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From the Research Director

During 2008, the Centre was subjected to review by an independent Review Panel,
appointed by the Australian Research Council, and it is particularly pleasing to report that
the outcome could scarcely have been more positive. The ARC has now confirmed the
remaining current allocation of ARC Centre Funding to 30 June 2010 and approved an
extension of funding to 31 December 2013. The Centre will receive $2.3m each
calendar year to total an additional $8.05m over the 3.5 year extension phase.

Perhaps even more pleasing than this funding outcome was the highly positive and
constructive tenor of the report of the Review Panel. For those who may not have had
access to the Report, the following brief extracts from this report attest to the quality of the
Centre's research team, its research program and industry engagement, and its
performance against formal performance indicators:

'The Review Panel considered that the Chief Investigators of the Centre are high-
quality researchers who have formed a world-class team. The recruitment of senior
researchers from abroad is a significant asset. The Centre's ability to attract and
retain high-quality students and postdoctoral researchers is a testament to the
Director and Chief Investigators' reputation and expertise.'

"The Review Panel considered that the Centre's research programs are excellent and
felt that the work being undertaken is likely to lead to applications of considerable
national benefit in the future. The Panel was particularly pleased to note the steps the
Centre has taken in encouraging further engagement of potential industry
partners/end users arising from successful Centre research.’

'The Centre has already exceeded many of its agreed KPlIs, including those covering
high-impact publications, postgraduate recruitment, training courses, public
awareness programs and international visitors. Publications jointly authored by
researchers from different nodes constitute an increasing number of Centre outpults.
The very strong performance of the Centre in these areas is particularly noteworthy as
the Centre is gaining more global recognition.’

Such positive endorsement can only encourage all participants that we are embarked on
a highly worthwhile journey.

The Centre put in place an initial set of fifteen Project Agreements for the period 2006-
2008 inclusive, and the end of 2008 saw the effective completion of the first phase of the
Centre research program under these Agreements. At a highly successful third Annual
Workshop in November, 2008, the Centre thus commenced the task of reviewing the
existing project portfolio, with a view to securing a second set of Project Agreements in
first quarter 2009.

| am delighted to acknowledge that this is no easy task, for the Centre has an abundance
of quality research opportunities to potentially support, and it faces a stiff challenge in
selecting the best of these opportunities and supporting them at a level that is likely to
achieve meaningful outcomes. It also faces a challenge in achieving an effective
balance between well-directed strategic fundamental research and research that is likely
to yield shorter-term commercial potential, and in this regard it is fair to say that the
Centre is seeking to effect a measure of cultural change on the research community it
encompasses.

As usual, this process is taking a little longer than | would have wished, but is now well-
advanced. We have a revised framework that reduces the project portfolio to ten, with an
improved focus and a good balance of renewal and novelty. | would like to thank all
those who have participated in review meetings and particularly thank Program and
Project Leaders for their assistance in refining the Portfolio.



3DAP

Atom Probe Tomography (APT) offers a uniquely
powerful combination of high mass and spatial
resolution to generate a 3-dimensional (3D) real space
atomistic representation of the analysed material. APT
has been used extensively used in metallurgical
science for the investigation of nanostructure, for
example in problems of interface chemistry, phase
compositional analysis, segregation, and atomic
clustering.

In APT single atoms are successively removed from the
surface of a sharp needle-shaped specimen by field
evaporation, using the superimposition of a DC voltage
and a high voltage pulse. The diverging electric field at
the apex of the specimen tip gives rise to a highly
magnified projection of the ions onto a 2-dimensional
position-sensitive detector. The sequence of atom hits
on the detector is used to track both the serial
evaporation of atoms in a given layer and the serial
evaporation of the layers. Time-of-flight mass
spectrometry is used to identify the chemical species of
each atom with equal sensitivity to all the elements.

Following experiment, an inverse projection algorithm
enables a 3D reconstruction of the analysed volume.
The state-of-the-art Local Electrode Atom Probes at
The University of Sydney incorporate new wide field of
view detectors and ultrafast pulsing capabilities to
facilitate routine collection of 100 million atom data sets
at a rate of around one million ions per minute.
Ultimately, a 3D map of the spatial coordinates and
elemental identities of the individual atoms in the
material is produced with sub-nanometer resolution
through volumes that span hundreds of nanometers.

Applications beyond metallic alloy research have been
historically limited by poor conductivity. However, laser
pulsing, in place of high voltage pulsing, overcomes this
constraint. Together with the development of
sophisticated specimen preparation methodologies,
especially new Focused lon Beam (FIB) based
techniques, laser assisted APT is already being
successfully applied to a new array of materials. The
significance of FIB based specimen preparation is two-
fold; the fabrication of APT tips from poorly conducting,
or difficult to electropolish, materials and site specific
techniques, which enable the precise identification and
isolation of particular nanostructure within the sample.

The unprecedented 3D atomic level insight offered by
APT is stimulating increasing interest in the role of
nanostructure such as atomic clustering, in the
evolution of microstructure and new ideas for structure-
property relationships. However, the sheer volume of
data produced by APT combined with the subtle fine-
scaled nature of certain structural phenomena means
that considerable information remains unresolved by
mere visual inspection of the reconstruction.

It is imperative that the development of sophisticated
data mining tools, specific to multi-gigabyte 3D atom
probe data sets, keep pace with the recent experimental
advances. To maximise the vast potential of APT, data
analysis methods must be specialised for the
assortment of nanostructure types investigated, and
must scale well with the rapidly increasing size of the
reconstructions.
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Ultimately, data mining techniques will play a critical role
in the development of quantitative structure activity
relationship. The implications of APT are considerable
for nanostructure characterisation and understanding
its role in the evolution of material microstructure and
properties for the design of new materials and the
optimisation of their performance.
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Go8-DAAD Grant

Dr. Nick Birbilis from Monash University was
recently awarded a grant under the Group of Eight —
Germany Joint Research Co-operation Scheme
(Go8-DAAD). The scheme is a joint initiative of the
Group of Eight (Go8) universities and the German
Academic Exchange Service (DAAD). The DAAD is
Germany’s national agency for the support of
international academic co-operation. The scheme
supports exchanges for Go8 researchers to spend
time at partner institutions in Germany and for
collaborating German researchers to spend time at
Go8 universities. Nick has received the award for a
project on the development of magnesium alloys in
functional bio-implants, and will be conducted with
the University of Erlangen-Nuremberg.
p.



Centre Visitors

Professor Jong Lee from Michigan Technological
University visited the Centre in late 2008. He writes of
his experiences ...

Years ago, the late Professor Hub Aaronson suggested
me to visit Monash University and the ARC Centre of
Excellence for Design in Light Metals. Upon retirement
last year, | contacted Professor Barry Muddle for such
an opportunity. Thanks to him and his efficient staff
members, my memorable 82-day visit began on
October 15, 2008.

First, it was an escape from the usual hibernation one
takes during the long winter of Michigan’s Upper
Peninsula with snow banks of 1~2 meters height at
-10°C degree. Second, it was an occasion for me to
engage in a new research path at a noted research
centre for light metals. | was glad that | took Hub’s
advice, as my wife and | had a wonderful time.

We stayed at Mannix College, a dormitory: living with
young college students sent us back to our college time,
with a flavour of fresh and dynamic air, though noisy at
some midnights. Both at the Centre and at the
University, people were so warm and friendly that we
always felt home. Perhaps it was part of the Australian
culture we happily experienced.

Before | left USA, | dreamed of driving to Sydney,
Adelaide, and even to Cairns. Upon arrival at Monash,
however, | realised how poor my |Q on geography was,
forgetting that Australia is a continent, not some big
island. Thanks to the annual Centre workshop,
however, we were able to tour Brisbane, a beautiful city,
last November. Of course, we flew to Brisbane.

Nevertheless, we managed to drive to several places in
Melbourne’s suburbs, including a drive on the Great
Ocean Road. On the way we tried to count the number
of apostles at the Twelve Apostles but felt that some
passed away along time ago.

At Ballarat, we were too late to find any gold nuggets,
but we enjoyed watching penguin parades at Philip
Island. Finally, how could we forget Barry and Janette’s
Farm at Merton, where future Secretariats are being
groomed?

Jong K. Lee, Professor Emeritus,
Michigan Technological University

PS: | have attached two pictures of contrast. The

Melbourne picture was taken at the Royal Botanic
Garden last December, and the Houghton was taken at
my house in January 2009.

Carlos Caceres appointed Subject Editor

Last December Carlos Caceres, Centre Chief Investigator from The

University of Queensland, was appointed Subject Editor for an international

journal (PROTEC).

PROTEC covers the processing techniques used

JOURNAL OF MATERIALS
PROCESSING TECHNOLOGY

in manufacturing

components from metals and other materials. All materials are of interest,
including metals, ceramics, composites, polymers, glass and biomaterials,
but the emphasis of the journal is on the influence of processes on the

materials.

The journal currently publishes 20 issues per year, and

approximately 1.5 million articles are downloaded every year from the

journal's website. The impactfactoris 0.816.

The Journal's editorial work is managed by two Chief Editors and four Subject

Editors.
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Spark Plasma Sintering
Facility

Spark Plasma Sintering (SPS) is a novel sintering
technique which uses a pulsed high DC current (e.g.
10,000A) to heat the powder subjected to pressing (Fig. 1).
The SPS process heats the powder directly by the pulse
arc discharges, thus it can achieve very rapid heating rate
(~1,0007C/min.) and have a very high thermal efficiency.
As a result, materials densification by SPS is generally
very fast (within a few minutes) and can be achieved at
temperatures 200 to 5007?C lower than those used in
conventional sintering. The simultaneous application of
high amperage and high pressure makes SPS one of the
most powerful sintering techniques for processing of
alloys, ceramics, intermetallics, composites, functionally
graded materials, electronic materials and biomaterials.
The technique is especially useful for sintering nano
powders to achieve nanostructures due to limited grain
growth during rapid densification.

There is no SPS facility in Australia at the present time. A
consortium, led by Professor Yi-Bing Cheng of Monash
University, was successful in getting an ARC LIEF grant for
2009 to purchase an SPS facility. Members of the
consortium include Monash University, CSIRO, ANSTO,
Deakin University, University of Queensland and Curtin
University of Technology. The ARC Centre of Excellence
for Design in Light Metals also contributed to the grant
application. The overall budget, the LIEF grant plus
members’ contribution is $1.1 million. A state-of-the-art
SPS facility is expected to be installed at Clayton Campus
of Monash University later in the year. It is anticipated that
this novel materials processing technology would
significantly enhance the research and manufacturing
capability of the country.

Figure 1. Schematic diagram
of an SPS system
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Student & Staff profiles

Mr. Ju Beom (JB) Lim's research at
Monash University is focused in the
field of titanium powder metallurgy. He
is interested in the compaction and
sintering of titanium powder for hot
rolling under controlled atmosphere.
The target of his PhD project is to
determine effects of impurities on
consolidation of commercial pure Ti
Powder. It will develop a thorough
understanding of the fundamental
deformation mechanisms in titanium powder metallurgy
combined with the development of computer-based models
based on material and process parameters to optimise and
control processing conditions, leading to component of full
density with superior properties and performance using finite
element modeling techniques. It would contribute to cost-
effective near net shape manufacturing of Ti powder
metallurgy.

JB has two boys and one wife. One son is Hogun (five and half
years old) who started prep this year and the other is 4-month
old Morgan. JB’s wife is Eun-Ju Kim. One of JB’s favourite
sports is golf. He started playing in 2003 but is still a double
bogie player due to his boys (and wife!) keeping him busy.

Dr. Gang Sha is a Senior Research
Fellow at The University of Sydney and
has a strong research interest on
understanding, predicting and
controlling material microstructure
evolution and phase transformation
with an aim to optimise material
properties in service. His research has
focused on technologically important
engineering metallic materials with
important applications in energy,
aerospace and automotive industries. He uses a combination
of experimental and modelling approaches to access atomic-
scale information on microstructural evolution of materials,
enabling understanding, prediction and optimization of
material microstructure

The characterisation techniques he used include: Optical
microscopy, SEM, TEM, HRTEM, EDS and three-
dimensional atom probe tomography. He has developed 3-
dimensional Monte Carlo algorithms successfully to simulate
the decomposition of supersaturated 7xxx series Al alloys
and the embrittlement of pressure vessel steels, achieving
excellent agreement with experiments on solute cluster
chemistry, size and density evolution.

Gang is married with one child and lives with his wife,
Mingzhou Chu. In his spare time he enjoys playing
badminton, listening to classical music and pop songs. In the
past he has on several occasions played badminton behalf of
Oxford University in the Annual Oxford-Cambridge Chinese
Badminton matches.

x We are pleased to advise that following a formal review of the Centre in
ARC Centre REVI ew September 2008, the Centre has received and extension of funding to
31 December 2013. The Centre will receive $2.3m each calendar year to total $8.05m over the three and a half
year period. In 2005, the ARC provided funding of $24.4m under the National Competitive Grants Program, to

establish 11 ARC Centres of Excellence. In 2008, all 11 Centres were reviewed, and the ARC is extending their
funding to a total of $82.25m over three and half years from July 2010.

Further details on the review outcomes are provided on the ARC website at www.arc.gov.au
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Upcoming conferences

IV International Aluminum Conference and International
Aluminum Exhibition 2009

19-21 May 2009

Sao Paulo, Brazil

www.abal.org.br/expoalumin

European Titanium Conference 2009
23-24 June 2009

Birmingham, UK

www.namtec.co.uk

ICMAT 2009

International Conference on Materials for Advanced
Technologies

28 June-3 July 2009

Singapore

www.mrs.org.sg/icmat2009

LMT2009

28 June 1 July 2009
Surfers Paradise, Australia
www.lightmetals.org

THERMEC 2009

Sixth International Conference on Processing and
Manufacturing of Advanced Materials

25-29 August 2009

Berlin, Germany

www.thermec.uow.edu.au

Titanium 2009

13-15 September 2009
Waikoloa, Hawaii, USA
www.titanium.org

Magnesium

8th International conference on magnesium alloys and
their applications

26-29 October 2009

Weimar, Germany

www.dgm.de/dgm/magnesium

Joinour mailing list

If you would like to be placed on the ALTIMA mailing list, or
are interested in submitting articles for publication in the
newsletter, please send an email to
altima@eng.monash.edu.au, or visit the “Publications”
section of the Centre's website at
www.arclightmetals.org.au and fill in the subscription form.

Contact the Centre

Dr Astrid Nordmann is on maternity leave until April
2010. In her absence, enquiries may be directed to:

Marianne Johnston
Manager - Partnerships and Engagement

ARC Centre of Excellence for Design in Light Metals
Monash University

Wellington Road, Clayton, VIC. 3800

Tel: +613 9905 5791

Fax: + 613 9905 4940

Email: Marianne.Johnston@eng.monash.edu.au
Website: www.arclightmetals.org.au
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New Centre role

Due to increasing collaborations
between the Centre and external
organisations such as industry,
government research agencies, and
other higher education institutions, a
new Centre position, Manager -
Partnerships and Engagement has
been created.

Marianne Johnston assumed the role in March
2009 and will be responsible for leading the Centre's
initiatives in external relations and implementing,

managing and coordinating all research
partnerships and community engagement activities
ofthe Centre.

Prior to this role Marianne worked as Operations
Manager for the ARC Centre of Excellence in
Structural and Functional Microbial Genomics,
another Monash University Centre of Excellence, in
the Faculty of Medicine Nursing and Health
Sciences, School of Biomedical Sciences.

As Dr Astrid Nordmann is presently on maternity
leave, general and/or operational queries regarding
the Centre may also be directed to Marianne in
Astrid's absence.

Our partner universities

¢ Monash University
Department of Materials Engineering

e University of Queensland
School of Engineering

¢ University of New South Wales
School of Materials Science and Engineering

¢ Deakin University
School of Engineering and Technology

e University of Sydney
Australian Key Centre for Microscopy and
Microanalysis

e University of Melbourne
Department of Mechanical and Manufacturing
Engineering

THE UNIVERSITY OF
NEW SOUTH WALES

AUSTRALIA
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B Australian Government

&g Australian Research Council




