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Our Research @ UQ: Functional Materials for Electrochemical Energy Storage =0 TR

Lithium-Sulfur Solar batteries
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Advanced Battery Materials & Technologies Group @ UQ AIBN @ SFQ‘SEENSLAND

Battery assembly and performance
* Flow cells, coin cells, pouch cells, ...
 Li, Na, Zn, Al, Fe,Br, I, S, V, etc.

Material design and synthesis
* Electrode materials

« Electrolyte additives

* Membrane modification
 Interface engineering

[\ 7
Electrodes

Advanced characterizations
» Structural and compositional analysis
* In situ/ex situ measurements (XRD, Raman, optical

Australian ) microscope, SEM, TEM, synchrotron techniques)
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Zinc-Bromine Flow Batteries B2 or qusnsiavp
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(1) Reduction: Zn**+2e = Zn (1) Oxidation: 2Br - 2e- 2 Br,
(2) Oxidation: Zn -2e- = Zn?' Br, + BSA-> QBr,
(1) Reduction: Br, + 2e¢- > 2Br

« Side reactions (e.g. HER)

» Slow kinetics of Br2/Br- reactions
» Electrode degradation

«  Shuttle effect

BSA: bromine sequestration agent
Q: complexing agent; QBr, (n=3,5, 7): Br, complex

Norah, Luo, et al. Nano-Micro Letters. 2023, 15, 209. https://doi.org/10.1007/s40820-023-01174-7
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Zinc-Bromine Flow Battery (collaboration with Redflow) O or ommiavo
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Tailoring Zn-ion Solvation Structures for Enhanced Durability and Efficiency
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All-Iron flow batteries

Collaboration with Energy Storage Industries - Asia Pacific (ESI)
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Positive electrode: 2FeCl;+ 2e- < 2FeCl,+ 2CI- E°=0.77V [1] \/ AolA PACIEC esearch on iron redox flow batteries i
Negative electrode: Fe + 2Cl- & FeCl, + 2e- E°=-0.44V [2]
Overall Reaction: Fe + 2FeCl; « 3FeCl E°..,, =121V [3

1 : 3 %2 cel [3] / ANSTO
Parasitic Hydrogen Evolution: 2H* + 2e- < H, E°=0V [4] ]

“ * Innovation connections Grants

H neration = | ner fficiency & bH incr * Advance QLD fellowship
2 generation = low energy efliciency & pHiincrease . ARC Linkage Project (2024-2027)

* National Industry PhD Program



(“W THE UNIVERSITY
% OF QUEENSLAND

Aqueous iron-based redox flow batteries

1973 1979 1981 2011
Iron-Chromium ARFBs Alkaline Iron-Zinc ARFBs  Acidic All-Iron ARFBs Iron-Vanadium ARFBs
L. H. Thaller of NASA GB. Adams Hruska and Savinell Li & Yang
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Aqueous iron-based redox flow batteries for large-scale energy storage
Cailing He , Yiming Zhang , Shuangbin Zhang , Xiyue Peng , Jens Noack , Maria Skyllas-Kazacos , Lianzhou Wang , Bin Luo.

National Science Review, 2025, nwaf218, https://doi.org/10.1093/nsr/nwaf218 (Open Access )
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Integrated Solar Energy Storage System FAE) Or QUEENSLAND

An energy system or device that can realise the solar energy conversion and storage simultaneously.

https://sunbadger.com/solar-battery-bank/ https://www.commodoreaustralia.com.au/

*Photovoltaic (PV) + Battery (two-component system connected through external circuitry.)
» Advantages: Mature technology, modular, flexible design.
» Limitations: Energy loss due to multiple energy conversions (light — electricity — storage).

*Photoelectrochemical (PEC) + Battery (photoelectrode driven electrochemical reactions in a single unit)
» Advantages: Potential for higher overall efficiency, simplified architecture.

» Limitations: Still in early research stages, limited stability and scalability.
10



Integrated solar energy storage system (PV+Battery)
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* Solar Rechargeable Battery based on perovskite solar cells and aluminium-ion battery

U High photoelectric conversion and storage efficiency (12.04%).
U Ultrafast solar charge and discharge rates.
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Photo-assisted Rechargeable Zinc-iodine Aqueous Battery with Perovskite Photocathode
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« Abundant and relatively benign elements (zinc and iodine).
+ lodine-based catholytes offer high reversibility and stability.

Y. Huang, B. Luo, et al. EcoMat, 2025, under revision. 12
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« Challenges in electrode/electrolyte (H2 evolution, electrolyte stability, It
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» Gap between lab research and real application (Interdisciplinary & 1
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Industry collaboration) Q: complexing agent: QB Br, co,,,,,,ex

Future and collaborations

« System-level design and engineering improvements

» Material innovation and mechanism (i.e. membranes, interfaces)

» Exploration of novel electrochemical systems (Solar-rechargeable
(photo-assisted) flow batteries)

 Interdisciplinary approaches (Al, operando characterisations)
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Thank you for your attention!

AUSTRALIAN
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Aavanced Materials and Battery Council
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What's hew
for 20257

e Arenewed format for
4th Australian Battery
Day

e Australia Battery Day
Research Forum, a
dedicated event
organised with the
Australian Battery
Society

e AMBC Industry Awards
night open to all comers

!

SAVE THE DATE:
October 20-21
Split over two days Australia Battery Day 2025 will
feature: DATES
The 4th Australia Battery Day, a must-attend s e et
Wil : : g o
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The ABD Research Forum will showcase the
latest in battery science and
my% il INDUS : TRY AWARDS NIGH 'fbrl” ,
discovery to advance : mwubm, . el b A U b
innovation in energy storage.
For sponsorship opportunities please contact:
Quentin Hill - Quentin.hill@ambe.au £} australiabatteryday.au Brisbane Convention &

Exhibition Centre
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