
Zinc-air batteries are promising to address important energy storage challenges in
our society. The 1st Australian Zinc-Air Battery Symposium invites speakers from both industry
and academic research institutions to discuss recent research advances and exploring
potential R&D pathways for improving these batteries to realise their application potentials.

Organizers:
School of Chemical and Biomolecular Engineering, Faculty of 
Engineering and Information Technologies, The University of Sydney
The Warren Centre

Industrial Session
Warren Centre Energy Forum
9:00 am to 11:00 am

Speakers:
Fiona Orton, TransGrid
Dow Airen, NT Power & Water
Warrick Stapleton, LG Chem
Anthony Lamb, Macquarie Capital

Academic Research Session
11:00 am to 5:30 pm

Speakers:
Dr. Anand I. Bhatt, CSIRO
Prof. Xiangdong Yao, Griffith University
Prof. Zongping Shao, Curtin University
Prof. Jungho Kim, University of Wollongong
Prof. Yuan Chen, University of Sydney
Dr. Tianyi Ma, University of Newcastle

1st Australian Zinc-Air Battery Symposium

5 Dec 2018, Abercrombie Building, The University of Sydney
http://www.australiancarbonsociety.org/zinc-air

Registration
Registration is FREE for the academic 
research session by 28 Nov 2018.
Lunch and coffee breaks will be provided.
Register at: https://bit.ly/2yDbfGM

For the industrial session, please register at:
https://energyfuture.eventbrite.com.au
Limited free tickets are available for academic 
staffs; please contact yuan.chen@sydney.edu.au

Time and Venue
5 Dec 2018, 9:00 am to 5:30 pm
Room 2080, Abercrombie Building
The University of Sydney 
Corner Abercrombie St & Codrington St, 
Darlington, NSW, 2006

Registration For more info



1st Australian Zinc-Air Battery Symposium 

Program schedule 

9:00-9:30 Registration and Morning Tea 

9:30-11:00 Batteries Will Run The World 
Warren Centre Energy Forum 

11:00-11:20 Coffee break 

11:20-12:05 
Perspective and challenges of batteries 

Anand Bhatt 
 CSIRO Energy, VIC 

12:05-12:50 
Defect electrocatalysis for oxygen reduction and evolution reactions 

Xiangdong Yao 
Griffith University 

12:50-13:40 Lunch 

13:40-14:25 

Functional Oxide-based Oxygen Electrocatalysts for Zn–Air 
Batteries 

Zongping Shao 
Curtin University 

14:25-15:10 

Zeolitic Imidazolate Frameworks derived mesoporous carbon for 
metal-air cell 
Jungho Kim 

University of Wollongong 
15:10-15:30 Coffee break 

15:30-16:15 

Cost-effective, high-performance oxygen electrocatalysts for 
rechargeable zinc-air battery 

Yuan Chen  
The University of Sydney 

16:15 -17:00 

Heterogeneous Catalysts for Gas-Involved Key Renewable Energy 
Reactions 
Tianyi Ma  

The University of Newcastle 
17:00-17:20 Short discussion on further directions 
17:20-17:30 Closing 



Batteries Will Run The World
2018 Energy Forum IV

Emerging battery technologies are creating a new energy future.  
 

battery technologies are driving new products and applications. 

Batteries are the key to a sustainable future. Rechargable  
energy storage integrates easily with intermittent renewable power 

 
energy environment. 

 
future of batteries. The forum will discuss user requirements and  

commercial applications in a short, industry-focussed format. 

The University of Sydney School of Chemical Engineering will  
host the “1st Australian zinc-air battery symposium” immediately 

following the Warren Centre Energy Forum.  

With Speakers:

DECEMBER 5 | 9:30-11:00am
University of Sydney Business School, Lecture Theatre 2080 

Building H70, Abercrombie St & Codrington St, Darlington

thewarrencentre.org.au/EnergyFuture wc4641-5

Fiona Orton
Future Grid Manager

TransGrid

Dow Airen
Manager Energy Strategy

NT Power & Water

Warrick Stapleton
General Mgr - Grid, C&I

LG Chem

Anthony Lamb
Division Director

Macquarie Capital
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Abstract 

Perspective and Challenges of Batteries 

Anthony F. Hollenkamp, Christopher Munnings, Anand I. Bhatt, 

anand.bhatt@csiro.au 

CSIRO Energy, Private Bag 10, Clayton South, VIC 3169, Australia 

Abstract  
Globally, the lithium battery value chain will grow from $160 billion in 2018 to $2 trillion in 
2025. This rapid expansion is fuelled by the rapidly growing market applications such as grid 
storage and transportation. However, it is well recognised that current generation lithium 
batteries are close to their theoretical maximum in terms of energy storage capability and power 
density due to the continued improvements by manufacturers. For applications such as 
transportation this presents unique challenges such as an upper limit of vehicle range which is 
not in line with consumer expectations. Further, their applicability to alternative forms of 
transport such as full electric aeronautics is also limited. These limitations have fuelled 
worldwide research on development of next generation battery technologies such as lithium-
sulphur and metal air batteries which hold the promise of significant increases in energy storage 
capability. This presentation will discuss the broader aspects of batteries and applications in 
the market and discuss limitations and challenges to help researchers focus and identify 
opportunities for new battery chemistry development such as zinc-air or alternative chemistries. 

Anand Bhatt leads the Advanced Energy Storage Technologies (AEST) 
research team at CSIRO. The AEST team investigates the integration of 
battery and energy storage systems with renewables generation 
technologies as well as developing next generation energy storage 
technologies. One major AEST focus is in understanding how energy 
storage can be integrated into the Australian electricity grid and allowing 
increased penetration of solar PV generation whilst maintaining grid 
stability. AEST is also developing energy storage evaluation methods 
(validated by testing) to identify lifetime and performance of energy 
storage technologies in Australian conditions and develop Australian 

Standards for battery storage systems connected to PV applications.  
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Defect Electrocatalysis for Oxygen Reduction and Evolution Reactions 

Xiangdong Yao

x.yao@griffith.edu.au

School of Environment and Science, and Queensland Mirco- and Nanotechnology Centre, 
Griffith University, Nathan Campus, QLD 4111, Australia 

Abstract 
Electrocatalysis is the key for energy conversion and storage devices such as fuel cells, metal-
air batteries and water splitting. The development of highly efficient and non-precious metal 
catalyst is extremely important. Recently, we presented a new concept of defect electrocatalysis, 
in which the topological defects on carbons or in oxides/compounds are the active sites for 
electrochemical reactions including oxygen reduction (ORR) and evolution (OER) reactions. 
A series of non-metal catalysts have been developed based on this new theory. Besides, the 
defects are such characterized points with higher energy, thus provides ideal sites to interact 
with non-/metal species in various sizes. The strong interactions may provide both high 
reactivity and stability. When the size of metal species reduces to atomic level, the general 
configurations are metal atoms trapped into defects according to the minimum energy theory. 
The coordination of the defect and atomic species plays the central role for electrocatalysis as 
the local electronic structures defined by this coordination determines the interaction of 
reactant and active sites. 

Dr Xiangdong Yao is a full Professor of Energy Materials and Griffith 
University Australia. He was originally from China where he finished his 
Primary, Senior and Tertiary education. He obtained his BEng at 
Northeastern University in 1989 and MEng at Northwestern Polytechnical 
University in 1992 respectively for Materials Science and Engineering. From 
1992 to 2000, he was employed in Institute of Metal Research, Chinese 
Academy of Sciences as Research Associate (1992), Assistant Professor 
(1995) and Associate Professor (1998). In 2000, he came to The University 
of Queensland where he was granted the PhD degree in Materials Engineeng 

in 2005, working on the computational modeling for microstructure formation in light metals. 
From November 2003, he joined the ARC Centre of Excellence for Functional Nanomaterials 
at The University of Queensland. Since November 2009, he joined Griffith University as an 
Associate Professor and the group leader of Advanced Energy Materials, and promoted to full 
Professor in late 2012. Dr Yao’s current research focuses on Energy Materials, especially 
hydrogen-related materials. 



4 

Functional Oxide-based Oxygen Electrocatalysts for Zn–Air Batteries 

Zongping Shao 

zongping.shao@curtin.edu.au 

WA School of Mines: Minerals, Energy and Chemical Engineering (WASM-MECE), Curtin 

University, Perth, Australia 

Abstract 

Rechargeable Zn–air battery is a promising energy storage system which has been receiving 

increasing interests. One of the most significant challenges of the system is the relatively high 

overpotential due to the sluggish kinetics of oxygen reactions on the air cathode. Exploring 

efficient, high-selective and low-cost oxygen electrocatalysts are critical for developing 

advanced Zn–air batteries with high power density, low over-potential and long stability.[1-3] 

This talk will present our recent development on oxide-based functional oxygen 

electrocatalysts for Zn–air batteries. Starting with emphasizing the critical role of 

electrocatalysis on oxygen reduction reaction (ORR) and oxygen evolution reaction (OER), the 

presentation will briefly introduce our works on rationally designed oxides with high oxygen 

catalytic activities. Engineering integration of carbon-based conductive frameworks (e.g. 

carbon cloths and carbon nanotubes) with simple transition metal oxides (e.g., Co3O4) and 

oxide/hydroxide composites (e.g., NiO/Ni(OH)2) effectively enhance the ionic and electronic 

transport throughout the electrode.[4,5] Hybrid batteries (e.g., Zn–Co3O4 and Zn–air hybrid and 

Zn–Ag and Zn–air hybrid) that combine the advantages of both battery systems show excellent 

performance on both a conventional aqueous Zn–air battery configuration and a quasi-solid-

state flexible battery configuration.[4,6] The attention of the talk will also be further extended to 

composites which contain complicated oxides like perovskites and layered transition metal 

oxides, which demonstrate a balance of decent rate performance and long stability as air 

cathodes for Zn–air batteries based on our recent investigation.[7,8]  
References 

[1] P. Tan, B. Chen, H. Xu, W. Cai, H. Zhang, W. Cai, M. Ni, M. Liu, Z. Shao, Energy Environ. Sci. 2017, 10,

2056–2080.

[2] P. Tan, M. Liu, Z. Shao, M. Ni, Adv. Energy Mater. 2017, 7, 1602674.

[3] Y. Zhong, X. Xu, W. Wang, Z Shao, Batteries & Supercaps. 2018, in press DOI:10.1002/batt.201800093.

[4] P. Tan, B. Chen, H. Xu, W. Cai, W. He, M. Liu, Z. Shao, M. Ni, Small 2018, 14, 1800225.

[5] P. Tan, B. Chen, H. Xu, W. Cai, M. Liu, Z. Shao, M. Ni, J. Electrochem. Soc. 2018, 165, A2119–A2126.

[6] P. Tan, B. Chen, H. Xu, W. Cai, W. He, H. Zhang, M. Liu, Z. Shao, M. Ni, ACS Appl. Mater. Interfaces

2018, 10, 36873–36881.

[7] Y. Zhu, C. Su, X. Xu, W. Zhou, R. Ran, Z. Shao, Chem. Eur. J. 2014, 20, 15533–15542.

[8] C. Su, T. Yang., W. Zhou, W. Wang, X. Xu, Z. Shao, J. Mater. Chem. A 2016, 4, 4516–4524.

Zongping Shao is a professor of chemical engineering at Curtin University, 

Australia. He obtained his PhD from Dalian Institute of Chemical Physics, 

China in 2000. He worked as a visiting scholar at Institut de Researches Sur 

La Catalyse, CNRS, France and postdoc at California Institute of Technology, 

USA from 2000 to 2005. His current research interests include solid oxide 

fuel cells, metal-air batteries, lithium-ion batteries, oxygen-permeable 

membranes, and other low-temperature energy conversion devices. He has 

published more than 500 international journal papers with a total citation of 

>22000 and an H-index of 69 (Google Scholar). He was selected by Thomson Reuters as one

of the highly cited researchers in the engineering section (2014, 2017). He was also awarded

the highly cited Chinese researcher in the energy section by Elsevier China (2015-2017).
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Zeolitic Imidazolate Frameworks Derived Mesoporous Carbon for Metal-Air Cell 

Han, S A, Lee, J, Kim, J H 

jhk@uow.edu.au  

University of Wollongong, Wollongong, Australia 

Abstract  

Zeolitic imidazolate frameworks (ZIFs) are well known to be consisted of metal ions and an 

organic molecule (called ‘linker’) to build a permanent porous structure with different 

functionalities. Without any soft or hard template, the ZIFs possess a unique feature, keeping 

sustainably pores or certain voids because repeated organic linker and secondary building block 

act as the template. Two important ways to tune the ZIFs-derived nano architectures are by the 

linker geometries and selectable metal. Importantly, the ZIFs can easily convert to various 

metal oxides or carbonaceous new materials through different calcination temperatures 

/atmospheres and chemical treatment. Thus, these structures are highly desired in a variety of 

industrial applications such as energy storage, i.e., metal-air cell.  

Prof. Jung Ho Kim is currently professor at the Australian Institute for Innovative Materials 

(AIIM), University of Wollongong, Australia. He received his Bachelor’s (1998), Master’s 

(2000), and Ph.D (2005) degrees from Sungkyunkwan University (SKKU), Korea. He is 

currently acting as an associate editor for Science and Technology of Advanced Materials 

(STAM, impact factor: 4.787) and an editorial board member for Scientific Reports (impact 

factor: 4.122). His major research is the rational design of materials for energy storage and 

harvesting applications. 
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Cost-Effective, High-Performance Oxygen Electrocatalysts for Rechargeable Zinc-Air 
Battery 

 
Yuan Chen 

 

yuan.chen@sydney.edu.au 
 

The University of Sydney, Sydney, Australia 
 

Abstract 
Electrically rechargeable Zn–air battery technologies are promising for bulk applications like 
electric vehicles, grid management, and portable electronic devices. Oxygen electrocatalysts 
strongly affect their efficiency, durability, and cycle life. In one study, we demonstrated a 
general three-stage synthesis strategy to produce amorphous bimetallic oxide nanoparticles 
anchored on N-doped reduced graphene oxide with simultaneous control of nanoparticle 
elemental composition, size, and crystallinity. Amorphous Fe0.5Co0.5Ox obtained from Prussian 
blue nanocrystals shows excellent performance as bi-functional oxygen electrocatalysts in Zn–
air batteries. To reduce the cost of electrocatalysts, we incorporated mixed metal oxide (NiFeOx) 
nanoparticles into N and P dually doped carbon materials derived from expired milk powders. 
The resulting electrocatalyst shows comparable performance as that of nanoscale designed 
electrocatalysts. We believe that further development of cost-effective and high-performance 
oxygen electrocatalysts would be a key to realize widespread practical adoption of electrically 
rechargeable Zn–air batteries. 
 
 
 
 
 
 
 
 

Professor Yuan Chen received bachelor’s and master's degrees from Tsinghua 
University, and a Ph.D. from Yale University. His research focuses on 
synthesis and assembly of carbon nanomaterials and using them for sustainable 
energy and environmental applications, such as electronic devices, fiber 
supercapacitors for smart textiles, electrocatalysts for Zn-air batteries and 
water splitting, carbon-based membranes, and antibacterial coatings. He is a 
Fellow of the Royal Society of Chemistry and a Fellow Royal Australian 
Chemical Institute Chartered Chemist. He received the Australian Research 

Council Professorial Future Fellowship in 2016 and a Young Scientist Award from the 
Singapore National Academy of Science in 2011. He is currently serving as an editor for 
Carbon (impact factor 7.082) and Nanomaterials (impact factor 3.504). He is also serving as 
Chair for Australian Carbon Society and Asian Association of Carbon Groups. 
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Heterogeneous Catalysts for Gas-Involved Key Renewable Energy Reactions 
 

Tianyi Ma 

 

Tianyi.Ma@newcastle.edu.au 
 

Discipline of Chemistry, The University of Newcastle, Newcastle, NSW 2287, Australia 
 

Abstract 
Various gas-involved, key and clean energy reactions, driven by electrocatalytic processes, 
including oxygen reduction reaction (ORR), oxygen evolution reaction (OER), hydrogen 
evolution reaction (HER), nitrogen reduction reaction (NRR), and carbon dioxide reduction 
reaction (CRR), have attracted tremendous research interest for the sake of clean, renewable, 
and efficient energy technologies. However, these heterogeneous reactions exhibit sluggish 
kinetics due to multistep electron transfer and only occur at triple-phase boundary regions. 
Therefore, much effort has been devoted to the development of cost-effective and high-
performance electrocatalysts to boost the electrocatalytic activities as promising alternatives to 
noble metal benchmarks. 
On top of the prolific achievements in materials science, the advances in interface chemistry 
are also very critical in consideration of the complex phenomena proceeded at triple-phase 
boundary regions, such as mass diffusion, electron transfer, and surface reaction. Therefore, 
insightful principles and effective strategies for a comprehensive optimization, ranging from 
active sites to electrochemical interface, are necessary to fully enhance the electrocatalytic 
performance aiming at practical device applications.  
Our research focuses on the rational design, synthesis and characterization of nanostructured 
materials composed of a large variety of components from carbons, metals, metal oxides, 
organic polymers, metal-organic frameworks to their corresponding composites. The resultant 
materials are investigated on their potential functions in aforementioned ORR, OER, HER, 
NRR and CRR processes and relevant energy devices. 
 
 

Right after he received his PhD, Dr. Ma worked as a Postdoctoral 
Research Fellow during 2013.5-2014.12 in the School of Chemical 
Engineering in the University of Adelaide. He was awarded ARC 
Discovery Early Career Researcher Award (DECRA), and started 
this fellowship in 2015.1 at the same school. In 2017.10, he joined 
Discipline of Chemistry, School of Environmental and Life 
Sciences in the University of Newcastle as a lecturer. He has been 
working in the past 10 years on the rational design, synthesis and 
characterization of nanostructured materials composed of a large 

variety of components from carbons, metals, metal oxides, organic polymers, metal-organic 
frameworks to their corresponding composites. He especially aims at the energy and 
environment related applications of these nanostructured materials including catalysis, 
adsorption&separation, and energy conversion&storage. He detailedly investigates several 
(photo)electrocatalytic reactions including oxygen evolution reaction, oxygen reduction 
reaction, hydrogen evolution reaction, nitrogen reduction reaction and carbon dioxide 
reduction reaction, as well as their practical applications in realistic energy devices, with recent 
effect focused on the design of gas cathode electrocatalysts for metal-O2 batteries and metal-
CO2 rechargeable batteries. 
 




