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b A A 'A B c Angstrém Advanced
Battery Centre
Drygt 50-tal forskare fran tre olika institutioner:

Institutionen for kemi — Angstrom (oorganisk kemi, polymerkemi och strukturkemi) och
fysik och astronomi (kondenserade materien och teoretisk fysik)
Framforallt experimentalister men ocksa teoretiker

Dessutom ca 6 personer i prof. Maria Strommes grupp i nanoteknologi Inst
teknikvetenskaper

Minst ca 50 internationella publikationer per ar
3-5 disputationer per ar
Disputerade finns i svensk industri och i olika akademiska miljoer

Batterifondsprogrammet

@Energimyndighefen
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Anodes
Cathodes
Electrolytes
Interfaces

New concepts

The Angstrom Advanced Battery Centre

- Research activities
Li-ion, Na-jon och Mg-jon batterier
Men ocksa vattenbaserade

« Synthesis of new materials
* New characterisation methods
« Fundamental processes (lifetime, energy,
power (etc.)
« Large scale storage — grid, EVs
(collab. with industry)

Beyond Li-ion

Li-O, // \\ Organic electrodes

Li-S

Future chemistries: Na, K,
Mg...

Li-metal
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Daniel ‘ ' Bjorefors
Brandell Torbjorn Le|f Nyholm Férdjupad
(Polymer-) Gustafsson Pappe.rs elektrokemi
elektrolyter ~Maria Hahlin  Kristina  Reza Younesi ALLT battgner,
Litium-Svavel Interfaces och  Edstrom Framtida Flexibla
Interphases  Det mesta system batterier och
Finns pa fysik 3D batterier
Finns pa
Martin Sahlberg Nickel oorganisk
metallhydrid kemi

Det finns inga granser och
vattentata skott!

Jor
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(V vs. LilLi*)

Potential

d-spacing (A)

In situ XPS?

Capacity (mAhg ™)

Cykling av litiumjarnfosfat studerad med operando neutrondiffraktion
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Negativa elektrodmaterial for litium
och natriumbatterier

Stort kiselprogram men ocksa kolmaterial och
andra intermetaller och oxider
Mal: arbeta med energitata och N tbat

miljovanliga material Horizon 2020 som har

kick-off snart. Koord.

Exempel
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Interfaces och Interphases

Det vi ar kanda for internationellt! Standig metodutveckling!
Manaders mattid pa olika synkrotroner per ar

Gransytor mellan elektrolyt och
elektrod paverkar livslangd,
kapacitetsforlust, resistans etc. i
batteriet! Studerar modell och
verklighet!

Ambient pressure XPS!

HEVC Graphite CAL Graphite
- - e — - g:l

Li system Na system

Edge

Middle Inorganic rich

Edge

~ Organic rich

Homogeneous
structure

CCC Graphite Layered
Edge structure
Middle Inorganic rich
Edge

Fe,0,/CB/CMC electrode

Skin

M. Klett et al., J. Power Sources 2014 B. Philippe et al., Chem. Mater. 2014



Positiva elektrodmaterial
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Av tradition alla mojliga oxider, silikater, fosfater, Li,FeSO,F, etc.

Litiumrika och LiNiy :Mn, .0 ,

1
100

Just nu hogvoltsbatterikatoder >Reasonable
N— capacity fade was
2 ool c20 achieved
o 5 120 c/
ygen i :C@ C/5
— E 100
> C/ Cr2
S 804 C
g8 2c
O 60
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E—— o0 % 40+ Different thickness for LNMO
E repared at UU (86wt% LNMO)
%2 ‘5—" FULLCELLS ETQP: Com:-nercial (5.5 mAh cap).
B'\\ Oxygen sites at which localzed 204 |—— LNMO: 3.75 mAh LP40
S, holes can form shown in red Density of states N(E) ) — LNMO: 4.46 mAh
Samarbete P.G. Bruce. Nature Chem. 2016 on line o
Cycle Number
Li-rich FCC
Just nu hogkapacitetskatoder Materials Concept

e

Disordered e
Bulk =g’ ance
Structures o
Interfaces Transport

Evaluation & Management

ReachMAX

Men ocksa
Scania/Volk-
swagen

Nytt FET-open
Horizon 2020
Koordinator
Helmholtz
zentrum Ulm
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Organisé eletroder

Idealized life cycle of an organic electrode issued from
renewable materials
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co, co,
release assimilation

e R » Biomass
. Battery ’ég
LIO,C™ XX Lithium Elaboration of

Thermal organic raw
destruction of « ashes » materials
spent batteries

5 Battery Biorefinery
utilization Q&
SUSBAT Battery marketing using @') Elabo_ration _of active
advanced packaging @ materl?ls using green
technologies Battery chemistry concepts

processing
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"Free-standing electrodes”

Freeze-casting

heat treatment

€ No extra binder or carbon additive was added.
@ 65.9 wt% of silicon in the electrode.
@ Fully encapsulation of Silicon NPs within the 3D graphene foam.
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Power density (W/g)
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Forena energi och effekt — 3D

o
2D thin- ?
film
2D thick film
Energy density (Wh/g)

K. Edstrom et al., ECS Interface 20 (2011)
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(,Sepantor

Al nanopillars:

3

LiFePO,-coated carbon foam \-'t..umt collectors

Habtom Desta Asfaw Lic thesis 2015
Gabriel Oltean thesis 2014

Kan ocksa

@ o anvindas for
Energimyndigheten att géra
fristaende

elektroder
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v' 3D Li-ion microbatteries and other Li based batteries
v' Flexible paper based energy storage devices

v' Electrodeposition, electropolymerisation
and anodisation

v Corrosion and bipolar corrosion screening

Cu nanorods with Cu,0

Paper based energy storage devices .
TiO, nanotubes



wesirer — SPES can realize solid-state batteries: higher energy sensity, Li-metal possible,
lower cost, prolonged ageing, more safe, etc...
But: Conductivity is too low!

Our approach at UU: investigating novel polymer materials — polyester and polycarbonates
instead of polyethers.

>95% of scientific literature: Easily synthesized and functionalized: PTMC

polyethers +o /\/], o
, A - oJ\o . \L i /\/J\
* &7 A A . k) Sn(Oct), o~ o

T™C PTMC

v Amorphous

v' High dielectric constant
v Thermally stable

v’ Biodegradable

| SPE coated PTMC-based batteries:
| pillar battery Operational at room T
| electrodes temperature! \| T
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Li-S and Li-O,
batteries

Started as an ERA-NET
together with Scania

Continues as a STEM/VR
project

@Energimyndighefen
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It is possible to use graphite

as an anode in Li-S

D. Brandell & M. Lacey



Cellstudier
Projekt inom och relaterade till SHC

u
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Snabbladdning
Livslangdsstudier - ALP som leds av Volvo Cars

Anti Liivat SHC-associerad Teoretiska

berakningar
. @ Hogtempbatterier
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Impact och samverkan

Inbjudna som talare pa de flesta batterikonferenser

S

Aktiva i EU-projekt @ that [li-@

Medlem sedan starten i network of excellence
ALISTORE-ERI

LiRichFCC

Medarbetare fran flera av de viktigaste batterigrupperna i
varlden — samarbetar aktivt med flera

Initiativtagare till NORDBAT - en nordisk batterikonferens

Organiserar i ar ISPE. Har anmalt intresse att arrangera IBA
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ALISTORE-ERI and
French Ministry

Swedish 7S
Energy Agency ()ntbat an i-<

e% | EIT KIC InnoEnergy \/ STINT

KIC InnoEnergy CC Swed en

Stiftelsen M6 imternationalisering av
— hiigre uthildning och forskning

Vetenskapsradet




