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Past: Alessandro Volta cell

Alessandro Volta vynasiel elektrochemicky Voltov ¢lanok v roku 1799.
Dokazal, Ze elektricky prad moéze vzniknut nasledkom chemickej reakcie.
Jeho pokusy viedli k vzniku a rozvoju elektrochémie.

Na pocest jeho prace mu v roku 1810 udelil Napoleon Bonaparte titul grof.

Redoxné reakcie (redukcia-oxidacia) su zodpovedné za fungovanie Voltovho ¢lanku.
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Historia Li-idnovych batérii

Zakladny vyskum: 1976-1990
Dr. S. Whittingham (Stanford Univ., Exxon): the first rechargeable "lithium-ion battery,,. (1976)

Prof. J. B. Goodenough (Oxford Univ.) and prof. K. Mizushima (Tokyo Univ.): demonstrated
discharge-charge cycling of a 4 V cell made with lithium cobalt dioxide (LiCoO,) as the positive
electrode and lithium metal as the negative electrode. This innovation provided the positive
electrode material, which eventually became a component in the first commercial rechargeable
lithium-ion battery. (1979)

Dr. A. Yoshino (Asahi Kasei) demonstrated a rechargeable Li-ion battery using carbonaceous
material (acetylene black), into which lithium ions could be inserted, as the negative electrode
(anode) and lithium cobalt oxide (LiCoO,) as the positive electrode (cathode). (1985)

And many others...

Vyuzitie v prenosnych zariadeniach (portable applications): 1991-2007

Sony and Asahi Kasei: commercial sale of the first rechargeable lithium-ion battery. The battery
employed soft carbon anode and LiCoO, cathode. (1991)

Vyuzitie v elektromobiloch
The launch of Tesla electric vehicle (2008) IE N O 'Fl PRIZE

Lithium nickel manganese cobalt oxide (NMC) cathodes, developed at Argonne National Laboratory, _ IN CHEMISTRY 2019
USA, (2011) ‘
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Nobelova Cena za chémiu 2019
was given to John. B. Goodenough, Stanley Whittingham and Akira Yoshino
"for the development of lithium ion batteries".
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https://en.wikipedia.org/wiki/Lithium_cobalt_oxide

Li-ibnova batéria o Nabijanie
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Li-ibnova batéria Vybijanie
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Vyskum a vyvoj Li-ionovych batérii vo svete

Sucasny stav:
Li-ion batéria: Andda grafit (+Si), katoda LiNiMnCoO, (NMC), LiFePO, (LFP)
Hustota energie: 150 az 250 Wh/kg, 250 az 400 Wh/I
Elektrolyt: LiPFg + EC/DMC, kvapalina
(ethyl carbonate + dimethyl carbonate)
Nevyhoda: riziko horenia elektrolytu

Buducnost:

- Li-batérie s tuhym elektrolytom
Andda: Li-metal/kremik,
elektrolyt: keramika (oxidy), polyméry, sulfidy
Katdéda: LiNiMnCoO, (NMC)
Hustota energie: 250-500 Wh/kg, zvysena bezpecnost
Problémy: mechanicka stabilita pri nabijani/vybijani

cathode
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Vyskum a vyvoj batérii vo svete

- Batérie Li-S
Andda: Li-metal
Katéda: S-carbon @
Elektrolyt: kvapalny: LiTFSI (bis(trifluoromethanesulfonyl)imide

v cyklickych éteroch (dioxolane, dimetyl éter)
tuhy: sulfidy, polyméry
Hustota energie: az 400 Wh/kg
Problémy: tvorba rozpustnych polysulfidov, degradacia
nestabilita kontaktov andda/elektrolyt/katéda

- Na-ion batérie

Andda:uhlik (hard carbon, amorfny, negrafitizovatelny)

Katdda:vrstvené oxidy (NaNiFeMnO), NaFePO,, (Na-FeFe(CN)

Elektrolyte: kvapalny: NaPF,, NaTFSI v etylén karbonate, dimetyl karbonate

- tuhy: NASICON (Na superionic conductor), sulfidy

Hustota energie: 160 Wh/kg

Vyhody: Vyskyt sodika, dobra cyklovateinost, fungovanie aj pri nizkych
teplotach
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Vyskum a vyvoj batérii na Slovensku

Centrum pre vyuzitie pokrocCilych materialov SAV, v.v.i., CEMEA
Dr. Peter Siffalovi¢, Dr. Karol Frohlich
- vyvoj anddy s vysokym obsahom kremika, EU projekt FULL-MAP
- vyskum a vyvoj batérii Li-S, EU projekt ANGelLiC
- ochranné vrstvy elektréd batérii ZnO, Al,O,
- batérie s tuhym elektrolytom, narodny projekt ZERO, EU projekt SEATBELT

Fakulta elektrotechniky a informatiky STU,

Laboratérium batériovych technoldgii, doc. Ing. Miroslav Mikolasek, PhD
- Elektricka diagnostika batérii a superkapacitorov,

Analyza mechanizmov degradacie batérii

Stratégie rychleho nabijania

Specialne diagnostiky

Simuldcia a modelovanie Li ion batérii

Regeneracia batérii
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Univerzita Pavla Jozefa Safarika, Kosice, Prirodovedecka fakulta,
Ustav Chemickych vied, Doc. Andrea Fedorkova Strakova

- vyskum a vyvoj batérii Li-S,

- elektrédy pre Li-idnové batérie

- redoxné prietokové batérie pre uskladnovanie energie
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Vyvoj Li-idnovych batérii v CEMEA SAV
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ZvySenie poctu nabijani/vybijani kremik/grafitovej anédy pokrytim ultratenkou vrstvou
Zn0O vyuzitim technoldgie nanasania po atomarnych vrstvach a pridanim aditiva FEC

Patent application 2023: priority national patent and PCT (Patent cooperation treaty)

Publication in 2025: Silicon/Graphite Anode Performance Improvement: A Combination
of Atomic Layer-Deposited ZnO Coatings with a Fluoroethylene
IEJAPPLIED Carbonate Additive

ENERGY MATERIALS Published as part of ACS Applied Energy Materials special issue “Advanced Thin Films for Energy and
Sustainable Applications”.

Prangya P. Sahoo, Alper Giineren, Boris Hudec, Matej Micusik, Peter évec, Jr., Magdaléna Precnerova,
Ahmed Nada, Zoltin Lencés, and Karol Frohlich*
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