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

1. Zasuvacie zariadenie lisu s infratervenym prehrevom suborov dyh / Press sliding device
with infrared heating of veneer packets/: Patent na korysnu model No. 107605 / Viktor
Foros, Pavlo Antonovy¢ Bechta, Jan Sedliacik. Biul. no. 11. Kyijiv: Derzavna sluzba
intelektualnoji vlasnosti Ukrajiny, 2016. 6 s. [FOROS, Viktor - BEKHTA, Pavlo - SEDLIACIK,
Jan]

2. Spdsob odchrémovania pevnych garbiarskych odpadov. Patent &. 288363. Vestnik UPV
SR 7/2016. Uginky patentu nastavaji odo diia oznamenia o udeleni patentu vo Vestniku
UPV SR od 01.07.2016 vyuzitie biopolyméru kolagén pri priprave lepidlovych zmesi. Majitel:
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VIPO, a.s. Partizanske. [MATYASOVSKY, Jan - JURKOVIC, Peter - DUCHOVIC, Peter]
3. Linka na vyrobu drevnych kompozitnych materialov z dyh / Linija vyhotovlenna
derevynnych kompozycijnych materialiv iz Sponu: Patent na korysnu model No. 108244 /
Pavlo Antonovy¢€ Bechta, Viktor Forosz, Jan Sedliacik. Biul. no. 13. Kyjiv: Derzavna sluzba
intelektualnoji vliasnosti Ukrajiny, 2016. 7 s. [BEKHTA, Pavlo - FOROSZ, Viktor -
SEDLIACIK, Jan]

4. Spbsob pripravy drevnych kompozitnych materialov z dyh / Sposib vyhotovienfa
derevynnych kompozycijnych materialiv iz Sponu: Patent na korysnu model No. 108245 /
Pavlo Antonovy¢€ Bechta, Viktor Forosz, Jan Sedliacik. Biul. no. 13. Kyjiv: Derzavna sluzba
intelektualnoji vlasnosti Ukrajiny, 2016. 6 s. [BEKHTA, Pavlo - FOROSZ, Viktor -
SEDLIACIK, Jan]

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

1. Modified smart collagen biomaterials for pharmacy and adhesive applications / Jan
MatyaSovsky ... [et al.]. APVV-14-0506. In: The Journal of the American Leather Chemists
Association = JALCA. ISSN 0002-9726. Vol. 111, no. 10 (2016), p. 365-376. (2016). WOS,
CCC, SCOPUS. [MATYASOVSKY, Jan - SEDLIACIK, Jan - NOVAK, Igor - SIMON, Peter -
JURKOVIC, Peter - DUCHOVIC, Peter - KLEINOVA, Angela]

2. Effect of different hardeners for urea-formaldehyde resin on properties of birch plywood /
Pavlo Bekhta ... [et al.]. APVV-14-0506. WOS, SCOPUS. In Acta Facultatis Xylologiae
Zvolen: vedecky Casopis Drevarskej fakulty. ISSN 1336-3824. Ro¢. 58, €. 2 (2016), s. 65-72.
(2016). [BEKHTA, Pavlo - SEDLIACIK, Jan - SALDAN, Roman - NOVAK, Igor]

3. Modification of polycondensation resins with mineral adsorbents for environmentally
friendly wood products / Jan SedliaCik ... [et al.]. APVV-14-0506. Spbsob pristupu:
http://www.sun-fp7.eu/wp-content/uploads/2015/11/Workshop-Proceedings.pdf. Popis
urobeny: 20160510. In Lifecycle impacts of Copper nanomaterials released from timber
preserving impregnations [elektronicky zdroj]: workshop proceedings: an international
workshop among experts from Europe, Russia and USA, organized by the EU FP7 SUN
and ECONANOSORSB projects. Venice: Ca’ Foscari Univeristy of Venice, 2016. P. 28-30
[online]. [SEDLIACIK, Jan - BELCINSKAJA, Larissa I. - ANISIMOV, Maxim V. -
VARIVODIN, Viageslav A. - SEDLIACIKOVA, Mariana]

4. Collagen biomaterial as a modifier of thermoplastic adhesive / Jan MatyaSovsky ... [et al.].
APVV-14-0506. In Annals of Warsaw University of Life Sciences. Forestry and Wood
Technology. ISSN 1898-5912. No. 95 (2016), p. 258-263. [MATYASOVSKY, Jan -
SEDLIACIK, Jan - NOVAK, Igor - JURKOVIC, Peter - DUCHOVIC, Peter]

5. The Slovakian forest-based sector in the context of globalization / Hajduchova, Iveta ... [et
al.]. APVV-14-0506. WOS, CCC, SCOPUS. In BioResources [elektronicky zdroj]. ISSN
1930-2126. Vol. 11, no. 2 (2016). p. 4808-4820 [online]. [HAJDUCHOVA, Iveta -
SEDLIACIKOVA, Mariana - HALAJ, Daniel - KRISTOFIK, Peter - MUSA, Hussam -
VISZLAI, Igor]

6. Antioxidant effects of keratin hydrolysates / Jan MatyaSovsky ... [et al.]. APVV-14-0506.
CCC, WOS, SCOPUS. In The Journal of the American Leather Chemists Association =
JALCA. ISSN 0002-9726. Vol. 112, no. 10 (2017), p. 327-337. (2017). [MATYASOVSKY,
Jan - SEDLIACIK, Jan - VALACHOVA, Katarina - NOVAK, Igor - JURKOVIC, Peter -
DUCHOVIC, Peter - MICUSIK, Matej - KLEINOVA, Angela - SOLTES, Ladislav]

7. Influence of urea-formaldehyde adhesive modification with beech bark on chosen
properties of plywood / Ivan Ruziak ... [et al.]. APVV-14-0506. WOS, CCC, SCOPUS. In
BioResources [elektronicky zdroj]. ISSN 1930-2126. Vol. 12, no. 2 (2017), p. 3250-3264
[online]. [RUZIAK, Ivan - IGAZ, Rastislav - KRISTAK, Lubo$ - REH, Roman -
MITTERPACH, Jozef - OCKAJOVA, Alena - KUCERKA, Martin]

8. Green logistics in Slovak small and medium wood-processing enterprises / Denisa Mala
... [et al.]. APVV-14-0506. WOS, CCC, SCOPUS. In BioResources [elektronicky zdroj]. ISSN
1930-2126. Vol. 12, no. 3 (2017), p. 5155-5173 [online]. (2017). [MALA, Denisa -
SEDLIACIKOVA, Mariana - KASCAKOVA, Alena - BENCIKOVA, Dana - VAVROVA,
Katarina - BIKAR, Milo$]

9. Formaldehyde, phenol and ammonia emissions from wood/recycled polyethylene
composites / Pavlo Lyutyy ... [et al.]. APVV-14-0506. WOS, SCOPUS. In Acta Facultatis
Xylologiae Zvolen: vedecky ¢asopis Drevarskej fakulty. ISSN 1336-3824. Ro¢. 59, €. 1
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(2017), s. 107-112. (2017). [LYUTYY, Pavlo - BEKHTA, Pavlo - ORTYNSKA, Galina -
SEDLIACIK, Jan]

10. Modification and application possibilities of biocomposites based on thermoplastic
collagen / Jan Matyadovsky — Jan Sedlia€ik — Peter Jurkovi¢ — Peter Duchovi¢ — Ladislav
Soltés. APVV-14-0506. Series: Applied Chemistry and Chemical Engineering. Volume 2:
Principles, Methodology and Evaluation Techniques. CRC Press, Apple Academic Press.
Waretown, NJ 08758, USA. Published: April 13, 2018, pp. 73-83, Hardbook ISBN: 978-1-
77188-558-4, E-Book ISBN: 978-1-315-20736-0. [MATYASOVSKY Jan - SEDLIACIK Jan -
JURKOVIC Peter - DUCHOVIC Peter - SOLTES Ladislav]

11. Effect of short-term thermomechanical densification of wood veneers on the properties
of birch plywood / Pavlo Bekhta, Jan Sedliacik, Dennis Jones. APVV-14-0506. CCC, WOS,
SCOPUS. In European Journal of Wood and Wood Products. ISSN 0018-3768. Vol. 76, no.
2 (2018), p. 549-562. (2018). [BEKHTA, Pavlo - SEDLIACIK, Jan - JONES, Dennis]

12. Bonding of birch veneer with high moisture content using phenol-formaldehyde resin
modified by soy protein / Galina Jevgenivna Ortynska ... [et al.]. APVV-14-0506. WOS,
SCOPUS. In Acta Facultatis Xylologiae Zvolen: scientific journal of the Faculty of Wood
Sciences and Technology, Technical University in Zvolen: vedecky ¢asopis Drevarske;j
fakulty Technickej univerzity vo Zvolene. ISSN 1336-3824. Vol. 60, no. 1 (2018), p. 85-91.
[ORTYNSKA, Galina - BEKHTA, Pavlo - LYUTYY, Pavlo - SEDLIACIK, Jan]

13. Antioxidant activity of keratin hydrolysates studied by DSC / Jan MatyaSovsky ... [et al.].
APVV-14-0506. CCC, WOS, SCOPUS. In The Journal of the American Leather Chemists
Association = JALCA. ISSN 0002-9726. Vol. 114, no. 1 (2019), p. 20-28. (2019).
[MATYASOVSKY, Jan - SEDLIACIK, Jan - SIMON, Peter - NOVAK, Igor - KRYSTOFIAK,
Tomasz - JURKOVIC, Peter - DUCHOVIC, Peter - SEDLIACIKOVA, Mariana -
CIBULKOVA, Zuzana - MICUSIK, Matej - KLEINOVA, Angela]

14. Lignocellulosic waste fibers and their application as a component of urea- formaldehyde
adhesive composition in the manufacture of plywood / Pavlo Bekhta, Jan Sedliacik, ... [et
al.]. APVV-14-0506. CCC, WOS, SCOPUS. In European Journal of Wood and Wood
Products. - ISSN 0018-3768. Vol. 77, no. 4 (2019), p. 495-508. (2019). [BEKHTA, Pavlo -
SEDLIACIK, Jan - KACIK, Frantisek - NOSHCHENKO, Gregory - KLEINOVA, Angela]

15. Functionality of beech bark in adhesive mixtures used in plywood and its effect on the
stability associated with material systems / Roman Réh ... [et al.]. APVV-14-0506. SpOsob
pristupu: https://www.mdpi.com/1996-1944/12/8/1298/htm. Popis urobeny: 20190425.
Zverejnené na internete: 20190420. CCC, WOS, SCOPUS. In Materials [elektronicky zdroj].
ISSN 1996-1944. Vol. 12, issue 8 (2019), art. no. 1298 [15 p.] [online]. (2019). [REH, Roman
- IGAZ, Rastislav - KRISTAK, Lubos - RUZIAK, Ivan - GAJTANSKA, Milada - BOZIKOVA,
Monika - KUCERKA, Martin]

Uplatnenie vysledkov projektu

Vysledky projektu maju perspektivnu uplatnitelnost v odvetviach:
1. v drevarskom priemysle:
- pri modifikacii polykondenzacnych UF lepidiel vyvinutymi biopolymérmi, aditivami,
aktivatormi a Specifickymi prirodnymi aditivami so zlepSenymi vlastnostami viazat
formaldehyd,
- najma pri priprave dosiek na baze dreva, lepenych s modifikovanymi UF lepiacimi
zmesami, so znizenou emisiou formaldehydu a s poZadovanymi fyzikalnymi a
mechanickymi parametrami,
- pri lepeni poréznych, hydrofilnych materialov napr. kniznych dosiek s bez-formaldhydovym
termoplastickym tavnym lepidlom modifikovanym kolagénom,
- pri lepeni jednotlivych dyh preglejky polymérnymi biokompozitnymi bez-formaldehydovymi
féliami na baze syntetickych polymérov a modifikovaného kolagénu s pozadovanymi
fyzikadlnymi a mechanickymi parametrami.
2. v chemickom a farmaceutickom priemysile:
- pri vyvoji tvrdiv ur€enych pre moc€ovinoformaldehydové lepidla,
- pri vyvoji novych perspektivnych lapacov formaldehydu, urychfovacov vulkanizacie,
biostimulatorov, hnojiv, konzervatov a pod.,
- pri vyvoji lieCiv s kontrolovanym uvolfiovanim ucinnej latky.
3. v kozmetickom priemysle:
- pri vyvoji novej rady profesionalnej kozmetiky a pod.
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Projekt vychadzal z vedeckého zameru znizit emisie formaldehydu (fd) z lepenych drevnych
materialov vyskumom, vyvojom a testovanim novych uc€innejSich modifikacii
polykondenzacénych lepidiel, ktoré odstrania ich toxicitu spésobenu hydrolyzou a
uvofiovanim fd z hotovych vyrobkov pri zachovani a zlepSeni poZzadovanych fyzikalno-
mechanickych vlastnosti v kontexte udrzatelnej ekonomickej naro¢nosti. Skiimali sa
parametre environmentalne vhodnych lepiacich zmesi, pozostavajucich z bezne
pouzivanych mocovinoformaldehydovych (UF) Zivic a novo-vyvinutych komponentov
(prirodné polymérne koloidy, mineralne nanosorbenty, prirodné aditiva, aktivatory), ktoré v
pripravenej kompozicii lepenia determinuju pozadované vlastnosti lepenych drevnych
kompozitnych materialov na teoretickej i aplikacnej urovni.

Z pripravenych biopolymérov najvyraznejsi pokles emisie fd o 44% bol dosiahnuty pri
aplikacii 0,5% koncentracie L-cysteinu pripraveného z ov€ej viny a 0 46% pri koncentracii
2,5% kondenzatu glutaraldehydu s mocovinou + 5% Keratinu K-1 do UF Standardu.
Transfer ziskanych poznatkov do praxe sa uskutoénil prevadzkovymi testami pri vyrobe
drevotrieskovych dosak (DTD) v podmienkach realizatora vysledkov projektu Bucina DDD,
s.r.o. Zvolen. Vyrobené DTD spinali pozadované fyzikalno-mechanické parametre a
su€asne bol zaznamenany pokles emisii formaldehydu az o 33% v porovnani s referen¢nou
doskou z beznej prevadzkovej vyroby.

Vyskum $pecifickych prirodnych aditiv pre aplikacie do polykondenzaénych UF lepidiel s
cielom znizenia emisie formaldehydu spocival v testovani tepelnej, mikrovinnej a indukénej
aktivacie sorpcnych vlastnosti mineralnych aditiv — zeolit, montmorillonit a palygorskit. Zistilo
sa, Ze najlepSou metoédou je mikrovinna aktivacia. Po aktivacii sorbentov v mikrovinovom
poli, pri najvhodnejsSich podmienkach, montmorillonit zvacsuje svoju adsorpénu schopnost
8,7 krat, zeolit priblizne 5 krat a palygorskit 4,2 krat. Emisia fd z pripravenych
preglejovanych dosiek poklesla az o 40%. Pridavok dezintegrovanej bukovej kéry do UF
lepidlovej zmesi vedie k zniZeniu emisie volného fd do 40% z preglejok pri hmotnostnom
podiele pridanej bukovej kéry do 25%. Lignocelulézové odpadové vlakna ziskané z vyroby
drevovlaknitych dosiek, vyroby buni€iny a z odpadového papiera preukazali schopnost
viazat' uvolfiovany fd z preglejok lepenych UF lepidlovymi zmesami. NajucinnejSimi lapaémi
fd sa preukazali primarne drevné vlaknité kaly, ktoré znizili emisiu fd az 0 25%.
Plastifikaciou kolagénu bolo pripravené termoplastické kolagénové bez-formaldehydové
lepidlo CV 50 pre firmu ARETS GRAPHICS, s.r.0. Praha. Prevadzkové testovanie lepenia
pevnej kniznej véazby potvrdilo vysoku kvalitu vyvinutého disperzného lepidla. Dalgimi
modifikaciami termoplastického kolagénu syntetickym EVAc kopolymérom boli pripravené
tavné folie a pouzité pri vyrobe preglejky. Testovanie pevnosti v Smyku podfa EN 314-1 a
314-2 potvrdilo, Ze EVAc félie s aplikaciou do 30% plastifikovaného kolagénu spinaju
poZadovanu Smykovu pevnost lepeného spoja.

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

The project was based on the scientific intention to reduce formaldehyde (fd) emission from
glued wood-based materials by researching, developing and testing new, more effective
modifications of polycondensation adhesives to remove their toxicity due to hydrolysis and
release of fd from finished products while maintaining and improving the desired physical
and mechanical properties in the context of sustainable economic effectivity. Parameters of
environmentally suitable adhesive mixtures, consisting of commonly used urea-
formaldehyde (UF) resins and newly developed components (natural polymer colloids,
mineral nanosorbents, natural additives and activators) were studied, which in the prepared
adhesive composition determine required properties of composite materials on the
theoretical and application level.

Prepared biopolymers proved the most significant decrease of fd emission 44%, which was
achieved with the addition of 0.5% L-cysteine prepared from sheep wool and 46% with the
addition of 2.5% pre-condensate of glutaraldehyde with urea + 5% Keratin K-1 applied to the
UF standard. The transfer of acquired knowledge into the practice was carried out by
industrial tests in the production of particleboard under the conditions of the implementer of
the project results Bu€ina DDD, s.r.0. Zvolen. The produced particleboard met the required
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physical and mechanical parameters and as well, the decrease of formaldehyde emission
was up to 33% compared to the reference sample from regular production.

The research of specific natural additives for application into polycondensation UF
adhesives with the aim to reduce formaldehyde emission consisted in testing of thermal,
microwave and induction activation of sorption properties of mineral additives - zeolite,
montmorillonite and palygorskite. Microwave activation has been found to be the best
method. After the activation of sorbents in the microwave field, under the most suitable
conditions, montmorillonite increases the adsorption capacity 8.7 times, zeolite
approximately 5 times and palygorskite 4.2 times. Emission of fd from prepared plywood
decreases up to 40%. The addition of the disintegrated beech bark to the UF adhesive
composition results in a reduction in the emission of free fd up to 40% from plywood at the
addition of beech bark up to 25%. Lignocellulosic waste fibres obtained from fibreboard
production, pulp production, and recycled waste paper have proved the ability to bind the
released fd from plywood bonded with UF adhesives. Primary wood fibre sludge have been
the most efficient fd scavenger, reducing fd emissions up to 25%.

The thermoplastic collagen formaldehyde-free adhesive CV 50 was prepared by plasticizing
of collagen for ARETS GRAPHICS, s.r.o. Prague. Industrial bonding and testing of the
hardback book confirmed the high quality of the developed dispersed adhesive. Further
modifications of the thermoplastic collagen by the synthetic EVAc copolymer produced hot-
melt films and used in the manufacture of plywood. The test of shear strength according to
EN 314-1 and 314-2 confirmed that EVAc films with the application up to 30% of plasticized
collagen meet the strength standard requirements of the adhesive joint.
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