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Le sodium ?

Oui monsieur. Mélangé avec du mercure, il forme un amalgame, qui
remplace le zinc dans les éléments Bunsen. le ne s’use jamais. Seul le
sodium est consommeé et le mer me le fournit elle-méme. Je vous dirai
que les piles au sodium doivent étre considérées comme les plus

énergétiques et que leur force électromotrice est double de celle des
piles au zinc.

Jules Verne

20 000 Lieues sous les mers

Hetzel ed, Paris 1870




1 Billlion Cars in 2010 and #
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...and 1.3 Millions fatalities on the roads!
> 2 millions deaths from air-borne particles in big cities




L'électrolytes au
cceur des batteries...

-20 < T <55°C

Higher energy density

But which electrolyte ??



3 Familles d’électrolytes
PEO / [(LICF;SO,),N] Liquids: LiPF, in THF
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Aging / Failure modes
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Simplistic remedy:
Add a Mn ** trap
N@G)C(0)A(l), ¥3,%,Ys

¢ 15 -25% unsustain able
(Co), toxic (Ni)!
e Less safe than LiMn ,0,
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Li-ion = 150 km

Lithium metal / polymer = 250 km

Taxi on average V country = 200 Km/day



> 220° Runaway!

180° Lithium melting

Operation starting

+50°C
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§ Polymer Electrolytes
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“ > 220° Runaway!
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180° Lithium melting

Electrolyte boiling

Lithium metal plating
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Under the hood
climate
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Stability Domains

Onset of Al corrosion
(electrolyte —dependent)

N <iico



Stability Domains

= Al OX|dat|on W|th LiPF :
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Li/Al alloy formation
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Sécurité active / Passive

Technologiée




The role of solvation
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Non-protogenic solvents
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— design of polyatomic anions

— Chemical fragility



Les Classiques...

Tendencyv ’Q\Ovnpose according to equilibrium:
W\ LiPF = PRy + <LiF>
0‘5 PF +H o = HF
O(\\* auction of electrolyte and interfaces (dissol  ution
of Mn, Fe ...)




Al: conventional wisdom

Al3*: Al°is 1.3 V positive of lithium = always in the passive zone for the +
electrode. There is no other choice (Ti !)

C W:  Some solvolytic instability of the anion is nee ded to prevent
breakdown of the Al ,O, / AlF ; passivating layer = vicious circle
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Une cascade chimiqueg

/ 2
O=P—O—R

\
O0—R3
+H,0 = HF!

X, Y, R = H, Li, C(=0)OCH,...
Oversimplification!

S Laruelle, S Grugeon et al.. J. Power Sources 178-1, 409-421, (2008)



Electrode de Graphite sans carbonates

alicvcligues, < 4V
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Conception de nouveaux solutés

e plus covalents
e pas/ moins de fluor
e pas de corrosion de Al

‘ “O” n’est pas une « brique » tres favorable :

interactions Li—O fortes = paires d’ions, #* ClO,

si O present, For C F,. ., estrequis

“N, C” sont favorables :

Interactions faibles Li—N / C mais oxydation facile ‘



FSI

more conductive than LiPF

largert .

Normalized Heat Flow ( mW/mg)

1/3 fluorine, S—F far more covalent than P—-F

Safer with carbon electrode

more favourable low temperature phase diagram/ ©

200°C

LiXCG/ 1M LiFSI in EC+DMC

~ Li C/LP30 B
x 6

145°C

80 120 160 200 240
T(©)




Hydrolysis at RT: LIFSI LIPF

HF in LiPF _ solutions
7500+
__ 6000- LIPF4: immediate and
s guantitative hydrolysis
& 4500-
O B H,Oin LILIFS! solys
T 30004 S : :
o LIFSI: no hydrolysis
T 1500- | _
, Solutions
o4 oA T =7\
HF in LiIFSI solutions
-1500-

0 3000 6000 9000 12000 15000
t (min)



Hickel anions...

Aromaticity 4n + 2 « Tt» electrons

X1_X2 X1_x2

. o\ . 1/ 7\
O-0 Ik — O

0 :
X =N, C-CN;’CR,, S(O)R;
I

Ne”

CF;

DCTA no F, TDI
stable to Li °, LFP stable to LMO

N




Conductivities (20°C)
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LiPF; 1M in
EC/DMC

Electrolyte
LP30

LiFSI

LiTDI 1M in EC/DMC

LIiDCTA



Anodic limit (Al, EC-DMC)

50 anodic stability EC DMC Al 30 mVs
TDI
50 +
LP30
40 L
C}r\ LITFSI
gso_
< =
Eonl
10 |
]
O_ . J
o 1 2 3. 4 5 6
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% of C/10 capacity
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Na, FePO,F

O-Na,FePO,

id electrolyte to be found

No Na/Al alloy fgmation




surconcentration
conductivité U

Formation de dendrites
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électrolytes polymere avec t+ =1

CF3

O=S=O 0=8=0 O=S=O O=S=O

N' N' N' N'
o= S o O= S O o= S O O= S 0
CF3 CF3 CF3 CF3

~elefe)l fo)



Vers 2 électrons / métal detransition ...
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Potential vs. composition for the system
Li, ,FeSIO, N, fory=05andy=1




Conclusions...

Les carbonates + LiPF  sont un miracle qui a permis le developpement du Li
ion a 4V. S’il ne suffit pas pour les VE  (HF et autre, vie calendaire et cyclage) , ily a

peu de démarches rationnelles pour respecter les ha  uts voltages.

LiFePO , est “le pari de Pascal” dans la mesure ou la technolo gie ne change

pas pour les el. liquides et les densités d’énergie s sont comparables (hélas @
110- 130 Wh/kg).

prismaticLiCo0,/C
<3.9 V, il est possible de concevoir  (+ mir .

5% 2% 3% 3%
peu ou pas de F, pas de corrosion Al, dure \' - @ plastic
16% fiee

I positive electrode

B Graphite

Attention, le LMP est en embuscade avec a g o

CCAl

température est absurde (un batt non refroidie
Mais Bolloré ne communique pas (plus) ! electrolyte

separator

packsging




Mercl de votre attention !

Sylvie Grugeon
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Aluminium corrosion at 4.5 V vs LI */LI
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Solvent properties

Solvent name and Developed Tm (°C) Ter (°C)  Dielectric  Viscosity
abbrev. formula (Flash pt) constante cP (25°C)
Ethylene carbonate 0/_\0 248
EC \gr 36 (160) 90 1.85
Propylene carbonate 07 \0 49 242 65 2 53
PC Y (123) '
0
v-butyrolactone QO ) 204
J-BL 0 44 (60) 39 1,7
Acetonitrile _ 81
loni é—c=~ 48 a 375  0.369
Glutaronitrile AN o 286
______________ oL v P g P
Dimethyl carbonate NN 95
DMC h 5 18) 3.1 0.6
tetrahydrofuran 66
_____________ w0 e gy T2 o
Methoxy propionitrile O~ 57 165 36 11

MPN S (61°)



Materials weight break-down

prismatic LiCoO,/C

3% 2% 3% 3%

\lg

H carbone

m plastic

W positive electrode
B Graphite

BCCCu

mCCAl

N packasging

0 electrolyte

separator




separator
electrolyte P black carbon

LiMn,0,, 39%



Cycling (LIFNFSI vs LiPF,)
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® The cells with LiIFNFSI display much better cycling performances than those
with LiPF4 at both room temperature and elevated temperature (60 °C)



Touchy Science!

FIRE!
—_—

Either lethal or permanent lung damage!

Cat LITmO,
LiPFg + 2 o\n/o — / \/ \ + POF; + LiF + 2CO,

150-220°C

(0)
LD50 = 0.1 mg.Kg ! for mice!!!!

A. Hammami, N. Raymond & M. Armand, Nature, 424 (6949), 635-636, (2003).



