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The Shifting Paradigms of Industry
1st
2nd

Chemicals, metals, machinery (before 50’s)
Oil, plastics, automation, silicon-based
microelectronics (50’s(50’s-90’s)

3rd

Biotechnology and information technology
+
Nanotechnology based materials and devices

This new wave of industrial innovations requires early
integration of science, technology and manufacturing to
achieve world class product and services
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Where Nanotechnology Leads
• NearNear-term significant impact areas (10 years)
– Materials for functional coatings, catalysts, pollution
control, fuel cells ...
– Controlled drug release, biomaterials
– Nanoelectronics,
Nanoelectronics, optoelectronics

• Revolutionary breakthroughs in the longer term
(10(10-40 years)
– SelfSelf-replicating molecular nanorobots for mopping out
cancel cells & killing viruses
– Quantum computers –shrinking US Library of Congress
on a watchwatch-sized computer
– Smart displaying paints –wireless, colourcolour-changing,
communicating, solarsolar-powered

Nanotechnology R&D in Australia
• CSIRO (Commonwealth Scientific and Industrial
Research Organisation)
– Divisions: Molecular sciences, Manufacturing, Physics
and Telecomm.

• Universities
– Universities of Queensland, Melbourne, Sydney, NSW,
Monash, UTS, Wollongong, Aust National Univ.

• Private companies
– Advanced Powders Tech, Micromiser, Nanoquest,
AMBRI
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Government Policy Directions
Science and Industry Policy and funding agencies:
Dept. Industry, Science and Resources, and Aust Res Council
• DISR survey to establish a national register of capabilities in
nanotechnology
• A staged approach to nanotechnology development with a well
developed R&D strategy focusing on short and long term
commercial outcomes.
• An Expert Panel/Steering Committee is being established
• Pro-active cross-discipline nanotechnology network with
collaborative research programs
• Creation of a Centre of Excellence funding schemes (could be in
CRC rounds and ARC funding schemes)
• Support for commercial incubators and startups for nanotechnology
products
http://www.nanotechnology.gov
gov.au/
.au/

http://www.nanotechnology.

Nanotechnology Research in CSIRO
•

Nanobiodevices
–

•

Clean manufacturing and products
–

•

Improved cosmetics and sunscreens

Communications
–

•

Supercapacitors using high surface area carbon

Health
–

•

UV-resistant plastics, textiles, paints

Energy
–

•

Molecular self-assembled biosensor

Carbon nanotubes for display screens

Security devices
–

Nano-patterning techniques (plastic banknotes)
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Effect of Particle Size on Absorbance of Light

Absorbance

Absorbance
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Dispersions of 17 nm ZnO
particles are quite transparent in
the visible but strongly UVabsorbing
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ØCSIRO and Micromiser Pty Ltd;
Ø60% of Australia market

Carbon Nanotubes
• Leading edge
capability in low-cost
production and
surface modification
of large-scale aligned
and micro-patterned
carbon nanotubes
• Dr Albert Mau and Dr L
Dai, Molecular Sciences,
CSIRO
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Key Research Projects in Universities
1. Nanotechnology for Electronics
•
•
•

Silicon-based quantum computer (Michelle Simmons and Bob Clark,
Centre for Quantum Computing, UNSW)
Nano-films for quantum photonics ( Barry Luther-Davies,
Australian Photonics CRC, Australian National University)
Quantum Dots and Other Nanoparticles (Paul Mulvaney, University of
Melbourne)

2. Advanced materials and Nanocomposites
•
•

Polymer clay-nanocomposites (Darren Martin &Pete Halley, Nanomac,
Uni. Queensland)
Nanocomposites and advanced materials (Barry Muddle, Monash)

Key Research Projects in Universities
3. Nanomaterials for energy & environmental applications
• Novel nanoparticles for Photocatalytic water purification and
Nanoporous molecular sieves for air pollution and clean catalyst, fuel
cells
( Max Lu and Joe da Costa, The NanoMaterials Centre,The University
of Queensland)
• Carbon nanotubes for hydrogen storage (Mick Wilson, UTS, Sydney)

4. Nano-biotechnology and biomaterials
• Nanobiotechnology –biochips and protein separation (Milton Hearn,
Monash University)
• Biomaterials and colloid particles for DNA sequencing (Matt Trau, UQ)
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Nanomac is a UQ Centre of Excellence (2000)
Currently four core research programs:
• Nano-dots, nanowires and nanotubes for quantum computing,
smart sensors and energy storage;
• thin films and membranes for gas separation and purification, solar
cells and sensing;
• nanoporous materials for advanced separation, purification and
catalysis, and
• polymeric nanocomposites for a wide range of applications and
products

- 25 researchers
- $1.1 millions p.a.

Nanoporous Materials by
Molecular Templating
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• Molecular templating
(AluminoAlumino-silicate +
organic templates)
– Single solvated
organic molecule or
metal ion - zeolites
– selfself-assembly of
surfactant array M41S materials
– Similar to
biomineralisation in
nature
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Nanoporous Materials

Catalyst
precursor

Pt nanowire
3.4 nm

TEM Images of Mesoporous Materials
1D Nanoporous AlPO

2D Nanoporous Silicate

4 nm

2 nm
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SuperSuper-sponge for heavy metal pollutants

0.5 g/g thiol - modified MCM - 41

Nanomaterials Developed by Nanomac
(1) High surface area Alumina nanofibers –for adsorption,
catalysis, and high performance ceramic reinforcement
(PCT international patent)
(2) Novel nanoparticle photocatalysts for water quality
control and air purification (Aust Patent)
(3) Molecular sieve thin film membrane for H2 separation in
fuel cells, and gas separation in process industries
(PCT)
(4) Transition metal oxide nanoparticles in exfoliated
silicates for advanced catalytic applications, and gas
sensors (PCT)
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Challenges to industry and academia
•

Manufacturing: design,
esign, manufacturing, and system
integration of nanodevices and materials

•

Sustainability: address triple bottom-line (profits,
environ and social) when developing
nanotechnology products and services

•

Research Training: to create a new breed of
researchers working across traditional disciplines
and thinking "outside the box“

•

Education: to change current science and
engineering curricula to incorporate nanoscale
science concepts, and nurture the scientific and
technical workforce for the next century

Concluding remarks
• Nanotechnology represents a new paradigm in science
and technology – logical convergence of all sciences and
engineering
• Nanotechnology in Australia has emerged to be a key
priority of governments with the realization that it
creates whole new classes of products and services,
consequently markets, not necessarily relying on the
existing industries.
• Nano is definitely the next BIG thing in Australia as
elsewhere in the world, but it is a huge interdisciplinary field. It requires more cross-disciplinary
and cooperative efforts to make an impact
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