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Uplatnenie vysledkov projektu

Prakticky vyznam tohto projektu je v jeho potenciali revolu€éne zmenit techniky Cistenia vody
tym, Ze poskytne inovativne rieSenia na u¢inné odstrafiovanie r6znych kontaminantov.
Skumanim chémie materialov a vyvijanim sorbentov so Specificky prispdsobenymi
vlastnostami umoznuje tento vyskum vytvarat cenovo efektivne a vysoko vykonné sorpéné
systémy, ktoré mozno integrovat do existujucich infrastruktar na Cistenie vody alebo
pouzivat v prenosnych aplikaciach.

Okrem toho projekt prispieva k environmentalnej udrzatefnosti zameranim sa na vyvoj
ekologicky Setrnych technoldgii, ktoré zniZuju ekologicku stopu procesov €Cistenia vody.
Nové hybridné kompozitné sorbenty vyvinuté v ramcitohto vyskumu maju potencial zlepsit’
odstrafiovanie tazkych kovov, organickych znecistujucich latok a inych nebezpecnych latok
z vody, ¢im zabezpecuju bezpecnejsiu vodu na pitie a zniZuju dopad na prirodné vodné
zdroje.

Okrem toho schopnost’ prispdsobit’ sorbenty na cielené kontaminanty umozriuje presnejSie a
efektivnejSie Cistiace procesy, ¢im sa zniZuje odpad a zvySuje recyklovatelnost sorbentov.
Tento aspekt je obzvlast cenny v priemyselnych odvetviach, kde je opatovné vyuzitie vody
kritické, ako v polnohospodarstve a vyrobe, kde méze Cistena voda vyrazne znizit
prevadzkove naklady a podporit’ udrzatelné postupy.

Celkovo projekt nielenze posuva vedecké poznatky a aplikaciu materialovych vied v
environmentalnych kontextoch, ale tiez poskytuje priamy spésob, ako zlepsit’ kvalitu vody a
verejné zdravie na celosvetovej urovni. Tym, Ze rieSi naliehavu potrebu uc€innych rieSeni na
Cistenie vody, sa tento vyskum zaradi do medzinarodnych snah dosiahnut’ bezpe¢nost vody
a udrzatefnost v ¢ase rastucich environmentalnych vyziev.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
Pocas realizacie projektu boli dosiahnuté vSetky stanovené ciele: boli vytvorené nové
hybridné sorp&né materialy s roznymi funkénymi skupinami, bola stanovena ich Struktura a
vlastnosti, a tiez bola preukazana ich efektivhost' pri odstrafiovani znec€ist'ujucich latok
réznej povahy. Pre kremicité Castice s N-obsahujucimi skupinami boli najdené optimalne
podmienky syntézy a skimané boli také parametre, ako pridavanie komponentov a Struktura
silanu, ktoré ovplyvnovali kone¢né vlastnosti sférickych €astic pri jednostupriovej syntéze.
Nasledne boli vytvorené série Castic s 3-aminopropyl skupinami, etyléndiaminovymi
skupinami a sekundarnymi aminoskupinami a boli stanovené ich velkost, povrchovy nabo;,
pocet aminoskupin, Specificky povrch a dostupnost’ skupin pre sorp&né interakcie. Okrem
toho, okrem povahy skupiny, bol skimany vplyv Strukturovaného silanu, pricom
tetraetylortosilikat bol nahradeny mostikovymi silanmi obsahujucimi medzi atbmami kremika
etylénové a fenylénové mostiky. Takéto Cinidla ovplyvnili porovité charakteristiky materialov,
povahu povrchu (pritomnost silanolovych skupin), velkost’ €astic a tym padom aj sorpéné
vlastnosti. Pritomnost’ velkého poctu aminovych skupin, zvacSeny Specificky povrch a
hydrofébne skupiny na povrchu umoznili efektivne odstranenie ionov Cu(ll), Ni(ll), Nd(lll),
Dy(lll), metylénovej modrej, fluoresceinu a Eervenych kyslych farbiv z vodnych roztokov.
Boli tiez pripravené kompozity s polymérmi obsahujucimi kyslé skupiny, ako je poly(D, L-
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laktid-ko-glykolid) a styren-akrylatovy kopolymér. Tieto sférické Castice selektivne
adsorbovali id6ny Fe(lll) z roztoku kovovych iénov a v troch cykloch postupne metylénovu
modru a farbiva rodamin 6G, v tomto poradi. Kremicité Castice s etyléndiamintrioctovymi
skupinami boli u¢inné pri odstranovani iénov Cu(ll) a Ni(ll) z rie€nej vody. Vytvorenie Castic
s aminovymi a tiolovymi skupinami na povrchu kremicitych €astic umoznilo adsorpciu iénov
Eu(lll) alebo fluoresceinu na aminové skupiny a iénov Ag(l) a Au(lll) na tiolové skupiny, o
by sa potencialne mohlo vyuzit' v senzoroch.

Dalsia skupina vyvinutych sorbentov obsahuje magnetické materialy, ktoré maju jadro z
magnetitu a obal z polysiloxanu s funkénymi skupinami. Bol vyvinuty postup na vyrobu
takychto materialov s pérovitou a suvislou povrchovou vrstvou. Bolo zisteng, Ze Struktura
magnetitu sa poCas funkcionalizacie nemeni. Velkost tychto Castic je 50-70 nm, ale niekedy
sa agreguiju, tvoriac aglomeraty az do 200 nm. Naviazanie tiomoc€ovinovych skupin
umoznilo selektivne extrahovat' iony Cu(ll) alebo Au(lll) z vody, v zavislostiod pH a
koncentrovat idny zlata z rie¢nej vody. Dal$ou funkcionalizaciou povrchu kyselinou meso-
2,3-dimercaptosukcinovou boli pripravené kompozitov s vysokou mierou odstranenia idnov
Hg(ll). Pokrytie magnetickych Castic silanmi s fenylénovym mostikom umoznilo vytvorenie
kompozitov s vysokou $pecifickou povrchovou plochou a povrchovymi aminovymi, tiolovymi
skupinami alebo ich zmesou. Takéto materialy sa osvedcili pri odstrafiovani iénov As(lll)
ako aj antibiotika doxycyklinu. Naviazanie oxidu zino€natého a oxidu kremicitého na povrch
magnetitu viedlo k vytvoreniu kompozitov s fotokatalytickymi vlastnostami. Aktivacia
povrchu peroxidom vodika umoznila 96% rozklad azofarbiva metylénovej oranze.
Realizovany vyskum umoznil pripravu materialov s preddefinovanymi vlastnostami a
povrchom a aplikaciu novych kompozitov pre potencialne pouZitie pri Cisteni priemyselnych
vod.

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

During the project implementation, all set goals were achieved: new hybrid sorbent materials
with various functional groups were created, their structure and properties were established,
and their effectiveness in removing contaminants of different natures was demonstrated.
Initially, for silica particles with N-containing groups, optimal synthesis conditions were
identified, and parameters such as the order of component addition and the structure of the
silane were studied for their impact on the final properties of spherical particles in a single-
stage synthesis. Subsequently, a series of particles with 3-aminopropyl groups,
ethylenediamine groups, and secondary amine groups were created, and their size, surface
charge, number of amine groups, specific surface area, and availability of groups for
sorption interactions were determined. Additionally, apart from the nature of the group, the
influence of the structuring silane was studied by replacing tetraethyl orthosilicate with
bridging silanes containing ethylene and phenylene bridges between silicon atoms. Such
agents affected the porous characteristics of the materials, the nature of the surface
(presence of silanol groups), particle size, and consequently, the sorption properties. The
presence of a large number of amine groups, a developed specific surface area, and
hydrophobic groups on the surface facilitated the effective removal of Cu(ll), Ni(ll), Nd(lll),
Dy(lll), methylene blue, fluorescein, and acid red dyes from aqueous solutions. Composites
with polymers containing acidic groups, such as poly(D, L-lactide-co-glycolide) and styrene-
acrylic copolymer, were also created. These spherical particles selectively adsorbed Fe(lll)
ions from a solution of metal ions and, in three cycles, methylene blue and rhodamine 6G
dyes, respectively. Silica particles with ethylenediaminetriacetic gropus were effective in
separating Cu(ll) and Ni(ll) ions from river water. The creation of particles with patches of
amino and thiol groups on the silica particles' surface allowed for the adsorption of Eu(lll)
ions or fluorescein on the amine groups and Ag(l) and Au(lll) ions on the thiol groups, which
could potentially be used in sensors.

Another group of developed sorbents includes magnetically controlled materials that have a
magnetite core and a polysiloxane shell with functional groups. A method has been
developed to produce such materials with a porous and continuous surface layer. It has
been established that the structure of magnetite does not change during functionalization.
The size of these particles is 50-70 nm, but sometimes they aggregate, forming
agglomerates up to 200 nm. The attachment of thiourea groups has made it possible to
selectively extract Cu(ll) or Au(lll) ions from water, depending on the pH, and to concentrate
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gold ions from river water. Furthermore, functionalization of the surface with meso-2,3-
dimercaptosuccinic acid allowed for the creation of composites with high removal rates of
Hg(ll) ions. Coating magnetic particles with silanes that have a phenylene bridge enabled
the creation of composites with high specific surface areas and surface amine, thiol groups,
or their mixture. Such materials have proven effective in removing As(lll) ions as well as the
antibiotic doxycycline. Co-deposition of zinc oxide and silicon oxide on the surface of
magnetite led to the creation of composites with photocatalytic properties. Surface activation
with hydrogen peroxide facilitated a 96% degradation of the azo dye methylene orange.
Thus, in summary, the conducted systematic studies have enabled the production of
materials with predefined properties and surface design, and to predict the behavior of
functional groups for potential use in the purification of industrial waters.
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