Submission
No 10

INQUIRY INTO NANOTECHNOLOGY IN NEW SOUTH

Otrganisation:
Name:
Position:

Date received:

WALES

The University of New South Wales
Professor Les Field

Deputy Vice—Charnce]lor (Research)
28/03/2008




28 March 2008

PROFESSOR LES FIELD

The Director,

Standing Committee on State Development DEPUTY VICE-CHANCELLOR
Legislative Council (RESEARCH)
Parliament House

Macquarie Street

SYDNEY NSW 2000

RE: UNSW SUBMISSION TO THE INQUIRY INTO NANOTECHNOLOGY IN NEW
SOUTH WALES

The University of New South Wales welcomes the opportunity to make a submission to
the Inquiry into Nanotechnology in New South Wales.

1. SUMMARY OF RECOMMENDATIONS

RECOMMENDATION 1 Any discussions and recommendations regarding
nanotechnology must be focussed on the different risks and
benefits of specific applications.

RECOMMENDATION 2 A Ministry which has responsibility for research, science,
innovation & development needs to be established in New
South Wales.

RECOMMENDATION 3 The Ministry should be supported and informed by the
creation of a NSW Science Advisor/Chief Scientist.

RECOMMENDATION 4 New South Wales needs to develop a long-term strategic
plan to address critical research infrastructure.

2. “NANOTECHNOLOGY” IS A VERY BROAD TERM - ONE SIZE DOES NOT FIT
ALL

Nanotechnology is the science of understanding the structure and behaviour of materials
at the atomic or molecular level. Technically it is the science that deals with very small
structures — less than one millionth of a millimetre. Through an understanding of how to
manipulate very small structures (on the scale of atoms, individual molecules and clusters
of molecules) it is possible to create new devices, materials and even machines with
unique properties and applications. The power to design, manufacture, control and
exploit structures on the nano-scale has led effectively to a new manufacturing sectors
based on our ability to observe, characterise and manipulate the atomic and molecular
structure of materials which form the basis of the bio-communications, information and
environmental technologies.
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The terms “Nanotechnology” or “Nanoscience” refer to emerging disciplines very much
based at the interface of physics, chemistry, biochemistry and biotechnology, materials
science and information and computer science technologies.

While “Nanotechnology” might seem like a new, cutting-edge discipline, examples of
nanotechnology have been around forever. Consider how bodies convert the food we
eat into finger-nails, bones, cells and hair — these materials are all built up molecule-by-
molecule in a predetermined fashion - this is nanotechnology at work. There are also
many examples of manufactured nanotechnology in archaeological remains, for example
the Lycurgus Cup, one of the most important exhibits in the British Museum. This is a
goblet that contains nano-particles of gold so the cup appears to change colour in
different lights.

Amongst the more modern examples of nanotechnology, we would include sunscreen
where the components are engineered to absorb the harmful parts of radiation, computer
devices with atom-sized switches allowing faster calculations and incredible memory
capacity, ceramic particles that can be used as capsules for targeted drug delivery, and
modern carbon-fibre composites which are light-weight strong materials used in the
manufacture of aircraft hulls. Nanodevices can also be used in medical diagnostics to
sense the presence of specific cancer pathogens. There are also projects under way, for
example, to develop atomic-size computer devices an silicon chips, to build molecules
that can selectively detect particular bacteria or viruses, and surface coatings that can use
sunlight to control pollutants.

Nanotechnology is an incredibly broad discipline/subject area dealing with everything
from air borne particles and coatings to components of new materials to agents for
delivering drugs into the body to advanced engineering devices manufactured to the
highest precision and solar cells as alternative sources of energy. It covers an incredible
number of fields of application and it is all around us.

In making this submission UNSW wants to ensure that Nanotechnology is put in the
correct perspective. While there are Occupational Health and Safety aspects that must
be managed (as there are with any new product or device), nanomaterials, nanodevices
etc need to be considered as with any “new” technology and the benefits and risks need
to be carefully evaluated. These controls however do not need to be outside the normal
regulatory and testing framework.

While it is important that regulatory frameworks keep up to speed with the developments
in nanotechnology, UNSW does not want the outcome of this Review to increase the
regulatory burden on researchers in this important area or duplicate the efforts of the
Australian Office of Nanotechnology. This framewark needs to have a balanced
approach and must be science/evidence based - not driven by subjective perceptions of
uninformed factions.

RECOMMENDATION 1

Any discussions and recommendations regarding nanotechnology must be focussed on
the different risks and benefits of specific applications.
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3.

UNSW IS A WORLD LEADER IN NANOTECHNOLOGY

The University of New South Wales is a leading Group of Eight research-intensive
university which leads the nation in many areas of research (See Attachment 1) including
nanotechnology (See Attachment 2).

UNSW has over 125 researchers and 38 current Australian Research Council Discovery
Projects across all aspects of nanotechnology (See Attachment 3).

UNSW is home to a range of major research centres and initiatives aimed at advancing
research in the areas of nanotechnology including:

ARC Centre of Excellence for Quantum Computer Technology - The
development of a quantum computer has been listed as one of the ten major
challenges in science and engineering this century. The ability of a quantum
computer to carry out calculations via superposition and entanglement of
quantum states offers the potential for massively parallel computing and has led to
significant activity internationally in the past few years due to its economic and
strategic importance. Key targets on a 5-year timescale include: realisation of
few-qubit spin- and charge-based silicon quantum computer devices, single-
charge and single-spin readout, demonstration of few-qubit linear optics quantum
gate operations, and a firm understanding of decoherence mechanisms in these
systems. The Centre’s longer term goal is to develop key technologies
underpinning a large scale quantum computer aligned with the world’s existing
computer industry dominated by silicon, as well as opening a pathway for
quantum photonics.

The ARC Photovoltaics Centre of Excellence which is internationally recognised
for its research in the field of photovoltaics. It covers areas including silicon
wafer-based ('first generation') photovoltaic approaches, silicon thin-film ('second
generation') approaches, 'third generation' photovoltaic approaches, thin film
gallium arsenide solar cells, research on photovoltaic systems and applications,
and industry issues. The associated School of Photovoltaic and Renewable
Energy Engineering has growing research programs in complementary fields of
renewable energy including bioenergy and biofuels, energy efficiency, and energy
policy

UNSW’s Semiconductor Nanofabrication Facility - UNSW's Semiconductor
Nanofabrication Facility (SNF) is a joint facility shared by the Faculties of Science
and Engineering and houses a microelectronics laboratory and a nanofabrication
laboratory for e beam lithography. The SNF provides an Australian capability for
the fabrication of advanced nanoscale semiconductor devices and their
integration with microelectronics. SNF research projects form an integrated effort
to fabricate innovative semiconductor nanostructures using the latest techniques
of electron beam patterning and scanning probe manipulation. A major applied
objective of the facility is the development of a prototype silicon nuclear spin
quantum computer. This facility has received funding under the National
Collaborative Research Infrastructure Scheme (NCRIS) to extend and re-tool its
laboratories. These funds will see the SNF accommodate the NSW node of the
Australian National Fabrication Facility (ANNF) and deliver a new high-resolution
electron beam lithography system capable of producing nano-scale
semiconductor devices as small as 10nm.
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e UNSW Atomic Fabrication Facility - The Atomic Fabrication Facility within the
Faculty of Science is a unique facility world-wide dedicated to the development
of atomic-scale devices in silicon with atomic resolution in all three spatial
dimensions. With five inter-linked laboratories it contains three customised high
resolution scanning tunnelling microscopes (STM) for single atom manipulation
combined wit ultra high vacuum Molecular Beam Epitaxy (MBE) systems. In
addition to supporting the development of a solid state quantum computer this
laboratory investigates the ultimate limit of miniaturisation of conventional silicon
transistar technology, the integration of different materials on the silicon platform,
the development of novel 3D transistor architectures and the development of
scanning probes for atomically precise manufacturing.

e ARC Centre of Excellence for Functional Nanomaterials - The ARC Centre of
Excellence for Functional Nanomaterials is an internationally renowned research
centre in the field of Functional Nanomaterials, and UNSW is one of four nodes
across the country, researching both the fundamental and applied levels of
synthesis, characterisation and application of various nanomaterials. The main
focus of the Centre is the application of clean energy production and utilisation,
environmental technologies and biomaterials and biotoxicity.

» ARC Centre of Excellence for Design in Light Metals - The ARC Centre of
Excellence for Design in Light Metals is Australia’s highest funded new Centre of
Excellence in recent times. Its aim is to vary the nanostructure of key materials in
NSW industry, in particular aluminium, to produce better lightweight structural
materials for transport and infrastructure for improved industry and societal
sustainability. UNSW is one of six nodes across the country, in recognition of its
international leadership in the field of metallurgy.

e ARC Nanotechnology Network - UNSW's researchers are active members of the
Australian Research Council Nanotechnology Network (ARCNN) which is
dedicated to substantially enhancing Australia’s research outcomes in this area
through collaboration.

e UNSW Analytical Centre - The UNSW Analytical Centre houses major
instrumentation used by researchers in the Faculties of Science, Medicine and
Engineering for the study of the structure and composition of biological, chemical
and physical materials. This critical infrastructure underpins much of the
nanotechnology research conducted at UNSW and in the greater Sydney region.
The Centre contains 4 major Research Facilities accessible to all staff and students
of UNSW, as well as to external researchers including:

o Electron Microscope Unit

o Bioanalytical Mass Spectrometry Facilities
o Nuclear Magnetic Resonance Facility

o Solid State & Elemental Analysis Unit

In addition, and in response to the rapid developments in this field, as well as from the
presence of innovative research programs undertaken at UNSW, the university
introduced a new undergraduate degree in Nanotechnology in 2002. This is a four year
cross-disciplinary research-led program based in the Faculty of Science and provides
training in this rapidly evolving discipline to train the next generation of researchers and
innovatars.

Some of UNSW's research into nanotechnology has been picked up by the
research@ UNSW magazine and in the popular media in recent years. See Attachment 4.
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4. LONG-TERM STRATEGIC LEADERSHIP IN NEW SOUTH WALES

With the establishment of the Commonwealth’s Australian Office of Nanotechnology
within the Department of Industry, Innovation, Science and Research, and the
commencement of the Australian National Nanotechnology Strategy in July 2007, public
awareness of all things “Nano” has increased.

There still exists, however, a public perception that we should be worried about that
which we cannot see. Most “nanophobia” stems from the fact that small particles, like
dust and smog, have a detrimental effect on health. There is no question that the
increased surface area that you get with nanoparticles gives rise to many of the properties
that make nanotechnology important, but may also potentially makes them harmful in
some instances. This very point provides good reason to invest in the science and
technology around nanomaterials so that we can know and understand how they behave.

Nanotechnology is but one area of science/technology where there is a great opportunity
for the State Government to take a strong leadership role in addressing public
perceptions.

Research, science, industry and technology do not fit well within the current structure
of the State Government, and when an important issue like nanotechnology surfaces in
this arena, the State Government is not positioned well to respond strategically.

A few key points:
A. Research, Science, Technology portfolio for New South Wales

If New South Wales is to compete on the national and international stage of cutting edge
research and the development of new technologies, then the State Government needs to
be committed to this important area in much the same way that the Victorian and
Queensland State Government’s have positioned themselves to be the “preferred
location” for research, industry, science, technology and innovation.

The University of New South Wales is firmly of the view that NSW needs a Minister
which has responsibility for research, science, innovation and development. This
approach would:

o Provide the technical expertise to digest and assess the nanotechnology capabilities
and requirements in NSW;

o Develop a long-term strategic plan (5-10 years) for nanotechnology and other areas of
research which are a priority for New South Wales;

e Facilitate proactive engagements with industry and research organisations in New
South Wales;

o Leverage support from the Commonwealth and international agencies — with long
term benefit to New South Wales; and

o Compete with other States who already have a well-developed agenda in the area of
nanotechnology, to make NSW a desirable location to conduct nanotechnology.

RECOMMENDATION 2

A Ministry which has responsibility for research, science, innovation & development
should be established in New South Wales.
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B. Chief Scientist for New South Wales

This ministry suggested in the previous section should be supported and informed by a
NSW Science Advisor/Chief Scientist. The establishment of a Science Advisor/Chief
Scientist is a critical role in increasing public awareness and communication, and public
confidence in nanotechnology and other areas of research.

RECOMMENDATION 3

The Ministry should be supported and informed by the creation of a NSW Science
Advisor/Chief Scientist.

C. Critical Research Infrastructure & Planning

Cutting-edge research areas such as nanotechnology rely on complex infrastructure.
Such programs are not short-term — they take many years to establish and the benefits will
flow over the space of decades rather than months. The infrastructure is typically
expensive to purchase and install, and requires an on-going and long term commitment
to properly maintain. The management of critical research infrastructure requires long-
term strategic planning at all levels of Government, industry, and research
organisations.

The necessity for long-term planning permits the government to position the State for
many national initiatives which require strong support from State Governments. It is
absolutely clear that major research initiative must align strongly with state priorities
before they will be considered seriously by Commonwealth and external agencies. Such
programs as the CRC Program, the National Collaborative Research Infrastructure
Program (NCRIS), Higher Education Endowment Fund (H EEF), ARC and National Centres
of Excellence Programs (including NICTA), all bring research capacity, employment,
follow-on industry development to our State. All of these schemes require the state
government to have an effective mechanism to engage proactively. Not all of these
schemes are appropriate for NSW, and we do need to be selective in our investments that
are made. The decision making needs to be well thought out and articulated through a
strategic plan for New South Wales research.

At this time, other State Governments (most notably QLD, Vic, and SA) have been
engaging much more aggressively with these programs. They do so with the full
knowledge that if they are successful in their application, the long-term benefits for the
State, will far out-weigh any initial investment for the State.

RECOMMENDATION 4

New South Wales needs to develop a long-term strategic plan to address critical
research infrastructure,

iR CONCLUSION

The term “Nanotechnology” covers a broad range of activities across a broad range of
sectors. Research and development in the area of nanotechnology is growing rapidly.
Any discussions regarding nanotechnology must be focussed on the different risks and
benefits of specific applications.
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If New South Wales wants to attract researchers and grow industry investment in this
important area, then this Inquiry provides a good opportunity for the NSW Government
to realise long-term benefits of nanotechnology for the State. There needs to be a
Ministry which has specific responsibility for research, science, innovation &
development and this should be supported by a NSW Science Advisor/Chief Scientist..
This will permit the development of a long-term strategic plan to address critical research
infrastructure across and beyond nanotechnoiogy

The University of New South Wales is open to further discussions in this |mp0rtant area
of research and industry development in New South Wales.

Yours sincerely,

" Deputy Vice-Chancellor (Research)
The University of New South Wales
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ATTACHMENT 4 — UNSW NANOTECHNOLGY RESEARCH IN PRESS
Summary of recent UNSW Nanotechnology Research in the media
e “Scientists to build world’s first molecular motor”

¢ “A bathroom that cleans itsel”

¢ “Holey wire wins Australasian Science Prize”

*  “Quantum leap”

e “Lighting the way”

s “Aquatic antibiotic”

¢ “Every last drop”

¢ “The great white hope”

¢ “Nanomaterials & nanotechnologies”

e “Molecular-scale biosensors and responsve materials”

. ”Nanoele;tronics”

¢ “Surfaces and interfaces”



Scientists to build world’s first molecular motor

Cells use tiny "molecular motors" to make, assemble and move materials around inside them: now an
international team of scientists aims te build an ariificial version to drive a tiny vehicle that rolls itke a
tumbleweed along a strand of DNA.

A molecular motor is only a few billionths of a metre in size, yet these tiny engines can transport
essential cargo to and from specialized "factories” inside cells by walking in a step-like fashion aleng
pathways made from slender protein filaments.

Many scientists are probing their form and function so that they might be co-opted or re-engineered
for use in areas such as medicine, pharmaceuticals, electronics, computing and materials science.
Medical scientists, for example, want to understand the processes that regulate molecular motor
activities because “dysfunctional” molecular motors are at the heart of diseases such as cancer,
Alzheimer's disease and motor neuron degeneration.

But now Professor Paul Curmi, of the University of New South Wales, and colleagues from the
University of Oregon (Eugene, USA), Simon Fraser University (Vancouver, Canada} and the University
of Bristol (UK) have set out to design and build from scratch the first synthetic protein-based motor
that can run itself.

“Molecular motors drive essential tasks like muscle contraction, chromosome movement during cell
division, and reloading nerve cells so they can fire repeatedly,” says research team member Paul
Curmi, a molecular biophysicist with UNSW's Biophysics Department.

Using powerful microscopes, scientists have observed molecular motors of all shapes and sizes
transporting their loads in highly regulated ways. Different motors have an inclination to walk in
different directions, but when they attach to a cell structure they cooperate so their crucial cargo
reaches its intended location inside a cell.

“Proteins are the fundamental molecular machines in any living system,” Professor Curmi says. "The
handful of molecular motors made by scientists to date are really mutants made by tinkering with
existing design in nature.

“However, our goal is to use a bottom up approach design, build and characterise an artificial protein
motor that uses chemical energy to move along tracks of synthetic DNA.”

“First, the tumbleweed' component will be a multi-protein complex comprising three flexibly linked
ligand-dependent DNA-binding proteins. It will ‘roll’ along a DNA track with repeating binding sites for
the heads. This motion will be achieved by appropriately timing the addition of ligands. See Figure 1
below.

“Second, we will build a *burnt bridges’ motor comprising a DNA clamp linked to a DNA modifying
enzyme. It will move by biased one-dimensional diffusion along a DNA track of repetitive enzyme
target sequences.

"Our approach involves a multidisciplinary approach that integrates numerical modelling, protein
engineering to create the motors, peptide synthesis, molecular biology and self-assembly to generate
and fuse proteins, and fluorescence and optical trapping experiments to characterize the motor's
performance. .

“Our long-term goal is to create self-running equivalents to classic biological moftors such as the
kinesins or myosins, by incorporating enzymatic function and conformational changes in our designs.”
The ambitious project is funded by a $US450,000 grant from the Human Frontiers in Science Program
that supports novel research uniting international scholars from diverse disciplines.



Nobel Laureate Richard Feynman first raised the prospect of designing and building molecular motors
nearly 50 years ago.

Media contacts: Paul Curmi: tel 02-9385 4552

Figure 1 — Tumbleweed concept

Three ligand-dependent DNA binding proteins will be connected via coiled-coils to a three-way hub.
Each arm of the tumbleweed will bind to a specific target site on the DNA track (A, B, C). The arms
only bind in the presence of a specific ligand (a, b, ¢). Selective supply of ligands in appropriate
temporal order results in translational motion of the tumbleweed. Its direction is biased by the
asymmetry of the track DNA sequence and can be externally controlled by the sequence of ligand
supply using nanofluidics. Note: this figure is a cartoon and elements are not drawn to scale.
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Office
- UNSW Advertising Cleaning bathrooms may become a thing of the past with new coatings that will do the job for you.

Researchers at the University of New South Wales are developing new coatings they hope will be used for seif-cleaning
surfaces in hospitals and the home.

Led by Professor Rose Amal and Professor Michael Brungs of the ARC Centre for Functional Nanomaterials, a research
team is studying tiny particles of titanium dioxide currently used on outdoor surfaces such as self-cleaning windows.

The particles work by absorbing ultraviolet light below a certain wavelength, exciting electrons and giving the particles an
oxidising quality stronger than any commercial bleach.

These nanoparticles then kill microbes and break down organic compounds. And because surfaces coated with titanium
dioxide have another property called 'superhydrophilicity' — meaning droplets do not ferm -- water runs straight off the
surface, washing as it goes.

Presently, titanium dioxide can only be activated by the UVA present in sunlight. But the UNSW team is working on ways to
activate titanium dioxide with indoor light.

The team is modifying titanium dioxide nanoparticles with other elements such as iron and nitrogen so they can absorb light
at longer wavelengths.

Lab trials show that glass coated with the new nanoparticles can be activated by visible light from a lamp to kill Escherchia
coli.

"If you've got this on tiles or shower screens you don't need so many chemical agents," says Professor Amal.

So far the team has been working at laboratory scale. "It's probably a year before we can talk to industry and test outside
the lab," says Professor Amal.

Professor Rose Amal: + 61-2 9385 4361, r.amal@unsw.edu.au
Professor Michael Brungs:+ 61-2-9385 4306, m.brungs@unsw.edu. au

Media contact: Mary O'Malley, UNSW Media office, +61-2-9385 2973, 043 888 1124, m.omalley@unsw.edu.au
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Office Tiny wires could unleash a new world of super-fast quantum computers.

NSW Advertisi
uivs XEHeg UNSW research with the potential to revolutionise the storage and processing of information
has earned Associate Professor Alex Hamilton the Australasian Science Prize for 2006.

Alex Hamilton and his team at the Quantum Electronic Devices (QED) Group have found
ways to manipulate the magnetic spin of holes in semiconductors, which are 100 times
narrower than a human hair.

Known as a “hole quantum wire”, the breakthrough exploits the gaps between electrons and
can carry a current without need for electrons.

The remarkable properties of these tiny wires could unleash a new world of super-fast, low- k
powered transistors and powerful quantum computers, e

. Associate Professor Alex Hamilton
The other members of the QED group are: Dr Warrick Clarke, Dr Romain Danneau, Mr Lap-Hang Ho, Mr Oleh Klochan, Dr
Adam Micolich, Prof Michelle Simmons, Mr Tom Sobey and Dr Carlin Yasin.

The award comes on the back of recent good news for the group. Dr Micolich and Associate Professor Hamilton were
recently awarded a discovery grant of $1.3 million from the Australian Research Council to extend their research on GaAs
nanostructure devices.

Further, Associate Professor Hamilton has been awarded a 5-year ARC Professorial Fellowship, and Dr Micolich was
awarded a "Young Tall Poppy" Award from the Australian Institute of Policy & Science.

Meanwhile, the research continues with PhD student Lap-hang Ho conducting a unique series of experiments on coupled
hole devices, and Oleh Klochan continuing experiments on a new generation of hole quantum wires.

A story on the team's research is published in the current issue of Australasian Science
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Section three

quantum leap

A detour in doctoral studies has led to
fascinating findings on a device that
has broad research applications.

Imagine having a powerful computer
performing incredibly complex calculations
but not being able to see the result without
destroying it. It's one of the big challenges
in the emerging field of quantum computing
and Nadia Court has taken it up.

Ms Court, a PhD student in UNSW's
Centre for Quantum Computer Technology
(CQCT), is studying the use of Single
Electron Transistors.

Her ultimate goal is to design the best
possible device for extracting information
from qubits, the atom-sized basic data units
of quantum computers.

“But the exciting aspect of my work is that it
can't be pigeon-holed into just research for
quantum computers,” says Ms Court.

Quantum computing is a challenging
concept. Today's computers use zeroes
and ones to represent data in binary code
— a basic unit of data, called a bit, can be a
Zero or a one.

Quantum computers use the multiple and
parallel positions occupied by particles at
atomic and sub-atomic level. The basic
quantum data unit, the qubit, can be a zero,
a one or, because of a quirk of particle
behaviour known as superposition, it can
be both at the same time and this allows a
massive increase in data-handling speed.

WWW.RESEARCHMAG.UNSW.EDU.AU

Nadia Court and Professor Bob Glark
Photo: Adam Taylor

The problem is attempting to directly
observe the results of superposition activity,
which basically destroys it and that’s where
Ms Court’s study can provide a way to see
the unseeable.

“Single Electron Transistors (SET) are
detectors, rather like transistors in today’s
computers. | can see many avenues for
application. You could think about using
this device to detect photons (light) from
a distant star or even cells and proteins.
Incoming photons create extra electrons
which can be detected by the SET giving
you an indication of the light coming in.”

In the first years of her experimental work
her focus was to look at a “holy grail” in

this field — coupling these highly sensitive
quantum detectors with a quantum amplifier
in an international collaboration with the
University of California, Berkeley. It slowly
emerged that this was a challenge beyond
the normal time frame of a PhD.

“Other international efforts towards this
project had met similar difficulties and while
we had achieved some success, realisation
of the final experiment proved beyond the
scope of my thesis,” she says.

It was then that guidance from supervisor
Professor Bob Clark, the director of
CQCT, proved invaluable in helping make

a very important decision. With advice
from him, Ms Court changed her focus

to optimally engineer the SET and is now
planning to write up her thesis on quantum
measurement this year.

Professor Clark says he views the work
being done at CQCT as being “of national
strategic significance” and teamwork is an
essential element.

“The sort of students that are attracted to
our centre are very good students — they are
extremely intelligent, they are independent
thinkers and they are very highly motivated,”
Professor Clark says.

Nature of research:

The use of Single Electron Transistors as
devices to extract information from qubits
— making sub-atomic quantum computer
activity readable to the outside world.

Funding:

Principal CQCT funding from ARC. Also
from NSW, Qld and Vic state governments;
federal departments of Defence, Industry,
Communications and Education; US
Government agencies; industry.

Commercialisation:
Substantial patent portfolio.
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For more than 25 years, the ARC
Photovoltaics Centre of Excellence and

its predecessors have led the world in

the science and technology of converting
the sun’s energy into electricity using
silicon solar cells. In that time, its
achievements in research, development
and commercialisation of silicon solar cells
have been without peer.

Led by Professors Martin Green and Stuart
Wenham, the Centre of Excellence has held
the world record for solar-cell efficiency
and licensed its technology to solar cell
manufacturers with global sales exceeding
$1 billion.

UNSW benefits from the commercialisation
of the research through licensing fees,
royalties, and equity stakes in manufacturing
companies that have earned millions of
dollars for the University.

The Centre has joint research and business
agreements with leading developers and
manufacturers of solar technology across
Asia, USA and Europe. In business circles,
the Centre’s most well-known alumnus is
Dr Zhengrong Shi. The CEQ and Chairman
of Suntech Power Holdings, Dr Shi is the
inventor for 11 patents in photovoltaic

ing the way

Many of the world’s leading

solar-cell manufacturers
are basing their future on
UNSW technology.

Professor Stuart Wenham

Phote: Martin Baker

technologies and completed a PhD degree
in electrical engineering at UNSW in 1992,

An Australian citizen, Shi founded Suntech
in 2001 and five years later took the
company public, listing it on the New York
Stock Exchange (NYSE). The company
rocketed up the bourse and last year,

Dr Shi was ranked No.7 on the Forbes
magazine list of China’s richest tycoons.
Suntech is now the world'’s fourth-largest
solar cell maker.

“Qur relationship with Suntech continues
to be fruitful in many ways,” says Professor
Wenham, the Centre’s Director. “In 2006,
Dr Shi generously donated $1.5m to
UNSW to support its ongoing photovoltaic
research. In 2007 we signed a research
agreement with Suntech affirming

our commitment to jointly develop an
innovation that could further boost solar-
cell efficiency.”

If this proves successful, the University’s
commercialisation arm, NSi, will start to
receive royalties from Suntech in 2008.

In March 2007, NSi signed a $1.7m
licensing agreement with Taiwanese
solar-cell manufacturer, E-Ton Solar Tech,
that included a collaborative research
program to develop two of UNSW’s latest

HeSEARCH@UNSW 2006.07

high-efficiency solar cell technologies for
commercial production.

NSi also signed a $1.4 million licensing
agreement with CEEG Nanjing PV Tech
in China. The agreement includes a
collaborative research program to adapt
UNSW's world record-holding PERL
sclar-cell technology to suit large-scale
commercial production.

In May 2007, the Centre announced that it
could dramatically improve the absorption
of light into thin films of siliconina
breakthrough that could make solar power
more affordable.

“Most thin-film sclar cells are between
eight and 10 percent efficient but our new
technique could increase efficiency to
between 13 and 15 percent,” says Kylie
Catchpole, a research co-author. “Once

a technology approaches 15 per cent
efficiency, it becomes commercially viable.”

Global warming and energy security are
driving governments to adopt energy
policies that support renewable energy
sources. The technical and commercial
achievements of solar-cell technology, such
as those being driven by UNSW, should see
it become a clear energy of choice for the
21st century and beyond.
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aquatic antibiotic

Diving into a study on chemicals found
in seaweed lands a research scientist an

Imagine being able to stop bacterial
infections without creating antibiotic
resistance, using a chemical from seaweed?

Professors Staffan Kjelleberg and Peter
Steinberg and their team at the Centre for
Marine Bio-Innovation have discovered
compounds, known as furanones, produced
by the seaweed Delisea pulchra.

The researchers discovered that furanones
don’t kill bacteria, but instead “block”

the chemical signals that they use to
communicate with each other.

Since their discovery, furanones have been
synthesised and have a wide range of
applications, such as coatings for surgical
equipment, orthopaedic implants, contact
lenses and combating cholera.

Dr Rebecca Case, who has just begun

her post-docteral fellowship at Harvard
University, investigated the relationship
between furanones and bacteria forming on
aquatic plants.

“What | wanted to know was why the algae
produced them. Were they active against the
bacteria in the environment, inhibiting things
that would cause disease?” says Dr Case.

“I found that if you removed the ‘antibiotic’
system from the seaweed, specific bacteria

are actually able to infect and kill the seaweed.

international position.

Dr Rebecca Case

“We proved that the furanones have a
purpose and that they’re not just produced
there by chance.”

Her research also confirmed a relationship
between furanones and bleaching of marine
plants. Higher than normal temperatures
allow bacteria to infect plants and induce
bleaching, similar to what is seen in corals.

Dr Case says working with Professor
Kielleberg as her PhD supervisor gave her
room to be creative and pursue research
that helped her grow as a research scientist.

“The freedom he allowed me to pursue

what | was interested in was fantastic. It was
what attracted me to working with him,”
says Dr Case.

Despite initially having plans to complete her
PhD overseas, being able to conduct her
research in world-class facilities in Australia
was a factor in her choosing UNSW.

“The research the Centre does is truly
international. It has a great mix of research
that is internationally relevant, based on
Australian natural habitats,” says Dr Case.

Dr Case believes a lot of prospective PhD
students spend too much time focusing

on the topics they want to investigate.

She believes that it is also important to think
about the research supervisor because
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the relationship you develop with them will
dictate the research you undertake for the
next three or four years of your life.

Dr Case is now working as a Fellow
at Harvard University’s Center for
the Environment.

For Professor Kjelleberg, the work of
Dr Case, like most PhD students, is
invaluable to the success of
scientific research.

“PhD students are the core of research.

A very high percentage of the research that
is done in university research laboratories is
conducted by the research students,” says
Professor Kjelleberg.

“They become good at the topic very
quickly and invest their soul, heart and
imagination into it.”

The application of furancnes, isolated
from the seaweed Delisea puichra, to stop
bacterial infections.

ARC and NHMRC grants, national and
international research institutes, and
international research partners.
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every last drop

UNSW researchers are leading the fight to
develop sustainable and scientifically robust
technology to solve our crippling water crisis.

A decade ago, few would have guessed
that water security would become a national
priority to rank alongside issues such as
employment, security and the economy.

But a once-in-a-century drought has all
but dried Australia’s once mighty rivers,
shrunk its dams and seen the imposition
of restrictions on domestic water use.
Voters now want governments to

initiate environmentally sustainable and
scientifically robust actions across a broad
policy front, including water security.

UNSW brings to the challenge a wealth of
research, development, consultation and
policy expertise on water. The University’s
faculties of Science and Engineering host a
range of expert centres and groupings that
are attracting major research funding.

The Federal Government has established a
$3.6 million multidisciplinary research cluster
comprising the CSIRO and nine universities
to advance to commercialisation stage
energy efficient, environmentally sound
technologies for water desalination and water
recycling. UNSW is a significant member

of the cluster and received nearly $1million
to carry out a comprehensive evaluation of
existing filtration techniques and develop
new energy-efficient technology.

One aim is to learn what nature can teach

us and apply it in innovative ways to
membrane technology. Using “microfluidic
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flow visualisation methods” coupled with
numerical models, engineers Drs Gary
Rosengarten and Associate Professor
Greg Leslie are examining the role of pore
architecture in the filtration mechanism

of select species of plant-like diatoms.
Some species of diatoms possess tiny
pores smaller than one millionth of a metre
in diameter that might be applicable in
wastewater recycling, saltwater desalination
and preventive health care.,

Engineers at UNSW's UNESCO Centre
for Membrane Science and Technology
are establishing a digital library containing
information about the efficiency of a suite
of membranes, surfaces, desalination and
filtration processes, This first-of-its-kind
database will reveal which applications
offer the most promise for improving the
efficiency of desalination.

Another water-saving advance is being
pioneered by chemical engineer Soji
Adesina, who is developing a novel process
to remediate wastewater using visible light
and a titania-based catalyst.

Using a small lab-scale model, Professor
Adesina can detoxify wastewater
containing organic pollutants at a rate of
300 litres per hour. The process can run
continuously, requiring only two grams of
catalyst per litre of wastewater each hour to
produce water that is clean enough for all
non-drinking purposes.



Section one

Ll
.

The process, known as photocatalysis,
occurs when light in the visible range
(400-700 nm) strikes the titania catalyst to
produce free hydroxyl radicals that break
the chemical bonds in typical organic
wastewater molecules. Splitting these
compounds releases CO2, water and other
harmless smaller molecules in solution. The
process operates at ambient temperatures
and is effective at organic pollutant densities
up to 1000 parts per million.

“The process has potential application

in domestic and industrial settings and
could help reclaim a significant amount of
wastewater for other uses,” says Professor
Adesina. “This form of photocatalysis is
very inexpensive and could be done with
either small mebile units or large fixed units
to decontaminate polluted wastewater in
settings such as farms and mines.”

At Manly Vale in Sydney’s north, the
Water Research Laboratory (WRL) has
been leading international research in the
areas of water, coastal and environmental
engineering and groundwater since its
establishment in 1959.

It is equipped with a suite of unigue
facilities including large-scale and
sophisticated hydraulic laborateries, a
groundwater laboratory, three-dimensional
numerical modelling facilities, field-data
collection equipment and the largest
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Senior engineer James Carley in the wave basin at the Water Research Laboratory. Photo: Eddie Safarik

specialist water research library collection
in the southern hemisphere.

WRL has diverse fundamental and applied
research expertise, including coastal and
ocean engineering, flood engineering,
water resource engineering, environmental
fluid mechanics, hydrodynamics, sediment
transport, river and estuarine hydraulics,
groundwater studies, hydrology, hydraulic
structures, water and wastewater treatment,
environmental monitoring and modelling.

WRL staff form the core of UNSW's
Connected Waters Initiative, which is
presently undertaking a $1.4 million
research contract funded by the Cotton
Catchment Communities CRC and the
National Water Initiative.

UNSW'’s Centre for Water and Waste
Technology (CWWT), led by Professor David
Waite, conducts multidisciplinary research
on water and wastewater engineering

and develops tools for environmental
management and sustainability aimed

at improving aquatic and atmospheric
environments.

Established 20 years ago, CWWT's

core research encompasses five areas:
environmental microbiology and risk
assessment, physical and chemical
processes, sustainable assessment, volatile
emissions and trace organics.

CWWT does joint research with industry,
government and research groups in
Australia and overseas. It has extensive
collaborative links with leading international
research institutions including Cranfield
University, MIT, Stanford, UCLA and
Nanyang Technological University. The
centre has been active in the water re-use
debate, hosting a major international
conference on the viability of the strategy.

Nature of research:

Water research covering surface,
groundwater, oceans, water filtration
and recycling, water and wastewater
engineering, sustainable water
frameworks.

Funding:
Energy-efficient membrane technology:
Federal Government

WRL: Industry, government ARC.
Wastewater remediation: ARC

Connected Waters Initiative: Cotton
Catchment Communities CRC;
National Water Initiative.

CWWT: ARC, the CRC’s Program; the
Department of Education and Training
and national industry and international
competitive funding.
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the great white hope

Diabetics could be able to dispense with
their daily injections if UNSW researchers
have their way. Rather than using a needle,
diabetics would instead inhale their doses
of insulin.

Delivering with the needle results in low
patient compliance and the very real

potential of overdosing; if too much insulin is
administered, diabetics have only precious
moments to compensate with dextrose before
they plunge into a hypoglycaemic coma.

As well as being less confronting for patients,
the pulmonary delivery of insulin would allow
for accurate blood-glucose control and less

cumbersome dosing implements for patients.

“Inhaled insulin brings the promise of a
more rapid onset of action,” says PhD
student Raderick Sih, from the Schoeol of
Chemical Sciences and Engineering, who
worked on the project with his supervisor
Professor Neil Foster.

“This means diabetics would only have to
take inhalation doses 10 minutes before
meals, instead of injections 30 minutes ahead
of time. Doses would be more accurate too

— as diabetics could inhale once, then test
their blood-glucose levels. If necessary, more
doses could be administered.”

Roderick holds out a jar filled with white,
fluffy powder which seems to float. It is this

Daily jabs could soon be

a thing of the past for diabetics.

PhD student Roderick Sih

Phote: Adam Taylor

powdered insulin which could transform
the lives of up to 230 million people with
diabetes worldwide.

While researchers have long known that

the reduction in the particle sizes of
pharmaceutical compounds would bring
about improvements in their products — from
dissolution to convenience - the method to
do that had not been refined.

Micronisation, as the process is known, was
inadequate in producing respirable particles.
Over the past two years, Roderick Sih and
Professor Foster have helped it grow up.

“Classical methods of micronisation include
the grinding and crushing of larger particles
to obtain smaller pieces with physical force.
This is like throwing a glass bottle at a brick
wall — as a result, there are splinters and
shards of different shapes and sizes,” says
Professor Foster.

“There are a number of problems with

this technique, including the fact that it
simply would not work with soft and pliable
materials that deform, rather than break
under physical force.”

The researchers have used unique
technology that they developed in the lab,
known as ARISE (Atomised Rapid Injection
for Selvent Extraction) to make the fluffy
insulin powder that circumvents such
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problems. ARISE is improved Supercritical
Fluid (SCF) technology.

“The fluffy’ characteristic of ARISE insulin
contributes to its extremely low bulk density.
This means that it experiences much higher
drag forces in an airstream - like how a

sheet of tissue gets blown away a lot more
effectively than when it is compressed into a
little ball, giving it the inertia needed to drive it
deep into the lungs,” says Roderick.

The researchers’ tests show that ARISE
insulin outperforms the only other
pulmenary delivery of insulin which is
currently on the market.

The technology also has other applications.
It could be used to process treatments

for asthma and other chronic abstructive
pulmonary diseases.

Commercialisation is being handled by
Dr Robin Stanley, a Senior Business
Development Manager with NewSouth
Innovations (NSi). Negotiations are
underway with leading pharmaceutical
companies to evaluate the behaviour
of ARISE insulin powder in a range of
proprietary inhaling dispensers.

NS, in conjunction with the principal inventor
Professor Neil Foster, has already established
a spin-off company, Nanomed Pty Ltd, as a

commercialisation vehicle for the technclogy.



Nanomaterials and
nanotechnologies

WHO WE ARE
Sri Bandyopadhyay, Sammy Chan, Sushil Gupta, Mark Hoffman, Sean Li, Valanoor
Nagarajan, Paul Munroe and Yong Zhao.

ABOUT OUR RESEARCH

The study of nanomaterials has always been one of the
key research areas in the School of Materials Science
and Engineering. Studies span from synthesis and
applications of nanoparticles, carbon nanotubes, nano-
structured wires and tapes, to nanoscale ferroelectrics
and piezoelectrics, nanocoating and bulk materials with
nanocrystalline sizes.

MORE DETAIL

Nanotechnology is the design, fabrication, characterisation and utilization of materials,
structures and devices, which are less than 100 nanometers in at least one dimension.
Nanomaterials, because of their very small sizes, display an array of novel aftributes.
They respond to light, mechanical stress and electricity quite differently from micron-

or milimeter-size materials. They show great promise with many strategic technological
advances that will change the ways that we use materials. Qur fields of interest include:

M Development of superhard nanocomposites coatings

W Ceramic-based coatings with a hardness approaching diamond using film
depaosition techniques. They contain nanccrystalline grains in an amorphous matrix.
Development of advanced diluted magnetic semiconductors for spin transistors
Investigating the subtle Interplay between competing/cooperating superconductivity
and magnetism in YBa2Cu307-x with nanotechnology

B Hydrogen storage in carbon nanotubes.
Nanostructured nickel oxide and hydroxide for high-performance rechargeable
alkaline nickel batteries and supercapacitors.

®  Nanometric particulate reinforced aluminium matrix composites for high
temperature uses.

FUNDING

Australian Research Council Discovery Grant; Department of Education and Training
International Science Linkage Grant; Hong Kong Science and Innavation Fund:;
Commonwealth Scientific and Industrial Research Organisation.

CONTACT

Dr Sammy Chan

UNSW School of Materials Science and Engineering
Ph 02 9385 4441 Fax 02 9385 5956
sli.chan@unsw.edu.au

www.materials.unsw.edu.au/research/researchareas.html




Molecular-scale biosensors
and responsive materials

WHO WE ARE:
Molecular Devices Research Group.

ABOUT OUR RESEARCH

We aim to make biosensors and other functional
devices from molecular-scale building blocks.
Biosensors allow anyone to detect species - such
as disease-markers, pathogens and environmental
pollutants - simply by placing a dipstick-like device
into the sample to be analysed. Other devices being
developed are molecular magnets for data storage
and switchable surfaces for biomaterial applications.

MORE DETAIL

Imagine if you could go to the doctor and be told instantly whether your sore throat is due
to a bacterial or viral infection, and so whether it can be treated with antibiotics. Or imagine
you could simply dip a device in a glass water to tell you whether it was safe to drink.
Diabetics already use such a device, a blood glucose biosensor that gives a result in sec-
onds. The key component of a biosensor is a biological molecule that will bind selectively
with what you want to detect, the analyte. Suitable molecules include enzymes, antibodies
and DNA. To turn this into a device requires a way of monitoring the interaction between
the molecule and the analyte, and turning this intc an electronic signal the end-user can
see, known as signal transduction. Common transducers are electrodes and optical devices.
This exciting idea of using biological molecules as the basis of an analytical device anyone
can use can be applied to many purposes. We are doing just that. We are developing the
next generation biosensors for pesticides in water samples using antibodies coupled to
electrodes, biosensors for monitoring protease enzymes as a marker of disease and infection
using optical devices. Our focus is to use molecular-scale building blocks to build the
biosensors and other responsive materials. This often entails developing new molecular-scale
materials. We have developed conducting sheets a single atom thick, molecular wires and
molecular units that spontaneously form nanoporous solids. The applications extend far
beyond biosensors to molecular magnets for data storage and the production of magnetic
films, gas sensing, labels for biological molecules, biomaterials and smart surfaces that
change their properties on receiving a given stimulus. The multi-disciplinary nature of this
research prompts us to venture far beyond our walls within UNSW and further to the new
nuclear reactor at NSW, the new Australian Synchrotron and universities and companies
across Australia and internationally.

FUNDING
ARC discovery and linkage grants; ARC Centre of Excellence in Functional Nanomaterials;
Australian Nuclear and Science and Technology Organisation; direct industrial funding.

CONTACT

Professor J. Justin Gooding

UNSW School of Chemistry:

Ph 02 9385 5384 Fax 029385 6141
justin.gooding@unsw.edu.au

www.chem.unsw.edu.au/research/
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Nanoelectronics

WHO WE ARE
Department of Condensed Matter Physics.

ABOUT OUR RESEARCH

Microelectronics has changed our world drastically
through computers, mobile phones, DVD players

and the internet. Nanoelectronics is the next step,
harnessing the power of new fabrication technologies
and quantum physics to build ultra-small electronic
devices.

MORE DETAIL

The driving force behind the expansion of the microelectronics industry has been the

ability to pack ever-more features onto a silicon chip, achieved by continually miniaturising
the size of the components. But as devices get smaller and smaller two problems emerge.
First, as devices get smaller the laws that determine how they operate change from the famil-
iar classical physics to the counter-intuitive and unpredictable quantum physics. Second,
after 2015 there is no known technological route to reduce device sizes below 10nm. We are
addressing both of these problems. Professor Michelle Simmons is

developing revolutionary new techniques for building silicon devices atom-by-atom, using

a combination of scanning tunnelling microscopy and atomic precision crystal growth.

Her team has achieved major milestones: incorporating a single phosphorus atom in the
silicon surface with atomic precision; a technique to make four-terminal electrical contact to
STM-patterned devices once removed from the microscope environment; and to correlate
electrical device characteristics with dopant placement. Professors Hamilton, Micolich and
Newbury are studying nanoscale quantum electronic devices, which harness the quantum
properties of electrons, as well as organic semiconductor devices which offer flexible new
approaches to electronics.

FUNDING
Australian Research Council: Discovery, Linkage and Fellowship grants since 1991;
US Semiconductor Research Corporation; US Army Research Office.

CONTACT

Professor Michelle Simmons, FAA:
Ph 02 9385 6313
michelle.simmons@unsw.edu.au

Professor Richard Newbury
Ph 02 9385 4557
rm@newt.phys.unsw.edu.au

Professor Alex Hamilton
Ph 02 9385 5736
alex.hamilton@unsw.edu.au

Dr Adam Micolich
Ph 02 9385 6132
mico@phys.unsw.edu.au

UNSW School of Physics
Fax 02 9385 6060

www.gcaustralia.org/bio/staff_simmons.php/
www.phys.unsw.edu.au/QED




Surfaces and

iInterfaces

WHO WE ARE
Professors PR. Munroe, M. Hoffman and D.J. Young, Drs V. Nagarajan and S. Li.

ABOUT OUR RESEARCH

The surfaces of materials play a vital role in the
performance of components. Processes such as wear
and corrosion are controlled by the nature of a material's
surface. The deposition of thin, micron-scale, coatings
onto a surface may act not only to improve component
performance but may be used as a path to increasing
the functionality of a surface.

MORE DETAIL

The deposition of thin films or coatings on to substrates or the surfaces of components

is widely used in the materials sciences. These fims have broad application in providing
resistance to surface damage, corrosion, oxidation or thermal degradation, leading

to increased operational life and reliability. Alternatively, the coatings deposited films are
used to increase functionality, for example, in the fabrication of devices such as actuators.
We have a range of active research programs in this broad area. These include: the
development of coatings to prevent corrosion of components operating in hostile environ-
ments in, for example, the processing of petrochemicals; the development of biocompatible
coatings suitable for use on prosthetic devices; and the development of ferrcelectric thin
films with potential applications as switches and actuators. Professors Munroe and Hoffman
collaborate in the development of nano-composite coatings deposited onto subsirates
such as silicon or stainless steel. These coatings, based on controlled mixtures of hard,
wear-resistant TiN and ductile titanium, have undergone careful structural design to create
alternating layers of these phases, which synergistically act to increase resistance against
wear and other forms or erosive attach and so lead to significantly improved component
lifetimes.

FUNDING
ARC Discovery grants and ARC Linkage grants.

CONTACT

Professor Paul Munroe

UNSW School of Materials Science and Engineering:
Ph 02 9385 4435 Fax 02 9385 6400
p.munroe@unsw.edu.au

www.materials. unsw.edu.au/profiles/acadstaff/mhoffman. html
www.materials. unsw.edu.au/profiles/acadstaff/pmunroe. htmi
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Advanced composites,

polymers and biomaterials

WHO WE ARE
Participants: Alan Crosky, Mark Hoffman, Owen Standard, Sri Bandyopadhyay.

ABOUT OUR RESEARCH

Our research on advanced composites is directed
towards the high-end carbon fibre reinforced plastics,
polymer nanocomposites and functionally graded
materials. Our work on biomaterials encompasses
biocompatible materials for body implants, biomimetic
design and engineering materials derived from
pbiomass sources.

MORE DETAILS

Our work on carbon-fibre reinforced composites is directed towards optimising the
performance of the materials in structures. This includes directed fibre placement, through
thickness reinforcement and nano-reinforcement of the matrix resin. It also includes a study
of damage development during loading and development of strategies to improve energy
absorption during failure. In conjunction with water-pipe manufacturers, recent research has
found that the creation of polymer nano-composites through the inclusion of nanc-particulate
filler enabled the creation of stiffer and tougher pipe. This can reduce production costs
enabling the greater use of pipe to avoid water loss through evaporation in surface channels
used for irrigation. Our work in functionally graded materials involves creating a graded

join of ceramics to metals or polymer to ceramics. This enables the creation of previously
unattainable interfaces for biomedical implants, high energy electric switches and thermal
barriers.

Biomaterials are being designed to enable tissue to grow quickly and strongly into synthetic
materials. This involves creating materials with special types of pores and chemistry. Also,
the mechanical properties of biological tissue such as teeth and bone are being investigated
to ascertain the effects of factors such as age, disease, diet, medical treatment and

lifestyle. This will enable the creation of novel and more effective treatments. A new area of
biomaterials research is the development of engineering materials from biomass to enable,
for example, the replacement of glass fibres in fibreglass with natural plant fibres and

the development of biodegradable fibre reinforced composites based on biomass-derived
polymers.

FUNDING
Cooperative Research Centre for Advanced Composite Structures, Australian Research
Councll, Iplex Pipelines Australia.

CONTACT

Professor Alan Crosky

UNSW School of Materials Science and Engineering:
Ph 02 9385 4424 Fax 02 9385 4471
a.crosky@unsw.edu.au

www.materials.unsw.edu.au/people/ac.htm



Lighter, stronger metals
for the 21st Century

WHO WE ARE
ARC Centre of Excellence for Design in Light Metals

ABOUT OUR RESEARCH

In collaboration with various partner institutions, we

are using a novel “design-directed” research approach
to maximize the competitiveness of wrought light

alloys and light metal hybrids based on aluminium,
magnesium and titanium. The research has a focus on
iInnovation in materials design, advances in downstream
processing and expansion of application opportunities
for light metals through novel approaches in design
and application.

MORE DETAIL

We are a core partner in the ARC Centre of Excellence for Design in Light Metals, which
includes researchers from six major Australian universities and a host of the best light-metals
partner researchers in major institutions globally. The general aim of the Centre is to expand
Australia’s light metals industry by making light alloys such as aluminium, magnesium and
titanium more competitive, providing opportunities to increase the use of light metals in the
automotive, aircraft, aerospace, packaging and construction sectors. Our team shares a
leading role in the Centre with Professor Michael Ferry, Mark Hoffman and Alan Crosky and
Dr Sammy Chan leading several research projects. We also lead two of the Centre's five
research programs: Alloy Design and Processing (Ferry); and Design of Light Alloy Hybrids
Composites (Hoffman). The former consists of a suite of projects targeted at the design

of microstructures through alloying, thermal and mechanical treatment for optimizing the
strength, formability and stability of magnesium and aluminium alloys. The latter involves
exploiting unique opportunities that can arise by combining materials in the form of compos-
ites, hence expanding the “property space” with development of multi-scale composite
structures, dispersed phase nanocomposites, micro-truss structures and sandwich struc-
tures. Some of our recent milestones are: developing ultra-fine grained aluminium alloys
exhibiting high temperature structural stability during both superplastic processing and
in-service use; constructing a novel die-casting facility for producing bulk amorphous light
alloys for investigations on superplastic nanoforming to produce microdevices and
components; creating nanclayered metallic composites; developing superlight and high-
contact damage-resistant metal foam-based composites; and developing aluminium matrix
composites reinforced with nano-particulates with very high creep resistance.

Funding

Australian Research Council Centre of Excellence Program; ARC Discovery/Linkage

Grant Programs; CSIRO Flagship Collaboration Fund; New Air Compact Capability Group,
Department of Defence; Australian Defence Force Academy/Faculty of Engineering UNSW
Research Collaboration Initiative; Australian Institute of Nuclear Science and Engineering.

Contact

Professor Michael Ferry

UNSW Scheol of Materials Science and Engineering:
Ph 02 9385 4453 Fax 02 9385 5956
m.ferry@unsw.edu.au



