l ' ﬁ PV v Agentira na podporu vyskumu a vyvoja
v

Formular ZK

Zavereéna karta projektu

Nazov projektu Evidencné ¢&islo projektu APVV-15-0631

Vyskum vysokohodnotnych cementovych kompozitov za hydrotermalnych podmienok
pre potencialne vyuzitie v hibkovych vrtoch

Zodpovedny rieSitel  prof. Dr. Ing. Martin T. Palou

Prijemca Ustav stavebnictva a architektury SAV

Nazov pracoviska, na ktorom bol projekt rieSeny

Ustav stavebnictva a architektury, Slovenskej akadémie vied

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

Pocas implementacie APVV, Oddelenie uzko spolupracovalo s "Centrum materialového
vyskumu" z fakulty chemickej VUT Brno. Dékazom spoluprace je nezanedbatelnych pocet
spolo¢nych publikacii (8-10 v CC).

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

1. Cista kubicka forma krystalického analcimu a spdsob jej pripravy (patentova prihlaska &.
PP50038-2020) a

2. Cementova zmes na pouzitie v hydrotermalnych vrtoch pri teplotach medzi 200 a 300 °C
(patentova prihlaska €. PP 50053-2020)

NajvyznamnejSie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

http://www.ustarch.sav.sk, http://www.geomat.sav.sk/

ADC

1. Sadovsky, Zoltan., Krivacek, Jozef. Influential geometric imperfections in buckling of
axially compressed cylindrical shells — A novel approach. Engineering Structures 223 (2020)
111170; doi:10.1016/j.engstruct.2020.111170. (2019: 3.548 - IF, Q1 - JCR, 1.595 - SJR, Q1
- SJR). 18737323, ISSN 01410296 (APVV-15-0631) .

2. Palou, Martin T. - Kuzielova, Eva - Zemli¢ka, Matus - Novotny, Radoslav - Masilko, Jifi.
The effect of metakaolin upon the formation of ettringite in metakaolin—lime—gypsum ternary
systems. In Journal of Thermal Analysis and Calorimetry, 2018, vol. 133, no. 1, p. 77—86.
(2.209 - IF2017). ISSN 1388-6150.

3. Kuzielova, Eva - Zemlicka, Matus$ - Masilko, Jifi - Palou, Martin T. Pore structure
development of blended G-oil well cement submitted to hydrothermal curing conditions. In
Geothermics, 2017, vol. 68, p. 86—93. ISSN 0375-6505 .

4. Kuzielova, Eva - Zemli¢ka, Matus - Masilko, Jifi - Palou, Martin T. Effect of additives on
the performance of Dyckerhoff cement, Class G, submitted to simulated hydrothermal
curing. In Journal of Thermal Analysis and Calorimetry, 2018, vol. 133, no. 1, p. 63-76. ISSN
1388-6150.

5. Kuzielova, Eva - Zemlicka, Matus - Novotny, Radoslav - Palou, Martin T. Simultaneous

Formular ZK, strana 1/8



effect of silica fume, metakaolin and ground granulated blast-furnace slag on the hydration
of multicomponent cementitious binders. In Journal of Thermal Analysis and Calorimetry,
2019, vol. 136, iss. 4, p. 1527-1537. ISSN 1388-6150.

6. Kuzielova, Eva - Zemlicka, Matus - Novotny, Radoslav - Palou, Martin T. Middle stage of
portland cement hydration influenced by different portions of silica fume, metakaolin and
ground granulated blast-furnace slag. Journal of Thermal Analysis and Calorimetry , 2019,
vol. 138, iss. 6, p. 4119-4126. ISSN 1388-6150.

7. Kuzielova, Eva - Zemlicka, Matus - Masilko, Jifi - Palou, Martin T. Development of G-oll
well cement phase composition during long therm hydrothermal curing. Geothermics, 2019,
vol. 80, p. 129-137. ISSN 0375-6505.

8. Palou, Martin T. - Kuzielova, Eva - Zemlicka, Matus - Tkacz, Jakub - Masilko, Jifi. Insights
into the hydration of Portland cement under hydrothermal curing. In Journal of Thermal
Analysis and Calorimetry, 2019, vol. 138, iss. 6, p. 4155-4165. ISSN 1388-6150.

9. DRAGOMIROVA, Janette - PALOU, Martin T. - KUZIELOVA, Eva - ZEMLICKA, Matus -
NOVOTNY, Radoslav - GMELING, Katalin. Optimization of cementitious composite for
heavyweight concrete preparation using conduction calorimetry. In Journal of Thermal
Analysis and Calorimetry, 2020, vol. 142, no. 1, p. 255-266. (2019: 2.731 - IF, Q2 - JCR,
0.415 - SJR, Q3 - SJR). ISSN 1388-6150.

10. KUZIELOVA, Eva - ZEMLICKA, Matu$ - MASILKO, Jifi - HUDEC, Pavol - PALOU,
Martin T. Influence of hydrothermal treatment parameters on the phase composition of
zeolites. In Journal of Thermal Analysis and Calorimetry, 2020, vol. 142, p. 37-50. (2019:
2.731-1F, Q2 - JCR, 0.415 - SJR, Q3 - SJR). ISSN 1388-6150.

11. KUZIELOVA, Eva - ZEMLICKA, Mat($ - JANCA, Martin - SILER, Pavel - PALOU, Martin
T. Later stages of Portland cement hydration influenced by different portions of silica fume,
metakaolin and ground granulated blast-furnace slag. In Journal of Thermal Analysis and
Calorimetry, 2020, vol. 142, no. 1, p. 339-348. (2019: 2.731 - IF, Q2 - JCR, 0.415 - SJR, Q3
- SJR). ISSN 1388-6150.

12. PALOU, Martin T. - BOHAC, Martin - KUZIELOVA, Eva - NOVOTNY, Radoslav -
ZEMLICKA, Matus - DRAGOMIROVA, Janette. Use of calorimetry and thermal analysis to
assess the heat of supplementary cementitious materials during the hydration of composite
cementitious binders. In Journal of Thermal Analysis and Calorimetry, 2020, vol. 142, no. 1,
p. 97-117. (2019: 2.731 - IF, Q2 - JCR, 0.415 - SJR, Q3 - SJR). ISSN 1388-6150.

ADM

1. Palou, Martin T. - Kuzielova, Eva - Zemli¢ka, Matus - Zivica, Vladimir. The influence of
sodium hexametaphosphate ( Na6P6018) on hydration of calcium aluminate cement under
hydrothermal condition. In Procedia Engineering, 2016, vol. 151, p. 119-126. (2015: 0.238 -
SJR). ISSN 1877-705.

2. Kuzielova, Eva - Zemli¢ka, Matus - Bartoni¢kova, Eva - Palou, Martin T. The correlation
between porosity and mechanical properties of multicomponent systems consisting of
Portland cement—slag—silica fume—metakaolin. In Construction and Building Materials, 2017,
vol. 135, p. 306-314. (2016: 3.169 - IF, Q1 - JCR, 1.511 - SJR, Q1 - SJR). ISSN 0950-0618.
3. Koronthalyova, Olga - Holubek, Matus. Effect of particular material parameters on wetting
process of capillary-porous material. In AIP Conference Proceedings, 2017, vol. 1866,
article number 040021. ISSN 0094-243X.

4. Holubek, Matu$ — Koronthalyova, Olga. Comparison of TDR and X-ray method for
determining moisture transport parameters. In Energy Procedia, 2017, vol. 132, p. 723-728.
ISSN 1876-6102.

AFC

1. Kuzielova, Eva - Zemli¢ka, Matus - Palou, Martin T. Hydrothermally Cured G-oil Well
Cement Blended by Ground Granulated Blast Furnace Slag and Silica Fume. In
MALTOVINY 2016: sbornik konference [elektronicky zdroj]. - Brno : Vysoké uceni technické
v Brnég, 2016, p. 5-12. ISBN 978-80-214-5446-0.

2. Krivacek, Jozef. MKP vypocty na modeloch so znaénym pocétom stupriov volnosti :
linearizovana stabilita osovo tlaCenych Skrupin, teplotné namahanie hlbinnych vrtov. In
INFO DNY MSC, Software : Zajeci, 12.-13. 6. 2018 [elektronicky zdroj]. - Brno, 2018, 10 s. .
3. Krivacek, Jozef. Kone€no prvkové simulacie hibinnych vrtov. In INFO DNY MSC.Software
2019 : Zajedi, 11. - 12. 6. 2019 [elektronicky zdroj]. - Brno : MSC Software, 2019, 10 s.
Dostupné na internete: https://pages.mscsoftware.com/rs/109-LAC-
296/images/SAV_Krivacek.pdf (Gll).

Formular ZK, strana 2/8
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Stvorzlozkovych zmesovych systémoch v sustave Portlansky cement - primesi =
Investigation of hydration course in quaternary Portland cement - supplementary
cementitious materials blended systems. In Cement 2018 : zbornik predna3ok z konferencie
inovativne technoldgie a trendy vo vyrobe stavebnych latok - innovative technologies and
trends in the production of building materials. - Trencin : CEMDESIGN, 2018, s. 119-128.
ISBN 978-80-973167-0-9.

2. Palou, Martin T. - Kuzielova, Eva - Zemli¢ka, Matus - Zivica, Vladimir - Tkacz, Jakub.
Vyvoj cementovych kompozitov pre vyuZitie v naroénych podmienkach hibkovych
geotermalnych a ropnych vrtov = Development of cementitious materials for application
under severe conditions in oil and geothermal wells. In Cement 2018: zbornik prednasok z
konferencie inovativne technolégie a trendy vo vyrobe stavebnych latok - innovative
technologies and trends in the production of building materials. - Trencin : CEMDESIGN,
2018, s. 15-27. ISBN 978-80-973167-0-9.

3. Kuzielova Eva, Zemlitka Matus, JuriSova Jana, Hudec Pavol. Vplyv parametrov
hydrotermalneho spracovania na pripravu analcimu. In Prirodné a syntetické zeolity na
Slovensku: zbornik prispevkov, 8. odborny seminar, Slovenska spolo¢nost priemyselnej
chémie pri FCHPT STU, Bratislava, 20.6.2019 [elektronicky zdroj]. Recenzenti: P. Hudec, V.
Jorik, M. Kralik, G. Cik. — Bratislava : FCHPT STU Bratislava, 2019, s. 71-82. ISBN 978-80-
8208-013-4 20.6.2019.

4. Kuzielova, Eva - Zemli¢ka, Matus$ - Novotny, Radoslav - Palou, Martin T. Synergicky efekt
kremicitého uletu, metakaolinu a jemne granulovanej vysokopecnej trosky na skoré Stadium
hydratécie Portlandského cementu = Synergic effect of silica fume, metakaolin and ground
granulated blast-furnace slang on early hydration of Portland cement. In Cement 2018:
zbornik prednasok z konferencie inovativne technolégie a trendy vo vyrobe stavebnych
latok - innovative technologies and trends in the production of building materials. - Trencin :
CEMDESIGN, 2018, s. 106-118. ISBN 978-80-973167-0-9.

Uplatnenie vysledkov projektu

Uplatnenie vysledkov v praxi zatial sa nepodarilo, ale na zaklade dosiahnutych vysledkov
boli podané

2 paptentové prihlasky: (1) Cista kubicka forma krystalického analcimu a spdsob jej pripravy
(patentova prihlaska ¢. PP50038-2020) a (2) Cementova zmes na pouzitie v
hydrotermalnych vrtoch pri teplotach medzi 200 a 300 °C (patentova prihlaska ¢. PP 50053-
2020)

1 schvaleny APVV projekt: APVV-19-0490 Vyskum a vyvoj mnohozlozkovych cementovych

Formular ZK, strana 5/8



zmesi pre Specialne konstrukéné materialy

2 VEGA projekty: (1) 2/0032/21 Studium degradacie viaczlozkovych cementovych
materialov v désledku uhli€itej korozie v podmienkach simulujucich geotermalne vrty a (2)
2/0017/21 Materialové zloZenie a vlastnosti samozhutnitelnych tazkych beténov.

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

Sprava o projekte APVV -15-0631 je v sulade so stanovenymi cielmi rozdelena na tri hlavné
Casti: (1) Numericka simulacia podmienok hibokych geotermalnych vrtov a vypracovanie
réznych variantov kone€no-prvkovych modelov konstrukcii hibinnych vrtov, (2) Vyvoj a
Studium vysokohodnotnych anorganickych spojiv a (3) Prezentacia a popularizacia
vysledkov. Sprava predstavuje zhrnutie vysledkov v sulade s cielmi definovanymi v anotacii.
Je potrebné zdéraznit, Ze vysledky projektu vyznamne prehibili poznatky o hydratagnych
reakciach, kinetike a mechanizmoch hydratacie cementovych spojiv za hydrotermalnych
podmienok.

V prvej Casti implementacie projektu boli postupne vyvinuté a vykonané viaceré numericke
simulacie podmienok v hibkovych vrtoch za tgelom ziskania zjednodueného 3D modelu,
ktory riesil situaciu pozdiz celej vysky (hibky) vrtu. Takyto model umozriuje vélenit do
vypocétov meniacu sa teplotu geologického podloZia, zloZenie geotermalnej vody a tepelnu
vodivost. Vdaka spracovaniu vstupov a vystupov numerickych simulacii bolo mozné v
korelacii s experimentalnymi udajmi vyvinut’ vlastné inovované programy, ktoré su spolu s
kompletnymi vystupmi k dispozicii na rieSitelskom pracovisku.

Druha Cast projektu sa zaoberala vyvojom a Studiom vysokohodnotnych anorganickych
spojiv, ktoré by svojimi vliastnostami prevySovali v geotermalnych vrtoch bezne pouzivané
komeréné cementové spojiva. Experimentalne ziskané vysledky boli porovnavané s
vysledkami ziskanymi z numerickych simulacii vrtov. Kfu€ovou ulohou cementovania v
geotermalnych vrtoch je podpora a stabilizacia ocelovych paznic, rovnako ako poskytnutie
izolacie pred vysoko korozivnym prostredim.

Navrhované a overované boli viaczloZzkové cementové kompozity pripravené Ciastocnou
nahradou Standardného portlandského cementu pevnostnej triedy 52,5 R, resp.
komeréného cementu triedy G (od viacerych dodavatelov) réznymi primesami (vysokopecna
troska, kremicity ulet, metakaolin). Laboratérnym autoklavom boli reakciou medzi
polyfosfatom sodnym a hlinitanovym cementom UspeSne syntetizované chemicky viazané
fosfatové keramické spojiva (hydroxyapatit). Vedecké ciele boli zamerané na uréenie
mechanizmu hydratacnych procesov veduceho k tvorbe keramickych vazieb. Hydroxyapatit
s vysSou tepelnou stabilitou (do 1 000 ° C bez rozkladu), by mal pevne spojit ocelové
paznice a poskytnut lepSiu ochranu ako bezny tamponazny cement. Hydroxyapatit je taktiez
znamou vynikajucou biokeramikou.

Zeolitické materialy na baze analcimu s vySSou tepelnou stabilitou ako hydratacné produkty
komerénych tamponaznych cementov sa pripravili transformaciou syntetizovanych
geopolymérov za definovanych podmienok hydrotermalneho oSetrenia. Zeolitické materialy
maju dalSie potencialne vyuzitie v polnohospodarstve, ochrane Zivotného prostredia,
chemickom priemysle, na zmak€ovanie vody, separaciu radioizotopov, Cistenie odpadovych
véd a pod.

Poclas celej doby rieSenia projektu boli jeho vysledky prezentované formou prispevkov vo
vedeckych, a to predovSetkym karentovanych zahrani¢nych €asopisoch. RieSitelia projektu
sa zucastnili mnohych konferencii, na ktorych prezentovali dosiahnuté vysledky formou
prednasok alebo posterov.

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

V roku 2020 boli na zaklade vysledkov ziskanych v projekte podané dva patenty.

Studenti zo Slovenskej technickej univerzity (Stavebnej fakulty a Fakulty chemickej a
potravinarskej technoldgie) boli nasimi stalymi hostami, pretoze dvaja rieSitelia sa aktivne
zucasthuju pedagogického procesu na tejto univerzite. S témou projektu suviseli laboratérne
cviCenia, seminare, bakalarske projekty, diplomové prace a prednasky.

V ramci programu SAV Tyzden vedy a techniky sme sa pocas dra otvorenych dveri v
rokoch 2017 a 2020 na pracovisku USTARCH SAV zamerali na prezentaciu laboratérii,
popularizaciu vysledkov a spristupnenie nasej prace laickej verejnosti.
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https://vat.pravda.sk/clovek/clanok/568195-nove-betony-mozu-prispiet-k-ochrane-zivotneho-
prostredia/
https://www.sav.sk/index.php?lang=sk&doc=services-news&source_no=20&news_no=9126
Realizacia projektov bola v poslednom obdobi rieSenia narusena pandémiou spésobenou
koronavirusom. Obmedzena bola u¢ast na medzinarodnych konferenciach, seminaroch aj
workshopoch. Viaceré Cinnosti planované v projekte boli odlozené alebo zrusené. Vdaka
rozhodnutia APVV bol rozpocet prideleny pre tieto €innosti preuctovany do kapitoly
Materialy a sluzby.

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

The report of the project APVV -15-0631 granted from July 2016 to November 2020 can be
divided into three main parts following the defined objectives: (1) Numerical simulation of
deep geothermal wells and elaboration of various variants of Finite-Element Models, (2)
Development and Study of High-Performance Inorganic Binders and — (3) presentation and
popularization of results. The report presents a summary of the results in conformity with the
defined objectives in the annotation. It should be highlighted that significant progress has
been made towards deepening our knowledge on the hydration reactions, kinetics and
mechanisms of cement under hydrothermal conditions.

In the first part of the project implementation, several numerical simulations of conditions in
deep borehole structures were gradually developed and performed to obtain a simplified 3D
model based on Finite-Element Method (FEM) to predict the performances of cement slurry
in the bore well as the function of well depth and temperature, geothermal water and thermal
conductivity of hardened cement paste.

Thanks to the processing of inputs and outputs of numerical simulations, in correlation with
experimental data, it was possible to develop our upgraded programs, which are available
together with complete outputs at the researcher's workplace.

The second part of the project dealt with the development and study of High-Performance
Inorganic Binders, which properties would exceed those of commercial cement binders
commonly used in geothermal wells. The experimentally obtained results were compared
with the results obtained from numerical simulations of wells. The key role of cementation in
geothermal wells is to support and stabilize steel casings, as well as to protect them against
the highly corrosive environments.

Multi-component cement composites using standard Portland cement of strength class 52.5
R and Supplementary Cementitious Materials (Blast Furnace Slag, Silica Fume, Metakaolin)
with different levels of substitutions were developed and cured in laboratory autoclave
simulating the hydrothermal conditions in deep borehole structures (up to 220 °C and 2
MPa). In parallel, commercial-grade G-Oil Well cement (from several suppliers) was cured
under the same conditions. These commercial G-Oil types of cement were then modified
with various additions of Supplementary Cementitious Materials to perform their properties
under the hard hydrothermal condition in deep bore wells.

The laboratory autoclave has been successfully used in the synthesis of chemically
phosphate bond ceramics (CPCB) by hydration reaction of High Alumina Cement in the
presence of Poly-phosphate sodium. The scientific objectives aimed at determining the
mechanism of hydration processes leading to the formation of ceramic bonds of High-
Performance Cementitious Composites in the hydrothermal condition of bore wells leading
to the formation of hydroxyapatite. It is expected that hydroxyapatite with thermal stability
(up to 1000 °C without decomposition), a ceramic product will firmly bond the casing steel
and provide better protection than ordinary G-Oil Well cement. It is commonly known that
hydroxyapatite is an excellent bioceramics.

Zeolitic materials analcime with higher thermal stability than ordinary hydration products
were prepared by the transformation of synthesized geopolymers under the defined
hydrothermal curing conditions. Zeolitic materials have versatile applications in the
environmental industry, agriculture and the fabrication of detergent.

The results of the project APVV-15-0631 were continuously published in reviewed papers
belonging to different categories (CC, WOS, SCOPUS etc.). All these results are reported in
our website www.geomat.sav.sk.

The researchers of the project participated in many conferences, where they presented the
achieved results as lectures (invited, ordinary) or posters.
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In 2020, based on the results obtained in the project, two patent proposals were submitted
for approval.

In 2018, a website was created (www.geomat.sav.sk), which is used to publish and promote
the results of the project. The website is also available via the SAS's internal line and the
information published on the website is regularly updated.

The results of the project were presented during the event “Science and Technology Week
of SAS* from 2017 to 2020 at the USTARCH SAS workplace.

Students from Slovak University of Technology (Faculty of Civil Engineering and Faculty of
Chemical and Food Technology) were our permanent guests because two of solvers
participate actively to the pedagogical process at this University. Laboratory practices,
seminars, bachelor projects, diploma works and lectures were related to the topic of the
project.

The popularization of our results for the broad public are published in the Newspaper
https://vat.pravda.sk/clovek/clanok/568195-nove-betony-mozu-prispiet-k-ochrane-zivotneho-
prostredia/

or on website https://www.sav.sk/index.php?lang=sk&doc=services-
news&source_no=20&news_no=9126.

The implementation of projects has been perturbed by the pandemic situation caused by a
coronavirus in the last implementation period. Therefore, the participation in the international
conferences, seminars and workshops was greatly affected. Many events planned within the
currently ongoing project were postponed or cancelled. Thanks to APVV direction, the
budget allocated to the given events was budgeted to chapter Materials and Services.
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