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About Us

Areas of Expertise

Our group, located at Deakin University’s Burwood Campus, has
a research focus on addressing the grand challenge of our time,
anthropogenic climatic change, by developing new solutions for
construction materials, built infrastructure and our interaction with
the environment, with:

Our team has a breadth of expertise in construction and natural
materials, sophisticated analytical techniques, and computer
modelling techniques, including particular expertise in the
following areas:

•	Advanced construction materials having enhanced performance
and added functionality
•	Novel structural health monitoring technologies and predictive
models
•	Reduced embodied carbon construction materials, including
utilising waste resources in a circular economy
Our materials science and engineering solutions are helping to
lower carbon emissions, value add and reduce lifetime costs of
structures through application of our areas of expertise in the
development of: concretes incorporating carbon nanotubes with
enhanced strength, durability and functionality; low-cement
concretes employing high replacement of calcined clay materials,
including from heat-treated and reclaimed PFAS contaminated soils;
novel, embeddable self-sensing cements with miniature sensors for
structural and durability health monitoring; thermoelectric energy
harvesting and electrical energy storing construction materials
for net-zero energy use buildings; alternative mineral-based
composites for infrastructure.
Combined with a comprehensive technical understanding of these
materials and dissemination of academic results, together with our
Industry Partners, we are taking these technologies from the lab to
the real world.

•	Fabrication and characterisation of advanced cementitious
composites incorporating nanoadditives and microadditives,
with enhanced strength, durability and multifunctionality, for
higher early-strength, longer service life and greater durability
construction materials, leading to cost savings, value-adding
and environmental benefits with their use
•	Advanced characterisation techniques – Fourier Transform
Infrared Spectroscopy, X-ray diffraction, thermogravimetric
analysis, neutron scattering, scanning electron microscopy,
X-ray computed microtomography
•	The use of supplementary cementitious materials and low
CO2 concrete formulations
• Concrete service life condition assessment and prediction
• Clay-based materials for cement replacement, corrosion
protection barriers, landfill liner applications and industrial
waste containment solutions

’Together with our
Industry Partners,
we are taking these
technologies from the
lab to the real world.'

Capabilities
Our laboratory facilities include a full suite of fabrication and
testing capabilities for cementitious materials for fresh
testing (including rheology), hardened properties testing –
mechanical testing, durability, composition and microstructural
characterisation – and advanced properties testing, including
electrical, thermal and analytical characterisation.
We also have access to complementary areas of expertise, with
leading experts in fields as diverse as electrochemistry, surface
chemistry and corrosion, fibre technologies, chemical synthesis,
electronics, networks and machine learning.
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Recent projects
Ultra-high-performance nano-modified cement and concrete
This project will impart concrete with extraordinary functionality with the addition of a novel nanomaterial with extraordinary strength, heat
resistance and electrical insulating properties. It will utilise the extensive understanding of the addition of carbon-based nano additives,
specifically CNTs, that the group has previously developed over more than 10 years’ experience.
The resulting cementitious nanocomposite may be suitable for a range of high-performance applications, particularly for high strength, high
temperature, sensor or high corrosion resistance applications, and may provide electromagnetic interference (EMI) shielding capability to
concrete structures.

Selected projects with Industry
partners
Defence PFAS Directorate
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The team is conducting field trial
case studies at multiple Defence
sites where heat-treated remediated
(previously PFAS contaminated) soil
serves as fine aggregate replacement
in concrete structures.
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A review of aggregate and
concrete test data provided by
CCAA customers, and a review of
literature on the effects of porous
aggregate on concrete performance
and specifications testing, which
included laboratory assessment of
the porous aggregate for concrete
durability specifications.
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Environmental Protection
Authority, Victoria
Review of academic literature on
the interaction of per- and polyfluoroalkyl substances (PFASs) and
landfill components, to provide
guidance to the Victorian EPA
regarding the potential sources of
these potentially hazardous materials
destined for landfill, their known
and anticipated interactions with
the composite liner systems used in
landfills and approaches to monitor
potential leaching of PFAS from
landfills in Australia. [4]
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Figure 1: Comparison of 1-, 7-, and 28-day compressive strengths for concrete laboratory mixes with OPC at 0-10 wt.% CNT admixture
addition. Modified from [3]
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Ongoing and
proposed projects
Australian Research Council Special Research
Initiative PFAS Remediation Program

Low-carbon concretes with calcined clay and other supplementary
cementitious materials

Per- and poly-fluoroalkyl substances (PFAS) are persistent environmental
contaminants. The widespread use of PFAS in consumer products (e.g., textiles,
carpets, water-proofing) and in aqueous film forming agents (AFFF) for firefighting
at government (e.g. Defence, fire authorities) and private (e.g Airports) facilities in
Australia has led to extensive contamination of land, surface and ground waters,
and infrastructure by PFAS. This project, conducted in conjunction with Industry
partners, aims to provide a holistic waste-to-resource remediation strategy for PFAS
contamination and create new materials from combinations of waste streams for the
high temperature destruction of PFAS. An important goal of the project is to reclassify
wastes from high temperature treatment as resource materials in construction and
remediation, and to turn waste products into valuable resources, thereby minimising
the volume of wastes going to landfill [5].

Cement production is traditionally a carbon-intensive
industry, and with growing public awareness of the
widespread detrimental effects of CO² emissions on
our planet, a significant amount of research has been
conducted on alternative cementitious materials
with a lower carbon footprint. As a supplementary
cementitious material (SCM), calcined clay (CC)
pozzolana have been used by the cement industry since
the early 1950s; however, more recently, numerous
research and industrial projects have focussed on the
understanding and wider-scale application of these
alternative binders. Fortunately, clay materials with
appropriate properties to become highly-pozzolanic
calcined clays are available in large quantities
worldwide, making them a perfect candidate for partial
replacement of the ordinary Portland cement (OPC) in
combination with limestone and other supplementary
cementitious materials.

In this study, the utilisation of a high-kaolinite content
CC was investigated for use in concrete, with a focus
on the fresh properties of the CC-OPC blended binder.
Selected outcomes from this project [6]:
•	Initial water uptake plays a key role in the fresh
properties of CC-OPC concrete
•	Rapid water uptake of the CC-OPC binder resulted in
a very low concrete slump
•	Particle size and shape of the binder may influence
the plastic viscosity of the concrete, and may impact
the pumpability of the freshly mixed low-carbon
concrete
•	A polycarboxylate-based superplasticiser helped
eliminate issues associated with the poor
workability of the CC-OPC concrete
•	CC-OPC concrete exhibited about 21% greater
strength than OPC concrete after 7 days’ hydration,
and comparable strength at other ages up to 56
days, with 20% OPC replacement
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Figure 2: Holistic waste management approaches for PFAS impacted
soils and other contaminated materials
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Figure 3: Comparison of compressive strength with age of concretes with
OPC and 20% CC-OPC blend with and without superplasticiser [6]
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Energy harvesting and storing
construction materials

Smart and innovative self-sensing concrete
for resilient concrete infrastructure

Sustainable utilisation of critical
minerals

Novel mineral based building materials

Creation of an energy-harvesting concrete, that uses ambient
temperature gradients, as for example, occur in the "heat islands"
of modern cities, will address the pressing global challenge of
energy sustainability. Thermoelectric concrete will produce
renewable and low carbon electricity totally passively, with out the
need for direct sunlight, and will enable energy harvesting from
all concrete infrastructure including pavements, building facades,
bridges and other built structures.

The future for durability assessments of reinforced concrete
infrastructure will be through innovative means to monitor the
full-volume using non-destructive, non-contact self-diagnosis
technologies and casting tracers. Deterioration of ageing
infrastructure consumes 3.8% of global GDP and impacts our
socio-economic and environmental wellbeing. Extension of the
useful service life is thus imperative through structural health
monitoring to effect efficient and timely maintenance interventions,
socioeconomic and environmental benefits. Traditional methods
of structural health monitoring are expensive, time-consuming and
invasive. Sensor technology is limited to continuous monitoring at
specific parts of any given structure.

This proposed project will explore multiple facets of the critical
minerals industry – extracted resources, such as rare-earth
elements, platinum group elements, lithium, magnesium,
chromium and other elements, critical for the worldwide
manufacture of electronics, energy generation and storage
technologies, advanced alloys and many other high-tech areas.

This project will demonstrate how bio- and geo-inspired durable
building materials (e.g., plaster board sheeting, insulation panels,
cladding, flooring products) can be made from inexpensive low
carbon footprint primary and waste resources. Naturally occuring
biocementation reactions will be harnessed to combine
atmospheric CO2 with added calcium and magnesium rich minerals
to transform an industry globally worth nearly $US20 billion.

Progress to-date has demonstrated up to 20,000-times greater
thermoelectric generation than previously reported. If verified, this
project will be World first project demonstrating a technically viable
and economically feasible method for sustainable, passive energy
generation employing energy harvesting in structural concrete.
Successful completion will result in a disruptive technology with
far-reaching consequences for sustainable and resilient energy
generation, and critically on the environmental impact of concrete
infrastructure.

•	Extraction and primary use – encompassing the sustainable
extraction of critical minerals from ore wastes for use in
growth industries including energy storage and electronics.
•	Wastes and secondary use – addressing the value-added
utilisation of wastes produced from extraction, diverting
these materials from landfill, and providing alternative
sources for binder materials (or supplementary cementitious
materials) for construction applications.

Complementary to the development of an energy-harvesting
concrete composite, we are developing an energy storing concrete,
providing localised rechargeable electrical energy storage capacity
in a structural material for resilient, multifunctional and high
production volume infrastructure applications. It will fill key
knowledge and technology gaps in energy self-sufficiency and
sustainability of built infrastructure.
Project success will contribute to tackling the critical global
challenges of anthropogenic climatic change and sustainable energy
storage for renewable energy by enabling the fabrication of robust,
large-scale and localised electrical energy storage integrated within
the structure of buildings where the energy is generated and used
– for example, from roof-mounted photovoltaics – with high safety,
due to the non-flammability, strength and durability of concrete,
and high storage capacity from the large total volume of concrete
used, despite the low capacity per unit volume of the material
when compared with existing energy storage technologies.

In collaboration with Industry leaders in the minerals extraction,
energy materials and construction materials fields, as well as
other areas, research and development will be conducted into
the following areas:

Figure 5: Sensors created for durability self-sensing cementitious
materials. From [7]

•	Multifunctionality – investigating the added functionality
of the waste materials from critical minerals extraction
for functional applications, especially in conjunction with
construction, such as for self-sensing, energy harvesting and
even structural self-healing applications.
•	Extreme environments – utilisation and secondary treatment
of extraction wastes for additional applications and novel
environments, including the treatment of naturally-occurring
radioactive materials, sustainable secondary treatment
technologies, implications for efficient extraction of minerals
in extra-terrestrial environments (lunar and Martian
environments), as well as consideration of climate change
effects and emissions reduction potential.
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