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Kuidas saab
elektrienergiat
salvestada?

» Mehhaaniline
-> hooratas,
veereservuaar

->
superkondensaator
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http://www.chemicum.com/?video=96&lan=EE
http://www.chemicum.com/?video=95&lan=EE
http://www.chemicum.com/?vid=99&lan=EE
http://www.chemicum.com/?video=97&lan=EE

Olemasolevad susteemid

o Al-6hk patarei -> 1300 Wh kg

 Li patarei -> 360 Wh kg

e Li-ioon aku -> 200 Wh kg

e NiIMH aku -> 120 Wh kg1

e Plilaku -> 40 Wh kg

« Superkondensaator -> 5-10 Wh kg2

[1] http://en.wikipedia.org/wiki/Energy Density



Superkondensaatori to0pohimote

« Laetud superkondensaatoris on elektroodidel laeng,
mida stabiliseerivad adsorbeerunud ioonid.

 Poorne susinik on vaga suure eripinnaga

~“|® o @ T



Lammutame
superkondensaatori laial

Leia pildilt voolukollektor, membraan,
aktiivsusi, kest, elektroltut?

DYNACAP DYNAC
D..Z .
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Lithium Cell I||t|umpatarel
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34
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Anoodil(-): Li -> Li* + e
Katoodil(+): MnO,, + Li* + e~ -> LIMnO,,
Kokku: Li + MnO, = LiMnO,,
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Li-loon aku t00pOhimote

« TUHJENEMISEL:
o (+)elektroodil: Li;,C00O, + XLI* + xe <->LIC00O,
Co** redutseerub Co?*, Li+ ioonid tasakaalustavad laengu

e (-)elektroodil: Li,Cg <-> XLi* + xe" + 6C

Li-grafiit okstideerub Li+ ioonideks, mis liiguvad
(+)elektroodile

on naiteks LIPF4 lahus etuleenkarbonaadi ja
dietutlkarbonaadi segus.



Kutuseelemendi to0pohimote

 PEM - polimeerelektrolliut-membraaniga kiituseelement: plaatina-
susi, nafion, toatemperatuur

e« SOFC - tahkeoksiid kiituseelement: keraamika, 600-1000 °C

membraan \H 4 /__',"' elektroltt

O, + 4H* + 4e = 2H20""'~b"‘“'/ Hp = 2H*+2e



Lammutame PEMI laiali
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Huvipakkuvad elemendid tuleviku
energiasalvestites

redutseerijad

1 18
IA VIIIA
[H] oksudeerijad He
2 13 14 15 16 17 | 2,
1TA 1A VA VA VIA VIIA '
Li | Be katallisaatorid BICIN[O]JF [Ne
4 7 10
9.01 14.01 20.18
NaMg oo 10 Al Si| * | S |Cl|Ar
3 4 5 6 7 VIIIB 11 12 a0 oo
I1IB IVB VB VIB VIIB IB 1B ) '
K |Ca | Sc | Ti Cr Fe |C 1| Cu Ga | Ge | As | Se | Br | Kr
19 20 21 22 V 24 M n 26 0 N I 29 Zn 31 32 33 34 35 36
39.10 40.08 44 .96 47.88 52.00 55.85 63.55 69.72 72.61 74.92 78.96 79.90 83.80
Rb|(Sr| Y | Zr | ND| Mo [ Tc |Ru|(|Rh |Pd|[Ag|Cd | In |[Sn |[Sb [ Te | I | Xe
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
85.47 87.62 88.91 91.22 92.91 95.94 (97.9) 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 126.90 131.29
Cs |Ba|La | Hf | Ta| W | Re |Os | Ir |Pt|(Au |Hg| T1 |Pb | Bi | Po | At [Rn
55 56 57 72 73 74 75 76 77 79 80 81 82 83 84 85 86
132.91 137.33 138.91 178.49 180.95 183.85 186.21 190.2 1982.22 196.97 200.59 204.38 207.2 208.98 (209) (210) (222)
Fr |[Ra| Ac | Rf |Db| Sg |Bh | Hs | Mt
87 88 89 104 105 106 107 108 109
223.02 226.03 227.03 (281) (262) (263) (282) (2685) (2686)
Ce| Pr |Nd |Pm |Sm | Eu [Gc| Tb | Dy |Ho | Er |[Tm| Yb | Lu
59 60 o1 62 63 B85 ob B7 68 69 70 71
140.91 144.24 (145) 150.36 152.97 158.93 162.50 164.93 167.26 168.93 173.04 174,97
Th| Pa | U INp|PulAm(Cm|BK | Cf | Es |Fm|(Md|No | Lr
S0 91 2 93 94 95 96 97 98 929 100 101 102 103
232.04 231.04 238.03 237.05 (240) 243.06 (247) (248) (251) 252.08 257.10 (257) 259.10 262.11
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Teoreetilised patareid
(hapniku massi arvestamata, 50% redutseerijat)
e B-Ohk -> 8000 Wh kgt (19000 Wh L1)*
e Li-dhk -> 6000 Wh kgt (3200 Wh L)
e Si-0hk -> 4500 Wh kg (10500 Wh L)
« Al-6hk -> 4300 Wh kg (11600 Wh L)
 Mg-6hk -> 3200 Wh kg (5500 Wh L)

» Miiigilolev Li aku -> 170 Wh kg2

[1] http://en.wikipedia.org/wiki/Energy Density



Hind (99%) / SIAL (to0stuslik)

B 2000-4000 EUR/kg

Li 1600 EUR/kg (110 $/kg)
Mg 86 EUR/Kg

Si 52 EUR/kg (2 $/kg)

Al 44 EUR/kg (2 $/kg)

e Maakoores: Si— 25,7 %:; Al — 8,1 %: Li — 0,002%.



Al-Ohk patarel

anoodil: Al + 30H- — AI(OH); + 3e-
katoodil: O, + 2H,0 + 4e~ — 40H"
kokku: 4Al + 30, + 6H,0 — 4AIl(OH),

Selline patarel (mehhaaniliselt taaslaetav)
voimsustihedusega 1300 Wh kg on
kasutatav USA sOjavaes.



SI-0hk patarel

e p-Si| EMI-2.3HF-F |0, (C)

i d Air cathode

7 n

|IIr f {4 { [ A

| Il | [l v | I

Negathve electrical terminal | ' | ll I | | | positive electrical terminal

!;;I:__ f_
|Electroly | '
| _____ | Alr penetration
| | \

I|I \ [ ||I f \ \ ‘Il

\ i'l.;'l \ ¥ i II',J'
Plastic plates

[G. Cohn, D. Starosvetsky, R. Hagiwara, D.D. Macdonald, Y. Ein-Eli, Silicon-air
batteries, Electrochem. Comm. 11 (2009) 1916.]



Boriidpatarel

K,FeO,~VB, > 310 mAh g*-> 370 Wh kg

TiB, vot VB, anood. Katood on 76.5% K,FeO,, 8.5% AgO, 5% KOH ja
10% 1 pm grafiiti.

Capacity, mAhfg Capacity, mAh/g
A0 900 1200 0 1000 2000 3000 4000

—a— [ischarge, original —&— [ischarge, original
= —o—syele 3 :—:':I;_:—‘\
o g \ﬁ:\k —— ycle d B e eyele 1 — e gycle 4
a il —O—cycle 5 —a—cycle 2 —O—gyele §

E Cycles {b]l Cycles
3 5
Original discharga Onglnal’rduscnarg&
1.2t ’
oaf

0 200 200 ) 800 1000 O 500 1000 1500 2000
Time, min Time, min

Charge/discharge of alkaline TiB, anode—NiOOH secondary button cell

[X. Yu, S. Licht, High capacity super-iron boride battery, Electrochim. Acta 52 (2007) 8138. ]



Li-Ohk ja Li-rani aku

« el vahenda liitiumi hinna probleemi, kuid
energiatihedust on voimalik suurendada ja sellega
tegelevad paljud teadlased Ule maailma

 Li-ioon nanotraatidega patarei -> 700 Wh kg=. Kui
grafiidi (LIC,) asemel kasutada rani (Li,Si) saame
olulise massi kokkuhoiu. Tsukleeritavus on
viletsam, kuid esimesi kommertsiaalseid tooteid on
varsti turule oodata.

» Kasutades MnQO, voi CoO, asemel hoopis 0hku
voidaksime selle massi arvelt — Li-Ohk aku peaks
andma ule 1000 Wh kg



Soojus otse elektriks

* Bi,Te; on levinuim termoelektriline materjal (ZT = 0.9 )

« Hiljuti on 2 teadlastegruppi leidnud, et individuaalsed rani
nanotraadid voivad kaituda kui efektiivsed termoelektrilised
materjalid (ZT = 1.0)

N | P N || P
7 ‘?? v @?

| | | L L D—
+| !

http://en.wikipedia.org/wiki/Thermoelectric_effect


http://upload.wikimedia.org/wikipedia/commons/8/8b/Thermoelectric_Generator_Diagram.svg
http://upload.wikimedia.org/wikipedia/commons/3/3b/Thermoelectric_Cooler_Diagram.svg

Vormel 1 KERS

F1 Voistkonnad voivad kiirendamiseks kasutada 60 kW
voimsusega KERSI, mis salvestab kokku 400 kJ (111
Wh) energiat. “Boost” nupule vajutades saab seda
lisanduvat 60 kW (82 hobujoudu) kasutada 6,6 sekundi
jooksul ringi kohta. F1 autod on enamjaolt valinud
elektrilise salvestussusteemi, vaid Williams katsetab
hoorattaga.

Pooled tiimid, sealhulgas Ferrari ja Renault, kasutavad
elektrilist KERS susteemi, mille on valja to6tanud itaalia
firma Magnetti Marelli. See ststeem kasutab thte 60 kW
vedelikujahutusega harjadeta alalisvoolumootorit ja Li-
loon akusid prantsuse firmalt Saft.

AUTOMOTIVE, 01:33 March 26, 2009



http://www.gizmag.com/automotive/

Li-ion: full coverage of every storage requirement

100 000 -
Ultra-high power [VLU) ]-lgh Power Li—innl\ﬂ.j:‘ High energy Li-ion [VLE]
Ua\&;' h power Li-on [VLV] Medium Power Li-ion [VLM)
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Energy (Wh/kag)

http://www.saftbatteries.com/Technologies_Lithium_Liion_301/Language/en-US/Default.aspx



Chemistry. Potent potato power

Nature 465 , 848 (17 June 20107 | doi 10 1038/455848d
FPublished online 16 June 2010

Cited research: J. Renew Sustain. Energy 2 033103 (20100

Schoolchildren are routinely shown how to convert potatoes into makeshift
batteries using copper and zinc electrodes. Haim Rabinowitch at the Hebrew
University of Jerusalem in Israel and his colleagues now report a way to rev
up the power output: by boiling the potatoes first.

Buoiled ar electroporated Solznuwm tuberoswrm produced a voltage up to ten
times higher than raw potatoes. The authors calculate that energy production
from these potatoes is five- to fiftyfold cheaper than commaonly used batteries
and can produce light, through LEDs {light-emitting diodes, pictured), more
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cheaply than kerosene lamps. Potatoes could thus provide an inexpensive way to power low-energy

appliances.

The authors suggest that rupturing tissue membranes by boiling or electroporation alters the properties of

the tissue sandwiched between the electrodes such that it enhances the energy-generating capahbilities of

the hiological power cell. D.C.

A. GOLBERG, HESREL L. JERUSALEN
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Selgitav videomaterjal

Keemiline vooluallikas
http://www.chemicum.com/?video=95&lan=EE

Vesinik-hapnik kUtuseelement
http://www.chemicum.com/?video=96&lan=EE

Tuuleenergia salvestamine vesinikuna
http://www.chemicum.com/?video=97&lan=EE

Alumiinium-6hk patarei

http://www.chemicum.com/?v=Homemade aluminium-air battery.flv

Millest koosneb Li-ioon aku
http://www.chemicum.com/?v=What I1s inside a Li-ion battery.flv

Kodune superkondensaator
http://www.chemicum.com/?vid=99&lan=EE

Superkondensaatori teadus Chemicumis _
http://www.chemicum.com/?v=Superkondensaatori_teadus.flv&lan=
EE



http://www.chemicum.com/?video=95&lan=EE
http://www.chemicum.com/?video=96&lan=EE
http://www.chemicum.com/?video=97&lan=EE
http://www.chemicum.com/?v=Homemade_aluminium-air_battery.flv
http://www.chemicum.com/?v=What_is_inside_a_Li-ion_battery.flv
http://www.chemicum.com/?vid=99&lan=EE
http://www.chemicum.com/?v=Superkondensaatori_teadus.flv&lan=EE
http://www.chemicum.com/?v=Superkondensaatori_teadus.flv&lan=EE

Demonstratsioonkatse vOI
praktikum

Teeme Ise:

* Sidruni(kartuli)patarei: sidrun, vaskplaat, tsinkplaat
* Vesinik-hapnik kltuseelement: vaavelhappe lahus,

plaatinaelektroodid, klaasist V-toru klaasmembraaniga, hapniku- ja vesinikuballoon,
voolikud ja klaastorud.

e Alumiinum-0hk patarei: susielektroodid, alumiiniumfoolium, Toru-

Siil, keedusool, anum, Tic-Tac tops

o Superkondensaator: stisielektroodid (veefilter, sdel, EPO,

kruustangid), katepaber, Toru-Siil, Tic-Tac, kiirEPO. Taielik valmistamine nduab 2
paeva liimide kuivamise tottu. Esimene laadimine kestab ka 66péaev.

-> krokodillidega juhtmed ja tester

Ja kaivitame lambi, mootori vOi heligeneraatori



Millega tegeldakse Chemicumis

« Kutuseelemendid — prof. Enn Lust
e Superkondensaatorid — van. teadur Alar Janes
« KOigega — teadur Tavo Romann
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