkrementalnymi izokonverznymi metédami. Softwarové vybavenie je volne Siritelné, aby ho
mohla vyuzivat svetova vedecka komunita. Vyvinuté metédy a software umoznuju
predpovedat zivotnost materialov pri termickom a termooxidaénom namahani.

Vyvinuté teoretické nastroje maju tu vyhodu, ze mézu byt prakticky okamzite aplikované v
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mnohych oblastiach zakladného i aplikovaného vyskumu. V sulade s Eurépskymi trendmi
zrychleného vyuzivania poznatkov zakladného vyskumu, v tomto projekte sme sa sustredili
na oblasti, kde by aplikacia vyvinutej te6rie mohla mat realny dopad v praxi. V aplikacnej
Casti projektu sme Studovali: (i) hodnotenie stability izolacie elektrickych kablov v jadrovych
elektrarfiach, kde je kombinovana termooxida¢na degradacia s degradaciou gama ziarenim;
(ii) hodnotenie vplyvu dvoch typov nanocastic na termooxidacnu stabilitu polypropylénu; (iii)
hodnotenie antioxidantov pouzivanych do gumarenskych zmesi, ich antioxidacnej uc¢innosti
a hodnotenie synergie/antagonizmu v zmesi antioxidantov pomocou nami navrhnutych
kritérii; (iv) posudenie termooxidaénej stability krmiv pripravenych fermentaciou, ktoré
obsahuju polynenasytené mastné kyseliny velmi nachylné na oxidaciu; (vi) hodnotenie
antioxidacnych vlastnosti keratinu, kolagénu, cysteinu a cystinu ktoré mézu byt vyuzité v
kozmetike a farmacii ako prirodné antioxidanty; (vii) stabilita materialov pouzivanych pre
obnovu a zachovanie kulturneho dedi¢stva, hlavne v€elim voskom a konsolidantmi makkého
kamena.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Project involves the theoretical and application parts. In the theoretical part we dealt with the
expansion of isoconversional methods for the description of the kinetics of degradation and
transformation of various materials, prediction of material lifetimes and the criteria for the
assessment of material stability. We expanded the theory of incremental isoconversional
methods for non-Arrhenian temperature functions. We modified the corresponding software
for the description of thermoanalytical kinetics by incremental isoconversional methods. The
software is distributed freely within the global scientific community. The methods elaborated
and the software enable to predict the material lifetimes at thermal and thermooxidative
stress.

The theory developed within this project has an advantage of rapid, practically immediate
employment in basic and applied research. In accordance with the European trend of
accelerating the implementation of basic research results we focused our attention to the
areas where the developed theory can exert a substantial impact. In the application part of
the project we dealt with: (i) assessment of the stability of insulation of cables used in atomic
power plants where the thermooxidatiove degradation is combined with the degradation by
gamma-irradiation; (ii) evaluation of the influence of two types of nanoparticles on the
thermooxidative stability of polypropylene; (iii) evaluation of antioxidants used in rubber
compounds, their antioxidant efficiency and the evaluation of synergy/antagonism in the
antioxidant mixtures by the criteria developed in our laboratory; (iv) assessment of
thermooxidative stability of cattle feed prepared by fermentation that contain
polyunsaturated fatty acids susceptible to oxidation; (vi) assessment of antioxidant
properties of keratin, collagen, cysteine and cystine that can be applied in cosmetics and
pharmacy as natural antioxidants; (vii) stability of materials applied in conservation and
restoration of cultural heritage, mainly of the beeswax and consolidants of soft stone.
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