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Advanced Technologies, 2021, vol.32, p.2929-2939, Kruzelak, J., Kvasni¢akova, A.,
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2022, vol.95, No.2, p.300-321, Kruzelak, J., KvasniCakova, A., Hlozekova, K., DZuganova,
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12, Calcium-lignosulfonate-filled rubber compounds based on NBR with enhanced physical—
mechanical characteristics. Polymers, 2022, vol.14, 5356, 20p., Kruzelak, J., HloZzekova, K.,
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2022, vol.404, No. 1, art. number 202100335, 3p., HloZekova, K., Kruzelak, DZuganova, M.,
Hudegc, .

VysokoSkolské ucebnice:

1, Technolégia materialov. Slovenska technicka Univerzita v Bratislave, Bratislava, 2022,
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5, Rubber magnets with the effects of electromagnetic radiation shielding. In IRC 2022,
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Kruzelak, J., Kvasni¢akova, A., Dosoudil, R., Hudec, |.

4, Calcium lignosulfonate filled rubber compounds based on NBR with enhanced physical-
mechanical characteristics. In IRC 2022, Bangalore, 2022, Kvasni¢akova, Kruzelak, J.,
Jezseova, K., Hudec, |.
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5, Application of calcium lignosulfonate as a component of rubber composites. In PMA and
SRC 2023, Bratislava, 2023, Jeszeova, K., Kruzelak, J., Hudec, .

Uplatnenie vysledkov projektu

Kompozitné materidly na baze kau€ukovych matric a magneticky aktivnych piniv
predstavuju novu generaciu Specialnych materialov s vysokou pridanou hodnotou pre
aplikacie v roznych oblastiach ludskej €innosti, najma vo forme senzorov a elastickych
materidlov s u€inkami tienenia magnetickych a elektromagnetickych poli. Uplatnenie
elastomérnych magnetickych kompozitov vo forme tieniacich materidlov su¢asne umozni
znizenie emisii elektromagnetického smogu, ¢o vyraznou mierou prispeje k ochrane
funk&nosti elektronickych zariadeni, Zivotného prostredia a ochrane fudského zdravia, ako aj
zdravia zivych organizmov. Vyuzitie biopolymérov z obnovitelnych surovin povedie k
zlepseniu ekologického a ekonomického aspektu, najma z hladiska zlachovania finalnych
produktov a vyuzitia druhotnych surovin. Projekt bude prispievat k rozvoju v oblasti inovacii
sortimentu gumarskych produktov, vytvori moznost produkcie novych uzitkovych materidlov
a prispeje aj ku zvySeniu ochrany Zivotného prostredia, nakolko ciefom bude vyuzivanie
obnovitelnych surovin namiesto materidlov vyrabanych z fosilnych zdrojov. Zlepsi sa tiez
vyuzitie domacej surovinovej zakladne. Zaroven to bude mat pozitivny vplyv na znizenie
uhlikovej stopy s priamym kladnym dopadom na klimatické podmienky Zeme.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
Cielom projektu bol vyskum a vyvoj novych typov elastomérnych materidlov a kompozitov
pripravenych aplikaciou netradi¢nych zlozZiek z obnovitefnych zdrojov a magneticky
aktivnych, resp. hybridnych piniv spolu s vyvojom vulkanizacnych systémov pre
elastomérne materialy. V ramci projektu sa hodnotili podmienky ich pripravy a zloZenia na
proces vulkanizacie a reologické vlastnosti kau¢ukovych zmesi, sietovu hustotu, morfologiu,
fazovu Strukturu, tieniace, fyzikalno-mechanické, ako aj dynamicko-mechanické vlastnosti
kompozitov. V pripade kompozitnych materialov s u€inkami tienenia elektromagnetického
Ziarenia sa vyskum sustredil najma na aplikaciu magneticky makkych feritovych piniv,
mangananto-zino¢natého a nikelnato-zino¢natého feritu do kau€¢ukovych matric. Vysledky
Studia ukazali, ze kompozity plnené feritmi su schopné tienit' elektromagnetické Ziarenie
absorpénymi mechanizmami, teda tak, aby bolo Ziarenie pohltené tieniacim materialom a
neemitovalo spatne do okolia. Na upravu fyzikalno-mechanickych, ako aj tieniacich
vlastnosti, sa ferity kombinovali s plnivami na baze alotropickych modifikacii uhlika (najma
sadze, uhlikové nanovlakna, uhlikové nanotrubice, grafit a grafén). Ich kombinacia viedla k
zlepseniu fyzikalno-mechanickych vlastnosti kompozitnych materialov, ako aj Uprave
tieniacich charakteristik. V dalSej faze sa skiumal vplyv vzajomnej kombinacie oboch typov
feritov. Vysledky opat odhalili, ze ich vzajomnou kombinaciu je mozné cielene modifikovat’
absorpcnu tieniacu u€innost, pricom ich nevyhodou boli hor$ie fyzikalno-mechanické
vlastnosti. Na ich Upravu sa pridavali plniva na baze uhlika, ktoré viedli k zlepSeniu
fyzikalno-mechanickych viastnosti kompozitov, ale podobne ovplyvriovali aj ich tieniace
charakteristiky. V tejto oblasti sa vyskum zameral aj na pripravu kombinovanych materialov
s textilnou nosnou vrstvou. V pripade pripravy a hodnotenia vlastnosti elastomeérnych
materialov so zlozkami s obnovitelnych zdrojov sa vyskum sustredil najma na aplikaciu
lignosulfonatu vapenatého. Opat sarobila komplexna analyza podmienok pripravy a
vlastnosti materialov. V prvej faze sa lignosulfonat aplikoval do réznych typov kau€ukovych
matric, pri€om sa ukazalo, Ze v dosledku polarity je jeho kompatibilita vySSia s polarnymi
kauCukmi. V pokracujucom vyskume sa na sietovanie kaucukovych zmesivyuZili, okrem
sirneho vulkanizatného systému, aj peroxidové vulkanizacné systémy. Dosiahnuté vysledky
poukazali na potencial vyuzivania tak sirnych, ako aj peroxidovych vulkanizacnych
systémov pri sietovani elastomérnych matric plnenych lignosulfonatom vapenatym.
Kombinacia biopolymerneho plniva a stuzujucich plniv (sadze) viedla k zlepSeniu fyzikalno-
mechanickych a aplikaCnych vlastnosti materialov. Nakofko sa lignosulfonat v kau€¢ukovych
matriciach javi ako neaktivne plnivo, cielom nasledujucej etapy experimentalnych prac bolo
hladat’ u€inné spdsoby modifikacie biopolymérnej zlozky za u¢elom zlepSenia adhézie a
kompatibility na medzifazovom rozhrani plnivo — kau€uk. V tomto smere sa ako lacné a
jednoduché rieSenie javi pouzitie niektorych typov zmakcovadiel. Vysledky Studia ukazali, Ze
aplikacia zmakcovadiel spbésobila zlepSenie dispergacie a distribucie biopolymérneho plniva
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a viedla tiez k zlepSeniu adhézie medzi matricou a plnivom, ¢o nasledne viedlo k zlepSeniu
fyzikalno-mechanickych vlastnosti kompozitnych systémov. V ramcirieSenia problematiky
projektu sa podarilo optimalizovat podmienky pripravy kompozitnych materialov nielen v
laboratérnych, ale aj poloprevadzkovych a prevadzkovych podmienkach.

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

The aim of the project was the research and development of new elastomer materials and
composites prepared by application of untraditional components originating from renewable
resources and magnetic active or hybrid fillers into elastomer compounds as well as
development of vulcanization systems for rubber materials. Within the frame of the project
were evaluated the fabrication conditions and composition on curing process and
rheological properties of rubber compounds, cross-link density, morphology, phase
structure, shielding, physical-mechanical, as well as dynamic-mechanical characteristics of
the composites. In the case of composites with the ability to shield electromagnetic radiation
the research was focused on the application of magnetic soft ferrites, manganese-zinc and
nickel-zinc ferrite into rubber compounds. The results revealed that composites filled with
ferrites are able to efficiently shield electromagnetic radiation by absorption mechanisms, so
that the radiation could be efficiently absorbed by the shield and not emitted back to the
surrounding. To modify physical-mechanical as well as shielding properties, ferrites were
combined with carbon based fillers (carbon black, carbon nanofibres, carbon nanotubes,
graphite and graphene). Their combination led to the enhancement of physical-mechanical
properties of composites, but to the modification of shielding properties, too. Then, the
mutual combinations of both ferrites were tested. The results demonstrated that by
combination of ferrites it is possible to modify the absoprtion shielding ability in targeted
manner. Although, the physical-mechanical properties of composites were poor. The
combination of ferrites with carbon based fillers resulted in the improvement of physical-
mechanical properties. The influence of fillers combination on shielding characteristics was
observed, too. The research was also aimed at the fabrication of combined materials with
textile carrying layer. When considering the rubber materials with incorporated additives
from renewable resources, the research was focused mainly on the application of calcium
lignosulfonate. The complex analysis of fabrication conditions and materials properties was
perfomed. First, lignosulfonate was incorporated into different rubber matrices. It was
demonstrated that due ti its polarity, biopolymer filler has higher compatibility with polar
rubbers. For cross-linking of rubber matrices, not only sulfur curing systems, but also
peroxide curing systems were used. The achieved results pointed out to the fact that not
only sulfur based curing systems, but also peroxide curing systems can be efficiently used
for cross-linking of rubber compounds filled with calcium lignosulfonate. The combination of
biopolymer filler with reinforcing fillers (carbon black) resulted in the improvement of
physical-mechanical and application properties of the materials. As calcium lignosulfonate
acts as inactive filler, the aim was to investigate the possibilites to modify the biopolymer
component to improve the adhesion and compatibility on the phase interface filler - rubber.
Very easy way to do it is to use some plasticizers. The results demonstrated that application
of plasticizers resulted in higher distribution and dispersion of the biopolymer filler and to the
enhancement of adhesion between the rubber and the filler. This led to the improvment of
physical-mechanical properties of composite systems. Within the frame of the project, the
fabrication conditions of composite materials in lab-scale, semi-industrial and industrial
conditions were optimalized.
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