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

Podana patentova prihlaska:

Pd&vodcovia: M. Jablonsky, M. Kralik, B. Horvath, K. Vizarova, S. Katu§¢ak. Prihlasovatel:
STU Bratislava, PP 50036-2022, datum podania prihlasky 30.07.2022: Spdsob
deacidifikacie porovitych celul6zovych materialov a tvorby alkalickej rezervy v nich.

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

NajvyznamnejSie publikacie (vSetky CC):

1. Jablonsky, M., Sima, J., & Lelovsky, M. (2020). Considerations on factors influencing the
degradation of cellulose in alum-rosin sized paper. Carbohydrate polymers, 245, 116534.
https://doi.org/10.1016/j.carbpol.2020.116534

2. Jablonsky, M., & Sima, J. (2020). Stability of alum-containing paper under alkaline
conditions. Molecules, 25(24), 5815. https://doi.org/10.3390/molecules25245815 .

3. Jablonsky, M., & Sima, J. (2021). Oxidative degradation of paper—A minireview. Journal
of Cultural Heritage, 48, 269-276.

4. Vizérova, K., Vajova, |., Krivonakova, N., Tiflo, R., Takag, Z,, Vodny, S., & Katuséak, S.
(2021). Regression Analysis of Orthogonal, Cylindrical and Multivariable Color Parameters
for Colorimetric Surface pH Measurement of Materials. Molecules, 26(12), 3682.
https://doi.org/10.3390/molecules26123682 .

5. Hrobonova, K., Jablonsky, M., Kralik, M. and Vizarova, K., 2022. Advanced sampling,
sample preparation and combination of methods applicable in analysis of compounds in
aged and deacidified papers. A minireview. Journal of Cultural Heritage. Article in press.
m5G; May 24, 2022;4:24. DOI:10.1016/j.culher.2022.05.002 .

6. Kaszonyi, A., Izsak, L., Kralik, M. and Jablonsky, M., 2022. Accelerated and Natural
Aging of Cellulose-Based Paper: Py-GC/MS Method. Molecules, 27(9), p.2855.
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DOI:10.3390/molecules27092855.

7. JanCikova, V., Jablonsky, M., Volekova, K. and Surina, ., 2022. Summarizing the Effect
of Acidity and Water Content of Deep Eutectic Solvent-like Mixtures—A Review. Energies,
15(24), p.9333. DOI:10.3390/en15249333.

8. Jablonsky, M. and Sima, J., 2022. Let's Contribute to Protecting our Planet by Reducing
the Brightness of Paper: Less is More. BioResources, 17(4), p.5565-5567. DOI:
10.15376/biores.17.4.5565-5567.

9. Jablonsky, M. and Sima, J., 2022. Is it correct to name DESs deep eutectic solvents?.
BioResources, 17(3), p.3880-3882. DOI: 10.15376/biores.17.3.3880-3882.

10. Danielik, V., Kralik, M., Ambrova, M., JuriSova, J., Jablonsky, M., Vizarova, K. and
Vajova, ., 2022. Two level deacidification mathematical model for the description of
transport of solid alkaline particles and diffusion of ions in a treated acid paper. Cellulose. In
press. https://doi.org/10.21203/rs.3.rs-2384620/v1.

11. Krélik, M., Katus¢ak, S. Fellner, P., Vizarova, K., Tifio, R., MaleCkova, S., Jablonsky, M.,
Danielik, V., Ambrova, M., JuriSova, J., Horvath, B., 2023, Hydrotalcites as promising
candidates for deacidification and preservation of cellulosic cultural heritage objects.
Journal of Cultural Heritage. Prijaté na publikovanie. https://ssrn.com/abstract=4330690.

Uplatnenie vysledkov projektu

Vysledkom rieSenia projektu su nové deacidifikaCné/stabilizaéné/konzervacné systémy na
baze hydrotalkitov (HT). Systém na principe ,in situ“ generovanych HT, ktory pouziva
organokovoveé zlucéeniny hlinika a horika s alkoholmi, étermi a fluérovanymi uhlovodikmi,

je konkurentom Papersave Swiss procesu, v ktorom sa tiez pouzivaju organokovové
zlu€eniny, ale pouziva sa drahé rozpustadlo — hexametyldisiloxan. NavySe, pre postup s HT
nie je potrebné predsusit papier do takej hibky ako v pripade Papersave procesu. Postup
podfa tohto projektu je chraneny prihlaSkou vynalezu. V pripade osobitne pripravenych
disperzii HT v malopolarnych nosi¢och je postup podla tohto projektu konkurentom
Bookkeeper procesu, respektive samobze vyuzivat kombinacia s mikrometrickymi ¢asticami
MgO, pripadne s dalSimi bazickymi zlozkami.

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

Projekt bol rieSeny ako zakladny vyskum so zameranim na opis detailov procesov na
molekularnej urovni, s osobithym dérazom na interakciu vody so zloZitou Strukturou celulozy
(celul6zoveé viakna, makrofibrily, mikrofibrily, zvazky polymérnych celul6zovych retazcov).
Voda je pritomna ako viazana a neviazana — volne pohybliva. Obsah vody ovplyviuje
napuciavanie vlakien a transport komponentov. Pozornost bola venovana aj komplexnym
hydrolyticko-oxidanym mechanizmom degradacie celulézy. Toto bolo zohlfadnené v
origindlnom modeli na opis fungovania deacidifikatného pdsobenia, v navrhu
deacidifikaCnych systémov a moznosti optimalizacie kondicionacnych postupov. Boli
vyvinuté nové postupy pripravy hydrotalkitov (HT) ,in situ“a ako disperzii v kvapalnych
nepolarnych prostrediach, pricom pomer hor€ika a hlinika bol vy$3i ako 4,5. Aplikacné
skusky ukazali na vhodnost tychto materialov na deacidifikaciu a konzervaciu zostarnutych
celulézovych objektov kulturneho dedi¢stva, osobitne knih, ktoré boli vyrobené na kyslom
papieri. Vyuzilo sakomplexné analytické hodnotenie na baze distribucie deacidifikacnych
komponentov, pH, farebnosti a mechanickych skisok. Specialnu pozornost si zasluhuije
metoda analyzy distribucie komponentov na zaklade RTG vinovo-disperznej analyzy, ktora
je radovo presnejSia ako RTG energo-disperzna analyza. V ramcirieSenia vznikla jedna
prihlaska patentu, 11 CC publikacii, 4 CA publikacie a 25 prispevkov na konferenciach. Do
projektu boli zapojeni aj Studenti: Jedna (obhajena) dizertacna praca, Styri diplomové prace,
tri bakalarske prace a dve prace Studentskej vedeckej €innosti. Vyvinuté originalne pripravy
HT a deacidifikaCnych systémov su vhodné na rozpracovanie do masového meradla.

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

The project was solved as a basic research focused on process details at a molecular level
with a special emphasis on an interaction of water with a complex structure of cellulose
(cellulose fibres, macrofibrils, microfibrils, bundles of polymer cellulose chains). The content
of water affects the swelling of fibres and transport of components. Attention has been paid
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to complex hydrolytic-oxidation mechanisms of cellulose degradation. These phenomena
were considered in an original model describing the deacidification process, in the design of
deacidifying systems and possibilities of the optimization of post-treatment processes. New
»in situ“ and ,dispersion like“ procedures for the hydrotalcite (HT) preparation were found,
whereas the atomic ratio Mg:Al was higher than 4.5. Application tests proved suitability of
these materials for deacidification and preservation of aged cellulosic objects of cultural
heritage, particularly books, which were manufactured on an acid paper. A complex
evaluation based on pH, colour and mechanical tests was carried out. The method based on
the RTG wavelength dispersion was found to deserve a peculiar attention. One patent
application, 11 CC papers, 4 CA papers and 25 conference contributions were prepared in
the framework of this project. Students were also involved into the project solution: One
defended PhD thesis, four Diploma Theses, three Bc Theses and two Student research
activity. The developed original procedures for the preparation of HT and deacidifying
systems are suitable for elaboration into mass scale.
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