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ABOUT THE INSTITUTE FOR FRONTIER MATERIALS
Located at the Geelong Waurn Ponds Campus and Melbourne Burwood Campus, the Institute for Frontier
Materials at Deakin University addresses some of the major challenges to society through innovations in
materials design and performance. We are a vibrant, multicultural research institute, with a team of over 300
researchers including, more than 150 higher degree researchers from all over the world with backgrounds in
disciplines such as engineering, chemistry, textile science or molecular modelling.
IFM’s vision is to lead and inspire innovations in materials science and engineering that have a
transformational benefit to society.
Our mission is to create and translate knowledge at the frontier of materials science for globally raised
standards of living by:
•
•

Re-designing materials for a circular economy
Imparting materials with extraordinary functionality

Through excellence in research quality, translation, training, and research culture.
IFM’s researchers work in multi-disciplinary, collaborative teams across four core research areas:
•
•
•
•

Advanced alloys and infrastructure materials
Carbon fibre and composites
Fibres and textiles
Electro and energy materials
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CORE RESEARCH AREAS
ADVANCED ALLOYS AND INFRASTRUCTURE MATERIALS
IFM’s work on advanced alloys and infrastructure materials extends from fundamental to industrial scale. Our
research is designed to increase profitability and competitiveness, extend product life and reduce energy
consumption.
Advanced Alloys
Working with researchers in artificial intelligence, IFM researchers have created cutting-edge software that
accelerates alloy design and optimises alloy processes, compared to traditional “trial and error” techniques.
The ARC Training Centre in Alloy Innovation for Mining Efficiency (mineAlloy), led by IFM, is training innovators
to design the world’s best highly customised, long-life, wear-resistant components. Our research involves rapid
development of customised alloys using 3D printing and novel characterisation.
Infrastructure Materials
IFM researchers are developing new solutions to address corrosion and durability. In the area of corrosion
prevention, they are working with oil and gas industries, mining, defence and aerospace. Major areas of
research are corrosion monitoring and prevention, bio-corrosion, and coatings and inhibitors for surfaces and
interfaces. Some of this work is carried out as part of the Future Fuels Cooperative Research Centre.
CARBON FIBRE AND COMPOSITES
The Carbon Nexus pilot plant based at IFM is a unique carbon fibre facility with a suite of equipment available
to researchers and industry.
Carbon Nexus incorporates open-access infrastructure designed to manufacture carbon fibres, textile preforms and composites. The group’s research themes were developed in response to industry needs.
•
•
•
•

low-cost carbon fibre
high-performance carbon fibre
surface treatment and sizing of carbon fibre
rapid composite cure.

Carbon Nexus researchers work with industry leaders, such as Vestas and Boeing as well as smaller companies,
to address problems and improve performance under these overarching themes.
Our researchers look at problems, ranging from the fundamental scale, e.g. surface chemistry of carbon fibre
and composites, to the design of products made from composites, such as automotive components and
defence apparel.
ELECTRO AND ENERGY MATERIALS
Developing reliable energy storage solutions is vital for a successful transition to renewable energy sources.
Battery technology is a key focus of IFM’s research in this area, which includes a prototyping facility for new
generation batteries (BatTRI-Hub). Through our advanced NMR facility, researchers can apply NMR imaging to
the study of electrochemical processes, such as corrosion and battery discharge with the potential to make
ground-breaking advances in understanding of the molecular-level operation of these devices.
IFM researchers have pioneered research into novel electrolytes and alternative battery technologies, such as
sodium and metal-air batteries. Working with a number of industry partners, and through the ARC Training
Centre for Future Energy Storage Technologies, the IFM team continues to lead advances in these areas, with
applications for transport, renewable energy storage and sustainable recycling of critical energy materials.
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Another group at IFM is focusing on new battery materials and developing high energy density electrodes,
through the new ARC Industrial Transformation Research Hub for Safe and Reliable Energy. They are
developing a new generation of technologies for storage from small-scale portable devices to large-scale
industrial applications, using recycled and natural materials, and eliminating the serious fire risk in current
technologies.
FIBRES AND TEXTILES
The Institute for Frontier Materials is home to Australia’s largest fibre and textile research group. The IFM
team has broad expertise and capability across fibres and textiles, with a strong focus on improving the
sustainability of the textile industry across the supply chain, including pathways for adding value to textile
waste.
Producing functional fibres and textiles, re-purposing and recycling textile waste, and designing new materials
and processes to add value to textiles are just some of our key research strengths.
We have a multi-disciplinary team, consisting of textile engineers, fibre technologists, material scientists,
physicists, chemists, biologists and polymer scientists, focused on driving innovation toward new circular
materials and technologies.
Much of this research is carried out in the ARC Research Hub for Future Fibres, which is led by IFM. In
partnership with several highly innovative companies and international research leaders, the Hub is
accelerating transformation of Australia’s traditional manufacturing industry to a vibrant future-fibre oriented
advanced manufacturing sector.
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FACILITIES
The Institute for Frontier Materials has a wide range of highly specialised, state-of-the-art equipment and
facilities for materials science research.
One of the features that sets us apart from other research centres is the ability to perform research across the
size scales – from research at the atomic and molecular scale all the way to pilot industrial scale.
IFM’s Advanced Characterisation Facility provides a unified platform of advanced characterisation facilities and
expertise for materials research, including electron microscopy, X-ray and nuclear magnetic resonance
facilities.
Our advanced fibre/composite facilities include Carbon Nexus – a purpose-built facility for pilot-scale carbon
fibre and composite research.
Our fibre and textile research capability includes testing, prototyping and scale-up facilities. Our infrastructure
capability integrates industrial and pilot-scale equipment across the entire textile supply chain.
IFM’s advanced metals manufacture facility houses a suite of equipment to develop lighter and stronger alloys,
including a breakthrough additive manufacturing technology (MELD) and a 3D roll forming facility for low
volume part manufacture and prototyping.
Energy storage research is tested in the BatTRI-Hub – a prototyping facility designed to demonstrate new
energy storage technologies at a practical prototype level.
In the area of infrastructure materials and corrosion prevention, our research focuses on improving the
efficient use of concrete using lower embodied energy and emissions requirements; and enhancing durability
to extend the service life and functionality of built infrastructure.
IFM has a large range of facilities for nanomaterials synthesis and processing. These facilities are designed to
help us create new nanomaterials for use in technologies such as large-scale energy storage and efficient heat
dissipation.
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PROJECTS
ADVANCED ALLOYS AND INFRASTRUCTURE MATERIALS
The advanced alloys group combines world-leading research in the development of new, high-performance
alloys, metal forming processes and lightweight design initiatives.
In the area of infrastructure, our research aims to prolong infrastructure life as well as to improve design of
infrastructure for reduced maintenance underpinned by smart, predictive technology.
Research leaders
Advanced Alloys
Professor Matthew Barnett, Director Institute for Frontier Materials
A/Professor Daniel Fabijanic
Infrastructure Materials
Professor Frank Collins
A/Professor Will Gates

NOVEL FRACTURE PROPAGATION MATERIAL CHARACTERISATIONS
Principal Supervisor: Dr Jingsi Jiao
Associate Supervisor: Dr Hadi Mohamadi Azghandi; Dr Qi Chao
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Natural gas transmission pipelines are pressurised vessels because high pressure is applied
to efficiently transport the gas from remote regions to public use. It is one of the most economical
transportation methods for the industry. Pipeline infrastructures are in fact critical to Australians in many ways
and generates many employment opportunities across a wide range of engineering disciplines. Given that the
strong global need for ‘greener’ energy alternatives, the demand for gas transportation continuously increases
over the last decade.
From the material science point of view, over last decades, to ensure pipeline operational security, line pipe
steels are designed to be more and more ductile with an increase in strength. Consequently, their potential
failure mode has changed from brittle to ductile fracture, which leads to a limited applicability of the
previously applied methods that quantify the material resistance developed for brittle fracture. In the work
[1], a novel concept Omega was proposed for better describing the metallic material’s resistance to ductile
fracture. Preliminary results showed that the method can provide more economical and accurate evaluations
for given steels under a wide range of loading, strain rate, and geometrical conditions. Promising potentials
indicate that it is of critical to conduct further analyses – in order to establishing a solid foundation for the
novel concept to be well received and recognised for the industrial as well as academia communities.
[1] JIAO, J. Gervasyev, G. Lu, C. Barbaro, F. 2021. A novel measure for the material resistance to ductile
fracture propagation under shear-dominated deformation. Theoretical and Applied Fracture Mechanics.
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As foregoing discussions, the work was originated from the very core need of the booming pipeline industry
yet provides a rich flavour for the students who are also keen to explore and experience the beauty of
fundamental scientific research – a mixed of real-life industrial applications, edge-cutting experimental gears
and fascinating material mechanics:
1.
2.
3.

Developing detailed understanding about the Omega concept and further promoting its economical
advances toward industrial standardisations.
Experimentally and numerically exploring size limitation of the concept – from macroscopic to
microscopic scales.
Based on the knowledge obtained from points 1 & 2, the theoretical and experimental foundations
required to construct a fracture initiation/propagation criterion to be built, to be numerically
implemented and to be experimentally validated with a broad range of materials (steels and
aluminium – for broader industrial applications).

ANTIMICROBIAL SURFACES PRODUCED BY PLASMA ELECTROLYTIC OXIDATION.
Principal Supervisor: Dr Santiago Corujeira Gallo
Associate Supervisor: Julie Sharp
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Antimicrobial surfaces hinder the growth of microorganisms, and they can be used in a
wide range of applications, such as: to reduce the spread of pathogens on public surfaces (elevator buttons,
door handles and ATMs), to eliminate biofouling in systems that operate in wet or high humidity conditions
(air conditioners, drain filters) and to decrease the incidence of infection after implantation of biomedical
devices (plates, pins, screws). The antimicrobial effect can be associated with the presence of an active
element (silver, copper, zinc) or by the surface morphology (roughness, pore size). This project will explore the
use of plasma electrolytic oxidation (PEO) to create antimicrobial surfaces on aluminium and titanium alloys.
The electric discharge conditions will be adjusted to modify the morphology of the treated surfaces. What is
more, the surface chemistry of the coatings will be modified by changing the PEO electrolyte composition,
either by introducing elements in solution and/or nanoparticles in suspension (Ag, Cu, Zn nanoparticles), and
by conducting post treatments in water and in different sealing solutions.
a)

c)

b)

a) Aluminium samples surface treated with plasma electrolytic oxidation, b) electron microscopy image of
the PEO treated surface and c) illustration of the antimicrobial properties.
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The coatings will be analysed using advanced characterisation techniques (electron microscopy, atomic force
microscopy, x-ray diffraction, etc.). The antimicrobial activity of the coatings will be assessed using cell
cultures. The testing program will also include hardness measurements, scratch resistance and electrochemical
corrosion testing to assess the durability of the coatings and their antimicrobial effect.

EMERGING 3D PRINTING OF DENTAL CERAMICS
Principal Supervisor: Dr Luhua Li
Associate Supervisor: Dr Hadi Mohamadi Azghandi; Dr Qi Chao
Location: Geelong Waurn Ponds
Available as: PhD
Project description: The global Market of dental materials was US$ 5.4 billion in 2019 and is predicted to reach
US$ 8 billion by 2027. Ceramics are currently extensively used in dentistry as restorations and implants,
dedicating a dramatically increasing portion of the market. In contrast to the complexity and inefficiency of the
conventional manufacturing procedures of dental ceramic restorations, i.e. hot pressing/investment and CAD,
3D printing has the potential to revolutionize the field by providing unprecedented efficiency, feasibility,
customizability and accuracy of dental ceramics. However, the studies on 3D printing of dental ceramics are
very limited, and the techniques are far from mature.
This cutting-edge project aims to develop pioneering technologies on 3D printing of advanced ceramic
materials for dental applications. The mechanical, optical, chemical, tribological etc. properties of the printed
materials along with the microstructures will be systematically investigated using the state-of-the-art material
characterisation facilities at Institute for Frontier Materials.

CERAMICS COATINGS FOR SPACE APPLICATIONS
Principal Supervisor: Dr Santiago Corujeira Gallo
Location: Geelong Waurn Ponds
Available as: PhD
Project description: CubeSats or micro-satellites are attracting increasing attention because of their low cost,
high versatility and rapid deployment. Their small size limits the supporting systems onboard, such as thermal
management systems. As a result, CubeSats rely on passive solutions to keep the temperature of the satellite
constant. To this end, surface coatings with tailored thermal and optical properties play a critical role. Plasma
electrolytic oxidation (PEO) is a promising technology to produce high-quality thermal barrier coatings on
titanium, aluminium and magnesium alloys. The technology is simple and low-cost, and the coatings are well
bonded to the substrate. More importantly, the chemical composition, thickness, porosity and emissivity of
the coatings can be tailored to the requirements of the mission by controlling processing parameters, mainly
the electric discharge conditions (pulse frequency and duty cycle) and the electrolyte composition (elements in
solution or in suspension).
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This project will develop ceramic coatings for CubeSats using the plasma electrolytic oxidation (PEO)
technology. The coatings thermal and optical properties will be tailored to different requirements by changing
the composition of the electrolyte and/or introducing nanomaterials in suspension.
a)

b)

a) Aluminium samples surface treated with different PEO conditions,
b) electron microscopy image of the PEO treated surface and
c) illustration of micro-satellites in low Earth orbit (ESA).
The coatings will be analysed using advanced characterisation techniques (electron microscopy, atomic force
microscopy, x-ray diffraction, etc.). The thermal and optical properties will be studied by laser flash analysis. The
assessment will include bond strength and scratch resistance, fretting wear and oxidation resistance of the coated
materials.

ROLL FORMABILITY OF ALUMINIUM ALLOYS
Principal Supervisor: Dr Thomas Dorin
Associate Supervisor: Dr Matthias Weiss, Marianna Paulino
Location: Geelong Waurn Ponds
Available as: PhD
Project description: To further weight saving initiatives from the automotive industry, Aluminium
manufacturers are currently looking into roll forming as a potential manufacturing route for Al automotive
parts. Roll forming is an incremental bend forming process and has been extensively studied to form high
strength steel. However, very little work has been carried out on the roll formability of high strength
aluminium alloys. Recent work performed by Deakin as part of a small- scale seed project has revealed that
conventional design rules developed for steel do not apply to Aluminium.
It was shown that there is a clear mismatch between the UE/TE and the bend forming limit of high strength
Aluminium. This suggests that to achieve high fracture limits in bending, the optimum alloy composition, heat
treatment and microstructure is likely different to that required for high tensile ductility.
Significant wrinkling occurs when roll forming high strength aluminium alloys. This could not be reproduced by
numerical models developed for steel. Initial results indicated that residual stresses and/or microstructure
effects in the Aluminium strip reduce the bending yield strength and may lead to a lower buckling limit in the
Aluminium compared to steel.
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To enable widespread application of high strength, roll formed Aluminium components in the automotive
industry new alloy design approaches need to be developed that target forming limits in bending instead of
uniaxial tension. In addition to this reliable material models need to be established for CAD and FEA supported
process design. For this the micromechanics that underpin fracture limits and wrinkling behaviour need to be
understood.
Aim: To develop the fundamental understanding of microstructure effects on the material behaviour and
forming limits of Aluminium in bending dominated forming.
Objectives:
1.
2.
3.

Development of a fundamental understanding of the relationship between microstructure and
fracture limits in bending, tension and roll forming.
Establishment of numerical and analytical models for process design.
Development of microstructure optimisation strategies to improve roll formability.

The study will establish the microstructural mechanisms that control the plane strain behaviour of high
strength Al alloys. This knowledge will be used to better understand practical forming limits in the roll forming
of aluminium alloys and will provide strategies to avoid defects such as wrinkling. This project will involve
conducting various mechanical testing and the use of electron microscopy to study the alloys microstructure.

HEA ALLOYS BY ALTERNATIVE POWDER ROUTE
Principal Supervisor: Professor Peter Hodgson
Associate Supervisor: Honorary Professor Rimma Lapovok
Location: Geelong Waurn Ponds
Available as: PhD
Project description: A comparative study of two fundamentally different concepts for the production of high
entropy alloys in respect to microstructure and mechanical properties is the focus of this research. The nonconventional alternative route is based on a combination of mechanical alloying and consolidation of powders
via severe plastic deformation (SPD) processing. It is expected to result in attractive nanostructures and new
phases with enhanced mechanical properties.
A comparison of the SPD powder route with conventional melting and casting will be undertaken for refractory
high-entropy alloys, namely HfNbTaTiZr and HfNbTiZr, produced by vacuum arc melting and subsequently
rolling. The powder SPD route will consist of two severe plastic deformation processes with different ranges of
hydrostatic pressure, strain and temperature. The blend-elemental (BE) powder pre-compact formed under
high hydrostatic pressure will be subjected to multiple revolutions of high-pressure torsion (HPT) or multiple
passes of equal channel angular pressing (ECAP) at temperatures ranging from 20 to 400℃, with strains higher
than 400% and up to 1000%. The fundamental mechanism of accelerated diffusion and non-equilibrium phase
formation under severe plastic deformation and high hydrostatic pressure will be studied. The mechanical
properties will be compared in respect to the nanostructures and phases formed.
The impact of this research is expected to be the discovery of a novel, energy effective method for HEA
production. It is anticipated that HEA made by SPD powder route will have also enhanced mechanical
properties compare to the conventional cast route.
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METAL MATRIX COMPOSITES WITH HETEROGENEOUS STRUCTURES
Principal Supervisor: Professor Peter Hodgson
Associate Supervisor: Honorary Professor Rimma Lapovok, A/Professor Dan Fabijanic
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Heterogeneous materials are a new class of materials with superior combinations of
properties far away from the properties of the individual constituents or their average properties, which are
not accessible in their homogeneous counterparts. One of the approaches the formation of chemically
heterogeneous metal matrix composites with a range of multi-sized domains, produced by severe plastic
deformation (SPD) methods.
It has been demonstrated that SPD combined with the superimposed hydrostatic pressure improves the
bonding between particulate metals. This improvement is rationalized in terms of superior particle contact and
enhanced self-diffusion, obtained by creating additional diffusion paths (SPD-induced defects) such as ordered
shear band networks and local lattice distortions. In UFG grain metals produced by SPD in conjunction with the
superimposed hydrostatic pressure the diffusivity is enhanced substantially. In some cases, this enhancement
goes well beyond what would be expected from the contribution of grain boundary diffusion due to increased
grain boundary area The usefulness of SPD methods has been shown for metal matrix composites, such as
Ti/Al, Al/Cu, Cu/Ag, Cu/Zr, Al/Sc. and others.
The composite for study in this project is based on combination of Ti-6Al-4V particles with Al-Si powders. It is
expected to observe a reinforcing effect originating from a variety of strengthening mechanisms, including
grain refinement -, grain boundary -, dislocations -, solid solution -, and second phase strengthening. Good
ductility is also expected due to large strain gradients near interfaces, the width of which is enhanced by
severe plastic deformation. A study of the role of size distribution, volume fraction of constituents and SPD
parameters on formation of chemically heterogeneous structures in this composite and its properties will be
performed.

NEW ALLOYS FOR RECYCLING: DISRUPTING THE CURRENT PARADIGM.
Principal Supervisor: Professor Matthew Barnett
Associate Supervisor: A/Professor Daniel Fabijanic
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: This project will create new capacity to realise value from metals that have reached the
end of their life. Although alloys are readily remelted and reused, current recycling technologies do not
provide sufficient economic return in the Australian context. As a result, Australia exports $130M worth of
scrap stainless steel, nickel and titanium each year and more than 500,000 tonnes of metal are sent to landfill.
These exports represent an opportunity to create up to $500M AUD in extra value onshore with the overall
metal recycling potential estimated to be as much as $2B AUD per year. The challenge is how to create new
technological pathways to realize value from our stocks of metal scrap? This project will disrupt the idea that a
high value advanced alloy needs to be a precision blend of elements. This will create opportunity to produce
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new high value alloys from intermingled metal stocks that are currently ‘downcycled’ or disposed of because
they are too costly to separate and purify. The project will examine how multiple elements in an alloy can be
interchanged without adversely affecting the alloy’s final performance. It will develop new experimental
methods for alloy development as well as new predictive mathematical models describing alloy performance.

ADDITIVE HIGH PERFORMANCE SHEET METAL COMPONENT MANUFACTURE
Principal Supervisor: Dr Matthias Weiss
Associate Supervisor: A/Professor Daniel Fabijanic, Professor Bernard Rolfe
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Achieving widespread automotive electrification requires new material and structural
component solutions. Conventional high-volume manufacturing does not allow the forming of highperformance materials and the manufacturing flexibility required. Current additive metal manufacturing
technologies provide manufacturing flexibility but are too slow for the production at volumes.
Deakin University has established a world-first prototype facility for weight optimised sheet metal component
manufacture and recently acquired a MELD B8 machine with 300 mm3 build capacity for additive friction stir
(AFS), a new solid-state metal additive manufacturing process. Combined, the two technologies enable the
manufacture of new and weight optimised structural component designs that combine a sheet metal base
structure with internal metal reinforcement deposits.
The sheet metal outer casing will enable the rapid implementation of these new high-performance
components using common methods for automotive part assembly. The metal re-enforcement deposits can be
of dissimilar metal alloys and from recycled material to reduce the environment impact and enhance
functionality.
To develop and prototype new light-weight and high-performance components by combining additive
manufacturing with sheet metal forming.
Objectives:
1.
2.

Develop a detailed knowledge of process-structure-property relationships for AFS manufactured
aluminum and titanium from manufacturing waste (swarf etc.).
Develop knowledge of process-structure-property relationships for AFS deposits of aluminum and
titanium on to various metal sheet subtrates including high strenght steel and aluminium.

Understand performance enhancement potential of internal metal re-enforcement by prototype manufacture
and structural testing.

MICRO-FORMING TITANIUM FUEL CELL PLATES
Principal Supervisor: Dr Matthias Weiss
Associate Supervisor: Peng Zhang, Michael Pereira
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Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Polymer Electrolyte Membrane Fuel Cells (PEMFCs) are increasingly used as clean energy
generating devices for electrified vehicles and stationary plant. They take hydrogen as a fuel source and split
catalyse it into protons and electrons at an anode side, which are then recombined with oxygen on the
cathode side to produce power and water as a by-product. Their low operating temperature, quick start-up
and extremely low environmental impact make them an attractive prospect for power generation. However,
currently they are being held back from commercial viability due to the high cost per unit energy produced,
and relatively low lifespan. Research on PEMFCs is currently focussed on methods to increase the commercial
viability by increasing the PEMFC components lifespan, reducing production costs and increasing power
density.
Deakin University and the Australian federal government have recently started investing heavily in this area as
there is significant potential for growth, research outcomes, community benefit, and for Australia to be a
world leader in this area. This research is closely aligned with, and will support, the Transport research theme
of Deakin's Hycel Technology Hub (see: https://www.deakin.edu.au/hycel/hycel-technology-hub), as described
further in the section below. Bipolar plates are an essential component of PEMFCs, with reactant flow
channels at both sides which also provide current collection and provide structural support for the fuel cell
stack. Due to the higher mechanical stability and lower manufacturing cost, bipolar plates manufactured from
metallic material (e.g., stainless steel, titanium and nickel) are a suitable alternative to the bipolar plate of
graphite for automotive uses. Among the candidature materials, titanium is characterised by high strength-toweight ratio, corrosion resistance and conductivity.

NEAR-ATOMIC SCALE CHARACTERISATION OF PROTEIN SELF-ASSEMBLY ON GRAPHENE-OXIDE
NANOSHEETS
Principal Supervisor: A/Professor Ross Marceau
Associate Supervisor: A/Professor Wenrong Yang
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: In the coming decade, the ability to sense and understand the state of biological systems
and living organisms will be radically transformed by developments in materials, physics and chemistry. A
deeper understanding of biological and chemical properties of single biological molecules (such as lipases) at a
surface is required.
The main concept to be developed in the proposed project is capture and self-assembly of protein at the
single-molecule level with graphene oxide nanosheets. The fundamental structural and dynamic behaviour of
protein constructs at the interface with graphene oxide will be investigated in the near-native state using
state-of-the-art atom probe tomography (APT). The significance of this project is its unique combination of
advanced characterisation techniques (including APT) and surface chemistry measurements, to address
fundamental questions and push lipase functionality to the single-molecule level. In this project, Deakin’s
state-of-the-art APT facilities will be used to investigate the three-dimensional structure of the lipase interface
with graphene oxide nanosheets using high chemical sensitivity and near-atomic spatial resolution, to provide
necessary information about the fundamental mechanisms of its self-assembly.
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Furthermore, this project will harness the recently developed graphene-encapsulation protocol [1, 2, 3, 4] for
preparation of solution-based atom probe specimens. The physical principle on which APT relies (field
evaporation of surface atoms/molecules) will provides information that can be correlated with advanced
surface chemistry measurements.
ULTRA-HIGH PERFORMANCE NANO-MODIFIED CEMENT
Principal Supervisor: Professor Frank Collins
Associate Supervisor: Dr Alastair MacLeod; Associate Professor Will Gates
Location: Burwood
Available as: Masters or PhD
Project description: The use of boron nitride in cementitious composites has been limited to the application of
hexagonal boron nitride (h-BN). However, like graphene (with its similar morphology) h-BN has been shown to
be difficult to add to cementitious materials, and results in a severe reduction in the workability of the fresh
composite, thus potentially limiting its utility as a nano additive for advanced cementitious nanocomposites.
Boron nitride nanotubes, BNNTs, have not been investigated at all as a potential additive to cementitious
matrices due to the limited availability of fabrication capacity of BNNTs. However, the novel characteristics of
BNNTs – similar in morphology and strength to carbon nanotubes, yet with significantly greater heat resistance
and electrical insulating properties – indicate that BNNTs could be ideal nano additives for ultra-highperformance cement and concrete composites, particularly for applications where high temperature or
corrosion resistance are needed.
This project will extend our understanding of the addition of carbon-based nano additives (specifically carbon
nanotubes – which has developed over the past 20 years) to reinforcement of cement and concrete materials
with the novel additive boron nitride nanotubes. A main aim will be to characterise the effects of BNNT
addition on cement properties including hydration, microstructural development, mechanical, thermal and
electrical properties, as well as the effects upon concrete durability. Ultimately the goal is to develop a
scalable fabrication method for a BNNT-based concrete additive for use in smart, multifunctional cementitious
applications.

ATOMIC-SCALE ANALYSIS OF HYDROGEN INTERACTION WITH PIPELINE STEEL
Principal Supervisor: A/Professor Ross Marceau
Associate Supervisor: Professor Mike Yongjun Tan, A/Professor Tim Hilditch
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Under the forthcoming hydrogen economy, future and existing pipelines and storage
systems will be required to carry, store, and transmit hydrogen-containing fuels. However, in the presence of
pressurised hydrogen carrying gases, various deteriorative phenomena such as hydrogen embrittlement can
occur, especially high strength steels.
Accurate quantification and spatial location of hydrogen in the microstructure of metals is an important step in
better understanding the mechanisms of hydrogen embrittlement and evaluating materials for specific
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applications such as hydrogen-carrying high-pressure steel pipelines. Atom probe tomography (APT) has been
reported to have the highest spatial resolution for hydrogen measurement, however there are significant
challenges using the technique for this purpose due to the nature of the atom probe specimen preparation
(including hydrogen charging process), and the extremely high diffusivity of hydrogen atoms.
This project leverages the outcomes from a recent Future Fuels CRC research project, where a novel
electrochemical hydrogen charging method and associated APT experimental setup was developed and tested.
The results from this work demonstrated that this new method allows hydrogen charging of steel APT
specimens, facilitating the use of APT for the examination of hydrogen distribution in steel. The advantage of
the newly developed electrolytic charging method is that it is conducted inside a gaseous chamber. Whilst
parameters of the cathodic hydrogen charging process remain to be optimised, e.g. electrolytic solution
chemistry, charging potential and time of exposure, the key factor to further investigate is the nature of the
gas atmosphere during electrolytic charging, because this will directly influence the interaction pathway for
hydrogen diffusion into the specimen. This key factor provides opportunity to add industrial relevancy into the
experiments, and to study the passive effect of (oxide) scale development on hydrogen ingress. This is in
addition to the potential for APT characterisation to reveal chemical and metallurgical root causes of hydrogen
embrittlement, revolutionising our current understanding of related materials failure phenomena such as
hydrogen-induced cracking and fatigue.

ELECTROCHEMICAL PROBING MULTI-SCALE AND COMPLEX LOCALISED CORROSION AND ITS
INHIBITION
Principal Supervisor: Mike Tan
Associate Supervisor: Bob Varela; Tony Hughes (Mineral Resources, Clayton) Tony.Hughes@csiro.au (IFM
Adjunct Professor)
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Localised corrosion is the most common cause of corrosion induced failure of metallic
structures and a fundamentally important issue in corrosion science and engineering. Localised corrosion is the
root cause of most unsolved corrosion issues that cost the world around US$4 trillion annually and affect the
safety and durability of major infrastructures. This project aims to explore new corrosion measurement
technologies that will possess a capability of real time probing and monitoring of complex and dynamic
localised corrosion.
This project will evaluate the concept of an electrochemically integrated multiscale and three-dimensional
electrode array that will be innovatively designed and fabricated through additive manufacturing, and be used
to probe multiscale localised corrosion initiation and propagation processes, enabling a new approach to
acquiring corrosion data for corrosion management and for validating corrosion prediction models. This
project will be based on our extensive research background and facilities in this area of research. This project
will advance capability of probing the dynamic processes of localised corrosion, using the probing of erosion
corrosion as an example.

ROBUST STRUCTURAL ENERGY STORAGE CONCRETE
Principal Supervisor: Professor Frank Collins

Institute for Frontier Materials (IFM)
ifm-enquiries@deakin.edu.au

Deakin University CRICOS Provider Code: 00113B

Geelong Waurn Ponds Campus
Melbourne Burwood Campus
www.deakin.edu.au

Page 18

Associate Supervisor: Dr Alastair MacLeod
Location: Burwood
Available as: Masters or PhD
Project description: One of the grand challenges of the 21st Century is the generation and storage of electrical
energy. Imparting multi-functional capabilities, including capacitance (through the introduction of ion
conductive and electrically conductive additives, and high capacitance nanoadditives), to the most widely
produced material on earth, concrete, could provide an alternative, highly robust medium for electrical energy
storage. The fabrication of a low-cost, mass concrete-based structural capacitor will be revolutionary in the
large-scale, robust storage of energy for a wide range of applications, e.g.: housing capacitor, municipal energy
storage, etc., while maintaining the strength (and durability) characteristics of conventional concrete.
The project will develop a structural capacitor material of modified cement, utilising functional fillers to impart
energy-storing capacity to the material, together with novel electrode materials, to produce a scalable
concrete-based structural energy-storage material.
Objectives:
1) Design a modified cement-based structural capacitor material for electrical energy storage
2) Optimise the composition of the material for: (a) energy storage and cycling capacity, (b) structural
performance, (c) cost and environmental impacts
3) Identify suitable electrode systems compatible with cement for efficient storage and cycling

ROBUST CEMENT-BASED CONCRETE INFRASTRUCTURE SENSORS
Principal Supervisor: Professor Frank Collins
Associate Supervisor: Dr Alastair MacLeod; A/Professor Will Gates
Location: Burwood
Available as: Masters or PhD
Project description: Monitoring the condition of concrete infrastructure is important to maintain and extend
the useful service life of structures, bridges, roads, tunnels and other important concrete structures exposed
to a range of different conditions, for example: loading (such as traffic), cracking damage, freeze-thaw
deterioration, salt exposure in marine environments, and carbon dioxide from the atmosphere. Embedded
sensors, distributed throughout a structure, can be used to monitor these conditions.
Electrically conductive cement-based sensors, using electrical resistivity measurement are a robust, concretecompatible approach for embedded sensors in concrete infrastructure. Employing machine learning for data
interpretation of the electrical resistivity measurements of the electrically-conductive cementitious sensor
network, cement-based sensors (based upon earlier research conducted by Deakin University), incorporating
remote power supply from 5G or wireless networks will be used to monitor a raft of different important
parameters in structural concrete materials: strain, temperature, relative humidity, and important durability
metrics (e.g.: chloride ingress). Sensors currently available for monitoring of structures are generally limited in:
(a) measurement parameters, (b) battery life, and (c) concrete compatibility. The development of sensors with
networking capability and employing remote power supply (alternatively energy-harvesting capability) will
allow long-term monitoring of concrete infrastructure, permitting timely intervention for maintenance actions
by asset managers, thereby reducing costs and resource use over the lifetime of the asset, and potentially
increasing the overall service life of the concrete asset.
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This project will develop cement-based sensors for the monitoring of concrete infrastructure with the
following atributes:
a)
b)
c)
d)
e)
f)

Strain and cracking sensing capability
Durability sensing (e.g.: chloride ingress)
Distributed network (IoT)
Wireless power supply and/or energy harvesting
Utilising wireless or 5G networks for communications
Data analysis and predictive modelling for service life assessment

A key aim will be to develop robust, networked sensors that better enable long-term monitoring of the
structural health of cocrete structures.

CALCINED CLAY CONCRETE DURABILITY PERFORMANCE
Principal Supervisor: A/Professor Will Gates
Associate Supervisor: Dr Andras Fehervari
Location: Burwood
Available as: Masters or PhD
Project description: Treated clay materials, remediated from contaminated sites, have been shown to provide
significant environmental benefits, with reduced embodied carbon and lower utilisation of increasingly scarce
sand resources, as partial cement and aggregate replacements in concrete. However, despite these
demonstrated benefits, the durability performance of these low embodied carbon cementitious materials
remains poorly understood.
There are strong indications that these materials may significantly increase the resistance of the material to
chloride ingress – important for concrete durability in marine environments – with enhanced chloride binding
capacity, as well as increased carbonation resistance. This project will characterise these microscale effects
and the bulk durability performance of the calcined clay, low embodied carbon concrete material,
demonstrating the suitability of this material for a wide variety of environmental exposure applications.
Treated clay materials, remediated from contaminated sites, have been shown to provide significant
environmental benefits, with reduced embodied carbon and lower utilisation of increasingly scarce sand
resources, as partial cement and aggregate replacements in concrete. However, despite these demonstrated
benefits, the durability performance of these low embodied carbon cementitious materials remains poorly
understood.
There are strong indications that these materials may significantly increase the resistance of the material to
chloride ingress – important for concrete durability in marine environments – with enhanced chloride binding
capacity, as well as increased carbonation resistance. This project will characterise these microscale effects
and the bulk durability performance of the calcined clay, low embodied carbon concrete material,
demonstrating the suitability of this material for a wide variety of environmental exposure applications.

A NEW 3D PRINTING TECHNOLOGY USING METAL SCRAP.
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Principal Supervisor: Professor Matthew Barnett
Associate Supervisor: A/Professor Daniel Fabijanic
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: This project will develop new understanding of how to realize value from metals that have
reached the end of their life. Although alloys are readily remelted and reused, current recycling technologies
do not provide sufficient economic return in the Australian context. This project will disrupt the idea that alloy
recycling requires re-melting. The work will enable us to create a new additive manufacturing process to form
high value parts from scrap for which Australia does not have the specialist melting infrastructure to process. It
will break through barriers caused by unwanted reactions that can arise during melting and provide the
attractive ‘nimbleness’ of 3D printing. New understanding of solid-state processing will be developed, and a
new mathematical design framework will be created to specifically accommodate the variability of metal
scrap. Deakin has the only facility – additive friction stir deposition – in the southern hemisphere capable of
achieving this revolution in 3D printing. Key to the study will be an investigation – using electron microscopy of how metal microstructures develop during deposition.
A NEW WAY OF LOOKING INSIDE CRYSTALLINE METALS DURING PROCESSING.
Principal Supervisor: Professor Matthew Barnett
Associate Supervisor: A/Professor Daniel Fabijanic
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: X-ray based techniques on the synchrotron enable unprecedented scope to ‘spy’ on the
inner working of metals as they experience changes in stress and temperature. However, these are still limited
in the extent of information that can be gleaned during fast changes in structure. This project will develop a
new double detector Laue technique that promises to simultaneously provide crystal diffraction data – leading
to insight into lattice orientation, rotation and strain – while gleaning information on crystal morphology –
shape and size. All this will be obtained during snapshots of down to 10 ms in duration, providing
unprecedented insight into microstructure changes that accompany metal processing, leading to new models
and new understanding of alloying and processing.

NEXT-GENERATION POLYMER NANOCOMPOSITES FOR AVIATION
Principal Supervisor: Dr Luhua Li
Associate Supervisor: Xing Jin
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Ultrathin two-dimensional (2D) nanomaterials are a new class of Nobel Laureate
nanomaterials with many extraordinary mechanical, thermal, chemical etc. properties. Due to their special
structures, contacting or overlapping them with each other throughout polymeric matrix could form an
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interconnected network of 2D layers. As a result, the percolation threshold of 2D nanocomposite is lower than
other nanocomposites. This means that lower density/weight with high strength can be achieved at much
lower concentrations of reinforcement, which decreases the cost of composite construction. Therefore, one of
the most significant and imminent applications of 2D materials is to form next-generation polymer
nanocomposites for aviation industry. Boron nitride nanosheets have a few unique and superior properties
than graphene for this application. However, the studies of boron nitride nanosheet-reinforced polymer
composites for aviation applications are quite limited.
The aim of this project is to develop next-generation polymer-based nanocomposites enabled by 2D boron
nitride nanomaterials targeting aviation applications. As part of this project the candidate will:
•
•
•
•
•

Post-treat 2D boron nitride nanomaterials;
Synthesize their polymer nanocomposites;
Understand the interaction between the 2D nanofillers and polymer matrix;
Characterize the microstructure and mechanical, thermal, chemical etc. properties;
Fabricate the nanocomposites into specific aviation parts.

MODELLING THE ADDITIVE FRICTION STIR DEPOSITION PROCESS WITH THE MATERIAL POINT
METHOD.
Principal Supervisor: Dr Alban de Vaucorbeil,
Associate Supervisors: Professor Bernard Rolfe, Professor Matthew Barnett, A/Prof Daniel Fabijanic,
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Deakin University has unique equipment in Australia: Meld - Additive Friction Stir
Deposition (AFSD) process. AFSD is a novel low-temperature solid state additive manufacturing approach that
allows for fast and scalable manufacturing of metal alloys for net-shape production. It consists of a hollow tool
through which the feed material is delivered. The rapid rotation of the tool generates heat through friction at
both the tool-material and material-substrate interface. The feed material, heated and softened, is fed
through the tool and bonds with the substrate at the interface. The tool also has a transverse motion which
results in the deposition of a single track of material. Subsequent layer deposition make 3D parts.
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Due to the presence of complex heat generation and transfers, large plastic deformation and bonding, AFSD is
a thermo-mechanical process whose physics are complicated to fully understand experimentally. Hence
numerical simulations are essentials to help understand this technology better.
Furthermore, commercial finite element codes cannot handle such large deformations/strains, thus other
approaches are necessary, such as meshless methods. In addition, the meshless methods need to take into
account material microstructure information, thus a Material Point Method appears to be best suited to this
problem.
The aim of this project is to simulate the AFSD process with the Material Point Method, a meshless method
that can easily handle arbitrary large deformation to understand the evolution of temperature and strain
during the deposition. This project will focus on coupling the microstructure evolution with the influence of
the process parameters.

BULK ULTRAFINE GRAINED STEELS THROUGH SOLID-STATE 3D PRINTING
Principal Supervisor: A/Professor Daniel Fabijanic
Associate Supervisor: Professor Matthew Barnett
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Achieving sub-micron grains in steels is usually confined to small volumes of materials of
simple geometry subjected to severe thermomechanical processing. Here we aim to create potential for high
strength ultrafine microstructures in large complex structures. Recently we have demonstrated that a new
large-format solid-state metal additive manufacturing process, Additive Friction Stir Deposition (AFSD), can
produce uniform ultrafine structures in bulk deposits of stainless steel. The project seeks to understand
microstructure development in austenitic and duplex stainless steels produced by to AFSD and relate to
mechanical and corrosion behaviour.
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SOLID-STATE 3D PRINTING OF ALUMINIUM
Principal Supervisor: Dr Thomas Dorin
Associate Supervisors: Professor Matthew Barnett, A/Professor Daniel Fabijanic,
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Additive Friction Stir Deposition (AFSD) is an emerging metal 3D printing process.
Distinctively a metal component is built up in layers in ASFD where deposition occurs in the solid-state,
producing fine recrystallized microstructures resembling wrought materials. This project will unlock the effect
of complex process thermal history on the microstructure and properties of AFSD processed aluminium alloys.
A range of advanced aerospace alloys will be the focus and the effects of input microstructure, thermal history
and post-AFSD heat treatment will be studied. Finally, unique alloys will be designed, tuned to the thermal
cycles of AFSD to produce peak aged properties in the as-deposited condition.

CERAMICS COATINGS WITH TAILORED OPTICAL AND THERMAL PROPERTIES FOR SPACE
APPLICATIONS
Principal Supervisor: Dr Santiago Corujeira Gallo
Location: Geelong Waurn Ponds
Available as: PhD
Project description: CubeSats or micro-satellites are attracting increasing attention because of their low cost,
high versatility and rapid deployment. Their small size limits the supporting systems onboard, such as thermal
management systems. As a result, CubeSats rely on passive solutions to keep the temperature of the satellite
constant. To this end, surface coatings with tailored thermal and optical properties play a critical role. Plasma
electrolytic oxidation (PEO) is a promising technology to produce high-quality thermal barrier coatings on
titanium, aluminium and magnesium alloys. The technology is simple and low-cost, and the coatings are well
bonded to the substrate. More importantly, the chemical composition, thickness, porosity and emissivity of
the coatings can be tailored to the requirements of the mission by controlling processing parameters, mainly
the electric discharge conditions (pulse frequency and duty cycle) and the electrolyte composition (elements in
solution or in suspension). This project will develop ceramic coatings for CubeSats using the PEO technology
and tailor the thermal and optical properties to different requirements.
a)

b)

c)

a) Aluminium samples surface treated with different PEO conditions,
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b) electron microscopy image of the PEO treated surface and
c) illustration of micro-satellites in low Earth orbit (ESA).

ANTIMICROBIAL SURFACES PRODUCED BY PLASMA ELECTROLYTIC OXIDATION
Principal Supervisor: Dr Santiago Corujeira Gallo
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Antimicrobial surfaces hinder the growth of microorganisms and they can be used in a
wide range of applications, such as: to reduce the spread of pathogens on public surfaces (elevator buttons,
door handles and ATMs), to eliminate biofouling in systems that operate in wet or high humidity conditions
(air conditioners, drain filters) and to decrease the incidence of infection after implantation of biomedical
devices (plates, pins, screws). The antimicrobial effect can be associated with the presence of an active
element (silver, copper, zinc) or by the surface morphology (roughness, pore size). This project will explore the
use of plasma electrolytic oxidation to create antimicrobial surfaces on magnesium, aluminium and titanium
alloys. The electric discharge conditions will be adjusted to modify the morphology of the treated surfaces and
different electrolytes (with elements in solution and/or nanoparticles in suspension) will be used to modify the
chemistry of the coatings.

a)

b)

a) Aluminium samples surface treated with plasma electrolytic oxidation,
b) electron microscopy image of the PEO treated surface and
c) illustration of the antimicrobial properties.
MICRO-FORMING TITANIUM FOIL TO IMPROVE COSTS AND PERFORMANCE OF HYDROGEN FUEL
CELLS
Principal Supervisor: Matthias Weiss
Associate Supervisor: Peng Zhang, Michael Pereira (SEBE), Bernard Rolfe (SEBE)
Location: Waurn Ponds
Available as: PhD
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Project description: Polymer Electrolyte Membrane Fuel Cells (PEMFCs) are increasingly used as clean-

energy generating devices for electrified vehicles and stationary plant. They take hydrogen as a fuel
source and split catalyse it into protons and electrons at an anode side, which are then recombined
with oxygen on the cathode side to produce power and water as a by-product. Their low operating
temperature, quick start-up and extremely low environmental impact make them an attractive
prospect for power generation. However, currently they are being held back from commercial
viability due to the high cost per unit energy produced, and relatively low lifespan. The common
method of manufacturing metallic bipolar plates is through micro-stamping of a thin sheet (thickness
≤ 0.1mm). However, it is difficult to achieve the preferable high aspect ratio (depth/width) of the
flow channels, because the material can be over-stretched during the stamping process. The novel
micro-roll forming process developed at Deakin University is a promising alternative technology for
producing stainless steel channels of high aspect ratio. Nevertheless, there are still hurdles to apply
this process to forming titanium bipolar plate. For example, only straight open channels have been
prototyped and the titanium sheet exhibits complex deformation mechanisms during shape forming
which can limit the formability of the sheet. This research will explore the possibility of combining
our novel micro-roll forming technology with subsequent forming steps and to understand the
formability and fracture limits of titanium foil in this process. The success of this project will
enhance the application of micro-roll forming for producing bipolar plate of titanium and deliver
advanced computational models for the micro-forming of thin sheet. Therefore, the manufacturing
cost, weight, and reliability of the PEMFC will be improved. Research on PEMFCs is currently
focussed on methods to increase the commercial viability by increasing the PEMFC components
lifespan, reducing production costs and increasing power density. Bipolar plates are an essential
component of PEMFCs, performing many functions such as providing reactant flow channels and
colling channels on the anode and cathode sides of each cell, providing current collection and
structural support and sealing for the fuel cell stack. This work will utilised a combination of
experimental and numerical methods currently available at IFM. These include: the Abaqus
modelling capabilities and expertise; the 2nd generation micro-roll forming equipment and roll
tooling; the GOM Aramis optical strain measurement system, 3D optical profilometry and scanning
electron microscopy.

MODELLING SOLID STATE ADDITIVE MANUFACTURING
Principal Supervisor: Matthew Barnett
Associate Supervisor: Alban de Vaucorbeil
Location: Waurn Ponds
Available as: PhD
Project description: The Additive Friction Stir Deposition (AFSD) process is a novel low-temperature

solid state additive manufacturing approach that allows for fast and scalabe manufacturing of metal
alloys. It consists of a hollow tool through which the feed material is delivered. The rapid rotation of
the tool generates heat through friction at both the tool-material and material-substrate interface.
The feed material, heated and softened, is fed through the tool and bonds with the substrate at the
interface. The tool also has a transverse motion which results in the deposition of a single track of
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material. Subsequent layer deposition make 3D parts. Due to the presence of complex heat
generation and transfers, large plastic deformation and bonding, AFSD is a thermo-mechanical
process whose physics are complicated to fully understand experimentally. Hence numerical
simulations are essentials to help understand this technology better.
GIVING NEW LIFE TO SCRAP METALS BY ADVANCED MANUFACTURING
Principal Supervisor: Buddhika Abeyrathna
Associate Supervisor: Matthias Weiss, Daniel Fabijanic, Bernard Rolfe (SEBE)
Location: Waurn Ponds
Available as: PhD
Project description: Light weight alloys such as aluminium and magnesium are increasingly used in the

automotive and aerospace industries. There is a need for recycling scrap material such as swarf from
machining and other processes. Current recycling processes have a low material yield rate, reduce
purity during remelting and require significant energy. On the other hand, current component
manufacturing processes are inflexible and produce a lot of material waste. Therefore, to make
automotive and aerospace manufacturing sustainable new and flexible manufacturing technologies
need to be developed that combined low waste with material re-use. IFM is well placed to perform
leading research in this space. There is access to a world-first Flexible Roll Forming (FRF) facility that
enables the low costs and flexible manufacture of long components relevant to the automotive and
aerospace industries with almost now waste. IFM is also the only research institution in Australia
with access to MELD, a new solid-state metal additive manufacturing process. MELD enables the
elevated temperature friction-based lay-by-layer deposition of a solid rod feed material onto a
deposition plate. It can deposit scrap aluminium and magnesium swarf and recent studies by the
Ford Motor Company (US) have shown that the technology allows deposition of stringers and other
structural features on sheet metal. This PhD project aims at combining IFM`s FRF with MELD
processes to develop new value added and weight optimized, multi material components that partly
use recycled metal. Widespread application of FRF is currently limited due to wrinkling issues that
occur in the flanges of formed components. One solution to overcome this issue could be to locally
strengthen critical forming area by local MELD depositions to overcome such shape defects in the
FRF process. Therefore, the impact of the proposed project is high since it broadened the
applications of both technologies by adding circular economy principals. It is expected to achieve
following milestones through the given methodology.
1. To establish the optimum deposition condition. A set of experiments will be carried out with
different levels of process parameters such as tool rotational speed, transverse speed, feed rate and
layer thickness to find the optimum conditions

2. To understand the fundamentals of warping effect after deposition and to implement a method to
overcome it. Heating and cooling cycles will be investigated to understand the reasons for the
warping effect and possibility to form out the warping effect in the follow up FRF operation will be
considered.

Institute for Frontier Materials (IFM)
ifm-enquiries@deakin.edu.au

Deakin University CRICOS Provider Code: 00113B

Geelong Waurn Ponds Campus
Melbourne Burwood Campus
www.deakin.edu.au

Page 27

3. To establish a method to obtain the maximum bonding strength. A shear test will be introduced to
evaluate the bonding strength of the base metal and the deposited metal interface. The optimum
deposition condition is achieved with respect to the maximum bonding strength.
4. To identify the component complexity that can be achieved. Based on the output of the above
milestones, a set of part families will be identified that can be manufactured with the proposed
combined advanced manufacturing techniques.
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CARBON FIBRES AND COMPOSITES
The carbon fibres and composites group at IFM combines world leading research in advanced carbon fibre
development and synthesis, manufacture of composite materials, development of novel monomers and resin
systems, and control of fibre-matrix interfaces through functionalisation. Our overarching strategy is to create
innovative composite materials with extraordinary properties.
Research leaders
Professor Russell Varley, Professor of Composite Materials
Professor Luke Henderson, Professor Materials Chemistry
A/Professor Minoo Naebe

MOLECULAR SIMULATION OF CARBON FIBRE POLYMER COMPOSITES
Principal Supervisor: Professor Tiffany Walsh
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Carbon-fibre reinforced composites are ideal light-weighting candidates to replace
traditional engineering materials, but their performance limited by modest interfacial adhesion between the
carbon fibre and the polymer. Different strategies to strengthen the “handshake” between the polymer and
the carbon fibre can be identified using molecular simulations, and these suggestions can be explore and
compared with experimental data to make new, versatile composites. This is a 100% computational project.

Molecular simulations of the polymer/fibre interface can predict composite mechanical properties
(right), which can be linked to the molecular scale structures at the interface (right).

COMPUTER-BASED STRUCTURE PREDICTION OF INTERFACES FOR BIO-SENSORS
Principal Supervisor: Professor Tiffany Walsh
Location: Geelong Waurn Ponds
Available as: Masters or PhD
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Project description: The interaction of peptides and DNA with sensor surfaces such as graphene, carbon
nanotubes, MoS2, etc are currently used in cutting-edge design and fabrication of novel miniaturised biosensing devices. This project will combine new atomic-scale molecular simulations with existing experimental
data to generate a set of design principles regarding the interface between DNA and sensor surfaces that can
be exploited to create and optimise nanoscale field-effect transistor bio-sensors. This is a 100% computational
project.

Left: Schematic of the DNA and sensing unit (aptamer) wrapped onto the carbon nanotube (CNT). The green
arrow indicates the critical distance between the target-binding area and the nanotube surface. These
structures can be predicted using molecular simulation. Right: Atomic force microscopy showing the
DNA/linker/aptamer on the nanotube surface (Xu et al, Nano Lett. 2018, 18, 4130).

GREEN FLAME RETARDANT THERMOPLASTIC COMPOSITES
Principal Supervisor: Dr Jane Zhang
Associate Supervisor: Professor Russell Varley, Dr Jerry Gan
Location: Geelong Waurn Ponds
Available as: PhD
Project description: A flame resistant material is one which is designed to resist burning and withstand heat
with the assist of some additives called flame retardants. With the strengthening awareness of environmental
protection, safety and health, the application of flame retardant materials will be further expanded and
deepened. Due to the harm to the environment and the health of humans, traditional halogen-based flame
retardants are gradually being replaced by new environmentally friendly flame retardants such as new
nitrogen-based, phosphorus-based, and inorganic hydrates. Although, there are already many existing flame
retardant products in the market. However, it is still a great challenge to improve the fire-retardant properties
of thermoplastics such as rubbers and polyolefins since they are mainly composed of highly flammable
hydrocarbon segments. Therefore, high efficient environmental friendly fire retardants for rubbers/plastics are
highly demanded for both academic research and the industry. Thus, this project will focus on exploring high
efficient halogen-free flame retardants for rubbers and plastics.
This project aims to explore novel highly efficient environmentally friendly flame retardants for thermoplastics.
The objectives of this project will be,
•
•

Understanding the fire-retardant mechanism and explore the use of synergists.
Optimise the manufacturing process for optimum fire performance that does not impact thermal and
mechanical properties.
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•

Long-term durability assessment of the novel flame retardant thermoplastics mimicking the real
service.

CARBON MICROTUBE FROM TEXTILE WASTE FOR AUTOMOTIVE COMPOSITE
Principal Supervisor: Dr Kamyar Shirvanimoghaddam
Associate Supervisor: A/Professor Minoo Naebe
Location: Geelong Waurn Ponds
Available as: PhD
Project description: The usage of composites continues to grow in the automotive sector, thanks to their
superior mechanical, chemical, thermal and electrical properties and contribution to weight reduction
compared to current materials. Nanocomposites are developing in the automotive market, but proof of the
competitive advantage of nano-objects remains to be confirmed, taking into account cost, sustainability and
performance.
The key drivers for the use of polymer nanocomposite-enabled parts in the automotive industry are reduction
in vehicle's weight, fuel efficiency, CO2 emissions reduction (sustainability) and performance (greater safety,
increased comfort and better driveability). Hence, an opportunity exists to develop low-cost cotton waste
derived carbon microtube nanocomposite specifically designed for application in automotive.
The performance-to-cost ratio has been a major hurdle for gaining broader market acceptance as
nanocomposites should meet the OEMs'/molders'/customers' cost expectations. Some early commercialized
products have lapsed for cost reasons. The most important fillers that have been used are carbon nanotube
(CNT), Carbon fibre (CF) and nanoclay that cost as much as 300-400$/kg, 20-30$/kg and 6-8$/kg respectively,
to be used in composites. Also, there is a challenging issue for the fabrication and implementation of the
current filler in nanocomposites in terms of labour related tasks (especially CF nanocomposite) and processing
items.
Nanocomposite have been introduced to save up to 60% of weight reduction compared to steel for next
generation of the vehicles. However, widespread implementation is hindered by the high cost of carbon
nanotubes and carbon fibres fillers used in current composites. There is significant government’s efforts in
placing strict CO2 emission regulations to reduce global warming. Cars are responsible for 12% of the total EU
CO2 emissions. In 2013, new cars in the EU had to not emit no more than 130g of CO2 per km and going
forward in 2020, this is going to be 95g of CO2 per km. CO2 reductions are a fundamental driver for lightweight
components in the automotive industry. This has resulted in a move away from traditional steel components,
at first to high strength steel, then onto aluminium and ultimately carbon reinforced composite parts.
However, high cost of carbon-based composites is a limiting factor in their adoption by automotive industry.
This project investigates use of cotton waste as a low-cost reinforcing filler for development of carbon-based
composites. It is known that an Average Australians purchase 27kg of new textiles each year and then discard
23kg into landfill. Two thirds of the discarded materials are man-made fibres that takes decades to decay. With
the rising concern over sustainability of materials used in various industries, this project provides a real
opportunity to develop sustainable automotive composites from recycled/waste materials.
The aim of this project is to develop a low-cost carbon-based reinforcing materials from waste cotton for
automotive composites. Utilisation of this filler for developing of nanocomposite significantly can satisfies the
demands for future vehicle structural light weighting, cost effectiveness and sustainability.
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DEFECT ENGINEERED CARBON FIBRE ELECTROCATALYST
Principal Supervisor: Dr Quanxiang Li (Sulley)
Associate Supervisor: A/Professor Minoo Naebe
Location: Geelong Waurn Ponds
Available as: PhD
Project description: The new generation of energy technologies, including fuel cells, metal–air batteries,
electrochemical water splitting, and CO2 reduction have been recognised as the most promising strategy to
address the current energy crisis and environmental problems. Development of durable and efficient
electrocatalyst for those electrochemical systems is significantly important to promote the energy-conversion
reactions, such as the oxygen reduction reaction (ORR), oxygen evolution reaction (OER), hydrogen evolution
reaction (HER) and electrochemical CO2 reduction (ECR). Currently, noble-metal-based materials are
considered to be state-of-the-art catalysts of those reactions, however the high cost, scarcity and poor longterm stability severely hamper their commercialisation. Through defect engineering design to regulate the
charge state of the carbon skeleton and generate highly effective active sites for reactions, carbon-based
catalysts have become one of the most promising candidates to replace noble metal for achieving outstanding
electrocatalytic performance. Comparing to other carbon conformations, carbon fibre has many advantages
such as good flexibility, large aspect ratio, excellent conductivity and freestanding features. Nevertheless, it is
much more challenging to synthesis high ratio of defective carbon skeleton in carbon fibre than other carbon
nanomaterials (i. e. graphene and carbon nanotubes), which significantly weaken the reaction kinetics due to
the limited number of active sites.
In this project, design strategies toward advanced defective carbon fibre-based electrocatalysts for energyconversion reactions will be investigated. In details, PhD candidate will complete the following objectives:
•
•
•

Construct defects in carbon fibre including intrinsic defects, heteroatom doping inspired defects,
metallic atomically dispersed active sites.
Understand the internal catalytic mechanism of different defect sites through advanced
characterisation techniques.
Develop high performance carbon fibre electrocatalyst especially for hydrogen evolution reaction
(HER) and electrochemical CO2 reduction (ECR).

SELF-HEALING POLYMERS
Principal Supervisor: Professor Russell Varley
Associate Supervisor: Dr Jane Zhang
Location: Geelong Waurn Ponds
Available as: Both Masters and PhD
Project description: Polymer degradation in any environment is inevitable and profoundly impacts service life,
maintenance programs and repair methods for any given material in service. The development of self-healing
materials has arisen from a desire to control and reverse damage in a material rather than attempting to
entirely prevent degradation. To achieve this, a number of strategies exist, but a highly promising approach is
to use reversible or dynamic covalent bonding, allowing damage or degradation to be eliminated restoring the
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polymer network to its virgin properties. The Schiff base reaction between an amine and aldehyde to form an
imine is one example of dynamic covalent bonding where the imine group is known to “shuffle” at the
appropriate conditions, creating a pathway to complete restoration of polymer performance. This project will
utilise this mechanism to evaluate and characterise healing of new polymer networks based on newly
synthesised novel reactive monomers. A range of monomer will be varied which optimises other desirable
passive properties, creating a new family of polymer networks that have superior durability and performance
but are entirely recyclable time and time again.
R1 NH2 +
R1 N

R2 CHO

imine formation
HC R2

R1 N

+ R1 N
HC R2

R1 N
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+
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R1 N
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DEVELOPMENT OF SUSTAINABLE LIGNIN-BASED CARBON FIBRES FOR MULTIFUNCTIONAL
APPLICATIONS
Principal Supervisor: A/Professor Minoo Naebe
Location: Geelong Waurn Ponds
Available as: Both Masters and PhD
Project description: The demand for use of carbon fibres in aerospace, transportation and energy sectors are
increasing. However, the mass market application of carbon fibres are significantly hindered by its high cost.
The generalised break down of costs of PAN based carbon fibres reveals that PAN precursor represents more
than 50% of the cost of final carbon fibre. This is in addition to release of toxic chemicals during the process of
carbon fibre manufacture from PAN. As such, there is a fast-growing interest in use of inexpensive renewable
and sustainable precursor materials in production of carbon fibres. Lignin is a potential bio-based and
inexpensive source and its significant aromatic character make it a suitable precursor for production of lowcost carbon fibre.
However, lignin-based carbon fibres generally demonstrate a weak mechanical performance, low electrical
conductivity and poor graphitic structure, when compared to PAN based carbon fibres [3]. The aim of this PhD
project is to investigate approaches that leads to manufacture of low-cost lignin-based carbon fibres with
improved mechanical performance and graphitic structure and high electrical conductivity for application in
intermediate structural application as well as smart textiles. One of the critical step in production of carbon
fibre is its thermal stabilisation. While there is sufficient knowledge around stabilisation and carbonisation of
PAN based carbon fibre, little is known about the stabilization kinetics and reactions involved in thermal
stabilisation of lignin based carbon fibre. Understanding the thermal behaviour and the heat treatment
induced carbonaceous crystal structure formation is paramount to develop lignin based carbon fibres with
improved mechanical and electrical performance.
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USING LIGHT ACTIVATION OF SURFACE BOUND MOLECULES FOR POLYMERISATION ON CARBON
FIBRE
Principal Supervisor: Professor Luke Henderson
Location: Geelong Waurn Ponds
Available as: Both Masters and PhD
Project description: The ability to control and achieve chemoselective modification of surfaces is critically
important in materials science, since many of the properties of a given material are largely governed by
surface interactions induced with its environment. An excellent example is Teflon coating, which confers water
repelling, anti-icing, and non-stick properties to materials that otherwise exhibit none of these properties.

O

O
Reduction

R
n

O
hv

OH
monomer
H-abstraction
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In the field of composites, the performance of a carbon fibre reinforced plastic (CFRP) is ultimately dictated by
the interfacial adhesion between the fibres and supporting polymer. Due to the huge scale on which carbon
fibres are used (estimated to be ~117,000 tons by 2020), even slight improvements in performance can have
significant impact on modern materials design, manufacture and reduction of downstream emissions from
mass transport. The engineering of carbon interfaces has application in fields such as energy storage, electrode
modification for detection, among others. In this project light will be used as a stimulus for the generation of
reactive surface bound species to initiate polymerization, leading to increased material performance. This
project will allow the development of skills from chemistry, materials science, composites, and engineering.

PREVENTING THE FORMATION OF BACTERIAL BIOFILMS IN JOINT REPLACEMENTS
Principal Supervisor: Professor Luke Henderson
Location: Geelong Waurn Ponds
Available as: Both Masters and PhD
Project description: Degeneration of articular joint surfaces in humans with resultant osteoarthritis (OA) is
part of aging and can pose major limitations to quality of life. Contemporary surgical techniques and implants
have made joint (hip, knee, shoulder, elbow, etc.) replacements one of the most common and quality of life
improving advances in medicine, restoring mobility to millions of people in recent decades. Nevertheless, the
potential for post-operative infection remains a serious and unresolved concern as it can pose substantial
health risk and disability to patients.
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This project will examine the use of surface coatings on metal used in medical implants and obtain data related
to their adhesion to ‘bone-cement’, physical and chemical characteristics such as water contact angle, surface
topology by Atomic Force Microscopy (AFM), Scanning Electron Microscopy (SEM), and mechanical tests.
This project is being carried out in collaboration with St. John of God hospital and Barwon Health.

MULTIFUNCTIONAL CARBON FIBRES FOR ADVANCED MATERIALS.
Principal Supervisor: Professor Luke Henderson
Location: Geelong Waurn Ponds
Available as: Both Masters and PhD
Project description: The use of carbon fibre reinforced plastics in light-weighting and in the effort to reduce
fuel consumption is increasing at an exponential rate. While they are light and strong, they possess an inherent
weakness, the interface of the fibres and the plastic they are reinforcing. The degree of chemical
communication between these two phases, to a large extent, determines the overall performance of the
material. In this project an array of chemistries will be applied to the surface of the fibres to increase the
compatibility of the fibre surface with the intended plastic it is reinforcing. In our previous work we have
increased the interfacial shear strength, mitigating a typical failure mechanism, by up to 270%.
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This project has aspects of synthetic organic chemistry, electrochemistry, materials science, engineering, and
polymer science. This work has interest from the USA Department of Defence (Army, Navy, and Air Force),
Solvay Chemicals, and Boeing, among others.

DEVELOPMENT OF FIRE-RESISTANT PLASTICS USING AMINO ACID MIMETICS.
Principal Supervisor: Professor Luke Henderson
Location: Geelong Waurn Ponds
Available as: Both Masters and PhD
Project description: The use of plastics in everyday life is unavoidable, their high processability, high volume
manufacture, and ability to be moulded into complex shapes makes them perfect for almost any application.
Unusually, when exposed to a fire, it is not uncommon for the polymer from which these plastics are derived
to degrade and liberate flammable monomeric materials, effectively feeding the material’s own combustion.
A means to stop this process is to dope a system with a phosphorus containing compound, these are typically
just dissolved in the plastic during fabrication. In this project a range of phosphorus analogues of naturally
occurring amino acids will be covalently incorporated into polymeric materials, using the reactive amino group.
This will incorporate the flame retardant into the polymer backbone itself and confer unique properties into
the material for application in high temperature environments such as firefighting, aerospace, and naval
applications.
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FE2O3 DOPED CARBON FIBRE
Principal Supervisor: Claudia Creighton
Associate Supervisor: Srinivas Nunna
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: With the increasing demand for carbon fibre components comes the need for

methods for recycling end-of-life (EoL) composite parts. Additionally, during the manufacture of
thermoset composites significant amounts of off-cut waste is generated. Together with end-of-life
components, the amount of composite waste has reached a significant level and effective recycling
processes to closing the CFRP lifecycle loop are therefore highly desirable.
Recent focus of research and recycling industry has been to retain more of the original fibre
properties and recover the high embedded value of the recycled carbon fibre. Typical recycled
products are random strand mats and short fibre recyclates. While these products provide recycled
materials solutions, only a small portion of the originally continuous, aligned fibre architecture is
recovered. More advanced recycling methods include the alignment of recovered carbon fibre with
the aim to make use of orientation dependant composite properties.
One method for aligning carbon fibres is the application of a magnetic field. In several studies
researchers have successfully grafted magnetic metal oxides to the carbon fibre surface with the aim
to align the recycled carbon fibres and control the mechanical performance of the composite.
Another pathway to producing carbon fibres with magnetic properties is the spinning of metal
oxide/PAN composite fibres. Fe3O4/polymer fibres, for example, have been fabricated by electrospinning PAN in the past, but limited studies have stabilised and carbonised the fibres to transfer
them into magnetic carbon nanofibers. In particular the literature shows that continuous
Fe3O4/PAN composite fibres with decent mechanical properties are challenging to achieve today.
The incorporation of metal oxide nano-particles in PAN precursor has also shown to increase the
crystallinity of the fibre resulting in greater strength and modulus. Moreover, the use of Fe3O4 in
carbonaceous materials show promising results when used as an anode material for of Li-Ion
batteries with improved lithiation properties.
The purpose of this project is to study the effect of metal oxide filler in PAN precursor on the
magnetic field response of the resulting carbon fibre. The aim of the project is to manufacture
carbon fibre with magnetic properties sufficient enough to be aligned under a magnetic field force.
The outcome will be a multi-functional carbon fibre that promises improvements in mechanical and
capacity retention characteristics, along with a high end-of-life (EoL) recovery value in new CFR
composites.

Methodology:
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1. Literature review and problem statement.
2. Design of metal oxide/PAN dope and subsequent wet-spinning.
3. Systematic approach of optimising thermo-oxidative stabilisation and carbonisation using the
Carbon fibre simulator at Carbon Nexus and scale-up to the research line.
4. Investigate the effect of metal oxide content on the magnetic and structural properties of
resultant carbon fibre using advanced characterisation techniques, such physical property
measurement systems as well as lab based SAXS/WAXS analysis.
5. Experimental design for the alignment of chopped carbon fibres and proof of concept in form of
aligned carbon fibre reinforced composites and mechanical performance analysis.
Significance and potential impact:
Research into the design for improved recovery of carbon fibre from waste and EoL products aims to
close the loop of carbon fibre light-weight materials and therefore will contribute to the reduction
carbon foot print by saving raw material worldwide.
MOISTURE ACTIVATED SELF HEALING POLYURETHANE COPOLYMERS AS AUTONOMOUS AND
REPEATABLE SELF-HEALING MATERIALS
Principal Supervisor: Jane Zhang
Associate Supervisor: Russell Varley, Alessandra Sutti
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: "Self-healing materials are able to restore their properties after damage or

degradation to their original state, either during a damage event or through some external stimulus.
They represent an alternative approach to sustainability where resource efficiency is a necessity not
an advantage, enabling service life extension, simple repair, and reduced maintenance regimes for
structures across all industries.
Self-healing Materials (SHM 1.0) emerged in the early 2000s using encapsulation of a reactive
monomer, as a healing agent which flowed into a damaged region from a broken container to bind
fracture surfaces together then cure. Sooner after, new stimuli responsive materials utilized existing
reversible chemistries to create materials where healing was inherent to the structure but facilitated
multiple healing events (SHM 2.0). However, both SHM 1.0 and 2.0 exhibited various disadvantages,
including the need for manual intervention, poor healing efficiency, complex manufacture and/or a
one-time only healing event. Enter SHM 3.0, where healing derives from the inherent structure of
the polymer, enabling multiple healing events, but also heals autonomously. This advance was
achieved by creating a network that incorporated labile dynamic covalent bonding which could also
simultaneously use energy from the surrounding environment to initiate healing. Thus, a new
generation of autonomous, repeatable and efficient self-healing materials was created.
One such reversible mechanism is the hydrolysis, re-esterification chemical equilibrium of boronic
esters in a humid or underwater environment. This reversible process has attracted significant
interest in creating autonomous, efficient, and repeatable self-healing networks because it is facile
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at room temperature and can be easily controlled through humidity. Indeed, research has shown
that by controlling molecular mobility of functional groups which can diffuse across a fracture
surface, near total elimination of scratches from a surface can be achieved.
However, the current family of boronic ester coatings, while exhibiting excellent healing, are not
durable and degrade in outdoor environments, thus limiting their wider application. This research
therefore will synthesise hybridised boronic ester network polymers, either through
interpenetrating or semi-interpenetrating networks, using polyurethanes, epoxy resins or vinyl ester
resins to optimise healing and durability. Indeed, preliminary results for a 50:50 polyurethane
boronic ester hybrid network highlights the effective healing of a scratch while simultaneously
improving mechanical properties. Continued development of this technology will focus on
maximising the use of polymers such as polyurethanes, while minimising the dynamic covalent
bonds of boronic ester functional groups and still maintain efficient and rapid healing.
To date, no such example of a truly SHM 3.0 material is available commercially, so the invention of
an ideal self-healing material such as this, has the potential to find new applications across all
industries that require low maintenance and durable materials for extreme environments. These
materials must therefore be considered as an important pillar in the fight against climate change
where resource efficiency and service life extension are vital to reducing consumption in the 21st
century.
Milestones
Year 1 Q1 & 2: Literature review
Year 1 Q2 & 3: Strategy development
Year 1 Q3, 4 and Year 2 Q1: Proof of concept
Year 1 Q4: Candidature confirmation
Year 2 Q2 - 4: Technology development
Year 3 Q1 - 3: Prototype performance assessment
Year 3 Q4: Thesis writing

MICROWAVE CO-PRODUCTION OF THE HYDROGEN FUEL AND CARBON NANOTUBE FROM
PLASTIC WASTE

Principal Supervisor: Kamyar Shirvani Moghaddam
Associate Supervisor: Minoo Naebe
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Today, we produce about 300 million tonnes of plastic waste every year. That's
nearly equivalent to the weight of the entire human population [1]. It has been estimated that 8300
million metric tons (Mt) as of virgin plastics have been produced to date. In Australia, 2.5 million
tonnes of plastic waste generated in 2018-19 financial year based on Australia Bureau of statistics
report. Only 9% was sent for recycling, while 84% was sent to landfill. Based on the report, all plastic
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types had the worst recovery rates among all type of wastes [3]. There are three main types of
recycling including mechanical, energy and chemical. chemical recycling is the most complex
process. With this method, plastics are reprocessed, and their chemical structure modified so they
can be used as raw material for different industries or as a basic input for manufacturing new plastic
products. Chemical recycling helps us overcome the limits of traditional recycling. While mechanical
recycling involves melting, chemical recycling relies on a chemical transformation and thus breaking
the links between monomers. Chemical recycling breaks the plastic down at a molecular level. This
means the monomer can be recovered in what’s called closed-loop recycling or the plastic waste can
be transformed into other higher-value chemicals in open-loop recycling [4].
The aim of this project is to develop an easy to apply method for co-production of hydrogen fuel and
carbon nanotube by using of low cost and sustainable sources including plastic waste through
ultrafast microwave technique. Combining the merits from waste repurposing and circular economy,
huge demand for clean and low-cost hydrogen fuel, development of carbon nanostructure with
outstanding mechanical and physical property, and finally ultra-fast and energy saving processing
technique make a huge incentive for this project. With focusing on circular economy and
sustainability, using of the cost-effective technique plastic waste resources as feedstock help to
optimize the cost and performance of the hydrogen fuel and CNT to broaden the range of their
applications.
The research program will be developed to address these three questions:
1. How can plastic waste chemical recycling could be controlled through optimization of the pyrolysis
conditions through using of intensive Microwave energy for H2 production?
2. How do the composition and the chemo physical properties of metal-based catalyst developed in
this project affect plastic waste conversion and H2 product yield and selectivity?
3. How can the microwave pyrolysis technique be used in conjunction with high performance metalbased catalyst, to facilitate concurrent plastic waste conversion to produce H2 , in an economical
and unscalable manner?
Milestones:
Step 1: Plastic Waste Collecting/pre-treatment
a) Characterizing chemical/physical properties of mixed plastic-waste
b) Pre-treatment of the plastic waste: crushing/pulverizing into small pieces (<5 mm)
Step 2: Catalyst Development
a) Catalyst development including metal based (Ni,Co) and Iron based
b) Characterizing the catalysts in terms of surface area, degradation stability, Acidity and particle size
property
c) Comparison of the effectiveness of the different metal-based catalysts for optimum Hydrogen
generation through simulated reactor setup and real heating
Step 3: Homogenization
a) Physically mixing of plastic waste with catalyst particles in a different weight ratio of 2:1; 1:1 and
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1:2.
b) Mixing of the plastic waste with Catalyst
Step 4: MW irradiation

INCREASING THE TOUGHNESS OF THERMOPLASTIC COMPOSITES AS A ROUTE TO COMPOSITE
HYDROGEN PRESSURE VESSELS

Principal Supervisor: Luke C Henderson
Associate Supervisor: Russell Varley
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Recent work within our research group has shown that by varying the surface
chemistry in short fibre thermoplastic composites we have significantly increased the toughness (i.e.
ability to deform and dissipate energy). This is unusual for composites which typically suffer from
poor fiber-to-polymer adhesion or poor impact resistance.
This approach may provide a route to materials with contradictory properties, that being a material
that does not make the typically observe physical trade-offs, such as high stiffness at the expense of
ductility, strong but sacrificing toughness.
An area that requires the use if high toughness and high compression strength materials is in
pressure vessels. These vessels undergo various stresses at one time and must be able to withstand
accidental damage, such as falls and drops without fracture or delamination. These properties
translate to a variety of other areas such as wind energy, ballistics, and blast shields.
This project will use chemical means of interface and interphase modification to imbue novel
composites with properties which are desirable in this area. A notably point of work will be in the
use of recycled and reclaimed carbon fibres as the reinforcing phase, providing a high value
application from reclaimed materials usually destined for landfill.

ELECTRO AND ENERGY MATERIALS
Developing reliable energy storage solutions is vital for a successful transition to renewable energy sources.
Battery technology is a key focus for our research in this area, which includes a prototyping facility for new
generation batteries (BatTRI-Hub). Through our advanced NMR facility, researchers can apply NMR imaging to
the study of electrochemical processes.
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IFM researchers are developing high-performance materials for energy storage applications. Our team also
leads research in membrane technology and its applications for energy conversion and resource recovery.

DESIGNING FUNCTIONAL POLYMER ELECTROLYTES FOR ENERGY STORAGE.
Principal Supervisor: Dr Fangfang Chen
Associate Supervisor: Dr Xiaoen Wang
Location: Melbourne Burwood
Available as: Both Masters and PhD
Project description:
Polymer electrolytes based on polymerized ionic liquids have shown
great potential in the development of future solid-state alkali metal
batteries, including Lithium, sodium and potassium metals. They
present an unusual increase in metal ion diffusion and polymer
segmental motion upon increasing salt concentration, due to the cocoordination structure mechanism between polycations, anions and
metal ions [Joule, 2019, 3, 2687]. Interestingly, the formation of saltrich domains was found at high salt concentrations, which can further
improve metal ion diffusion. However, as demonstrated in our lab,
such domains are usually energetically metastable and could
transform into a new phase with lower conductivity in a short time or
a few days. Therefore, the project will explore different strategies,
including the use of new anions, mixed anions or additives to stabilize the molten salt phase and achieve high
ionic conductivities for practical applications. These materials will be initially designed through molecular
simulation, and the composition and structure with promising results will be investigated through experiment.
This project aims to integrate the computational and experimental techniques to design future solid
electrolyte materials based on polymerized ionic liquids, and to achieve the reasonable and early application.

IONIC-LIQUID-BASED HYDROGEN ENERGY TECHNOLOGY
Principal Supervisor: Dr Haijin Zhu
Associate Supervisor: Professor Maria Forsyth, Dr Xiaoen Wang
Location: Geelong, Waurn Ponds
Available as: PhD
Project description: Membrane material lies at the core of hydrogen energy technology. It is not only a key to
the lifespan and performances of the hydrogen energy devices including polymer electrolyte membrane fuel
cells (PEMFCs) and PEM electrolysers, but also determines the operation conditions (temperature, humidity)
and accounts for a large fraction of the total cost of these devices. Current commercial PEMs are
predominately based on perfluorosulfonic acid polymers and derivatives, which are not only costly (due to
fluorinated chemistry), but also are highly sensitive to temperature and water content. Cheaper and safer PEM
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materials with intrinsic proton conductivity are highly sought after, which ensure continuity of proton
movements between electrodes and the membrane while limiting the activation loss.
PILs are a subclass of organic salts which comprise one or more dissociable protons in the cation and/or anion
and with a melting point less than 100 oC. They can be easily prepared through a neutralisation reaction where
the proton transfers from a Brønsted acid to a Brønsted base. The suitability of PILs as HT anhydrous proton
conductors have been demonstrated by Watanabe and colleagues1. In the next two decades thereafter, PILs
have attracted increasing attention and been successfully demonstrated in intermediate temperature (100 ~
200 oC) fuel cells.2
Nevertheless, a major problem associated with the PIL-based membranes is that the cell voltage drops
drastically as soon as current starts to flow (known as activation loss, or kinetic loss), although the open-circuit
voltage is similar to that observed in acidified electrolytes. The activation loss is due to the slow reaction
kinetics of oxygen reduction in the cathode side, thus a large overpotential (voltage loss) is required to drive an
applied current density. The oxygen reduction reaction is a complex three-phase interface phenomenon, since
the gaseous fuel, solid metal catalyst, and electrolyte must all make contact. The reaction kinetics is not only a
function of catalyst and temperature, but also strongly influenced by proton activity in the electrolytes which
can be critically designed by tuning of cation/anion chemistry.
This project will develop novel protic ionic liquids (PILs) for HT-PEMFC and PEM electrolyser applications. The
versatility of cation and anion chemistries makes the number of PILs that can be synthesized extremely high.
The cation and anion functionality will be tailored critically, not only to deliver the highest conductivity and
lowest reaction over-potential at the electrode surfaces, but also be safe, environmental-friendly, and can be
easily recyclable and reusable, so that they can provide maximum economic, social and environmental
benefits. The project combines both fundamental and applied research which will be carried out between IFM
and Deakin’s Hycel Hydrogen Technology Hub, which is a hydrogen technology research centre with a strong
emphasis on the manufacturing and end-use application of fuel cells.
Reference
1. M. Yoshizawa, W. Xu and C. A. Angell, Journal of the American Chemical Society, 2003, 125, 15411-15419
2. J. Luo, A. H. Jensen, N. R. Brooks, et al., Energy & Environmental Science, 2015, 8, 1276-1291
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The PhD student will be involved in the synthesis and characterisation
of a series of protic ionic liquids (PILs) using combinations of various
cation and anions (examples are listed in the left figure). The DpKa of
these protic ILs varies across 16 orders of magnitude, offering a useful
tool to control and manipulate proton exchange and transport in the
PILs.
Synthesized PILs will be incorporated into different polymers including
Polysulfone and Poly (vinylidene fluoride) and polymerised ionic liquids,
forming proton conducing membranes. Prototyping PEM fuel-cells will
be assembled based on the composite membranes developed in this
project. The cell performances including conductivity and
current/voltage stability will be evaluated.
This project is strongly featured by the use of a combination of multinuclear pulsed field gradient NMR, solid/liquid NMR spectroscopy and
electrochemical characterisations to study the ion transport and proton
exchange behaviours of the protic ILs. Other complementary
techniques including DSC, DMA, impedance spectroscopy and cyclic
voltammetry will be used to characterize the thermal, mechanical and
electrochemical properties.

DEVELOPMENT OF NEW IONIC MATERIALS FOR CLEAN ENERGY APPLICATIONS
Principal Supervisor: Professor Jenny Pringle
Location: Burwood
Available as: PhD
Project description: Australia is very vulnerable to the effects of climate change and therefore it is crucial to
find cleaner and more efficient methods for storing energy from renewable sources. It would also be of great
benefit to develop more environmentally friendly ways to meet the demand for power-hungry processes such
as refrigeration and air conditioning. Many of the technological advances required to meet the move towards
a world fueled by clean energy are hindered by a lack of high performance, inexpensive materials. For
example, advances in phase change materials could allow their use for storing thermal energy on a large scale,
and materials with optimized phase behavior and physical properties could be used for more energy efficient
and environmentally friendly refrigeration technologies. The research group at IFM Burwood have long and
successful history of developing ionic liquids and organic ionic plastic crystals for electrochemical energy
storage applications (batteries) and we are now developing these materials for exciting new thermal energy
applications.
This project aims to synthesize and investigate the properties of new ionic materials for use in the clean energy
applications such as thermal energy storage and novel, low energy cooling applications. For example, the
thermal properties of organic salts can be substantially altered by changing the nature of the cations and
anions used. This will be investigated using a range of analytical techniques and a variety of new materials.
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MIXED ELECTRONIC-IONIC ORGANIC IONIC PLASTIC CRYSTAL COMPOSITES FOR ALL-SOLIDSTATE BATTERIES
Principal Supervisor: Professor Patrick Howlett
Associate Supervisor: Professor Maria Forsyth
Location: Burwood
Available as: Masters or PhD
Project description: All solid-state batteries (ASSBs) are highly sought-after technology to enable a wide range
of new, high safety, high stability applications such as Electric Vehicles, Internet of Things and scenarios where
form and reliability are important. Currently, ceramic solid-state materials and polymers are widely
investigated for use the electrolyte in these devices, however limitations in their performance have so far
hindered commercialisation.
Organic Ionic Plastic Crystals (OIPCs) are a new class of solid-state conductor studied in the Electromaterials
laboratories at Deakin. These materials possess significant disorders and crystal defects which facilitate ionic
motion and hence they are being investigated for use in batteries due to their attractive chemical and thermal
stability including non-volatility and non-flammability as well as their soft materials properties which aid
electroyte|electrode contact and processibility.
Mixed electronic/ionic composite materials based on OIPCs offer some unique properties in device fabrication.
This project will investigate the electrical and ionic properties of new OIPC composites being synthesized in
Deakin as part of the internationally recognised Electromaterials team. The student will apply a wide range of
techniques for materials characterisation, surface characterisation and electrochemical testing through to
battery device prototyping as part of the Deakin BatTRI-Hub. Opportunities for participation with industry
partners and international collaborators within the Electromaterials network will provide the successful
candidate with a strong professional base and excellent employment prospects.

NOVEL TWO-DIMENSIONAL NANOMATERIALS FOR HYDROGEN GENERATION AND STORAGE
Principal Supervisor: A/Professor Weiwei Lei
Associate Supervisor: Professor Matthew Barnett
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: The rise of two-dimensional materials (graphene, MXene, MoS2 etc) has attracted
widespread interest in investigating various chemical reactions, owing to its merits of excellent physical and
chemical properties, which can provide an ideal platform for transforming desired reactions into reality. The
application of 2D materials for chemical reactions can be further broaden by means of introducing
heterostructures. It was found that the spin density and charge distribution of atoms can be influenced by
heteroatom dopants, accordingly, weakening the conjugation around adjacent atoms and inducing the
activation region. This kind of activated region can enhance various catalytic reactions with more excellent
performance, like oxygen reduction reactions (ORR), hydrogen evolution reactions (HER), and selective
oxidation reactions. Among these reactions mentioned above, however, up to now little was precisely known
about the type of activated sites playing role in catalytic systems.
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This project will develop novel 2D nanomaterials with advanced and controlled active sites and surface areas
for use in hydrogen generation and storage applications.

DEVELOPMENT OF NOVEL TWO-DIMENSIONAL ELECTRODE NANOMATERIALS FOR NOVEL
BATTERIES AND SUPERCAPACITORS
Principal Supervisor: A/Professor Weiwei Lei
Associate Supervisor: Professor Joselito Razal
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Lithium-ion batteries with high energy and power density have been widely used in
portable electric vehicles and electric power storage devices. However, there is a serious concern about the
availability of lithium for large-scale applications due to the limit of lithium reserves in the earth. On this
occasion, the eco-friendly batteries and supercapacitors such as sodium-ion batteries operable at room
temperature have become the focus in the field of energy and environment, owing to the low cost and natural
abundance of sodium. Consequently, new nanomaterials for batteries and supercapacitors need to be
developed urgently. One of the main issues is to increase the energy density, which can be achieved via tuning
the reversible capacity and operating voltages.
The aim of the proposed study is to focus on development of new 2D electrode nanomaterials. The know-how
developed for Li-ion homologues will be transferred to new batteries’ systems to optimize the selection of
compositions. Different synthesis routes will be used to enhance solid solution domains and master the
microstructure. The electrochemical behaviour of new materials will be evaluated, and the mechanisms will be
investigated through several techniques in the labs and in cooperation with the characterisation platforms.

NOVEL FUNCTIONAL TWO-DIMENSIONAL NANOMATERIALS FOR SUSTAINABLE ENERGY
HARVESTING
Principal Supervisor: A/Professor Weiwei Lei
Associate Supervisor: Professor Xungai Wang
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: The development of renewable, clean and sustainable energy is a global challenge in the
face of the increased impacts of climate change and finite fossil fuel reserves. At the same time, the rapid
development of flexible electronics has led to a huge demand for miniaturized energy storage units. Twodimensional (2D) nanomaterials have displayed considerable promise in enabling new energy harvesting and
storage opportunities. Moreover, heterostructures formed by the combination of various 2D nanomaterials
offer even greater control over the structural and electronic properties.
Despite significant progress, the development of 2D nanomaterials for energy harvesting and storage
applications is still hampered by challenges such as low surface charge density, poor structure and chemical
stabilities, low capacitance, etc.
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This project will develop novel approaches for the synthesis of versatile 2D nanomaterials with novel large
electrochemically active surface areas and high electrical conductivity, to enable exploration of new
heterostructures based on them, for use in osmotic energy harvesting and advanced next-generation energy
conversion and storage applications.

NOVEL TWO-DIMENSIONAL NANOMATERIAL NANOCOMPOSITES FOR THERMAL ENERGY
MANAGEMENT
Principal Supervisor: Dr Dan Liu
Associate Supervisor: A/Professor Jingliang Li
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Advanced two-dimensional (2D) nanomaterials and their nanocomposites are attracting
interest for their novel physical, chemical and electrochemical properties. These properties may benefit
important areas such as energy storage and thermal management. However, progress with existing 2D
nanomaterials has been limited by their simple surface and structural properties, poor thermal conductivity
and fire retardancy, and mechanical instability. Without further advances, the great opportunity for 2D
nanomaterials to assist in managing some of the world’s pressing technical challenges, like provision of energy
storage and thermal management, will be hampered.
On the other hand, inspired by nacre’s intrinsic relationship between structure and mechanical properties,
many scientists have fabricated a various artificial nacre-like nanocomposites with cationic, small molecules,
and polymers as mortars to bridge the nanosheets.
This research is fuelling a growing conviction that mimicking the architecture of natural nacre seems to be a
viable approach to designing 2D nanomaterial nanocomposites with great strength and toughness. This project
will improve and extend this technique to develop functional 2D nanomaterials such as nanoclays with
controllable and various surface functional groups for thermal management applications.

USING POLYMERISED POLYMER COATINGS TO DEVELOP CONTROLLED DRUG DELIVERY
Principal Supervisor: Dr George ‘Wren’ Greene
External Supervisor: Prof. Simon Moulton (Swinburne); smoulton@swin.edu.au
Location: Melbourne Burwood
Available as: PhD
Project description: Controlled drug delivery systems are smart multifunctional platforms that are designed to
improve the pharmacological activity of a therapeutic agent or active pharmaceutical ingredient (API) by
increasing the drug solubility, stability, and bioavailability, reducing side effects and enhancing the selective
delivery of drug with a predictable rate and mechanism to specific organ/tissue/cells. This project will utilize a
new technology for polymerizing ultra-thin and non-fouling conductive polymer coatings to create reloadable,
on-demand drug delivery systems that has relevance to applications such as implantable bionic neural
electrodes, transdermal ‘patch’ delivery systems, needle-probes, and microneedle arrays, among others. They
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will have the capacity to deliver a wide variety of therapeutic drug compounds including multiple controlled
release of different compounds from a single construct.
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AN ELECTROCHEMICAL BIOSENSOR FOR TUMOR ANTIGEN
Principal Supervisor: Dr George ‘Wren’ Greene
External Supervisor: Professor Simon Moulton (Swinburne); smoulton@swin.edu.au
Location: Melbourne Burwood
Available as: PhD
Project description: Tumor antigen is a blood biomarker expressed by up to 80% of metastatic cancers. The
ability to detect and quantify tumor antigen thus has the potential to revolutionise cancer diagnostics and
provide a routine screening tool for early detection of cancer recurrence. This project, which will be conducted
in close collaboration with industry partner Universal Biosensors, will develop and validate a new and
innovative point-of-care electrochemical biosensing platform capable of quantifying tumor antigen
concentrations in finger prick volumes of blood. PhD candidates will work closely with industrial partners and
so gain valuable firsthand experience in industrial process development and technology translation.
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ELECTRIC FIELD AND MECHANICAL STRESS EFFECTS ON MINERAL DISSOLUTION RATES
Principal Supervisor: Dr George ‘Wren’ Greene
Location: Melbourne Burwood
Available as: PhD
Project description: Pressure solution is a well-known but poorly understood geological phenomena
describing the enhanced solubility of certain inorganic material surfaces when pressed against (i.e., in close
proximity to) a second, dissimilar material surface in salty water. It has been shown that the enhanced mineral
dissolution rates, in certain cases ten billion times higher than its ‘natural’ rate, is related to large, localized
electric fields arising from dissimilar electrostatic surface potentials. In this respect, pressure solution
resembles an electrocatalytic phenomenon. This project will provide deep insight into the fundamental
physiochemical mechanisms by which electrocatalytic effects are derived from surface potential gradients and
mechanical pressure. These insights will not only transform the understanding of a 100-year-old geological
theory but will also transform the understanding of pressure solution related phenomena which include
chemical mechanical polishing (used extensively in semiconductor processing) and tribochemical reactions
(which often depends on the presence of a water film and large mechanical pressures).
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ELECTROCHEMICAL BIOSENSORS FOR MICRORNA
Principal Supervisor: Dr George ‘Wren’ Greene
External Supervisor: Prof. Simon Moulton (Swinburne); smoulton@swin.edu.au
Location: Melbourne Burwood
Available as: PhD
Project description: MicroRNAs are small, non-coding RNAs that are promising biomarkers for diagnostic
technologies targeted toward different types of cancer, viruses (e.g. COVID-19), and disease states. Because of
the often very low levels of circulating mRNAs, reliable detection and quantification of microRNAs in point-ofcare settings has been challenging to achieve. This project will advance a new and innovative electrochemical
biosensor platform capable of detecting microRNAs in raw, unprocessed bodily fluids (e.g. urine) and suitable
for point-of-care settings. This project will be conducted in close collaboration with industry partner Universal
Biosensors and provide PhD candidates with valuable firsthand experience in industrial process development
and technology translation.
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DEVELOPING NEW ELECTRODES FOR HIGH-SAFETY ANODE-FREE SODIUM METAL BATTERIES
THROUGH MULTISCALE ELECTROCHEMISTRY
Principal Supervisor: Minkyung Kang
Associate Supervisor: Maria Forsyth, Patrick Howlett
Location: Burwood
Available as: Masters or PhD
Project description: This project is focused on developing new and stable electrodes for next-

generation high-energy batteries: anode-free sodium metal batteries (AF-SMBs). Although AF-SMBs
can theoretically achieve specific capacity values that are up to ~10× higher than conventional
lithium-ion batteries (LIBs), in practice this configuration is plagued by issues associated with metal
“dendrite growth”. During battery cycling, repetitive electro-plating/stripping results in the
progressive growth of metal dendrites, leading to poor cycle life and safety issues due to short
circuiting. Dendrite growth in batteries is rather complex, due to chemical and electrochemical
formation/aging of a surface film—the solid electrolyte interphase (SEI)—at the
electrode/electrolyte interface during cycling. As this is a complex problem, covering multiple
length- and timescales, an innovative multiscale approach is needed to understand and address it.
Scanning electrochemical cell microscopy (SECCM) is capable of high-throughput, synchronous
electrochemical/topographical imaging of complex interfaces across length-(sub-nm to mm) and
time-scales (sub-ms to days) and will be used in this project to unveil local battery electrode
performance directly and unambiguously, in situ. Initially, direct correlation of battery electrode
surface structure with Na-deposit morphology (e.g. dendrite growth rate) will be investigated (Year
1) in selected high-safety ionic liquid electrolytes (ILEs). Surface heterogeneity on polycrystalline Cu
(poly-Cu, i.e. the negative electrode current collector in AF-SMBs) strongly influences both SEI
formation and the interfacial energy between Na and Cu, causing the formation of non-uniform
surface films and uneven Na metal growth. Through SECCM, early-stage SEI formation and Na metal
nucleation/growth on poly-Cu will be probed, which will then be correlated to surface structure
through identical-location microscopic/spectroscopic characterisation (SEM, EBSD, and AFM),
unambiguously revealing structure-reactivity at the (sub)nanoscale. After developing a thorough
mechanistic understanding of the initial stages, the ‘multiscale’ aspect of this project will be
explored (achieved by changing the dimensions of the SECCM probe and timescale of the
measurement) to study the time-evolution of the SEI, and the later stages of Na growth in ILEs. The
empirical results will be supported by computational simulations (e.g. DFT, MD and FEM), carried
out by collaborators at IFM and Victoria University of Wellington, to further advance a mechanistic
understanding (Year 2-3). The results will guide the development of electrode architectures and
surface treatments (e.g., using 2D nanomaterials such Boron Nitride nanotubes, in collaboration
with IFM researchers) that enable uniform SEIs and growth of contiguous Na films. This project
advances fundamental knowledge and investigative techniques for the study of interfacial
phenomena, highly relevant for the development of promising post LIB technologies. Coupling
SECCM with identical-location surface characterisation, as well as complementary computational
simulations, will provide a clear picture of battery electrode structure-composition-activity
relationships. The ultimate outcome will be to provide blueprints for novel low-cost materials for
energy conversion and storage applications, in order to shift to new/secure sources of energy
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supply, as well as mitigate climate change, which are parallel goals within IFM. The PhD topic is
closely aligned with supervisor Kang’s recently awarded DECRA22 project which undertakes similar
investigations for lithium electrodes.

IMPROVING BATTERY ELECTROLYTE PERFORMANCE BY VISUALISING ION INTERACTIONS AND
DYNAMICS IN UNPRECEDENTED DETAIL
Principal Supervisor: Luke O'Dell
Associate Supervisor: Maria Forsyth, Fangfang Chen
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Ionic liquids (ILs), broadly defined as ionic compounds with melting points below

100 °C, show evidence of supramolecular ordering both in the bulk phase and at or near the
interface. Such structuring depends on the nature of the cation and anion, and plays a major role in
determining the physical properties that make ILs so versatile and useful as solvents, lubricants or
electrolytes. As there exists an almost infinite number of potential combinations of IL cations and
anions, understanding the nano-scale structure of ILs and its links to their macroscopic properties is
crucial for the rational design of new systems. For example, in IL-based electrolytes used for lithium
electrochemistry, the arrangement, conformation and dynamics of the ions, and in particular the
interactions of the Li+ species with the other ions, are of fundamental importance as they will
determine the lithium transport mechanism and ultimately the device performance. In this project,
we aim to use an advanced NMR-based method previously developed by our group (J. Phys. Chem.
Lett. 9, 2018, 1007) for probing the arrangement of ionic species in ILs that can provide accurate
inter-nuclear distance information and allow us to construct a 3D visualisation of ion-ion interactions
that can be compared directly with the results of molecular dynamics (MD) simulations. Based on
dynamic nuclear polarisation (DNP) NMR, this method will be used to study IL structures in the
glassy state which represents a static snapshot of the liquid-state structure. Novelty and Innovation The project will apply state-of-the-art NMR methods based on DNP to sodium-containing ionic liquid
electrolytes for the first time, providing a picture of the sodium solvation environment with
unprecedented detail. Methodology - Novel ionic liquids will be sourced from IFM's Electromaterials
team and characterised using basic and advanced NMR (including HOESY, DNP, relaxation
measurements, 17O) with also molecular dynamics (MD) simulations being carried out to provide
further insights and aid the interpretation of the experimental data. Milestones - Develop novel ionic
liquid systems and characterise using basic NMR methods (6 months), test DNP enhancement levels
with different radicals and radical concentrations and develop MD force fields for novel ions (12
months), apply 6Li-13C and 23Na-13C REDOR DNP experiments and run MD simulations (24
months), test the effects of IL modification or incorporation of additives (30 months), publish papers,
and write thesis (36 months). Significance and Impact - The focus will be placed on lithium and
sodium containing IL electrolytes, but the very broad applicability of ILs in many areas of science
beyond energy storage will ensure that the outcomes from this project will have a high impact and
will attract interest from a large number of researchers. Several high impact publications are
anticipated.
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DEVELOP OF SODIUM ION ANODES FROM WASTE SOURCES

Principal Supervisor: Nolene Byrne
Associate Supervisor: Jenny Sun, Maria Forsyth
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: The use of renewable energies is becoming increasing important as we move
towards sustainable energy solutions. Sodium ion batteries show promise over current battery
technologies due to the abundance of sodium. However, the anode material is a limiting factor, from
the potential candidates hard carbons such as that fabricated from waste lignocellulosic materials
show great promise. This PhD will explore the use of waste cellulose textile materials, namely
cotton, wood pulp, jute, hemp a, flax and bamboo as examples as free-standing carbon anodes for
sodium ion batteries. The candidate will explore the role of the various cellulosic feedstock,
carbonization parameters on electrochemical performance and SEI formation.
NEXT-GENERATION, LONG-LIFE RECHARGEABLE ZINC BATTERIES.

Principal Supervisor: Mega Kar
Associate Supervisor: Dr. Cristina Pozo-Gonzalo
Location: Burwood
Available as: Masters or PhD
Project description: There is an urgent need to design inexpensive, non-flammable and stable
materials for the next generation of rechargeable batteries beyond expensive and highly reactive
lithium-ion, to overcome the intermittency of renewable energy in Australia. This project aims to
provide major advances in stable and high-energy density rechargeable zinc-air, which has begun to
attract increasing attention as the basis of a new generation of devices. The low cost and abundancy
of Zn and oxygen (O2) make the manufacturing of these devices feasible for large-grid scale energy
storage. Such batteries also make excellent candidates in flexible electronic devices in which lightweight and long-term power supply is essential. Currently commercial primary Zn-O2 batteries
function in alkaline media where the evaporation of electrolytic water, passivation of the aircathode, and formation of Zn-dendrites upon charging makes them unsuitable for rechargeable zincair batteries. However, progress in commercial rechargeable zinc-air batteries have been hampered
by difficulties in designing an appropriate electrolyte which can simultaneously support both the
long-term cycling of Zn anode and the oxygen reduction reaction (ORR)/oxygen evolution reaction
(OER) at the cathode.
This project aims to design new low-cost and stable non-aqueous electrolytes in optimising both the
O2-cathode and Zn-anode reactions to achieve high efficiency and long-cycling life of rechargeable
zinc-air batteries. Specifically, the project will focus on:
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- Designing new electrolytes comprising of various zinc salts in mixtures of organic solvents and ionic
liquids to support non-dendritic, long-term, highly reversible cycling of zinc.
- Understanding the mechanism which will enhance cycling efficiencies and cycle life of the cathodic
reaction in the electrolytes.
- Demonstrating a rechargeable zinc-air prototype device with enhanced efficiency and cycle life.
The newly designed electrolytes will be characterised using spectroscopic (Raman, FT-IR), physicochemical (conductivity, viscosity, DSC) and electrochemical (Cyclic voltammetry (CV)) techniques.
In collaboration with well renowned Prof. Gordon Wallace (University of Wollongong) in advanced
materials and characterisation, in situ electron paramagnetic resonance (EPR) will be used to
determine the generated intermediate species i.e., superoxide (O2•−) during ORR/OER in various
zinc electrolytes.
FT-IR, Raman and 1H/13C Nuclear Magnetic Resonance (NMR) spectroscopy, including solid-state
and liquid NMR methods, will be used to study dynamics and the solvation of Zn2+ ions and O2●- as
a function of electrolyte composition and temperature. Additionally, 17O NMR will be carried out for
the first time in IFM with expert A/Prof. Luke O’Dell. Such experimental techniques will be
complemented with MD simulations, in collaboration with molecular modelling expert Dr. Fangfang
Chen (IFM), to understand the solvation shells of Zn2+ and O2●-.
Prototype swagelok Zn-O2 cells will be constructed using metallic Zn anode and conventional
microporous air electrodes, operated under pure O2. New inexpensive, high-performance, nonnoble metals will also be sought and tested as stable OER electrocatalysts.
Finally, the Zn surface and the air-cathode will be analysed post cycling, using SEM, EDX and FT-IR to
understand the effects of electrode morphology and understand the mechanism of battery failure.
XRD and XPS will also provide an insight on the chemical nature of

SMART MATERIAL PLATFORMS FOR CONTROLLED DRUG RELEASE SYSTEMS

Principal Supervisor: Wren Greene
Associate Supervisor: Rosanne Guijt (SEBE)
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Controlled drug delivery systems are smart multifunctional platforms that are
designed to improve the pharmacological activity of a therapeutic agent or active pharmaceutical
ingredient (API) by increasing the drug solubility, stability, and bioavailability, reducing side effects
and enhancing the selective delivery of drug with a predictable rate and mechanism to specific
organ/tissue/cells. This project will utilize a new technology for polymerizing ultra-thin and nonfouling conductive polymer coatings to create reloadable, on-demand drug delivery systems that has
relevance to applications such as implantable bionic neural electrodes, transdermal ‘patch’ delivery
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systems, needle-probes, and microneedle arrays, among others. They will have the capacity to
deliver a wide variety of therapeutic drug compounds including multiple controlled release of
different compounds from a single construct. The technology in this project is a platform technology
that can grow conductive polymer films just a few nanometers thick with an optical transparency
equal to a few layers of graphene (i.e. >95%). The process used lends itself to micropatterning
processes including ink-jet printing allowing tansparent circuits to be deposited quickly over large
areas. In addition to drug release, it can likewise be used for electrochemical sensing in wearable or
implantable devices.

ADVANCED SOLID STATE ELECTROLYTES FOR SAFER SODIUM BATTERIES.

Principal Supervisor: Jenny Pringle
Associate Supervisor: Maria Forsyth, Patrick Howlett
Location: Burwood
Available as: Masters or PhD
Project description: Sodium (Na)-based rechargeable batteries are among the most advantageous
and viable of the “beyond lithium ion” technologies. Sodium has advantages including lower cost,
plentiful and local supply. However, the viability of wide-spread application of these devices
depends on achieving substantial improvements to cycle life, safety, capacity etc. The development
of new, high performance electrolytes is critical to this goal.
This project will develop new electrolytes for sodium batteries based on organic ionic plastic crystals
(OIPCs). These materials, composed entirely of ions, are non-flammable, non-volatile and will not
leak from the device, thus providing substantial safety advantages, in addition to the electrochemical
stability required for high power density. The project will also investigate the first use of zwitterions
as additives for sodium electrolytes, with the aim of further increasing Na+ conductivity (which
would allow better rate capabilities).
The methodology will be based on investigating a range of OIPCs never before explored for sodium
battery applications, and achieving detailed understanding of the OIPC/sodium salt electrolyte
properties using a range of advanced characterisation techniques. For example, thermal analysis
(DSC) will be used to understand phase behaviour, while solid state NMR techniques will provide
unique information on the structure and dynamics with different cation/anion combinations.
Important electrochemical analysis, for insights into the efficacy of the different electrolytes in
devices, will include CV and sodium cell cycling. Post-mortem analysis of the cells (e.g. SEM, XPS) will
allow understanding of the SEI formation and the failure mechanisms. Thus, the PhD candidate will
build a diverse and highly sought-after skill set, gaining experience in a wide range of materials and
device characterisation techniques.
A further unique avenue that will be explored will be the addition of zwitterions as additives to
further improve Na ion transport in the OIPC/Na salt electrolytes. This is a novel approach recently
developed in ACES, and the substantial possible benefits of this strategy has not yet been fully
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realised. The zwitterions are unique structures shown to be beneficial for Li battery electrolytes but
never explored for Na batteries. The same analytical techniques described above will be used to
understand the effect of zwitterion addition.
Overall methodology:
Year 1: synthesis and characterisation of known OIPCs combined, for the first time, with Na salts, to
assess the impact of different cation and anion structures on electrolyte properties and
performance.
Year 2: investigation of the benefit of zwitterions as additives to improve transport of the Na+ ions,
and on the SEI layer.
Year 3: exploration of new OIPCs being developed in the electromaterials group, e.g. in StorEnergy
for lithium batteries, combined with zwitterions, to further understand the impact of ion chemistry
and optimise transport and electrochemical performance in Na batteries.
Impact: This project will further advance our understanding of the critical underpinning science of
the electrolyte within sodium-based energy storage devices, allowing the development of safer and
more efficient devices. Improved sodium-based devices allow increased use of renewable energy
through better energy storage, thus increasing our chances of mitigating the effects of climate
change.
FUNCTIONAL POLYMER ELECTROLYTES FOR BATTERIES

Principal Supervisor: Fangfang Chen
Associate Supervisor:
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Polymer electrolytes based on polymerized ionic liquids (PILs) have shown great
potential in the development of future solid-state alkali metal batteries, including Lithium, sodium
and potassium metals. These polymers have cationic polymer backbones and are used as solid
solvents for the salts. Unconventionally, the metal ion diffusion and polymer segmental motion will
increase upon adding more salt, due to a co-coordination structure mechanism between
polycations, anions and metal ions [Joule, 2019, 3, 2687]. Interestingly, the formation of salt-rich
domains was found in a superconcentrated PILs with very high salt concentrations, which can further
improve metal ion diffusion. However, as demonstrated in our lab, such domains are usually
energetically metastable and could transform into a less conductive phase in a short time or a few
days. Therefore, how to stabilise the salt-rich domains in these materials can not only result in high
metal ion conduction, but also increase the number of charge ion carriers, thus the electrolyte
performance, which could play a key to realise their practical application in solid-state batteries.
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FIBRES AND TEXTILES
IFM’s world leading fibre and textile research group has broad expertise and capability with a strong focus on
improving the sustainability of the textile industry across the supply chain, including pathways for adding value
to textile waste.
Their unique combination of science and textile processing capabilities is complemented by state-of-the-art
characterisation, testing, prototyping and scale-up facilities on the one site.
Research leaders:
Professor Xungai Wang, Pro Vice-Chancellor Future Fibres
Professor Joselito Razal

NOVEL TWO-DIMENSIONAL NANOMATERIAL NANOCOMPOSITES FOR THERMAL ENERGY
MANAGEMENT
Principal Supervisor: Dr Dan Liu
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Advanced two-dimensional (2D) nanomaterials and their nanocomposites are attracting
interest for their novel physical, chemical and electrochemical properties. These properties may benefit
important areas such as energy storage and thermal management. However, progress with existing 2D
nanomaterials has been limited by their simple surface and structural properties, poor thermal conductivity,
and fire retardancy, and mechanical instability. Without further advances, the great opportunity for 2D
nanomaterials to assist in managing some of the world’s pressing technical challenges, like provision of energy
storage and thermal management, will be hampered.
On the other hand, inspired by nacre’s intrinsic relationship between structure and mechanical properties,
many scientists have fabricated a various artificial nacre-like nanocomposites with cationic, small molecules,
and polymers as mortars to bridge the nanosheets.
This research is fuelling a growing conviction that mimicking the architecture of natural nacre seems to be a
viable approach to designing 2D nanomaterial nanocomposites with great strength and toughness. This project
will improve and extend this technique to develop functional 2D nanomaterials such as nanoclays with
controllable and various surface functional groups for thermal management applications.
The proposed research will seek to understanding the underlining mechanism responsible for the intrinsic
thermal management behaviour of 2D nanocomposite materials, which will inform innovative material design,
particularly the nanocomposite structure designs. This project is multidisciplinary in science, and will be guided
by a supervisory team with expertise in 2D nanomaterials, composites, and thermal properties.
The novelty and innovation of this work include new structure of 2D nanocomposites and examination of their
respective thermal behaviour using both TGA and Laser Flash instruments ect. at IFM.
This work is likely to lead to both high impact publications and future grants opportunities.
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BIO-INSPIRED AND FUNCTIONALIZED NANOFILTRATION MEMBRANES FOR ORGANIC SOLVENT
SEPARATION AND RECOVERY
Principal Supervisor: Dr Dan Liu
Location: Geelong Waurn Ponds
Available as: PhD
Project description: The high capital and operating costs of the separation, recovery, and disposal of organic
solvents in chemical and pharmaceutical industries account for 40-70% of the total process cost due to
reactions and high-value products in organic solvents at the end of the process. (Chem. Rev. 2014, 114,
10735). Therefore, higher separation and energy efficiencies are needed to significantly reduce the cost of
processing organic solvents mixtures for purification. Compared to conventional membrane technology, the
organic solvent nanofiltration (OSN) membrane, has been realized for more efficient solvent operations
because of its excellent stability and high separation in organic solvents and good solvent permeance to
improve the production process speed (Chemical reviews 2014, 114, 10735). Meanwhile, several reports have
highlighted that limited ultrahigh permeance membranes will not improve the separation process (Science
2017, 356). Therefore, OSN membranes with a high solvent permeance and good separation performance
have attracted interest from researchers for industrial applications.
Recently, the emerge of new organic solvent, nanofiltration (OSN) membranes, composed by two-dimensional
(2D) nanomaterials and unique nanochannels offer extraordinary mass transport properties that are not
possible in state-of-art commercial membranes. Therefore, making them promising in areas of environmental
purification (Nat Comm. 2018, 9, 1902. and J. Mater. Chem. A, 2018, 6, 21104. published by my team).
However, the membranes made solely from 2D nanomaterials lack the required mechanical toughness for OSN
membranes.
Therefore, this project will design a novel bio-inspired robust nanocomposite membranes with hierarchical
architecture assembly of 1D nanofiber and 2D nanomaterials which display high stiffness and tensile strength
sufficient for high efficient organic solvents separation and recycling. In addition, the separation mechanism
will be deeply studied and the synthesis of 2D nanomaterials-based membranes will be optimized toward
large-scale production for a wide range of industrial applications.
Significance and potential impact
1.

2.

3.

4.

Mimicking nature nacre’s bricks-and-mortar structures in synthetic materials by assembling well
aligned inorganic 2D nanosheets surrounded by organic 1D nanofiber matrix is an alternative way to
fabricate high performance OSN membranes, which can potentially offer an integration of
extraordinary mechanical robustness and enhanced toughness coupled with multifunctionality.
This project will open up the opportunities for the development of high efficient hybrid OSN
membrane building blocks with unique hierarchical structures by offering a new eco-friendly and
scalable production technique.
This project will provide a research platform for both of the fundamental organic solvents separation
mechanism and a promising rout for fabrication of high-performance, broad chemical application
ranges, and economic OSN membrane for organic solvents separation and reuse applications.
The targeted materials will represent a great contribution to address major challenges of the
separation and recycling organic solvents in chemical and pharmaceutical industries to promote the
standing of Australian researchers in these research areas.
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5.
6.

Because of this project deliver new production and processing techniques for cost-effective
implementation in separation of organic solvents, it can help us to attract industries’ funding.
The excellent outcomes will support student to apply Alfred-fellowship and contribute to ARC Hub for
Future Fibres.

This project shows strategic aims: Innovative research in material design, re-designing materials for a circular
economy, imparting materials with extraordinary functionality or innovating with nature’s materials.
1.

2.

3.

This project integrates strongly with existing research strengths in advanced 2D nanomaterials and 1D
nanofiber. We will design a novel mimicking nature nacre’s bricks-and-mortar structures in synthetic
advanced materials by assembling well-aligned inorganic 2D nanosheets surrounded by organic 1D
nanofiber matrix to fabricate OSN membranes.
These novel OSN membranes can potentially offer an integration of extraordinary mechanical
robustness and enhanced toughness coupled with multifunctionality including high flux, excellent
selectivity, and ultrahigh stability for high organic solvents separation performance. It will realize the
low capital and operating costs and high efficient of the separation and reusing of organic solvents in
chemical and pharmaceutical industries for a circular economy.
This project will bridge the gap between laboratory curiosity and manufacturing adoption, leading to
increased industrial productivity. It will bring transformational benefits to the advanced
manufacturing industry in Australia through the generation of new knowledge in materials
engineering and nanoscience of advanced fibre materials.

NOVEL NANOMATERIAL COMPOSITES MEMBRANES FOR IONS AND MOLECULAR SIEVING FOR
WATER PURIFICATION
Principal Supervisor: Dr Dan Liu
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Two-dimensional (2D) nanomaterials, such as graphene oxide (GO), have successfully
aroused much research enthusiasm and exhibited extensive prospect in separation fields due to its unique
physiochemical properties, such as one-atom-thickness structure and enriched oxygenated functionalities. The
laminated structure formed by stacking of GO nanosheets enables to create a lot of nanochannels for efficient
mass transport. Meanwhile, the oxygenated functional groups not only endow GO with surface negativity and
stable dispersibility, but also supply enriched favourable chemical reactant sites for a variety of further
modification. Benefited from these properties, GO can be the preferential candidate in membrane fabrication
for water treatment.
However, a big challenge still exists to directly apply GO membrane in seawater desalination due to its poor
ion rejection of small ions. In addition, it is still a great challenge to achieve high selectivity and low permeance
of water desalination through precise d-spacing control of 2D membranes within sub-nanometer. In this
project, we will develop functionalised 2D nanomaterial membranes with various functional groups to enhance
metal ions and molecular sieving for water purification.
This project aims to fabricate novel functionalised 2D nanomaterial membranes with improving metal ions and
molecular sieving properties for water purification. Understanding the underlining mechanism will be
responsible for the intrinsic ions and molecular sieving behaviour of membranes and exploring the
extraordinary functionality, particularly various functional groups of 2D nanomaterials.
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DEVELOPMENT OF TWO-DIMENSION NANOMATERIALS-ORIENTED FIBRE-BASED ORGANIC
ELECTROCHEMICAL TRANSISTORS (OECT) AND ITS APPLICATIONS IN SENSING
Principal Supervisor: Dr Dan Liu
Location: Geelong Waurn Ponds
Available as: PhD
Project description: To date, massive efforts to overcome the abovementioned daunting challenges have been
made and thanks to the advances in device integrated technology and material science, the high-performance
sensors designed with organic semiconductor-transistor platforms have gradually stepped into the limelight.
For the sake of the wearable sensing applications, the robust organic semiconductor (OSC) materials especially
the conjugated polymers (CPs) can offer an ideal biointerface between the biological environments contained
the detectable substances and the sensing components. Among all the OSC-transistor based sensors, the
organic electrochemical transistors (OECTs) have triggered the most tremendous interest in the chemical and
biological sensing applications. In recent decades, the study focusing on some alternative CPs with excellent
two-dimensional (2D) nanomaterials have aroused intensive attention. This project will develop new 2D
nanomaterials as templates to facilitate the synthesis of novel CPs nanostructures. Then the fiber electrodes
integrated with the CPs nanostructures will be assembled into the fiber-based organic electrochemical
transistors (FECTs). Finally, the sensing applications of the woven FECTs will be studied.
This project aims to design a feasible and low-cost strategy for large-scale and stable fabrication of novel fiber
electrode using 2D nanomaterial as template with increasing the contact resistance for OECT application. This
project is also about exploring the relationship between the configuration of electrodes and sensor
performance.

DEVELOPMENT OF NOVEL COMPOSITES MATERIALS FOR FUTURE E-TEXTILES
Principal Supervisor: Dr Dan Liu
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Electronic textile (E-textile) is the integration of multifunctional supercapacitors
electronics into fashionable clothing, which provides a new idea for further development of wearable
electronics. However, textiles are highly flammable. The inherently flammable and combustible properties of
textiles could seriously confine their further application in supercapacitors.
Recently, unique two-dimensional (2D) nanomaterials (e.g., graphene, boron nitride, and exfoliated
dichalcogenides) have been demonstrated to be an efﬁcient green ﬁre retardant and energy storage materials
due to their high electrical and thermal conductivity and resistance to oxidation (Nano Energy 2018, 47, 368; J.
Am. Chem. Soc., 2017, 139, 6314. published by my group). Inspired by the previous achievements, the
strategies for fabricating nanocomposites by graphene and polymer can be significantly improved the fire
resistance of polymers in synthetic fibres.
However, improving the fire resistance property of textiles for fire safety and expanding the range of their
application while retaining an excellent electrical conductivity is still a challenge. Furthermore, the existing
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methods cannot load a sufficient amount of graphene into conductivity polymer matrix to further enhance
their flame retardancy and supercapacitors performance due to the hydrophobic property of graphene.
Therefore, to address these issues, this project will develop new flame-retardant textiles using highly water
dispersion 2D materials and conductivity polymer precursor with various functional group. The novel green
aqueous solution derived textiles will exhibit excellent capacitance, flame retardant, good mechanical and
wash durability could largely satisfy the urgent demand of textiles fibre-materials.
This project aims to provide substantial motivation to offer a facile organic-inorganic nanocomposites strategy
for the design of flame retardant and high conductivity textiles based on 2D nanomaterials and polymers. In
addition, the targeted textiles will represent a great contribution to address major fire prevention challenges
of clothing, home furnishing, transport systems and high-rise buildings to promote the standing of Australian
researchers in these research areas. The targeted textiles will be fabricated to the wearable energy storage
devices with enhanced performance and will lead to technological innovation that are significant to the growth
of relevant industries in materials and energy.
This project results expect to publish high impact papers and patents. In addition, it can help the students to
increase their academic skills, breadth and depth of research experiences.

SYNTHESIS OF NOVEL NANOMATERIALS
Principal Supervisor: Professor Ying (Ian) Chen
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Nanomaterials are the clusters of atoms at the scale of nanometers and have many new
properties and functionalities. The well-known nanomaterials include nanotubes, graphene, and nanosheets.
Discovery of new nanomaterials and their special properties and applications is the forefront research and also
has many exciting applications in energy, environment and medical sciences. The Nanotechnology team has
over 25 years research experience in nanomaterials and our research performance has been recognised at
international leading position with an ERA ranking of five stars. Further details can be found at
https://orcid.org/0000-0002-7322-2224
The student will conduct the research in nanomaterials synthesis, characterisation to applications. Discovery
of new materials, new synthesis method and new properties is expected. Example projects can be found at
http://www.deakin.edu.au/about-deakin/people/ying-ian-chen

DEVELOPING HYDROGEN READY ELASTOMERS.
Principal Supervisor: A/Professor Nolene Byrne
Location: Geelong Waurn Ponds
Available as: PhD
Project description: As Australia and the world look to reduce carbon emission there is a significant drive to
replace natural gas with cleaner fuels. Hydrogen is considered the most promising candidate to replace natural
gas, however given the differences between natural gas and hydrogen the currently used elastomers within
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gas infrastructure are not suitable. This PhD will explore the development of a new range of elastomer
materials that are compatible with hydrogen across a range of pressure ranges. This project is a collaboration
between Deakin University and the Future Fuels CRC working closely with industry partners within the gas
sector.
This project will seek to develop a range of low cost elastomers which will be suitable for the transport of
hydrogen across a range of pressure. The outcomes will include an understanding of how hydrogen alters the
key material properties of currently used elastomers such as NBR and Viton. The role of nanofiller and ,
plasticers and co polymer ratio will be explored.

NEW SUSTAINABLE MATERIALS FROM WASTE
Principal Supervisor: A/Professor Nolene Byrne
Location: Geelong Waurn Ponds
Available as: PhD
Project description: The transition towards more sustainable renewable materials s a key driver across many
industries and sectors. Reducing the environmental footprint of the energy sector is a key challenge. Faced by
society today. Utilizing of renewable resources, solar, wind, water is seen as the future. The use of batteries is
a critical component to many of these renewable energy sources being utilized. Sodium ion batteries SIB are
emerging as an improved replacement for current state of the art lithium-ion batteries. The anode material for
SIB is comprised of a carbon material. Sources of the carbon material can be from waste. This project will seek
to develop a new class of materials specifically aimed as anode materials for SIB sources from waste biomass
precursors.
The aim of this project is to use waste feedstock such as textile waste and other biomass sources to develop
anode materials for sodium ion batteries

PREDICTING THE CHEMISTRY OF NANOMATERIAL INTERFACES
Principal Supervisor: Professor Tiffany Walsh
Location: Geelong Waurn Ponds
Available as: PhD
Project description: In this project, EXtreme-scale Electronic Structure Systems (EXESS) will be used to perform
extreme-scale ab initio quantum chemical calculations for many different bio-relevant molecules at the
nanomaterial interface, specifically including molecular systems with up to thousands of atoms as a template.
More specifically, we will focus on the interfacial chemistry of boron nitride (BN), which is an ideal example of
a solid material that has a multitude of current and possible new uses in industrial processes.
The extreme-scale ab initio calculations will be used to obtain, for the first time, a definitive benchmark of
interfacial adsorption energies and geometries for a suite of small molecules adsorbed on boron nitride
surface that are relevant to addressing grand-challenge scientific questions in a wide range of industrially
relevant areas, including energy generation, nanomedicine, and water purification.
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TWO-DIMENSIONAL MATERIALS FOR THERMAL MANAGEMENT
Principal Supervisor: Professor Ying (Ian) Chen
Associate Supervisor: Dr. Qiran Cai
Location: Geelong Waurn Ponds
Available as: PhD
Project description: With the increasing demand in miniaturization, effective thermal management, which
largely relies on advanced materials with high thermal conductivity, has become a determining factor in the
performance, reliability and longevity of electronics. Due to their potential application in flexible and wearable
electronics, the thermal properties of two-dimensional (2D) materials, e.g., intrinsic thermal conductivity,
thermal expansion coefficient, isotope engineering enhancement, have been intensively explored in recent
years. In the application of thermal management, 2D materials are inevitably under strain because of the
thermal expansion coefficient mismatch with other materials. Nevertheless, there is still a lack of experimental
studies on the thermal conductivity of strained 2D materials, in spite of some theoretical studies which are not
consistent with each other. In this project, the thermal properties of both substrate-supported and suspended
strained 2D materials (e.g., graphene, boron nitride nanosheets (BNNSs) and molybdenum disulfide (MoS2))
will be systematically studied by optothermal Raman technique. This project will provide deeper
understanding on the mechanism of thermal transport of 2D materials and guiding significance on the
application of 2D materials for thermal management.
The aim of the PhD project is to systematically study the thermal property of strained two-dimensional
materials. It involves:
1.
2.
3.

fabricating strained substrate-supported and suspended graphene, BNNSs, and MoS2;
studying the strain effect on the thermal conductivity of graphene, BNNSs, and MoS2;
theoretically studying thermal transport mechanism of strained 2D materials.

REDUCING MOTORCYCLIST HAND IMPACT INJURIES.
Principal Supervisor: Dr Christopher Hurren
Associate Supervisor: Dr Gayathri Rajmohan
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Hand injury for a motorcyclist is a common occurrence with 27% of riders likely to sustain
a hand injury in a crash. Gloves have been shown to reduce the probability of cuts and abrasions by 60%. The
same is not present for fractures and other impact injuries with no difference in injuries seen between riders
wearing or not wearing gloves. There are shortcomings in the design and measurement of impact protectors
for motorcycle gloves. The only certification method for glove impact protectors (EN13594) uses a much lower
impact energy (10J) than that used for other parts of the body (50J). The test mandrels used are not shaped
like the metatarsal body part that they are simulating and may inaccurately measure transferred impact force.
Impact protection in motorcycle jackets and pants has progressed significantly in the last 20 years.
Development has seen the use of highly flexible structures, energy absorbing poly urethane foams and shear
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thickening fluids to absorb higher impact forces. Glove armour has stayed the same over this period typically
using hard plastic or fibre reinforced composites to disperse energy over a larger impact area.
The idea of this research project is to determine an appropriate method for the protection of hands from
impact injury. It will analyse the best method for undertaking evaluation of impact protection, determining the
key areas that require impact protection and developing solutions that will absorb impact energy without
hampering the control of the motorcycle.
Motorcyle riders make up 25% of the people injured on Australian roads with 27% of these people sustaining
hand injuries. The aim of this project is to reduce the amount of impact energy transmitted into a riders hands
during a crash. The student will first look at the impact test method to determine the best way for evaluating
metatarsal, palm and wrist impact protection. The student will then determine the appropriate materials,
structures and placement required to achieve high levels of impact energy attenuation within a motorcycle
glove. The glove will need to be designed in a way that it does not inhibit the riders control of the motorcycle.
The student will finish the project with haptic evaluation of the suitability of the glove for use in a range of
motorcycle riding types.

TEXTILE YARNS AND FABRICS THAT AID FIBRE SEPARATION FOR CIRCULAR DESIGN.
Principal Supervisor: Dr Christopher Hurren
Associate Supervisor: Dr Gayathri Rajmohan
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Approximately 5% of textiles are recycled at end of use because the structure of most
textiles makes it extremely hard to extract fibres from them. When fibres are extracted, they are often
reduced in length, resulting in lower quality textiles when they are reused. In denim, the addition of 5-10%
recycled fibre is often used to enable some circularity however the inclusion of this recycled fibre often
reduces the quality and performance of the new fabric.
For circular textiles to be achieved, textiles need to be easily separated into fibres so that they can be remanufactured into new garments. In this project the researcher will investigate yarns and fabric structures
that can be manipulated to allow fibre separation. This may be achieved by using lower twist yarns in a fabric
structure that locks them in place during use but then can be manipulated to allow their ease of release during
recycling. This work can be done on either knitted or woven structures and will concentrate on cotton or
polyester/cotton blends. A researcher working in this area will develop techniques and IP that will be directly
relevant to many companies today looking for better recycling options.

HYDROGEN STORAGE USING MECHANOCHEMISTRY.
Principal Supervisor: Professor Ying (Ian) Chen, Dr Srikanth Mateti
Location: Geelong Waurn Ponds
Available as: PhD
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Project description: Australia government aimed to produce carbon zero energy by 2030. Hydrogen is very
promising fuel which free from carbon emissions. Research still in early stages, but it is still considered as “a
viable material, continues to promise much and deliver precious little”, this is due to lack of storage options
and transportation facilities that are available in current research area. Hence, hydrogen storage & hydrogen
rich materials have become research of interest as they could be easily transported, and hydrogen can be
generated onsite.
By the end of the project, student will be gaining expertise knowledge in following.
•
•
•
•

Chemical reactions generated by mechanical forces.
Hydrogen technology, use and handling of hydrogen sources.
Various methods to enhance hydrogen storage capacity.
Understand storge and release mechanism of hydrogen from the materials using various advanced
characterisation methods.

HARVESTING HYDROGEN FROM SEAWATER.
Principal Supervisor: Shuaifei Zhao
Associate Supervisor: Lingxue Kong
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Water splitting is an effective way to produce renewable and sustainable hydrogen
energy. In particular, seawater splitting without using freshwater, is more exciting. Therefore, recently
seawater splitting has become an emerging research topic for renewable hydrogen generation. However,
seawater splitting still faces some challenges, such as its high cost, low stability and performance reduction
due to the impurities (e.g., cations, microbes and particulates) in seawater. In addition, the electrochemically
active anions in seawater (Cl-) would interfere and compete with the water-splitting electrocatalysis,
decreasing the water splitting performance.
This project aims to develop innovative membrane technology (including both membrane materials and
processes) to overcome the key problems in seawater splitting for hydrogen production. The outcomes of this
project will enable renewable hydrogen production from the unlimited seawater source, and reduce the cost
for producing freshwater that is required in conventional electrolyzers.
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EVAPORATION-CONDENSATION THROUGH NANOPORES
Principal Supervisor: Shuaifei Zhao
Associate Supervisor: Lingxue Kong, Luhua Li
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Water vapour evaporation and condensation are ubiquitous phenomena in numerous
natural and industrial processes. They have significant impacts on many processes/properties, such as cooling,
heating, adhesion, lubrication, friction and corrosion. Mass and heat transfer on evaporation and condensation
at nanoscale is extremely unique and interesting. There are huge knowledge gaps in these fundamental areas.
This project aims to develop new understanding of mass and heat transfer via water vapour evaporation and
condensation at nano-scale. The objectives include: (1) design experimental setup to measure mass and heat
transfer fluxes at nano-scale; (2) develop unique nanoporous materials for evaporation and condensation; (3)
develop models to explain the unique mass and heat transfer in nanoporous materials.

DEVELOPMENT OF NOVEL TWO-DIMENSIONAL ELECTRODE NANOMATERIALS FOR NOVEL
BATTERIES AND SUPERCAPACITORS
Principal Supervisor: A/Professor Weiwei Lei
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Lithium-ion batteries with high energy and power density have been widely used in
portable electric vehicles and electric power storage devices. However, there is a serious concern about the
availability of lithium for large-scale applications due to the limit of lithium reserves in the earth. On this
occasion, the eco-friendly batteries and supercapacitors such as sodium-ion batteries operable at room
temperature have become the focus in the field of energy and environment, owing to the low cost and natural
abundance of sodium. Consequently, new nanomaterials for batteries and supercapacitors need to be
developed urgently. One of the main issues is to increase the energy density, which can be achieved via tuning
the reversible capacity and operating voltages.
This project will develop novel nanomaterials with the extremely high thermal stability and favourable
electrical conductivity to improve the specific capacity and cycling stability as well as other properties of
batteries and supercapacitors.
The aim of the proposed study is to focus on the development of new 2D electrode nanomaterials. The knowhow developed for Li-ion homologues will be transferred to new batteries’ systems to optimize the selection of
compositions. Different synthesis routes will be used to enhance the solid solution domains and master the
microstructure. The electrochemical behavior of new materials will be evaluated, and the mechanisms will be
investigated through several techniques in the labs and in cooperation with the characterisation platforms.
This work is likely to lead to both high impact publications and future grants opportunities.
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NOVEL FUNCTIONAL TWO-DIMENSIONAL NANOMATERIALS FOR SUSTAINABLE ENERGY
HARVESTING
Principal Supervisor: A/Professor Weiwei Lei
Location: Geelong Waurn Ponds
Available as: PhD
Project description: The development of renewable, clean and sustainable energy is a global challenge in the
face of the increased impacts of climate change and finite fossil fuel reserves. At the same time, the rapid
development of flexible electronics has led to a huge demand for miniaturized energy storage units. Twodimensional (2D) nanomaterials have displayed considerable promise in enabling new energy harvesting and
storage opportunities. Moreover, heterostructures formed by the combination of various 2D nanomaterials
offer even greater control over the structural and electronic properties.
Despite significant progress, the development of 2D nanomaterials for energy harvesting and storage
applications is still hampered by challenges such as low surface charge density, poor structure and chemical
stabilities, low capacitance, etc.
This project will develop novel approaches for the synthesis of versatile 2D nanomaterials with novel large
electrochemically active surface areas and high electrical conductivity, to enable exploration of new
heterostructures based on them, for use in osmotic energy harvesting and advanced next-generation energy
conversion and storage applications.
The aim of the proposed study is to focus on development of new 2D nanomaterials with heterostructures for
osmotic energy harvesting application. The electronic properties of new materials will be evaluated, and the
mechanisms will be investigated through several techniques in the labs and in cooperation with the
characterisation platforms.

NOVEL TWO-DIMENSIONAL NANOMATERIALS FOR HYDROGEN GENERATION AND STORAGE
Principal Supervisor: A/Professor Weiwei Lei
Location: Geelong Waurn Ponds
Available as: PhD
Project description: The rise of two-dimensional (2D) materials (graphene, MXene, MoS2 etc) widely attracts
the interest of investigating among various chemical reactions, owing to its merits of excellent physical and
chemical properties, which can provide an ideal platform for transforming desired reactions into reality. The
application of 2D materials for chemical reactions can be further broaden by means of introducing
heterostructures. It was found that the spin density and charge distribution of atoms can be influenced by
heteroatom dopants, accordingly, weakening the conjugation around adjacent atoms and inducing the
activation region. This kind of activated region can enhance various catalytic reactions with more excellent
performance, like oxygen reduction reactions (ORR), hydrogen evolution reactions (HER), and selective
oxidation reactions. Among these reactions mentioned above, however, up to now little was precisely known
about the type of activated sites playing role in catalytic systems.
This project will develop novel 2D nanomaterials with advanced and controlled active sites and surface areas
for use in hydrogen generation and storage applications.
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The aim of the proposed study is to focus on the development of new 2D nanomaterials with heterostructures
for hydrogen generation and storage applications. The underline mechanism of enhanced hydrogen
production will be systematically investigated, and the remarkable ORR or HER performances can be attributed
to the synergistic effects of the modified 2D nanomaterials. The catalytic properties of new materials will be
evaluated, and the mechanisms will be investigated through several techniques in the labs and in cooperation
with the characterisation platforms.

NANOMATERIAL BASED AEROGELS FUNCTIONALIZED POLYPROPYLENE SEPARATORS FOR
LITHIUM-SULFUR BATTERIES.
Principal Supervisor: A/Professor Weiwei Lei
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Lithium-sulfur batteries (LSBs) has been emerging as one of the most promising next
generation batteries for their high energy density compared with commercial lithium-ion batteries. Yet there
are several problems to be settled including the capacity decay caused by the dissolving and shuttle of
polysulfide (PS), and the safety risks of separators piercing resulted from lithium dendrites. Plenty of works
have been done on the anodes, cathodes, and separators to solve these problems in similar mechanism. One
of the useful approaches is to modify the separator with functionalized nanomaterials such as porous
graphene to absorb the PS that are dissolved in the electrolyte. Similarly, with inherent electrical insulating,
good chemical inertness, good fire resistance, and high mechanical strength, 2D nanomaterials may show
better performance to modify the separators. By this research, we will improve the performances and safety
of LSBs by functionalization of PP separators with 2D nanomaterial-based aerogels to realize PS absorbing and
mechanical strength enhancing simultaneously.
The aim of the proposed study is to focus on the rational design, synthesis and characterisation of transition
metal oxides/sulfides integrating with 2D nanomaterials, and their application in sodium/lithium ion batteries.
It will provide an excellent ground for exploring and exploiting the internal degrees of freedom of electronscharge, orbital and spin- and their interplay for fundamental research and device application.

DEVELOPMENT OF NOVEL LAYERED NANOMATERIALS FOR CIRCULAR WATER AND ENERGY
APPLICATIONS
Principal Supervisor: A/Professor Weiwei Lei
Location: Geelong Waurn Ponds
Available as: PhD
Project description: The issue of water source protection and energy storage has received considerable critical
attention. Numerous inorganic (e.g., heavy metal cations or anions) and organic (e.g., dyes, oils) contaminants
from industries and human activities have been introduced into our natural water resource or wastewater
treatment systems. It is necessary to remove these contaminants from the waters before release into the
environment because they are highly toxic and hazardous to living organism. Similarly, electricity cannot be
stored cheaply in large quantities, and more convenient and efficient ways for energy storage are highly
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required. Recently, a wide variety of advanced nanomaterials have been explored to remove these pollutants
effectively and provide high power capability, but they still show unsatisfactory regeneration and cycling
ability. Indeed, besides good properties in terms of capacity and kinetics, the desired nanomaterials should
exhibit easy water cleaning and facile energy store for long cycling life. Exploring two-dimension (2D)
nanomaterials is a good route to improve the long-term cycling.
The research plan focuses on the development of novel layered nanomaterials for circular water and energy
applications. In recent years, layered nanomaterials have been widely explored and exhibited effective
performance in water cleaning and energy storage due to their excellent anion-exchange ability, wide
tunability and rehydration ability. In this project, we need to synthesis a series of novel layered nanomaterials
by homogeneous precipitation by urea hydrolysis and evaluate their performance and recyclability as sorbent
materials for wastewater treatment and electrode materials for developing high-performance supercapacitors.
It can be expected that the novel layered nanomaterials of this research will be regarded to be great potential
in practical wastewater treatment and commercial supercapacitors.

NOVEL FUNCTIONALIZED NANOMATERIALS BY PLASMA TECHNOLOGY FOR SUSTAINABLE
ENERGY AND ANTIBERIAL
Principal Supervisor: A/Professor Weiwei Lei
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Currently, the increasing consumption of global energy is one of the most serious issues
due to the rapid growth of the population and economic expansion, leading to the overuse of existing energy
resources, as well as the production of pollutants. Consequently, scientists have paid a great deal of attention
to the development of technologies that use sustainable energy resources, such as wind energy, solar energy,
bioenergy, and ocean energy, to replace the most widely used fossil fuels. Among them, harvesting clean
ocean energy through 2D nanomaterials devices has attracted tremendous interest in the past few decades.
However, the poor stability and hydrophobicity of current 2D nanomaterials such as graphene in aqueous
environments makes it difficult to use ocean energy harvesting for practical applications.
Therefore, to address these issues, new functionalized 2D nanomaterials (hydrophilicity and antibacterial)
could be attractive. The new functionalized 2D nanomaterials will have unique properties such as chemical
stability under harsh conditions.
Plasma technology will be used to functionalize the 2D nanomaterials with various functional groups, making
them more hydrophilic and antibacterial. The plasma interaction and the generation of plasma can create a
wide range of active species depending on the power conditions and the electrode configuration. The active
species react with the 2D nanomaterials, changing their physical and chemical properties.
We have obtained some good results in the development of 2D nanomaterials for energy harvesting (Nature
Communications 2015, 6, 8849 (IF= 12), J. Am. Chem. Soc., 2017, 139, 6314 (IF= 14), and Nature
Communications 2018, 9, 1902).
Building upon extensive research as above, this project will develop novel functionalized 2D nanomaterials
with superhydrophilicity, antibacterial, and controlled functional groups grafted by plasma techniques.
The research program proposed is aimed at developing and re-designing novel multifunctional 2D
nanomaterials by novel plasma technique, which will exhibit excellent performance in green energy generation
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and antibacterial. This project will develop a novel plasma technology and new energy platform at Deakin to
open up the opportunities for publishing high impact papers and attacking more funding in the future.

BIO-PLASTIC FILM FROM COTTON WASTES
Principal Supervisor: Dr Maryam Naebe
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Cotton motes and cotton gin trash (CGT) are important cotton wastes produced during
cotton processing. They consist of short cotton fibres with immature or broken seeds, obtained in cleaning
sections of ginning plants. Despite these are sources of lingocellulose, they are commonly piled, and later
disposed of with an extra cost. This proposal focuses on a green scalable method of turning cotton waste into
bioplastic for a wide range of applications.
This research aims to develop a novel bio polymer formulation and method for cotton wastes. This also
includes understanding the requirements for a biodegradable waterproof polymer film, where it can withstand
the load for packaging or other applications.

MULTIFUNCTIONAL GRAPHENE COATED NATURAL NONWOVEN FOR AUTOMOTIVE
APPLICATION.
Principal Supervisor: Dr Maryam Naebe
Location: Geelong Waurn Ponds
Available as: PhD
Project description: A cost effective electrically and thermally conductive textile for large scale automotive
application will offer significant advantages in feature content and sustainability. Conductive materials are
usually limited to applications with non-biodegradable plastics. In partnership with Ford Motor Company USA,
this project will develop novel multifunctional textiles from natural protein waste fibre for automotive
application.
Building upon this research, graphene oxide-based natural fibre textile coating formulations that offer
multifuntional properties will be developed. A scalable textile coating application process will be a key
research focus, alongside understanding the interfacial strength between textile surfaces and active materials.
This is to ensure durable coatings with suitable mechanical, electrical and thermal properties, while retaining
the inherent properties of natural recycled protein fibres.

MICROBIAL COLOUR USING TEXTILE FIBRE WASTE.
Principal Supervisor: A/Professor Rangam Rajkhowa
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Associate Supervisor: Dr Ben Allardyce, Professor Xungai Wang
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Many microbes produce colour pigments due to secondary metabolites depending on the
energy sources and surrounding environment. Examples include red colour produced by Penicillium
miniolutem in Sabouraud broth, Rhizopus sp. in potato dextrose broth, purple by Penicillium vinaceum in
Czapek Dox broth and brown in potato dextrose. This project is to understand fundamental aspects of
developing colour from microbes as a replacement of synthetic colour. These microbial colours will dye
ultrafine fibre particles which are derived from textile wastes, and these colour pigments will then be used for
selected applications such as coloration of textile, leather and plastics. The project is significant for circular
economy for using textile wastes for value addition and highly environmentally sustainable for production and
use of sustainable chemical free pigments.
Aim of this research is to generate a new class of naturally derived pigments for use a colouring source. The
project will carry out process optimization to produce consistent colour pigments and then study their
applications The project will investigate the use of ultrafine particles derived from natural fibre wastes as a
template and as an energy source for colour producing microbes. The high surface area of the particles and
their chemical nature are likely to assist in microbial pigmentation process. The group has significant expertise
in producing ultrafine particles from textile wastes using a scalable technology.

MICRO FIBRILLATED PROTEIN FIBRE AND APPLICATIONS
Principal Supervisor: A/Professor Rangam Rajkhowa and A/Professor Alessandra Sutti
Associate Supervisor: Dr Murray Height (HeiQ)
Location: Geelong Waurn Ponds
Available as: PhD
Project description: All natural fibres have a hierarchical structure consisting of micro and nano scale fibrils.
The fibrils once extracted from natural fibres have excellent properties due to ultrafine dimensions and ability
to be used in the form of suspensions. The applications include advanced surface treatments, high strength
composites and biomedical applications. In this project protein based natural fibres such as wool, animal hair
(alpaca, cashmere etc.) will be studied for extracting fibrils and developing formulations from wide range of
applications including advanced textile functional treatments, high performance materials and papers,
packaging, food industry and cosmetics. This project is part of Industrial Technology Training Centre on Green
Manufacturing Technology supported by Australian Research Council (ARC).
The project will adapt green chemistry-based manufacturing systems and principles, develop sustainable
applications, and explore use of protein fibre waste for producing such fibrils. The project will take advantage
of expertise and facilities of industry partner HeiQ, with the final objective of developing a pipeline of
commercial products and applications based on the fundamental knowledge and platform technology
developed through the project. HeiQ, a specialty chemicals company based in Geelong Australia, is focused on
the research, development, and commercialisation of fibre-based materials and formulations for achieving
innovative functionalities in a variety of industries and applications.
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SEMICONDUCTOR MEMBRANES FOR SELECTIVE CONVERSION OF CO2 TO FUEL
Principal Supervisor: Professor Lingxue Kong
Associate Supervisor: Professor Ying (Ian) Chen
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: The combustion of fossil fuels releases close to 40 billion tonnes of carbon dioxide (CO2)
to the atmosphere every year, leading to global warming and adverse climatic change. Photo-electrocatalysis
provides a viable solution, where the greenhouse gas is converted into valuable products, such as methanol,
formic acid methane and ethanol.
This project seeks to develop nanostructured and heterostructured metal oxide films for efficient conversion
of CO2. Nanostructured and heterostructured materials exhibit a higher specific surface area and efficient
charge transfer kinetics compared to their bulk counterparts, leading to improved catalytic properties. The
project will investigate how the CO2 conversion product yields and selectivity may be tailored by manipulating
the physicochemical properties of the nanostructured films and investigate the mechanisms how CO2 can be
directly converted from dilute flue gases and the atmosphere.

SUSTAINABLE AND ENVIRONMENTALLY FRIENDLY INNOVATION FOR PRIMARY INDUSTRY
PRODUCTS
Principal Supervisor: Professor Lingxue Kong
Associate Supervisor: Shuaifei Zhao
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: More than 40 percent of fruits, vegetables and grains worldwide are lost during and after
the harvest, urgently requiring the development of reliable technological solutions to meet the demands of
ever-growing population and deteriorating.
This project seeks to develop nanostructured and heterostructured metal oxide films for efficient conversion
of CO2. Nanostructured and heterostructured materials exhibit a higher specific surface area and efficient
charge transfer kinetics compared to their bulk counterparts, leading to improved catalytic properties. The
project will investigate how the CO2 conversion product yields and selectivity may be tailored by manipulating
the physicochemical properties of the nanostructured films and investigate the mechanisms how CO2 can be
directly converted from dilute flue gases and the atmosphere.

3D PRINTING OF CERAMIC MATERIALS
Principal Supervisor: Professor Ying (Ian) Chen, Dr Srikanth Mateti
Associate Supervisor:
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Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: This project aims to 3D print ceramic material using S-Titanium Pro 3D printer. A test
specimen is to be fabricated using powder by use of Selective Laser Melting (SLM) technique - utilising the Stitanium pro 3D printer. The operation would involve 2xClass-4 CO2 of 150W power to melt and fuse the
powders evenly which are distributed on the build plate. By the end of PhD term, the student will get
expertise skills in uisng Aurora labs metal 3D printer as well as expert knowldege in varioous advanced
characterisation techniques (for example, scanning and transmission electron microscope, thermal
conductivity and thermal gravimetric analsying).

MANIPULATION OF LC PHASES OF MXENE NANOMATERIALS TOWARDS IMPROVED
ARCHITECTURES
Principal Supervisor: Professor Joe Razal
Associate Supervisors: Dr Dylan Hegh, Dr Alex Qin
Location: Geelong Waurn Ponds
Available as: PhD
Project description: Two-dimensional (2D) nanosheets of transition metal carbides, known as MXenes, have
received significant interest due to their unique properties, particularly outstanding conductivity and
electrochemical capacitance. However, translating MXenes outstanding properties into macroscopic
architectures and devices remains a challenge. Recently it has been demonstrated that by manipulating their
liquid crystalline (LC) phases by modifying the flake size or concentration, MXene dispersions can be
aggregated into pure MXene fibres, which was not previously achievable using conventional non-LC
techniques.

Left: Isotropic to nematic (LC) phase of MXene dispersions. Right: LC MXene dispersion and fibre.

The properties of LC phases have been shown to be manipulated by a range of other parameters such as
altering the physical environment (e.g. applying a magnetic or electric field) or the chemical environment (e.g.
addition of nanomaterial additives or new surface functionality). By employing such strategies this project aims
to gain a fundamental understanding of how to induce LC phases in MXene dispersions and manipulate their
physical properties in order to construct architectures such as film and fibres which preserve the unique
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properties of the individual flakes or impart additional functionality. This project will allow the development of
skills from chemistry, materials science, composites, and engineering.

MXENES: FROM FUNDAMENTAL TO ENERGY STORAGE AND IONTRONICS
Principal Supervisor: Dr Si (Alex) Qin
Associate Supervisor: Professor Joselito Razal
Location: Geelong Waurn Ponds
Available as: Both Masters and PhD
Project description: MXenes are an emerging class of two-dimensional (2D) materials produced by selectively
etching the A-group element (typically Al or Ga) from the parent MAX phase. MXene can be expressed in a
general formula Mn+1XnTx, where M represents an early transition metal, X is C and/or N, Tx stands for various
surface functionalities such as –OH, –O, and/or –F, and n = 1, 2, or 3.
Ti3C2Tx MXene is one of the most widely studied MXenes with high hydrophilicity, high strength (Young’s
modulus 300 GPa), high electrical conductivity (>10,000 S cm–1, higher than solution-processed graphene) and
rich surface functionality (–OH, –O, and/or –F), and outstanding electrochemical properties (specific
capacitance of >400 F g–1 and 1500 F cm–3). Ti3C2Tx is one of the most promising materials for energy storage
(supercapacitors) to electromagnetic interference (EMI) shielding. In this project, we aim to gain fundamental
understanding of the interaction of MXene and different ions during electrochemical processes (charging and
discharging) using advanced characterisation, and also explore the application of MXene and its composites in
supercapacitor, fibre-/textile-based wearable electronics and electrochemical artificial muscles. This project
will allow the development of skills in electrochemistry, materials science, and material engineering.

SHORT POLYMER FIBRES FROM POLYMER LATEX
Principal Supervisor: A/Professor Alessandra Sutti
Associate Supervisor: Dr Surya Subianto
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Location: Geelong Waurn Ponds
Available as: Both Masters and PhD
Project description: Short polymer fibres are polymer micro and nanofibres that are produced through a
bespoke wet-spinning process. They have found commercial application in fields such as biomedical and
textile treatments. Achieving high control of the diameter and length of the fibres, as well as their
composition, is critical to developing new materials with added functionality and increasing their commercial
applicability.
The research team works very closely with industry partner HeiQ, and has access to laboratory scale, small and
large pilot scale facilities located on campus within the ManuFutures building. The production of short polymer
fibres is highly reliant on tuning polymer-solvent-coagulant interactions. Polymer latex options provide an
interesting challenge to tackle, due to the peculiar colloidal interactions that take place. In this project, various
types of polymer latex will be tested for compatibility with the short polymer fibres manufacturing process,
and polymer-solvent-coagulant interactions will be mapped. This project will develop skills in chemistry,
polymer science, colloid chemistry, rheology and materials science.

FUNCTIONAL MATERIALS (MEMBRANES) FOR WATER PURIFICATION AND RESOURCE RECOVERY.
Principal Supervisor: Dr Shuaifei Zhao
Associate Supervisors: Professor Lingxue Kong, A/Professor Jingliang Li
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Resource (e.g. water and nutrients) shortages are global challenges and thus have
attracted growing interest. Resource recovery from wastewater featured with zero liquid discharge is of great
importance for more sustainable water and agricultural industries, fostering a circular economy. Membrane
technologies, such as forward osmosis, membrane distillation and electrodialysis, have demonstrated their
promise for resource recovery and zero liquid discharge. However, high-performance membranes for these
processes with targeted applications are still scarce. This project aims to develop functional membranes with
special properties for resource recovery from wastewater.
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NANOSTRUCTURED METAL OXIDE FILMS FOR EFFICIENT CONVERSION OF CO 2
Principal Supervisor: Professor Lingxue Kong
Associate Supervisor: Professor Ying (Ian) Chen
Location: Geelong Waurn Ponds
Available as: PhD
Project description: The combustion of fossil fuels releases close to 40 billion tonnes of carbon dioxide (CO2)
to the atmosphere every year, leading to global warming and adverse climatic change. Photo-electrocatalysis
provides a viable solution, where the greenhouse gas is converted into valuable products, such as methanol,
formic acid methane and ethanol.
This project seeks to develop nanostructured and heterostructured metal oxide films for efficient conversion
of CO2. Nanostructured and heterostructured materials exhibit a higher specific surface area and efficient
charge transfer kinetics compared to their bulk counterparts, leading to improved catalytic properties. The
project will investigate how the CO2 conversion product yields and selectivity may be tailored by manipulating
the physicochemical properties of the nanostructured films and investigate the mechanisms how CO2 can be
directly converted from dilute flue gases and the atmosphere.

CHEMISTRY AND MORPHOLOGY OF POROUS MEMBRANES FOR NEXT GENERATION MEMBRANE
CHROMATOGRAPHY
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Principal Supervisor: Professor Lingxue Kong
Associate and External Supervisors: Dr Shuaifei Zhao, Professor Wei Duan (School of Medicine) and Dr Hung
Pham (CSL)
Location: Geelong Waurn Ponds
Available as: PhD
Project description: By introducing tailored chemistry for targeted materials such as proteins, carbohydrates
or molecules, and incorporating them into unique nanostructured membranes of high specific surface area,
there will be great potential to translate this research to biomedical and pharmaceutical industries. Two
important aspects of membrane technology will be examined in this project:
Tailored design of chemistry: depending on the structure and chemistry of targeted materials, new aptamers,
monomers and polymers will be designed that could specifically bind to the targets;
The optimisation of nanostructures: different strategies will be introduced to synthesise membranes of varying
pore size, porosity, surface properties, and chemical compositions.
Advanced characterisation technologies will be employed to investigate the physical and chemical properties
and correlate to the performance of the new membranes.

NOVEL NANOMATERIAL COMPOSITES MEMBRANES FOR IONS AND MOLECULAR SIEVING
Principal Supervisor: Dr. Dan Liu
Associate Supervisor: Professor Xungai Wang
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Two-dimensional (2D) nanomaterials, such as graphene oxide (GO), have successfully
aroused much research enthusiasm and exhibited extensive prospects in separation fields due to their unique
physiochemical properties, such as one-atom-thickness structure and enriched oxygenated functionalities. The
laminated structure formed by stacking of GO nanosheets enables the creation of nanochannels for efficient
mass transport. Meanwhile, the oxygenated functional groups not only endow GO with surface negativity and
stable dispersibility, but also supply enriched favourable chemical reactant sites for further modifications.
Benefiting from these properties, GO can be the preferential candidate in membrane fabrication for water
treatment.
However, a big challenge still exists to directly apply GO membrane in seawater desalination due to its poor
ion rejection of small ions. In addition, it is still a great challenge to achieve high selectivity and low permeance
of water desalination through precise d-spacing control of 2D membranes within sub-nanometer. In this
project, we will develop functionalised 2D nanomaterial membranes with various functional groups to enhance
metal ions and molecular sieving for water purification.
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DEVELOPMENT OF TWO-DIMENSION NANOMATERIALS-ORIENTED FIBRE-BASED ORGANIC
ELECTROCHEMICAL TRANSISTORS (OECT) AND THEIR APPLICATIONS IN SENSING
Principal Supervisor: Dr. Dan Liu
Associate Supervisor: Professor Xungai Wang
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: To date, massive efforts to overcome challenges associated with GO membranes have
been made and, thanks to advances in device integrated technology and material science, the highperformance sensors designed with organic semiconductor-transistor platforms have gradually stepped into
the limelight. For the sake of wearable sensing applications, the robust organic semiconductor (OSC) materials,
especially the conjugated polymers (CPs) can offer an ideal bio interface between the biological environment
containing the detectable substances and the sensing components. Among all the OSC-transistor based
sensors, the organic electrochemical transistors (OECTs) have triggered tremendous interest in the chemical
and biological sensing applications. In recent decades, the study of alternative CPs with excellent twodimensional (2D) nanomaterials has aroused intense attention. This project will develop new 2D nanomaterials
as templates to facilitate the synthesis of novel CP nanostructures. Then the fibre electrodes integrated with
the CP nanostructures will be assembled into the fibre-based organic electrochemical transistors (FECTs).
Finally, the sensing applications of the woven FECTs will be studied.
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MICROBIAL COLOUR USING TEXTILE AND FIBRE WASTE
Principal Supervisor: Rangam Rajkhowa
Associate Supervisor: Dr Ruchi Agarwal (external), Teri Deakin Nanobiotechnology Centre (external),

Xungai Wang

Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Many microbes produce colour pigments due to secondary metabolites

depending on the energy sources and surrounding environment. There are reports on their use for
dyeing natural and synthetic textiles and leather. Examples include red colour produced by
Penicillium miniolutem in Sabouraud broth and by Rhizopus sp. in potato dextrose broth at 150C,
purple by Penicillium vinaceum in Czapek Dox broth and brown in potato dextrose at 370C.
This PhD project will aim to gain new understanding in this area of research by using particles
derived from end of life cotton and wool textiles to develop coloured pigments. The microbial
colours will be absorbed/adsorbed by the fibre particles thereby forming coloured powders. The
high surface area of the particles and their chemical nature will allow them to get coloured at room
temperature. These ultrafine particles will be used as pigment for coloration of textile, leather and
plastics. In addition, the research will investigate if protein or cellulose particles can act as a source
of energy for microbes enhancing production of microbial colour. To gain such understanding there
will be studies also on enzymatic degradation of protein and close particles to primary forms such as
peptides or glucose.

One critical issue impacting application of microbial colour in industrial scale is the recovery of
colour. Solvent is required to extract colour from the microbial system. This makes the process costly
and organic solvent dependent. Some recent studies (see references) show that if a piece of textile is
used in the media containing the microbes, then the colour produced by the microbes can stain or
dye that textile. While this is an artistic way to design coloured textiles, it is not easy method to
control the process and large scale production of coloured textiles. We aim to solve this problem by
using fibre powders. It will be easy to separate particles after being dyed by microbes which will then
be dried to create coloured pigments for subsequent use for dyeing textiles or other materials using
standard textile dyeing or printing process.
The project is encouraged from our significant expertise of ultrafine particle production from textile
wastes. We demonstrated that these ultrafine particles if produced from coloured textiles, can be
used for screen printing or spray coating to create new coloured textiles. For this concept, we
received H&M Foundation Global Change Award in 2017. However, the colour intensity of these
particles is low and often requires further dyeing with synthetic dye. We want to solve this problem
by microbial colour.
This research is significant because there is a strong need to reduce significant environmental
impacts from production, application and disposal of synthetic dyes and pigments across textile,
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leather and many other sectors. Traditional dyeing is becoming increasingly costly because of
regularity requirements around the use and disposal of harmful chemical dyes and pigments. The
project aims to overcome this by sustainable chemical free pigments production as well as a solution
for innovative applications of textile wastes going to landfill.
Milestones include 1) process optimization to produce consistent microbial colour, 2) Understanding
if and which fibre particles work in the system, 3) Characterisation and stability of colours, 4)
applications in colouration of textiles
Ref
J. clearer production, 187(2016), 585
www.ted.com/talks/natsai_audrey_chieza_fashion_has_a_pollution_problem_can_biology_fix_it/tr
anscript?language=en

MANIPULATING MXENE LIQUID CRYSTALS FOR ADVANCED ELECTRONICS
Principal Supervisor: Joselito Razal
Associate Supervisor: Dan Liu, Peter Lynch, Alex Qin
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: The world’s capability to produce new materials is continuing to make giant leaps

forward, such that a number of nanomaterials provide real promise in enabling breakthrough
technologies in areas that improve our daily lives. These practical technologies include safer and
more efficient batteries for vehicles, computing, and electronics, and more accurate and sensitive
devices used in healthcare. The proposed research will address the need to understand an emerging
novel material called “MXenes”, which unlike other two-dimensional (2D) materials, simultaneously
display metallic conductivity, high strength and colloidal stability, in its as-produced state. Its sister
2D materials, such as graphene oxide, require significant processing steps (time and energy) and at
best only reach a fraction of MXene’s electrical conductivity. The research challenge for MXene is
the current gaps in knowledge of translating the outstanding properties into tangible architectures.
Addressing this need will result in a significant advance towards the production of high-performance
materials, which is critical to Australia’s advanced manufacturing sector.
Creating novel high performance MXene architectures will serve as the fundamental building blocks
for platform materials in energy storage and harvesting, sensing, composites, and electromagnetic
shielding. It is also envisaged that this research will have far-reaching implications towards the
development of applications outside the scope of the study, including as platform materials for
nanofluidics, tissue engineering, catalysis, membranes, and artificial muscles.
This research will build on our recent discovery of MXene liquid crystals (ACS Central Science 2020
and Advanced Functional Materials 2020), which suggests that fabricating MXene architectures with
unique morphology and properties requires precise control at all scales (from nano to macro). This
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research is significant because it will bridge knowledge gaps between theory and experiment
surrounding material synthesis and processing. For example, this research will identify how the
physicochemical properties unique to MXene liquid crystals (sheet dimensions, surface chemistry
and the interface) could be incorporated into the design strategies in order to attain novel MXene
architectures with highly aligned sheets (for increased strength and conductivity), directional pores
(for fast ion transport) and tailored interfaces (for enhanced toughness). Achieving this level of
sophistication and delivering it at scale will significantly contribute towards advancing the practical
application of MXenes and make them game changers in many industries.
The fundamental key research questions that will be addressed in this research are as follows:
• Can we define how large is “large” in realising tunability in solution behaviour of MXene liquid
crystals? Can “ultra” large MXene sheets (>>15 µm) enable new properties?
• Apart from sheet size, what else drives the formation of MXene liquid crystals? What is the role of
MXene liquid crystals in manipulating morphology and properties in MXene architectures?
• How can MXene architectures simultaneously display the excellent properties inherent to large
MXene sheets? Can the unique properties of architectures made from MXene liquid crystals be
harnessed into new applications?
ANALYSING MICROFIBRES SHEDDING FROM TEXTILES

Principal Supervisor: Alessandra Sutti
Associate Supervisor: Surya Subianto
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Microfibres and microplastics (coming from textile coatings) shedded by textiles
are a recognised pollutant of increasing concern from the perspective of food chain interactions.
Early work by the team has identified that there are several contributors to the loss of microfibres
from textiles during use and laundry (including drying), with parameters such as laundry setup and
detergent, as well as fabric composition and structure playing a key role. Many studies are available
the literature but a comprehensive approach to understanding these mechanisms (to prevent
microfibre loss) and to developing broadly applicable and rapid measurement techniques is urgently
needed. This project will investigate the effect of these parameters, while at the same time
developing an analytical comparison framework for evaluation of methods to measure microfibre
loss.
Analytical techniques deployed include FTIR spectroscopy and microscopy, Raman microscopy, inflow analysis of moving particles (Camsizer) with reduced volume and mass sampling techniques
common in oceanic monitoring environments. This project will also involve studying the effect of
fibre and particle characteristics on their stratification in simulated standing or agitated water
bodies. This project will provide ample opportunity for collaboration with The Global Learning and
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Observations to Benefit the Environment (GLOBE) Program (www.globe.gov – GLOBE Italy, EuropeEurasia, GLOBE Asia & Pacific), NOAA (via NERRS - University of California) and European research
partners through an established network of collaboration with scientists and schools.

BIOBASED POLYMER FOR SUSTAINABLE PACKAGING FROM DENIM WASTE

Principal Supervisor: Maryam Naebe
Associate Supervisor: Abu Naser Haque
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: This work aims to understand the requirements of converting denim waste (as
source of cellulose) to biopolymer for fabrication of bioplastic as an alternative to the nondegradable plastics that are currently used as single-use packaging. The success of this project will
lead to the reduction of the use of fossil-fuels and reliance on non-renewable resources. Denim
materials are recycled only on a limited scale, though few research with promising outcome are
reported to convert denim to high added value products e.g production of pigments or aerogel. It
seems there is a long way for commercialisation of these outcomes. Furthermore, the proposed
recycled solutions may not be the only resolution for recycling the huge amount of produced denim.
Use of cellulosic based biopolymer for packaging is not new, however, the current products don’t
meet the required shelf life. This project for the first time uses abundant denim waste to be
converted to bioplastic with enhanced shelf life through thermochemical technique.
This group has studied the development of bioplastic from cotton gin trash/PVA [1,2] and fabricated
transparent packaging film from PVA/ nanocrystal cellulose from hemp waste with enhanced
mechanical properties and degradiation [3]. We also initiated preparation of gel solution from pure
cotton linters and stratch (unpublished data), using thermochemical technique. Based on our
ongoing research, we aim to further investigate into fabricating biopolymer from denim waste,
enforced with cellulose nanocrystal, to potentially convert it into plastic film while standing the
required shelf life.
This project will provide:
• A new route and purpose for denim waste to produce biopolymer/bioplastic.
• A new understanding on the thermo-chemical interaction of denim waste in producing cast-able
bio polymer solution.
• A new knowledge on denim waste combination with other bio-based material, e.g., nanocrystal
cellulose and starch.
Our current research work on cotton gin waste, has attracted Cotton Inc (USA) and OneCrop ltd.
Therefore, if this PhD scholarship is approved, surly will open further opportunities for this group to
attract potential industry partners in the area of packaging.
References:
1. A Haque, R Remadevi, X Wang, M Naebe, Physicochemical properties of film fabricated from
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cotton gin trash, Materials chemistry and physics, Vol. 239, pp. 1-9, (2020)
2. ANMA Haque, M Naebe, Flexible water-resistant semi-transparent cotton gin trash/poly (vinyl
alcohol) bio-plastic for packaging application: Effect of plasticisers on physicochemical properties,
Journal of Cleaner Production 303, 126983 (2021)
3. Y Zhang, R Remadevi, JP Hinestroza, X Wang, M Naebe, Transparent Ultraviolet (UV)-Shielding
Films Made from Waste Hemp Hurd and Polyvinyl Alcohol (PVA), Polymers 12 (5), 1190, (2020)

REPRODUCING SILK’S STRUCTURAL HIERARCHY IN THE LAB

Principal Supervisor: Ben Allardyce
Associate Supervisor: Joselito Razal, Rangam Rajkhowa
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Natural silk is composed of multiple layers of structural organisation that confer
it's remarkable properties. Our group focusses on unpacking silk protein to various degrees and then
reassembling it to form a range of new materials. The proposed project builds on the existing work
of IFM's silk group and wet spinning group which has resulted in the production of an all aqueous
spinning silk to produce silk/silk composite fibres by combining silk in solution with milled silk
nanofibers. The resulting regenerated fibres had high crystallinity and enhanced toughness.
The proposed project aims to go beyond this to take high aspect ratio silk nanofibres and directly
spin them to reproduce the nanofibril packing found in natural silk. The system will aim to reintroduce intermolecular interactions such as hydrogen bonding, hydrophobic interactions etc. that
hold together silk after silkworm spinning. Not only will this provide a deeper understanding of how
native silk is spun (a process that is still not fully understood), but it will enable the controlled
processing of materials such as waste silk textiles or cocoon waste to produce a useable textile.
Finally, control over the self-assembly process will enable the functionalisation of silk, such as the
incorporation of conductive additives to develop “smart silk” textiles.
The project will be divided into distinct phases including:
• Adapting IFM’s existing exfoliation method to create high concentration nanofibre suspensions
with viscosities that enable wet spinning. This will include investigating the relationship between
intermolecular interactions and rheological properties to guide spinning dope composition
• Investigation of wet spinning coagulation bath to produce conditions that encourage
intermolecular interactions such as the use of environmentally friendly denaturants to swell
nanofibres
• Investigation of fibre spinning and post spinning treatments
• Physical, structural and chemical analysis of regenerated fibres

Institute for Frontier Materials (IFM)
ifm-enquiries@deakin.edu.au

Deakin University CRICOS Provider Code: 00113B

Geelong Waurn Ponds Campus
Melbourne Burwood Campus
www.deakin.edu.au

Page 83

WASTE GLASSES-A SUSTAINABLE SOURCE OF BATTERY MATERIALS

Principal Supervisor: Md Mokhlesur Rahman
Associate Supervisor: Ying (Ian) Chen, Dr Srikanth Mateti
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Novelty and Innovation: Among various wastes, glass wastes are considered as
solid wastes on the environment. Glass, which can take approximately one million years for a glass
bottle to break down within a traditional landfill, this material can be recycled indefinitely. As silica
(SiO2) is the main ingredient for glass production, therefore the rest of the waste glasses can be
reduced to silicon-silica (Si-SiOx) for battery applications. This project aims to take a pioneering
initiative to recover silica (SiO2) from waste glasses and repurpose them as high value battery
materials through the development of advanced repurpose processes. The processes will effectively
remove impurities from recovered SiO2, reduce to Si-SiOx and subsequent formation of nano SiSiOx/graphite, creating new sources of sustainable energy materials. Until now, no other
research/industry work is being conducted around the world to recover SiO2 from waste glasses and
convert them to nano size Si-SiOx and subsequent production of Si-SiOx/graphite to increase energy
density of the current lithium-ion batteries. The partial reduction of SiO2 to nano Si-SiOx is a brandnew concept and the obtained nano size Si-SiOx/graphite will be used as novel battery material.
Methodology and Milestones: The proposed project is built on the supervisory team’s resources,
skill, and expertise. The project will be carried out systematically over the next 3 years as described
below:
Year 1 (Process development for the recovery of silica (SiO2) from waste glasses and conversion to
Si-SiOx): Chemical etching process particularly acidic & basic dissolution will be developed and
optimised to remove various metal oxides (such as Na2O, CaO etc.) and other impurities. A suitable
composition and concentration of the etching solution as well as optimal temperature range for the
chemical reaction will be determined to achieve high purity SiO2. A magnesium (Mg) reduction
process will be developed to reduce SiO2 to Si-SiOx.
Year 2 (Development of ball milling process to produce Si-SiOx/graphite nanocomposite anodes for
battery application): An industry adaptable ball milling technique will be developed to convert
purified coarse silicon-silica (Si-SiOx) to nano Si-SiOx and subsequent nano Si-SiOx/graphite
composite formation. Composite with various ratios of nano Si-SiOx (~10-20 wt/% nano Si-SiOx¬)
and graphite will also be prepared. This process would be able to produce large-quantity of robust
composite anode of Si-SiOx/graphite.
Year 3 (Assemble of lithium-ion half-cells & prototype cells and electrochemical performance
evaluation): Lithium-ion half-cells will be fabricated using nano Si-SiOx/graphite anodes. The best
performance anode of nano Si-SiOx/graphite will be coupled with commercial LiFePO4 cathode for
practical performance evaluation in prototype batteries.
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Significance and Potential Impact: This project will have huge impact on three areas: environment,
economic and social. This project could generate new IPs in new materials recycling technology and
consequently create industrial opportunities, as well as new jobs. This project will promote circular
economic growth in the critical sector of energy and recycling industry.

DISCOVERY OF NOVEL 2D MATERIALS WITH IMPROVED REVERSIBLE HYDROGEN STORAGE

Principal Supervisor: Dr Sherif Abbas
Associate Supervisor: Tiffany Walsh
Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: Research in hydrogen storage (as opposed to containment) systems has been
focussing on two classes of hydrogen storage materials: chemisorption and physisorption materials.
In chemisorption materials, hydrogen is stored in chemical form as hydrides, and the release of
hydrogen requires energy input. However, in physisorption materials, hydrogen is stored as
molecular hydrogen, which is weakly bonded within the material, and, therefore, can be stored and
released at a lesser energy cost. Finding such materials is currently a critical bottleneck in the Heconomy roadmap. Recent reports have applied a combination of atomistic computational methods
and machine learning (ML) for identifying metallic clusters3 and metal-organic frameworks4 with
high H2 adsorption capacity. This project will focus on two-dimensional (2D) materials as potential
H2 storage structures, owing to their large adsorption surface area for H2 adsorption and the
feasibility of their chemical modification. The key milestones of the project will include: (1) the
establishment of material features (featurisation) to map the 2D material structure against the H2
adsorption strength, capacity and reversibility, and (2) the application of ML on the said features to
rapidly screen the current publicly-available databases of > 6,000 2D materials to identify stable
materials with H2 adsorption capacity of 7.5 wt%5 and adsorption energy per H2 molecule ~ -0.16
eV.6 This project is expected to delivery a database of novel materials that can be employed in IFM's
collaboration with Hycel. We propose that density functional theory calculations, with van der Waals
correction, be used for the calculation of the H2 adsorption, and an ab initio molecular dynamics
approach (Born-Oppenheimer or Car-Parrinello MD) be used to examine stability of H2 in response
to applied temperature. Pressure should also be incorporated as a variable in the calculations. ML
models will be trained on datasets of calculated adsorption energies which can then be extrapolated
for identifying novel adsorption surfaces.
MOLECULAR MODELLING OF BIO-BASED SELF-HEALING POLYMERS

Principal Supervisor: Tiffany Walsh
Associate Supervisor: Russell Varley, Dr Jerry Gan
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Location: Geelong Waurn Ponds
Available as: Masters or PhD
Project description: This project will use molecular dynamics simulations to model the structure and
properties of bio-based self-healing resins, particularly those involving dynamic bonding (including
hydrogen bonding). There is a growing focus in the resin area to develop bio-based alternatives to
petroleum-based resin products. However, bio-based analogues can suffer from performance issues
and the reasons to explain this are not always clear, due to the relative immaturity of these
materials in comparison to their petroelum based counterparts. Molecular simulations can predict
the molecular-scale structure of these materials and enable clear links to their physical properties. In
this project, a range of bio-based self-healing polymers will be considered, including Schiff-based
polymers and bio-derived polyols for making bio-based polyurethanes. The insights from these
molecular simulations will provide a strong complement to the experimental activities led by Prof
Russell Varley.

ONLINE APPLICATIONS
Help address some of today’s most challenging global problems in clean energy, advanced manufacturing and
dwindling resources.
A PhD at Deakin University’s Institute for Frontier Materials provides excellent research training to equip you
for a range of careers. Our graduates have taken up positions as research scientists in industry, research
engineers, consultants and academics in fields such as textiles, energy, 3D printing and environment.
You will be supervised by researchers who are leaders in their field with backgrounds in areas such as
mechanical engineering, chemistry and textile science. Projects range from next-generation smart materials,
sustainable energy generation and new battery design to lightweight alloys and carbon fibre technology.
The Institute for Frontier Materials offers scholarships for prospective PhD students through the Deakin
University Higher Degree by Research (HDR) program. We also consider self-funded PhD applicants.
ENTRY REQUIREMENTS
Applicants must have demonstrated evidence of a high standard of research ability. This is normally an
Honours or Masters level study with a weighted average mark of 80% within the research component or
equivalent industrial research history.
IFM accept applications all year round.
HOW TO APPLY
As a first step Interested applicants should Find an IFM Research Supervisor. Please direct further questions to
ifm-hdr-admin@deakin.edu.au.

SCHOLARSHIPS
Each year, Deakin University offers a number of HDR scholarships for both local and international students.
Scholarships provide full tuition and a living allowance (stipend). The 2021 annual stipend rate is $28,600 tax
free. More information about scholarships is available here.
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