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[ ] Graz, 18.01.2010 Prisentation ICTM
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Die Geschichte des Akkumulators

e 1/91
« 1800
e 1859
e 1933
1990
1991

“Froschenkelbatterie” Luigi Galvani
“Voltasche Saule” Alessandro Cont de Volta
“Bleiakku” Sinsteden and Planté
“geschlossenerr NiCd-Akkumulator” Dassler
“* NIMH-Akkumulator” Sanyo

“Lithium-lonen-Akkumulator” Sony

Graz, 18.01.2010 Prasentation ICTM
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Ragone Plot fur verschiedene Batteriesysteme*
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*D. U. Sauer, ,Elektrische Energiespeicher in Hybrid - und Elektrofahrzeugen®, Seminar fir Kraftfahrzeug- un d Motorentechnik, Berlin, 2009

Graz, 18.01.2010 Prasentation ICTM
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Markt und Marktumfeld*

Markt flr wlederaufladbare Batterlen
per Batterletyp (in Mrd. US Dollar)

20 _ — Der Markt fur Lithium-lonen Batterien hat von

- Li-P
18 ) 2003 bis 2008 um durchschnittlich 22 % im
= e Volumen und 17 % an Wert zugelegt.
14 _
12 E X — 2008 wurden 3,1 Mrd. Batterien produziert
" - +14% (Umsatz weltweit: USD 7,2 Mrd.)
a _ p.a.
|- — Weiterhin starke Nachfrage an Lithium-lonen
4 _
- . Batterien prognostiziert: erwartetes
- ||||||||||||||||I|"| o Marktwachstum von USD 5,9 Mrd. 2009 auf USD
P rr et 13 Mrd. imJahr2015(CAGR14%p.a.)
2000 3] 10 15 20

* http://www.vartamicroinnovation.at/

[ ] Graz, 18.01.2010 Prisentation ICTM
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Mehrkosten durch die Elektrifizierung

Non Battery Fuel
Battery  Incremental Efficiency
Cost Cost Total Cost Gain
Micro Hybrid $100 $500 $600 5% - 10%
Mild Hybrid $600 $1,000 $1,600 10% - 20%
Full Hybrid $1,200 $1,000 $2,200 25% -40%
PHEV $6,000 $2,000 $8,000 40% -65%
Electric Vehicle  $11,000 $0 * $11,000 100%

* = |ncremental costs offset by elimination of ICE and other components

Batteriesysteme: Energiedichte vs. Kosten

Energy Density Cost

Lead Acid 30-40 wh/kg* Eur/wh 0.15
NiCd 40+* Eur/wh 0.20
NiMH 71 WH/kg* Eur/wh 0.60

Li lon 105-170 wh/kg™*

Source: M. Keller and P. Birke, Continental Powertrain

Eur/wh 0.3-0.4

Charge Cycles

500-1000
1000-2000
1000-2000

7000+

Graz, 18.01.2010

Prasentation ICTM
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HEV: Jahre bis zum ,Break-even-Point

NiMH Hybrid Fuel Economy Gas Savings Yrs. To Break
Cost Premium Avg @ 3.61/gal Even @15k mi/yr
NiMH Battery

2008 Nissan Altima 2.5S 4dr 27
2008 Nissan Altima Hybrid 4 dr S 1,561 34 490 3.2
2008 Toyota Camry LE 4dr 26
2008 Toyota Prius 4dr S 3,489 47 989 3.5
2008 Honda Civic EX 4dr 31
2008 Honda Civic Hybrid S 2,803 43 578 4.8
2008 Saturn Vue XE 23
2008 Saturn Vue Greenline hybrid S 4770 29 684 7.0
2008 Escape XLT 23
2008 Escape Hybrid S 4,161 32 568 7.3

Source: Edmunds.com

[ ] Graz, 18.01.2010 Prisentation ICTM
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Lithium-lonen-Batterie
- . E
Li,C, — C,+xLi + xe Li,. MO, + xe + xL| — LIMO,
0 Sauerstoff
" O Metal

!—O-> - Kohlenstoff

@ Lithium
— Entladung

- | adung

Negative Elektrode E lektrolyt Positive Elektrode
E

Zellreaktion: L MO, +Li,C, I LIMO, + C

Markteinfuhrung 1991 (Sony), Typ 18650: 1,0 Ah ; 10 US-$, Akkumulator
Sony ist seit 2000 Marktfiihrer im wiederaufladbaren Kleinformat-Markt,
2008:10 groRRe Hersteller, > 7,2 Milliarden US$ Umsatz, Typ 18650: 2,4 Ah — 2 US$

[ ] Graz, 18.01.2010 Prisentation ICTM
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Aktivmaterialen - der Baukasten der Lithium-lonen-Ba

tterie

A = — =
Energie = Spannung x Kapazitat
® Cathode materials:
b . ' State of the Art Materialien
Lithium/Li-ion
5+ xLi,MNnO,/(1-x)LiMO, (M = Mn, Ni, Co, Cr) Kathode
5 n e & o oy LiCoO2 : 140 Ah-kg L ; 3.6 V
a4 LNNO, ’ LiFePO4 : 155 Ah-kg %; 3.3 V
73]
> "yt etc., etc. Anode
E 39 3V Graphit: 372 Ah-kg -1
E Anode materials:
2 - Lithium/Li-lon
i, Ti.O,, Metal oxides (displacement-type)
1 - Graphite Sn
Carbons
0 250 500 750 1000 1250 1500 1750 3750 4000
Capacity / Ah kg
Graz, 18.01.2010 Prasentation ICTM
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Baukasten Elektrolyt

Salts High dielectric Low viscosity Electrolyte
solvents (HDS) solvents (LVS) additives
Qo 7
it e VC
o ME \—/
- 5
EC Insufficient PPN
Oxidation i
% Stability Ly FEC
Toxic or PC
Explosive or
Corrosive or o
Not Well- -
Conductive
Uneffective

SEI
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Herstellung der Aktivschicht

Agueous Vvs. non-aqueous aprotic solvents (cathode materials sensitive to water!)

Binder dissolution vs. binder dispersion (processing solvent!)

dissolved
(e.g. FVdF in
NMP-organic

solvent)

dispersed,
e.g. rubber
binder in
water

binder
active material

Li battery materials expand and shrink
during Li uptake and removal: binder influence!

U+
Easily
accessible ~ l

surface

f

U+
Partially {e.g.,
by binder) blocked surface,
limited electrolyte access

U+

:

L' < ]

Uniform
material
. utilization | Distributed
—* mechanical
siress
Locally
concentrated
mechanical
L_Dcally siress
different
material

utilization L

Graz, 18.01.2010

Prasentation ICTM
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“Lithium-Speichermetalle”
Das Speichermaterial der nachsten Generation

Reversible Bildung von Intermetallischen Phasen mit Lithium (“Lithiumlegierungen”)

Li,M

R
314

Laden

M+ XLItT+Xe"

Lithium-Speichermetalle werden in Analogie zu Graphit im entladenen
Zustand verwendet — SEI Bildung findet bei der Formierung statt

| adungsdichten:

He

B|C|N|O|F|Ne

AllSI| P | S |Cl|Ar

Fe|Co | Ni |Cu|Zn|Ga|Ge]|As |Se | Br | Kr
Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|[Te| I |Xe
Os| Ir | Pt |AulHg| Tl |Pb| Bi | Po| At | Rn

LIC: 759 Ah/L

LIAI: 1.8 x larger
Li,;Sh: 2.5 X larger
Li,,Sns: 2.7 X larger
Li,,Sie: 3.1 x larger

Graz, 18.01.2010

Prasentation ICTM
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...Jedoch: grol3e Volumen- und Strukturanderung
wahrend der Lithium Insertion

Charge normalized volume / cm’ (Ah)'1

Ladung zu Volumenverhaltnis von
Lithium-Speichermaterialien

15

Lic, LAl Li,Si, Li,Sn, Li,Sb

2275

Li C Al Si Sn Sb

S o e

A

TR o TonJer REG T i

[on IS gevnd Riem Je) 2

M Li,M

+Li

C LiC,

Vorwiegend strukturelle MaRnahmen um die
dimensionale Instabilitat zu Uberwinden!!!

Graz, 18.01.2010

Prasentation ICTM
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Strukturelle Mafl3nahmen zur Verbesserung
der Zyklisierbarkeit

M |- (i M ]

Einbettung der reaktiven i
matrix reactive phase
7

Phase in eine dimensional \
stabile Matrix b ‘i
Beispiele: _ + L

Sn/SnSb (TU Graz 1993) -
Sn-Co-C hybrid anode (Sony 2005)
Si/carbon composites

“Going Nano*
Kleine absolute Volumenénderung
trotz gleicher relativer Volumenanderung

Komposit Elektroden

+e

[ ] Graz, 18.01.2010 Prisentation ICTM
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Advanced Cellulose Based Binder*

1800

1600—- Discharge 8% PVdF Cheaper raw materlaIS
1 — Charge 8% PVdF .
1400+ Designable
1200 . .
s Environmental friendly
£ 1000
2 00 Water soluble Parasitic reaction caused by
S \\ silicon nano particles!!!
S 600
O
e D N | 2000 7 100
] 105
200 | ]
o )‘ e 88%@100 cycles EE:
T T T T T T T T - e ] ]
0 0 20 30 40 ]
Cycle number 'm CapaClty I'Gtantlon E 85
= . X
<é: q80 2
. — 1000 _/ —: 75 L>)‘
Fluorpolymer based binder > 1. &
E ‘G
© . 3 Q
= 2 v% electrolyte additive added 365 1o
Advanced cellulose O 500- ]
based binder discharge capacity: modified binder E 60
charge capacity: modified binder Jes
efficiency: modified binder 3
0 T T T T T T T T T . 50
0 10 20 30 40 50 60 70 80 90 100

Cycle
*Patent number: W0O2009012899 (Al)

[ ] Graz, 18.01.2010 Prasentation ICTM
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New Core-Shell Silicon Graphite Composite Material*

Entladekapazitat / mAh-g”
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500 - - - -

A00 < - - e e

300 -

200_- 1 Kapazitéit Graphit I ......................................
100
0 I | | I I
0 10 20 30 40 50
Zyklen
=SRateRiNeRber=bE-102008063552.9
FlE:"HARDF {GIFY . . V = 100000 x
Graphit-Si

Graz, 18.01.2010

Prasentation ICTM
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Olivine Structured Cathode Materials
LiIMePO, (Me = Fe, Mn, Co, Ni)

LiIMnPO4

Voltage Theor. Cap. | Diffusivity
vs. Li/Li * / Ah-kg -1 / cm?2.s1

LiFePO, 171 108
LiMnPO, 4.1 170 107
LiCoPO, 4.8 167 107
LiNiPO, 5.1 167 105

[ ] Graz, 18.01.2010 Prisentation ICTM
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Capacity Balance Relationships: Anode U Cathode
Spec. Charge /Ah kg™ | Capacity Ratio: | Spec. Energy | Improvement in
Anode Cathode Anode:Cathode Wh kg1 Spec. Energy
?gj (Lg?Oz) 272:1 360 @3.6V | Standard
4(28?)0 (Lg?Oz) 30.7:1 463 @ 3.5 V + 29%
?gj Li[Nio.17|—?o(.)2c2)Mno.61] o, 1.86: 1 494 @ 3.8 V +37%
?gj LiNiO.:I\‘A‘gl‘S o, 2651 468 @ 4.6 V +30%
(Si(/)&) Li[NioﬂLiZozSMnom] o, 4.00:1 592 @ 3.7 V + 65%
3(?32 3(%2;) 1.15: 1 7724 @ 4.3V | TR UNATE

Graz, 18.01.2010

Prasentation ICTM
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Lack of Fossil Energy Sources Today- Lack of Lithium

30 MT LCE

10° Vehicles = (/Q
|

Lithium Demand 2020: 280 KT
Lithium Production 2020: 310 KT

Top 3 Lithium — Produzenten

e Chemmetall
*FMC Lithium
*SOM

Tomorrow?

Graz, 18.01.2010

Prasentation ICTM
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EV- Tesla Roadster

Kenndaten Batterie

6831 Zellen Typ 18650
55 kWh bei 400 V Speicherkapazitat

Zyklenstabilitat
500 (80% der Anfangskap.)
=135.000 km

Ladezeit: 1 Std. (80%)

B.0,2% Aluminium-_ B 3,5% Separator /
Stromableiter / / B 5,5% Aluminium-

/
O 0,6% Nickel- o Kollektor
Stromableiter -

O 8, 1% Kupferfolie

_~003,2% Binder

i v
B 5,1% Gehiuse 0O 1,6% Leitruld

— 0,4% Leitgraphit

[17,2% Elektrolyt— .
~~M@0,4% Leitgraphit

% Li % M,
LiCoO, 3,3 27,7
LiFePO, 2 16,3

Entspricht 75 kg Kobalt fur die

BTATlTEFEelEdeme“s Fir 2.000.000 PKW's L \.A o
»1esla Roadster 150000 Tonnen Kobalt Kam;d_eT- reseEE
materia
Graz, 18.01.2010 Prasentation ICTM
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Avallability of Recourses

Basis Masse Masse Jahresférderung 1 Jahr,grs];girldirr]ung
o Roadstr | EV kg 1 Mio. EV /10° 103 Tonnen %
Tonnen
Lithium 5,03 5,03 24,970 20,14
Mangan 68,4 68,4 11610 0,59
Eisen 39,7 39,7 2200000 0,002
[ Jora | s | s | e |
Nickel 69,1 69,1 1658,3 4,17
Kupfer 24,3 24,3 15625 0,16
Aluminium 17,1 17,1 37780 0,05

[ ] Graz, 18.01.2010 Prisentation ICTM
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Motivation

[ ] Graz, 18.01.2010 Prasentation ICTM
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