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WELcoME ADDRESS

Welcome to NordBatt 2022!

On behalf of the International Scientific Committee and the Local Organization Committee, | am pleased
to welcome you all to NordBatt 2022 i taking place as a fully in-person meeting at Chalmers University
of Technology, Goteborg, Oct 261-28™. NordBatt started in Sweden in 2013 and after touring the Nordic
countries it is now, after all the struggle the last few years, back in Sweden and larger than ever before
I gathering and supporting the Nordic-Baltic battery R&D&I landscape.

The theme of this edition of NordBatt, i Fr om mobi | e el ect r iemu retlectedénlowc t r

programme. While the very usage of batteries to enable electromobility comes natural for a conference
organized in Athe City of Vol v-system withecactasrard ppopl®that
conceptualize, model, create, produce, test, evaluate, install, use, recycle, etcé batt er i es

least those who fund our battery R&D&I activities. Looking at the oral programme you find our 3 truly
prolific international Plenary Speakers, some of the best of what the Nordic countries can offer as 8
Invited Speakers, visions from the Nordic battery industry and stakeholders at large via the 7 Special
Oral presentations, and not the least 20 more Oral presentations. In total 38 presentations in plenum
and to this we add a poster session, and not the least a nice conference dinner for everyone! | hope for
engaging and fruitful discussions as well as exchange of ideas.

As the battery community is growing rapidly, we need to make sure that we produce the skilled labor,
competencies and excellence needed for the field to innovate and prosper also in the future. Therefore,
Early Stage Researchers (ESRs) are especially important. At NordBatt 2022 we emphasize this in
several ways; a special, totally free of charge, 1-day pre-conference only for ESRs, to allow them to
strengthen their own networks; several oral presentation slots given to ESRs, to enhance their visibility;
and poster and oral presentation prizes to ESRs, acknowledging the excellence shown by ESRs and
boost their CVs.

As this is the 5" NordBatt we can also celebrate, for example we in collaboration with Wiley will have a
Special Collection in the prestigious journal Batteries & Supercaps to which all presenters at NordBatt
2022 will be invited to contribute, alongside all previous NordBatt plenary speakers.

Last, but absolutely not the least: our Partners, Sponsors and Exhibitors are those that, together with all
of you, make NordBatt 2022 what it is T a meeting place for the entire Nordic battery value-chain. Please
make sure to look around the exhibition area to see all new equipment etc on display i or perhaps test-
drive an electric motorcycle?

Finally, Goteborg can be challenging weather-wise in late October, thus the NordBatt umbrella(!), but |
sincerely hope you take some time to enjoy our city relaxing with your colleagues and network.

A

Patrik Johansson,
NordBatt 2022 Conference Chair
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GENERAL INFORMATION

NordBatt 2022 takes place at Chalmers Conference Centre, located at
Chalmersplatsen 1, the nearest tram-stop being Chalmers.

The oral sessions will take place in Palmstedtsalen. Presenters should provide
their presentation via a USB stick to the speaker assistant, at the latest , in the
break before the session in which they present. Usage of own laptops is not
permitted.

Plenary Speakers are given 35 mins + 5 mins for questions.

Invited Speakers are given 25 mins + 5 mins for questions.

Oral Speakers are given 15 mins + 5 mins for questions.

Special Orals (10 mins) are to hear the word of industry, no abstracts available.

The poster session takes place in Scaniasalen, Wed 26™ of Oct at 17:00.
(Remember to bring your drinks tokens for the bar! )

Posters can be mounted from the morning of Wed 26" of Oct and should not be
larger than AO standing format (84.1 cm x 118.9 cm). Please remove your posters
by Fri 28" of Oct 13:00 at the latest.

Inside the poster sessio n we have the Speaker 0s, a@ecovrfeatare for
NordBatt. The purpose is to facilitate spontaneous short presentations for (very)
small audiences. The SC is simply a high-table to place your own laptop;
No beamer, no PA-system, etc. i just you, your laptop screen, and the people
gathering around you at the table. A designated moderator will arrange the order of
presentations, ad hoc.

The NordBatt 2022 exhibition area is located in the lobby just outside
Palmstedtsalen.

Lunch and Coffee is included for all attendees and will be served outside
Palmstedtsalen.

Conference Dinner is included for all attendees and will take place at

A K- r wureasn giesarme building as NordBatt, but in the very South end of the
building.
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PROGRAMME

Day 1: Wed 26" of Oct

Time What Presenter Title
09:00 Registration
Patrik Johansson
09:50 | Welcome (Chalmers University of Technology, Welcome address NordBatt 2022
Sweden)
Materials/Technologies |
Session Chair: Patrik Johansson

. Jerry Barker The Journey to Commercialization of Sodium lon
10:00 Plenary (Jerry Barker Consultants, England) Batteries
10:40 Special HanHo Lee Li-ion battery capacitor with high power, extended life

' Oral (Beyonder, Norway) and moderate energy for 2030

) . Dorthe Ravnshaek The role of disorder in intercalation type electrode
10:50 Invited . : .

(Aarhus University, Denmark) materials
Aleksandar Matic . N .
11:20 Invited (Chalmers University of Technology, Towards L|—metgl.bat.ter|es ! mgchanlsms and
stabilisation strategies
Sweden)
11:50 Lunch
Materials/Technologies Il
Session Chair: Dorthe Ravensb aek

13:00 Invited Maria Hahlin Operando surface analysis of battery electrodes i from

' (Uppsala University, Sweden) model to applied systems
1330 Invited Pekka Peljo Pathways towards sustainable stationary energy storage

' (University of Turku, Finland) with flow batteries
14:00 Oral Xiuyun Zhao Challenges and Recent Progress of Mesoporous Silicon

' (University of Eastern Finland, Finland) as Lithium-lon Battery Anode
14:20 Oral Niguse Sahalie Developing Electrolyte Formulations with Zwitterionic

' (Uppsala University, Sweden) Monomers for Better Lithium-lon Batteries

. . NOVO Energy i a joint venture between Northvolt and
14:40 Sge};llal (N OVEOeEﬁSrantsg\?ve den) Volvo Cars. Sustainability, scale, and a comprehensive
9y, approach to volumetric energy density in BEV cells
14:50 Coffee
Materials/Technologies lli
Session Chair: Pekka Peljo
Jinhua Sun .
) . ! 3D hollow spheres assembled by 2D nanomaterials for
15:30 Oral (Chalmers University of Technology, high-performance electrochemical energy storage
Sweden)
Frode Haskjold Fagerli o
15:50 Oral (Norwegian University of Science and Surface Termination iont_rol (_)f 2D MXenes for Battery
pplications
Technology, Norway)
16:10 Oral Anastasia Mikheenkova Ageing Mapping in Commercial Ni-rich Lithium lon Cells
' (Uppsala University, Sweden) for Electric Vehicles
Julia Maibach . .

) . . How about Glyoxals? Evaluating alternative Electrolytes
16:30 Oral (Chalmers Unglv?/rés&%/n?f Technology, for Si/Graphite Composite Electrodes in Li-ion batteries
16:50 Special Greger Ledung Challenges and opportunities along the Swedish battery

' Oral (Swedish Energy Agency, Sweden) value chain
17:00 Poster Session / Speaker & corner
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Day 2: Thurs 27 ™ of Oct

Industry / Next Generation Batteries

Session Chair:

Nataliia Mozhzhukhina

Martin Winter D . .
(Helmholtz Institute Miinster How smart application of rather simple elect_rochemlcal
09:00 Plenary - ! methodology can help to better understand ion transfer
Forschungszentrum Jilich & MEET, :
) ; N and metal anode batteries?
University of Minster, Germany)
Jessica Olsson & Robin Pettersson . S -
. . . ; Nordic Battery Collaboration i competition makes us
09:40 | Special Oral | (Business Sweden, Business Finland )
and Innovasjon Norge) sharper, collaboration makes us stronger
09:50 | Special Oral Martin Kirkengen Innovative Slllcon-b_ase(_j _Anode Mf_;\terlals for High-
(Cenate, Norway) capacity Li-ion Batteries
10:00 Coffee

Industry / Next Generation Batteries Il

Session Chair:

Ulla Lassi

’ (Skeleton Technologies, Estonia) energy storage and its applications
Kirill Murashko . ' . . .
11:00 Oral (University of Eastern Finland, Anchoring _Polysulfldgs gnd improving the _specmc
Finland) capacity of the Lithium-Sulphur batteries
Muhammad E Abdelhamid . . .
1120 Oral (Institute for Energy Technology, Screening of blomass—Qerlved hgrd carbon anodes for
Na-ion batteries
Norway)
11:40 Oral Anders Brennhagen Tracing the (de)sodiation of Bi,MoOs through good and
’ (University of Oslo, Norway) bad times with operando XRD
12:00 Lunch

Lithium based batteries

Session Chair:

Aleksander Matic

. . Adriana Navarro -Suarez L . .
13:00 Invited (Morrow Batteries, Norway) Sustainability: Batteries & Gender Equity
13:30 Invited Josh Thomas Some critical steps in LIB fabrication and their influence
’ (LiFeSiZE AB, Sweden) on performance.
3Jim Shiple The Use of Isostatic Pressing in Research and
14:00 Oral (Quintus Technolg igs Sweden) Development of Scalable Production Technology for All
gies, Solid State Batteries
Marja Vilkman . . I
14:20 Oral (VTT Technical research centre of Materials and Proce'\iz![r;? Bl\ila ?ttgr(i)g: for Stable Lithium-
Finland, Finland)
. Ekaterina Fedorovskaya . . o .
14:40 Oral (Aalto University, Finland) Aging mechanisms of NMC/graphite Li-ion batteries
15:00 Coffee

LCA & Recycling

Session Chair:

Adriana Navarro -Suarez

Kerstin Forsberg P .
15:30 Oral (Royal Institute of Technology, The ROIeBgIt;rylsth(\)llézua::ttli(()) rrlm Ign%kl?‘esé?:gctl?r? Loop for
Sweden) y ycling
Martina Petranikova - : . .
] . . Optimized recycling of critical metals from EV Li-ion
16:00 Oral (Chalmers University of Technology, batteries via combined metallurgy
Sweden)
Evelina Wikner . N
] . . A model platform for life cycle assessment of lithium-ion
16:20 Oral (Chalmers University of Technology, battery production and use
Sweden)
Ulla Lassi Coprecipitation of high-nickel mixed metal hydroxide
16:40 Oral . . . precursors for LIBs: Improved sustainability in the
(University of Oulu, Finland) battery value chain
19:00 Conference Dinner
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Day 3: Fri 28" of Oct

Modelling
Session Chair: Fride Vullum -Bruer

09:00 Plena Céline Merlet Multi-scale models of energy storage materials: Always a

’ ry (Université Paul Sabatier, France) trade-off between accuracy and speed?
Yang Li Electrochemical-Thermal Model-Based Fast Charging for
09:40 Oral (Chalmers University of Lithium-lon Batteries: Nonlinear Inversion-Based Output

Technology, Sweden) Tracking Control
10:00 | Special Oral Hanna Bryngelsson Towards more sustainable EV batteries
(Polestar, Sweden)

10:10 Coffee
Modelling Il
Session Chair: Daniel Brandell
10:30 Invited Simon Clark Accelerating battery innovation through FAIR model-based
’ (SINTEF Industry, Norway) design

Henrik Ekstrom
(COMSOL, Sweden)

Ivano E. Castelli

11:00 | Special Oral Modeling Thermal Runaway in COMSOL Multiphysics

Autonomous Workflows for an Accelerated Design of

11:10 Oral (Technical University of Denmark,
Denmark) Battery Electrodes
. Melania Kozdra Li+ transport phenomena in a composite solid-state
11:30 Oral . .
(Uppsala University, Sweden) electrolyte

@ystein Gullbrekken
11:50 Oral (Norwegian University of Science
and Technology, Norway)

Charge Transport Properties in Concentrated Polymer
Electrolytes by Molecular Dynamics Simulations

Patrik Johansson & Alexey
12:10 Koposov Closure + NordBatt 2024
(University of Oslo, Norway)
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Day 1: Wed 26" of Oct

The Journey to Commercialization of Sodium Ion
Batteries

Dr. Jerry Barker
Jerry Barker Consultants, Oxfordshire, England, UK

Jerry Barker is to many of us the face of Faradion Ltd.
As the founder and chief scientist, he brought them and
the sodium-ion battery technology largely to where it is
today. However, his expertise in moving excellent
battery material research into products via scale-up, start-
ups, and IP has a longer history than that — he was also
active in the field of lithum-ion batteries at Valence
Technologies for many years.

NORDBATT 2022
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The role of disorder in intercalation type electrode
materials

Prof. Dorthe Ravnsbak

Dorthe Ravnsba&k is a Professor in Materials Chemistry. In
2012, she got into the field of batteries working for two years
as a post doc with Prof. Yet-Ming Chiang at MIT. Afterwards
she established her own line of research at University of
Southern Denmark and since November 2021 at Department of
Chemistry at Aarhus University. She has a strong focus on
synthesis and structural characterization of electrode materials
using operando methods.

NORDBATT 2022
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Towards Li-metal batteries — mechanisms and
stabilisation strategies

Prof. Aleksandar Matic

Aleksandar Matic is Professor of Physics and Head of
the Division for Materials Physics; Department of
Physics, Chalmers University of Technology. His
research focuses on materials for energy applications, in
particular for next generation batteries, interface
engineering of Li-metal surfaces, development of new
electrolytes and operando characterization.

NORDBATT 2022
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Operando surface analysis of battery electrodes —
from model to applied systems

Assoc. Prof. Maria Hahlin

Maria Hahlinis employed as a senior lecturer at
Structural Chemistry Program/X-ray Photon Science
program at Uppsala University. She has a strong
background in characterizing and understanding
functional interfaces in batteries, utilizing traditional
UHV  based photoelectron  spectroscopy  for
understanding and improving battery interfaces, as well
as developing operando possibilities for characterizing
battery interfaces using ambient pressure photoelectron
spectroscopy.

NORDBATT 2022
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Pathways towards sustainable stationary energy
storage with flow batteries

Assoc. Prof. Pekka Peljo

Pekka Peljo heads the Research group of battery
materials and technologies at the University of Turku,
Finland, since 2020. His team 1s one of the largest groups
in Europe focusing on electrochemistry of flow batteries,
focusing on discovery of new redox couples and
development of alternative flow battery technologies. He
1s a coordmator of three European projects and a
recipient of the ERC StG.

NORDBATT 2022
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Challenges ard Recent Progressof M esoporous Slicon
asLithium-lon Battery Anode

Xiuyun Zheo, Nathiya Kalidas,Manoj MuraeedaranPillai, VesaPekka Lehto
Department of Applied Physics, University of Eagern Finland, A-70210 Kuopo, Finland
xiuyun.zhao@uef fi

Silicon (Si) is the mog promising anode materia for achieving high energy dendty dueto its high
theoretical capacity (3579mAh/g, 2194 A/L a roomtemperature) and safe eectrochemical potentia
(0.45 V versus Li+/Li) [1]. However, the huge volume change (~280%) during cycling induces
particle fraduring and unstade sdid eledrolyte interphase, reailting in electrical contad loss ard
eventually battery failure [2]. Nanostructuring is oneof the effedive grateges to overcome this isaie.
Some hattery/material companies lave claimed their commercial nano Si anodes, in which
nanotechndogy, swch asmanufacturing S nanopaticles, Si nanowire, or amorphous Si, was adbpted
to reduce the electrode/batiery swelling due to repeated expansion and contraction [3].

Mes@orous S hasa ranoscak pore dructure, and the wid gace can give Si some roomto expand
during lithiation. It makesmesopomusS could be arother choiceto realze the practical application of
Si anodes. Neverthdess, mesoporous S has additiond characteristics compared to other nano S
materials, such as high specific suface aea, highly active surface, and low buk dendty, which can
deteriorate the performance of Si electrodes. All thesechallenges reed to be consdered sriously. The
Phamaceuicd Physics Goup (PPG) atthe University of Eastern Fnland (UEF) is developing porous
silicon materials with differernt etching methods and studying their application as lithium-ion anode
materias. Sdf-standing mesoporous S film and mesoporous S power were devel opead respectively to
study the dfecs d pore charackeristics s S arode © performance and how surface modification
improves eectrode paformance. The results (Figure 1) show tha reversible capacity and initial
Coulombic efficiency of S film electrodes are strongly related to porosity ard suface area, and
cycling performance s mainly affected by S film thickness Appropriate oxidaion of mesoporous S
sufaceto get optimized sufaceoxygen content is a promising way to enharce the dedrochemicd
performance d mesgorous 3 anodesesserialy.

T 2000 A
= ml —=— Charge —>— Discharge Si/Sio,
o L
ﬁ 1200 ‘:; 1600+ l ““Lr:;.?;? ¥ mli‘.:il,l,g ? Oxidation "
i < B . A ™
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Figure 1. Preparation and eectrochemical performance of (a) self-standing mesoporousS film
eledrode [4] and (b)surface modified mesoporous Si powder el edrode in half cells.

References

[1] M. N. Obrovac, V. L. Chevrier, Chemical reviews, 114 (2014 1144411502
[2] M. N. Obrovac, L. J. Krause, J. Electochem Soc. 154, (2007 103-108.

[3] X. Zhao, V. -P. Lehto, Nanotechnology, 32 (2021) 042002.

[4] X. Zhao, N. Kalidas, V.-P. Lehto, J. Power Sources 529 (2022) 231269.
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Developing Electrolyte Formulations with Zwitterionic Monomers for
Better Lithium-Ion Batteries

Niguse Sahalie', Jonas Mindemark'
'Department of Chemistry — Angstrém Laboratory, Uppsala University, SE-751 21 Uppsala, Sweden

niguse.sahalie@kemi.uu.se

High-energy-density lithium-ion batteries (LiBs) have been the focus of extensive research and
development efforts throughout the world owing to their role in portable electronic devices and electric
vehicles. There are practical requirements for such next generation secondary LiBs to enable electric
vehicles with increased range, long battery lifetimes and quick “refuelling”. They include higher energy
densities and fast charge—discharge rates, which hinge on new high-voltage, high-capacity, and high-
power cathode materials and on stable electrolytes with higher ionic conductivities [1] [2].

Current LiBs are nearing their theoretical performance limits. Moreover, they employ expensive raw
materials, such as cobalt, that compromise their green profile and limit the cost reduction needed for
their widespread uptake. In this regard, several cathode materials have been developed without cobalt.
The LNMO (LiNipsMn, s04) cathode is one of the best candidates due to its high voltage and high-
power capability features. However, most of the electrolytes undergo oxidative decomposition at such
high voltage, preventing their real application. Different electrolyte formulations have been reported to
mitigate this issue. However, they end up either decreasing the conductivity of the electrolyte or forming
a resistive passivation layer, sometimes even both.

Herein, in the BetterLiBs project, we have used novel polymerizable zwitterionic monomers (ZIMONS)
as an additive to liquid electrolyte to improve the performance of LiBs. Zwitterionic monomers have
equal numbers of positive (ammonium cation) and negatively-charged (sulfonate) functional groups,
which can help to easily decouple the two charges of the electrolyte salt. As a result, the ionic
conductivity of the electrolyte could be improved. The polymerizable features of ZIMONS are very
important for forming a good passivation layer at the electrode/electrolyte interface, leading to stable
cycling of the battery. The high thermal stability of ZIMONS is also in line with practical requirements.

The BetterLiBs project partly involves the synthesis,
screening, and optimization of more than a dozen
ZIMONS for their -electrochemical performance.
Performing cyclic voltammetry analysis in half cells,
ZIMONS additives are found to improve the stability of
LP57 electrolytes at both reduction and oxidation

=
(X
(=]

@ 00 (baseline)

voltages. The cycling test with different ZIMONS W/ ZIMON_1
additives also showed significant improvement in 40t N m g:mg:_g

capacity and coulombic efficiency in the high voltage
LNMO cathode configured with a Li4Tis0:2 (LTO) anode i X
as shown in figure 1. Other cells based on different cathode 0 50 100
and anode materials are being studied. Cycle number
Figure 1. The performance of LNMO//LTO cell with
and without different ZIMONS additives at 1% (w/w)

Specific capacity (mAh g-)
[=:]
[=]

References

[1] B. Aktekin et al., J. Phys. Chem. C, 122(2018), 11234-11248
[2] S. Park et al., Nature Communications, 12 (2021), 12, 838849
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3D hollow spheres assanbled by 2D nanomaterials for high-performance
electrochemical ener gy storage

Ruigi Chen, Lars Nyborg, JinhuaSun’

Materials and Manuacture, Department of Indugrial and Materials Sience, Chalmers University of
Techndogy, G°teborg, Sveden
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The assmbly structure and norphology of the naromaterials have significant influence on teir
propeties and the perfformance of the corresponding devices made by those maerials. Creating 3D
structures by sef-as&nmbling 2D nanomaterials could dramatically improve the overall performance of
2D maerials for energy storage and convesion, especidly where the Hgh sufacearea ard porous
structure are reeced. Template-asssted methods are the nost popuar way to fabricate 3D structure,
and freez-castng using ice astenplate was conddered as an environmental-friendly and simple
method. However, it is aways challenging to achieve the desrabe 3D structures due to the
unaontrollable ice crystals growth and the limitation of 2D materials dispersion in the system. | will
present an innovdive method that we developed recently to sef-asenble 2D materials for example
graphene and MXeneinto 3D hollow spheres (Fig. 1). Different from the 3D porousnetwork obtained
from conventiond freeze-drying method,[1] such innovaive and simple method allow us to prepare
uniform graphene/M Xene hollow sphees with controllable size and sphericd structure. A series of
graphere tollow spheres with different sze and 3D structures were prepared Advanced in sStu
characterization method was usedto understand the formation of the 3D hollow structures[2] Using as
eledrode neterials, the as pepared 3D hollow spheres exhibit supeaior electochemicd performarce
in terms of spedfic capcitance am rate caphlity thanks to the sphericd structures Our method is
very smple ard canbe <ale W for large scale synthesis with great potential for pracicd applicaions.

Figure 1. SBM imageof 3D graphene hollow spheres
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Surface Termination Control of 2D MXenes for Battery Applications
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Due to their high electrical conductivity and ion intercalation capabilities, 2D MXenes have been
thoroughly investigated as electrode materials for several different battery and supercapacitor
chemistries (Li, Na, Al, Zn, Mg, etc.) since it was first discovered 11 years ago [1,2]. However, in
order to control the ion intercalation properties of these MXenes, and thereby allow for optimized
electrode performance, it is essential to control the intercalation environment governed by the MXenes
surface terminations [3]. From the commonly used HF etching method, a mixture of O-, OH- and F-
terminations are formed, and upon various post-etching treatments, the concentration of these
terminations can be adjusted [4]. Here, we present gas hydrolysation as an effective method to remove
most F-terminations from the MXene surfaces, to achieve improved rate performance of V2CTx and
Ti3C2Tx electrodes in LiBs. Due to the many possible applications of MXenes, surface termination
control is also of great interest beyond battery applications.

Termination groupS' =0, -OH, -F

XXX

ion intercalation

f%%&

Figure 1. A general illustration of a 2D MXene and how the surface termination groups interact with the
intercalating ions and thus determine the intercalation environment. The blue and brown atoms represent
transition metal atoms and C/N atoms.
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Ageng Mapping in Commercial Ni-rich Lithium lon Cells for Electric
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High cost ard suply constraints d adive materials for lithium-ion batteries CIBs) motivates
continual efort in prolongng usable lifetime. A true undestanding of degradation processes behind
battery ageing is, therefore, esential. An additiona crucial challerge is b mimic relevart ageing as
well asto distinguish ageing on differert cell elenments. If onefocuseson apositive ekctrode LIB
ageing contribution, it is common 1o differentiate ageing effect depending on the consequence. These
conseglercescanbe semmrated into loss d active material (i.e. transition metal dissolution, structural
deterioration), loss of lithium ion inventory (i.e. eectrolyte decompostion), and loss of conductivity
(i.e. currernt colledor corrosion, particle ciackng) [1][2]. In the current work we invesigate state of
charge (SoC) window (0-50% 50-100% 0-10099 and temperature (30 axd 4G defendent
degradation in commercial 2170 glindrical cells exraded form Teda Model 3 battery pack The
study was conduded on etracted dectrodes with a particular focus on the degradation of the postive
eledrode. The resuts havwe shown that positive and negative eectrode ageing is dependent on
tenperature and SoC rarge High cosd and aupply condraints of active materials for lithium-ion
bateries (LIBs) motivates continued effort in prolongng usable lifetime: the positive electrode
expelierces stronger degradation & high temperature and high SoC range resulting in loss of acive
materiad and higher resstance (Fig. 1). The recatve ekdrode aging was found to be tightly
connected to SOy particles cegadation. Ageing within the cell geometry is nat homogenous and
variesat bath the negative and positive ebdrodes [3].

Figure 1. Degradaion ources of lithiumion cell.
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How about Glyoxals? Evaluating alter native Electrolytesfor S/Graphite
Composite Eledrodes in Li-ion batteries
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Li-ion batteries ae a ley eraler in the trandtion from fossi fuels to renewale erergy. To further
increa® their market shares beyond consumer electronics in electic trangportation and gid dorage,
higher erergy ard power dersitiesare required. Oneway to achewve higher erergy dersitiesis to add
silicon to the graphite negative ekdrodes. In these canposite electrodes, the high volume changes of
silicon duiing cycling are huffered to some extert but still put significant strain on the eectrode and
SEI dability. We therefore invedigate aternative, carbonae-free electrolyte compostions and
evaluate their impact on the ekbdrode performance These electrolytes were based on the glyoxylic
acetls TMG (1,1,2,2tetramethoxyethane) and TEG (1,1,2,2tetraehoxyethare) [1], sekcied because
of their excellert thermd stability.

While TMG peformed worse than cells cycled in carborete-basedreference dedrolytes improved
performance could be achieved when usng TEG. The latter exhibited a much more stde capcity
profile with overall higher caadties. The poa performance of TMG could be related to a damétic
drop in both graphite ard silicon activity after aready 10 cycles. TEG, on the othe hand, sowed
higher retention of silicon activity, with graphite adivity remaining unchanged from the 1st to the
10Qth cycle. XPS showed tha TMG formed an SEI with dightly higher carbonate content and eadier
and gronger LiTFSI salt decompostion, while -C-O and -CO,Li concertrations were similar when
compaed to the TEG SEI. Andysis of the eectrode morphology revealked TEG to form a smoother
and ontnuaudy connected SEI. This surface layer most probably has a higher ability to
accommodée the slicon volume changes uponcycling, rendering TEG a very promising dectrolyte
cardidate for redizing silicon-containing anodes with high capecity and high stability. Even withou
SEI gabilizing eectrolyte additive or ionic conductivity enhandng co-solvent, TEG showed enhanced
eledrochemicd peaformance with S/Gr anodes compared to a sandad electrolyte based onEC:.DMC
with LiPFe.
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How smart application of rather simple
electrochemical methodology can help to better
understand ion transfer and metal anode batteries?

Prof. Dr. Martin Winter

Helmholtz Institute Miinster, Forschungszentrum Jiilich & MEET
(Miinster Electrochemical Energy Technology), University of
Miinster, Germany

Martin Winter is a true friend of the Nordic battery
community. He has been in the field of electrochemical
energy storage and conversion for over 30 years, with a
focus on development of new materials, components,
and designs for lithium-ion and lithium metal cells and
beyond.
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From Supercapacitors to Superbatteries — high
power energy storage and its applications

Dr. Sebastian Pohlmann

Sebastian Pohlmann is VP Automotive & Business
Development at Skeleton Technologies. After
completing his PhD on Supercapacitors in 2014, he
joined the company and led the cell and material research
and development function for nearly 3 years. Today he
focusses on bringing Skeleton’s novel products into new
applications, with a focus on automotive and on-road
applications. Founded in Estonia in 2009, Skeleton
Technologies manufactures high power energy storage
cells, modules and systems based on Supercapacitors.
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Anchoring Polysulfides and improving the specific capacity of the Lithium-
Sulphur batteries.

Kirill Murashko', Aqeel Hussain!, Tommi Karhunen', Sara-Maaria Mesceriakove!, Anna Lihde' and
Jorma Jokiniemi!

'Fine Particle and Aerosol Technology Laboratory, Department of Environmental and Biological
Sciences, University of Eastern Finland, 70211 Kuopio, Finland
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Lithium-Sulfur (Li-S) batteries are one of the most promising next-generation energy storage systems. Sulfur is
both environmentally friendly and naturally abundant in the earth’s crust, and it offers a high theoretical capacity
of 1675 mAh g!, which is about an order of magnitude higher than that of the transition-metal oxide cathodes
[1]. However, the current Li-S batteries are still plagued by numerous challenges [2]. The sulfur and its final
discharge product (Li,S) have an insulating nature that leads to a low material utilization during the
electrochemical reactions. Moreover, the high-volume expansion during lithium intercalation and deintercalation
process, that pulverizes the cathode and detaches the active mass from the conductive substrates, leads to a
decrease in electrical conductivity, and to capacity fading. Another big challenge is the so-called “shuttle-effect™
which is caused by the dissolution of the intermediate reaction products (lithium polysulfides) into the
electrolyte. The lithium polysulfides can deposit on the metallic lithium electrode, which causes reduction in the
coulombic efficiency, and capacity fade [3].

The alleviation of the mentioned problems can be achieved via cathode functionalization, separator modification,
and electrolyte tailoring. Moreover, the design and engineering of sulfur host materials have been proven to be a
successful approach to improve the capacity and cycling stability of sulfur cathodes [4]. Researchers at Fine
Particle and Aerosol Technology Laboratory (FINE) are working on synthesis of the different nanomaterials and
carbon-based materials, and composites, including nano Ti:0, graphene, carbon nanoflowers, and carbon
nanotubes. These materials are considered promising for utilization as sulfur hosts, as well as for the creation of
an additional interlayer between cathode and separator, leading to improved capacity and cycle stability of Li-S
batteries [4]. The presented work is an overview of activities related to the utilization, in Li-S batteries, of the
materials produced at FINE. The synthesis methods, and the characterizations of the materials, are briefly
explained, with a focus on the advantages of produced materials in the Li-S batteries.
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Screening of biomass-derived hard carbon anodes for Na-ion batteries
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Nowadays, lithium-ion betteries (LIB) are the dominant batery technology and ae produced
at anincreasngly large <ale o cape with the gowing electificaion of the transport secbr.
Thisresultsin large cog redudion and nev oppatunities for their implementation in gationary
energy dorage a the grid and houghold levels. In the next few decades, it is expected that the
number of electic vehicleswill increag by two to three orders of magnitude and dationay
storagemay reach up © 1300 GVh. Although LIBs are excellent candidaesfor eectromobility,
concernsarerising regarding thelongterm sustainability and cost of critical raw materials (e.g.
cobdt, nickel, lithium, and copper) used in LIBs. Thus next-gereration batieries such as
sodiumtion batters (SIBs), are cansidered sugtainable, and dfordable energy dorage solution
altematives[1].

Even though $Bs share alot of similarities with LIBs, the eectrochemical intercalation of Na*
ionsinto graphite is limited. Instead hard carbon (HC) is an altemative carbonaceaus arode
material that hasbeen proven to intercalate Na" ions at low potentials [2]. Biomass is the most
popukr type of had carbon peecursor due to its low cos and éundant naural resources
compared to petroleum coke or formal denyde resins. However, HC anodescansufferfrom poor
rate performance cycle life, and low initial coulombic efficiency due to limited diffusion
kinetics within the particles and undedraldle sde reacions with the ekctrolyte leading
unstade &I layers. Thisis attributed to the high open surface area and uroptimised internd
microstructure of the HC particles[3].

In this work, we explore the efectof differert Norwegan abundant biomass sources namely:
potato darch, lignosulfonae, Kraft lignin, and microalgae, on the microstructural, chemical,
and morphological propeties of theresultant hard carbon. The ekectrochemical performarce of
theee HCs is teged and compared via gdvanodatic electrochemical characterisation and BS
while their morphologies and microstructures are examined by SEM, HRTEM, XRD, and
SAXS, regectvely.

sEM WD 5.8

Figurel. SEM and TEM micrographs of lignosilfonae-derived had carbon
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Tradng the (de)sodiation of B2MoOs through good and bad times with
operando XRD
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Anode materials combining conversion and alloying mechanisms (CAMs) are promising for
Na-ion batteries, but their complex cycling mechanisms are challenging to sudy.
Understanding the (de)sodiation mechanism is cucial and, in several cases, requires
advanced synchrotron charaderization. Opaando synchrotron sudies are generally limited
to one or two sodiation cycles, which are not fully comprehensive for CAMS?. Therefore,
herein, we sudied the sodiation and desodiation of B2MoQOs-based anodes with laboratory-
based operando X-ray diffraction exceeding more than 30 cycles to have a @mplete
overview of our CAM@ mechanism (Figure 1)3. This revealed important aspects of the
cycling and degradation mechanisms in the material. During the first sodiation, an
irreversible conversion of B>MoOs occurs, aeating B nanoparticles embedded in an
amorphous Na-Mo-O matrix. The B particles then reversibly alloy with Na forming cubic
NasBi leading to a gecific capadty dose to 300 mAh g?! for the 10 first cycles. This is
followed by a rapid capadty decay where the sodiation of B becomes irreversible leaving
several inadive NagBi particles. To the best of our knowledge, this is due to the observed
crystal gowth of the B particles accompanied by sructural changes in the insulating Na-
Mo-O leading to poor condudivity in the electrodes. The poor electronic condudivity of the
matrix deadivates the NaxBi particles and prevents the formation of the solid electrolyte
interface layer asshown bypost-mortem scanning electron miaroscopy sudies.
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