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Go beyond Li-ion! But what is there???
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Go beyond Li-ion! But what is there???
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Battery Materials

2nd/3rd Generation 4t Generation 5th Generation ?
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The Characterization Challenge (I)

The “simple” ELECTROCHEMISTRY
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POWER vs. Energy Density
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What do WE normally characterize?

- Specific charge of the material (mAh/g)
- Voltage of a half-cell (V vs. Li)
- And sometimes the cycling behavior...

2Li + 02 Li,0
ca. 1800 mAh/g @ 4V

—> 7200 Wh/kg

® @ &

‘e
% %)

X .0
D “)

“ s
¥ .

g8 ‘S8 &8

Electrochemical Energy Storage Section




?

What is a REAL Battery
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Specific Energy
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Specific Energy

X

2Li + 02Li,0
ca. 1800 mAh/g @ 4V

= 2000 Wh/kg

This Is the
maximum for

an ideal
chemistry!
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And the ENERGY EFFICIENCY?

30% of the S
stored energy [
IS “LOST”!IN 3
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T. Ogasawara, A. Débart, M. Holzapfel, P. Novak, and P. G. Bruce, J. Am. Chem. Soc. 2006 (128), p. 1390
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Air, Sulfur, Lithium, ...
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We HAVE TO Understand All Processes Inside!

Electrode

Mass
transport o
%on D~ 10%cm?/s

Diffusion : D ~ 1019 cm?/s

20, Migration Migration
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Scientific Look into Batteries
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In Situ Characterization of Battery Electrodes
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The Characterization Challenge (Il)

The Lithium-Oxygen Cell
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Differential Electrochemical Mass Spectrometry

Electrical Insulation
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MS - How Does It Work?
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The Lithium-Oxygen Cell

— Cathode composition:
+_ 25 % Carbon
= %% 33 % Binder (fluorinated polymer)
7 42 % MnO, catalyst
@ * : Electrolyte:
> . Propylene carbonate
= 22 1 M LiPF
-

7] Counter electrode:

' Lithium
12 Current density: 250 yA/cm 2

4 90

Specific charge [mAh/g] (per m . oq4e )
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DEMS: Li,0, — O, + Li,
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(1995) DEMS: Li,0, — O, + Li,

electrode with Li ,0O,
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T. Ogasawara, A. Débart, M. Holzapfel, P. Novak, and P. G. Bruce, J. Am. Chem. Soc. 2006 (128), p. 1390
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(2000) DEMS: Reactions in the Lithium-O, Battery

oxidation of a composite electrode containing Li ,CO3 In
response to a stepwise increased current under Ar
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S. A. Freunberger, Y. Chen, Z. Peng, J. M. Griffin, L. J. Hardwick, F. Bardé, P. Novak, and P. G. Bruce,
J. Am. Chem. Soc., available on web (2011). - doi:10.1021/ja2021747
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The Characterization Challenge (lil)

The Lithium-Sulfur Cell

g%

Electrochemical Energy Storage Section




PAUL SCHERRER INSTITUT

ol :
The Lithium-Sulfur Cell

Sulfur is cheap, abundant, and environmentally beni

Li-S battery:
Specific Charge: <1170 Ah/kg (Li,S)
Specific Energy: ~ 2500 Wh/kg

= 2500/ 4 = 625 Wh/kg for the “real” battery

8 ;3
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The Lithium-Sulfur Cell
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The Lithium-Sulfur Cell

Sulfur: Insulator

(Conductivity: 5-10 1% S/cm)

Aqging of electrodes Dendrite formation

(e.g., by formation of (if Li metal is used

Inactive precipitates as anode material)
such as Li ,S and

Li,S,)

Polysulfide shuttle

ma;ﬂ Electrochemical Energy Storage Section
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The Lithium-Sulfur Cell: Standard Separator

— 15t cycle

ST — 2nd cycle
3rd cycle
2 i I
4th cycle \

1 — 5th cycle +| -:-ﬂ?:‘

Current (mA)

Voltage (V vs LilLi+)

5Py , BBZES . .
o Electrochemical Energy Storage Section




PAUL SCHERRER INSTITUT

RS :
The Lithium-Sulfur Cell: No Separator

Beginning of the 1st plateau

Beginning of the 2nd plateau

sulfur f carbon :

Electrnde
in alurminum mesh

.
b
Pt .r:,.:‘.'
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diffusion of polysulfides =~ 1M LITFSl in DME
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The Lithium-Sulfur Cell

Cathode

Add a
membrane!

Porous
Separator

Anode

Discharge >

Charge <+
Li,S; Li,S

Ss LiS;

Li.Se

Li.;S, Li,S;

Polysulfides insoluble
Diffusion compounds
through

Separator /\

Shuttle

Sg  LixSg

Li,S;

Li,S, Li.S;

> *I?

Polysulfides reduction on the Anode surface

Lithium plating-stripping

Akridge et al., Solid State lonics, 175, 243, 2004
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Li*-Conducting Membrane: Proof of Concept
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The Lithium-Sulfur Cell: Standard Separator
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The Lithium-Sulfur Cell

Sulfur-carbon electrode in an LIPF  ; / triglyme electrolyte
after shortcutting with a lithium anode.

Use colorimetry and

Raman microscopy!
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Confocal Raman Microscopy

" Notch filter

Beam splitter Grating

Lenses

CCD
Computer
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Raman Spectroscopy of Polysulfide Solutions

“T~Li283 3 =2 ss-ru287 L

& { 2

20000

Intensity [arb. units]

10000 No significant shift in peak

positions observable

200 400 600 800 1000 1200

Wavenumber [cm™] Solutions prepared by Robert Bosch GmbH
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Raman Spectroscopy: The Markers

Polysulfides
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The Lithium-Sulfur Cell: Where Are We?
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Conclusion

* Development of in situ methods is pure fundamental research...

* ...but it helps to avoid future problems in the battery industry.
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