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Advances in battery technology

Primarily driven factor: Improvement in energy density
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The “perfect battery” doesn’t exist, however the potential global impact that
even relatively moderate improvements can have is astonishing
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Worldwide battery market cic
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Electric Powered Vehicles:
The rising trend
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Electric Powered Vehicles: New applications:
The rising trend Stationary energy storage
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Atomistic modelling cic
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AY = E¥

(e.g., MP2, RPA, CCSD(T))

Density Functional Theory
(LDA, GGA & hybrid functionals)
Semi-empirical methods
(e.g., tight-binding model)

Empirical potentials
(force fields)
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4 Electrochemical delithiation of Li,Fe(SO,),

2016

4 Phase stability of Na,FePO, (0sx<1)

2016

4 Phase transformations in layered Na,;Fe,;Mn;,30, polymorphs

2016
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Polymorphs of Li,Fe(SO,),

Monoclinic versus orthorombic structures

Li,SO, + Fe''SO,
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CASM EIectrostatic.s DFT
(Ewald summaion)

Li,Fe(SO,), Li,Fe(SO,),

All Li atoms are involved in the electrochemical process
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Orthorhombic Li,Fe(SO,), cic
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Li,Fe(SO,), Li, ;Fe(SO,), Li, ,Fe(SO,),
Lil: 100% Li2: 100% Lil: 100% Li2: 50% Lil: 100% Li2: 0%

Only Li2 atoms are involved in electrochemical processes

The Lil sublattice does not participate in the electrochemistry
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Phase stability of Na FePO, cic
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(1-x) FePO, + x NaFePO, —> NaFePO,
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Polymorphs of layered Na, Fe, ;Mn,;;0, ele
Phase transitions involve different stacking sequences GUNE

Two layered oxide polymorphs with exactly the same Na composition synthesized
for the first time
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Atomic structure of Na, ;Fe, ;Mn, 0, Kele
Na/Fe/Mn ground-state arrangements GUNE

CASM EIectrostatlc.s DFT
(Ewald summaion)

in 03 in P2 in both P2 an O3
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Na ion diffusion in Na, ;Fe, ;Mn, ;0,

P2 versus O3 local environments
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Na diffusion is easier in P2
polymorph than in O3 phase
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QO First-principles insight into electroactive materials is an to:

v’ Systematically explore compositional and structural spaces

v Design materials with better electrochemical performance

v Accelerate materials discovery

10t RES UC - September 20, 2016 15



Acknowledgements ciC
energi

GUNE

J Team

"
Nebil A. Ariel Oier
Katcho Lozano Arcelus

O Collaborations
v'Basque Center for Applied Mathematics (Spain)

v'Imperial College London (UK)
v'"UPMC Univ. Paris, Collége de France & CNRS (France)

v'Univ. of New South Wales (Australia)
v'CEA, LITEN (France)

e e 4B THE ROYAL
E @ SN PREom % SO ETETY @ @

10t RES UC - September 20, 2016



