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ZIF-8-Templated Cellulose-Derived Hard Carbon/Antimony Composite Anodes for 
High-Performance Sodium-Ion Batteries 

Sadia Mortuza a, Faezeh Makhlooghiazad a, Nolene Byrne a*  

a Institute for Frontier Materials, Deakin University, Burwood, Victoria 3125, Australia 
* nolene.byrne@deakin.edu.au 

 

The rapid growth of renewable energy technologies and electric vehicles has intensified 

demand for sustainable and cost-effective electrochemical energy storage systems. Although 

lithium-ion batteries dominate the current market, concerns regarding lithium scarcity and 

uneven geographic distribution have increased interest in sodium-ion batteries (SIBs) as a 

viable alternative. Owing to the natural abundance and low cost, SIBs are particularly attractive 

for large-scale grid storage applications. 1 However, SIB performance is largely limited by the 

anode, as the larger Na⁺ ion exhibits sluggish diffusion kinetics and poor thermodynamic 

compatibility with graphite, resulting in structural instability during cycling. 2 In contrast, hard 

carbon is a suitable anode because of its defect-rich, porous structure, which enables 

reversible Na⁺ storage and good cycling stability. 3 Biomass-derived hard carbon has emerged 

as a promising anode candidate due to its sustainability, low cost, and abundant precursors. 

Nevertheless, its practical performance remains constrained by low initial coulombic efficiency 

(ICE), unstable formation of the solid electrolyte interphase (SEI), irreversible Na⁺ 

consumption at high-defect sites, and poorly controlled porosity. 4 To address these limitations, 

this study proposes a ZIF-8-templated cellulose-derived hard carbon composite incorporating 

Sb nanoparticles, designed to combine the sustainability and structural continuity of biomass-

derived carbon with ZIF-8-enabled pore engineering and high-capacity Sb alloying chemistry. 

In the proposed system, cellulose provides a continuous conductive carbon framework, while 

ZIF-8 acts as a sacrificial template to generate hierarchical porosity, enlarged interlayer 

spacing, and heteroatom-rich active sites during carbonisation. Meanwhile, Sb enhances 

sodium storage through reversible alloying reactions, while the porous carbon matrix buffers 

Sb volume expansion and facilitates rapid ion/electron transport. Consequently, the 

engineered composite is expected to improve sodium storage capacity, rate capability, SEI 

stability, and cycling performance, providing a scalable strategy for advanced biomass-derived 

anodes for next-generation SIBs. 

 

Figure 1. Schematic of Textile Waste-Derived 

Sb/hard carbon anode 

 

1. M. D. Slater, D. Kim, E. Lee and C. S. Johnson, Adv. Funct. Mater., 2013, 23, 947–958. 
2. W. Zhang, F. Zhang, F. Ming and H. N. Alshareef, EnergyChem, 2019, 1, 100012. 
3. L. F. Zhao, Z. Hu, W. H. Lai, Y. Tao, J. Peng, Z. C. Miao, Y. X. Wang, S. L. Chou, H. K. 

Liu and S. X. Dou, Adv. Energy Mater., 2021, 11, 2002704. 
4. I. Ahmed, L. Rosson, M. Forsyth and N. Byrne, ChemElectroChem, 

DOI:10.1002/celc.202400586. 

Sadia Mortuza is a PhD student at the Institute for Frontier Materials, Deakin University. Her research focuses on 

the development of sustainable anode materials for sodium-ion batteries.  
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Towards Fluorine-Free Electrolytes: Physicochemical Properties and Interactions in 
Acesulfame-Based Ionic Electrolytes 

Wern Huay Maha,*, Jhonatan Soto Puellesa, Julius Tiongsonb, Sreehari Batni 

Ravindranath,a, Luke O’Dell,b Fangfang Chena  and Jenny Pringlea  

aInstitute for Frontier Materials, Deakin University, Burwood, Victoria, Australia  
b Institute for Frontier Materials, Deakin University, Geelong, Victoria, Australia  

*w.mah@deakin.edu.au 

 

Ionic liquids and salts containing fluorine-free anions are generating interest as safer and more 

sustainable electrolyte for Li-ion batteries, addressing the flammability of conventional 

carbonate-based electrolytes and the environmental persistence of fluorinated anions.1 This 

motivates the use of the non-fluorinated acesulfame (ACE-) anion, derived from potassium 

acesulfame, a toxicologically evaluated tabletop sweetener.2 Further, ether-functionalised 

cations may facilitate lithium-ion transport by promoting favourable lithium coordination 

environments.3 Here, two ionic electrolytes were prepared by combining the ACE- anion with 

two oxygen-containing cations, N-ethyl-N-methyloxazolidinium (C2moxa+) and N-methoxy-

N,N,N-trimethylammonium (N111(1O1)
+), together with lithium acesulfame (Li-ACE) to evaluate 

the suitability of these mixtures as battery electrolytes. The thermal and transport properties 

and the ion dynamics of these electrolytes were probed to understand the effect of anion 

structure. At 10 mol % Li-ACE, the [N111(1O1)][ACE] electrolyte exhibited the highest ionic 

conductivity (5.4 x 10-4 S cm-1) and total ion diffusivity (1.0 x 10-11 m2 s-1) at 50 °C. However, 

when comparing Li+ diffusion with respect to fluidity, the 20 mol % Li-ACE/[C2moxa][ACE] 

mixture resulted in the fastest Li+ diffusion. Importantly, the solvation of Li+ in acesulfame-

based electrolytes were investigated experimentally for the first time and complemented with 

molecular dynamics simulations. In both electrolytes, Li+ coordinates strongly to the nitrogen 

atom on the ACE- anion, followed by the sulfonyl and carbonyl oxygens. Additionally, smaller 

Li clusters were observed in the oxazolidinium-based electrolytes than the ammonium-based 

electrolytes, which may have resulted in the higher Li+ diffusivity ratios in [C2moxa][ACE] 

electrolytes at higher lithium content (20 and 50 mol %). This highlights the influence of the 

position of ether functionality in the cation on the Li+ solvation structure and ion transport. 

 

1. Y. Chen, R. Guo, F. Ren and H. Jin, Water Res, 2025, 283, 123862. 
2. W. Stachowiak, T. Rzemieniecki, T. Klejdysz, J. Pernak and M. Niemczak, New 

Journal of Chemistry, 2020, 44, 7017-7028. 
3. M. Shimizu, K. Yamaguchi, H. Usui, N. Ieuji, T. Yamashita, T. Komura, Y. Domi, T. 

Nokami, T. Itoh and H. Sakaguchi, Journal of The Electrochemical Society, 2020, 
167, 070516. 
 

 

Wern Huay Mah is a third-year PhD student at Deakin University, Australia. She is supervised by Prof. Jenny 

Pringle and Assoc. Prof. Luke O’Dell to design and understand novel non-fluorinated ionic electrolytes for lithium 

and sodium batteries. She has completed her Honours degree on solid-supported ionic liquids for wastewater 

treatment with Mr Faisal Taha and Prof. Cecilia Wilfred in Universiti Teknologi PETRONAS, Malaysia.   
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Unravelling the Electrochemical (De)Sodiation Mechanism of Na4Fe3(PO4)2P2O7 Mixed 
Polyanion Sodium-ion Insertion Cathode 

Nikhil Doddia,b*, Shubham Lochaba, Baskar Senthilkumara, Tony Hollenkampb, Adam S Bestb, 

and Prabeer Barpanda a 

aFaraday Materials Laboratory (FaMaL), Materials Research Centre (MRC), Indian Institute of Science, 
Bangalore, 560012, India 

 b Commonwealth Scientific and Industrial Research Organisation (CSIRO), Manufacturing, Research Way, 
Clayton, Victoria 3168, Australia 

*Nikhil.Doddi@csiro.au 

Environmentally benign, non-critical mineral derived iron-based mixed polyanion structure, 

Na4Fe3(PO4)2P2O7 (NFPP) presents an attractive cathode material for secondary alkali-ion 

batteries (Na+/K+) considering their high redox potential, structural robustness, impressive 

energy density with good long-term cyclability1. Benefitting from the wider ion percolation 

pathways facilitated by the interconnection of [Fe3P2O13] slabs via bridging pyrophosphate 

(P2O7) groups, the rigid 3D framework enables rapid (de)insertion kinetics of Na-ions with low 

volumetric changes during cycling2,3. However, the electrochemical rate kinetics remain 

sluggish at higher voltages due to short-range iron site-specific structural changes in the 

structure. Motivated by this, we explored the phase transition mechanism in mixed polyanionic 

architecture using operando X-ray diffraction, ex-situ XAS and Mössbauer spectroscopy tools. 

Exsitu studies reveal that the orthorhombic NFPP structure exhibits a quasi-solid solution 

mechanism, governed by reversible Fe+2/Fe+3 redox kinetics. Ex-situ synchrotron XAS/EXAFS 

studies at high state of charge (3.4 V) demonstrate that reconfiguration of P2O7 dimers, 

triggered by the displacement of Fe(1)O6 octahedral sites, promotes structural rearrangement 

into a Na-deficient phase (Na1Fe3(PO4)2P2O7) with anisotropic lattice contractions, which in 

turn restrict Na+ mobility. These distortions enhance the migration barrier of neighboring Na-

ion diffusion pathways connecting Na1-Na4 sites in highly desodiated phase during charging 

process. Besides, the carbon-coated NFPP composite electrode exhibits a first discharge 

capacity of 115 mAh g-1 at C/10 alongside durable capacity retention (93% after 200 cycles) 

and decent rate kinetics (90 mAh g-1 at C/2). In conclusion, this work emphasizes the influence 

of local coordination environment changes on the sodium-ion diffusion behavior at elevated 

voltages.  

1. H. Kim, Y. Zhao and L. Wang, J. Power Sources, 2020, 450, 227678.  
2. M. H. Hassan, K. Shimizu and T. Ueda, Electrochim. Acta, 2019, 317, 258–266.  
3. S. Lochab, S. Bharthiraj, K. S. Mayya, P. Barpanda and S.P. Adiga, Batteries & 

Supercaps, 2024, 7, e202400025. 
 

Nikhil Doddi is a Ph.D. researcher at the Materials Research Centre under Prof. Barpanda, focusing on 

polyanionic cathode materials for Li- and Na-ion batteries. My research work centres on designing and 

understanding Fe-based polyanion systems to improve electrochemical performance. Currently, I am pursuing 

this work as visting intern student at CSIRO, Clayton, with Dr. Adam Best, exploring strategies to improve cycling 

stability and full-cell performance.   
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Recycling Waste Aluminum Coke Cans as Anodes for Rechargeable Aluminum-Ion 
Batteries 

Sahithi Thatipamulaa, Dr. Nasir Mahmooda, Dr. Ravi Chandra Babaraoa, Dr. Raj Dasb, Dr. 

Adam Bestc 

 

a. School of Science, RMIT University, Melbourne, VIC 3000, Australia. 

b. School of Engineering, RMIT University, Melbourne, VIC 3083, Australia. 

c. Manufacturing, CSIRO-Clayton, Melbourne, VIC 3169, Australia. 

  E-mail: S4028896@student.rmit.edu.au  

Abstract 

The growing demand for sustainable, low-cost energy storage systems has driven interest in 

rechargeable aluminum-ion batteries (AIBs) due to their high volumetric capacity, natural 

abundance, low cost, and enhanced safety compared to conventional lithium-ion batteries. In 

this work, waste aluminum beverage cans (Coke cans) were investigated as a recycled 

aluminum source for use as anode materials in rechargeable aluminum-ion batteries, 

promoting both circular economy principles and environmental sustainability. Discarded 

aluminum cans were collected, cleaned, mechanically processed, and fabricated into 

aluminum anodes for coin-cell assembly. The electrochemical performance of the recycled 

aluminum anodes was evaluated using graphite as the cathode and a non-aqueous ionic liquid 

electrolyte containing AlCl₃ and EMImCl. Charge–discharge cycling, cyclic voltammetry, and 

electrochemical impedance spectroscopy were conducted to investigate cycling stability, 

reversibility, and interfacial behavior. The recycled aluminum anodes demonstrated stable 

aluminum stripping/plating behavior with promising electrochemical reversibility and 

acceptable cyclic stability. The study highlights the feasibility of utilizing post-consumer 

aluminum waste as a functional electrode material for next-generation rechargeable batteries. 

Furthermore, recycling aluminum cans for battery applications can significantly reduce 

material processing costs, landfill waste, and environmental impact associated with primary 

aluminum extraction. This work provides a sustainable pathway toward the development of 

eco-friendly aluminum-ion batteries while integrating waste recycling into advanced energy 

storage technologies. The findings advance low-cost, environmentally responsible battery 

systems suitable for future large-scale energy storage applications. 

 

1. Sahithi T, and Nasir, microstructures, 2024, 4, 2024057.  
2. M. T. Shuja, Sahithi.T, and Nasir.M, Battery Energy, 2024:3:20230043.  

 
I am a PhD researcher at RMIT University and a top-up student at CSIRO, contributing to collaborative research 

in battery technologies. My research focuses on developing anodes for next-generation sodium and aluminum 

batteries. A major emphasis of my work is on aluminum rechargeable battery systems, with a focus on high-

performance electrochemical interfaces. Overall, my goal is to develop a high-energy-density battery that uses 

beverage waste for sustainable energy storage.    

S4028896@student.rmit.edu.au
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Water-Insoluble Protic Polymerised Ionic Liquids for Proton-Conducting Electrolytes 
in Proton Batteries 

Dinushi N. Fernandoa, Xiao Tanb, Robert Kerra, Bart Kolodziejczykc, Faezeh 

Makhlooghiazada 

aInstitute for Frontier Materials and ARC Industry Training Transformation Centre for Future Energy Storage 
Technologies (StorEnergy), Deakin University, Burwood, Victoria 3125, Australia 

bAustralian Institute for Bioengineering and Nanotechnology, The University of Queensland, Brisbane, Qld 4072, 
Australia 

cElement Zero, Unit 2/3, Oxleigh Drive, Malaga WA 6090, Australia 

*s226160413@deakin.edu.au 
 

Protons (H⁺) have been identified as a promising charge carrier in aqueous batteries due to 

their small ionic radius and low atomic mass, which facilitate fast diffusion rates during the 

(de)intercalation process with minimal structural strain on the electrode materials.1 

Additionally, H+ as the charge carrier addresses resource limitations in conventional Li-ion 

batteries and safety hazards associated with the use of alkali metal ions, such as K⁺ and Na⁺. 

In terms of electrolytes, they are a key component that determines the performance of 

batteries and affects various parameters, such as thermal stability, internal resistance, power 

and energy density, cycle life, and proton transport properties.2 Conventional liquid electrolytes 

have several disadvantages, including side reactions, corrosion of electrodes, dissolution of 

materials because of high-concentration acids, and solvent evaporation.3 Therefore, solid-

state electrolytes have gained considerable attention. To overcome these challenges, a 

rationally designed water-insoluble self-assembling block PFS-SVBS-co-styrene polymerised 

ionic liquid (PolyIL) (Figure 1) is proposed. It comprises a careful balance between molecular 

weight and composition of functional groups to create mechanically robust and water-insoluble 

materials, while at the same time possessing efficient ionic sites with controlled hydration. Its 

lamellar, non-crosslinked structure allows unrestricted chain mobility, supporting effective ion 

transport.  The material’s mechanical properties and electrochemical performance, including 

ionic conductivity and proton transport mechanism, will be optimised by making appropriate 

structural and compositional modifications via the incorporation of protic ionic liquids. 

 

 

1. X. Dong, Z. Li, B. Ding, H. Dou and X. Zhang, ChemElectroChem, 2023, 11. 
2. T. Xu, D. Wang, Z. Li, Z. Chen, J. Zhang, T. Hu, X. Zhang and L. Shen, Nanomicro 

Lett, 2022, 14, 126. 
3. H. Guo and C. Zhao, Small Methods, 2024, 8, e2300699. 

Dinushi N. Fernando is a PhD student at the Institute for Frontier Materials, Deakin University. Her 

research focuses on developing materials for sustainable energy applications. She is currently 

working on the development of solid-state proton-conductive membranes for proton batteries.   

Figure 1: Poly(PFS450-b-SVBSa-co-Styreneb)-Ethyl 

mailto:*s226160413@deakin.edu.au
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Modification of polymer iodine complexes for high-rate polysulfide conversion in 
Lithium-Sulfur batteries 

Vu Hoang Nguyena,b, San H. Thang c,d, Petar Jovanovic a,b*, and Mainak Majumder a,b,*  

a Nanoscale Science and Engineering Laboratory (NSEL), Department of Mechanical and Aerospace 
Engineering, Monash University, Clayton, VIC, 3800, Australia  

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

cSchool of Chemistry, Monash University, Clayton, VIC, 3800, Australia 
dARC Centre of Excellence for Enabling Eco-Efficient Beneficiation of Minerals, Shortland, NSW, 2307, Australia 

  
* Email: mainak.majumder@monash.edu, petar.jovanovic@monash.edu 

Expediting polysulfide conversions and suppressing shuttle effects remain critical challenges 

in Lithium–Sulfur (Li–S) batteries. Here, we propose polymer complexes in which metal 

cations are anchored onto the polymer backbone via coordination interactions, forming 

partially immobilized ionic sites. This design enables a high density of accessible interaction 

sites while preventing uncontrolled cation migration, effectively bridging the gap between 

homogeneous and heterogeneous catalysis. The polymer complexes are deployed in a 

configuration as a catalytic binder in the cathode. Owing to the uniform distribution of ionic 

species throughout the polymer, catalytic sites can interact with soluble intermediates across 

the cathode, electrolyte, and binder domains. This integrated system is expected to accelerate 

redox kinetics, regulate Li₂S deposition, improve cycling stability via polysulfide confinement, 

and enhance the ionic conductivity of the electrolyte. This strategy offers a scalable approach 

to translating Li–S batteries into commercial products. 

Vu-Hoang Nguyen earned his M.Eng. degree in Nanoscience and Technology from Sungkyunkwan University in 

2020. His academic journey began with a B.Eng. degree in Material Engineering from Ho Chi Minh City 

University of Technology (HCMUT), VNU-HCM in 2018. Currently, he is pursuing his Ph.D. at Monash University 

in the Department of Mechanical and Aerospace Engineering, Australia. His research interests include 

electrochemical energy storage devices, biosensors, and biochips.  

  



Version 2 (21 September 2026) 

 

8 
 

Poster [P-7] 

Unified Descriptor for Sodium Occupancy in P2-Type Layered Oxides 

M Ghalib Alfazaa*, Dipan Kundua, and Priyank V. Kumara 

aSchool of Chemical Engineering, UNSW Sydney, NSW 2052, Australia  
*Email: m.alfaza@unsw.edu.au 

Although P2-type layered oxides are promising sodium-ion battery cathodes, complex 

sodium/vacancy ordering and slow Na+ kinetics limit their practical application.1  The 

distribution of sodium between face-sharing (Naf) and edge-sharing (Nae) sites dictates 

performance, yet predictive design rules do not currently exist.2 Here, we present a machine 

learning framework—integrating cluster expansion, Monte Carlo simulations, and LASSO 

regression—to predict this Naf/Nae ratio across diverse ternary P2-type oxides. We identify 

sodium concentration and the transition-metal charge-to-size ratio as the dominant 

descriptors. Validated experimentally via Rietveld refinement, our findings reveal that 

electrostatic forces play a far more critical role than steric geometric effects. This work 

establishes cationic potential as a unifying descriptor, offering clear, rational guidelines for 

developing high-performance P2-type cathodes. 

1. C. Ma et al., J. Am. Chem. Soc. 2017, 139, 13, 4835–4845 
2. Peng-Fei Wang et al., Sci. Adv. 4, eaar6018, 2018.  

  



Version 2 (21 September 2026) 

 

9 
 

Poster [P-8] 

Exploration of Sodium-based Zirconate Solid State Electrolytes 

Ricky Huang, Robert Patterson, Neeraj Sharma 

University of New South Wales, Sydney NSW 2033, Australia 
ricky.huang@student.unsw.edu.au 

 

As global society moves toward a more sustainable future with the implementation of 

renewable energy sources to transition away from traditional fossil fuels, research efforts have 

been focused on the development of various types of electrochemical energy storage. The 

development of sodium systems with higher energy density, safety and cyclability has been 

an ongoing pursuit. Solid-state batteries that utilize a stable solid-state electrolyte (SSE) could 

potentially address these issues as it enables the use of highly energy density metal-anodes 

and suppresses side reactions that may lead to safety issues.  

This study aims explores sodium-based zirconate SSE for sodium-ion batteries to gain a better 

understanding of the underlying conduction mechanisms in these systems. Zirconium-based 

SSE generally exhibits good thermal and chemical stability owing to Zr’s highly stable 

oxidation state and its strong bonding with oxygen. This high thermodynamic stability enables 

higher stability at electrode and electrolyte interface and enhances the cyclability, while the 

rigid structure from strong bonding can provide resistance to mechanical stress.  

Na2ZrO3 is synthesized and characterised using X-ray diffraction, neutron powder diffraction, 

and X-ray absorption spectroscopy. There are limited studies on this material as a battery 

material, with no reporting on its application as a solid-state electrolyte in a working cell. Its 

simplicity in both elemental composition and synthesis also make it ideal for potential large-

scale deployment. This work will highlight the stability and performance of Na2ZrO3 using 

symmetric cells and solid-state cells. The impact of chemical substitution will be also explored.  

 

Ricky is a third year PhD at UNSW under the supervision of Prof. Neeraj Sharma and Dr. Robert Patterson. His 

research focuses on sodium solid electrolytes, with a particular interest in understanding how crystal structure 

governs solid-state electrolyte performance. He has experience conducting experiments at the Australian 

Synchrotron and Open-pool Australian lightwater reactor, utilising beamlines including MEX-2 and the Echidna 

high-resolution powder diffractometer.   

mailto:ricky.huang@student.unsw.edu.au
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Different Black Mass from Spent Batteries: Characterization and Processing 

Zhao Chena, Neeraj Sharmaa*  

aSchool of Chemistry, UNSW Australia, Sydney, Australia  
*zhao.chen1@unsw.edu.au  

Lithium-ion batteries have consistently held a significant share of the energy storage market. 

With the explosive growth of the electric vehicle market, there is an urgent need for 

environmentally friendly recycling methods for lithium-ion batteries. 1 This study presents a 

comprehensive flow of characteristics for three similar but different black mass samples after 

shredding using techniques including Microwave plasma atomic emission spectrometry (MP-

AES), Scanning Electron Microscopy (SEM), X ray Diffraction (XRD), Energy Dispersive X-

ray (EDX). Through the analysis of different combinations of testing techniques, guidance is 

provided for the further processing of recycled materials. 

 

Fig. Rietveld refined fit of XRD patterns of samples from different sources: sample 1; sample 

2; sample 3. 

The three materials' various crystal phases, weight ratios, and lattice characteristics were 

revealed by the GSAS-refined XRD data. This lays the groundwork for the three black mass 

additional characterization. NMC811, NMC111, graphite, LCO, and Al2O3 models were used 

in the refinement process. It should be noted that NMC811 and NMC111 only depict the 

layered structure of the NMC series, not the precise trans metal ratios within the black mass. 

1. J. Fang, G. Wan, M. Zheng, T. Liu and J. Lü, Adv. Energy Mater., 2025, 15, 2501318. 
 
 

Zhao Chen received her Master of Science in Advanced Materials Science degree in University College London 

in 2022. She is currently a PhD student in the School of Chemistry at the University of New South Wales, 

Australia. She is focusing on direct recycling cathode materials from used lithium-ion batteries and exploring 

solid-state electrolytes in the lithium and sodium batteries. 
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Microwave-Assisted Solvo-Metallurgical Recovery of Valuable Metals from Lithium-
Ion Battery Waste  

Thilini Gunawardhana, Yuan Wang* 

Department of Chemical Engineering, The University of Melbourne, Parkville, VIC 3010, Australia 

Helena.wang@unimelb.edu.au  

With the growing demand for critical minerals and the anticipated surge in end-of-life lithium-

ion batteries (LIBs), efficient recycling technologies are essential to secure sustainable 

resource supplies and support a circular battery economy. Deep Eutectic Solvents (DESs) 

provide an environmentally benign route for metal recovery, but their broader application is 

limited by slow leaching kinetics. In this study, microwave-responsive DESs were rationally 

designed using choline chloride as a low-cost hydrogen-bond acceptor and different hydrogen-

bond donors to tailor acidity, metal coordination, and leaching behaviour. Among the DESs 

examined, choline chloride–lactic acid exhibited the best performance, achieving >99% 

extraction of Co and Mn and >93% extraction of Li and Ni from industrial LIB black mass within 

30 min at 200 °C under microwave irradiation. This notable efficiency arose from rapid 

volumetric heating and enhanced solvent–solid interactions, which accelerated the metal 

dissolution. Spectroscopic and thermal analyses revealed a ligand-assisted leaching 

mechanism which involves proton-mediated cleavage of metal–oxygen bonds and 

stabilization of dissolved metal species through chloride–lactate coordination. The DES 

retained high leaching efficiency over multiple reusing cycles and enabled downstream metal 

separation through selective precipitation. Life cycle assessment confirmed the environmental 

viability of the process while identifying DES consumption as the main hotspot for further 

optimization. Overall, this work demonstrates a rapid, energy-efficient, and environmentally 

benign microwave-assisted solvo-metallurgical strategy for recovering valuable metals from 

spent LIBs. 

 

Fig 1. Designing microwave-responsive DESs for accelerated and sustainable LIB recycling. 

Thilini Gunawardhana is a PhD candidate in the Department of Chemical Engineering at the University of 

Melbourne, supervised by Dr. Helena Yuan Wang in the Renewable Resource & Sustainability (R2S) group. Her 

research focuses on advancing sustainable recycling strategies for LIB waste through innovative solvo-

metallurgical approaches.   
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mailto:Helena.wang@unimelb.edu.au
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Advanced Zwitterionic Composite Binders Enabling For Sodium-Ion Batteries 

Mohammad Kahrizia,*, Charulakshmi Thiruvurravishankara, Faezeh Makhlooghiazada, and 

Jennifer M. Pringlea 

a Institute for Frontier Materials, Deakin University, Burwood, Melbourne, Australia  
*Mohammad Kahrizi’s e-mail address: m.kahrizi@deakin.edu.au 

 

Conventional battery binders such as polyvinylidene fluoride (PVDF) rely on toxic solvents 

including N-methyl-2-pyrrolidone (NMP) and contain high levels of fluorinated components, 

creating environmental and processing challenges for sodium-ion batteries1. Developing safer 

and more sustainable binder materials is therefore an important step toward next-generation 

energy storage systems. Previous work2 from our group demonstrated the potential of 

zwitterionic materials as electrolytes for sodium-ion batteries. Building on this concept, this 

work investigates composite binders based on zwitterionic materials for sodium-ion battery 

electrodes. Zwitterions contain both positive and negative charges within the same molecule, 

enabling strong ionic interactions that may improve ion transport and electrode adhesion. The 

zwitterion investigated in this study, Trifluoro((1-methylpyrrolidin-1-ium-1-yl)methyl)borate 

(C1mpyrBF3), was combined with sodium bis(fluorosulfonyl)imide (NaFSI), sodium 

bis(trifluoromethanesulfonyl) imide (NaTFSI), and Poly lithium methacryloyloxyethyl 

trifluoromethanesulfonylimide Poly (LiMTFSI) to form advanced binder systems. The 

electrochemical behaviour of Na3V2(PO4)3 (NVP) cathodes incorporating these binders was 

evaluated through cycling and rate capability studies across different electrolyte systems and 

temperatures. The zwitterion-based binders demonstrated promising electrochemical stability, 

strong electrode integrity, and favourable rate performance during long-term operation. These 

findings highlight the potential of zwitterion-based binders as multifunctional materials that can 

simultaneously enhance mechanical stability and ionic transport in sodium-ion batteries. 

 

1. C. Qian, S. Wang, Q. Huang, Z. Tian, C. Liu, Y. Pan, X. Qi and Y. Chen, J. Energy 
Chem, 2025, 104, 773-788. 

2. F. Makhlooghiazad, L. A. O'Dell and J. M. Pringle, J. Mater. Chem. A, 2022, 10, 
22662-22675. 

 

I am a battery scientist with a PhD from Deakin University, completed under the supervision of Prof. Patrick C. 

Howlett and Prof. Maria Forsyth. My PhD research focused on developing hybrid electrolytes for high-energy 

silicon/graphite composite anodes for lithium-ion batteries. I am working as an Associate Research Fellow at 

Deakin University under the supervision of Prof. Jenny Pringle. In this role, I continue to develop advanced 

electrolytes for lithium- and sodium-ion batteries.   

mailto:m.kahrizi@deakin.edu.au
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Operando X-ray Diffraction on LCO Batteries Under Non-ambient Conditions 

Bernhard Gadermaiera, Ashish Kumarb, and Shamim Shahrokhib* 

aInstitute of Chemistry and Technology of Materials, Graz University of Technology, Steyrergasse 30, 8010 Graz, 
Austria  

bAnton Paar Australia & New Zealand Pty. Ltd., North Ryde NSW 2113  
*shamim.shahrokhi@anton-paar.com 

Performing operando X-ray diffraction on Li1-x CoO2 (LCO) batteries during cycling is a 

powerful tool to investigate electrochemical properties and structural changes in batteries 

simultaneously. The possibility to perform these measurements in different temperature 

environments increases the applicability further by allowing the investigation of the structure 

and performance of the battery at high or low temperatures. Electrochemical phase transitions 

in LCO can also be detected easily in the XRD data. The changes in the battery kinetics, 

capacity and charging efficiency can be directly related to changes in the structural changes 

of the material during charging and discharging.  

Results showed that the capacity of the cell decreases significantly at low temperatures, while 

they are relatively stable between 10 °C and 45 °C. At higher temperatures, the capacity 

measured during discharge drops, while the capacity obtained during charging seems to 

increase. Due to the high level of automation and motorization, combined with the high data 

quality achievable in XRDynamic 500 instrument, working with the TTK 600 equipped with 

battery sample holders is more comfortable and efficient. 

 

Figure 1: Temperature-dependent charging and discharging curves of LCO coin cell. 

Dr. Shamim Shahrokhi is a Technical Sales Specialist in Characterisation at Anton Paar Australia. Her 

Characterisation portfolio includes Mechanical Surface Testing, Raman Spectroscopy, FTIR, SAXS and XRD. 

She has been responsible for technical support, application testing, and sales for different product lines since 

2022. She holds a PhD in Materials Science and Engineering from The University of New South Wales (UNSW) 

and has experience in temperature-dependent XRD analysis, electrochemistry, and hardness testing of materials.   
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Understanding the molecular origins of adsorption on metal surfaces is essential for the 

rational design of catalysts, electrochemical interfaces, and functional materials. However, 

adsorption energies often arise from the interplay of multiple electronic and structural factors, 

making their prediction challenging. In this work, we investigate the fundamental drivers 

governing the adsorption of a series of organic molecules on Zn surfaces using a 

comprehensive descriptor-based framework. 

Projected density of states (PDOS) analyses were employed to examine molecular orbital–Zn 

d-state hybridization and identify key orbital interactions contributing to adsorption. To capture 

both bonding and antibonding contributions that are not fully described by PDOS alone, 

integrated Crystal Orbital Hamilton Population (ICOHP) calculations were performed using 

LOBSTER. Charge redistribution upon adsorption was quantified through Bader charge 

analysis, providing insights into electron transfer between the Zn surface and adsorbed 

molecules. Furthermore, correlations between the Zn d-band centre and molecular frontier 

orbital energies, particularly LUMO levels, were explored to assess donation-driven adsorption 

mechanisms. Molecular descriptors including HOMO–LUMO gap, chemical potential, and 

electrophilicity index were also evaluated as potential predictors of adsorption strength. In 

addition, geometric and steric factors were considered to understand the role of molecular 

structure in surface binding. 

By integrating orbital interaction, charge-transfer, energetic, and geometric descriptors, this 

study establishes a unified framework for interpreting adsorption behaviour on Zn surfaces. 

The resulting insights provide a deeper understanding of molecule–surface interactions and 

offer a foundation for developing predictive models of adsorption and surface reactivity in zinc-

based electrochemical systems. 

 

Ravindra Kokate is a PhD candidate in the School of Chemical Engineering at UNSW Sydney under the 

supervision of Prof. Priyank Kumar and Prof. Dipan Kundu. His research focuses on the application of density 

functional theory, molecular dynamics simulations, and machine learning to understand interfacial phenomena in 

electrochemical energy storage systems. His current research focuses on screening high-performance electrolyte 

additives to improve Zn anode stability and enhance the overall performance of aqueous zinc-ion batteries.   
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Rendering cathodes stable upon ‘high voltage cycling’, i.e., using upper cut-off voltages > 4.3 

V, is essential toward elevating the energy density of Na-ion batteries (viz., addressing a major 

bottleneck). Against this backdrop, the present work reveals a counter-intuitive/interesting 

observation concerning a high Na-containing P2-structured cathode exhibiting superior cycling 

stability upon ‘high-voltage-cycling’ (viz., ~90% capacity-retention after 100 cycles within 2.0-

4.5 V vs. Na/Na+), as compared to upon ‘low-voltage-cycling’ (i.e., ~65% capacity-retention 

within 2.0-4.0 V). While the excellent ‘high-voltage-cycling’ stability is a testimony to the 

structural-stability of the cathode material, undergoing only reversible P2 ↔ Z transformation 

upon deep (de)sodiation, the difference between ‘high-voltage-cycling’ vs. ‘low-voltage-

cycling’ stability has been found to be primarily related to the contrasting evolutions at the 

cathode/electrolyte interface (CEI layer), which evolves to being inorganic-rich, 

passivating/protective and conducting during ‘high-voltage’ cycles, unlike during ‘low-voltage’ 

cycles. The former prevents transition-metal dissolution from the cathode, which the organic-

rich CEI formed upon ‘low-voltage-cycling’ fails to. From a practical perspective, such ‘high-

voltage-cycling’ stability allows fabricating high energy Na-ion ‘full’ cells (~243 Wh/kg) by going 

up to 4.3 V, while still exhibiting ~80% capacity-retention after 200 cycles. 

Keywords: ‘Layered’ transition metal oxide cathode; cathode/electrolyte interface; transition 

metal dissolution; high voltage stability; Na-ion battery  
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Sodium batteries (NaBs) are emerging as low-cost and sustainable energy storage technology 
with strong potential to complement lithium-based systems and support long-term battery 
market stability. Despite their advantages, NaBs with long-term cycling and superior battery 
performance remain a challenge, largely due to the development of safe and stable 
electrolytes. In this work, a new class of ether phosphonium based ionic liquid (IL) i.e. 
P(301)4FSI with high thermal and electrochemical stability is reported. Furthermore, the addition 
of 50 mol% sodium bis(flurosulfonyl)imide (NaFSI) to this IL is investigated to evaluate the 
physicochemical and electrochemical properties of the electrolyte. Preliminary results show a 
high ionic conductivity of 0.63 mS cm-1 at 50°C and cyclic voltammetry demonstrates excellent 
Na‑metal compatibility, with stable cycling maintained over 50 cycles (Figure 1) , surpassing 
the performance of the previously reported ether-ammonium analogue N2(20201)3FSI1, under 
comparable conditions, making ether-based phosphonium ionic liquids2 excellent candidates 
as safe and stable electrolytes for next-generation high-energy density sodium batteries. 
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Figure 1: Cyclic Voltammetry of equimolar concentration of NaFSI in P(301)4FSI electrolyte, 
recorded during cycle 1 (black) and cycle 50 (red). 

 

1. M. Hilder, P. C. Howlett, D. Saurel, H. Anne, M. Casas‑Cabanas, M. Armand, T. Rojo, 
D. R. MacFarlane and M. Forsyth, Journal of Power Sources, 2018, 406, 70–80. 

2. F. Philippi, D. Rauber, J. Zapp, C. Präsang, D. Scheschkewitz and R. Hempelmann, 
ChemPhysChem, 2019, 20, 443–455. 
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Polymer electrolytes hold great promise in developing next-generation high-energy density 

metal batteries. In addition to inhibiting dendrite formation, they are flexible, more stable and 

safer than liquid electrolytes. However, their practical applications is limited by generally low 

ionic conductivity at room temperature, typically two orders of magnitude lower than liquid 

electrolytes, and low metal ion transference numbers, often less than 0.5.  

Cationic poly(ionic liquids) (PolyILs), with ionic liquid cations attached to polymer backbones, 

have attracted significant attention in recent years, due to their potential to simultaneously 

achieve high ionic conductivity and high metal-ion transference numbers. One such PolyIL, 

Polydiallyldimethylammonium bis(fluorosulfonyl)imide (PDADMA FSI), has demonstrated fast 

sodium ion diffusion at high salt concentrations, achieving an ionic conductivity of up to 10-3 S 

cm-1 and a Na transference number above 0.5 at 80C [1]. These promising results inspire the 

further development of novel PolyILs with enhanced properties, which require the in-depth 

fundamental understanding that guides this design. 

In the present work, we report our computational investigation of novel PolyILs based on 

phosphonium cations, which exhibit improved ionic conductivities compared to their 

ammonium-based counterparts. Specifically, here we present (1) the effect of longer side 

chains attached to the polycations on the morphology of PolyIL and its salt-concentrated 

system and the ion transport; and (2) the impact of different polycation architectures 

characterized by varying distances between the cationic centre and the polymer 

backbone. Our findings offer new insights into the relationship between PolyIL structure and 

sodium conduction, which is critical for their application in sodium metal batteries.  

 

1. F Chen, et al Nature Materials, 2022, 21, 1175-1182 
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Poly(ionic liquids) (polyIL) with high sodium salt concentrations have demonstrated good ionic 

conductivity and high sodium transference numbers, making them promising candidates for 

sodium batteries. However, these concentrated polymer electrolytes typically exhibit poor 

mechanical strength and require integration with mechanical reinforcement matrices to 

improve mechanical properties for practical applications.1-3 Meanwhile, the impact of these 

supporting materials on the electrochemical performance and ion transport behaviour of polyIL 

electrolytes remains poorly understood. 

Thermogravimetric analysis (TGA) shows good thermal stability up to 275 °C with PVDF 

reinforcement; however, an earlier weight loss is observed at around 210 °C with glass fiber 

reinforcement. The glass transition temperature (Tg) was compared. A decrease in Tg at three 

polyIL-to-salt ratios was observed with PVDF reinforcement, whereas Tg increased when 

glass fibre was adopted. These changes in Tg also affect ionic conductivity. Ionic conductivities 

measured at 80 °C for three salt concentrations reveal a positive effect of mechanical 

reinforcement at the two higher concentrations. The PVDF-reinforced systems exhibit more 

than a twofold increase in conductivity at both 1: 1.5 and 1:2 polyIL-to-salt ratios, whereas this 

improvement is much less pronounced with glass fibre reinforcement. At the 1:1 polyIL-to-salt 

ratio, both system with reinforced systems show a slight decrease in ionic conductivity. 

These earlier results demonstrated different effect of mechanical reinforcements on electrolyte 

properties. Further investigations are underway to understand the underlying mechanisms and 

their effect on electrochemical performance. 

1. F. Chen, X. Wang, M. Armand and M. Forsyth, Nat Mater, 2022, 21, 1175–1182. 
2. X. Wang, F. Chen, G. M. A. Girard, H. Zhu, D. R. MacFarlane, D. Mecerreyes, M. 

Armand, P. C. Howlett and M. Forsyth, Joule, 2019, 3, 2687–2702. 
3. S. Kondou, M. Abdullah, I. Popov, M. L. Martins, L. A. O'Dell, H. Ueda, F. 

Makhlooghiazad, A. Nakanishi, T. Sudoh, K. Ueno, M. Watanabe, P. Howlett, H. 
Zhang, M. Armand, A. P. Sokolov, M. Forsyth and F. Chen, J Am Chem Soc, 2024, 
146, 33169–33178 
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Abstract: Recycling spent lithium-ion battery (LIB) black mass into value-added 

electrocatalysts represents an attractive strategy for sustainable resource utilization; however, 

conventional fabrication routes generally require complex metal separation, high-temperature 

calcination, and polymer binders, leading to increased processing cost and energy 

consumption. Herein, a multimetallic sol–gel-derived black mass (SG-BM) electrode was 

fabricated by directly converting industrial spent LIB black mass leachate into a binder-free 

oxygen evolution reaction (OER) electrode without high-temperature calcination. The obtained 

SG-BM electrode exhibits an overpotential of 316 mV at 10 mA cm⁻² in 1 M KOH, 

outperforming both the pristine black mass (383 mV) and the bare nickel foam (371 mV). 

During the initial OER process, the catalyst undergoes an evident electrochemical activation, 

likely associated with surface reconstruction, resulting in a further decrease in overpotential 

from 319 to 294 mV after a 25 h current-step test. Furthermore, the sol–gel-derived black 

mass (SG-BM) electrode demonstrates outstanding operational durability, with the 

overpotential remaining nearly unchanged (from 313 to 311 mV) after 100 h of continuous 

electrolysis. This work establishes a low-cost, calcination-free and binder-free strategy for 

directly converting spent LIB black mass leachate into efficient OER electrodes, providing a 

practical pathway for the high-value recycling of battery waste and the sustainable fabrication 

of multimetallic electrocatalysts. 

1. K. Zhang, Y. Niu, H. Xing, P. Wang, L. Wu, X. Yao, Y. Xu, Small,2025, 21, 2407524.  
2. K. Zhang, P. Wang, Z. Sun, H. Zhang, R. Chang and Y. Xu, ACS Applied Materials & 

Interfaces, 2025, 17(31), 44391-44401. 
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Organic ionic plastic crystals (OIPCs) have been increasingly recognised as safe and promising 

electrolytes for lithium batteries owing to their high thermal stability and non-flammability, wide 

electrochemical stability window (ESW), and good intrinsic ionic conductivity.1 Their mixtures with 

lithium salts often form liquid phase (i.e., ionic liquids (ILs)), quasi solid-state, or mixed phase 

systems. Increasing the lithium salt concentration in the electrolytes fundamentally alters the 

electrolyte’s transport kinetics, interfacial chemistry, and physical safety profile. 

This work aims at pushing further from conventional levels (≤ 50 mol% Li salts) to a 

superconcentrated regime (≥ 90 mol%), resulting a quasi solid-state system, thereby limiting 

leakage and safety issues in Li Metal Batteries. This approach also offers high thermal stability, 

and sufficiently high room-temperature ionic conductivity to support cell cycling while maintaining 

good wetting and interfacial mechanical properties thanks to its quasi solid nature. Herein, two 

newly developed ether-functionalised OIPCs2,3—1,1,1-trimethyl-1-methoxymethylammonium 

bis(fluoro-sulfonyl)imide ([N111,1O1][FSI]) and N-ethyl-N-methyloxazolidinium bis(fluorosulfonyl)-

imide ([C2moxa][FSI]))—are deeply characterized and compared at 90 mol% Li salt systems.  

 

Figure 1. Structure and physical appearances of the quasi solid electrolytes utilising 
[N111,1O1][FSI] (left) and [C2moxa][FSI] (right) mixed with 90 mol% LiFSI. 

At this extreme salt concentration, both electrolytes show a soft solid nature (see Figure 1) with 

similar thermal properties, with the ammonium-based electrolyte exhibits lower Tg. Investigation of 

the transport properties indicates that these two systems have very similar ionic conductivity, 

particularly at room temperature. Investigations of the intermolecular interactions and speciation 

were performed using infrared and Raman spectroscopies, which suggest clear changes in 

transport mechanisms compared to the IL state. The formation of aggregates in the electrolytes 

might contribute to high lithium diffusivity ratio (measured by NMR) and transference number. In 

addition, the ESW of both electrolytes indicates stability within the operating voltage range of most 

positive electrode materials. The preliminary cycling results clearly demonstrate their promise at 

50 °C. 

This research is funded by AUFRANDE PhD program, IRN-FACES mobility program, and France 

2030 PEPR Batteries (OPENSTORM project, ANR-22-PEBA-0005). 

1. D. R. MacFarlane, J. Huang and M. Forsyth, Nature, 1999, 402, 792–794. 
2. A. Warrington, C. S. M. Kang, C. Forsyth, C. M. Doherty, D. Acharya, L. A. O’Dell, N. 

Sirigiri, J. W. Boyle, O. E. Hutt, M. Forsyth and J. M. Pringle, Mater. Chem. Front., 
2022, 6, 1437–1455. 

3. C. S. M. Kang, R. Yunis, H. Zhu, C. M. Doherty, O. E. Hutt and J. M. Pringle, Mater. 
Chem. Front., 2021, 5, 6014–6026.   
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Hard carbon stores most of its reversible capacity through a low-voltage plateau, widely 

attributed to the filling of closed nanopores by quasi-metallic sodium. Optimising this process 

remains difficult because pyrolysis temperature simultaneously alters closed porosity, 

heteroatom chemistry, and graphitic order, preventing their independent assessment. 

Here we decouple these effects using a single macadamia-shell precursor and an identical 

carbonisation protocol, varying only the hydrogen-bond donor of a deep eutectic solvent (DES) 

pretreatment across six chemistries. Despite nearly identical bulk structures—interlayer 

spacings of 0.365–0.377 nm and Raman intensity ratios of 0.942–1.019, independently 

confirmed by synchrotron wide-angle X-ray scattering—plateau capacities vary by a factor of 

1.8, from 119 to 213 mAh g⁻¹. 

Gas adsorption reveals an unexpected inverse relationship: plateau capacity decreases with 

increasing probe-accessible porosity (R² = 0.77 for CO₂-derived surface area and 0.74 for 

ultramicropore volume). The highest-capacity carbon exhibits the smallest accessible surface 

area, whereas the lowest-capacity sample has the largest. Because gas adsorption probes 

only accessible pores, this inversion indicates that plateau storage occurs predominantly 

within inaccessible closed nanopores, while accessible porosity reflects pore volume that 

remained unsealed. 

Ex-situ synchrotron SAXS/WAXS measurements across a full electrochemical cycle directly 

resolve the storage mechanism. The graphitic interlayer expands reversibly throughout the 

sloping region, whereas a broad Na–Na correlation at ~2.1 Å⁻¹ appears during the plateau 

and disappears upon desodiation. Simultaneously, nanopore scattering falls to one-third of its 

pristine intensity before recovering, consistent with reversible sodium filling of closed 

nanopores. 

Electron paramagnetic resonance reveals a five-fold variation in localised Curie–Weiss edge-

spin density that correlates with plateau capacity. The urea-derived carbon delivers 383 mAh 

g⁻¹ with 71% initial Coulombic efficiency, establishing DES pretreatment as a simple precursor-

side strategy to tune pore-mouth chemistry independently of bulk graphitic order. 

Keywords: Hard carbon, Deep eutectic solvents, Plateau capacity, Open porosity  
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Anode-free lithium metal batteries (AFBs) offer a promising route to high energy density for 

electric vehicle applications, but unstable lithium nucleation and interfacial degradation at the 

current collector remain major limitations. Three-dimensional carbon hosts, such as carbon 

cloth (CC), provide favourable structural advantages but suffer from an intrinsically lithiophobic 

nature, resulting in high nucleation overpotentials and non-uniform lithium plating. Here, we 

report a scalable interfacial engineering strategy using silver-coated carbon cloth (Ag@CC) 

as a current collector, enabling stable lithium plating/stripping under truly anode-free 

conditions without prelithiation. The uniform lithiophilic silver coating significantly reduced the 

nucleation overpotential (from ~23.8 mV for pristine CC to ~12.5 mV for Ag@CC) and 

promoted uniform lithium deposition, while enabling formation of a mechanically robust, LiF-

rich solid electrolyte interphase. Electron paramagnetic resonance (EPR) spectroscopy 

revealed an ~25-fold reduction in residual dead metallic lithium on Ag@CC relative to CC after 

50 plating/stripping cycles, while operando optical microscopy directly confirmed dendrite-

suppressed, reversible lithium deposition on Ag@CC. Finite-element simulations showed a 

more uniform electric-potential distribution on the lithiophilic surface, and density functional 

theory calculations confirmed a stronger lithium binding energy on Ag@CC (−1.9 eV) than on 

CC (−1.2 eV). Consequently, Ag@CC delivered improved Coulombic efficiency and extended 

cycling stability (~1000 h) during lithium plating/stripping. When paired with a 

LiNi0.8Mn0.1Co0.1O2 cathode under anode-free conditions, the Ag@CC cell delivered an initial 

discharge capacity of 181.8 mAh g⁻¹ at 0.05C, retained 58 mAh g⁻¹ at 5C (~3× higher than 

bare CC), 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 lithium metal batteries. 

Ankit Dandriyal is a joint PhD candidate at the Centre for Materials Science, Queensland University of 

Technology (QUT), Australia, and the Multifunctional Materials Laboratory, Indian Institute of Technology Madras, 

India, supported by the QUT Postgraduate Research Award (QUTPRA). His research focuses on interfacial 

engineering of current collectors for anode-free lithium metal batteries, under the supervision of Prof. Deepak 

Dubal (QUT) and Prof. Chandran Sudakar (IIT Madras), combining electrochemical characterisation, operando 

microscopy, and computational modelling to design next-generation high-energy-density battery materials.   
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Aqueous zinc-ion batteries (AZIBs) are promising candidates for large-scale energy storage 

owing to their intrinsic safety, low cost, and environmental benignity. Their practical 

deployment, however, remains limited by parasitic interfacial reactions, including hydrogen 

evolution, surface corrosion, and dendritic zinc growth, that collectively degrade cycling 

stability. Artificial interfacial coatings offer a route to mitigate these issues. Yet, conventional 

rigid layers struggle to maintain conformal contact with the zinc surface under the large volume 

fluctuations of repeated plating/stripping. 

Here, we develop a B- and F- rich PBS+Zn(OTf)₂  coating on Zn anode to achieve a highly 

stable Zn anode. The coating material was achieved by crosslinking the Polydimethylsiloxane 

(PDMS) chains with the B- moieties, which resulted in a polyborosiloxane (PBS) network. To 

achieve F- moieties in the PBS, variable amounts of zinc trifluoromethanesulfonate (Zn(OTf)₂) 

were added before B- crosslinking. The final product consisted of an F-rich, B- crosslinked 

polymer PBS+Zn(OTf)₂ coating, which exhibited homogeneous coating on the Zn electrode 

and excellent mechanical properties to accommodate volume changes during plating/stripping 

while sustaining intimate interfacial contact. 

 As a result, Zn‖Zn symmetric cells protected by the modified interface delivered excellent 

cyclic stability of over 2000 h at current densities of 0.25 mA/cm2 and capacity of 0.25 

mAh/cm2. Interestingly, the electrodes delivered ultrahigh rate capability with stable operation 

up to 25 mA/cm2 as well as up to very high capacities of 10 mAh/cm2. The excellent 

electrochemical activities can be attributed to continuous rearrangement of the dynamic bond 

network, which suppresses interfacial degradation and hydrogen evolution. In addition to 

excellent results in half-cell configuration, the Zn//NH4V4O10 full cells delivered a high specific 

capacity exceeding 213 mAh/g. This work establishes dynamic covalent-bond-engineered 

interfaces as an effective strategy for regulating zinc deposition, suppressing parasitic 

reactions, and extending the operational lifetime of AZIBs. 

1. H Khan, C Zhao, K Khan, AK Tareen, A Shahzad, Small, 2025 - Wiley Online Library 
2. S Wang, X Guo, K Huang, A Achari, J Safaei, Y Lei, D Li, Q Gu, C Sun, L Gloag, S 

Langford, Nature Communications, 2025.nature.com 
3. T Yang, J Lu, MT Hoang, Y Yang, S Wang, Y Chen, Y Yu, Y Wang, T Fang, B Sun, G 

Wang, Advanced Science, 2025.Wiley Online Library 
4. A Mahmood, Z Bai, T Wang, Y Lei, S Wang, B Sun, H Khan, K Khan, K Sun, G Wang 

Chemical Society Reviews, 2025. pubs.rsc.org 
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All-solid-state-batteries (ASSB) have seen explosive interest over the past decade for their 

intrinsic safety and high theoretical capacity compared to batteries with liquid electrolytes. 

With the desired uses for ASSB to be used in electric vehicles (EVs), compact electronics, 

aviation equipment, and deep space exploration it is necessary for these systems to have 

appreciable performance within extremely cold environments. ASSB are not susceptible to 

salt precipitations, solvent freezing or increased viscosity due to the lack of liquid electrolyte 

which is a major benefit at low temperatures (LT).1 However, reduced ionic transport and 

sluggish interfacial reaction kinetics limit electrochemical performance at LT, while differential 

thermal contraction among the active materials (AMs), conductive additives, and solid 

electrolytes (SEs) may further weaken interfacial contact within the composite cathode.2 

Additionally, reduced ionic conductivity and sluggish interfacial kinetics at LT can produce 

non-uniform current distributions and localized lithium deposition, increasing the risk of 

lithium dendrite growth and cell failure. From a practical perspective, hindered ionic transport 

and sluggish interfacial reaction kinetics at LT increase cell polarization, causing the voltage 

limits to be reached prematurely and reducing the accessible capacity and energy relative to 

room temperature (RT).1,2 LiCoO2 (LCO) and LiNi0.8Mn0.1Co0.1O2 (NMC811) based cathode 

composites were evaluated through an initial formation cycle and subsequent 25-cycle cycle 

performance at RT and LT. Post-cycling SEM and TEM analyses were conducted to examine 

how LT operation affects the electrochemical response and microstructure of the cathode 

composite. By correlating the electrochemical behaviour with the observed microstructural 

changes, this work aims to identify the transport and interfacial limitations governing LT 

performance and guide the design of cathode composites for ASSBs operating in extremely 

cold environments. 

1. Z. Li, Y. Sang, R. Tang, F. Meng, X. Lan and R. Hu, Energy Storage Materials, 2025, 
75, 104077. 

2. H. Xu, X. Song, Y. Gu, J. Fan, J. Liu and S. Wang, J. Mater. Chem. A, 2025, 13, 
10388–10414. 

 
Joel Spittles is currently pursuing a Ph.D. at the Institute for Superconducting and Electronic Materials (ISEM) in 

the University of Wollongong (UOW), Australia. His Ph.D. research is supported by an Australian Research 

Council (ARC) Office of National Intelligence (ONI) funded project focused on the development of all-solid-state 

batteries (ASSBs) for low-temperature operation. His research focuses on understanding the performance 
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Lithium-sulfur (Li-S) batteries are among the most promising candidates for the next 

generation energy storage, offering a theoretical specific energy of approximately 2600 Wh 

kg⁻¹, roughly three to five times higher than conventional lithium-ion cells, alongside the 

inherent advantages of sulfur's natural abundance, low cost, and freedom from critical 

transition metals. However, the practical realization of Li-S technology remains constrained by 

persistent challenges, including intrinsic electronic insulation of sulfur, polysulfide dissolution 

and shuttle effect, and the high volumetric expansion of the cathode upon full discharge. 

Addressing these issues requires cathode host materials capable of simultaneously providing 

electronic conductivity, physical sulfur confinement, and chemical polysulfide retention. 

This work introduces crosslinked PVDF-derived carbon molecular sieves (CMSXL) as a 

multifunctional sulfur cathode host and polysulfide blocking material for Li-S batteries. CMSXL 

 combines tunable nanometer pore apertures (3-10 Å), adjustable electrical conductivity, and 

strong sulfur affinity through both physisorption and chemisorption, enabling selective size 

exclusion of large polysulfide species while permitting the transport of smaller sulfur allotropes 

and Li+ ions. Sulfur-CMSXL composite cathodes were fabricated and evaluated in coin cell 

configuration, with systematic characterization of rate capability, and electrochemical 

impedance spectroscopy. The performance of the modified cathode in the Li-S pouch cell will 

be investigated in the next step.   
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As sodium batteries attract growing interest as an energy-storage technology beyond 

conventional lithium-based systems, the development of safer and more effective electrolytes 

is increasingly important. Developing solid-state battery electrolytes requires more than 

replacing volatile liquid electrolytes with solid materials; it also requires control over the local 

ionic environment that governs ion mobility and charge transport. Zwitterions offer an intriguing 

molecular strategy for tuning this environment because their tethered positive and negative 

charge centres can interact with surrounding ionic species while remaining overall neutral. 

Integrating this functionality with the dynamically disordered solid framework of organic ionic 

plastic crystals (OIPCs) offers a distinctive approach to exploring how molecular structure and 

electrolyte composition influence phase transition behaviour and ionic transport.1–3 

 

The work reported herein investigates the phosphonium OIPC tris(diethylamino)phosphonium 

bis(fluorosulfonyl)imide, [P1(DEA)3][FSI], both in its neat form and in sodium 

bis(fluorosulfonyl)imide (NaFSI)-containing electrolytes. Two structurally contrasting 

pyrrolidinium zwitterions were examined: C1mpyrBF3, which incorporates a compact BF3-

based anionic functionality, and C3mpyrTFSI, which incorporates a larger, charge-delocalised 

TFSI-based group. 

 

Zwitterion incorporation produced distinct changes in the thermal and ionic-transport 

behaviour of the parent OIPC, with responses varying between the two zwitterion chemistries. 

After adding NaFSI, further changes were observed in phase behaviour, the FSI⁻ vibrational 

environment, and the conductivity of the resulting electrolytes. The contrasting behaviour 

across these compositions highlights the importance of both zwitterion chemistry and sodium-

salt content in determining the properties of the OIPC-based electrolyte. These observations 

suggest that zwitterion modification may offer a promising approach to tuning phase-transition 

behaviour and the local ionic environment, with potential benefits for ion transport in OIPC-

based sodium electrolytes. 

1. J. Sun, C. S. M. Kang, G. Huang, F. M. Ferrero Vallana, A. Kumar, L. A. O'Dell, M. 
Galceran, O. Hutt, P. C. Howlett, M. Forsyth and J. M. Pringle, J Mater Chem A 
Mater. 2023;11(41):22329-22339.  

2. H. Ohno, M. Yoshizawa-Fujita and Y. Kohno, Physical Chemistry Chemical Physics. 
2018;20(16):10978-10991.  

3. M.K. Alsaedi, B.D. Like, K.W. Wieck and M.J. Panzer, ChemPlusChem. 2024;89(5).  
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As the search for next-generation battery systems continues to support global electrification, 
lithium-sulfur (Li-S) batteries have emerged as a promising candidate. This is owing to their 
high theoretical energy density and low materials cost, yet their practical performance is limited 
by sluggish redox kinetics1,2. Therefore, developing effective electrocatalytic systems that 
overcome rate-limiting reduction and oxidation reactions is critical for achieving fast-charging 
operation. Our studies introduce a new paradigm for designing soft catalytic binder systems 
by integrating catalytic species within tailored molecular environments. In this strategy, the 
binder is transformed from a passive component into an active catalytic platform that 
accelerates Li-S redox reactions. We first developed an iodophor catalytic binder system 
(PVP-I) by immobilizing catalytic iodine centres within a polysulfide-affinitive polar polymer, 
polyvinylpyrrolidone. This catalytic binder enabled pouch-cell energy densities of 215 and 156 
Wh kg-1 at 0.1C and 0.3C rates. Building on this concept, we introduce a soft catalyst system 
in which a polymer-metal complex is directly integrated into the binder. Among the systems 
investigated, polyvinyl alcohol-Cu (PVA-Cu) exhibits the highest catalytic activity, allowing 
pouch-cell prototypes to achieve stable cycling at 0.5C with energy and power densities of 
140 and 150 W kg-1, respectively. The achieved power densities and operating C-rates place 
these catalytic systems within the upper range of reported Li-S pouch-cell performance. This 
concept of soft catalysis offers a promising and eminently scalable design strategy, opening 
new directions for future research in advanced Li-S batteries. 

1. R. Liu, Z. Wei, L. Peng, L. Zhang, A. Zohar, R. Schoeppner, P. Wang, C. Wan, D. 
Zhu, H. Liu, Nature, 2024, 626 (7997), 98–104.  

2. R. Yang, Y. Chen, Y. Pan, M. Kim, H. Liu, C. Lee, Y. Huang, A. Tang, F. Tu, T. Li, M. 
Li, Nat Commun, 2025, 16, 2386.  
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Lithium nickel oxide (LiNiO₂) is a promising cobalt-free cathode material for lithium-ion 
batteries due to its high theoretical capacity and wide operating voltage.1 However, its practical 
performance is limited by structural instability arising from Ni/Li cation mixing and local 
disorder. In this work, we investigate the pressure-dependent structural and electronic 
evolution of LiNiO₂ in a diamond anvil cell using in situ synchrotron XRD at Psiché beamline 
(SOLEIL) and Raman spectroscopy up to 50 GPa. XRD analysis reveals that LiNiO₂ retains 
its rhombohedral (R̄3m) structure across the pressure range, with no evidence of phase 
transition. The lattice parameters and unit cell volume decrease smoothly with pressure, and 
fitting to the third-order Birch–Murnaghan equation of state yields a bulk modulus of ~153 
GPa. Notably, the I(003)/I(104) intensity ratio initially increases up to ~5GPa, indicating 
reduced cation mixing and improved layered ordering. At higher pressures, this ratio 
decreases progressively, suggesting enhanced Li/Ni disorder. Peak broadening, particularly 
of the (104) reflection, further indicates anisotropic structural distortion and increasing in-plane 
disorder. Complementary Raman measurements show a pressure-induced blue shift of the 
Eg and A1g modes, consistent with lattice compression. Mode broadening, especially in the 
Eg band, reflects increasing structural disorder and non-stoichiometry linked to cation mixing. 
Overall, the results demonstrate a competition between ordering and disordering mechanisms 
under pressure. Initial compression stabilizes the layered structure, while higher pressures 
promote cation mixing and local distortions. This study highlights the critical role of pressure 
in tuning structural disorder and provides insight into the structure–property relationships in 
Ni-rich cathodes. 

1. Nitta, N.; Wu, F.; Lee, J. T.; Yushin, G. Li-Ion Battery Materials: Present and Future. 
Mater. Today 2015, 18 (5), 252–264. https://doi.org/10.1016/j.mattod.2014.10.040. 
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Sodium-ion batteries (SIBs) are emerging as attractive candidates for large-scale energy 
storage for the high-power performance, wide-temperature tolerance, and potentially lower 
cost.1 Among cathode materials, layered NaNi1/3Fe1/3Mn1/3O2 (NFM) has attracted 
considerable attention for its high reversible capacity and use of relatively sustainable 
transition-metal chemistry.2 However, conventional NFM synthesis routes depend on solid-
state processing with limited scalability or hydroxide-based co-precipitation under strong-
alkaline conditions,3, 4 both of which present challenges for process control and sustainability. 
Here, we demonstrate a mild-alkaline, carbonate-based co-precipitation route for scalable 
NFM synthesis and reveal how precipitation chemistry governs precursor morphology that 
impacts the electrochemical performance of oxides. Compared to traditional hydroxide-based 
co-precipitation, the carbonate route favours growth-dominated particle formation, leading to 
improved precursor morphology control. The more regulated precursor evolution is retained 
during calcination and results in layered oxide 
cathodes with enhanced performance. These findings 
establish carbonate-based co-precipitation as a 
practical and environmentally benign strategy for 
scalable NFM production, while providing insight into 
how precursor growth shape the performance 
relationships layered oxide cathodes for advanced 
SIBs. 

1. S. Mariyappan, P. Desai, M. Morcrette and J.-
M. Tarascon, Nat. Sustain., 2026, 9, 360–371.  

2. X. Zhang, F. Ding, K. Han, Z. Chen, H. Wan, 
X. Xu, X. Wang, J. Meng, Z. Qin, B. Li and X. 
Liu, Adv. Mater., 2026. 38, p.e21756.  

3. B. Zhang, Y. Ji, L. Liang, Z. Qiong, K. Chen 
and G. Hou, Chem. Eng. J., 2024, 485, 149879. 

4. H. Wang, X.-Z. Liao, Y. Yang, X. Yan, Y.-S. He and Z.-F. Ma, J. Electrochem. Soc., 
2016, 163, A565. 
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Abstract: 

Open 3D frameworks of Prussian blue analogues (PBAs) enable reversible insertion of Na+ 
and K+ ions for the respective sodium-ion and potassium-ion batteries.  In this work, NaFe[Fe 
(CN)

6
] and KFe[Fe(CN)6] thin films fabricated using electrodeposition and their 

electrochemical behaviour was studied using various characterisation techniques.  It was 
observed that in non-aqueous systems, the mobility and diffusion of Na-ion in Prussian blue 
lattice is easier compared to K-ions. 

Keywords: Prussian Blue Analogues, Sodium-Ion Battery, Potassium-Ion Battery, Cathode, 
Characterisation   
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Among the candidate as positive electrode materials for next-generation Li-ion batteries and 
beyond, including all-solid-state batteries, the high-voltage spinel LiNi0.5Mn1.5O4 (LNMO) 
has attracted significant attention due its higher sustainability versus currently commercialized 
materials with, in addition, a high operating voltage and thus promising energy density. 
However, several concerns remain before its integration into commercial systems, particularly 
the instability of the electrode–electrolyte interface at high voltages when using either liquid or 
solid electrolytes.1 

In this work, a simple, fast, and cheap process is used to prepare a homogeneous coating of 
amorphous iron phosphate to modify the surface of the spinel LNMO using the supercritical 
fluid chemical deposition (SFCD) technique. The coating is designed to stabilize the cathode–
electrolyte interface and mitigate parasitic reactions occurring at high potentials. 

Significantly improved performance was demonstrated versus those of bare LNMO, at a 
cycling rate of C/10 (i.e. 10h required to charge the battery). These results highlight the 
potential of the SFCD process as an efficient and scalable method for surface modification of 
high-voltage cathode materials for advanced lithium-ion batteries. 

1. G. Courbaron, E. Petit, J. Serrano-Sevillano, C. Labrugère-Sarroste, J. Olchowka, D. 
Carlier, N. Delpuech, C. Aymonier and L.Croguennec, ACS Appl. Mater. Interfaces, 
2023, 15, 2812–2824. 
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Sodium-ion batteries are gaining traction as a sustainable and cost-effective alternative to 
lithium-ion systems, particularly for large-scale energy storage, due to the abundance of their 
raw materials1, 2. However, a key obstacle to their environmentally responsible production is 
the development of cathode materials compatible with aqueous electrode processing, a 
method that avoids the hazardous organic solvents used in conventional manufacturing3, 4. 
This study investigates the compatibility of various sodium-ion cathode materials with water-
based processing. It specifically examines how water exposure affects structural integrity, 
chemical stability, and the resulting electrochemical performance, aiming to identify critical 
degradation pathways that initiate during processing. By establishing the link between a 
material’s water stability and its functional performance, this work seeks to guide the 
development of robust cathodes suitable for greener manufacturing. The findings provide 
essential insights for scaling up the production of safer, lower-cost, and sustainable sodium-
ion batteries, thereby advancing environmentally responsible energy storage technologies. 

1. Yabuuchi, N.; Kubota, K.; Dahbi, M.; Komaba, S. Research development on sodium-
ion batteries. Chemical reviews 2014, 114 (23), 11636-11682. 

2. Hwang, J.-Y.; Myung, S.-T.; Sun, Y.-K. Sodium-ion batteries: present and future. 
Chemical Society Reviews 2017, 46 (12), 3529-3614. 

3. Jia, S.; Kumakura, S.; McCalla, E. Unravelling air/moisture stability of cathode 
materials in sodium ion batteries: characterization, rational design, and perspectives. 
Energy & Environmental Science 2024, 17 (13), 4343-4389. 

4. Ajayi, S. O.; Dolla, T. H.; Makgwane, P. R.; Liu, X.; Solomon, M. M.; Ehi-Eromosele, 
C. O.; Mathe, M. K. A review of aqueous-based binders used for cathode fabrication 
in lithium-ion batteries. RSC Sustainability 2026, 4 (3), 1160-1179. 
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