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The (+) or (-) composite electrode.

Mixing the Active material with

Electron-conductive agent (CB powder) = e- conductivity
Liquid electrolyte within the porosity = Li* conductivity
Polymeric binder B = Cohesion and Adhesion
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Potential (V) vs. Li
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Potential (V) vs. Li

The different contributions (simula
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Potential (V) vs. Li

The different contributions (simu
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What is the role of the binder
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1. Binders are polymers

Original (NON-aqueous) Binders
Poly(vinylidene fluoride) = standard industrial binder Li-Ion batteries,
Poly(vinylidene fluoride-co-hexafluoropropylene) = Bellcore technology , < 5
Poly(tetra fluoro ethylene) = wet process for laboratory , < 5 V
Poly(ethylene oxyde) = dry LMP batteries, < 4 V vs Li°/Li*

Poly(methyl methacrylate) = gel, < 4.6 V
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1. Binders are polymers

Aqueous Binders for aqueous processing

A big issue

Environment, cost, safety concerns => switch from non-aqueous to aqu
processing techniques

Drawbacks:
» Stability of the AM in water ?

- Water elimination

N-methyl-2-pyrrolidone

O




1. Binders are polymers

Carboxymethyl cellulose (CMC), rheological aid

Polyacrylic acid (PAA), for adhesion -(CH,-CH), -
strength to the current collector ¥, CI-O

Styrene-butadiene rubber latex -(CH,-CH),-(CH,-CH=CH-CH,),-
(SBR latex), elastomer (binder).
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Processing

Mixing AM+CB+B in a solvent

Liquid electrolyte

Connecteur (-)

Calendaring

Container /

métalique (+) |

Collecteur

Event  de courant Capot

Plaques
isolantes

Séparateur

Electrode (+)

Electrode (-)

or this machine: 5 m / min

From CEA
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Instabilities in electrode slurries

Settling




Instabilities in electrode slurries
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Dispersants for the aqueous proc
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Thickeners
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Thickeners

Specific Capacity (mAh/g)
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Thickeners

G' & G" (Pa)

Re-structuration of the
slurries after constant shear.

HPMC = liquid-like
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The electronic conductivity

e- electronic conductivity follows a percolation

10" 350

[ 300 — Wired AM parti

g’ Below @,
D

Above @,

100

107 ) - 250

102 | 200

10% - 150

104 | - 100

(B/yyw) Ayoedes abieyosig

Electronic conductivity (S/cm)

D. Guy et al., 2006,
J. Electrochem Soc

10° =Y

106 | . : : : : ‘ ‘
0 3 4 6 8 10 12 14 18
CB (%viv)

0

ocessing and aspect ratio of the conductive

20



The percolation threshold

®. dependence < role of the binder during the pro
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The tunneling mechanism

Tunnel junctions

CB

Binder

Electronic conductivity (S/cm)

w (nm), mean extrapolated value
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rbon, 2002 (thermal fluctuation-induced tunneling model).
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The ionic conductivity

Li* ionic conductivity «_ <o bulk condutT

Influence the rate performance electiciis
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The wettability
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Mechanical properties: the binder's

Adhesion to the current collector

Cohesion of the composite electrode by particle-to-particle kb

X 10,000 5.0kV LenssSE SEM

TEM image : Anne-Claire GAILLOT (IMN)




Modelling ?

Model of the Mechanical toughness in polymer-base
materials for aeronautics, automotive... applications:

Strength of composite < Strength of interface

f = force
of the bond

¥ = number of
bridging chains

NSA Lyon), L. Léger (Coll. France),
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Role of the binder on the mechani

The calendaring

Maximum applicable calendaring pressure

|
|
|
|
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mass of binder per total
surface area of the grains
(mg / m?)
2 = number of
bridging chains
29
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Role of the binder on the mechanic

The assembly 2
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Role of the binder on the mechanic

f = force
of the bond

......

Graphite and amorphous carbons
negative composite electrode

weak hydrogen bonds
--------------------- » H atoms from graphite = scrapping load < 1,000g

ic / covalent bonds
C atoms from amorphous carbon = scrapping load > 10,0009

31
04, Chem. Mater. Yoo, M., et al. 2003, Polymer.
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The SEI / interphase layer (5 -

Gas - Evolution
SEl \ + ‘.. Y

H
-‘I

Interphase

Decomposed Species Origin Effect on Performance
CH,=CH,, H,, CO Solvent(s) Increase of cell pressure,
EL loss (drying out)
Polymers, e.g., PEO Solvent(s) SEl contribution, cell resistance,
EL loss (drying out)
LiF LiPF, Change of EL conductivity,
SEl contribution, cell resistance
Li,CO,, (CH,0CO,Li),, CH;OLi Solvent(s) SE| contribution, cell resistance,

From M. Winter

Li (c/o cathode)

Li capacity loss = Change of
material balance in cell
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Improvement of efficiency with aqu

E/V vs. LilLi
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Improvement of efficiency:

- more uniform covering of graphite
grains with Polyacrylate than with PVdF

- COO- groups enhancement of the de-
solvation / intercalation of Li* ions
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Conclusion

Polymers for Li-Ion electrodes 5%w < 1-2%v
- Binder

- Processing aid (dispersant, thickener)
- Participate in the electronic wiring

- Participate in the ionic wiring

- Participate in SEI formation and efficiency

Critical dependence on the nanometer scale,

-Poorly defined !

-Properties of polymers in ultra thin layers
different from the bulk !

to be done on well defined polymers

fundamental research
TEM image : Philippe MOREAU (IMN)
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