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(Elektrochemicka) akumulace (elektrické) energie:
baterie, superkondenzatory, palivove clanky




ProcC Li-baterie?..... Vyuziti lithia (2015)
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Humanity’s top ten problems
for next 50 years

Energy

Water

Food
Environment
Poverty
Terrorism & War
Disease
Education
Democracy

10 Population
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Svetove zdroje energie do r. 2100
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Photovoltaic Solar Electricity Potential in European Countries AM1.5 (Sun) P =1 kW/ m?
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1 Germany 489.8
2 Italy 311.3
3 Belgium 286.7
4 Greece 241.7
5 Luxembourg 222.0
6 Czech Republic 197.7
7 Malta 170.5
8 Bulgaria 141.7
9 Denmark 94.8
10 Unied Kingdom 137.7
11 Slovenia 124.8
12 Slovakia 109.8
13 Austria 108.9
14 Spain 106.0
15 France 99.1
16 Netherlands 83.1
17 Cyprus 82.0
18 Romania 66.7
: 19 Portugal 44.3
G e 'lp:::::v:;‘:l:m:dulo; St'a?)%al‘ ;oo '"“%’3’3‘ ] 1200 1400 1600 1800 2000 2200> 20 Lithiuania 25.0
Yearly sum of solar electricity g d by 1 kWp sy and:’fh i ".n'“o"o.?; ;f.&e/ec:kogynw;ﬁawP] 900 1050 1200 1350 1500  1650> 21 Sweeden 13.3
22 Croatia 10.6
Prum spotreba (CZ): 1400 kWh/capita/rok= 1750 Wp (pouze domacnosti) 23 Estonia 31
Zdroj/Spotreba se nekryji (Easové, geograficky). Fluktuace! —“Solarni baterie* 24 Finland 27
25 Poland 2.3
Source: Photovoltaic energy barometer 2016 - EurObserv’ER1 :3 IL:‘etl‘::d g'i




Kolik energie Ize ulozit v 1 kg hmoty..?

------------------- > 25 TWh/kg (T =10%2)

H/He jaderna fuze (slunce)...0.2 TWh/kg
(D?+ T3=He*+n+ 17.6 MeV
(Li®7 + n -> T3 + He?)

235 (jaderné stépeni)........... 25 GWh/kg (G =109

—— Uranium-238 (tamper) Svétova spotreba ............. =20 PWh/yr (P =10%)

— Vacuum (“levitation™)
~ Tritium gas (“boosting”)

[,llrl:atrﬁm:SES (hollow core) (z 106 kg 235U/yl’)
- Polystyrene foam (= 10 toelyr; toe = ton of oil equivalent)

™ Uranium-238 (tamper)

~ Lithium-6 deuteride (fusion fuel) 1toe= 11.63 MWh = 1.42857143 tce

"~ Plutonium (sparkplug)
— Reflective casing



Energeticka kapacita materialu

Vodik (kap. 23 K)
Vodik (plyn 20 MPa)
Benzin

Pb-baterie
Li-baterie

Superkondenzator
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Gaston Planté (1834-1889) Gastornis:

Objevitel olovéného akumulatoru (1859) (ptak, paleoncen)

12V, 40 Ah autobaterie:
40 Ah @ C/24 rychlost nabijeni



BATERIE (sekundarni; akumulatory)

Napéti Hustota energie
(Wh/kg) (Whil)

Vodny elektrolyt
Olovény akum. 2.0 30 100
Ni-Cd 1.2 35 100
Ni-MH 1.2 75 300

Nevodny elektrolyt

Lithium-lon 3.7 150 400

Lithium-Polymer 3.7 150 400




@ LIt

Grafit interkalace:
C +1/6 (e + Li*) — 1/6 LiC,

Eiorm =0.2 V vs. LilLi*
Qspec = 1340 C/g = 372 mAh/g

TiO, (anatas) inserce:

TiO, + 1/2 (e + Li*) — LiysTiO,

(101) 1.85 V vs. Li/Li*

168 mAh/g

Eform

Qspec

I

Li IUPAC definice:
Ti ]
o “Intercalation” = non covalent inclusion into laminar hosts

G. P. Moss, P. A. S. Smith, D. Tavernier, Pure Appl. Chem. 1995, 67, 1307-1375

Lat.: mensis intercalarius (Julianska/Gregorianska reforma kalendare, 46 BC)




Baterie Li-lon: SONY 1991 (prvni komeré&ni)
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Svetovy trh komponent pro Li-baterie (2014-2023)

Mid. US $
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- [ Li - katoda (aktivni material)

B Anoda (grafit, Li, LTO)

B Hlinik (katodovy terminal)

[C] Méd (anodovy terminil)

[] Li- elektrolyt (LiPFg, LIiTFSI...)
B Separator
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Zdroj: Navigat research



Trh Li-baterii podle aplikaci: strednedoby trend

Trh, celkoveé (GWh) Podil podle aplikaci
140 1 100% 1
Stabilizace siti % 8%
90% A
@ Elektromobily 120 7 10
80% 1
@ Spotf. elektronika 100 - 70% -
60% 1
80 -
50% -
60 1 2 40% T
40 | 30% -
20% A
20 1
10% 1
0 - 0% -
2011 2015 2020 2011 2015 2020

1) Spotrebni elektronika trhu dominuje a pozice se uchova i ve stfednédobém vyhledu

1) NejrychlejSi narust trhu baterii pro stabilizaci siti, avSak celkové minoritni segment

2) Narust trhu baterii pro elektromobily, v dynamice i objemu

Zdroj: CEMAC: Clean Energy Manufacturing Center




1) Nanotechnologie & Li-ion bat.

innovation at work

L TO: Li4Ti5012 Altairnano
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2) Nanotechnologie & Li-ion bat.

Si-nanodraty: anoda pro Li-ion
>3000 mAh/g (srov. grafit 372 mAh/qg)

Nature Nanotechnology, 3, 31, 2008
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Nanowires
- Facile strain
Efficient 1D relaxation
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3) Nanotechnologie & Li-ion bat.

Anoda z cCisteho Li (3850 mAh/qg)

a Lithium deposition Lithium dissolution
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DalSi antikorozni vrstvy : grafen, BN...

Zdroj: Nature Nanotech. 9, 618, 2014



Dalsi nove technologie

Baterie Li-vzduch

Anoda: Li « Li* + e ..... [3850 mAh/g]
Katoda: 20, + 2e- — O?% ..... [LiOH; Li,O, Li,0,,Li,0,....]

Nevodny elektrolyt Smiseny (kapalny) elektrolyt Pevny elektrolyt

Aprotic Mixed Solid state

Aqueous-Aprotic /—\

i Reaction
REREMGN RenEtlan Polym.er- products
Spontaneous products Spontaneous | | | products ceramic
SEI 5 SEI o,
2 Li+ conducting Cathode

Aprotic

ceramic
Cathode electrolyte

Aprotic
electrolyte

Li* conducting | Aqueous
membrane electrolyte


http://upload.wikimedia.org/wikipedia/commons/f/f9/Li-air-mixed.jpg
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David V. Ragone
rektor CWR Uni, 1988

Hustota energie: U.l.t/m

Hustota vykonu: U.I/m

konvencni kondenzator

Jak rychle?ll

Uzite¢né schema pro libovolné zafrizeni:
Vertikalni osa: Kolik energie Ize ulozit
Horizontalni osa: Jak rychle Ize ulozenou energii uvolnit



[ Honda elektromobil: paliv. Clanek + superkondenzétor}

Triz Floncdz FCL

Energie je kratkodobé ukladana v superkondenzatoru
Béhem brzdeéni: nabijeni
Akcelerace: vybijeni



1) CZ firmy na trhu Li-baterii

ollfe

. gette’
h in f.nlfe'y

supercapacitor

Li-ion battery (LiFePO,)

Zdroj: http:/lwww.olife-energy.com/



Bezpecnost Li-ion baterii

Sony batterie: Dell-notebook
Samsung Galaxy Note 7




2) CZ fll‘my na trhu Li-baterii HIGH ENERGY 3D ACCUMULATOR

Bringing fulnre cloger

LCMS (LiCo,,Mn, 4O,)
4.1 V; 90 Ah/kg

I
w
P $ 3 mm
1 kWh; 12 V 90 Ah, HE3DA battery — N
Electrode thickness 1-3 orders of ) @ ) \ Q 2 mm
,50um Thin Fim 5000um lahs:;::fi:;iz : | \\\\\\\\I\\N $

C

# LTO (Li,Ti:O,,)
1.5 V; 170 Ah/kg

Separators




Nové vyzvy: Na-ion

Katoda: uhlik, grafen
Anoda: Na,FePO,F, Li,FePO,F, NaVPO,F, LTO...
slitinove anode: Na;Sb, NazSn and NagP...

Na/S baterie, ZEBRA: Na/NiCl,

Zeolite battery research Africa, Pretoria
DalSi moznosti (teoreticky): Mg?*, Al3*

ALE: Potfebujeme opravdu nahradit Li? [ — 1

Svétové zasoby Li..... 14-40 Mio tun (bez oceanu)
Zasoby pod Cinovcem.. 1 Mio tuny?

= 240 TWh = 1 % svétové spotr. elektfiny

Tesla S Model: 85 kWh; 14 kg Li => 3 mid vozu
Nissan Leaf: 24 kWh; 4 kg Li => 10 mid vozu

(celkové na svété ca. 1 mld. automobil()
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1) Nanotechnologie & Li-ion bat. Li,TisO,, (spinel): nabijeni/vybijeni
Rychlost (proud):
2C, 50C, 100C, 150C, 200C, 250C

] ] ] | T A B A B | Lov o bvraa by ot ] 1 ti i |
; - ; e e ; e —

: - | o B ) ®
| ro | | .

24+ 1 FENCECEEE |
3 i 3 S - | I S z

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Potential, V vs. Li/Li+
Potential, V vs. Li/Li+

1.4 —

1.2 H

N
NN\
)c:j'*"“'z;c:' RN """"" R

LS I(
)]

o4 Ut |5

. T T | T T
100 150 200 250 200 300
lil.t, mC lil.t, mC

» Komeréni material (& =1 um) e nanomaterial (J =~ 10 nm)



