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Majitel: VIPO a.s. Partizanske

Pdvodca: Jan MATYASOVSKY, Peter JURKOVIC, Peter Duchovic.
Urad priemyselného viastnictva SR
https://wbr.indprop.gov.sk/WebRegistre/UzitkovyVzor/Detail/133-2022
Krilek J., Cabalova I., REH Roman, Melicherc¢ik J., Mancel V.

PUV 79-2022 Drevotrieskova kompozitha doska na baze plastu
https://wbr.indprop.gov.sk/WebRegistre/UzitkovyVzor/Detail/79-2022
Krilek J., Cabalovéa I, REH Roman, Melicher&ik J., Mancel V.

PUV 80-2022 Drevotrieskova kompozitna doska na baze gumy
https://wbr.indprop.gov.sk/WebRegistre/UzitkovyVzor/Detail/80-2022

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

V3 /ADC KRISTAK, L., ANTOV, P., BEKHTA, P., LUBIS, MAR., ISWANTO, AH., REH,
R., SEDLIACIK, J., SAVOV, V., TAGHIYARI, H.R., PAPADOPOULOS, AN., PIZZl, A,
HEJNA, A. Recent progress in ultra-low formaldehyde emitting adhesive systems and
formaldehyde scavengers in wood-based panels: a review. In Wood Material Science &
Engineering. ISSN 1748-0272, 2023, vol. 18, no. 2, p. 763-782. (2022: 2.200 - IF, 2.300 - IF
5y, 29 - H-index, 0.461 - SJR, 2.66 - CPD, Q2 - JCR Best Q, Q2 - SJR Best Q). APVV-18-
0378. CCC,WOS, SCOPUS.

54 citacii vo WOS k 25.7.2023. Oznacené ako: this highly cited paper received enough
citations to place it in the top 1% of the academic field of Materials Science based on a
highly cited threshold for the field and publication year.

V3 /ADC Antioxidation activity of cysteine and cystine prepared from sheep wool / Jan
MatyaSovsky ... [et al.]. APVWW-18-0378. CCC, WOS, SCOPUS. In The Journal of the
American Leather Chemists Association = JALCA. ISSN 0002-9726. Vol. 115, no. 5 (2020),
p. 166-175. (0.674 - IF2019).

MATYASOVSKY, Jan - SEDLIACIK, Jan - SIMON, Peter - NOVAK, Igor - JURKOVIC, Peter
- DUCHOVIC, Peter - SEDLIACIKOVA, Mariana - CIBULKOVA, Zuzana - MICUSIK, Matej -
KLEINOVA, Angela

V3 /ADC Utilization of birch bark as an eco-friendly filler in urea-formaldehyde adhesives
for plywood manufacturing / Roman Réh ... [et al.]. APVV-18-0378. Spdsob pristupu:
https://www.mdpi.com/2073-4360/13/4/511/htm. Popis urobeny: 20210212. Zverejnené na
internete: 20210208. CCC, WOS, SCOPUS. In Polymers [elektronicky zdroj]. ISSN 2073-
4360. Vol. 13, Issue 4 (2021), art. no. 511 [20 p.] [online]. (4.329 - IF, 2020).

REH, Roman - KRISTAK, Lubos - SEDLIACIK, Jan - BEKHTA, Pavlo - BOZIKOVA, Monika
- KUNECOVA, Daniela - VOZAROVA, Vlasta - TUDOR, Eugenia Mariana - ANTOV, Petar -
SAVOV, Viktor

V3 /ADC Characteristics of beech bark and its effect on properties of UF adhesive and on
bonding strength and formaldehyde emission of plywood panels / Pavlo Bekhta ... [et al.].
APW-18-0378 . CCC,WQOS, SCOPUS. In European Journal of Wood and Wood Products.
ISSN 0018-3768. Vol. 79, no. 2 (2021), p. 423-433. (2.014 - IF, 2020).

BEKHTA, Pavlo - SEDLIACIK, Jan - NOSHCHENKO, Gregory - KACIK, Frantigek -
BEKHTA, Nataliya

V3 /ADC Properties of eco-friendly particleboards bonded with lignosulfonate-urea-
formaldehyde adhesives and pMDI as a crosslinker. APVV-18-0378 . Spdsob pristupu:
https://www.mdpi.com/1996-1944/14/17/4875/htm. Popis urobeny: 20210913. Zverejnené
na internete: 20210827. CCC, WOS, SCOPUS. In Materials [elektronicky zdroj]. ISSN 1996-
1944. Vol. 14, issue 17 (2021), art. no. 4875 [21 p.] [online]. (3.623 - IF, 2020).

BEKHTA, Pavlo - NOSHCHENKO, Gregory - REH, Roman - KRISTAK, Lubos -
SEDLIACIK, Jan - ANTOV, Petar - MIRSKI, Radostaw - SAVOV, Viktor

Uplatnenie vysledkov projektu

V drevarskom priemysle su v su¢asnej dobe najpouzivanejSimi lepidlami na drevo
mocovinoformaldehydové (UF) Zivice. Ich rozsiahle pouzitie v drevarskom a nabytkarskom
priemysle umoznuje ich relativne nizka cena, vysoka reaktivita, dostupnost’ surovin,
jednoducha aplikovatelnost, a po vytvrdnuti poskytuju transparentny spoj. Nevyhodou tohto
typu lepidiel je ich nizka odolnost voc€i vihkosti a voci vode a tieZ dlhodobé uvolfiovanie
formaldehydu z hotovych produktov, ¢o spdsobuje zataz zivotného prostredia emisiami
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formaldehydu. Projekt riesil nielen environmentainu problematiku, ale aj kvalitu lepeného
spoja vybranymi aminoplastickymi lepidlami tak, aby vyrobky drevarskeho priemyslu bolo
mozné zaradit’ do najprisnejSej emisnej triedy a do vysSej triedy odolnosti, ako je zvyCajné
pre dany typ lepidla. Tato velmi aktualna poziadavka umozriuje okrem znizenia emisii fd,
zlepSenia pevnosti spoja, riesit aj nakladovost lepenia nahradou drah$ich adheziv
lacnejSimi a dostupnejSimi modifikatormi UF lepidiel. V priemyselnych odvetviach, v ktorych
sa spotreba lepidiel neustale zvySuje, to mdze znamenat’ najma vyrazny ekonomicky efekt,
zvySenie konkurencieschopnosti a ekonomickej vykonnosti vyrobcov, realizovanim
ziskanych poznatkov pri inovaciach vliastnej produkcie. Okrem ekonomickej efektivnosti sa
dosiahne zvySenie pridanej hodnoty vyrobkov, zvySenie environmentalnej hodnoty
vyrobkov, vyuzitie domacich surovinovych zdrojov a v neposlednom rade aj zlepSenie
parametrov vyrobkov, ¢im sa zvysi konkurencieschopnost slovenského drevarskeho
priemyslu. Vysledky projektu je mozné uplatnit’ priamo u vyrobcov dosiek na baze dreva, s
ktorymi sa priamo nadviazala spolupraca. Konzultacie, resp. vykonanie prevadzkovej
skusobnej produkcie s vyuzitim pripravenych aditiv sa uskutocnili vo firmach Kronospan,
s.r.o. Zvolen, Beker - MP, s.r.o. PreSov, Europlac, s.r.o. Topol¢any, TSUS, n.o., Bratislava,
AGGLU Int., s.r.o. TurCianske Teplice, IKEA Industry Slovakia s.r.o., Trnava.

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Strategickym cielom projektu bolo zvySenie konkurencieschopnosti a ekonomickej
vykonnosti drevarskeho priemyslu, hlavne vyrobcov dosiek na baze dreva realizovanim
ziskanych poznatkov potrebnych na vyznamnu inovaciu vlastnej produkcie tak, aby vyrobky
vyhovovali neustale sa sprishujucim legislativnym pozZiadavkam na emisie. Formaldehyd je
kategorizovany ako nebezpecna latka, spbsobujuca zdravotné problémy, a preto
nedelitelnou sucast'ou testovania parametrov drevnych lepenych materialov sa stalo
testovanie obsahu a emisie formaldehydu. Vedeckym zamerom bolo zabudovanie
modifikovanych biopolymérov kolagénu a keratinu do zosietovanej Struktury
mocovinoformaldehydového (UF) lepidla. Pritomnost reaktivnych skupin —-NH2 a -COOH
vykazuje vocCi aldehydom podobnu reaktivitu ako moc€ovina a tak sa nahradzaju menej
stabilné dimetylénéterové mostiky stabilnymi metylénovymi vazbami, ¢o vyznamne zvySuje
stabilitu lepidla a zniZuje emisie formaldehydu z lepenych vyrobkov pri beZnych
uzivatel'skych podmienkach. Chemické vytvrdzovanie polykondenzacnych lepidiel vyZzaduje
pritomnost tvrdiv, aditiv alebo aktivatorov priebehu polykondenzacie, ktora zabezpeduje
chemicky stabilné prostredie pre viazanie volného a uvolfiujuceho saformaldehydu.
Skumali sa parametre environmentalne vhodnych lepiacich zmesi, pozostavajucich z bezne
pouzivanych 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.

UF lepidla sa modifikovali aplikaciou (0,1; 0,3; 0,5 a 1,0%) cysteinu a cystinu, ktoré sa
pripravili hydrolyzou ov€ej viny. Emisie fd a kvalita lepeného spoja bola porovnavana s
referenénymi UF lepiacimi zmesami pripravenych aplikaciou $tandardnych aminokyselin (L-
cystein, L-cystin). Na stanovenie emisii formaldehydu sa pouzila exsikatorova metdda podia
STN EN ISO 12460-5. Najvyraznejsi pokles formaldehydu az do 40,0% sa dosiahol pre
0,5% cysteinu pripraveného z ov€ej viny v porovnani s referenénou vzorkou. Testované
cysteinové a cystinové vzorky mézu mat velky potencial pre aplikaciu ako environmentalne
lapace formaldehydu.

Z nasledne pripravenych biopolymérov sa vyrazne prejavil patentovany pripravok na
znizovanie emisii formaldehydu, ktorého zlozenie spociva v obsahu od 5,0 do 40 hm. %
dusi¢nanu amonneho, od 5 do 30 hm. % mocoviny, od 0,5 do 20 hm. % aspor jednej sirne;
zlu€eniny zo skupiny zahffajucej ditioni€itany, tiosirany alkalickych kovov, tiosiran amonny
a od 30 do 50 hm. % vody s pridavkom do 5,0 hm. % &pavku. Uvedené latky spolu vytvaraju
homogénny stabilny roztok. NajvyraznejSi pokles emisie fd 0 43% bol dosiahnuty pri
aplikacii 5 hm. dielov pripravku do 100 hm. dielov UF Zivice v porovnani s referen¢nou
doskou z beznej prevadzkovej vyroby. Vyrobené preglejky splnili normami pozadované
hodnoty fyzikalno-mechanickych viastnosti a boli v zhode s viastnostami referenénej dosky.
Na zaklade dosiahnutych vysledkov povazujeme vSetky ciele projektu za splnené.
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Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The strategic objective of the project was to increase the competitiveness and economic
performance of the wood industry, especially wood-based panel manufacturers, by
implementing the knowledge gained to significantly innovate their own production so that
products meet the ever-tightening legislative requirements for emissions. Formaldehyde is
classified as a hazardous substance causing health problems, and therefore testing for
formaldehyde content and emissions became an integral part of the testing of the
parameters of wood-based glued materials. The scientific aim was to incorporate modified
biopolymers of collagen and keratin into the cross-linked structure of urea-formaldehyde
(UF) glue. The presence of -NH2 and —COOH reactive groups exhibits reactivity towards
aldehydes similar to urea, thus replacing the less stable dimethylene ether bridges with
stable methylene bonds, significantly increasing the stability of the adhesive and reducing
formaldehyde emissions under normal user conditions. Chemical curing of polycondensation
adhesives requires the presence of hardeners, additives or activators of the
polycondensation process, which provide a chemically stable environment for the binding of
free and released formaldehyde.

The parameters of environmentally suitable adhesive mixtures consisting of commonly used
UF resins and newly developed components (natural polymer colloids, mineral
nanosorbents, natural additives, and activators) were investigated, which in the prepared
adhesive composition determine the desired properties of bonded wood composite materials
at the theoretical and application levels.

The UF adhesives were modified by the application of (0.1; 0.3; 0.5 and 1.0%) cysteine and
cystine, which were prepared by hydrolysis of sheep wool. The fd emission and the quality
of the bonded joint were compared with reference UF adhesive blends prepared by
application of standard amino acids (L-cysteine, L-cystine). The desiccator method
according to EN ISO 12460-5 was used to determine formaldehyde emissions. The most
significant decrease of formaldehyde, up to 40.0% was obtained for 0.5% cysteine prepared
from sheep wool compared to the reference sample. The tested cysteine and cystine
samples may have great potential for application as environmental formaldehyde
scavengers.

Among the subsequently prepared biopolymers, the patented additive for reducing
formaldehyde emissions has shown a significant effect, with a composition ranging from 5.0
to 40 wt.% ammonium nitrate, from 5 to 30 wt.% urea, from 0.5 to 20 wt. % of at least one
sulphur compound from the group comprising dithionates, alkali metal thiosulphates,
ammonium thiosulphate, and from 30 to 50 wt. % of water with the addition of up to 5.0 wt.
% of ammonia. The above substances together form a homogeneous stable solution. The
most significant decrease in fd emission of 43% was obtained when 5 wt. parts of the
formulation were applied to 100 wt. parts of UF resin compared to the reference panel from
standard operational production. The plywood produced met the physical-mechanical
properties required by the standards and was in agreement with the properties of the
reference board.

Based on the results achieved, we consider that all project objectives have been fulfilled.
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