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With an emphasis on the commercial reality



Batteries are tailored to applications



Batteries come in all shapes and sizes – and 

in different chemistries



There are different types of batteries

Alkaline Lead acid
Lithium 

metal

Lithium-ion

Lithium-

polymer

Sodium-ion

Potassium-ion

Lithium-sulfur Redox flow

VanadiumBeta

Solid 

state



Motivated by my footprint

13.2 kW 

Solar

12.8 kWh 

Lithium-ion 

battery storage 

system

70 kWh Lithium-

ion battery 

electric vehicle

Nov 2023 to May 2025 

Electricity bill

-$AUD264



Storage is the challenge



Better batteries
• Safer

• Cheaper

• More energy dense

• More sustainably produced

• Recyclable or reuseable

• Always available

• …

• Sodium-ion batteries are a 
viable and attractive solution



What does a lithium-ion battery really look like 

inside?
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One can replace Li+ with Na+
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Let’s just think about the crystallography for 

a moment
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LiCoO2

Graphite
Slow 

cycling

Fast 

cycling

Some examples

N. Sharma et al, in Neutron applications for energy, Springer (2015), ChemSusChem, 8, 2826 – 2853 (2015), Journal of Power Sources, 342, 

562-569 (2017), Goonetilleke et al, Journal of Power Sources, 343, 446-457 (2017)
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Lithium-ion batteries

vs sodium-ion batteries

Can we track the charge carrier, Na site occupancies in the active electrode materials, as a 
function of charge and discharge in a sodium-ion battery?

Na

Li



Na3V2O2x(PO4)2F3-2x

Lattice and sodium evolution in the solid solution regions

Charge

Serras et al., J. Mater Chem A, 2, 7766 - 7779 (2014) 

Serras et al., Chem Mater 25, 4917−4925 (2013)



Number of the cycles, storage and electrochemical conditions



Incredibly fast 

experiments too
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D. Goonetilleke et al., Journal of Materials Chemistry A, 7, 12115-12125, 2019



We can make it even more complex

Current variation & battery history
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Current variation & Temperature

Goonetilleke et al, J. Power Sources, 343, 446-457 (2017) & 394, 1-8 (2018), J. Materials 

Chemistry A, 7, 12115-12125 (2019), Frontiers in Energy Research, 6, 64.

Lou et al, Advanced Energy Materials, 7, 1700545



Early 2024

Sodium-ion batteries can be purchased



Commercial sodium-ion batteries

Anode

Cathode



A little more detail



A slightly different look

X-ray CT images



Taking some slices



High resolution imaging and linking this with machine 

learning



Sustainability 
& chemical 
processing



Typical lithium-ion battery 

components
- Casing

- Al and Cu current collectors

- Electrolyte

• LiPF6 in 3:7 EC:DMC + additives

- Cathode

• LiCoO2, LiFePO4, Li(NixMnyCoz)O2 + carbon + binder

- Anode

• Graphite + carbon + binder



- Mined from deposits in the ground 

• Milled and separated into medium (300+ μm) or fine (150 μm) flake

- Purity ranges from around 90 – 95 %

• Impurities include silicates, quartz, mica, or pyrite

- Strict industry requirements for anode use:

• < 30 μm particle size → Spheroidise via milling

• > 99.95 % purity → dissolve impurities in HF

• > 0.9 g/cm3 tap density → carbon-coating

Graphite – from ground to electrode



This is only one component of a multi-

component system



The notion of sustainability – some areas
• Processing of raw materials 

» Avoiding the graphite purification step that requires HF treatment.

• Substituting components with sustainable alternatives 

» Replacing toxic NMP solvents with water-based alternative

» CO2 to carbons by solar thermal and then using these carbons as electrodes

» Natural and sustainable substances for components, e.g., generating carbons from 

sustainable sources

» Sustainable electrodes

• Moving to sodium-ion batteries for certain applications and removing toxic Co and 

expensive Ni along the way

• Recycling

• Full circle making batteries designed for recycling 



Carbons from sustainable (alternative) sources

Kumar et al., ACS Sustainable Chemistry & Engineering, 2019, 7, 10310-10322

With a focus on characterization 

- Understanding the materials 
produced (variability)

- Understanding the mechanism

- Determining the key structural, 
morphological characteristics

Djuandhi et al., ACS Sustainable Chemistry & Engineering, 2021, 9, 6972-6990
Djuandhi et al., Carbon Trends, 2021, 4, 100053 



Recycling



How do we deal with old batteries?

- Throw them in a box or drawer at home

- Drop off at e-waste collection points

- Only 2 % of Australian lithium-ion battery waste is recycled1

- 98 % of lead-acid battery waste was recycled in 20101

- Bad for landfill due to fire hazards and environmental contamination

1. King S, Boxall NJ, Bhatt AI (2018) Lithium battery recycling in Australia, CSIRO, Australia.



An example of what we did in this space

Alkaline, NiMH, 

Lithium-ion

We want to see what 
happens when we heat 

this up?
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Electrochemical characterisation - anode



We can make full “recycled” cells



Hopefully, this has seeded some question 
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Ore → active materials → cell 

components → cell manufacture 

→ End of life 
→ Degradation
→ Re-use→ Recycling

Batteries & 
crystallography

Sustainability & 
chemical 

processing

Recycling



PhD

James Christian (CAP-XX -> UNSW)

Divya Sehrawat (Croda)

Damian Goonetilleke (KIT/BASF - Umicore)

Junnan Liu (Harbin Eng. U.)

Emily Cheung (Victor Chang Research Institute)

Conrad Gillard (Sciresa)

Jennifer Stansby (UNSW – Nuclear Eng.)

Jimmy Wu (Umicore)

Lisa Djuandhi 

Matthew Teusner (Vecor)

Previous post-docs

Henrik Andersen (Marie Curie – Madrid)

Uttam Mittal (Novalith)

Lisa Djuandhi 

Wenxuan Wang

Matthew Teusner – Vecor Technologies/UNSW

PhD

Jian Peng

Dilan Thilakarathna

Liam McKinlay

Zhao Chen

Marcell Szabo

Govardhan Reddy

Taren Cataldo

Ricky Huang

Jeffrey Zheng

Masters in Industrial Research

Daniel Brocklebank (with Orica)

Previous students

Science Honours

Lilian Andrew (Brewery)

Othman Al Bahri (Cambridge -> AnqaLab)

Luke Stellar (Coffey – UNSW PhD)

Mackenzie Hagan (Poker Player)

Hieu Nguyen (Building)

Sunny Wang (Stanford)

Kathleen Djohari (NMI -> radiology)

Eleanor Parker (Inventia biosciences)

Maxwell Ong (Asphalt Services)

Ivan Johan (Memjet)

Wyatt Rey (Department of Defence)

Thank you to the crew

Masters by Research

Yi Liao

Honours

Jarrah Clark

Jonathan Misfud

Alex Nguyen



https://www.australianbatterysociety.org




