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Dear participants of the Sodium Battery Symposium (SBS), dear colleagues and friends,

It is my pleasure to welcome you in Berlin fiie 3¢ Na Battery Symposium. Currently we see a
rapidly growing interest in sodiwon batteries that is fueled by press releases of several companies
around the world on using the technology for stationary energy storage and electric vehicles.

After everts in Jena (SBS3, 2018) and Dresden (SE%S 2021 online), this third symposium is
organized as an{person meeting while also allowing few online participants that could not make it
to Berlin. Overall, around 140 participants registered. 21 presentatidnse given by renown
speakers from Europe, China and Japan on the following topics:

A Electrodes and dionlpteiied el ectrol ytes fo
A El ectrodes and -satedatteriesol yt es for Na so
A Ilntermedi ate abatteribsi gh temperature Na
A Towards commercializati on
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In addition, 40 posters will be presented. | wish us all a nice meeting with great discussions,
networking and fun! Thanks to everyone who helped with getting the organization done!
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Berlin, September 2022Philipp Adelhelm

Scientific Committee:

Philipp Adelhelm  Humboldt University Berlin & HelmholtZentrum Berlin, Germany
Montserrat GalceranCIC Energigune, Spain

Stefano Passerini  Helmholtz Institute Ulm (HIU), Germany

Peter Axmann Zentrum fur Solarund Wasserstoffforschung BW (ZSW), Germany
Christian Masqueliel.RCS Amiens, France
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Time
08:00
Session chair: Philipp Adelhelm

Speaker

09:00 Philipp Adelhelm
09:10 Shinichi Komaba
09:40 Montse Galceran
10:10 Christian Masquelier
10:40

Session chair: Montse Galceran

11:15 Stefano Passerini
11:45 Matteo Bianchini
12:15 Payam Kaghazchi
12:45

Session chair: Christian Masquelier

14:15 Jirgen Janek
14:45 Wolfgang Zeier
15:15 Franziska Klein
15:45

Session chair: Montse Galceran

16:30 Teo Rojo
17:00 Rezan Demir Cakan

From 18:00

Schedule
Day 1 - Monday, September 26'™". Presentations: 22 min + 8 min questions

Affiliation

HumboldtUniversity Berlin,
HelmholtzZentrum Berlin

Tokyo University of Science
CIC Energigune

Université de Picardie Jules Verne
(UPJV) Amiens

HelmholtzInstitut Ulm
University of Bayreuth

Forschungszentrum Jlich

JustusLiebig-University Giessen
University of Minster

Fraunhofer Institute for Chemical
Technology

University of theBasque Country

Gebze Technical University

Title
Registration

Opening

DevelopmentofNa nsert abl e har d-Gt&obbon

Exploring advances in electrodesterials for Naon batteries: Correlation betweer
structure and properties

Crystal chemistry of NASICON type positive electrodes for Nan batteries

Coffeebreak

Materials for Naion batteries

In situ synthesis as a key tool to develop battery electrode materials for Nedaod
batteries

Theoretical Study of Layered Cathode Materials foriddaBatteries
Lunch break on campusi self paid

The Sodium Metal Anode in Solidtate Batteries

On trying to understand the intricacies of struciutensport correlations in sodium
solid ionic conductors

Current activities in sodiurhased next generation battery energy storage system
Fraunhofer ICT

Coffee break

A critical evaluation of layered oxide cathode materials for sodamibatteries.

Development of Room Temperature-Saand N&aSe Batteries: What Lessons Learn:
from Li-S Chemistry?

Poster session, drinks and BBQ



Day 2 - Tuesday, September 27", Presentations: 22 min + 8 min questions

Time

Speaker

Session chair: Stefano Passerini

08:30
09:00

09:30

10:00
10:40

Patrik Johansson

Magda Titirici
Peter Axmann

Yongsheng Hu

Session chair: MagdanaTitirici

11:15

11:45

12:15

12:45

Session chair; Rezan Demir Cakan

14:15
14:45

15:15

15:45

From
16:00

Ivana Hasa
Matthieu Morcrette

Florian Doetz

Reza Younesi
Meike Heinz

Matthias Schulz

Philipp Adelhelm

Affiliation

Chalmers University
Imperial College London

Zentrum fur Solarund
Wasserstoffforschung ZSW

HiNa Battery, Institute of
Physics, ChinAcadem. of Sci.

Warwick University
TIAMAT

BASF SE

Uppsala University / Altris
EMPA, Switzerland

Fraunhofer IKTS, Hermsdorf

HumboldtUniversity Berlin /
HelmholtzZentrum Berlin

Title

All -organic aqueous Nian energy storage devices
Fundamental insights and optimization of hard carbon anodes fimmNmtteries

From material development to SIB full cella summary on the BMBFProject
Transition”

Demonstration of 1 MWh Né&on Batteries for Energy Storageigital
Coffee break

Prussian White cathode for soditiam batteries: from material properties to upsca
cell prototypes.

TIAMAT: From academic research to proof of concept and commercializatio

Why NAS batteries really stand a chance against the full weight of the lithium
front

Lunch break on campusi self paid

Na-ion batteries: from academic research to commercialization
Current developments in sodiumetatchloride (ZEBRA) batteries

Advanced sodium metal battery concepts by using ceramic electrolytes, altern
cathodes and cell concepts.

Concluding remarks

Optional site visits
1 BESSY synchrotron (only preegistered until Sept 20) or
91 labs of research group Adelhelm. Please register with
Francesco.piccolo@Hperlin.de



Key locations

The symposium will take place at Humbeldibiversity Berlinin BerlinRAd | er s ho f

one of
high-technology locations. Adlershif a hub for many scientific institutions including the Berlin synchrotron
facility BESSY Il (Helmholtz Zentrum Berlin) and several institutes of Humboldt University Berlin. The
location can be conveniently reached by public transport (15 min to BERtaitpanin central Berlin).
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Lunch locations

Dinner and coffee breaks are included, but lunchesaré here are, however, several lunch places close by!

See map below.
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Just by the venue there is are two lurnestaurants close by

Esswirtschaft https://www.esswirtschaft.de/wochenkarte/wochenkarte.

| DUE AMICI : https://idueamici.berlin/speisekarte/

A short walk away is &orean restaurant: www.mankmogo.com/menu
And even further away an Asian Buffe

Mr Wu : https://www.mrwu.info/

There are also several other restaurants and coffee shops close:
https://www.adlershof.de/gastrononspeiseplaene/menues/
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List of speakers

CHRISTIAN MAQUELIER
Université de Picardie Jules Verne (UPJV) Amiens
Crystal chemistry of NASICON type positive electrodes for Nan batteries

Christian Masquelier is Professor of Chemistry at LR@8oratory in Université de Picardie Jules Verne,
France. He has been working for ~30 years on the crystal solid electrolytes and positive electrode mater
for Li-ion and Naion batteries, in particular on operandaa¥ or neutron diffraction of phosatecontaining
positive electrodes. He is the-aathor of ~170 publications and 15 international patents in this field. He is
presently ceDi r ect or of the ALI STORE European Researc
Energy St or agean&ERASMICOMUNRUS £urapean Joint Master Degree. Since 2020, he
is the Coordinator of the European Marie Curie REOFUND project DESTINY which trains 50 PhD
students in Europe on advanced batteries

FLORIAN DOETZ
BASF New Business
BASF: Why NASbatteries really stand a chance against the full weight of the lithium ion front

Florian D6tz is Head of Technology Energy at BASF New Business and leads the joint NAS battery proje
between BASF and NGK. Trained as an organic/polymer chemist, he spenthao 10 years in research on
Organic Electronics in the US, Germany and Asia before moving into energy related technologies as ene
transport, conversion and storage. His current focus is stationary energy storage based on the NAS technc
aiming atincreased market penetration of NAS in industrial applications.



FRANZISKA KLEIN
Fraunhofer Institut fr Chemische Technologie ICT
Current activities in sodiurbased next generation battery energy storage systems at Fraunhofer ICT

Franziska Klein is a researcher at Fraunhofer Institute for Chemical Technology ICT in Pfinztal and she is t
Group Leader of the Batteries group in the Department of Applied Electrochemistry. Her main interests &
materials research on next generatiattdry energy storage systems (i.e. Na and Ls@lb-state batteries

and Na/iodine stationary middle temperature systems), battery safety tests (including operando gas anal
and thermal measurements), as well as developments for battery cell mnodarti battery data analysis and
data management (industry 4.0).

IVANA HASA
University of Warwick
Prussian White cathode for soditiom batteries: from material properties to upscaled cell prototypes

lvana Hasa is Assistant ProfessoEtdéctrochemical Materials in WMG at the University of Warwick (UK).
Over the last ten years she gained broad experience in electrochemical energy storage systems during
appointments at Sapienza University of Rome (Italy), the Lawrence Berkeley Naadwaatory (California,
USA) and at the Helmholtz Institute Ulm (Germany). Her research activities are directed towards tr
understanding of the processes governing sodambatteries and the development and scale up of new
battery chemistries from coept to full proven cell prototypes.



JURGEN JANEK
JustusLiebig-Universitat Giel3en
The Sodium Metal Anode in Solidtate Batteries

Jurgen Janek is professor for physical chemistry at Justbgg-University in Giel3en/Germany, director of
the Center for Materials Research and scientific director of the BELLA laboratory at KIT/Germany. He
coordinates the German BMBF cluster of competdior solid state batteries and is member of the excellence
cl ust elri tthHAousmt St orageo (POLI S) at Karl sruhe/ Ul nm
honorary doctorate at TU Delft for his work in energy storage. His is an expert in electisichemd Solid

state ionics. His main research interests are electrode phenomena, transport in solid electrolytes and m
conductors as well as solid state reactions. His battery activities include research on lithium ion batteries
well as postithium cells and soligtate batteries. One of his letgym interest is the kinetics of parent metal
electrodes on solid electrolytes.

MAGDA TITIRICI
Imperial College London
Fundamental insights and optimization of hard carbon anodes famNbatteries

Magda Titirici is a Prof. of Sustainable Energy Materials in the Department of Chemical Engineering ¢
Imperial College London and a RAEng Chair in Emerging Technologies. Her research is on developir
sustainable materials for energy storagea@myersion technologies including battery chemistries beyond Li
ion as well as single and dual atom sites electrocatalysts for different reactions such as Oxygen Reduc
Reaction or Biomass Electrooxidation. She serves as the president elect of thaldviakemistry Division
within the Royal Society of Chemistry.



MATHIEU MORCRETTE
Laboratoire de Réactivité et Chimie des Solides
TIAMAT: From academic research to proof of concept and commercialization.

Mathieu Morcrettes a research engineer at the CNRS and is currently the director of the Laboratoire c
R®activit® et Chimie des Solides (UPJV, UMR CN
mat er i al s -iom battdries,dat §l<b 0 the mew generatibelectrochemical energy storage systems
such as Naon, Li/S or Solid State Technologies, through ANR or European projects (Helios, Eurolion,
Eurolis, Helis, Naima, Psionic). He also coordinates the activities of th&aamsfer units (Upscalling
Matei al s, 18650 battery prototyping) of the RS2E
strongly involved in the development of the RS2E funded Tiamat company-immN4de is the author of 125
publications and 7 patents.

MATTEO BIANCHINI
Universitat Bayreuth
In situ synthesis as a key tool to develop battery electrode materials for Li aod bktteries

Matteo Bianchini obtained his Ph.D. in France (2015) with Prof. Masquelier (LRCS, Amiens), Dr. Croguenne
(ICMCB, Bordeaux), and Dr. Sué (ILL, Grenoble) for operando diffraction studies on battery electrode
materials. He was then a postdoctoral fellow in the group of Prof. Ceder (LBNL, Berkeley) and at the Batte
and Electrochemistry Laboratory BELLA (KIT, Karlsruhe), under the supervisf Prof. Janek and Dr.
Brezesinski. He later joined BASF and was lab team leader for BELLA, where the team focusemchn Ni
cathode active materials and sedithite batteries. From 09/2021, Matteo is full professor at the University of
Bayreuth. He blds the chair of Inorganic Active Materials for Electrochemical Energy Storage and is
associated with the Bavarian Center for Battery Technology BayBatt. His group investigates electro
materials for Liion and Naion batteries, solidtate electrolytesand develops methods for in situ structural
characterization.

10
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MATTHIAS SCHULZ
Fraunhofer IKTS
Advanced sodium metal battery concepts by using ceramic electrolytes, alternative cathodes and cell
concepts.

Matthias Schulz is senior scientist agtbup manager at Fraunhofer IKTS. Its team is engaged in the
development of sodium batteries with special focus on ceramic solid electrolytes, high temperature sodi
batteries and new concepts for sodibased cell chemistries. Starting from fundamenttemal science and
electrochemistry the team is pushing sodium battery technology to close to industry solutions.

MEIKE HEINZ
Empa, Swiss Federal Laboratories for Materials Science and Technology
Current developments in sodium methloride (ZEBRA)batteries

Meike Heinz is staff scientist at Empa, Swiss Federal Laboratories for Materials Science and Technology.
the laboratory Materials for Energy Conversion, she leads projects ottelmglerature and alkatnetat
anode batteries since 2016. Herrent research focuses on device integration of ceramit/ANalumina
electrolytes, as well as on understanding the governing electrochemical processes inrsatdiurhloride
batteries. Previously, she worked in the fields of solid oxidedekd, solid oxide electrolysis, and alkaline
electrolysis.

11



MONTSE GALCERAN
CIC energiGUNE
Exploring advances in electrodes materials foridéabatteries: Correlation between structure and properties

Montse Galceran Mestres leads the research linegeawé Sodiurion batteries at CIC energiGUNE. Her
research focuses on understanding and developing neveolsiwand sustainable electrode materials for the
next generation of intercalation systems for energy storage. By seeking to understand mapsniaépr
through multitechnique approaches, she combines material development with wide range of characterisatic
techniques in order to achieve applicattargeted tailored optimisation.

r

PATRIK JOHANSSON
Chalmers University of Technology
All -organic aqueous Nian energy storage devices

Patrik Johansson is Full Professor in Physics at Chalmers University of Technology, Sweden, where he le
a group of ca. 10 PhD students and postdocs, as well as baiivgcior of ALISTOREERI and vicedirector

of the Graphene Flagship. By combining a multitude of computational and experimental approaches at
molecular level he continuously aims to develop a wide variety of new improved battery concepts. He h

published close to 200 papers.

12



h
PAYAM KAGHAZCHI
Forschungszentrum Julich GmbH
Theoretical Study of Layered Cathode Materials foriddaBatteries

Payam Kaghazchi is the leader of modeling team at the institute ef liBkhe JulichResearch Centre in
Germany and an associate professor at University of Twente in the Netherlands. His research has focuse
developing and applying quantumechanicsased computational approaches to simulate and design
materials for energy storage acmhversion systems.

PETER AXMANN
ZSW Center for Solar Energy and Hydrogen Research
From material development to SI B full cell s

Peter Axmann is Material Scientist at the Centre for Ser@rgy and Hydrogen Research (ZSW) in Ulm. He
is responsible for the materials development team and his research activities cover the field of new sustain
cathode active materials for higinegy storage systems, with a focus on particle design andggale

REZA YOUNESI

Uppsala University
ALTRIS: Na-lon batteries: from academic research to commercialization

Reza Younesis an associate professor in saidte electrochemistry at Department of Chemi8imgstrom
Laboratory, Uppsalbniversity, Sweden, and one of the founders of Altris AB company in Sweddeatte
a research group on interfacial reaction in rechargdeitteries andhaterials development for sodiuion &

lithium-ion batteries.
13



REZAN DEMIR CAKAN
Gebze Technical University
Development of Room Temperature-Sand NaSe Batteries: What Lessons Learned froRSLi
Chemistry?

Rezan DemuCakanis an Associate Professor at the Chemical Engineering Department of Gebze Technic
University (GTU) in Turkey. She received her PhD at the Max Planck Institute of Colloids and Interface
(Germany, 2009), then pursued pdsttoral work at the Universitgf Picardie Jules Verne (France, 2009

2012). Since 2012 she has been leading the battery research laboratory at GTU. Her current research foc
on the synthesis of nanostructured energy materials and their application in the field of rechargeaete battel

SHINICHI KOMABA
Tokyo University of Science
Developmentof N\a nsert abl e har d-G¢e &obon as fAbe

Shinichi Komaba is a professor in the department of applied chemistry at Tokyo University of Science. H
current research focuses oraterials science for applications in,UNa, and kion batteries, biofuel cells,
capacitors, and sensors. He was selected as one of Highly Cited Researchers in 2019, 2020, and 2021.

STEFANO PASSERINI
Karlsruher Institut fir Technologie
Materials for Naion batteries

Stefano Passerini is Professor at the Karlsruhe Institute of Technology, Helmholtz Institute Ulm. His reseal
activities are focused on electrochemical energy storage with special focus on improving the sustainability
hi gh energy batteries.
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TEOFILO ROJO
University of the Basque Country UPV/EHU
A critical evaluation of layered oxide cathode materials for sodambatteries.

Tedfilo Rojo has been Full Professor of Inorganic Chemistry at the University of the Basque Country (UP\
EHU) since 1992. His research is focused on Energy Storage Systems (batteries and supercapacitors). |
2010 to 2020, he has been the Scientific Rieof the CIC energiGUNE. He was awarded with the National
Prize in Inorganic Chemistry by the RSEQ in 2013. He was appointed as an Academic Member of the Ro
Spanish Academy of Exacts, Physical and Natural Sciences in 2015. He was a Member of ttieeExecu
Committee of the Division of Soli&tate Chemistry and Materials (DSSMC) from EuCheMS (Z5)

and in 2016, he was appointed as a Member of the Chemistry and Energy of EuCheMS (European Cherr
Science).

WOLFGANG ZEIER
Westfalische Wilhelms Universitat Munster
On trying to understand the intricacies of struciuteansport correlations in sodium solid ionic conductors

Wolfgang Zeier received his doctorate in Inorganic Chemistry in 2013 from the University of Mainz. Afte
postdoctoral stays at the University of Southern California, the California Institute of Technology, an
Northwestern University, he was appointed group leader at the University of Giessen, within the framewo
of an EmmyNoether research group. Since2R0he holds a professorship for Inorganic Chemistry at the
University of Mgnster. In addition, he heads a department at the Helmlmslitute Minster, lonics in Energy
Storage. His research interests encompass the fundamental sttogitoperty relabnships in solids, with

a focus on thermoelectric and tononducting materials, as well as sediolid interfacial chemistry for all
solid-state batteries.

15



YONG-SHENG HU
Chinese Academy of Sciences / HiNa Battery

HiNa Battery: Demonstration of 1 M\WXa-lon Batteries for Energy Storage (digital contribution)

Yong-Sheng Hu is a full professor at the Institute of Physics, Chinese Academy of Sciences. He received
Ph.D. in Condensed Matter Physics from-[BRS with Prof. Liquan Chen in 2004, and thenved to Max
Planck Institute for Solid State Research as Postdoc and Principal researcher. After a short stay at
University of California at Santa Barbara, he joined-@#S in 2008 and is working on advanced materials
for longlife stationary battees and their energy storage mechanism, particularly focusing on Na baset
batteries. His recent original contributions include: discover the electroactivity of Cu2+/Cu3+ redox couple
sodium containing oxides and design a series e€N&e-Mn-M-O cathodamaterials for Nadon batteries;
propose a superior loaost amorphous carbon made from anthracite as an anode and develop amorphc
carbon with over 400 mAh/g for Nan batteries; design zesirain anode materials for Nan batteries;
propose the usdo Acationic potential o to predictinddlet ®
(high concentrated) electrolyte; etc. He has published over 200 internationally refereed SCI publicatio
including Science Nature Energy Nature Mate Joulé Nature Commurf. Science Adv¥ etc, which

have been cited over 30000 times according to ISI web of science withraleiof 95. He was selected as

a Thomson Reuters Highly Cited Researchers from 2014 to 2021. He became the senior Editor of ACS Ene
Lettersfrom October of 2018. He also received several awards and honors, such as The National Science F
for Distinguished Young Scholars, The 14th China Youth Science and Technology Award, Tajima Priz
Fellow of The Institute of Physics (UK), Fellow of TheyRbSociety of Chemistry, etc.
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Abstracts

Deconvolution of the impedance response for the gntercalation of sodium in graphite

Knut Arne JanRen Guillermo A. Ferrerd, Gustav Aval,Winni Schwedlanld Youhyun Sdn Philipp
Adelhelm?
HumboldtUniversitat zu Berlin, Institute of Chemistry, Berlin
2HelmholtzZentrum Berlin fir Materialien und Energie, Berlin

The socalled "caintercalation™ process, where the chaogerying ions are intercalated with the solvation
shell, comes with vaous favourable features such as high reversibility, high coulombic efficiency and
especially an excellent rate capabilitycaused by the absence of the desolvation ’stEphe material
behaviour of this system has already been thoroughly investigatdiiférent carbonaceous electrodes (e.g.,
graphite, hard carbon) withray diffraction (XRD), scanning electron microscopy (SEM) and dilatometry by
this group in the past.

By doing supportive electrochemical measurements (electrochemical impedaricessppy (EIS)) we aim

to deconvolute the contributions of several frequetheyendent features of this system to the outstanding
performance measured.

The evaluation of the impedance spectroscopy results was done utilizing a transmission lin@ bhddel
The application of a TLM is especially suited to describe the behaviour of porous electrodes.

12 |

10

<<

(1) inner resistance, (1) resistive film & R
(1) pore resistance

By varying the amount of film building additives, an artificial resistive film could be established leading tc
various, concentratiedependent, impedancesponses.

To gain further information about the-odercalation process with underlying SEI growth, we introduce a
novel cell setup by combining an electrochemical quartz crystal microbalance (EQCM) with reliabl
impedance measurements utilizing-agfierence electrode.

References:
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Influences on electrochemical performance of hard carbon in sodiusion half-cells

Cedric Muller, Anna Smith
Institute for Applied Materials, Karlsruhe Institute of Technology, HermanmHelmholtzPlatz 1, 76344
EggensteirLeopoldshafen, Germany
e-mail-address: cedric.mueller@kit.edu

Lithium-ion batteries (LIB) are the current state of the art energy stagagedlogy. However, to tackle the
steady increasing demand for clean but also sustainable energy, other cell chemistries are gaining signifi
importance. SodiuApbn batteries (SIB) are considered to be a drmofechnology that can benefit from the
knowledge about processing of LIBs and its existing manufacturing structures.

Within the cluster of excellence named APost Li
the charge carrier like sodium, magnesium, calcium, aluminum and chlomglare being investigated. The
cluster is composed of the Karlsruhe Institute of Technology and Ulm University with the associated partne
University of Giel3en and Center for Solar Energy and Hydrogen Research\Bédiemberg (ZSW).

For direct compason of materials, a sodiuion reference cell and a common test procedure will be
developed. Also, the formation process and degradation will be investigated to obtain deeper understanc
of the sodium ion cell chemistry. Here, the anode electrode Wtdang of 2mAh/cm? of the reference cell,

that is based on commercially available hard carbon, was investigated via three electrode cell measureme
Further, electrolyte degradation in presence of elemental sodium was studied. The results depict
importance of proper measurement conditions for correct capacity measurements of hard carboalis. half
Funded by the Deutsche Forschungsgemeinschaft
Excellence Strategly EXC 2154.
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Solventco-intercalation for sodium-ion batteries

Gustav Avall, Guillermo Alvarez Ferrerh Knut Arne JanReénYouhyun SdnPhilipp Adelhelrh?

1 Institut fir Chemie, Humboldt Universitat zu Berlin, Brdaylor-Str. 2, 12489 Berlin, Germany
2 Joint Research Group Operando Battery Analysis, HelmAeiterum Berlin, HahtMeltnerPlatz 1,
14109 Berlin, GermanyAdresses

In 2014 it was shown that graphite had a far greater capacity to reversibly store-spditthmn what was
previously known. This, however, can only occur through an electrochemical soletgrcalation reaction,
whereby the sodiufion is intercalated along with solvent molecuiespecifically linear ethers [1]. Since
then, several studies have revealedyniacets of these reactions, but the subject remains unexplored, anc
several basic questions have received quite conflicting answ&specially conflicting reports on the
existence, or noeexistence, of the SEI [2][3]. Here we purport to summarize esearch activity on
electrochemical solvent datercalation phenomena for sodition batteries, ranging from fundamental
guestions such as how to detect solventntercalation, to the nature of the electrochemical readtion
including the stoichiometrgf the reaction(s) and the great kinetics of these systémsur research into the
SEI. Finally, we present our results on full cells, and a new type of battezysolvent cantercalation battery
(ColB) [4] T where both the positive and negativecalede operate by a gotercalation reaction, Figure 1.

Figure 1. A Celntercalation Battery (ColB), where both the anode and cathode, here graphite and TiS2, operate by
co-intercalation mechanism.

Graphite

References:
[1] B.Jache, P. Adelhelm\ngewandte Chemi&26(2014) 10333L0337.
[2] M. Goktas, C. Balli, E. J. Berk, P. Novak, K. Pollok, F. Langenhorst, M. V. Roeder, O. Lenchuk, D.
Mollenhauer, P. Adelhelridvanced Energy Material8,(2018) 1702724
[3] Z.Wang, H. Yang, Y. Liu, Y. Bai, G. Chen, Y. Li, X. Wang, H. Xu, C. Wu, J.Small 16 (2020) 2003268
[4] G.A. Ferrero, G. Avall, Y. Son, K. JanRen, K. A. Mazzio, S. Risse, P. Adelhabmjtsed

25



Novel ZnO-Templated Nanoporous Hard Carbons for HighCapacity Sodium-lon
Batteries

Daisuke IgarashiTokyo University of Science

Novel hard carbons (HCs) for negative electrode materials fooMNbatteries (NIBs) were synthesized via
newly developed zinc oxide (Zn@emplate technique. The HCs showed high capacity exceeding 400
mAh/g, low working potential, and high initial Coulombic efficiency (ca. 90 %) irnbl&cells. A NIB full
cell composed of a layered oxide cathode and a novel HC anode exhibited a hgghdensity above 300
Wh/kg, which is comparable to the LIB consisting of LiFePO4 and graphite.
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Na-ion battery Sn-C anodes derived from plastic waste: interface stabilisation,
composition and longterm performance

Maria CrespoHeather Au, Magda Titici.
Imperial College London, Chemical Engineering Department, SW7 2AZ, UK.

The persistence of plastic, even for the more sustainable biodegradable alternatives, is a global challenge
requires urgent action. However, 40 years after the recycling symbol was launched, only a marginal num
of plastics are recycled, normallytinsinglelife lower-value secondary products. Plastic recycling must
become an integral part of our society and, as such, the development of environmentally friendly strategie:
convert plastic waste into vahaglded materials is of crucial importand®mongst all plastics, PET
(polyethylene terephthalate) is discarded at the highest rate and contributes to 7.5% of the global plastic we
This linear usage implies that the intrinsic materials energy, the synthesis and manufacturing investment
compktely lost. Here we propose a more efficient, environmenrtadpdly and economicallyntelligent
treatment of plastic waste: a mild autogenic carbonisation process (700 o C) in the presenceapfauigh
Group IV elements, such as tin (Sn), to pradupcycled carbeSn composite anodes for the ngeneration

of fastcharging Naon batteries (NIBs). The microstructure of ourSromposite anodes has been designed
and optimised to maximise their performance and durability. We have ensured eleotrioattivity even
upon the repeated and large volumetric expansion that the alloying process (to form Nal5Sn4 ) genere
Additionally, the evolution of the solid electrolyte interphase (SEI) is analysed in an etherbased solvent, wi
and without fluorie-containing additives and salts. While the presence of a fluodn&ining salt appears

to have a determining role in the SEI stability, the electrochemical decomposition of catimsetesolvents

can generate unwanted interfacial resistance thatasteally detrimental for the loAggrm stability. In
contrast, Fcontaining additives enable the cyclability of our-SGrcomposite anodes in the etiased
electrolyte for more than 200 cycles without performance fading (490 riAdt d37.8 mA ¢l and D0 mAh

g-1 at 2756 mA ¢l) and a similar performance stability is observed feiohi
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Maximizing specific capacity of nutty hard carbon:
Impact of treatment conditions on structural and electrochemical properties.

NardanaBazybekMaksatMaratov, AishuakKonarov

Department of Chemicaind Materials Engineeringschool of Engineering and Digit&8lciences,
Nazarbayewniversity, KabanbaBatyr Ave.53, Nur-Sultan,010000,Kazakhstan
E-mail:aishuak.konarov@nu.edu.kz

Hard carbon (HC) is considered the most attractive negative electrode material for-gotbatteries due
to its low cost, good cycle life, and reversible capaditgwever, practical fullcell applicationof HC
remainsanimportantchallengemostlybecaus®f thelow capacityandnitial coulombic efficiency (ICE).
To overcome these issues, we optimized the prepagaoesdy increasinghegraphitizatiordegreeand
investigatingthe effect of the pretreatmentonditions.A high graphitizationdegreewas achievedby
increasingcarbonizatiortemperaturesimultaneously, a strong correlation was observed between the pre
oxidation withstructuralpropertiesandelectrochemicgberformanceStructuralcharacterizationlustrated
thatHC withlargedomainsize,low surfaceareaandporositywasobtained]eadingto animprovedspecific
capacity.The preparecelectrodedelivereda high reversiblecapacityof 360 mAh g* with goodcapacity
retention in a Na cell. Additionally, this study elucidated that theogi@ationincreased the C=0 bond to
enhance the adsorption capacity of sodium ions, and optimiamgingrate can furtherimprove the
specificcapacity.
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Bottom-up Mechanochemical Synthesis of S8b1.x Nanoparticles for Sodiumion
Batteries

Tamino BosseKatherine A. Mazzio, Philipp Adelhelm

Alloying anodes have emerged as promising materials for seidintmatteries (SIBs), due to the high storage
capacities and favorable redox potentials. These alloying reactions proceed via a series of structural evolut
during charge/discharge that inves redox chemistry resulting in distinct sedithte reactionsHowever due

to the structural changes, during the charge and discharge reactions, these materials suffer significantly f
volume expansiondt is critical to understand how these alloying reactions proceed to the final alloying
products, as this will determine the theoretical capacity in addition to the magnitude of the volume change
the system.

Sn and SnSb alloys have been identified asnwing materials for alloying anodes because they offer high
theoretical capacities of 847 mAhg@nd 754 mAhg, respectively. However, alongside their promising
characteristics, these materials tend to exhibit tremendous vokjaeston during sodiation (upwards of
42094) which can result in cracking and pulverization of the electrode upon electrochemical cycling. On
method for resolving the volume change issue is the use of nastostdi materials, whose large surface to
volume ratios and presence of void space can help accommodate swelling without cracking. This results
chemical and mechanical resilience during cycling, which ultimaehances both the maximum capacity
and thdifetime of these devices.

We have recently developed a new method for thecgin&rolled synthesis of metal nanoparticiéghe
synthesis relies on combining metal halide precursors and borohydride reducing agents, where the chen
reaction is driven by mechanical force at room temperature in the solid@@bave recently applied this
method for the production of S8« alloys and targeted different compositions related to different regions
in the phase diagram in order to determine the impact of composition on the resulting electrochemi
propertiesBecawse we rely on solid state ball milling for our synthesis method, there is the possibility of
accessing a greater number of kinetically stabilized phases than you would find with more traditional synthe
methods. We hypothesize that we are able to obighiy defective phases (with high amounts of Sn or Sb
substitution) during our synthesis and that these defective structures significantly impact the electrochemi
properties of our SIBs.

References:
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Electrode expansion of hard carbori new insights into the storage mechanism of
sodium and lithium ions with operandoelectrochemical dilatometry

Ines EscherGuillermo A. Ferrero, Mustafa Goktas, Philipp Adelhelm
Humboldt Universitat zu Berlin, Broekaylor Str. 2, 12489 Berlin

Hard carbon materials have become promising electrode materials for sodibatteries due to their redox
potential close to N@\a, a storage capacity, which is typically betweenil380 mAh/g and especially low
costl!l Despite many publications dhis field, the storage mechanism is still not clarified yet and the typical
plateau and sloping voltage region is correlated to different possible charge storage mechanisms. By the
of electrochemical dilatometry (ECD) a new operando technique igdpplget further insights on the charge
storage mechanism. Herein the thickness change of the hard carbon electrode is measured in operando d
electrochemical cycling. The ECD measurements show a different electrode expansion of the hard carl
electiode when sodium or lithium ions are stored. The voltage profile for the sodium cell consists of a slopir
voltage region at higher voltages and a plateau below 0.1 V. However, having a look at the ECD results
profile can be divided into three regiori3:a large thickness expansion during the sloping voltage region, 2)
a low thickness expansion during the upper plateau voltage region and 3) an increased electrode thicki
near the cubff voltage (< 36 mV). This electrode behavior is correlated toaseriioni pore fillingi plating
mechanism. For the storage of lithium ions step 1 and 2 are similar but no plating was visible, therefore
insertioni pore filling mechanism is proposed in this cBs&he different electrode expansions as well as the
suggested storage mechanisms are presented in Figure 1.
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Figure 1: Differences in the storage mechanism of sodium and lithium ions, determined by operando electrochemic
dilatometry!?
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23Na In-Situ and Ex-Situ Solid-State NMR Characterization of Electrochemical
Processes in Sodium/Sodium lon Batteries
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Gerd BuntkowskKy
'Eduard Zintl Institute for Inorganic and Physical Chemistry, Technical University of Darmstadt, 64287
Darmstadt, Germany

’Department of Materials and Earth Sciences, Group of Dispersive SbéidBnical University of
Darmstadt, 64287 Darmstadt, Germany
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Growing researclattention has been paid to sodium/sodium ion batteries as potential alternative to lithiun
ion batteries, due to the sodium’s widespread abundance associated with @galflajility and low costs.
Such systems open a pathway for more sustainable amorenentally friendlynextgenerationenergy
storagetechnology{1,2] However, so far the dependence of the electrochemical properties on process
occuring at the nanoscale are not well understood, making their optimizatibenging. Thus, our studies
aim to monitor and deeply understand structural changes during electrochEnocesises sodium/sodium

ion cells. As model system we investigate a novelamikisting of sodium metal as a counter electrode and
polymekderived silicon carbonitride ceramic (SiCN) as a working electrode. AppSiNayin-situ solidstate
NMR, changes of the local structural surrounding of the sodium nuclei within the electrodes as well as in t
electrolyte material (NaR}Jare investigateduring the sodiation/desodiation procegs.study the sodium
storage into SiCN, the isitu investigations are combined with high resolufiitha exsitu MAS NMR of the
sodiated SICN material after disassembling the cell. Perforfiig exsitu MAS NMR measurements at
spinning frequencies of 20 kHz and 50 kHz and at different magnetic fields, the formation of various sodiu
ion species within the highly disordered SiCN network is ident[fi¢d.
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In recent years, a lot of interest has arisen towards seidiuiatteries as a means of replacing lithiom
batteries in large scale devices i.e. energy storage systems and electric vehicles. This hasnecssa in
research into different battery components, such as electrode materials, electrolytes, and additives, some &
on those from Ldon batteries and some that are completely novel.[1]

When it comes to anodes for sodiion batteries, alloyingnaterials (compounds based chlpck elements,

such as Sn, Sb, Ge, P, Si that can enter an alloying reaction with sodium) show great promise due to their
theoretical capacity and low average voltage.[2] Among thesbaSed materials present otlaelvantages,
such as high availability, relatively low cost, and environmental friendliness.[3] The main drawback o
alloying anodes is, however, the large volume expansion with subsequent destruction of the electrode integ
and loss of cycling stabilitj4] As a way to mitigate this, compounds containing Sn along with other metals
that could provide structural stability, such as Fe, Al, Zn, while remaining inactive during the alloying reactio
with Na were synthesized. Si was added to the compositionglhs an attempt to improve the capacity.
Depending on the elements and their ratios, it was possible to achieve stakikrdomycling while also
delivering a capacity close to the theoretical value for Sn. Investigations into the effects eachhesroan

the performance and voltage profile were also conducted. Planetanyiliiall) was used for synthesis, as a
method that is easily scalable and does not require sophisticated equipment and multiple procedure steps.
to the high energy that cdoe contributed through use of such a method, a connection was also made to tt
concept of high entropy alloys as a possible branch of materials to be used in battery research due to the
range of characteristics that can be achieved.
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Hard carbon is one of the most promising anode materials for seidinrbatteries. In this work, new types

of biomassderived hard carbons were obtained through adi®p process from different kinds of plant
derived (Cortaderia seilil odBdDB&CORMToseBady|l @RA@S N
and agroindustrial ( sunf | ower seed shell s ASEEDO, coffee
combined pretreatment of the biowaste samples by hydrothermal carbonization (HTC) and a followir
pyrolysis. Tke morphological analysis of the prepared carbon samples, performed by Scanning Electr
Microscopy (SEM), indicated that the use of different treatments, such as pyrolysis and HTC modified the
initial microstructure. The structural features of hard carBamples were determined using different
characterization techniques to determine the interlayer spacing of the samp#ssdiKraction) and the
degree of disorder in them (Raman spectroscopy).

Electrochemical characterization in half aelmetallic sodium showed specific capacity values on the range
of typical discharge capacities of biowastrived hard carbons (~2@B0 mA-g* at C/15)[¥ for all
materials, as it can be seen in Figure 1a. Furthermore, electrochemical performance at different cycling r
of pyrolyzed and pretreated samples (Figure 1b) indicated that hydrothermal carbonization could improve
discharge capacityfobiowastederived carbons at high rates, which are the closest conditions to real
applications.
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Figurel. Cycling performance of the biowasterived hard carbons (a) pretreated with HTC and (b) without any kind
of pretreatment at different current densities.
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