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WELCOME ADDRESS 

Welcome to NordBatt 2022!  

On behalf of the International Scientific Committee and the Local Organization Committee, I am pleased 

to welcome you all to NordBatt 2022 ï taking place as a fully in-person meeting at Chalmers University 

of Technology, Göteborg, Oct 26th-28th. 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 

ï gathering and supporting the Nordic-Baltic battery R&D&I landscape.  

The theme of this edition of NordBatt, ñFrom mobile electrons to electromobilityò, is truly reflected in our 

programme. While the very usage of batteries to enable electromobility comes natural for a conference 

organized in ñthe City of Volvoò, we are proud to gather the full eco-system with actors and people that 

conceptualize, model, create, produce, test, evaluate, install, use, recycle, etcé batteries, and not the 

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! I 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 5th 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 ï 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 ï or perhaps test-

drive an electric motorcycle? 

Finally, Göteborg can be challenging weather-wise in late October, thus the NordBatt umbrella(!), but I 

sincerely hope you take some time to enjoy our city relaxing with your colleagues and network.  

 

 

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 26th of Oct at 17:00. 

(Remember to bring your drinks tokens for the bar! )  

 

Posters  can be mounted from the morning of Wed 26th of Oct and should not be 

larger than A0 standing format (84.1 cm x 118.9 cm). Please remove your posters 

by Fri 28th of Oct 13:00 at the latest. 

 

Inside the poster sessio n we have the Speakerôs Corner, a new feature 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. ï 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 
ñK¬rrestaurangenò ï same building as NordBatt, but in the very South end of the 
building.   
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PROGRAMME 

 

Day 1: Wed 26 th of Oct  
Time What Presenter  Title  

09:00 Registration  

09:50 Welcome 
Patrik Johansson  

(Chalmers University of Technology, 
Sweden) 

Welcome address NordBatt 2022 

 Materials/Technologies I  
Session Chair: Patrik Johansson  

10:00 Plenary 
Jerry Barker  

(Jerry Barker Consultants, England) 
The Journey to Commercialization of Sodium Ion 

Batteries 

10:40 
Special 

Oral 
HanHo Lee  

(Beyonder, Norway) 
Li-ion battery capacitor with high power, extended life 

and moderate energy for 2030 

10:50 Invited 
Dorthe Ravnsbæk  

(Aarhus University, Denmark) 
The role of disorder in intercalation type electrode 

materials 

11:20 Invited 
Aleksandar Matic  

(Chalmers University of Technology, 
Sweden) 

Towards Li-metal batteries ï mechanisms and 
stabilisation strategies 

11:50 Lunch  

 
Materials/Technologies II  

Session Chair:  Dorthe Ravensb æk 

13:00 Invited 
Maria Hahlin  

(Uppsala University, Sweden) 
Operando surface analysis of battery electrodes ï from 

model to applied systems 

13:30 Invited 
Pekka Peljo  

(University of Turku, Finland) 
Pathways towards sustainable stationary energy storage 

with flow batteries 

14:00 Oral 
Xiuyun  Zhao  

(University of Eastern Finland, Finland) 
Challenges and Recent Progress of Mesoporous Silicon 

as Lithium-Ion Battery Anode 

14:20 Oral 
Niguse Sahalie  

(Uppsala University, Sweden) 
Developing Electrolyte Formulations with Zwitterionic 

Monomers for Better Lithium-Ion Batteries 

14:40 
Special 

Oral 
Eerik Hantsoo  

(NOVO Energy, Sweden) 

NOVO Energy ï a joint venture between Northvolt and 
Volvo Cars. Sustainability, scale, and a comprehensive 

approach to volumetric energy density in BEV cells 

14:50 Coffee  

 
Materials/Technologies III  

Session Chair:  Pekka Peljo  

15:30 Oral 
Jinhua Sun  

(Chalmers University of Technology, 
Sweden) 

3D hollow spheres assembled by 2D nanomaterials for 
high-performance electrochemical energy storage 

15:50 Oral 
Frode Håskjold  Fagerli  

(Norwegian University of Science and 
Technology, Norway) 

Surface Termination Control of 2D MXenes for Battery 
Applications 

16:10 Oral 
Anastasia Mikheenkova  

(Uppsala University, Sweden) 
Ageing Mapping in Commercial Ni-rich Lithium Ion Cells 

for Electric Vehicles 

16:30 Oral 
Julia Maibach  

(Chalmers University of Technology, 
Sweden) 

How about Glyoxals? Evaluating alternative Electrolytes 
for Si/Graphite Composite Electrodes in Li-ion batteries 

16:50 
Special 

Oral 
Greger Ledung  

(Swedish Energy Agency, Sweden) 
Challenges and opportunities along the Swedish battery 

value chain 

17:00 Poster Session / Speaker ôs corner  
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Day 2: Thurs 27 th of Oct  
Time What Presenter  Title  

 Industry / Next Generation Batteries  
Session Chair:  Nataliia Mozhzhukhina   

09:00 Plenary 

Martin Winter  
(Helmholtz Institute Münster, 

Forschungszentrum Jülich & MEET, 
University of Münster, Germany) 

How smart application of rather simple electrochemical 
methodology can help to better understand ion transfer 

and metal anode batteries? 

09:40 Special Oral 
Jessica Olsson & Robin Pettersson 
(Business Sweden, Business Finland 

and Innovasjon Norge) 

Nordic Battery Collaboration ï competition makes us 
sharper, collaboration makes us stronger 

09:50 Special Oral 
Martin Kirkengen  
(Cenate, Norway) 

Innovative Silicon-based Anode Materials for High-
capacity Li-ion Batteries 

10:00 Coffee  

 
Industry / Next Generation Batteries II  

Session Chair:  Ulla Lassi  

10:30 Invited 
Sebastian Pohlmann  

(Skeleton Technologies, Estonia) 
From Supercapacitors to Superbatteries ï high power 

energy storage and its applications 

11:00 Oral 
Kirill Murashko  

(University of Eastern Finland, 
Finland) 

Anchoring Polysulfides and improving the specific 
capacity of the Lithium-Sulphur batteries 

11:20 Oral 
Muhammad E Abdelhamid  

(Institute for Energy Technology, 
Norway) 

Screening of biomass-derived hard carbon anodes for 
Na-ion batteries 

11:40 Oral 
Anders Brennhagen  

(University of Oslo, Norway) 
Tracing the (de)sodiation of Bi2MoO6 through good and 

bad times with operando XRD 

12:00 Lunch  

 Lithium based batteries  
Session Chair:  Aleksander Matic  

13:00 Invited 
Adriana Navarro -Suarez  

(Morrow Batteries, Norway) 
Sustainability: Batteries & Gender Equity 

13:30 Invited 
Josh Thomas  

(LiFeSiZE AB, Sweden) 
Some critical steps in LIB fabrication and their influence 

on performance. 

14:00 Oral 
Jim Shipley  

(Quintus Technologies, Sweden) 

The Use of Isostatic Pressing in Research and 
Development of Scalable Production Technology for All 

Solid State Batteries 

14:20 Oral 
Marja Vilkman  

(VTT Technical research centre of 
Finland, Finland) 

Materials and Processing Methods for Stable Lithium-
Metal Batteries 

14:40 Oral 
Ekaterina Fedorovskaya  
(Aalto University, Finland) 

Aging mechanisms of NMC/graphite Li-ion batteries 

15:00 Coffee  

 LCA & Recycling  
Session Chair: Adriana Navarro -Suarez  

15:30 Oral 
Kerstin Forsberg  

(Royal Institute of Technology, 
Sweden) 

The Role of Crystallization in Closing the Loop for 
Battery Production and Recycling 

16:00 Oral 
Martina Petranikova  

(Chalmers University of Technology, 
Sweden) 

Optimized recycling of critical metals from EV Li-ion 
batteries via combined metallurgy 

16:20 Oral 
Evelina Wikner  

(Chalmers University of Technology, 
Sweden) 

A model platform for life cycle assessment of lithium-ion 
battery production and use 

16:40 Oral 
Ulla Lassi  

(University of Oulu, Finland) 

Coprecipitation of high-nickel mixed metal hydroxide 
precursors for LIBs: Improved sustainability in the 

battery value chain 

19:00 Conference Dinner  
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Day 3: Fri  28th of Oct  

Time What Presenter  Title  

 Modelling  
Session Chair: Fride Vullum -Bruer  

09:00 Plenary 
Céline Merlet  

(Université Paul Sabatier, France) 
Multi-scale models of energy storage materials: Always a 

trade-off between accuracy and speed? 

09:40 Oral 
Yang Li  

(Chalmers University of 
Technology, Sweden) 

Electrochemical-Thermal Model-Based Fast Charging for 
Lithium-Ion Batteries: Nonlinear Inversion-Based Output 

Tracking Control 

10:00 Special Oral 
Hanna Bryngelsson  
(Polestar, Sweden) 

Towards more sustainable EV batteries 

10:10 Coffee  

 
Modelling II  

Session Chair: Daniel Brandell  

10:30 Invited 
Simon Clark  

(SINTEF Industry, Norway) 
Accelerating battery innovation through FAIR model-based 

design 

11:00 Special Oral 
Henrik Ekström  

(COMSOL, Sweden) 
Modeling Thermal Runaway in COMSOL Multiphysics 

11:10 Oral 
Ivano  E. Castelli  

(Technical University of Denmark, 
Denmark) 

Autonomous Workflows for an Accelerated Design of 
Battery Electrodes 

11:30 Oral 
Melania Kozdra  

(Uppsala University, Sweden) 
Li+ transport phenomena in a composite solid-state 

electrolyte 

11:50 Oral 
Øystein Gullbrekken  

(Norwegian University of Science 
and Technology, Norway) 

Charge Transport Properties in Concentrated Polymer 
Electrolytes by Molecular Dynamics Simulations 

12:10  
Patrik Johansson & Alexey 

Koposov   
(University of Oslo, Norway) 

Closure + NordBatt 2024 
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Xiuyun Zhao: Challenges and Recent Progress of Mesoporous Silicon as Lithium-Ion Battery Anode 

 

Challenges and Recent Progress of M esoporous Silicon  

as Lithium-Ion Battery Anode 

 
Xiuyun Zhao, Nathiya Kalidas, Manoj Muraleedharan Pillai, Vesa-Pekka Lehto  

 

Department of Applied Physics, University of Eastern Finland, FI-70210 Kuopio, Finland 

 

xiuyun.zhao@uef.fi 
 

Silicon (Si) is the most promising anode material for achieving high energy density due to its high 

theoretical capacity (3579 mAh/g, 2194 Ah/L at room temperature) and safe electrochemical potential 

(0.45 V versus Li+/Li) [1]. However, the huge volume change (~280%) during cycling induces 

particle fracturing and unstable solid electrolyte interphase, resulting in electrical contact loss and 

eventually battery failure [2]. Nanostructuring is one of the effective strategies to overcome this issue. 

Some battery/material companies have claimed their commercial nano Si anodes, in which 

nanotechnology, such as manufacturing Si nanoparticles, Si nanowire, or amorphous Si, was adopted 

to reduce the electrode/battery swelling due to repeated expansion and contraction [3].  

 

Mesoporous Si has a nanoscale pore structure, and the void space can give Si some room to expand 

during lithiation. It makes mesoporous Si could be another choice to realize the practical application of 

Si anodes. Nevertheless, mesoporous Si has additional characteristics compared to other nano Si 

materials, such as high specific surface area, highly active surface, and low bulk density, which can 

deteriorate the performance of Si electrodes. All these challenges need to be considered seriously. The 

Pharmaceutical Physics Group (PPG) at the University of Eastern Finland (UEF) is developing porous 

silicon materials with different etching methods and studying their application as lithium-ion anode 

materials. Self-standing mesoporous Si film and mesoporous Si power were developed respectively to 

study the effects of pore characteristics on Si anodeôs performance and how surface modification 

improves electrode performance. The results (Figure 1) show that reversible capacity and initial 

Coulombic efficiency of Si fi lm electrodes are strongly related to porosity and surface area, and 

cycling performance is mainly affected by Si film thickness. Appropriate oxidation of mesoporous Si 

surface to get optimized surface/oxygen content is a promising way to enhance the electrochemical 

performance of mesoporous Si anodes essentially.  

 

 
                                           (a)                                                                             (b) 

 

Figure 1. Preparation and electrochemical performance of (a) self-standing mesoporous Si film 

electrode [4] and (b)surface modified mesoporous Si powder electrode in half cells. 

 

References 

[1] M. N. Obrovac, V. L. Chevrier, Chemical reviews, 114 (2014) 11444-11502. 

[2] M. N. Obrovac, L. J. Krause, J. Electrochem. 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. 



 17 

 

Niguse Sahalie: Developing Electrolyte Formulations with Zwitterionic Monomers for Better Lithium-Ion 
Batteries 
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Materials/Technology III 

Jinhua Sun: 3D hollow spheres assembled by 2D nanomaterials for high-performance electrochemical 
energy storage 

 

 
 
 

 
 

3D hollow spheres assembled by 2D nanomater ials for high-per formance 

electrochemical energy storage  

 
Ruiqi Chen, Lars Nyborg, Jinhua Sun*  

 

Materials and Manufacture, Department of Industrial and Materials Science, Chalmers University of 

Technology, Gºteborg, Sweden 
 

jinhua@chalmers.se 
 

The assembly structure and morphology of the nanomaterials have significant influence on their 

properties and the performance of the corresponding devices made by those materials. Creating 3D 

structures by self-assembling 2D nanomaterials could dramatically improve the overall performance of 

2D materials for energy storage and conversion, especially where the high surface area and porous 

structure are needed. Template-assisted methods are the most popular way to fabricate 3D structure, 

and freeze-casting using ice as template was considered as an environmental-fri endly and simple 

method. However, it is always challenging to achieve the desirable 3D structures due to the 

uncontrollable ice crystals growth and the limitation of 2D materials dispersion in the system. I will  

present an innovative method that we developed recently to self-assemble 2D materials for example 

graphene and MXene into 3D hollow spheres (Fig. 1). Different from the 3D porous network obtained 

from conventional freeze-drying method,[1] such innovative and simple method allow us to prepare 

uniform graphene/MXene hollow spheres with controllable size and spherical structure. A series of 

graphene hollow spheres with different size and 3D structures were prepared. Advanced in situ 

characterization method was used to understand the formation of the 3D hollow structures.[2] Using as 

electrode materials, the as prepared 3D hollow spheres exhibit superior electrochemical performance 

in terms of specific capacitance and rate capability thanks to the spherical structures. Our method is 

very simple and can be scale up for large scale synthesis with great potential for practical applications. 

 

 

 
 

Figure 1. SEM image of 3D graphene hollow spheres. 

 

References 

[1] J. Sun, M. A. Memon, W. Bai, L. Xiao, B. Zhang, Y. Jin, Y. Huang and J. Geng, Controllable Fabrication of 

Transparent Macroporous Graphene Thin Films and Versatile Applications as a Conducting Platform. Adv. 

Funct. Mater. 2015, 25, 43344343. 

[2] J. Sun, M. Sadd, P. Edenborg, H. Grºnbeck, P. H. Thiesen, Z. Xia, V. Quintano, R. Qiu, A. Matic and V. 

Palermo, Real-time imaging of Na+ reversible intercalation in ñJanusò graphene stacks for battery applications, 

Sci. Adv., 2021, 7, eabf0812. 
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Frode H¬skjold Fagerli: Surface Termination Control of 2D MXenes for Battery Applications 
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Anastasia Mikheenkova: Ageing Mapping in Commercial Ni-rich Lithium Ion Cells for Electric Vehicles 
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Thiringer2, Rakel Wreland Lindstrºm3, Erik Berg1, Matthew Lacey4, Maria Hahlin1 

 
1Department of Chemistry ï ¡ngstrºm Laboratory, Uppsala University, Lªgerhyddsvªgen 1, 75 121 

Uppsala, Sweden 
2 Electrical Machines and Power Electronics ï Chalmers University of Technology, SE-412 96 

Gothenburg, Sweden 
3
 Division of applied electrochemistry - KTH Royal Institute of Technology, SE-100 44 Stockholm, 

Sweden 
4Scania CV AB, 15187 Sºdertªlje, Sweden 

 

anastasiia.mikheenkova@kemi.uu.se 

 

High cost and supply constraints of active materials for lithium-ion batteries (LIBs) motivates 

continued effort in prolonging usable lifetime. A true understanding of degradation processes behind 

battery ageing is, therefore, essential. An additional crucial challenge is to mimic relevant ageing as 

well as to distinguish ageing on different cell elements. If one focuses on a positive electrode LIB 

ageing contribution, it is common to differentiate ageing effect depending on the consequence. These 

consequences can be separated into loss of active material (i.e. transition metal dissolution, structural 

deterioration), loss of lithium ion inventory (i.e. electrolyte decomposition), and loss of conductivity 

(i.e. current collector corrosion, particle cracking) [1][2]. In the current work we investigate state of 

charge (SoC) window (0-50%, 50-100%, 0-100%) and temperature (30 and 45 ÁC) dependent 

degradation in commercial 2170 cylindrical cells extracted form Tesla Model 3 battery pack. The 

study was conducted on extracted electrodes with a particular focus on the degradation of the positive 

electrode. The results have shown that positive and negative electrode ageing is dependent on 

temperature and SoC range High cost and supply constraints of active materials for lithium-ion 

batteries (LIBs) motivates continued effort in prolonging usable lifetime: the positive electrode 

experiences stronger degradation at high temperature and high SoC range resulting in loss of active 

material and higher resistance (Fig. 1). The negative electrode ageing was found to be tightly 

connected to SiOx particles degradation. Ageing within the cell geometry is not homogenous and 

varies at both the negative and positive electrodes [3]. 

 
Figure 1.  Degradation sources of lithium ion cell. 

References 

[1]W. Liu et al., Angew. Chemie Int. Ed., 54 (2015) 4440ï4457.  

[2] C. R. Birkl et al., Journal of Power Sources 341 (2017) 373-386. 

[3] Mikheenkova et al., in manuscript. 
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Julia Maibach: How about Glyoxals? Evaluating alternative Electrolytes for Si/Graphite Composite 
Electrodes in Li-ion batteries 
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Composite Electrodes in Li-ion batter ies 

 
Lydia Gehrlein1, Fabian Jeschull1, Julia Maibach1,2 

 
1Karlsruhe Institute of Technology, Institute for Applied Materials, Hermann-von-Helmholtz-Platz 1, 

76344 Eggenstein-Leopoldshafen, Germany 
2 Chalmers University of Technology, Department of Physics, SE-412 96 Gothenburg, Sweden   

 

julia.maibach@kit.edu 
 

 

Li -ion batteries are a key enabler in the transition from fossil fuels to renewable energy. To further 

increase their market shares beyond consumer electronics in electric transportation and grid storage, 

higher energy and power densities are required. One way to achieve higher energy densities is to add 

silicon to the graphite negative electrodes. In these composite electrodes, the high volume changes of 

silicon during cycling are buffered to some extent but stil l put significant strain on the electrode and 

SEI stabili ty. We therefore investigate alternative, carbonate-free electrolyte compositions and 

evaluate their impact on the electrode performance. These electrolytes were based on the glyoxylic 

acetals TMG (1,1,2,2-tetramethoxyethane) and TEG (1,1,2,2-tetraethoxyethane) [1], selected because 

of their excellent thermal stabili ty. 

 
While TMG performed worse than cells cycled in carbonate-based reference electrolytes, improved 

performance could be achieved when using TEG. The latter exhibited a much more stable capacity 

profile with overall higher capacities. The poor performance of TMG could be related to a dramatic 

drop in both graphite and silicon activity after already 10 cycles. TEG, on the other hand, showed 

higher retention of silicon activity, with graphite activity remaining unchanged from the 1st to the 

100th cycle. XPS showed that TMG formed an SEI with slightly higher carbonate content and earlier 

and stronger LiTFSI salt decomposition, while -C-O and -CO2Li concentrations were similar when 

compared to the TEG SEI. Analysis of the electrode morphology revealed TEG to form a smoother 

and continuously connected SEI. This surface layer most probably has a higher ability to 

accommodate the silicon volume changes upon cycling, rendering TEG a very promising electrolyte 

candidate for realizing silicon-containing anodes with high capacity and high stabil ity. Even without 

SEI stabilizing electrolyte additive or ionic conductivity enhancing co-solvent, TEG showed enhanced 

electrochemical performance with Si/Gr anodes compared to a standard electrolyte based on EC:DMC 

with LiPF6.  
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Nowadays, lithium-ion batteries (LIB) are the dominant battery technology and are produced 

at an increasingly large scale to cope with the growing electrification of the transport sector. 

This results in large cost reduction and new opportunities for their implementation in stationary 

energy storage at the grid and household levels. In the next few decades, it is expected that the 

number of electric vehicles will increase by two to three orders of magnitude and stationary 

storage may reach up to 1300 GWh. Although LIBs are excellent candidates for electromobility, 

concerns are rising regarding the long-term sustainability  and cost of critical raw materials (e.g. 

cobalt, nickel, lithium, and copper) used in LIBs. Thus, next-generation batteries, such as 

sodium-ion batters (SIBs), are considered sustainable, and affordable energy storage solution 

alternatives [1]. 

Even though SIBs share a lot of similarities with LIBs, the electrochemical intercalation of Na+ 

ions into graphite is limited. Instead, hard carbon (HC) is an alternative carbonaceous anode 

material that has been proven to intercalate Na+ ions at low potentials [2]. Biomass is the most 

popular type of hard carbon precursor due to its low cost and abundant natural resources 

compared to petroleum coke or formaldehyde resins. However, HC anodes can suffer from poor 

rate performance, cycle lif e, and low initial coulombic efficiency due to limited diffusion 

kinetics within the particles and undesirable side reactions with the electrolyte leading to 
unstable SEI layers. This is attributed to the high open surface area and unoptimised internal 

microstructure of the HC particles [3]. 

In this work, we explore the effect of different Norwegian abundant biomass sources namely: 

potato starch, lignosulfonate, Kraft lignin, and microalgae, on the microstructural, chemical, 

and morphological properties of the resultant hard carbon. The electrochemical performance of 

these HCs is tested and compared via galvanostatic electrochemical characterisation and EIS 

while their morphologies and microstructures are examined by SEM, HRTEM, XRD, and 

SAXS, respectively. 

 

 

Figure1. SEM and TEM micrographs of lignosulfonate-derived hard carbon 
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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 study1. 
Understanding the (de)sodiation mechanism is crucial and, in several cases, requires 
advanced synchrotron characterization. Operando synchrotron studies are generally limited 
to one or two sodiation cycles, which are not fully comprehensive for CAMs2. Therefore, 
herein, we studied the sodiation and desodiation of Bi2MoO6-based anodes with laboratory-
based operando X-ray diffraction exceeding more than 30 cycles to have a complete 
overview of our CAMΩs 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 Bi2MoO6 occurs, creating Bi nanoparticles embedded in an 
amorphous Na-Mo-O matrix. The Bi particles then reversibly alloy with Na forming cubic 
Na3Bi leading to a specific capacity close to 300 mAh g1 for the 10 first cycles. This is 
followed by a rapid capacity decay where the sodiation of Bi becomes irreversible leaving 
several inactive Na3Bi particles. To the best of our knowledge, this is due to the observed 
crystal growth of the Bi particles accompanied by structural changes in the insulating Na-
Mo-O leading to poor conductivity in the electrodes. The poor electronic conductivity of the 
matrix deactivates the NaxBi particles and prevents the formation of the solid electrolyte 
interface layer as shown by post-mortem scanning electron microscopy studies.  
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Figure 1: Operando 
XRD of Bi2MoO6 
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