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Uplatnenie vysledkov projektu

Od roku 2018 je vytvorena vliastna webova stranka (www.geomat.sav.sk), ktora sluzina
zverejiovanie a propagovanie vysledkov projektu. Stranka je dostupna aj cez internu linku
SAV a informacie na nej zverejnené su pravidelne aktualizované.

Studenti zo Slovenskej technickej univerzity (Stavebnej fakulty a Fakulty chemickej a
potravinarskej technoldgie) su nadimi stalymi hostami, pretoZe dvaja rieSitelia sa aktivne
zucastnuju pedagogického procesu na tejto univerzite. S témou projektu suviseli laboratérne
postupy, seminare, bakalarske projekty, diplomové prace a prednasky.

V ramci programu SAV Tyzderi vedy a techniky sme sa po€as dna otvorenych dveri v roku
2020 na pracovisku USTARCH SAV zameralina prezentaciu laboratérii, popularizaciu
vysledkov

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

Projekt sa zaoberal vyvojom viaczlozkovych cementovych spojiv pre Specialne stavebné
materialy, ako su tazké betény, tazkeé samozhutnitelné betény, viaknom vystuzené tazke
samozhutnitelné betény (malta) a cementové tmely pre vyuzitie v hibokych geotermalnych
vrtoch s naro€nymi podmienkami teploty a chemického zloZenia. Vedecky ciel bol zamerany
najma na urCenie a pochopenie zakladnych principov hydratatnych reakcii, vratane kinetiky,
fazovej rovnovahy a stability produktov hydratacie viaczloZzkovych cementovych kompozitov
za normalnych a hydrotermalnych podmienok.

Podla ucelov vyuzitia viaczlozkovych cementovych kompozitov ich mozno rozdelit do
nasledujucich kategarii.

* Prvou oblastou vyskumu bol vyvoj viaczloZkovych cementovych kompozitov na baze

,,,,,

,,,,,

kompozitov pre tazky beton s tieniacimi u€inkami najma proti gama a neutrénovému
Ziareniu bolo optimalizované na zaklade hydratatného tepla a chemického zloZenia vratane
radioaktivnych prvkov jednotlivych betdnovych komponentov. Pre kompozity tazkeho
samozhutnitelného (Fiber-Reinforced Heavy-Weight Self-Compacting Concrete —
FRHWSCC) viaknom vystuZeného boli pouzity portlandsky cement CEM | 42,5 R, ktorého
Cast bola nahradena jemne mletou granulovanou vysokopecnou troskou, velmi jemne
mletym vapencom a metakaolinu. Ako plnivo boli pouzité magnetitové a barytové
kameniva, rozptylené vystuze vo forme ocelovych mikrovilakien, uhlikovych nanotrubic a
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polypropylénovych vilakien. Optimalizaciou spotreby plastifikacnych a stabilizaénych prisad v
navrhovanych zmesiach FRHWSCC sa v zmysle Standardov EFNARC Studovali ich
vzajomné pbsobenia na reologické viastnosti Cerstvych vzoriek, ako aj na vyvoj
kratkodobych, resp. dlhodobych pevnostnych charakteristik.

* Druhou oblastou vyskumu bol vyvoj viaczlozkovych cementovych kompozitov pre vyuZitie
v narocnych hydrotermalnych podmienkach hibokych geotermalnych vrtov na baze
tradi€ného tamponazneho cementu G-Dyckerhoff (do 180 °C) a primesi. Hydratacia tychto
kompozitov bola podrobne Studovana v laboratérnych podmienkach pri réznych teplotach a
v podmienkach simulujucich konkrétne vrty na Slovensku vo vysokotlakovom laboratérnom
autoklave. Cementové kompozity boli optimalizované na pouzitie vo vrtoch pri teplotach od
200 do 300 °C so skutonym geotermalnym roztokom. Vysledkom je aj patent SK 289208
B6 s nazov , Cementova zmes na pouzitie v hydrotermalnych vrtoch pri teplotach medzi 200
a 300 °C.*

* Tretou oblastou vyskumu, ktora vznikla poCas rieSenia projektu, bola syntéza
geopolymérno-zeolitovych zmesizaloZzena na optimalizacii vztahu medzi typom ilu
(bentonitu a kaolinu), teplotou kalcinacie a koncentraciou alkalického aktivatora. Takto
pripravena optimalizovana zmes bola autoklavovana pri teplote 150 az 180 °C a tlaku 0,4 az
0,8 MPa, kde prebiehala geopolymerizacia a nasledne zeolitizacia in situ. Za presne
definovanych podmienok prebiehala postupne premena geopolyméru cez primarne a
nestabilné zeolitické fazy na stabilnt kubicku formu kryStalického analcimu. Vysledkom toho
je patent SK 289147 B6 s nazvom ,Spésob pripravy Cistej kubickej formy krystalického
analcimu®.

Pocet uCastnikov riesitelského kolektivu sa poCas implementacie bol velmi pohyblivy.
Odchod pévodnych a prichod novych vedeckych pracovnikov naruSili plynuly chod rieSenia
projektu na urcity €as. Okrem toho, pandémia COVID-19 znacne spomalila laboratérne
prace, u€ast na domacich a medzinarodnych konferenciach a pod. Napriek tymto
negativnym faktorom boli ciele stanovené v pociato€nom projekte dosiahnuté. Dékazom
uspesnostirieSenia projektu je mnozstvo vedeckych prac: 2 patenty, 24 ADCA, 2 ADMB, 9
AFC, 7 AFD, 6 AFG, 1 AFH, 3 BEE s 174 citatnym ohlasom bez autocitacii (147 Citacie v
databaze WOSe, 26 Citacie v databaze Scopus, 1 Citacie v domacich publikaciach
registrované v citanych indexoch Web of Science Core Collection). Stoji za zmienku
uviest’ na spravnu mieru, Ze nie vSetky prispevky s podakovanim projektu priamo suviseli s
hlavnou témou projektu. Hlavnym dévodom bolo, Ze pri realizacii projektu vznikli noveé a
zaujimavé vedecké myslienky, ktoré boli autori motivovani experimentalne overit a vysledky
publikovat. Niektoré prace suviseli s inymi témami, no boli EiastoCne realizované vdaka
zariadeniam finanéne podporenym projektom APVV-19-0490. Preto boli v tychto pracach
uvedené aj podakovania projektu APVV-19-0490.

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

The project dealt with the development of multi-component cement binders for special
construction materials such as heavyweight concrete, heavyweight self-compacting
concrete, fiber-reinforced heavyweight self-compacting concrete (mortar), and cement grout
for use in deep geothermal wells with demanding conditions of temperature and chemical
composition. The scientific objective was mainly aimed at determining and understanding
the basic principles of hydration reactions, including kinetics, phase equilibrium, and stability
of hydration products of multicomponent cement composites under normal and
hydrothermal conditions.

According to the purpose of applying multi-component cement composites, they can be
divided into the following categories.

* The first area of research was the development of multicomponent cement composites
based on Portland cement and admixtures as binders for heavyweight concrete,
heavyweight self-compacting concrete (mortar), and fiber-reinforced self-compacting heavy
concrete. The composition of multi-component composites for heavyweight concrete with
shielding effects, especially against gamma and neutron radiation, was optimized based on
heat of hydration and chemical composition, including radioactive elements of individual
concrete components. For Fiber-Reinforced Heavy-Weight Self-Compacting Concrete
(FRHWSCC) Portland cement CEM | 42.5 R was used, part of which was replaced by finely
ground granulated blast furnace slag, very finely ground limestone, and metakaolin.
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Magnetite and barite aggregates, scattered reinforcements in the form of steel microfibers,
carbon nanotubes, and polypropylene fibers were used as filler. By optimizing the content of
plasticizing and stabilizing additives in the proposed FRHWSCC mixtures, following the
EFNARC standards, their interactions on the rheological properties of fresh concrete were
studied, and the development of short-term or long-term strength characteristics.

» The second area of research was the development of multi-component cement composites
for use in hard hydrothermal conditions of deep geothermal wells based on traditional G-
Dyckerhoff oil-well cement (up to 180 °C) and admixtures. The hydration of these
composites was studied in detail in laboratory conditions at different temperatures and in
conditions simulating specific wells in Slovakia in a high-pressure laboratory autoclave.
Cementitious composites have been optimized for application in boreholes at 200 to 300 °C
with a real geothermal water solution. The result is the patent SK 289208 B6 titled "Cement
mixture for use in hydrothermal wells at temperatures between 200 and 300 °C."

* The third area of research that arose during the project was the synthesis of geopolymer-
zeolite mixtures based on the optimization of the relationship between the type of clay
(bentonite and kaolin), the calcination temperature, and the concentration of the alkaline
activator. The optimized mixture thus prepared was autoclaved at a temperature of 150 to
180 °C and a pressure of 0.4 to 0.8 MPa, where geopolymerization and subsequent
zeolitization took place in situ. Under precisely defined conditions, the geopolymer gradually
transformed through primary and unstable zeolitic phases into a stable cubic form of
crystalline analcime. The result is the patent SK 289147 B6 entitled "Method of preparation
of pure cubic form of crystalline analcime."

The number of participants in the solving team changed during the project implementation.
The departure of the original and the arrival of new scientific workers disrupted the smooth
running of the project implementation for a certain period. In addition, the COVID-19
pandemic has significantly slowed down laboratory work, participation in domestic and
international conferences, etc. Despite these negative factors, the goals set in the initial
project were achieved. The proof of the success of the project implementation is a number
of scientific papers: 2 patents, 24 ADCA, 2 ADMB, 9 AFC, 7 AFD, 6 AFG, 1 AFH, and 3
BEE with 174 citations without self-citations (147 Citations in WOSe database, 26 Citations
in Scopus database, 1 Citations in domestic publications registered in the Web of Science
Core Collection citation indexes). It is worth noting that not all papers with the project
acknowledgments were directly related to the project's main theme. The main reason was
that new and interesting scientific ideas arose during the implementation of the project,
which the authors were motivated to verify experimentally and publish the results. Some
works related to other topics were partially realized thanks to facilities financially supported
by the APVV-19-0490 project. Therefore, the acknowledgments of the APVV-19-0490
project were also mentioned in these works.
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