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Nazov a stat zahrani€éného pracoviska, ktoré spolupracovalo pri rieSeni

Univerzita Tomase Bati ve Zline, Ceska republika. Pogas rieSenia projektu bola spolupraca
na vyvoji pripravku na znizenie emisii formaldehydu.

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

Uzitkové vzory v zahranié:

Pdévodca: MatyaSovsky, J., Jurkovi€, P., Duchovi¢, P. 2021: Ph’pravek' na snizeni emisi
formaldehydu vyrobku dievarského primyslu. Uzitny vzor, €. 35612, Ufad pramyslového
vlastnictvi, Ceska republika, 30. 11. 2021- 9 s. Spdsob pristupu:
https://isdv.upv.cz/doc/vestnik/2021/vestnik_UPV_202149.pdf

Uzitkové vzory v SR:

Pdvodca: Sustek, J. 2022: Dekora&na stena z farebne modifikovaného pareného dreva:
Cislo prihlasky PD 69-2022. Datum podania prihlasky: 12.09.2022.

Pdvodca: Jan MatyaSovsky, Peter Jurkovi€, Peter Duchovi€. 2022: Pripravok na znizovanie

emisii formaldehydu pri vyrobkoch drevarskeho priemyslu: Cislo prihlasky 133-2022. Datum
podania prihlasky: 24.10.2022.
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Najvyznamnejsie publikacie (knihy, €¢lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

A Publikacie v zahrani€énych karentovanych ¢asopisoch:

1) Kminiak, R., Dzurenda, L. (2019): Impact of sycamore maple thermal treatment on a
granulometric composition of chips obtained due to processingon a CNC machining mentre.
In Sustainability 2019,11,718; doi:10.3390/su11030718

2) Geffert, A., Geffertova, J., Dudiak, M. (2019): Direct method of measuring the pH value
of wood. In Forests. 2019, 10 (10), 852; https://doi.org/10.3390/f10100852

3) Geffert, A., Geffertova, J., Vybohova, E., Dudiak, M. (2020): Impact of Steaming Mode on
Chemical Characteristics and Colour of Birch Wood. In Forests. 2020,11(4),478;
https://doi.org/10.3390/f11040478

4) Kminiak, R., Orlowski, A. K., Dzurenda, L., Chuchala, D., Banski, A. (2020): Effect of
thermal treatment of birch wood by saturated water vapor on granulometric composition of
chips from sawing and milling processes from the point of view of its processing to
composites. In: Applied sciences. 2020,10(21),7545; https://doi.org/10.3390/app10217545

5) Dzurenda, L.,Geffert, A., Geffertova, J.,Dudiak, M.(2020): Evaluation of the process
thermal treatment of maple wood saturated water steam in terms of change of pH and color
of wood. In BioResources. 2020. 15(2): 2550-2559. DOI: 10.15376/biores.15.2. 2550-
2559

6) MatyaSovsky, J., SedliaCik, J., Simon, P., Novak, I, Jurkovi¢, P., Duchovi¢, P.,
Sedliacikova, M., Cibulkova, Z., Micusik, M, Kleinova, A. (2020): Antioxidation activity of
cysteine and cystine prepared from sheep wool. In The journal of the American Leather
Chemists Association. 2020. no. 5, s. 166-175. ISSN 0002-9726.

7) SedliaCikova, M., Ala¢, P., Moresova, M. (2020): How behavioral aspects influence the
sustainable financial decisions of shareholders: an empirical study and proposal for a
relevant decision-making concept. In Sustainability. 12 (12): 4813.
https://doi.org/10.3390/su12124813

8) Dudiak, M., Dzurenda, L. (2021): Changes in the physical and chemical properties of
alder wood in the process of thermal treatment with saturated water steam. In Coatings
2021, 8(11); doi: org/10.3390/coatings 11080898

9) Vidholdova, Z., Slabejova, G. (2021): Colour stabilisation of surface of four thermally
modified woods with saturated water vapour by finishes. In Polymers 2021 13(19): 3373.
doi:10.3390/polym 13193373

10) Delijski, N., Dzurenda, L., Angelski, D., Tumbarkova, N. (2021): Influence of selected
factors on the duration and energy efficiency of autoclave steaming regimes of non-frozen
prisms for veneer production. In Energies 14(21):7433;

https://doi.org/10.3390/en14217433

11) Dudiak, M., Dzurenda, L., Ku€erova, E. (2022) Effect of Sunlight on the Change in Color
of Unsteamed and Steamed Beech Wood with Water SteamIn: In: Polymers 14(9), 1697,
(2022). https://doi.org/10.3390/polym 14091697

12) Dzurenda,L., Dudiak, M., Vybohova.E. (2022): Influence of UV Radiation on the Color
Change of the Surface of Steamed Maple Wood with Saturated Water Steam In: Polymers ,
14(1),217. doi.org/10.3390/polym 14010217

13) Dzurenda, L. (2022): Range of Color Changes of Beech Wood in the Steaming Process.
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In: BioResources. 17(1):1690-1702. DOI:10.15376/biores.17.1.1690-1702
B Vyznamné publikacie v asopisoch registrovanych vo WOS a SCOPUS:

1) Dzurenda, L. (2018): Hues of Acer platanoides L. resulting from processes of thermal
treatment with saturated steam. In Drewno (Wood) 61(202):165-176.
http/DOI: 10.12841/wo0d.1644-3985.241.11

2) Deliijski, N., Dzurenda. L., Angelski, D., Tumbarkova, N. (2019):Computing the energy
for warming up the prisms for veneer production during autoclave steaming with a limited
power of the heat generator. In Acta Facultatis Xylologiae Zvolen 61(1): 63-

74. DOI: 10.17423/afx.2019.61.1.06

3) Banski, A., Dudiak, M. (2019): Dependence of color on the time and temperature of
saturated water steam in the process of thermal modification of beech wood. In AIP Conf.
Proc. 2118, 030003-1- 030003-5. 2019.

4) Dzurenda, L., Dudiak, M. (2020): The effect of the temperature of saturated water steam
on the colour change of wood Acer pseudoplatanus L. In Acta Facultatis Xylologiae Zvolen.
62(1): 19-28.

5) Geffert, A., Geffertova, J., Vybohova, E. (2020): Surface changes of beech and pine
wood under the influence of UV radiation. In Acta Facultatis Xylologiae Zvolen. 62(1): 5-18.

6) Novak, I., Kleinova, A., Janigova, I., Micusik, M., Sedliacik, J.,Slouf, M., Bekhta, P.,
MatyaSovsky, J., Jurkovi€¢, P. (2020): Properties of water steam-treated maple wood (Acer
pseudoplatanus L.).In Wood research. 2020. 6: 865-876.

7) Sedliagikova, M., Strokova, Z., Klementova, J., Satanova, A., Moresova, M. (2020):
Impacts of behavioral aspects on financial decision-making of owners of woodworking and
furniture manufacturing and trading enterprises. In Acta Facultatis Xylologiae Zvolen:
vedecky Casopis Drevarskej fakulty Technickej univerzity vo Zvolene. 62(1): 165-176.

8) Dzurenda, L., Dudiak, M. (2021): Cross-correlation of color and acidity of wet beech wood
in the process of thermal treatment with saturated steam. In Wood research 2021, 66(1);
doi:org/10.37763/wr.1336-4561/66.1.105116

9) Dudiak, M. (2021): Modification of maple wood colour during the process of thermal
treatment with saturated water steam. In Acta Facultatis Xylologiae Zvolen. 63(1):25 — 34.
DOI: 10.17423/afx.2021.63.1.03

10) Delijski, N., Dzurenda, L., Niemz, P., Angelski, D., Tumbarkova, N. (2021): Computing
the 2D temperature distribution in logs stored for a long time in an open warehouse in winter
and during subsequent autoclave steaming. In Acta Facultatis Xylologiae Zvolen,

63(1): 49:62.

11) Novak, |., Sedliagik,J., Kleinova, A., Janigova, |., Miusik, M., Bekhta, P., Slouf, M.,
MatyaSovsky, J., Jurkovi€, P. (2022): The effect of thermal treatment with saturated water
steam on the properties of birch wood. In: Acta Facultatis Xylologiae Zvolen 64(1):5-14.
(2022) DOI: 10.17423/afx.2022. 64.1.01.

12) Dzurenda, L , Dudiak, M.(2022): Colour Change of Steamed Alder Wood Caused by UV
Radiation. In: Drvna Industrija 73(3):289-297. doi.org/10.5552/drvind.2022.0019

13) Dzurenda, L. (2022): Mode for hot air drying of steamed beech blanks while keeping the
colours acquired in the steaming process. In: Acta Facultatis Xylologiae Zvolen 64(1):81-88.
DOI: 10.17423/afx.2022.64.1.07

14) Dudiak M. (2022): The effect of sunlight on the change in color of native and steamed
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maple wood with saturated water steam. In: Acta Facultatis Xylologiae Zvolen 64(1):59-68.
DOI: 10.17423/afx.2022.64.1.05

15) Dzurenda, L , Dudiak, M.(2022): Effect of UV Radiation on Change in Color of Steamed
Beech Wood. In: Wood Research 67(3):361-371. doi.org/10.37763/wr.1336-
4561/67.3.361371

16) Vidholdova, Z., Slabejova, G. (2022): The decay resistance of four hydrothermally
treated hardwood species In: Acta Facultatis Xylologiae Zvolen 64(2):17-27. DOI:
10.17423/afx.2022.64.2.02

17) Adamcik, L., Kminiak, R., Banski, A. (2022): .The effect of thermal modification of beech
wood on the quality of milled surface In: Acta Facultatis Xylologiae Zvolen 64(2):57-
67.(2022) DOI: 10.17423/afx.2022.64.2.06

C Publikacie v domacich a zahrani€nych recenzovanych ¢asopisoch a zbornikoch z
konfrencii:

1) Samesova, D., Dzurenda, L., Jurkovi¢, P (2018): Kontaminacia kondenzatu produktmi
hydrolyzy a extrakcie z tepelného spracovania bukového a javorového dreva pri modifikacii
farby. In Trieskové a beztrieskové obrabanie dreva 11(1): 277-282. ISSN 1339 — 8350
(online).

2) Dzurenda, L , Dudiak, M.(2019): The effect of the time and temperature of saturated
water steam on the acidity anlour in the process of thermal modification of silver birch wood
colour. In WOOD TECHNOLOGY PRODUCT DESIGN. 8(1):290 — 298. ISSN 1857 -

8381 (print).

3) MatyaSovsky, J., SedliaCik, J., Bekhta, P., Duchovi¢, P., Jurkovi¢, P.(2019): Keratin as
environmentally friendly natural polymer for antimicrobial conservation of and reducing
formaldehyde emissions from wood-based panels. In Wood - science — economy.:

4) Dzurenda, L , Dudiak, M., Banski A.(2020):Influence of UV radiation on color stability of
natural and thermally treated maple wood with saturated water steam. In Innovations in
woodworking and engineering design. 9(1): 36—41. ISSN 1314 - 6149.

5) Geffert, A., Geffertova,J., Dudiak. M. (2020) Comparison of the influence of steaming
time and temperature on selected characteristics of birch and alder wood. In: Chip and
chipless woodworking processes, 12(1): 57 — 64. ISSN 2453-904X (print).

6) Slabejova, G., Smidriakova, M. (2020): Colour of thermally modified wood finished with
transparent coatings. In : Chip and chipless woodworking processes, 12(1): 97-102. ISSN
2453-904X (print).

7) Dzurenda, L., Dudiak, M. (2020): Changes in wood tree species Fagus sylvatica L. and
characteristics of the thermal process of modifying its color with saturated water steam. In
Advances in ecological and environmental research. 5(4): 142-156. ISSN 2517-9454.

8) MatyaSovsky, J., Jurkovi€, P., Duchovi¢, P., Novak, I. (2020): Keratin — natural polymer
for reducing formaldehyde emissions from vood-based panels [abstract of poster].
Grants No. APVWW-17-0456: In Czech Chemical Society symposium series. 18(3): 188. ISSN
2336-7202.

9) Banski, A., Dudiak, M.(2020): Energeticka naro¢nost procesu teplovzdusného suse-nia
brezovych vlysov v komorovych suSiarfiach bez zmeny farby dreva. In Trieskové a
beztrieskové obrabanie dreva. 12(1): 15-19.. ISSN 1339 — 8350 (online).

10) Dzurenda, L (2021):Mode for hot air drying of alder blanks that retain the colour
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acquired during the steaming process. In Annals of WULS - SGGW. Forestry and Wood
Technology 2021; 114: 86-91; DOI: 10.5604/01.3001.0015.2379

11) Slabejova, G., Smidriakova, G. (2021): Colour stability of surface finishes on thermally
modified beech wood. In Annals of WULS - SGGW. Forestry and Wood Technology 2021;
114: 116-124; DOI: 10.5604/01.3001.0015.2391

12) Dzurenda, L (2022):Granulometric Composition of Chip from the Process of Machining
Steamed and Unmammed Beech Wood on the CNC Machining Center. In: Chip and
Chipless Woodworking Processes, 13(1):129-136, ISSN 2453-904X (print).

13) Jurkovi€, P., Sedliacik, J., Novak, I., MatyaSovsky, J., Kleinova, A. (2022): Study of
maple wood modified by saturated water steam. In: Chip and Chipless Woodworking
Processes, 13(1):147-150. ISSN 2453-904X (print).

14) Rajko, L., Koleda, P., Barcik, S., Goglia, V. (2022): Effect of hydrothermal treatment on
surface quality of beech wood after plane milling. In: Chip and Chipless Woodworking
Processes, 13(1):175-181. ISSN 2453-904X (print).

D Vedecka monografia v zahranici:

1) Novak, |., Kleinova, A., MatyaSovsky, J., Jurkovi¢, P., Duchovi¢, V., Valachova, K.,
Soltes, L. Investigation of Wood Surfaces Modification by Radio-Frequency Plasma. In
Research Methodologies and Practical Applications of Chemistry. Hard ISBN:
9781771887847 p. 271-279 In Production Pub Date: October 2019 Hardback info Hard
ISBN: 9781771887847, Pages: Approx. 298p w/index Binding Type: Hardback Series:
Innovations in Physical Chemistry: Monograph Series, Notes: 10 color and 67 b/w
illustrations.

E Vedecké monografie v SR:

1) Dzurenda,L., Dudiak, M. Modifikacia farby dreva v procese parenia sytou vodnou parou.
Vydavatelstvo Technickej univerzity vo Zvolene, , 8,3 AH, 120 s, ISBN 978-80-228-3318-9.

Uplatnenie vysledkov projektu

Vysledky rieSenia projektu su uplatnitelné, ako vo vedeckej oblasti, tak i vyrobnej praxi:
1) Uplatnenie vysledkov projektu vo vedeckej oblasti:

a) Prehibenie poznania v oblasti fyzikalno-chemickych zmien dreva v procese parenia dreva
listnatych drevin sytou vodnou parou v intervale teplét t = 105 — 135 °C, analyzovanim
vplyvu hydrolyzy hemiceluléz a amorfnej Casti celuldzy na zmenu acidity dreva, ktorou su
iniciované zmeny v chromofornom systéme dreva prejavujuce sa zmenou farby dreva.

b) Obohatenie su€asného stavu poznatkov o zmenach v chromofornom systéme dreva
vyvolanych procesom parenia a ich vplyv na znizovanie fotochemickych aktivit povrchu
pareného dreva s UV Ziarenim vyvolavajuce stmavnutie a zhnednutie dreva.

2) Uplatnitelnost’ vysledkov projektu vo vyrobnej praxi:

a) Overena technoldgia rezimov termickej modifikacie dreva sytou vodnou parou za u¢elom
zmeny farby dreva listnatych drevin (Buk lesny, Breza previsnuta, Javor horsky a JelSa
lepkava) do netradiCnych farebnych odtiefioch od bledej hnedo-ruzovo-Zltej farby po tmavu
hnedo-sivu farbu. Obohatenie domaceho trhu a moznosti exportu sortimentov dreva danych
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drevin vo forme reziva a prirezov v novych farebnych odtierioch. Rovnomerné sfarbenie
termicky modifikovaného dreva po celom objeme pri zachovani si pdvodnych mechanickych
a konstrukénych vlastnostiach dreva rozSiruje moznosti vyuzitia pareného dreva v
konstruk&no-umeleckej a dizajnovej oblasti. Uvedena technolégia je zavedena vo firme
Sundermann s.r.o. pracovisko Banska Stiavnica.

b) Overena technoldgia nizkoteplotnych rezimov susenia termicky modifikovaného dreva
parenim bez naslednej zmeny farby dreva dosiahnutej procesom parenia umozriuje vysusit
farebne termicky modifikované drevo na izbo-suchu vihkost’ dreva bez dodatoénej zmeny
farby dreva procesom susenia. Navrhnuté nizkoteplotné rezimy sa od klasickych
teplovzduSnych rezimov suSenia dreva sa liSia v tom, ze teplotné podmienky pre
odparovanie vody volnej z dreva do vihkosti w = 30% su realizované pri teplote vzduchu v
susiarni t <45 °C €im je zabranena iniciacia chemickych reakcii v mokrom dreve
vyvolavajuce zmeny chromoforného systému dreva.

c) Pouzivanie polykondenzacnych UF Zivic modifikovanych aditivom na baze bio polyméru
.keratinu“ na lepenie termicky modifikovaného dreva sa znizuje produkcia emisii vo forme
uvolfiovania volného formaldehydu z vyrobkov lepeného dreva a do priestorov interiérov.
Testami bolo preukazané, Ze kym pokles pH termicky modifikovaného dreva ma maly
negativny vplyv na narast emisii formaldehydu z lepeného dreva lepeného klasickymi
polykondenzaénymi UF Zivicami, tak polykondendenzacna UF Zivica modifikovana
keratinom znizuje uvolfiovanie formaldehydu z lepeného termicky modifikovaného dreva o
40 %.

d) Nadobudnuté poznatky o fyzikalno-chemickych zmenach dreva listnatych drevin: Buk
lesny, Breza previsnutd, Javor horsky a JelSa lepkava a ich aplikovani do navrhu overenych
technoldgii v drevarskom priemysle sa premietaju i do inovacii obsahu predmetov: Tepelné
procesy v technoldgiach spracovania dreva, Lepidla a lepenie a Povrchova uprava dreva,
ktoré suvyuCované na Drevarskej fakulte Technickej univerzity vo Zvolene.

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

Zamerom rieSenia projektu APVV-17-0456 bol navrh technoldgie modifikacie farby dreva —
parenim listnatych drevin (Buk lesny, Javor horsky, Breza previsnuta, JelSa lepkava) do
netradi¢nych farebnych odtiefiov. Navrhnuta a verifikovana technoldgia celo-objemovej
modifikacie farby dreva s nasledny nizkoteplotnym suSenim na vihkost' 8 - 12 %, rozSiruje
konStruktérom a dizajnérom moznosti vyuzivanie tejto domacej obnovitelnej suroviny na
zvySenie farebnej pestrosti stavebno-stolarskych vyrobkov a 3D umeleckych predmetov.
Farby dreva jednotlivych drevin nadobudnuté navrhnutymi reZzimami parenia su
identifikované suradnicami: svetlosti L*, ervenej farby a* a Zltej farby b* vo farebnom
priestore CIE L*a*b*.

Vyskum fyzikalno-chemickych zmien dreva iniciovany hydrolyzou hemiceluléz a amorfnej
Casticeluldzy v procese parenia rozsiril su€asné poznanie o zavislosti zmeny acidity (pH)
dreva, celkovej farebnej diferencie AE* a miery stmavnutia a zhnednutia dreva
prostrednictvom zmien vyjadrenych vo farebnom priestore CIE L*a*b* pareného dreva v
intervale teplét t =105 — 135 °C a ¢ase1=3 - 12 hod.

Uvedenym vyskumom bola stanovena, ako zavislost deStrukcie chromoférneho systému
dreva iniciovaného produktmi hydrolyzy reagujucimi s bo€nymi retazcamiligninovej
makromolekuly za tvorby chininovych $truktur, tak aj prinos rozpadu chromoférneho
systému dreva parenim voci pésobeniu UV Ziarenia vyvolavajuce fotochemické reakcie
dreva v procesoch prirodzeného starnutia dreva.

Skusky lepenia pareného dreva s polykondenzaénou UV Zivicou modifikovanou keratinom
preukazali, pokles uniku volného formaldehydu z vytvrdnutého lepidla pri zachovani si
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pozadovanych fyzikalno-mechanickych parametrov lepeného pareného dreva.

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

The aim of the APVV-17-0456 project was to propose a wood color modification technology
- steaming deciduous trees (Beech, Maple, Birch and Alder) into non-traditional color
shades. The designed and verified technology of whole-volume wood color modification
followed by low-temperature drying to a moisture content of 8-12% expands the possibilities
for constructors and designers to use this domestic renewable raw material to increase the
color variety of construction and carpentry products and 3D art objects.

The wood colors of individual wood species acquired by the proposed steaming modes are
identified by the lightness coordinate L* and the chromatic coordinates a* and b* in the CIE
color space L*a*b*.

Research into the physico-chemical changes in wood initiated by the hydrolysis of
hemicelluloses and the amorphous part of cellulose in the steaming process has expanded
the current knowledge about the dependence of changes in the acidity (pH) of wood, the
total color difference AE* and the degree of darkening and browning of wood through
changes in the values of L*, a*, b * in the temperature interval t = 105 — 135 °C and the
length of the steaming process 1 =3 — 12 hours.

The aforementioned research determined both the dependence of the destruction of the
chromophoric system of wood initiated by hydrolysis products reacting with the side chains
of the lignin macromolecule to form quinine structures, as well as the contribution of the
decay of the chromophoric system of wood in the steaming process to the action of UV
radiation inducing photochemical reactions of wood in the processes of natural aging of
wood.

Tests of gluing steamed wood with keratin-modified polycondensation UV resin showed a

decrease in the leakage of free formaldehyde from the hardened glue while maintaining the
required physical and mechanical parameters of glued steamed wood.
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