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Electric mobility: an introduction

Battery research is business-driven
so are the basic research needs
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Revolution in the word of energy management

but also in the way that research must proceed




e layered oxides and their evolution through the years
EI LiCoO, (1991) [ Chemically substituted samples
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!E‘. , Increasing the capacity further via chemical substitution
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(d The Li-rich NMC phases (] Design model materials
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Dahn et al. , Chemistry of materials 15, (2003),3214-3220

A single cationic redox center

Sathiya , Tarascon et al., Nature Mater., 2013 + worldwide patent



[3{3 Origin of the extra capacity in Li-rich materials
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Direct evidence for an anionic redox process
(20~ (O,)™)in Li-rich lamellar compounds

E. McCalla , J.M. Tarascon et al., Science , 2015 M. Sathya, J.M. Tarascon et al. (Nature communications, Fevrier 2015)



(2D Layered oxide)

/

Voltage (V vs Li"/Li)

05 06

NATURE MATERIALS. 2013

07 08 09 10

x in LiCoO,

Cationic
framework

. w__Anionic

framework

<

12. 827-835 . NATURE MATERIALS | VOL 14 | FEBRUARY 2015



new playground for designing high capacity electrodes

Li/M composition
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Lv;, ayered LIMO, oxides have enabled today’s boom in EV's

ishihara, K. et al. Life Cycle Analysis ~
__Proc. 5" Int. Conf. EcoBalance, 293-294 (2009).
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» Assembly of a battery of 1kWh
Is it the perfect solution with v Energy needed = 327 kWh

respect to sustainability ? v CO, rejected = 110 kg

D. Larcher and J.M. Tarascon, Nature Chemistry (2015)




How to make more sustainable Li-ion
batteries ? A few trends

v Design electrode materials based
on abundant chemical elements

v’ Use of renewable organic electrodes

v" Explore chemistries beyond Li

D. Larcher and J.M. Tarascon, Nature Chemistry (2015)
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Sustainability thrust: diversification of the

battery ystems for enhanced performances .
Time to market
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None have reached the maturation stage ...




e Na-ion battery: an alternative to Li-ion for sustainability
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'ij to prepare a Na-rich phase via a sustainable approach?

[ Synthesis via ball milling Electrochemical performance

0 50 100 150 200
SN f ) 4h -
J-: 7':»”[ | | 3
DA (New phase) L 2l
O 1t
. :u;f i) Ball millwih 1N,P for an | 0|
% : | S
TG 8 0,
N S 4
:nw-ﬂj S 4F e
2 )Na)L PO, S s
A 100
c 3t 2 e
9 i Ego' lllll.l....-.......
£ l 2 — st Sa
—2nd g 40{ = NaSVZ(Poa)stlC
- o 1 S| o Na,V,(PO)F/C
[1] i 0 T r v .
composites W-1cu (deg) 0 © s0 100 150 200
(3<x<4) Capacity (mAh/g)

Assembly of 18650 Na-ion cells for benchmarking against Li-ion

B. Zhang et al. Nature communications Volume: 7, 10308 ( 2016) Patent: B. Zhang et al. N°® de dépdt : EP15305956



ce_a Q RSHE The Na,V,(PO,),F,/C technology: First 18650 prototypes
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The Na,V,(PO,),F4/C technology: 55°C cycling & self discharge

[ Cycle life & One week self-discharge of NVPF/C at 55°C
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What could be tomorrow’s battery
research

Basic problems emerging from
concrete technological challenges




Looking ahead: New research challenges
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Better traceability

Establish the state of health record of the
battery just like for humans

» E. Musk: (100 $ kWh in 2025)
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Efforts towards instrumental
miniaturization for real time

!
monitoring of the batteries in the field
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C. Grey and J.M. Tarascon, Nat. Mater. 2016, 16, 45-56.



Looking ahead: New research challenges
Establish the state of health record _heal;
of the battery just like for humans :> Develop self-healing processes

Build self-healing processes
Into the original battery design
(vectorization)

Electrode recovered
by an SEI

(Prevents the
crossing of Li*)

.....

Clogged artera

- by cholesterol
5 (Prevents
W ' blood circulation)

Interdisciplinary research which is still in its embryonic state

C. Grey and J.M. Tarascon, Nat. Mater. 2016, 16, 45-56.



How to fackle this Issue 7
Innovative chemistry on the battery separator
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Functionalization to trap species released from side reactions




“f Electric mobility: Conclusions

o
/ Anionic redox as a new \ @velopment of a C/Na3V2(PO4)%
paradigm to design electrodes Na-ion technology via materials
with double capacities and electrolytes innovations
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( Future research challenges\

dealing with SOH batteries
Foreseen EV @@ Foreseen battery
future - future
Development of sensing .
Hardware and self-healing processes Materials

\ via innovative chemistry )

Software Sensing
+ services + monitoring)
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