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Day 1 Oral [1.1] 

Design of Materials for Positive Electrodes of Li-ion Batteries 

 

L. Croguenneca, *, I. Tertova,b,c, C. Moreaua,d, I.M. Nugrahaa,e, E. Petita, D. Flahautf, C. 

Brochone, E. Cloutete, E. Suardc, P.E. Cabelguen, J. Olchowkaa, C. Aymoniera, C. 

Masquelierb 

a ICMCB, CNRS, Univ. Bordeaux, Bordeaux INP, UMR CNRS 5026, Pessac, France 
b LRCS, Univ. Picardie Jules Verne, UMR CNRS 7314, Amiens, France 

c ILL, Grenoble, France 
d Umicore Battery Cathode Materials, Brussels, Belgium 

e LCPO, Univ. Bordeaux, CNRS, Bordeaux INP, UMR 5629, Pessac, France 
f IPREM, UMR 5254 UPPA/CNRS, ECP Technopole Helioparc, Pau, France 

*laurence.croguennec@icmcb.cnrs.fr 
 

During this talk, I will illustrate how tuning the composition and structure of LiNi0.5Mn1.5O4 
(LNMO) allows to optimize its properties,1-3 then I will also demonstrate how supercritical fluid 
chemical deposition (SFCD) is an efficient process to modify the surface of high-voltage 
oxides, LNMO but also Li1.15Ni0.29Mn0.56O2 (LMR), to drive them towards improved stability 4-5 
and finally, I will show that Poly(3,4-ethylenedioxythiophene)-poly[(4-styrenesulfonyl) 
(trifluoromethylsulfonyl) imide] (PEDOT:PSSTFSI) can be an alternative binder and conductive 
additive, in replacement of both PVDF and carbon black, in Li-ion batteries with 
LiFe0.4Mn0.6PO4 at the positive electrode 6-8. 

We extensively used neutron powder diffraction to study the impact of the Mn/Ni ratio on Mn/Ni 
ordering in LNMO. High performance LNMO, very close to the ideal stoichiometry, can be 
obtained with a microstructure such as nanosized and irregularly-shaped ordered domains are 
homogeneously distributed throughout particles and joint by disordered areas.  

SFCD allows to form thin, homogeneous and conformal Al-rich coating on the surface of 
primary particles of LNMO and within the porosity of spherical aggregates of LMR, built of 
platelet-like primary particles.  

Binders in Li-ion battery play an important role to ensure mechanical integrity and interface 
modulation of electrodes. PEDOT:PSSTFSI is a mixed conductive binder, an alternative to 
both PVDF and carbon black, which enhances conductivity and lithium diffusion, facilitates 
faster charge/discharge rates at high current densities and promotes stability over extended 
cycles.  

1. Tertov et al. J. Power Sources, 2024, 623, 235447 https://doi.org/10.1016/j.jpowsour.2024.235447 
2. Tertov et al., Energy Storage Materials, 2025, 104359, https://doi.org/10.1016/j.ensm.2025.104359 
3. Tertov et al. J. Mater. Chem. A, 2025, 13, 22931-22945, https://doi.org/10.1039/D5TA01514F 
4. Courbaron et al. ACS Appl. Mater. Interfaces, 2023, 15, 2, 2812–2824, 

https://doi.org/10.1021/acsami.2c14777 
5. Moreau et al. submitted 
6. Nugraha et al., Adv. Science, 2024, 11, 2409403 https://doi.org/10.1002/advs.202409403  
7. Nugraha et al., J. Mater. Chem. A. 2026, 14, 3504 – 3519, https://doi.org/10.1039/D5TA06213F 
8. Nazmutdinova, Nugraha et al., Adv. Energy Mater., 16, 14, e06757, 

https://doi.org/10.1002/aenm.202506757 

 
Laurence Croguennec is CNRS Research Director and Deputy Director at the Institute of Condensed Matter 
Chemistry at the University of Bordeaux. She leads research (i) on the crystal chemistry of electrode materials 
developed for Metal-ion and solid-state batteries, (ii) on the characterization of mechanisms involved upon 
cycling and aging of batteries, and (iii), in collaboration with European neutrons and synchrotron large scale 
facilities, on the development of characterization tools for in situ and operando characterization of materials 
during the operation of batteries. She is laureate of the 2025 CNRS Silver Medal, 2025 International Battery 
Association Research Award and 2025 International Society of Electrochemistry Prize for Electrochemical Energy 
Conversion and Storage.  

mailto:laurence.croguennec@icmcb.cnrs.fr
https://doi.org/10.1016/j.jpowsour.2024.235447
https://doi.org/10.1016/j.ensm.2025.104359
https://doi.org/10.1039/D5TA01514F
https://doi.org/10.1021/acsami.2c14777
https://doi.org/10.1002/advs.202409403
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https://doi.org/10.1002/aenm.202506757
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Day 1 Oral [1.2] 

Surface Degradation of Ni-rich Layered Oxides for Li-ion Batteries  

Wesley M. Dose 

School of Chemistry, University of Sydney, Camperdown, Australia 
*wesley.dose@sydney.edu.au 

Nickel (Ni)-rich layered oxides are the leading positive electrode material for high-energy 
lithium (Li)-ion batteries, due to their lower cost, higher specific capacity, and more sustainable 
footprint compared to materials with lower Ni, and higher cobalt, content. Despite their 
promise, Ni-rich electrodes suffer from multiple degradation pathways that significantly hinder 
long-term performance. Many of the most consequential degradation pathways stem from 
reactions at the particle surface, such as lattice oxygen release, reduced/reconstructed 
surface layer formation, and electrolyte degradation.1,2 Despite the critical impact, a detailed 
understanding of the surface reactions and material evolution during cycling remains poorly 
understood. 

Here we will discuss the fundamental redox mechanisms of Ni-rich positive electrodes and 
how these are linked to detrimental high voltage interfacial reactions and near-surface 
structural evolution. Using a combination of operando electrochemical gas analysis and depth-
resolved X-ray absorption spectroscopy (XAS) we will describe the formation of the reduced 
surface layer in the initial cycles and its evolution as cycling progresses. By varying the 
electrolyte composition, particle morphology, and cycling conditions, we have identified the 
drivers for material degradation and effective strategies to improve the performance of Ni-rich 
materials in full cells.  

References 

1. W. M. Dose, W. Li, I. Temprano, C. A. O’Keefe, B. L. Mehdi, M. F. L. De Volder, C. P. 
Grey, ACS Energy Lett., 2022, 7, 3524–3530. 

2. J. S. Terreblanche, T. Luo, L. F. J. Piper, W. M. Dose, Adv. Energy Mater., 2025, 15, 
2404427. 

 
Wesley M. Dose is a Senior Lecturer and Sydney Horizon Fellow in the School of Chemistry at the University of 

Sydney. Wesley’s research interests are in energy storage materials for applications in current and emerging 

battery chemistries including lithium-ion, sodium-ion, and other ‘beyond lithium’ battery chemistries. He is 

particularly focused on the chemistry and electrochemistry of sustainable and high-energy materials and 

understanding the interfacial chemistry at electrode-electrolyte interfaces.   
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Day 1 Oral [1.3] 

Development of high-performance anode and cathode materials for Li-ion batteries 

Cheng Yan 1,2,3* 

1 School of Mechanical, Medical and Process Engineering, 2 Centre for Material Science, 3 Energy Transition 
Centre, Queensland University of Technology, 2 George Street, Brisbane, QLD 4000, Australia. 

 
*Email: c2.yan@qut.edu.au  

 

Current lithium-ion (Li-ion) batteries do not satisfy the increasing demands of portable 
electronic devices and electric vehicles, due to low energy densities, safety issues and high 
cost. High-capacity electrode materials have been developed in recent years. However, 
integrating these materials into practical cells has lagged due to several technical challenges, 
including volume expansion and phase transformation of active particles, mechanical strain 
and stress during cycling, interface failure and battery performance decay.  
 
In this presentation, our work on development of Si anode and Ni rich layered oxide cathode 
materials will be introduced, with a focus on highlighting the chemo-mechanical coupling 
phenomena. For example, to overcome the cracking and pulverization of Si active particles, 
operando experiments and atomistic modelling have been used to investigate the 
underpinning mechanisms. Accordingly, 2D materials, liquid metals and new binders have 
been adopted and applied to achieve high and stable performance. On the other hand, Ni-rich 
layered oxides are among the most promising cathode materials for high energy lithium-ion 
batteries due to their high capacity and energy density. However, electrochemical behaviour 
of Ni-rich materials is underexplored and requires a better understanding to address existing 
challenges such as elongated Li-ion diffusion pathways and unstable mechanical and cycling 
performance. Recently, we have investigated the structural evolution and developed doping 
and surface modification techniques to improve the cycling performance, Coulombic efficiency 
and capacity retention in Ni-rich cathodes.   
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Day 1 Oral [2.1] 

Ion Specific Separators and Their Role within Energy Storage Devices 

Matthew R Hill,a Mahdokht Shaibani,b Areeb Shehzad,a Ehsan Ghasemiestahbanatia, 

Mostafa Tarek,a Farnaz Zadehahmadi,a Sara Moghimian,a Ryan P. Lively,c Trisha Daftari,c 

Vanessa Psarras-Román,c Yingyi Huang,a Wanqiao Liang a, Mainak Majumdera 

a Monash University, Clayton VIC 3800. 
b RMIT University, Melbourne VIC 3000 

c School of Chemical & Biomolecular Engineering, Georgia Institute of Technology, 311 Ferst 
Drive North West, Atlanta, Georgia 30332-0100, United States 

 

Abstract: 

One of the great global scientific challenges is the availability of energy at low cost, to all.  
Whilst the ability to generate power from renewable sources, and from a distributed grid, 
progressed remarkably over the last 15 years, it can only be fully exploited if usage can be 
decoupled from generation.   

Electrochemical energy storage technologies such 
as batteries and supercapacitors are the primary 
mechanism to break this link.  Developments in the 
performance of new storage media, whilst 
maintaining an economical aspect, are crucial for 
making the use of self-generated renewable 
energy viable in many more instances.   

One of the most tantalizing battery chemistries is 
Lithium-Sulfur (Li-S).  With a gravimetric storage 
potential around 10 times higher than Lithium ion, 
Li-S batteries are also manufactured from cheap, 
safe and stable materials, amenable to their 
widespread deployment.  However, Li-S batteries 
have inherent challenges of stability with cycling, 
accessing their full storage potential, and obtaining 
charge-discharge at requisite rates.  Many of these 
inherent challenges are due to slow, or non-
selective transport, and porous materials offer the potential to address this behaviour.   

In this presentation, recent breakthroughs in addressing these challenges inherent to Li-S will 
be presented.  We have been able to develop Li-S cells with some of the best performances 
yet reported, and under conditions practical to their wide deployment.  This is due to new forms 
of transport, and the mechanisms behind how porous materials within Li-S cells achieved this, 
discussed.   

Recent developments with related separators and their potentials in flow batteries will also be 
highlighted.   

Figure 1.  Lithium-Sulfur Batteries offer 

tantalizing global potential, should endemic 

limitations be overcome.   
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Day 1 Oral [2.2] 

Poly(Ionic Liquids) as Promising Polymer Electrolytes for Next-Generation Alkali 
Metal Batteries 

Jhonatan Soto Puelles, Kewei Cai, Yuchen Zhang, Maria Forsyth and Fangfang Chen*  

Institute for Frontier Materials, Deakin University, Burwood Campus, VIC, Australia 

Poly(ionic liquids) (PolyIL) with cationic polymer backbones have been investigated at high 
salt concentrations to form PolyIL-in-salt electrolytes, demonstrating great potential for 
addressing challenges associated with the low ionic conductivity and alkali metal ion 
transference number typically observed in conventional polymer electrolytes. This makes 
them a promising class of polymers for the development of polymer-based lithium and sodium 
metal batteries.  

Over the past few years, we have provided mechanistic insights into structures and ion 
transport mechanisms of this family of materials. We first explored ammonium-based polyIL 
families and have recently extended our research to phosphonium-based systems. Our 
studies revealed how various factors, including polycation chemistry, salt concentrations, 
mixed anions and mechanical reinforcement materials, affect ion transport in these polyIL-in-
salt systems.1,2 Through these efforts, we have gradually improved ionic conductivities to 
around 10-3 S cm-1 at 80 °C, with moderately high Li or Na transference numbers above 0.5. 
Our next goal is to achieve ionic conductivities between 10⁻⁴ and 10⁻³ S cm⁻¹ at ambient 
temperature through these PolyIL-in-salt systems, thereby promoting their practical 
application in both all-solid-state lithium and sodium metal batteries. 

References  

1. G Lingua, F Chen, S Kondou, X Wang, D Mecerreyes and M Forsyth, Accounts of 
Materials Research, 2025, 6, 1368-1378.  

2. A H Berzosa, K Cai, G Lingua, D Mantione, l Santos, F Santino, M Forsyth, F Chen 
and D Mecerreyes, J Am Chem Soc, 2026, 148, 19074-19086.   
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Ionic Liquid Electrolytes for Next-Generation Battery Design: Sulfur Electrochemistry 
and Anode-Free Architectures 

Ajit Kumar 

Deakin University 

The global transition to renewable energy demands battery technologies that are 
simultaneously safe, high-energy, and sustainable. Ionic liquid (IL) electrolytes, characterised 
by their intrinsic non-flammability, negligible vapour pressure, wide electrochemical stability 
windows, and highly tunable solvation chemistry, represent a compelling and versatile platform 
to address the most pressing challenges in next-generation battery design. 

This talk presents a unified research vision connecting two frontier battery technologies 
through the common thread of IL electrolyte engineering. First, the rational design of IL 
electrolytes for sulphur-based batteries will be discussed, demonstrating how precise tuning 
of IL composition suppresses polysulfide dissolution and shuttle effects, enabling high active-
material utilisation and extended cycle life in both lithium–sulfur and sodium–sulfur systems. 
Second, the application of IL electrolytes in anode-free sodium battery architectures will be 
presented, a transformative cell design that eliminates the sodium metal anode from 
manufacture, maximising energy density while reducing cost and safety risk. Here, IL 
electrolytes play a pivotal role in governing sodium nucleation, growth behaviour and solid 
electrolyte interphase engineering for stable, reversible cycling. 

Together, these advances highlight ionic liquid electrolyte design as a key enabling platform 
for safe and commercially viable energy storage. 
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Day 1 Oral [2.4] 

Investigating a sustainable approach for the conversion of Triphylite-NaFePO4 Na-ion 
Cathode Materials from Different LiFePO4 sources  

Ramtin Hessam1, Matthew Boot-Handford2, Montserrat Galcerán3, Maria Forsyth1, Patrick C 

Howlett1, Youssof Shekibi1, and Robert Kerr1 

1 Institute for Frontier Materials (IFM), Deakin University, Burwood, Victoria 3125, Australia. 

2 Calix Limited, 71 Rowsley Road, Maddingley, Victoria 3340, Australia 
 3 Centre for Cooperative Research on Alternative Energies (CIC energiGUNE), Basque Research and 
Technology Alliance (BRTA), Alava Technology Park, Albert Einstein 48, 01510, Vitoria-Gasteiz, Spain. 

 

Ramtin Hessam email: r.hessam@deakin.edu.au 

 

The conversion of LiFePO4 cathode materials into NaFePO4 via a chemical processing route 
presents a valuable recycling strategy for spent LiFePO4, aiding in lithium recovery while 
generating high performing cathode materials for sodium-ion batteries. This research builds 
on a previously reported method for synthesizing triphylite-NaFePO4 cathodes by further 
investigating the influence of LiFePO4 source material along with the processing route and 
conditions. Four carbon-coated LiFePO4 cathodes were used in this study, each with distinct 
microstructural and electrochemical properties, while an efficient two-step process was 
adopted in order to remove Li+ and then sodiate the FePO4 to form an NaFePO4 that exhibits 
good characteristics for a battery cathode material. The results obtained by XRD, ICP, SEM 
and Raman Spectroscopy techniques have shown that Li+ (more than 95%) is successfully 
removed from the LiFePO4 cathodes and successful insertion of sodium (between 10.7 wt% 
and 11.9 wt%) occurs in the triphylite FePO4 structure (full sodiation) without adversely 
affecting the morphology and carbon coating of the original LiFePO4. The extent of sodiation 
was confirmed by electrochemical extraction of the sodium in an electrochemical half-cell, 
while the durability and performance of these materials confirmed upon subsequent cycling 
tests. Furthermore, all electrochemical results have demonstrated that the characteristics of 
the product NaFePO4 cathode material are influenced by the properties of the LiFePO4 starting 
material.  

Keywords: Li-ion batteries, LiFePO4, Na-ion batteries, Triphylite-NaFePO4 

  

mailto:r.hessam@deakin.edu.au
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Permselective Molecular Layers for Dendrite-Free and High-Power Zinc Metal Anodes 

Devarani Theenathayalana, Petar Jovanovica,b, Sebastian Thomasc, Mainak Majumdera,b 

aNanoscale Science and Engineering Laboratory (NSEL), Department of Mechanical and Aerospace 
Engineering, Monash University, 20 Research Way, Clayton, VIC 3800, Australia 

bARC Research Hub for Advanced Manufacturing with 2D Materials, Monash 
University, 20 Research Way, Clayton, VIC 3800, Australia 

cDepartment of Material Science and Engineering, Monash University, 
Clayton, VIC 3800, Australia. 

Devarani.theenathayalan@monash.edu 

Aqueous zinc-ion batteries (AZIBs) are emerging as promising candidates for grid-scale 
energy storage due to the high theoretical capacity of metallic zinc and the inherent safety of 
aqueous electrolytes. However, their practical deployment is hindered by poor coulombic 
efficiency and limited cycling stability, arising from dendrite formation and parasitic reactions 
such as corrosion and hydrogen evolution1. These issues are fundamentally linked to the 
Zn+2 solvation structure and the water-rich electrical double layer (EDL), which promotes 
side reactions, induces desolvation barriers, and leads to interfacial instability2. Here, we 
report a simple, cost-effective, and environmentally benign strategy to construct an ultrathin, 
nanometre-scale interfacial layer on Zn via self-assembly. The engineered interphase 
regulates EDL chemistry by anchoring functional groups to the Zn surface while modulating 
interfacial water activity and ion distribution. This design suppresses water-induced side 
reactions and facilitates Zn2+ transport by lowering desolvation barriers and enriching the 
interface with charge carriers. Thus, the interfacial structure can be tuned to balance perm 
selectivity and ion transport kinetics, overcoming the limitations of conventional thick 
coatings that impede electrochemical performance. As a result, the modified Zn electrodes 
exhibit significantly improved stability, delivering over 2000 hours of cycling at 2 mA cm-2 and 
1 mAh cm-2, and stable operation under high-rate conditions of 30 mA cm-2 and 30 mAh cm-

2. These findings highlight the importance of interfacial molecular design in stabilising Zn 
metal anodes and provide a scalable pathway toward durable AZIBs for stationary energy 
storage applications. 

References  

1. Z. Cao, P. Zhuang, X. Zhang, M. Ye, J. Shen, P. M. Ajayan, Adv. Energy Mater. 2020, 
10, 2001599. 

2. M. Li, Z. Li, X. Wang, J. Meng, X. Liu, B. Wu, C. Han, L. Mai, Energy Environ. Sci. 
2021, 14, 3796–3839.  

Devarani holds a bachelor’s and a master’s degree in chemistry from India. Before joining NSEL in February 

2024, she worked as a project associate at the battery research lab of Hindustan Petroleum Green R&D Centre, 

where she focused on developing high-voltage vanadium-based cathodes for sodium-ion batteries. Currently, her 

research centres on improving the performance and stability of aqueous zinc–manganese dioxide (Zn–MnO2) 

batteries. Her broader research interests include electrode surface engineering, electrolyte optimisation, and 

sustainable materials for next-generation energy storage systems.   
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AI powered battery health prediction and automated disassembly  

S. M. Nawazish Alia, Ammar Kamoonaa, Raja Fawad Afsar Khana and Mahdi Jalilia 

a Department of Electrical and Electronics Engineering, RMIT University, Melbourne, Australia   
*Presenting author’s e-mail address (syed.ali@rmit.edu.au.) 

The rapid adoption of electric vehicles and renewable energy storage systems is driving an 
unprecedented increase in end-of-life lithium-ion batteries, creating urgent challenges for safe 
reuse, repurposing, and recycling. This presentation introduces an integrated AI-powered 
framework that combines advanced battery health prediction with intelligent robotic 
disassembly to enable scalable and sustainable circular battery ecosystems. The proposed 
approach employs state-of-the-art machine learning and Transformer-based architectures to 
accurately estimate battery state of health (SoH) and state of charge (SoC) in real time, 
providing the foundation for informed decisions on battery reuse, second-life applications, and 
recycling. Using Oxford and Nickel Cobalt Aluminum Oxide (NCA) battery datasets, the 
developed AI models achieve over 95% estimation accuracy, while a novel memory-
augmented multitask Transformer enables simultaneous online SoH and SoC estimation with 
high accuracy and real-time inference capability, making it suitable for deployment in battery 
management systems. 

Complementing AI-driven diagnostics, the presentation will showcase the development of an 
intelligent robotic battery disassembly platform based on ABB industrial robotics. The system 
integrates RobotStudio simulation, CAD-based modelling, automated battery handling, and 
specialised end-effector design to safely dismantle battery packs with minimal human 
intervention. Following virtual validation, the robotic prototype will be deployed and evaluated 
using multiple battery designs to demonstrate its adaptability and operational performance. By 
integrating AI-enabled battery diagnostics with robotic automation, the proposed framework 
significantly improves battery classification, safety, recovery efficiency, and resource utilisation 
while reducing labour costs and environmental impact. The presented research demonstrates 
a practical pathway towards intelligent battery recycling and repurposing, supporting 
Australia's transition to a resilient circular battery economy and sustainable critical mineral 
supply chain. 

Dr Ali is a Research Fellow at EV Living Lab in RMIT University. His research encompasses various areas of 
electrical engineering including control systems, power electronics, and power systems. He is leading research 
projects like CRC-P, Quad Clean Energy Supply Chain Diversification Program, and AEA Ignite under the 
supervision of Distinguished Prof. Mahdi Jalili focusing on electric vehicle chargers, battery recycling and 

repurposing, robotics for batteries, and battery passport.   
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AI-Enabled Decision Support for Battery System Value and Intelligence 

Hao Wanga,b,* 

a Department of Data Science and AI, Monash University, Melbourne, Australia 
bMonash Energy Institute, Monash University, Melbourne, Australia  

*hao.wang2@monash.edu 

Battery materials are increasingly evaluated not only by cell-level performance, but by the 
value, reliability and intelligence they enable in real energy systems. This abstract submission 
presents a system-level perspective on battery research, drawing on recent work on home 
battery scheduling, electric vehicle battery charging and discharging, community battery 
energy storage, utility-scale battery storage arbitrage in the electricity market. We show how 
optimisation and intelligent decision support can translate battery characteristics, operating 
histories and degradation metrics into deployment decisions across energy consumers, 
energy communities, electric grids and electricity markets. For home batteries, data visibility 
and metering can improve incentives and operational decisions for customer-owned storage1. 
For EV batteries, coordinated charging, discharging and vehicle-to-anything services can 
support grid stability, value stacking and network-aware operation under uncertainty2,3. For 
community batteries, optimisation and reinforcement learning can enhance solar utilisation, 
peak reduction, voltage regulation and local energy arbitrage4. For utility-scale batteries, 
reinforcement learning and transformer-based models can support arbitrage and joint bidding 
across energy and ancillary-service markets5. Looking forward, AI and large language models 
(or foundations models) can further enable degradation-aware operation, digital battery 
identity, second-life assessment, safety-aware control and lifecycle value evaluation, creating 
collaboration opportunities between battery materials scientists, AI researchers and power-
system engineers. 

1. Y. Weng, S. Luo, Q. Cui, R. Trask and H. Wang, Evaluate DC Meter Adoption for 
House-Level Storage Devices, IEEE Trans. Smart Grid, 2023, 14, 464–475. 

2. C. Jiang, S. Dunstall, H. Wang, A. Smith and A. Lam, A scalable approach for delivering 
grid stability services by way of coordinated electric vehicle charging and discharging, 
in the 51st International Conference on Computers & Industrial Engineering, 2024, pp. 
1785–1794. 

3. C. Jiang, A. Liebman and H. Wang, Network-aware electric vehicle coordination for 
vehicle-to-anything value stacking considering uncertainties, in 2023 IEEE/IAS 59th 
Industrial and Commercial Power Systems Technical Conference, IEEE, 2023. 

4. Y. Wang, H. Wang, M. Wagner and A. Liebman, Community Battery Energy Storage 
Systems for Enhancing Distribution System Operation: A Multi-objective Optimization 
Approach, in 2023 IEEE International Conference on Energy Technologies for Future 
Grids, IEEE, 2023. 

5. H. Wang and B. Zhang, Energy storage arbitrage in real-time markets via 
reinforcement learning, in 2018 IEEE Power & Energy Society General Meeting, 
IEEE, 2018. 

Hao Wang is a Senior Lecturer in the Department of Data Science and AI at Monash University. His research 

focuses on AI, optimisation and data analytics for smart energy systems, including electric vehicles and battery 

energy storage. He is particularly interested in translating battery technologies into system-level value through 

data-driven operation, market participation, lifecycle assessment and reliable integration with renewable-rich 

power systems. He is a recipient of the 2023 ARC DECRA Fellowship and the Washington Research Foundation 

(WRF) Innovation Fellowship.   
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AI-Enabled Early Warning for Lithium-Ion Battery Fire Hazards: A Spatiotemporal 
Safety Paradigm 

Maryam Ghodrat  

School of Engineering and Technology, UNSW Canberra  

m.ghodrat@unsw.edu.au  

Early indicators of lithium-ion battery failure are typically subtle, short-lived, and easily 
overlooked, yet they precede some of the most hazardous fire behaviours observed in 
contemporary energy systems. Recent studies of thermal-runaway mechanisms show that 
failure commonly initiates with degradation of the Solid Electrolyte Interphase (SEI). As the 
process advances through anode–electrolyte reactions and cathode-driven oxygen release, it 
generates brief but significant bursts of heat, gas, and smoke well before visible ignition 
occurs. In parallel, developments in computer-vision methods demonstrate that these early 
behaviours leave discernible spatiotemporal signatures in standard CCTV recordings. 
Drawing on insights from both domains, this work outlines an emerging early-detection 
approach that relies on AI-based interpretation of these visual cues rather than embedded 
sensors or intrusive instrumentation. 

Deep-learning models trained on real-world lithium-ion battery incidents consistently identify 
characteristic patterns such as jet-like flame ejections, abrupt ignition pulses, transient flame 
collapse followed by re-ignition, and rapidly developing smoke plumes, features that differ 
markedly from conventional combustibles or benign indoor flames. Architectures including 3D 
CNNs, SlowFast networks, and attention-enhanced variants have demonstrated strong 
performance (typically 86–90% accuracy) while maintaining real-time inference speeds 
suitable for deployment across residential, industrial, and transport environments. Their 
predictive behaviour aligns closely with the physical progression of thermal runaway 
documented in calorimetry and modelling studies, indicating that visual analytics can serve as 
a practical surrogate for complex internal processes. 

Integrating physics-based understanding of battery failure with the pattern-recognition 
capabilities of modern AI offers a pathway toward earlier and more reliable warning systems. 
Such systems can distinguish hazardous battery events from ordinary flames, reduce false 
alarms, and provide decision-makers with improved situational awareness during the critical 
early stages of an incident. This convergence of modelling and vision-based detection 
represents a shift toward proactive, context-aware fire-safety strategies in environments 
increasingly dependent on lithium-ion technologies.   

mailto:m.ghodrat@unsw.edu.au
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Early Cycle Life Prediction of Lithium-Metal Batteries with the Aid of Machine 
Learning 

Mojtaba Eftekharnia 

 
Faculty of Science, Engineering, and Bulit Environment, Institute for Frontier Materials, Deakin University, 

Victoria, Australia 
*Email: m.eftekharnia@deakin.edu.au  

 
Battery cell manufacturing comprises numerous steps requiring co-optimization making the 
development process time consuming and expensive. Lithium-metal batteries with ionic liquid 
electrolytes are a promising next-generation technology for applications demanding high 
specific energy and safety but currently suffer from limited cycle stability. Optimizing the 
manufacturing process can improve performance, and early cycle life prediction can 
accelerate this process, reducing cost and time. However, correlating early-stage behavior 
with long-term stability is challenging. Machine learning (ML) can assist in building these 
correlations, but feature extraction remains a key hurdle. A set of features manually extracted 
from the first cycle with high correlation with the battery cycle life will be presented here. These 
features are then used as inputs to a ML model based on linear regression. While the dataset 
contains batteries that have reached end-of-life through two different mechanisms, the model 
can predict the cycle life with an error of 15.3%. The error decreases to 9.6% when the cells 
are first sorted by end-of-life mechanism. This work highlights the importance of the early 
charge–discharge behavior of lithium-metal batteries and how this data can be used to inform 
on the battery cycle life with a view to greatly reducing experimental workload.   
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Rheo-impedance Analysis for an Early Prediction of LiFePO4 Cathode Performance at 
the Slurry State 

Hiroyuki Uedaa,b,*, Isao Shitandac, Taiyoh Sekiguchic, Kazuma Sugayac, Haruna Tsunegic, 

Ryo Kotsuboc, Noya Leowc, Yoshifumi Yamagatad, Keisuke Miyamotod, Ryosuke Ohnukie, 

Shinya Yoshiokae, Hikari Watanabec and Masayuki Itagakic 

aInstitute for Frontier Materials (IFM), Deakin University, Burwood, Victoria, Australia 
bBattery Research and Innovation Hub, Deakin University, Burwood, Victoria, Australia 
cDepartment of Pure and Applied Chemistry & eDepartment of Physics and Astronomy,  
Faculty of Science and Technology, Tokyo University of Science, Noda, Chiba, Japan 

dAnton Paar Japan K. K., Sumida-ku, Tokyo, Japan 
*h.ueda@deakin.edu.au 

Optimising battery manufacturing conditions take significant energy, labour, and materials, 
which are often empirical and uncertain until full battery evaluation has been conducted. If 
battery performance can be predicted without assembling batteries followed by cycle 
evaluation, manufacturing steps will be streamlined to minimise costly trials-and-errors, 
thereby not only saving resources but also shortening turn-around time for battery innovation. 
To this end, my international collaboration team has developed rheo-impedance spectroscopy 
for battery slurries1, which is a technique to measure rheology and electrochemical impedance 
response of a sample simultaneously. We employed it to the slurry (solid content: 50 wt%) of 
a cathode comprising 90 wt% LiFePO4 (LFP), 5 wt% carbon black, and 5 wt% poly(vinylidene 
fluoride) and correlated rheo-impedance at different shear rates with the cell resistance and 
performance of the LFP cathodes prepared at corresponding coating speeds. As shown in the 
figure, there is a clear correlation between them, highlighting the possibility of rheo-impedance 
to be used as a performance predictor at the slurry state. 

1. I. Shitanda, H. Ueda, et al, J. Power Sources, 2026, 679, 240175. 

Dr. Hiroyuki Ueda is a Research Fellow, who received his PhD from Kumamoto University (Japan) and worked as 

a Battery Development Engineer in the industry for approximately 4 years. Since 2020, he has led many industry 

collaborations such as the development of solid-state batteries with Toyota and Mitsubishi Chemical. His current 

research interests are the application of rheo-impedance spectroscopy to a wide range of dataset for battery 

manufacturing innovation and the creation of unique battery architectures using advanced electrode/electrolyte 

materials.   
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Advanced Materials Design and Characterisation for Next-Generation Sodium-Ion 
Batteries 

Qingbing Xia, Ruth Knibbe  

School of Mechanical and Mining Engineering, The University of Queensland, St Lucia, Brisbane, QLD 4072, 
Australia 

qingbing.xia@uq.edu.au  

Sodium-ion batteries (SIBs) have emerged as a highly promising technology for large-scale 
electrochemical energy storage owing to the natural abundance and low cost of sodium 
resources. This talk will first present our recent advances in interfacial design to address 
instability that compromises the cycling durability and high-rate performance of SIBs. For a 
typical example, on the Prussian blue analogue (FePB) cathodes, we developed a sulphur-
containing cathode–electrolyte interphase (S-CEI) through orbital hybridisation between Fe 3d 
orbitals in FePB and O sp2 orbitals in 1-propene-1,3-sultone.1 This robust interphase was 
strongly anchored to the cathode and effectively suppressed the cubic-to-tetragonal phase 
transition. Consequently, the unit-cell volume shrinkage rate decreased from 18.5 to 5.7% V-

1, enabling a capacity decay of only 0.013% per cycle over 1,500 cycles at 1C, rate capability 
up to 90C, and stable operation from -20 to 60 °C. 

This presentation will also demonstrate our achievement on using advanced characterisation 
to establish the mechanistic understanding of battery reactions and kinetics. By using 
noncryogenic TEM, we achieved the first observation of epitaxial interactions between the 
(002) planes of sodium crystallites and the (01–11) planes of zinc current collectors.2 These 
interactions lower nucleation energy barriers and promote uniform sodium growth, providing 
a basis for high-energy-density sodium-based anode-free batteries. In addition, our research 
shows that the use of high-resolution EPR spectroscopy, complemented by in situ Raman 
spectroscopy and in situ synchrotron XRD, has provided deeper mechanistic insight into 
sodium storage in the hard carbon anode.3 This work helps clarify several long-standing 
debates regarding the respective roles of Na⁺ intercalation, Na⁺–solvent co-intercalation, 
defect-site storage, and quasi-metallic and metallic sodium. 

References  

1. Q. Xia, C.-L. Ko, Y. Fan, H. Liu, Y. Lei, Z. Xu, Z. Shao, I. Gentle and R. Knibbe, ACS 
Nano, 2025, 19, 40902-40916. 

2. E. Cooper, J. Otte, Z. Zheng, Q. Xia, I. R. Gentle and R. Knibbe, Nano Lett., 2024, 24, 
15085-15091. 

3. Q. Xia, C. L. Ko, E. R. Cooper, Q. Gu, R. Knibbe and J. R. Harmer, Adv. Funct. Mater., 
2025, 35, 2421976. 

 
Dr Qingbing Xia received his PhD from the University of Wollongong and has worked as a Research Fellow at 

The University of Queensland since July 2020. His research focuses on advanced electrode and electrolyte 

materials and on the mechanistic understanding of battery reactions through in situ and operando 

characterisation. He has published > 60 papers in leading journals, including Advanced Materials, Angewandte 

Chemie, and Advanced Energy Materials. His publications have received over 4,000 citations, with an h-index of 

32. He is an independent reviewer and assessor for >30 journals, including Nature Energy, Nature 

Communications, and Energy & Environmental Science, and for five funding bodies: the ARC, the National 

Natural Science Foundation of China, and the European Research Council.   
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Australian Battery Safety Facility: Capability and Opportunity 

Suzanne M. Neville,a* Rebecca Milhuisen,a,b Wenli Wei,a,b Adam Best,a,b Alex Webba and 

Chris Prestona  

aInfrastructure Technologies, Science Connect, CSIRO, Clayton North, Australia  
bTechnology, CSIRO, Clayton, Australia  

*suzanne.neville@csiro.au 

Battery safety has emerged as a critical enabler of the global energy transition, underpinning 
the reliable deployment of lithium-ion batteries across electric vehicles, renewable energy 
storage, and consumer technologies. For Australian to develop a competitive and trusted 
battery manufacturing industry, robust battery testing to internationally recognised standards 
is a key enabler. Globally harmonised test frameworks—covering mechanical, electrical, 
thermal, and transport stresses—are essential to demonstrate product safety, reliability, and 
performance under real-world and worst-case conditions (i.e., UN38.3, IEC 62133-2 and AS 
IEC 62619), and are a prerequisite for market access, certification, and insurance. They also 
provide a common language for manufacturers, regulators, and customers, reducing technical 
risk and accelerating innovation by embedding safety considerations early in design and 
scale-up. It is also recognised that battery safety risks evolve over time, particularly as 
batteries age, are damaged, handled incorrectly, transported, or enter second-life and 
recycling pathways – so safety must be considered throughout their full lifecycle.  

The Australian Battery Safety Facility at CSIRO is an independent, purpose-build facility 
supporting Australia’s energy transition, defence capability and critical infrastructure by 
enabling safer, more resilient battery deployment through testing, collaboration and applied 
innovation. An overview of the state-of-the-art of battery safety in Australia and the capabilities 
of the Australian Battery Safety Facility across destructive and non-destructive testing will be 
presented. By connecting industry, research and government, the Facility aims to accelerates 
safer outcomes, build public trust in everyday products and drive sovereign battery 
manufacturing.   



Version 2 (21 September 2026) 

17 
 

Day 1 Oral [4.4] 

Structure and ion-exchange mechanisms of layered transition metal oxides 

Govardhan Reddy Sontam*a,b, Aditya Rawala, Adam Bestb, Neeraj Sharmaa 

aSchool of Chemistry, The University of New South Wales, Sydney, NSW 2052, Australia 
bBattery Materials and Design, CSIRO Technology, Clayton, Victoria 3168, Australia 

Presenting author’s email: g.sontam@unsw.edu.au 

 

Cathodes play a key role in the function of sodium-ion batteries. Understanding their structure 
and structural evolution under various processes is critical to develop better materials and 
superior battery performance, whether it be lifetime or capacity.  

In the present work, we investigate the ion-exchange mechanism of a commercially available 
Na[NixFeyMnz]O2 (NFM), an O3 type layered oxide. Specifically, we are focused on the Li – Na 
ion exchange behaviour, trying to understand to how to control Na extraction and Li insertion 
electrochemically. 

Using 7Li and 23Na NMR (solution and solid-state), we are able to determine the local chemical 
environments around these elements in Li/Na-NFM materials. These data are coupled with 
compositional changes determined using inductively coupled plasma optical emission 
spectroscopy (ICP-OES) and bulk structural changes using X-ray diffraction (XRD) and 
chemical changes using Xray absorption spectroscopy (XAS). The presentation will highlight 
the work underway to observe the electrochemical ion-exchange process in situ via a variety 
of characterization techniques.  

 

Govardhan (Gova) is a 2nd year PhD student at UNSW Sydney, working with Prof. Neeraj Sharma and Dr. Adam 
Best from CSIRO. He is jointly funded by CSIRO, part of India - Australia critical minerals partnership. His current 

research is focused on developing meta-stable lithium layered oxides using ion-exchange and understand 
different ion-exchange mechanisms using operando neutron and X-ray diffraction, solid state NMR, X-ray 

absorption spectroscopy. During free time he enjoys watching cricket, cooking and reading manga.   
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The Sodium Opportunity: Emerging Technologies from Sodium-Ion to  

Anode-Free Metal Batteries 

Maria Forsyth 

Cofounder/CEO DyNati Energie P/L 
Ikerbasque Professor , POLYMAT, Univerity of the Basque Country, Spain 

Adjunct Professor, Deakin University, Australia 

The rapid growth of electrification is placing unprecedented demands on battery 
technologies and exposing vulnerabilities associated with existing supply chains. Sodium-
based batteries offer an attractive complement to lithium-ion systems through the use of 
abundant resources, improved sustainability and opportunities for diversified manufacturing. 
In this presentation I will explore the evolving landscape of sodium-ion, sodium metal and 
anode-free battery technologies, highlighting opportunities and challenges. The presentation 
will consider where sodium technologies stand today, the scientific and commercial barriers 
that remain for their broader uptake, and how these emerging technologies may contribute to 
the energy storage landscape over the next decade.  I will also briefly reflect on my own 
transition from academic to entrepreneur, and some of the opportunities and challenges 
learned in translating fundamental research into emerging technologies.   
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Nanostructured electrode materials for secondary batteries  

Nasir Mahmood 
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Renewable electrochemical energy systems (EES) are playing major roles in transforming our 
lifestyle with almost zero CO2 emissions. However, the efficiencies of EES are mainly 
controlled by their electrodes. Such electrodes use rationally tuned nanomaterials with rich 
surface chemistries and unique electronic structures which are technologically intriguing and 
are potential candidates for renewable energy. The nanostructuring and tuning of chemistry at 
a molecular level of electrode materials may introduce a new concept of energy storage and 
conversion and give birth to advanced technologies in next-generation devices that can touch 
the theoretical prediction of electrochemical energy conversion and storage and deliver 
electrical energy rapidly and efficiently.  

Here, we have developed several nanostructured materials like carbonaceous and transition 
metal oxides, sulphides, and their hybrids through wet chemistry and physical methods to 
explain the structural fundamentals at the atomic level thickness with rationally tuned surface 
chemistry introduced through defective structures and/or unsatisfied surface atoms by 
compositional variations. We further studied how the electrode capacities of various materials 
can be enhanced by tuning their aforementioned features. We have found very exciting results 
by achieving highly stable performances for batteries up to 5000 cycles and a high areal 
capacity of 4.0 mAh/cm2 and a high mass loading of 13.9 mg/cm2. Recently, we also found 
that developing 2D heterostructures with the genuine features of unilamellar sheets of two 
different materials will be very exciting, which can revolutionize various technological fields, 
especially the energy sector. 

 

Associate Professor Nasir Mahmood received his PhD from Peking University and currently leading MC2E 

Research Group at RMIT University, Australia. He authored over 190 publications, attracted total citation over 

20500, and an H-index of 75. He also holds 10 patents and contributed over 10 book/chapters. He has been 

awarded several international awards, including “the 2018 Beijing Science and Technology Award” and the 

Global Advance 2023 Game Changer. His research interest includes material design for energy and 

environmental applications. He is also Clarivate Analytics highly cited researcher and the Best Materials Science 

and Chemist as well as the top 2 % of Scientists in the world since 2021.   
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Lithiophilic Surface Engineering for Ultrastable Anode-Free Lithium Metal Batteries 

Prof. Deepak Dubal 

Centre for Material Science, School of Chemistry & Physics, Queensland University of Technology, Brisbane, 
QLD 4000, Australia. 

E-mail: deepak.dubal@qut.edu.au 

 

Anode-free lithium metal batteries represent a promising pathway to achieve the high energy 
densities desired for electric vehicle applications. The current practical limitations are unstable 
lithium nucleation and interfacial degradation at the current collector (CC) during 
charge/discharge cycles. Three-dimensional carbon hosts, offer structural advantages but 
suffer from an intrinsic lithiophobic nature, leading to high nucleation overpotentials and non-
uniform lithium plating. Here, we report a scalable interfacial engineering strategy based on 
metal-coated current collector, enabling stable lithium plating/stripping under truly anode-free 
conditions without any prelithiation. The uniform lithiophilic coating over the CC significantly 
reduces the nucleation overpotential and promotes uniform lithium deposition, while 
simultaneously enabling the formation of a mechanically robust, LiF-rich solid electrolyte 
interphase. Operando characterizations provide direct, real-time visualization of lithium plating 
and stripping, clearly confirming dendrite-suppressed deposition and reversible stripping 
behavior on metal-coated CC. Finite-element simulations show a more uniform electric-
potential distribution on the lithiophilic surface, suggesting reduced local field concentration 
during lithium deposition, while density functional theory studies confirm a stronger lithium 
binding energy. When paired with a commercial cathode in an anode-free design, the full cell 
delivered excellent capacity and maintained ~85% capacity retention over 1000 cycles at 1C. 
This work provides a scalable route for designing advanced current collectors and offers 
insights into interface engineering for high-performance anode-free batteries. 

References (RSC Style) 

1. C. Yang, Z. Jiang, X. Chen, W. Luo, T. Zhou, J. Yang, Chem. Commun. 2024, 60, 
10245. 

2. X.-X. Feng, S.-J. Tan, S. Xin, Next Mater. 2025, 6, 100395. 
3. M. Waseem, G. S. Lakshmi, M. Ahmad, M. Suhaib, Next Energy 2025, 6, 100202. 

Dr. Deepak Dubal is a Professor at the Queensland University of Technology (QUT), Australia, known for his 

outstanding contributions to the field of advanced materials for supercapacitors, batteries and 

triboelectric/piezoelectric nanogenerators. He has earned multiple prestigious fellowships throughout his career, 

including the Brain Korea-21 (South Korea-2011), Alexander von Humboldt (Germany-2012), Marie Curie (Spain-

2014), Vice-Chancellor Fellowship (Australia-2017) and ARC - Future Fellowship (2018). His research has 

resulted in a prolific publication record with over 350 journal articles, which has attracted more than 29,000 

citations with ‘h’-index of 89. He receives regular international recognition for his work including being listed 

among the World's Top 2% of Scientists in the field of ‘Energy’ (Stanford University), and as one of Australia’s top 

100 Materials Scientists. He is Fellow of Royal Society of Chemistry (FRSC) and Foreign Young Associate Fellow 

of Maharashtra Academy of Sciences (FFMAS), India. He is winner of “QUT Vice Chancellor Research 

Innovation and Excellence Award in 2025” for his research in clean energy technologies. His contributions have 

also been recognized through nominations as a Finalist for the Asian Australian Leadership Awards and the 

Smart Energy Council Emerging Leader of the Year.   
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Lithium-ion battery recycling-Challenges and opportunities 

Parama Chakraborty Banerjee 
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*parama.banerjee@monash.edu  

 

Abstract  

Lithium-ion batteries (LIBs) are widely used as a critical energy storage system for internet of 
things (IoT), electric vehicles (EV) and various renewable energy sources. However, the 
widespread use of LIBs has resulted in the significant accumulation of batteries with different 
chemistries in landfills. Existing methods for LIB recycling are unsustainable, non-
environmentally friendly and ineffective at recycling spent LIBs with mixed chemistry. These 
methods are inadequate to achieve recovery and repurposing of the valuable and sometimes 
toxic components. This mandates an inherent need to improve the existing processes or 
develop a novel, sustainable, environmentally friendly and effective alternative process. In this 
talk, we present a comprehensive review of the current recovery technologies; demonstrating 
the gaps in understanding, the challenges and opportunities available in the recycling 
processes. I shall also present the recent research from our labs in this area with an aim to 
facilitate the LIB recycling industry to shift towards a circular economy.   
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The Coming Wave of LFP Batteries: Implications for Australia's Future Battery 
Circular Economy 
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RMIT University, Melbourne, Australia 
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The global battery industry is undergoing one of its most significant chemistry transitions since 
the commercialisation of lithium-ion technology. As lithium iron phosphate (LFP) batteries 
rapidly gain market share across electric vehicles and stationary energy storage, the 
composition of future battery waste streams is changing in ways that challenge many of the 
assumptions underpinning current recycling strategies. 

This presentation explores how evolving battery chemistries may reshape the future of battery 
circularity in Australia. Drawing on a newly developed chemistry-resolved framework that 
combines electric vehicle adoption trends, battery technology transitions, and end-of-life 
battery projections, the work examines how import-dependent markets are uniquely exposed 
to global shifts in battery manufacturing. 

The analysis highlights emerging questions surrounding future material recovery priorities, the 
suitability of existing recycling pathways for LFP-rich waste streams, and the opportunities 
available to countries that are still in the early stages of developing large-scale battery 
recycling infrastructure. Particular attention is given to the relationship between battery 
chemistry, resource security, and circular supply chains, and to the growing importance of 
retaining functional value rather than focusing solely on elemental recovery. 

The findings suggest that the next decade may require a fundamental rethink of how battery 
recycling systems are designed, assessed, and integrated within broader battery value chains. 
More broadly, the work argues that countries currently building their battery circular economy 
infrastructure have a unique opportunity to align future recycling systems with the chemistries 
that are likely to dominate the coming generation of batteries. 

The presentation will provide new perspectives on battery recycling, resource stewardship, 
and circular manufacturing, offering insights relevant to researchers, industry stakeholders, 
and policymakers working across the Australian battery ecosystem. 

Keywords: lithium iron phosphate batteries, battery recycling, circular economy, electric 
vehicles, critical materials, battery value chains, resource recovery, Australia.   
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Evolution of Voids in the Lithium Anode of a Solid State Battery Under Mechanical 
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 cDepartment of Engineering, University of Cambridge, Cambridge, United Kingdom  
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It has been conjectured that the growth of voids within the Li anode of a solid state battery 
promotes dendrites within the ceramic electrolyte and resists Li transport into the electrolyte. 
In this study, we explore experimentally the evolution of a manufactured void within the Li 
metal anode of a solid state battery resulting from its stack pressure and/or a superposed 
electrical current. The battery comprises Li electrodes and an electrolyte made from Ta-doped 
lithium lanthanum zirconate (Li/LLZO/Li). The manufactured defect, a circular cylindrical void 
within the Li layer and adjacent to the LLZO interface, was generated by withdrawing a niobium 
wire of diameter 200 μm from the Li layer prior to testing.  

The sensitivity of void collapse to applied pressure was determined by varying the radius to 
height of the Li electrode pancake-layer and by varying the applied load. The evolution of 
specimen height with time and the closure rate of the voids are consistent with power law 
creep of the Li. An additional set of experiments was performed whereby the Li migrated into 
the LLZO substrate by imposition of a constant electrical current. It was found that the void 
shrinks at a rate consistent with migration of the Li layer into the LLZO, with negligible flux 
focussing in the vicinity of the void.  

This study has direct relevance to the effect of stack pressure and battery operation upon void 
evolution in a solid state Li battery and highlights the strong driving forces that shrink interfacial 
voids in these and similar solid state battery configurations. This study also supports the 
possibility that other interfacial heterogeneities, such as accumulated impurities, may be 
responsible for resisting Li transport at the electrode/electrolyte interface.   

Dr. Ashley Roach joined The University of Sydney as a lecturer in the School of Aerospace, Mechanical and 

Mechatronics Engineering in March of 2026. She has a hybrid materials science, metallurgy, and mechanics 

background. She received her PhD from the University of California, Santa Barbara in Materials in September of 

2023 and was a postdoctoral researcher at the University of Cambridge from 2023 to 2026. At The University of 

Sydney, Dr. Roach is currently developing a testing lab to characterise the mechanical properties of battery 

materials, including for Li-ion and beyond Li batteries.   
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Effect of Thermal processing on microstructure and Electrochemical stability of 

Aluminium electrode 

Sahithi Thatipamula (RMIT) 

 

Please note this talk was a late addition to the program. We thank the presenter for stepping 
in at short notice. 
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Rapid Reductive Separation and Simultaneous Regeneration for Direct Recycling of 
Spent Lithium-Ion Batteries  

Xuhui Zhua, Helena Wang a,* 

a Department of Chemical Engineering, The University of Melbourne, Parkville, VIC, 3010, Australia  
xuhui.zhu@student.unimelb.edu.au  

Abstract: The accelerating global adoption of lithium-ion batteries (LIBs) has intensified the 
need for sustainable and economically attractive recycling technologies that can directly 
restore the structure and electrochemical performance of degraded cathode materials1. A key 
barrier to practical direct regeneration is achieving clean detachment of active materials from 
aluminum current collectors while avoiding structural damage or lithium loss, which makes 
existing mechanical, chemical, and thermal separation methods unsuitable for scalable 
applications2. Here, we report a microwave-assisted reductive separation-regeneration 
strategy that enables complete polymeric binder decomposition and clean liberation of active 
materials within 10 min, while simultaneously restoring the cathode structure through lattice-
level lithium reintegration via the addition of a small amount of lithium precursor. Under 
microwave activation, naturally derived tea polyphenols generate reductive radicals that 
rapidly decompose polyvinylidene difluoride (PVDF) polymeric binders and create a favorable 
chemical environment for lithium reincorporation into the LiFePO4 cathode active material 
lattice. As a result, the regenerated LiFePO4 cathodes deliver a recovered capacity of 161.6 
mAh g-1 at 0.1C and exhibit excellent long-term cycling stability, retaining 90.8% of the initial 
capacity (141.6 mAh g-1) after 500 cycles at 1C. This rapid, low-temperature, and energy-
efficient microwave-assisted reductive separation-regeneration process is also applicable to 
spent LiNixCoyMn1-x-yO2 cathode materials, highlighting its strong potential for scalable and 
environmentally sustainable battery-recycling applications. 

References 

1. X. Zhu, H. Arandiyan, X. Ma, Y. Wang and S. Yang, ACS Nano, 2025, 19, 36982-36993.  

2. X. Zhu, Y. Wang, K. Mumford, Z. Shao, H. Arandiyan and S. Yang, Small, 2025, 21, e09221.  

 

Xuhui Zhu is a PhD student in the Department of Chemical Engineering at the University of Melbourne, 

supervised by Dr. Helena Yuan Wang in the Renewable Resources & Sustainability (R2S) group. Her current 

research focuses on the recycling and regeneration of cathode materials from spent lithium-ion batteries, 

including the application of deep eutectic solvents and rapid thermal processes.   
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Rethinking Structural Energy Storage: Smarter Interfaces for Smarter Materials 

Bhagya Dharmasiria, James D. Randalla and Zan Simona,* Luke C. Henderson.a,*  

a The Institute for Frontier Materials, Deakin University, Geelong, Victoria, Australia, 3216. 

Structural energy storage materials offer a transformative pathway towards lightweight 

engineering systems by integrating mechanical load bearing and electrochemical energy 

storage within a single material. Realising this vision, however, requires simultaneous 

advances in electrode interfaces, electrolyte design, and multifunctional performance. This 

presentation highlights our recent work on interface engineering and mechanically responsive 

electrolytes that collectively advance the development of next-generation structural batteries. 

We first demonstrate a scalable electrochemical surface modification strategy for carbon 

fibres, enabling the controlled deposition of Zn and MnO₂ nanostructures that transform 

conventional carbon fibre composites into multifunctional zinc structural batteries.1 Coupled 

with a bespoke solid polymer electrolyte, these composites exhibit stable electrochemical 

performance, significantly enhanced interlaminar mechanical properties, and outstanding 

electromagnetic interference shielding while remaining compatible with conventional 

composite manufacturing routes. 

Beyond electrochemical performance, we explore an emerging concept in multifunctional 

energy storage through the discovery of a direct piezoelectric response in solvate ionic liquids 

and their corresponding solid polymer electrolytes.2 Mechanical loading generates measurable 

electrical potentials through pressure-induced ordering within the electrolyte, revealing a 

previously unrecognised electromechanical coupling mechanism in structural energy storage 

materials. This phenomenon introduces the exciting possibility of stress-assisted charging and 

mechanically responsive structural batteries, where applied loads contribute directly to energy 

generation while simultaneously performing their structural function. Together, these studies 

demonstrate how rational interface engineering and intelligent electrolyte design can move 

structural batteries beyond simple energy storage towards truly multifunctional materials 

capable of simultaneously delivering structural integrity, electrochemical energy storage, 

electromagnetic shielding, and mechanical energy harvesting for future aerospace, defence, 

and transportation applications. 

References 

1. B. Dharmasiri, T. Harte, A. D. M. Charles, J. D. Randall, Ž. Simon, M. Kar, A. L. 
Farnsworth, V. H. Dao and L. C. Henderson, Compos. Part B: Eng., 2026, 319, 
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Professor Luke Henderson is an internationally recognised materials chemist and research leader at Deakin 

University's Institute for Frontier Materials. His research focuses on surface and interface chemistry for advanced 

composites, multifunctional materials, and structural energy storage. He has published more than 200 peer 

reviewed papers and leads major collaborations with industry and government. His research translates 

fundamental chemistry into practical technologies for aerospace, defence, automotive, and sustainable 

manufacturing. He was the recipient of the 2025 R.K. Murphy Medal and an ARC Mid-Career Industry Fellow, 

recognised for advancing innovation at the interface of chemistry and engineering. 

*The final program did not have an oral presentation designated as [3.1]. This session commenced at [3.2].  
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Sustainable Materials and Safety-Focused R&D at CSIRO for Next-Generation Lithium-
Ion Batteries 
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Christensena and Andreas Monchc  

aCSIRO Energy, Clayton, Australia  
bCSIRO Manufacturing, Clayton, Australia  
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*Thomas.ruether@csiro.au  

This presentation highlights the organisation’s recent R&D activities aimed at improving the 

sustainability and safety of lithium-ion batteries (LIBs). The work focuses on the development 

of sustainable electrode formulations using biopolymer-based binders1 as environmentally 

friendly alternatives to conventional materials. In parallel, advanced electrolyte formulations 

with enhanced non-flammability and thermal stability2 are being investigated to improve 

battery safety and operational reliability. The presentation will also discuss studies on thermal 

events occurring during the processing and recycling3 of end-of-life LIBs, with emphasis on 

understanding and mitigating associated safety risks. Together, these activities contribute to 

the advancement of safer, more sustainable battery technologies and support the transition 

towards a circular battery economy. 

  
 

Safe Electrolyte Systems Sustainable vs PVDF Electrode Binder Thermal Events in Processing 
of EoL LIBs 
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Batteries are essential electrical energy storage technologies for modern society, powering 

devices ranging from mobile phones and laptops to electric vehicles. However, traditional 

batteries, such as lead-acid, and lithium-ion, face challenges in meeting increasing energy 

demands and supporting the global transition toward zero carbon emissions. These 

challenges include high costs, technical limitations, and safety concerns. 

Magnesium-based batteries have emerged as a promising alternative due to their high 

theoretical energy density, low cost, and environmental friendliness. Despite these 

advantages, Mg-based batteries still face significant challenges, including poor cycle 

performance and low energy efficiency. In this research, we present recent findings on 

advanced materials for Mg-based batteries. The influence of the eutectic phase during battery 

discharge and charge cycles has been investigated using computational modelling, ex-situ 

electrochemical analysis, and material characterization techniques. We also discuss the key 

challenges and potential opportunities for integrating Mg-based batteries into future energy 

systems. 

Dr. Shanghai Wei is a Senior Lecturer in the Department of Chemical and Materials Engineering at the University 

of Auckland. He leads the Advanced Materials Engineering Laboratories within the Faculty of Engineering and 

Design, where his research focuses on advanced materials for next-generation energy storage systems. As a 

Principal Investigator, he has secured three prestigious, nationally competitive research grants to advance 

innovative rechargeable battery technologies. To date, he has published 73 peer-reviewed journal articles, 22 

conference papers, and holds two patents. Dr. Wei has also demonstrated strong research impact through active 

collaboration with several New Zealand industry partners.   
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Proton batteries (PBs) have emerged as a promising and sustainable energy storage for next-

generation large-scale applications. Unlike lithium-ion batteries, which face challenges 

including limited resource availability, uneven geographical distribution, safety concerns, slow 

charging, and low-temperature performance, PBs offer significant advantages, such as low 

cost, intrinsic safety, rapid charging capability and wide operating temperature1. Owing to their 

smallest ionic radius and low mass, protons exhibit fast diffusion kinetics, enabling high power 

and energy densities. However, the widespread deployment of PBs remains hindered by the 

lack of suitable and durable electrode materials, particularly under acidic conditions where 

conventional metal oxide electrodes undergo dissolution and structural degradation2,3. This 

study investigates the optimization of Prussian Blue Analogue (PBA) cathodes for aqueous 

proton battery systems using copper hexacyanoferrate, Cu3[Fe(CN)6]2, as a model material. 

The effects of synthesis routes and thermal treatment on structural, morphological, and 

electrochemical properties were systematically examined. X-ray diffraction confirmed the 

formation of crystalline PBA phase while demonstrating that the framework structure is 

strongly influenced by drying temperature. Scanning electron microscopy revealed synthesis-

dependent morphological variations while Fourier-transform infrared spectroscopy and 

Thermogravimetric analysis verified metal–cyanide coordination, water-loss behaviour, and 

thermally induced structural transformations. Here, we show that optimized nanoparticles of 

Cu3[Fe(CN)6]2, which have an ultra-low-strain open-framework structure, can be operated as 

a battery electrode in aqueous electrolytes. Notably, the electrodes retained 91 % of their initial 

capacity after 100 deep-discharge cycles at a high rate of 450 C (20 A g-1), indicating excellent 

rate capability and cycling stability. The low-cost, sustainable, scalable co-precipitation 

synthesis and excellent electrode performance of Cu3[Fe(CN)6]2, make it attractive for large-

scale energy storage systems. 

References  
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Waruni Gangodawilage is a PhD candidate at Deakin University, Australia, specializing in electrochemical energy 

storage. Her research focuses on developing advanced electrode materials for proton batteries, including 

Prussian Blue Analogue cathodes and stable organic anodes for acidic electrolytes. Her work aims to enhance 

stability, rate capability, and sustainability of next-generation energy storage systems.   
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Please note this talk was a late addition to the program. We thank the presenter for stepping 
in at short notice. 
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Lithium iron phosphate (LiFePO4 or LFP) has evolved from a low-cost alternative into a dominant 

platform for electric vehicles (EVs) and stationary energy storage due to its intrinsic safety, long 

cycle life and low-cost abundant raw materials. While earlier generations of LFP focused primarily 

on improving pack-level energy density through mechanical engineering design (e.g., cell-to-pack 

technology), the latest generation represents a material-centric breakthrough. This new iteration 

targets powder compaction densities of approximately 2.7 g/cc and electrode densities exceeding  

2.8 g/cc. Next-generation LFP demands high electrode-accessible density. This requires dense 

powders and high-loading electrodes that preserve electrolyte wetting, connected ion pathways, 

electronic percolation, adhesion, and active-material utilization throughout electrode preparation 

processes and full-cell operation. 

This talk bridges the scientific evolution of LFP cathodes with the industrial realities of scaling up. 

At the laboratory scale, high-purity precursors, intensive characterization, low areal loadings, and 

coin-cell testing can yield impressive rate performance. At the pilot and commercial scales, 

however, different parameters become decisive: particle-size distribution, tap and pellet density, 

impurity tolerance, pH, slurry viscosity and rheology, coating uniformity, inline quality control, yield, 

cost, and batch-to-batch consistency. Using fifth-generation LFP as a case study, this presentation 

highlights how carbon architecture, particle-size grading, conductive networks, low-tortuosity thick 

electrodes, dry processing, and recycled feedstocks must be co-designed. The central challenge 

for both academia and industry are translational.  

Academic research can support this transition by investigating how to fabricate high-areal-loading, 

high-compaction electrodes via dry processing and translating that transport-density knowledge to 

industry. Concurrently, industry must guide academia on the specific practical bottlenecks requiring 

rigorous problem-solving, even as manufacturers navigate independent supply chain and 

geopolitical hurdles. Looking beyond LFP, these same principles will shape the development of 

lithium manganese iron phosphate (LMFP), blended cathodes, and sodium-ion cathodes in the 

future. Ultimately, the most critical global capability is the capacity to scale sustainably at the lowest 

cost, an ecosystem in which LFP and future sodium-ion batteries will play an essential role. 

References 
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Dr. Thushan Pathirana serves as Lead Scientist and Technical Marketing Lead at Livium Limited, specializing in 

the laboratory-to-commercial scale-up of LFP/LMFP cathode materials. He leverages battery materials expertise 

to lead customer engagements and advance Australia's mid-stream processing capabilities. Previously, he was a 

Postdoctoral Fellow at the University of Melbourne and CSIRO working on graphite-silicon composite anodes and 

holds a PhD from Deakin University centred on optimizing formation protocols using ionic liquid electrolytes for 

lithium metal battery systems.   
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Precursor cathode active materials (pCAM) are a critical component in the lithium-ion battery 

value chain, directly influencing cathode performance, cost and manufacturability. Despite 

Australia’s strong position as a supplier of battery raw materials, domestic capability within the 

midstream battery value chain remains limited, particularly for producing high-quality pCAM, 

with most materials exported for offshore processing. This presentation highlights the 

development of pilot-scale capability (TRL 4–6) for nickel-cobalt-manganese pCAM 

production, located in Western Australia. 

In the Cathode Precursor Production Pilot Plant (C4P) facility, pCAM is synthesised via the 

co-precipitation of the three constituents, Ni-Co-Mn. The pilot facility manages the precise 

regulation of key process parameters such as pH, temperature and reagent addition for 

targeted control of product composition (including chemical homogeneity) and particle 

morphology (spherical particles and narrow particle size distribution) which are essential for 

polycrystalline Ni-based cathode manufacturing requirements. Advanced sampling and 

analytical protocols are employed to monitor process stability and ensure a consistent high-

quality product.  

This facility is readily adaptable to trial emerging cathode chemistries, including those used in 

sodium-ion batteries, and can evaluate Australian-sourced chemicals and feedstocks to 

assess their suitability for battery-grade applications.  The plant and team are accessible to 

organisations seeking to develop or scale up battery material production, helping to reduce 

technical risks associated with ramping up pCAM production and support future Australian 

industrial adoption.  

Dr Neda Ghaebipanah is a Materials Scientist at CSIRO in Western Australia, specialising in the development 

and scale-up of precursor cathode active materials (pCAM) for lithium-ion batteries. She leads technical process 

development focused on Ni-based NCM materials, supporting the translation of laboratory research into pilot-

scale manufacturing. 

Her expertise spans synthesis and process optimisation with a focus on physical and compositional properties of 

pCAM particles to improve overall battery performance. Dr Ghaebipanah also contributes to collaborative 

research initiatives in critical minerals across multidisciplinary teams and supports the development of Australia’s 

sovereign battery manufacturing capability.   
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Organic polymer cathodes (OPCs) 

have emerged as promising 

sustainable alternatives to transition-

metal oxide electrodes. However, their 

practical application remains limited by 

poor electronic conductivity, 

dissolution of redox-active species, 

and inefficient utilisation of active 

material.1-2 These challenges are often 

exacerbated by conventional slurry-

cast electrode fabrication, which relies 

on conductive additives and binders to 

establish electronic connectivity (Figure 1a).3 To address these limitations, we are 

investigating an electrografting approach in which redox-active polymers are grown directly 

from conductive carbon substrates (Figure 1b).  By restricting polymer growth to electronically 

accessible regions, electrografting eliminates the need for conductive additives while 

promoting efficient charge transport and active-material utilisation.  

This presentation will provide an overview of our recent efforts to develop electrografted 

organic cathodes for lithium-ion batteries, with a particular focus on anthraquinone-based 

systems. Preliminary results examining the relationships between polymer composition, film 

morphology, conductivity, and lithium-storage behaviour will be presented, alongside future 

opportunities for electrografted organic battery materials. 

1. F. Degen, M. Winter, D. Bendig and J. Tübke, Nature Energy, 2023, 8, 1284-1295.  
2. Anavi, H.; Zardehi-Tabriz, A.; Golshan, M.; Ghayebzadeh, Y.; Wang, Z.; Salami-

Kalajahi, M., J Energy Storage, 2025, 124, 116785 
3. Shi, R.; Jiao, S.; Yue, Q.; Gu, G.; Zhang, K.; Zhao, Y. Challenges and advances of 

organic electrode materials for sustainable secondary batteries., Exploration 2022, 2 
(4), 20220066 

Dr James D. Randall is a postdoctoral researcher at the Institute for Frontier Materials (IFM), Deakin University. 

His research focuses on electrochemical energy storage, carbon-fibre interfaces, and multifunctional composite 

materials. Drawing on a background in carbon-fibre surface modification and structural battery development, his 

current work explores the integration of redox-active organic materials with conductive carbon architectures. By 

combining electrochemical synthesis, carbon interface engineering, and advanced materials characterisation, he 

seeks to understand how molecular and electrode design influence charge-storage behaviour and battery 

performance.   
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Rechargeable Zinc batteries (RZBs) are gaining attention owing to Zinc's low cost, safety, and 

abundance. When coupled with air cathodes, they can achieve a theoretical energy density of 

1218 Wh·kg−1, which is superior to the <300 Wh·kg−1 of Li-ion batteries. Commercial RZBs 

are non-rechargeable and exhibit limited cycle life and low discharge capacity, problems 

traced to the aqueous electrolyte1. Water promotes deleterious side reactions (i.e. dendritic 

growth, anode passivation, corrosion, etc.). Recent studies have shown that non-aqueous 

media (i.e: organic electrolytes, ionic liquids) facilitate zinc electrochemical reversibility. Highly 

concentrated salts or ionic liquids further reduce volatility present in the electrolyte, improve 

safety, and help to suppress dendrite formation. Nevertheless, many of the reported systems 

rely on costly, toxic, fluorinated compounds and per-and polyfluoroalkyl substances (PFAS), 

prompting a need for non-toxic, fluorine-free electrolytes to enable safe, high-performance 

RZBs.  

Herein, we present the use of a low-cost, safe, non-fluorinated, and non-PFAS electrolyte 

based on the nitrile family (C≡N). Recent work demonstrated the use of a dual salt electrolyte 

[1MZnDCA+ 1MNaDCA ] in Dimethyl Sulfoxide3, showing a high ionic conductivity (7.9 

mScm−1 ) and transference number of  0.83 for Zn2+ at 50 °C. The electrolyte also displays a 

facile reversibility of zinc over 100 cycles at 0.1 C rate in a full cell with a zinc anode and 

triphylite sodium iron phosphate cathode (NFP). Therefore, this opens the pathway to expand 

the nitrile family, including anions such as (OCN, SCN, TCM) in a dual salt system. Preliminary 

results demonstrate a synergistic effect when mixing distinct anions in a dual-salt electrolyte; 

the formulated composition [ZnNa(DCA)2+ Na(TCM)] in DMSO exhibits markedly enhanced 

ionic conductivity of 8.03 mS.cm-1 at 30 °C to 17.6 mS.cm-1 at 80 °C, suggesting a substantial 

contribution to the electrochemical performance of RZBs4. Alongside, the cyclic voltammetry 

shows the capacity of electrochemical plating and stripping of Zinc, opening opportunities to 

pursue low-cost fluorine-free electrolytes for long-term cycling.  

1. Blanc, L.E., D. Kundu, and L.F. Nazar, Scientific challenges for the implementation of 
Zn-ion batteries. Joule, 2020. 4(4): p. 771-799.  

2. Yu, X., et al., Ten concerns of Zn metal anode for rechargeable aqueous zinc 
batteries. Joule, 2023. 7(6): p. 1145-1175.  

3. Kar, M., et al., Enhancing Cycle Life of Rechargeable Zinc Hybrid Batteries in a Low-
Cost, Nonfluorinated Dual-Cation Electrolyte. ACS Appl Mater Interfaces, 2024. 
16(35): p. 46289-46301.  

4. Mbourra A., Somers A., Pozo-Gonzalo C., Kar M. Under writing  

After completing a technical diploma in Mechanical Engineering, Angelique Mbourra developed a strong interest 

in materials science and pursued a master’s degree in industrial Ceramics. She is currently completing a PhD in 

electrochemistry at the Institute for Frontier Material, with research focused on zinc systems for more sustainable 

energy storage solutions. 


