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Nazov pracoviska, na ktorom bol projekt rieSeny

Centrum pre vyuzitie pokro€ilych materialov SAV

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

Fraunhofer IKTS, Nemecko

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

Patentova prihladka v SR

K. Frohlich, P. Sahoo, B. Hudec, A. Guneren, A. Nada: Zaporna elektréda pre nabijatelnu
Li-iénovu batériu, spésob jej vyroby a nabijatelna Li-ibnova batéria.

Prihlasovatel:

Centrum pre vyuzitie pokroCilych materialov Slovenskej akadémie vied, verejna vyskumna
inStitucia, Bratislava-Karlova Ves, SK;

Elektrotechnicky ustav Slovenskej akadémie vied, verejna vyskumna institucia, Bratislava-
Karlova Ves, SK;

Ustav anorganickej chémie Slovenskej akadémie vied, verejna vyskumna institacia,
Bratislava-Karlova Ves, SK;

¢. patentu: PP 50005-2023

Medzinarodna prihlaska patentu v PCT

K. Frohlich, P. Sahoo, B. Hudec, A. Guneren, A. Nada: Zaporna elektréda pre nabijatelnu
Li-iénovu batériu, spésob jej vyroby a nabijatelna Li-ibnova batéria.

Prihlasovatel:

Centrum pre vyuzitie pokroCilych materialov Slovenskej akadémie vied, verejna vyskumna
inStitucia, Bratislava-Karlova Ves, SK;

Elektrotechnicky ustav Slovenskej akadémie vied, verejna vyskumna institucia, Bratislava-
Karlova Ves, SK;

Ustav anorganickej chémie Slovenskej akadémie vied, verejna vyskumna institicia,
Bratislava-Karlova Ves, SK;

C. patentu: PCT/SK2023/050003

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

1. Glineren, A., Nada, A. A., Opalkova Sigkova A., Mosnackova K., Kleinova A., Mosnadcek
J., LenCés Z.: Novel alginate- based binders for silicon—graphite anodes in lithium- ion
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batteries: effect of binder chemistry on the electrochemical performance, J Appl
Electrochem (2023). https://doi.org/10.1007/s10800-023-02038-z. 3

2. Taveri, G., Glneren, A., Barlog M., Hnatko M., Zhukova I., Netriova Z., Simon E., Mi¢usik
M., Mikolasek M., Karnkova H.: Understanding the benefits of AI3+-doping on NaSICONs
explained through an out-of-the-scheme isovalent substitution of Fe3+ in Na3Fe2(P0O4)3
series, J. Power Sources 592 (2024) 233917.

3. Migky S., Simon E., Todt J., Végsd, Nadazdy P., Krizik P., Majkova E., Keckes J. Li J.,
Siffalovic P.: Operando Spatial and Temporal Trackingof Axial Stresses and Interfaces in
Solid-state Batteries, Small (2023) 2307837.

4. Simko F., Len&és$ Z., Kim Y-W., Nosko M., Kontrik M., Korenko M.,: High temperature
corrosion resistance of electrically conductive nitrogen doped silicon carbide ceramics in
molten fluorides, J. European Ceramic Soc. 43 (2023) 3931.

5. Kucheryavaya A., Len&é$ Z., Sajgalik P., Harmuth H.,: Zirconium oxycarbides and
oxycarbonitrides: A review, Int. J. Appl. Ceram. Technol. 20 (2023) 541.

6. Prangya P. Sahoo, Alper Glneren, Boris Hudec, Miroslav Mikolasek, Ahmed Nada,
Magdaléna Precnerovéa, Matej Micusik, Zoltan Lencés, Peter Nadazdy, and Karol Fréhlich,
Stabilization of the Solid-Electrolyte-Interphase Layer and Improvement of the Performance
of Silicon—Graphite Anodes by Nanometer-Thick Atomic-Layer-Deposited ZnO Films, ACS
Appl. Nano Mater. 2024, https://doi.org/10.1021/acsanm.3c05066.

7. Alper Guneren, Zoltan Lenc¢é$, Statistical approach for the preparation of silicon-graphite
anodes: The role of oxygen content and crystallite size on electrochemical performance,
Powder Technology 443 (2024) 119982.

8. Alper Guneren, Matej Micusik, Magdalena Precnerova, Zoltan Len¢és, Insight into the
slope-plateau capacity behaviour of polymer-derived silicon oxycarbide anodes in Na-ion
batteries, Journal of the European Ceramic Society 44 (2024) 5460-5470.

Uplatnenie vysledkov projektu

Ziskané vysledky boli napomocné v ziskavani projektov v medzinarodnej sutazi. Pri
priprave projektu M-ERA.Net: Sustainable High-Voltage Batteries Based on Hybrid
Cathodes Enabling Dual-lon Energy Storage, SusHiBatt sme vyuzili poznatky z oblasti
ochrany elektréd Li-idnovych batérii povrchovou vrstvi€kou, pripravenou technoldgiou
nanasania po atomarnych vrstvach (ALD). V ramci projektu FULLy integrated, autonomous
& chemistry agnostic Materials Acceleration Platform for sustainable batteries, Full MAP,
ktory bude financovany v ramci programu Horizon Europe budeme dalej pracovat' na vyvoji
kompozitnych anéd kremik/uhlik s vysokym obsahom kremika. Dalej budeme pracovat na
analyze a vyuziti ochrannych vrstiev elektrdd pripravenych technologiou ALD pre Li-ibnove
batérie.

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

Projekt bol zamerany na vyvoj technoldgie kompozitnej kremik/uhlikovej anddy pre Li-
ibnové batérie. V priebehu rieSenia bola vyvinuta technoldgia pripravy Si granul s vyuzitim
gulového mletia. Tymto postupom boli ziskané Si granuly s rozmerom 2-3 um. Bolo tiez
vyvinuté pojivo na baze sira-alginat s vhodnymi mechanickymi vlastnostami. Toto pojivo je
schopné akomodovat’ objemové zmeny Si (~ 300%) pri nabijani a vybijanianddy. Vyrazné
zlepsenia elektrochemickych viastnosti (zvySenie Specifickej kapacity) bolo dosiahnuté
pokrytim povrchu andd velmi tenkou vrstvou (~ 1-4 nm) ZnO. Specificka kapacita anddy
pokrytou 20 ALD cyklami s pouzitim elektrolytu s aditivom FEC dosiahla hodnotu 800mAh/g
pre rychlost nabijania/vybijania 0,1 az 0,5 c. Stabilita anddy pri cyklovani bola skuSana
pocas 500 cyklov s rychlostou nabijania/vybijania c=1. NajlepSie parametre dosiahla andda
s aditivom fluoroetylén karbonat (FEC) a pokryta 20 ALD cyklami ZnO. Po 500 cyklov
nabijania/vybijania s rychlostou c=1 anéda dosiahla hodnotu 43% kapacity na zaciatku
testu. Pokles kapacity na jeden cyklus nabijania/vybijania pocas 500 cyklov bol 0.11%. Tieto
parametre su porovnatelné s najlep$imi vysledkami doteraz uverejnenymi v svetovej
vedeckej literature.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)
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The project was focused on the development of composite silicon/carbon anode technology
for Li-ion batteries. In the course of the project, the technology for the preparation of Si
granules using ball milling was developed. Si granules with a size of 2-3 um were obtained
by this procedure. A sulfur-alginate binder with suitable mechanical properties was also
developed. This binder is able to accommodate volume changes of Si (~300%) during
charging and discharging of the anode. Significant improvements in electrochemical
properties (increase in specific capacity) were achieved by coating the surface of the
anodes with a very thin layer (~1-4 nm) of ZnO. The specific capacity of the anode coated
by 20 ALD cycles using electrolyte with FEC additive reached 800mAh/g for a
charge/discharge rate of 0.1 to 0.5c. The cycling stability of the anode was tested for 500
cycles with a charge/discharge rate of c=1. The anode with the additive fluoroethylene
carbonate (FEC) and coated by 20 ALD cycles of ZnO achieved the best parameters. After
500 charge/discharge cycles with a rate of c=1, the anode reached a value of 43% of the
capacity at the beginning of the test. The drop in the capacity per charge/discharge cycle
over 500 cycles was 0.11%. These parameters are comparable to the best results published
up to now in the world scientific literature.
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