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AIIM researchers take top gong at 2019 Research Australia Awards
TEAM INVESTIGATING USE OF ELECTRICAL STIMULATION TO INFLUENCE
CELL BEHAVIOUR AND TREAT BRAIN INJURIES AND NEUROLOGICAL
DISORDERS
The project team led by ACES Chief Investigator Associate Professor
Jeremy Crook, ACES Director Professor Gordon Wallace and ACES
Research Fellow Dr Eva Tomaskovic-Crook, were acknowledged
for their work in creating novel ways to use human stem cells to
assist in regenerative tissue engineering research for the treatment
of diseases.
The group is investigating the use of electrical stimulation to
influence cell behaviour as a way to treat traumatic brain injuries
and neurological disorders such as epilepsy and Parkinson’s disease.
Professor Crook, who is Chief Investigator for the ACES Synthetic
Biosystems theme, said the team was delighted to be acknowledged
for their innovative work and for pushing the boundaries within
health and medical research.
“To have our work recognised by Research Australia in the
company of other such talented researchers is an honour,” he said.
We can see such potential for our research to treat
neurological disorders, as well as provide donor tissues for
vital replacement therapies following trauma and disease.
Our world-first new platform brings together several cuttingedge technologies and integrates biologically relevant
human cell lines with advanced techniques for 3D tissues
engineering and 3D electrical stimulation that better represents
human cell growth and tissue inside the human body
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Director Professor Gordon Wallace said the team’s success was
supported by its international research partners, who brought
critical skills and a breadth of knowledge necessary for success.
“This work is an excellent example of the importance of global
collaboration in delivering efficient, effective and high impact
advances in research and innovation,” Gordon said.
“As part of this project, we had the opportunity to work with
renowned researchers from the University of Auckland and Tampere
University of Technology in Finland. Building these links enables
the realisation of exciting new technologies and platforms that can
have significant positive impacts in our communities.”

Research Australia is the national peak body that promotes and
champions health and medical research, and represents organisations
across the entire health and medical research pipeline.
The Research Australia Health and Medical Research Awards have
been held annually since 2003 to celebrate the people who make a
difference in the lives of the Australian community through their
contribution to health and medical research.
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HIGHLY CITED RESEARCHERS LIST IDENTIFIES SCIENTISTS RANKED IN THE TOP 1% BY CITATIONS
FOR THEIR FIELD AND YEAR

Ten University of Wollongong (UOW) researchers have been named among the world’s most influential scientists in the Clarivate Analytics
2018 Highly Cited Researchers report. Eight of UOW’s Highly Cited Researchers work at AIIM, a world leader in materials science research
which this year celebrated its 10th anniversary.
Now in its fifth year, the citation analysis identifies researchers who are having the greatest impact on the research community as determined
by their peers around the globe, measured by the rate at which their work is cited by others
The Highly Cited Researchers report highlights the significant contribution that the Australian Institute for Innovative Materials (AIIM) makes
to UOW’s research output “This is an outstanding result for AIIM and the University,” Professor Will Price, Executive Director of AIIM, said. “It
is testament to the investment and commitment the University has provided over AIIM’s 10 years. It is not only excellent recognition for these
leading researchers, but also reflects the hard work and quality research of all staff and students within the Institute.”
Distinguished Professor Hua Kun Liu, a leader in energy materials, had the exceptional outcome of making the list twice, in the categories of
chemistry and materials science.
UOW 2018 HIGHLY CITED RESEARCHERS FROM AIIM ARE:
Distinguished Professor Shi Xue Dou (Materials Science)
Distinguished Professor Hua Kun Liu (Chemistry, Materials Science)
Distinguished Professor Gordon Wallace (Cross-Field)
Professor Yoshio Bando (Materials Science)
Professor Jun Chen (Cross-Field)
Professor Zaiping Guo (also a member of the Faculty of Engineering and Information Sciences) (Cross-Field)
Professor Jiazhao Wang (Materials Science)
Associate Professor Shulei Chou (Cross-Field)

TRICEP ready to strengthen
3D bioprinting in Australia
NEW FACILITY WILL CONNECT RESEARCH
AND INDUSTRY TO FAST-TRACK BIOPRINTING
SOLUTIONS TO COMBAT SIGNIFICANT CLINICAL
CHALLENGES.
The TRICEP initiative – Translational Research Initiative for Cellular
Engineering and Printing is now operating in a specialist facility close to
the Innovation Campus
TRICEP offers Small Medium Enterprises (SMEs), research institutions
and industry the opportunity to partner with leading researchers to
develop and commercialise 3D bioprinting technologies for use in the
medical industry to combat significant clinical challenges.
TRICEP is a 100 per cent owned initiative of the University of Wollongong
(UOW), and draws on expertise and facilities available within the
ARC Centre of Excellence for Electromaterials Science (ACES) and
the Australian National Fabrication Facility (ANFF) Materials Node,
both based at AIIM.
ACES Director Professor Gordon Wallace said TRICEP is positioned to
unlock breakthroughs in the treatment of significant medical conditions.
“The TRICEP team has a strong track record of identifying and
customising materials and fabrication protocols to deliver 3D bioprinting
solutions for real world clinical problems, including the development
of the BioPen for cartilage regeneration, the iFix Pen to treat corneal
ulcerations, and 3D Alek to create printed ears,” Professor Wallace said.
“Our in-house ability to develop both customised hardware and bioinks, as well as our expansive clinical network, makes us uniquely placed
to help companies create a complete end product that is tailor-made to
combat a specific medical challenge.
“In addition, our extensive medical network throughout Australia
and reaching overseas enables collaborations to ensure that
clinically relevant systems and protocols are developed.”
Member for Kiama and Parliamentary Secretary for the Illawarra
and South Coast Gareth Ward said TRICEP would extend
the Illawarra’s strong local industry collaboration network.
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“The establishment of TRICEP strengthens the Illawarra region’s
identity as a place of innovation and technology, and signifies a
boost for our local skills base, the economy, and local and national
industry,” Mr Ward said.
“TRICEP provides an opportunity for SMEs and industry partners to
connect with leading researchers and access local innovative knowledge
and hardware to develop exciting new clinical solutions.”
Professor Wallace highlighted the world of 3D bioprinting is a major
global growth segment.
“There are numerous opportunities for Australian industry to expand
into 3D bioprinting, from supplying the raw ingredients for bio-inks
through to formulating and packaging them.
“Likewise, in the engineering space, there is room for growth in the
design and manufacture of customised printers for a range of clinical
applications,” Professor Wallace said.
“TRICEP can help Australian SMEs to capitalise on these commercial
opportunities to gain an advantage in this growing field with accelerated
knowledge, product development, and skills base.”
TRICEP houses a range of additive manufacturing technologies,
including the highest resolution metal printer in Australia and the
country’s leading biofabrication capability to develop biomaterials,
allowing the team to produce specialised 3D printing devices and
customised bio-inks (gels containing living cells to regenerate tissue
to repair damage within the body) to treat specific medical conditions.
To read the full story https://www.uow.edu.au/media

Professor Michael Higgins named as
Australian Research Council 2019 Future
Fellow

The ARC Future Fellowships support excellent mid-career researchers
to undertake high quality research. Professor Higgins was awarded
$989,000 over four years for his research looking at protein interactions
at the interface between a device and its biological environment.
While many applications, such as biosensors, medical device
coatings and immuno-diagnostic assays, are heavily dependent on
the phenomenon of protein adsorption at solid-liquid interfaces we
don’t yet fully understand the mechanisms involved.
“Many devices fail because of a lack of control over protein
interactions, or unwanted or simply unknown protein interactions
at the interface between a device and biological environment,”

Professor Higgins said “The problem is that it’s very difficult to
actually see what’s going on at the device interface!
“Most theories rely on static snapshots of the protein; however,
proteins are constantly in motion. New advances in microscopy
are making it possible to move beyond those static images and to
visualise dynamic changes in protein conformation and to explore
these key biological processes at liquid-solid interfaces.
“We will use high-speed atomic-force microscopy married with
spectroscopy techniques and computer simulations to do this at
the single molecule level, with the aim of elucidating the fundamental
mechanisms.”

2019 Tianjen University students
Study Tour
In July 2019 AIIM hosted undergraduate students visiting UOW from
the Tianjen University in China. While visiting UOW the students
joined academics from the Faculty of Engineering and Information
Sciences and AIIM to explore theoretical concepts and ‘hands-on’
activities.
The visiting student spent time with many different academics at
AIIM with spectroscopy, 3D design and printing featuring along
with valuable time spent visiting our state of the art laboratories.

2019 has been a big year for
Distinguished Professor Shi Dou
Professor Dou was acknowledged in the Queen’s Birthday Honours
with an AM for significant service to science education in the field of
superconducting and electronic material. In July it was announced that
Professor Dou would be the inaugural UOW Research Ambassador
for China.
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Scientists create atomic scale, 2D electronic kagome lattice

Material inspired by traditional Japanese weaving
promises energy efficient devices, quantum computers
Scientists from AIIM, working with colleagues at China’s Beihang
University, Nankai University, and Institute of Physics at Chinese
Academy of Sciences, have successfully created an atomic scale, twodimensional electronic kagome lattice with potential applications in
electronics and quantum computing.
A kagome lattice is named after a traditionalJapanese woven bamboo
pattern composed of interlaced triangles and hexagons.
The research team created the kagome lattice by layering and twisting
two nanosheets of silicene. Silicene is a silicon-based, one-atom thick,
Dirac fermion material with a hexagonal honeycomb structure, which
electrons can speed across at close to the speed of light.
When silicene is twisted into a kagome lattice, however, electrons
become “trapped”, circling around in the hexagons of the lattice.
Associate Professor Yi Du from AIIM said scientists have long been
interested in making a 2D kagome lattice because of the useful
theoretical electronic properties such a structure would have.
“Theorists predicted a long time ago that if you put electrons into an
electronic kagome lattice, destructive interferences would mean the
electrons, instead of flowing through would instead turn around in
a vortex and would become locked in the lattice. It is equivalent to
someone losing their way in a maze and never getting out,” A/Prof
Du said.
“The interesting point is that the electrons will be free only when
the lattice is broken, when you create an edge. When an edge forms,
electrons will move along with it without any electric resistance -
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it has very low resistance, so very low energy and electrons can move
very fast, at the speed of light. This is of great importance for designing
and developing low-energy-cost devices.
“Meanwhile, with a strong so-called spin-orbital coupling effect,
novel quantum phenomena, such as frictional quantum Hall effect,
are expected to happen at room temperature. This will pave a way for
quantum devices in the future.”
While the theoretical properties of an electronic kagome lattice made it of
great interest to scientists, creating such a material has proved extremely
challenging.
“For it to work as predicted, you have to make sure the lattice is constant,
and that lengths of the lattice are comparable to the wavelengths of the
electron, which rules a lot of materials out,” Prof Du said.
“It has to be a type of material on which the electron can only move on
the surface. And you have to find something that is conductive, and
also has a very strong spin-orbital coupling effect.“There are not many
elements in the world that have these properties.”
One element that does is silicene. A/Prof Du and his colleagues created
their 2D electronic kagome lattice by twisting together two layers of
silicene. At a rotation angle of 21.8 degrees they formed a kagome lattice.
And when the researchers put electrons into it, it behaved as predicted.
The expected benefits of this breakthrough will be much more energy
efficient electronic devices and faster, more powerful computers.

SENIOR PROFESSOR GEOFFREY SPINKS HAS BEEN WORKING WITH AN
INTERNATIONAL TEAM OF COLLABORATORS PUTTING ‘SOCKS’ ON ARTIFICIAL
MUSCLES TO HELP PRODUCE 40 TIMES MORE FLEX THAN HUMAN MUSCLE
The team wanted to improve upon its previous artificial muscle
work, which relied on coiling and twisting more sophisticated
materials like carbon nanotube (CNT) yarn.
UOW researchers from ACES joined with international partners
from the USA, China and South Korea to develop sheath-run
artificial muscles (SRAMs), that can be used to create intelligent
materials and fabrics that react by sensing the environment around
them.
The latest version of the muscles feature a sheath around a coiled
or twisted yarn, which contracts (or “actuates”) when heated, and
returns to its initial state when cooled. The outside sheath is like
a close-fitting sock and absorbs energy to drive actuation of the
muscle. The muscles can also operate by absorbing moisture from
their surroundings.

The new SRAMs are made from common natural and man-made fibres,
such as cotton, silk, wool and nylon, which are cheap and readily available.
“While there’s no doubt carbon nanotubes(CNT) make wonderful
artificial muscles, CNT is also a very expensive product. Our latest
work utilises inexpensive, commercially available yarns with a
CNT polymer coating for the sheath,” Professor Spinks said.
Previously, we were applying energy to the entire muscle, but only
the outer part of the fibre was responsible for actuation. By placing
a sheath on the muscle, we can focus only that energy on the
outer part of the fibre, and convert this input energy more quickly
and efficiently.” There are a diverse range of applications for this
new technology including the human body, textiles and smart
controlled drug release devices.

From the Laboratory and Office to
the Movie Screen
AIIM Staff and Students
were delighted to take part
in iC Management Community Videoeo
Staff and Students from AIIM
s were recently asked to participate
in the Innovation Campus Community video organised by
the team at iC Management. All who participated felt it was a
great experience and something they were proud to be part of.

To check out the fantastic end results head to the Vimeo link:
https://vimeo.com/363790181 and https://vimeo.com/361717289.

INNOVATION, COLLABORATION,
RESEARCH EXCELLENCE
aiim.uow.edu.au #ThisIsUOW
To read the full story https://www.uow.edu.au/

Getting to know our researchers:
Doctor Eva Tomaskovic-Crook
Research Fellow

Dr Eva Tomaskovic-Crook is a Research Fellow within the
Synthetic Biosystems theme of the ARC Centre of Excellence for
Electromaterials Science (ACES) at the University of Wollongong.
Eva’s research brings together front-line technologies human stem cells
with cell instructive bio- and electro-materials for next generation
tissue building. Her approach includes novel 3D-printing, stem-cell
derived organoidogenesis, and electro-stimulation, particularly for
neural tissue engineering and application – including drug/toxicity
testing, medical device development, disease diagnostics, tissue
replacement therapy, and regenerative medicine.
Eva attained a BSc Hons majoring in Biochemistry at Monash
University followed by a PhD at the Ludwig Institute of Cancer
Research and University of Melbourne. Eva’s PhD focussed on the
use of antibodies as delivery systems for therapeutic nanoparticles
to treat colorectal cancer. Eva continued her research in cancer cell
biology to identify therapeutic targets of breast cancer using applied
bioinformatic approaches, initially as a Postdoctoral Research
Fellow at the A*STAR Institute of Molecular and Cell Biology in
Singapore, followed by St Vincent’s Institute in Melbourne, Australia.
Prior to her PhD, following her undergraduate degree, Eva worked as a
Senior Research Assistant for over 7 years in the field of Schizophrenia
neurobiology and drug discovery at the Mental Health Research
Institute of Victoria in Melbourne, followed by the Clinical Brain
Disorders Branch of the National Institute of Mental Health at the
US National Institutes of Health.
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Eva’s work within ACES is enabling her to apply and further develop
her experience and interests in human cell biology, neurobiology,
biomaterials, and electro-/pharmaceuticals research. Recent
highlights include the development of a novel method for generating
human brain organoids and an innovative platform for creating
human neural tissues by 3D electrical stimulation of stem cells.
Together with her ACES team members, Eva is helping to establish
Australia as a leader in innovative tissue engineering and electroceuticals
for advanced research and medicine, having recently been awarded
the inaugural Research Australia 2019 Health and Medical Research
“Frontiers Research Award”. Research Australia is the national peak
body that promotes and champions health and medical research. The
Frontiers Research Award category recognises transformative research
that extends existing knowledge and understandings within health
and medical research that will enable Australia’s health system to
position itself as a global leader.

‘STICKY’ WATER
HOLDS THE KEY
TO ANTIFOULING

INSIGHTS MAKE POSSIBLE CHEAP,
EFFECTIVE ANTIFOULING SURFACES
Researchers have unlocked the mystery of what makes water
bind to certain surfaces, with implications for creating cheap and
effective antifouling solutions.
A team of researchers from the University of Wollongong (UOW) led
ARC Research Hub for Australian Steel Manufacturing have been
able to identify a previously unclear fundamental mechanism that
inhibits surface fouling.
Effective antifouling strategies can reduce the build-up of organisms,
such as bacteria, that degrade or contaminate a product, increasing
maintenance and replacement costs.
A secondary challenge is developing coating systems that are cheap
and simple to make in large quantitates and can be easily incorporated
into manufacturing processes.
In work published recently in the journal ACS Nano, the researchers
used colloidal silica, or small glass beads, that are added to a solution
and mixed with other materials, such as polymers.
The addition of the glass beads can be used to modify the ability to
attract or ‘stick’ to water.
Research Fellow Dr Paul Molino said the silica colloids have a surface
chemistry that allows particles to bind to each other, forming a stable
coating, while also interacting with water in a manner that inhibits
micro-organisms from attaching and populating.
“We discovered that these silica colloids have remarkable, broadranging antifouling properties, with the ability to prevent adsorption
of proteins, and attachment and colonisation of bacteria and microorganisms,” Dr Molino said.
“They could help provide a simple, cheap and practical solution to
producing antifouling systems, potentially on biomedical devices to
prevent blood clotting, bacteria adhesion and possible infection, or
for industrial applications.
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A key part of the work was using advanced high-resolution imaging
and modelling to unlock the secrets of how the bonding works.
They used atomic force microscopy to produce images of single
particles on the surface to reveal the structure of layers and how
they locked together.
Collaborative work with Professor Irene Yarovsky’s group at RMIT
University in Melbourne predicted a strikingly similar structure
using molecular dynamic simulations.
Project leader Associate Professor Michael Higgins said that rather
than an ordered network of molecules across the surface, they found
an unstable or moving layer of water. Micro-organisms like bacteria
need food, water and a stable surface to grow.
Like the sands of the desert that are constantly shifting and preventing
plants taking root, the hydration layer is active or constantly moving,
making it much more difficult for micro-organisms to attach.
“Knowing the mechanism is important for ensuring the effectiveness
of the system, such as preserving the critical antifouling characteristics
when combined with other materials and when creating surfaces,”
Professor Higgins said.
“In future, we may also be able to design colloidal silica that mimics
the antifouling mechanism to produce a wider range of systems
adaptable to different situations or environments.
“By applying a holistic approach that combines experimental
work with theoretical modelling, we were able to explain how the
molecular-level interfacial structures lead to exceptional antifouling
ability of these kinds of fouling-resistant systems.
“As a result, the development of antifouling materials for a multitude
of applications, including the modification of surfaces to prevent
infection associated with implantable medical devices, or the build-up
of slime layers on ships/recreational boats, is significantly advanced.”
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MEET 3D ALEK

The printer working to combat
congenital ear deformity. UOW
researchers develop and deliver
customised bioprinter for the Royal
Prince Alfred Hospital.
Royal Prince Alfred Hospital (RPA) in Sydney is now home to a world-first customised 3D bioprinter designed to create and make a 3D printed
human ear, thanks to researchers from the University of Wollongong , headquartered at the ARC Centre of Excellence for Electromaterials
Science.
RPA took possession of the printer achieving a key milestone for a joint research project between ACES and RPA Ear, Nose and Throat (ENT)
Surgeon Associate Professor Payal Mukherjee, to develop a clinical 3D bioprinting solution to treat microtia a congenital deformity where the
external ear is underdeveloped.
The “3D Alek” printer is a customised multi-materials biofabrication 3D printer that utilises a specialised bio-ink developed and manufactured
by ACES researchers at UOW and the Australian National Fabrication Facility (ANFF) to assist in the regeneration of cartilage for use in
reconstructive ear surgery.
ACES Director Professor Gordon Wallace said“This project illustrates our ability to manage a successful pipeline to turn fundamental research
into a strategic application to create a new health solution to improve people’s lives,” .
“We have been responsible for the primary sourcing of materials; the formulation of bio-inks and the design and fabrication of a customised
printer; the design of required optimal protocols for cell biology; through to the final clinical application.
“With one 3D Alek now established in a clinical environment at RPA and a replica in our lab at TRICEP, our new 3D bioprinting initiative, we
will be able to fast-track the next stages of our research to deliver a practical solution to solve this clinical challenge.”
“Treatment of this particular ear deformity is demanding because the outer ear is an extremely complex 3D shape, not only in length and
breadth, but also in height and projection from the skull,” Professor Mukherjee said.
“This is where bioprinting is an extremely exciting avenue, as it allows an ear graft to be designed and customised to the patient’s own face using
the patient’s own natural tissue – resulting in reduced operating time and improved cosmetic outcome – and avoids the current complication
of requiring a donor site for cartilage, usually from the patient’s rib cage.”
The team will continue to advance research including undertaking initial clinical trials with a focus on accelerating the development of the
specialised bio-ink by using stem cells from human tissue, with the hope of eventually being able to print a living ear using a patient’s own
stem cells.

AIIM AWARD WINNING FACILITIY

In 2012 the AIIM building was chosen as the Winner
of the Australian Institute of Building Professional
Excellence in Building Awards, (AIIM Processing and
Devices) Research, Development and Technology
category.
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EVENT MARKS INSTITUTE FOR
SUPERCONDUCTING AND ELECTRONIC
MATERIALS (ISEM) 25TH ANNIVERSARY
Experts from around the world gathered at the University of
Wollongong (UOW) to discuss the latest developments and future
directions of materials science, chemistry and physics at the 2019
International Symposium on Future Materials. This event also provided
an opportunity to mark the ISEM 25th anniversary.
Materials science is an interdisciplinary field concerned with the
properties of matter and the design and discovery of new and useful
materials. It includes elements of physics, chemistry, biology and
engineering, including metallurgy, chemical, mechanical and electrical
engineering.
The Symposium featured 120 speakers from four continents covering
a spectrum of the latest and most interesting research underway in
materials science. More than 200 delegates attended.
Presentations included a diverse range of topics including: functional
materials; energy materials; superconducting materials; emergent
materials physics and chemistry; electronic and optical materials;
biomaterials; nanomaterials; interface science; and simulation and
modelling.
Highlights of the Symposium included talks by Professor
Qikun Xue, Vice President for Research at Tsinghua University,
and by Professor Jun Chen, an Academician of the Chinese
Academy of Sciences and Professor at Nankai University.
Professor Xue is an internationally renowned condensed matter
physicist, known for his breakthrough research on topological
insulators and superconducting materials. He is also a Partner
Investigator in the ARC Centre of Excellence for Future Low-Energy
Electronics Technology (FLEET) with Professor Wang and many other
speakers at the Symposium.
Professor Chen was one of the first PhD graduates from ISEM and
has developed a body of world-class research in innovative energy
materials resulting in more than 30 patents and over 370 peer-reviewed
journal articles.

AIIM Higher swim team participates in
MS 24 Hour Mega Swim

Now regarded as one of the world’s premier materials science institutes,
ISEM was founded in 1994 by Distinguished Professor Shi Xue Dou
to conduct research and stimulate the technological and commercial
development of superconducting and electronic materials science and
technology.
Over the past 25 years, ISEM has produced more than 180 PhD
graduates and more than 200 alumni, now spread widely throughout
academia and industry over five continents. Collectively, ISEM
researchers have published more than 2,900 papers, and secured more
than $72 million in funding.
Professor Dou said in its 25 years, ISEM has made an impressive
contribution to UOW’s research output, and has built a collaborative
network of more than 100 research institutions around the world. At
the same time, ISEM has placed great importance on working with
industry to translate that research into commercial products.
The end products of the Institute’s research include advanced batteries
for electric vehicles and energy storage; superconductors (materials
that have no resistance to the flow of electricity) for electrical and
medical devices; innovative materials that can help convert waste
heat in automobiles or industrial plants into electricity; developing
spintronic materials for use in electronics and information technology.

The AIIM Higher Team, which comprised fourteen members from
the AIIM Facility and two external volunteers, swam the MS 24 Hour
Mega Swim in weather conditions best described as truly miserable.
Despite the weather, the team swam brilliantly and covered a distance
of 56.9km (1,192 laps) in the 24 hour period!
A massive $7,947.20 was raised to support members of our local
community living with MS. This impressive sum was achieved
through fund raising events conducted by the AIIM Higher swim
team, as well as personal fund raising efforts by team members.

From the Laboratory
and Office to
the Movie Screen
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The MS 24 Hour Mega Swim will be celebrating its tenth anniversary
in 2020 and there is no doubt AIIM Higher will be participating
again next year.

BREAKTHROUGH BOOSTS
PERFORMANCE OF
SODIUM-SULFUR
BATTERIES

LOW-COST, COMPETITIVE STORAGE TECHNOLOGY CAN PROMOTE SHIFT TOWARDS
RENEWABLE ENERGY
Researchers from the University of Wollongong have manufactured
a nanomaterial that acts as a superior cathode for room-temperature
sodium-sulfur batteries, making them a more attractive option for
large-scale energy storage.

The research team experimented with a number of different
materials before their breakthrough. The new nanomaterial not
only delivers superior performance, but is also suited to large-scale
production and therefore commercialisation.

Their research results are published in ( Nature Communications,)
where they were featured in the editors’ highlights webpage.

PhD candidate Mr Zichao Yan devoted himself to conducting the
intricate experiments needed for this work.

Room-temperature sodium-sulfur batteries are an attractive
proposition for next generation energy storage, which will be
required to meet increasing demands. A superior room-temperature
sodium-sulfur battery with high energy density and long cycling
life would provide a low-cost and competitive technology for largescale stationary storage, thus promoting the shift towards renewable
energy.

“We tried many carbon hosts, and finally found the nickel sulfide
nanocrystals implanted nitrogen-doped porous carbon nanotubes
as a multifunctional sulfur host,” Mr Yan said.

However, room-temperature sodium-sulfur batteries currently
suffer from rapid capacity fading and low reversible capacity.
The researchers overcame this problem by creating a nanomaterial
– nickel sulphide nanocrystals implanted in nitrogen-doped porous
carbon nanotubes – which exhibited excellent performance when
used as cathodes.
Chief investigators Dr Yunxiao Wang and Associate Professor Shulei
Chou, from AIIM, said their research group had been working on
room-temperature sodium-sulfur batteries since 2016.
“For now, the actual energy densities of sodium-sulfur batteries are
a far cry from the theoretical values,” Dr Wang said. “Their practical
applications are mainly impeded by the problematic sulfur cathode
due to its insulating nature and the slow redox kinetics, as well as
the dissolution and migration of the reaction intermediates.”
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“We found that the continuous carbon backbone inside the host
can provide short ion diffusion paths and a fast transfer rate. And
the nitrogen-doping sites and the nickel sulfide polar surface are
capable of enhancing the adsorption energy of polysulfides, leading
to strong catalytic activity towards polysulfide oxidation.
“This indicates that sodium-sulfur batteries with this sulfur host
could potentially offer a longer cycle life and high performance in
fast charging and discharging.”
The next step, Professor Chou said, was to scale up production of
the material.
“All our previous papers, including this one, were focused on how
to find an efficient host for lab-scale research. The next step for our
group is to bring sodium-sulfur batteries from lab-scale to industryscale, and make a real application for this battery system.”

AIIM @ The UOW
Festival of Big Ideas
ON 16TH OCTOBER 2019 AIIM JOINED THE UOW
FESTIVAL OF BIG IDEAS AND SHARED BIG IDEAS

•Next Generation Sunscreen
•Development of material surfaces to prevent cell
adhesion for biomedical and industrial applications
Professor Michael Higgins gave a presentation about research into material
surfaces to prevent cell adhesion for biomedical and industrial applications.
The overriding theme of this work is biological interactions with materials.
Professor Higgins is applying his research in a range of fields with
various partners: he’s developing antimicrobial coatings for health
and medical products. 3D computer animations are used to visualize
molecular machines at work, because we can’t see them any other
way. Recent advances in microscopy however are now giving us
unprecedented ability to directly see the structure of single molecules
but also their movement and how they interact with one another.
Professor Higgins is using this capability to probe the interactions between
biological systems and artificial materials, which has potential to impact
on applications such as biomaterials for tissue engineering, blood contact
device coatings, antifouling coatings and antibacterial polymers.

Professor Kosta Konstantinov met with members of the public and
discussed the development of new generation sunscreens. This is part
of his collaboration with Global Challenges colleagues from across
UOW.
This project specifically looks at new generation sunscreens
that are optimised for Australian extreme exposure conditions
and reliable in-vitro test protocols for SPF and critical
wavelength.
The team is using advanced fabrication techniques and look
at introducing a new generation cost-effective sunscreen and
development of new scientifically correct testing methods for
evaluation of safe UV radiation exposures. Bringing a number of
diverse disciplines together, these sunscreens will be designed to
combat the extreme UV levels in Australia leading to improved
health outcomes.
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Elusive excitonic insulator observed by researchers
RESEARCHERS HAVE FOUND EVIDENCE OF A NEW PHASE OF MATTER FIRST
PREDICTED IN THE 1960S – THE EXCITONIC INSULATOR.
ARC Centre of Excellence for Future Low-Energy Electronics
Technologies (FLEET) researchers from the University of
Wollongong (UOW) and Monash University conducted the study.

Dr Li said the research team used scanning tunnelling microscopy
and spectroscopy to observe the unique feature of the excitonic
insulator – a charge density wave without periodic lattice distortion.

The research team observed the unique signatures of an excitonic
insulating phase in nanoflakes of the chemical element antimony.

Dr Li’s mentor and co-author Senior Professor Xiaolin Wang,
Director of ISEM and node Director of FLEET, said the discovery
of new phases of matter was one of the major goals of condensed
matter physics.

In semiconductors and semimetals, negatively charged electrons
and positively charged holes carry electrical current by moving
in opposite directions. However, if electrons and holes were to
form electrically neutral pairs, the material might stop conducting
electricity and become an excitonic insulator.
Scientists have predicted that excitonic insulators will have many
novel and useful properties, with potential uses including for the
development of new technologies for low-energy electronics for use
in high-performance computing.
Since they were first proposed, breakthroughs in finding excitonic
insulators have attracted keen attention among condensed matter
physicists and two-dimensional material scientists.
Many materials showing a charge density wave have been
identified as candidates for excitonic insulators, however these
candidates have shown strong periodical lattice distortion (PLD),
indicating the charge density wave may be driven by electronphonon coupling rather than by excitonic insulator states.
The research paper’s lead author, Dr Zhi Li, is a Vice-Chancellor’s
Research Fellow at UOW’s Institute for Superconducting and
Electronic Materials (ISEM) at the Australian Institute for
Innovative Materials.
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“Over the past decade, ISEM has been at the forefront of efforts
worldwide to find new classes of electronic materials,” Professor
Wang said.
“We have invented a new class of materials – spin gapless
semiconductors – which has been theoretically and experimentally
verified by more than 100 groups in the world. We have also
pioneered the study of some novel properties of topological
insulators, which is a new class of quantum matter.
“Our findings of the new excitonic insulator together with the
topological insulators and the spin gapless semiconductors
are significant for developing new technologies for low energy
electronics, which is the main goal of FLEET.”
The findings provide a novel strategy to search for more excitonic
insulators, while further studies will be required to fully understand
the rich physics of this new phase of matter.
“The experimental observation of the new excitonic insulator will
boost our research on future exploration for new classes of materials
and physical properties,” Professor Wang said.

Dr han
at ott
n
Jo Kn

“The Future Of…” series asks a variety
of UOW experts and researchers
the same five questions, to provide
insight into the potential future states
of our lives, communities and world.

The Future Of: Renewable Energy Storage
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Dr Jonathan Knott completed his PhD at the University of
Wollongong in 2017 and is now an Research fellow for the Institute
for Superconducting and Electronic Materials (ISEM). He holds the
role of Project Manager for a number of ISEM’s key programs.
WHAT ARE YOU RESEARCHING OR WORKING ON IN 2019?

I work at the ISEM where we have worked hard at work developing
an innovative Energy Management System (EMS) that is now
installed with a larger sodium-ion battery pack at Sydney Water’s
Bondi Sewage Pumping Station, located just behind Sydney’s iconic
Bondi Beach. This EMS is the brains of the integrated renewable
energy generation and storage system – consisting of solar PV panels
installed on the roof of the station and our sodium-ion battery pack.
It is currently helping Sydney Water meet their energy resilience
needs at this site.
I’m also continuing research I started when undertaking my
PhD studies here at UOW, looking at developing and optimising
superconducting Fault Current Limiters for use in electricity grid
applications. These devices will become increasingly important in
helping network operators maintain grid stability as more renewable
energy generation resources – such as wind and solar farms – are
brought online.
WHAT ARE SOME OF THE MOST INNOVATIVE OR EXCITING
THINGS EXPECTED TO EMERGE FROM YOUR FIELD OF
EXPERTISE OVER THE NEXT FEW YEARS?

Advances in energy storage technologies – from the fundamental
electrochemistry through to innovative ways of applying energy
storage in products – have led to an explosion in opportunities and
applications. There are thousands of researchers all around the
world working on developing materials that can store more energy
per kilogram (known as ‘energy density’) and that can charge and
discharge at phenomenal rates. Batteries based on these materials –
such as lithium-air batteries, sodium-ion batteries, lithium-sulfur
batteries and many more – will make storing and consuming
renewable energy cheaper and more readily available, which will in
turn open up more even more opportunities and applications.
One area where we see huge potential to making a big impact
to the renewable energy storage sector is in developing energy
management systems to control, monitor and optimise
energy generation, storage and consumption within a system.
There are currently many providers and seemingly almost as many
unique (and largely incompatible) software solutions, which makes it
hard for consumers to get a full-picture understanding of how their
system is working – and perhaps more importantly, how they are
using their energy.
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WHAT ARE SOME OF THE THINGS READERS SHOULD BE WARY
OF OVER THE NEXT FEW YEARS?

It is a very exciting time in energy storage at the moment, it
seems every other day there are news articles and touting the
next breakthrough. Unfortunately, there is a long road from lab
demonstration to commercial product, and it can be tempting to get
caught up in the hype of a technology that may be a technical marvel
but that falls down in the commercial space.
Another point to keep in mind is that renewable energy storage
solutions for residential applications are still only on the cusp of
being economically viable in many applications. All batteries have
a finite lifespan (usually measured in number of charge/discharge
cycles), and in many cases that lifespan is up before it is possible to
recover the cost of the battery. .
WHERE DO OPPORTUNITIES LIE FOR PEOPLE THINKING ABOUT
A CAREER IN THIS FIELD?

One of the most exciting parts of being in this field is it is so broad,
there’s a slice of work that just about anyone can get into. Within
ISEM and our collaberators we have an array of chemists, material
scientists, production engineers, design engineers, power engineering
researchers, programmers and many other professions all working
together to build a sodium-ion battery solution for renewable
energy storage. On any given day these experts will be synthesising
novel battery chemistries, writing computer code, developing
machine learning control strategies, designing battery architectures,
communicating our latest findings with stakeholders and the
public, writing scholarly articles – along with many other activities.
IN REGARDS TO YOUR FIELD OF STUDY OR EXPERTISE, WHAT
IS THE BEST PIECE OF ADVICE YOU COULD OFFER TO OUR
READERS?

Water is a precious commodity – more than a billion people globally
do not have adequate supplies of clean water. Innovation may bring
about better ways to produce it more efficiently, use it more sparingly
and new ways to treat and re-use it. We all though need to ensure
that we value it and use it wisely.
To read the full story https://www.uow.edu.au/media
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